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“Paradigm Shifts” Past, Present, Future

In 1998, Robert.Budnitz, then chair ahe Amercan Nudear Societys Nuclear
Ingallations Sdety Division, pointed aut tha it has “taken avery long time to
understand thieyfadors” contolling the alequag of sak nuclar opeations.”
Moreove, their importane shifts with “newinformation and lsangng
circumstances."The ‘new aewvironment” of deegulation “is a powgul force,”
Budnitz said, “bringing about changes in the management and culture of many”
licenses. Without the rate Iz cushion, heofesav, managrs will use tifferent
criteria” in scutinizing “safay expenses,” and théhas, byitself, changd
everyone's perception of the relative importance” of key issues. And “specifically,
the managment/safgy-cultureissue comes to the fas ongequiringcaeful
monitoring ad reviev.” Further, onsidering‘whether to rgair or epla@”
becoms “vely much tied up” with those issues. H& ned to confront the tehnicd
issues involved with agg plants is challengg enoudh,” even without dereglation,
Budnitz said. [1]

To thoseearlier “paradigm shfts,” as Budnitz cdls them, today we have to
add dobal secuty issues and theoasequenes of the @vis-Besse eveldions of
2002. And the NRC respongeagng and dergulation: first with the Maintenance
Rule in 1991 and bgpril 2000 with a reised Reator Ovesight Proces (ROP).
With the paadigm shift to “perfomancebase” and ‘risk-informed” regulation, the
industrysoudnt more “objetive” and less deteninistic ovesight to reluce its cpital
costs and costs obmpliance. Thé&RC sought to redecits budgt and stdfas
well. In anycase NRC inspections histicdly have acountel for onlyabout five
percent of a plant's equipment and programs. “Sedf-regulation,” theNRC sgs, is “its
fundamatal building block.”[2]

To explain myproposal fora next paradig shift to “significance awlture”
requires a briefoverviav of NRC5 ReactoOversight Proces. Quartdy plant
assessments aacin two stags. Theifst consists of inspections of the conditions
of elements in seven trnestones” of eador safey, definal bythe desig basis and
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acadent prearsor scaarios. Ater mmbining thesevith plant-repoted
“performane indicatos” for ead cornestone eleent, the NRC makes its findings.

In the seond stag, the NRC subjects its findings tdamal Siguificance
Detemination Process (SDP) to chateize the level of $afey significancé of the
performane of each ornesstones elements, usinisk insights, whereappropiate.”
The SDPadlows licensees toprovide thar “perspectives” on NRC's findings and to
submit further inform@on beforeit decides on its quartg plant rating (white,
green, yellow, red) and enforcement ections

This Reactor @ersight Process also kieowledges the preenceof three
“cross-cuttingareas”: Corretive Adions Rograms (Problemdentificaion and
Resdution), listening to Employee Corcerns, and Human Peformance. But NRC
does not requé peformane indicatos for theséareas,’nor mayNRC inspectors
report “qualitative” observations unless they can show substartively that a program's
deficiencies relate to specific outcomes in specific cornerstones. [3]

These mss-cuttingorogams, the NRC’s Advisor€ommitee on Reetor
Safetydecidel in 2004, repreent the Commissi’s framework br monitoring
“sdety culture.” Any “broader evauations..such as management emphesis on sdety
and pesonnel attitudes, belortg the industry [4] But a of 2005, acordingto the
chiefof NRCS Performace Assessment Section, it is also these g that
“genenlly manifest themselgeas the rootauses...identifie in findings ad
violations.” [5]. Nevetheless, NRC’s samplingspections of these ggrams ocar
only every two years. All theseprograms ae manly sdf-regulated, but their
effectivenss appea to be a gneal problem: at Elddcité de Fane, betwen
2001 and 2004, theaoses oevents hee ramained stablesahas their number25
perent, mateal failure, 40-50 pecent, humanreor, and 35 perent, ‘organizational
failures.” [6]

