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Date: March 7, 1983

Accession No, 83971040005

NUREG/CPR=4248 Recomnendations for NRC Pelicy on shift Scheduling
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time at Zion Nuclear Pover
|

of Uvel

Station, Unats 1| and 2,% (28 pgs,)
2. 572721 memo for Carl H. Berlinger, from
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Nuclear Plant Staff Working Hours, "
(4 pgs. ).



Re: FUOIA 91

APPENDIX C

COPYRIGHTED DOCUMENT BEING PLACED AT THE PDR

NUNBER DATE DESCRIPTION
: 1271@/91 Letter to David Desaulniers from
‘amesg W, Maccoun, transmitting an

EFRI Report KFE748&, "Control Room
Dperator Alertness and Feriformance
in Nuclear Fower Planta,® (213 pgs. ).






fdward 6. Creenman «2 -

following positions worked the most cvertime: nuclear station operators;
equipment operators and attencents; auxiliary operatirs; and radietion
protection technicians, In over 60 instances, individuals in the operaticns
departrent worked more than S0 hours in @ week, and rcgu1er1y exceeded the
working hour guidelines transmitted in Generic Letter 82-12, *Nuclear Power
Plant gtaff Working Hours,* and contained in Zion's administrative procedures,

1n addition, the tear identifiec numerous devietions from 2ion's admiristrative
procedure fur controllirg working hours with respect to the approval, tracking,
and reporting of overtime, These deviations mey be violations of 10 CFR 26.2C,
which requires litensees to establish and implement policy ané frocedures thet
address, emong other factors, fatigue, so thet there is reasonable essurance
that nuclear power plant persornel are wot iwpaired in their ebility to sefely
and competently perform thefr duties.

Research on extended working hours sugoests that the performirce of tndividuals
working such hours can be expected to degrade, Because individuals in these
positions routinely perform sefcty ' ted duties end ray be required to
respond to & plant emergercy, the §  .ice of allowing such excesses in uvertime
carng’ be considered prudsnt with voi.pect to protecting public heelth and
safety, Fatigue can degrade an operator's ebility to repidly process the
conplex pattern of information that is presented in an offrnormal plant
condition. Consequently, the ability to respond in a timely fashion m2y be
{copurd*zed end errors in responding are more 1ikely to occur as & result of
apses in short-term memory,

The team identified the following roct causes for the amount of overtime that
had been worked:

(1) Outoge scueduling was unrealistic with respect to meeting
the intent of the guidelines (1.e., to prevent situations where
fatigue could reduce the ability of operating personnel to keep the
reactor in a safe conci: fon) transmitted in Generic Letter B2-12 anc
contained in Iion's adninistrative procedures for the control of
overtime;

(2) Positions were staffed at minimal levels because of
inadequate forecasting and support of personnel needs; and

(3) Coltective bargaining agreements that:
(2) 81lowed individuals to volunteer for excessive amounts of
overtime; and
(b) required the Yicensee to meke overtime evailable to
union members in excess of the overtime worked by
contract personnel performing similar duties.

The team also identified the following factors that contributed to improper
cortrol of overtime: (1) {nadequate work planning resulting in fnefficient use
of man-hours; and (2) nsufficient atility to track overtime and fdentify
deviations. The enclosure provides the detailed results of the staff’s review.
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The licensee's merzgement has verbally cormitted to strict compliznce with
Gereric Letter E2-] ?uide1ines. as defined in Zion adninistrative procedure
ZAP-09, anc plans to increase resources and irprove work planning to plleviate
the need for excessive amounts of overtime. However, 1t should be noted that
the team had 2 concern regarding the adequacy of the licentee's staffing plan
with respect 1o meeting the objective of the guicelines transmitted in Gereric
Letter 82-12, which is to have operating personnel work & nominal 40«hour
workweek woen either unit 1s operating. Sone members of managenent 8lsc steted
that the practice of exceeding the NRL guide11ncs will be discontinved,
regercless of plant conditions. The DLPQ staff supports continued close
monitoring of overtime at Zion by the resident staff to ensure that the
1icensee fulfills 1ts commitments.

We propose that the region monitor the licensee's progress in the following
areas:

(1) control of overtime