The onstruct “séety culture”is, such data sggst, undespecifial for the
weight it carries. |propose thatdcusinginstead on “sigificance culturé -- the
necessty to characterize herisk-levels of conditions and processe - requires a
knowledge-enteed paadign for opeating circumstances todagnd in the
foreseeale future That is, to charcteize safey-significance requires cuiosity, free
flows of information, reliable malyses, and opeexchangs amongliffering
perspetives flom shop floors to executive suites, betweentr&tors and st and
acioss myiad spemlists. When thoser@ missing as evat analges often show tye
are theyarenow likelyto be attributed to “hunmeerior” and “organizational
failure.”
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Significance alture arses out of a knowltge-usingand knowledg-aeding
paraigm. ks effectiveness deends less on “nmagement emplss” and “pesonnel
attitudes” than on having an goerationd philosahy represented in gods, pdicies,
priorities, and actions organized aound fectively characterizing questionable
conditions before they can ecdate risk. However a knowledge-centered paradgm
maybe eld®orateal, its go&in this industryis to be commensueawith the conditions
and challengesof aging fleds ard sart-ups, aswell asuprating, upgrading,
digitizing, and seurity -- and all that, within the context of worldwide camos
with retention andecuuiting.

Origin o Sgnificance Culture

By 1991, in the aftenath of Chemobyl (1986), the AEA introducel to this ndustry
a conern wth “safety culture,”definingit as “that assably of chaaderistics and
attitudes which establishes thet, as an overriding priority, nudear plant safety issues
recave attention warranted by their significany&; my italics] That qualifing
caution sums up the press bywhich “nudearsafay” is maintained: “sigificance”
thereby overrides the “overriding priority” of “sdety isaues.” That pus “sdety
culture” under thecontrol of sigificance culture

Warrantingsignificanceis one kind of proess when insp#ion findings reer
to the desig basis or carerstones. Thpoints of refeene fordetemining
conditions’ levels of sigificance ae Accident Prearsor Scearios, PRAs, and
nuclea sakty principles. Warrating siqqificance is anothekind of procas during
operaions, when it also takes @munt of ontingent or pragnatic matters of
schedulebudget, and onfiguration control. Thias, there is an afial Significance
Detemination Process andh@pergional Significance Detemination Process. After
events, andyses mg call into question decisions resuting from ether or both
processes.

Licenses fae aconstant quandg at the same timesgprevative and
corrective mantenance or upgrading protects the systam, theseactivities an dso
perturb onfiguration control, scalde risk, and educetime on line, hencprofits.
Protect, perturb, produce: licensees continudly meke trade-offs anorng these
simultaneous impettives, wheher planningoutages, evluating unusulavibrations
in a pump, or r@siting “campaig items” pendingvith local citizens, the NRC, and
INPO assessors. Tieeae dways gid obligaions and budgt and esoure
limitations. Although 5. licenseegjuality assurace pograms ae bound by
statute to have theequired authority and orgnizational fredom, including
sufficient independence from cost and schedule when opposed to safety
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consideréions,” oversitt specialists magiot alwayg be paty to the satisficingr
negotiating process of sgnificance determinations. [8]

That process sualy beagins with assgning each condition report a
significancelevel — annully at anyone plant, thesean numbein the thousands.
Priorities of and reource for subsequ# event rgiews, root case angses, and
corrective &tions depend on magers'detemination of the “#ention” a condition
warrants in light ofoperdional priorities as well as dgn bais issues.

To claify how its managrs ad experts handle this praseduringand afer
an evat, Electricité dd-ranceinitiated “The Niclea Safay, Availability, Radiation
Protection and Environmé Observeory” as a“tool for optimizing safay in terms of
mgor decisions,” and for identifying good practices and discovering where thee is
room for improvenent. h effect, its staff evisits operational SDPs at corpte,
executive, depémental, andiéld levels. s misson is to “guaantee the pimacy of
nuclea sakty’ yet “optimize” the wayn which plant and@mpanyexperts and
manag@rs onsider evey other éeement. The Oservaory staff focuses on howvent
participants “reconciled” or “arbitrated” the “requirements linked to nuclear safety,
availability, radidgion protection, and thengironment” --“availability” referring of
courseto market presures. [9] The sameelf-requlatoryprocess could also be used
for nonevents, those dicey situaionsin which decisions led to positive outcomes.

Both licensees’and NRC'’s SignifianceDetemination Processes die¢ and
reflect coporate plant, and rgulatorysignificancecultures. We know little about
thar systanaics inthe United Sttes, given the indudry's longstanding aversion to
resard into “organizational” and fhanagrid” factors. Onestudy howeve,
documents the sigficance cultures of Northast Utilities and RRC as plagd out at
Millstone PowefStation in he 1990s. Paul MaaAy and Jean Rosenthal, of the
Yale School oManagment, show in their mebook,Corporate Profitand Nuclear
Safety: Srategy at Northeast Utilities in the 1990's, how the Northeast Utilities'
exeautive management group pursued atrade-off strategy of noninvestment in “repar
and replacement” to anticipate price competition under deregulation, and they dso
show how NRC did not articipate its operational consequernces. While that strategy
succeded or the béancesheet ad revardal executives monetarilyt led to the
companis collapse, the tgest fine in the industty history and the da of
Millstones three eadors. [10]

Preconditions of Production

“The reason wea'e hee,” saysome at nuchr plants, “is to producelectriaty!” Or,
at weaponssites, to meet cleanup targets. To reach those gods a least risk to

Constane Pein/Significane Culure inNuclear InstallationgPleag do ot dte or quote without pemission 4



employees ad publics requirethat hundreds of econditions be met. One
fundamental precondition, events and accidents tdll us, is the capacity to recognize
and characterize herisk significance of early warning signs  Tha requires ardiable
stream ofinformation and malysis of sgtem conditions and, no less, knowledx
operding experiences &sewhee. As egnees Walter H. and ThonsaC. Esselman
warn, such data for supporting theindudry's god of fewer and shorter outages in
agng plants are likelyto be “subtle,”and “onlyan unusual levef coopeation
amongoperdions, maintenancand engeeing” can povide it.

As paformance improves, thefactors thet deract from peformance will
becomemuch more subtleA dramatic improvment in the way that plant
data are used should besaught. That includes data recorded by computers,
and fom system enmeerwalkdowns, opetor ounds, predictive
monitoring, survlance tests, inspéions, and mangther soures of
information. [11; my italics]

“Low-levd events” ad “nea misses” a& often overlooke sourcs of such
“subtle” knowedge about sgtem conditions. So are unimplemented&tive
actions. Bit even wha discoverd and wanings made, that knowtlge maynot be
share or evduated. [12] Think of ighored varnings about noze leaks. Think of
events whee opeating experience werenedected. hink of handof§ or prgob
briefs when informaion fell throudh the cacks. Think oimanagrs with limited
knowledg who misundersial technichanalyses andant ask the rigt questions.

Corrective Actions Programst An Eighth Cornerstore?

Significance wlture demads reliable knovedge, wheher nev or old, subtle, simple,
or complex: trend lines, a PRA, a “sificance and onsequenes” tool. Perhas the
most inportant soure of nev knowledg about plant@nditions s the Corretive
Actions Progam (Problen Identificaion and Resolution). Condbh reports ad
event eviews doament not onlymateridissues. Uniquelytheyalso document
systemic interattons among peple, priorities, andguipment — fedback not
otherwise gailable.

But licenseesself-requlation of their Corretive Adion Prograns maybe
inadequ#e, sugests a 2001 NRC stuay events involving “human eliability” at
U.S. nuclear power plants between 1992 and 1997. Of 37 events involving safety-
critical systems,na only had event reviews nat identified earlier uncorrected arors,
but failures to orrect alreadyknown problems aae to light, @ps fourtimes more
numerous thanreors in the event itself. Evideaof failures to monitor, observe,
or otherwse respond to mative trands, industrynotices [of equipment defes and
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recommended revisions inoperating practices], a design problems..contributed to
41 percent of the events.” [13]

The longpvity of faults and defets, to some experts, is more worrisomentha
their frequeng. Undera knowledg-ceenteed paadign, Corretive Actions
Progams would not be positioned as@ntechnice(nonmeasuwable)“cross-cutting
area.” Theywould instead bemme anothecornestone forwhich peformane
criteria and indicators would be required, in hopes d a “dramaic improvement” in
the subtle and neknowledg avaable from this techniglly indispensable txba&
system. [14]

Further, aknowledg-centeed paadign would, as a mattesf sdf-
regulation,expect licenseeto exend the othetwo cross-atting aeas of‘human
performane” and “employee @ncens” to the atviti es and porities of executives
and managersin ther operationd SDPs,as EDF's Chservatory does. The Northeast
Utiliti es cae clarly shows that human dermane progams do not r&ch ‘human
error’ in exeautive sutes and board rooms nor do reactor risk andyses t&ke into
account such managers “human reliability.” The kinds of knowledge and andysis
tha operationad SDPs lave been found to require would becomepeaformance criteria
for sud self-legulation.

KnowledgeCentered Efficiecy, Productivity, and Safety-Significance

Consider how muchlge about opeations and produion would come into sharper
focus if theknowledg demads of sigificanae chaaderization werghe or@nizing
principle of opeations. Newkinds of effciencyand produtivity questions arise.
Forexample, how highra theknowledg exchang bariers anong thedozens if not
hundreds oplant progams produing and using infomation for eah othe? And
bariers anong specialists in their different dsdplines and anorng managers in thar
different locations and 6€es? In all riskytechnologes, the reord shows tha
entrexched pofessional tus, rigd hierachies, la& of collaboation, and negct of
operding experiences & anong peconditions implicated in aents and s@us
events. [15]

If a knowedge-enteed paadign werethe coneptual basis fooperaing
complex, hazardous technoleg, techno@des and mdutine bur@uciacies
organized byfunctions and hierchies would disappea Instead, their striigres
would retect the distribution of resoces ad competeries for suppding the
production, anlgsis, and exchamgof knowedge neeled to pinpoint significace,
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acknowedge trends, and maksense onomalies iad contingncies. Therearefew
other kinds of enterprises where it as urgent to do that efficiently and effectively —
cettainly, our national sagity system spring to mind.

Significance alture contrats markedlyvith safetyculture, & the industry
(NRC and licensees) now understands it. “Sdety culture’” seems b consig of little
more than théndustrys initial obligations and its own loss-preu@®n and oversigt
goals. Therfequency with which it is necessgto call attention to such nuele
safety badcs suggess that the fossil mertality is not yet a relic of nuclea power's
early days. A paradigm shft to knowledge-centered gperationsfor thetimely
charcteizations of risk-signifianceis commensurateith the challengs of daling
maturely not only with aging fleets but with the many sart-ups of “old” dedggn
reactors inthecoming years. Think of Three Mile Island (1979), Davis-Besse
(2002), Mihama3 (2004) [16].

In their proposal for this ANS parel, NISD menbers restated NRC's
concens: that an empkes on a “sadty conscious wdt environment’and “too
agyressive aegulatoryapproah towad safey culture wil intrude upon the
prerogatives of mangement andxceal the expertise of thegulatorybody” Unde
performane-baed andisk-informed egulation and the mewal obligdions of self-
regulation, the “preogatives” and knowled@ neéls of rgulators and licesees hae
becomemore similar. h 1998, Robert Bdnitzremaked tha “what weonce alled
management [we] now call safety culture.” [17] In 2005, it seems D betimeto cll
the managment of nulearinstallations byanother more sigificant, name.
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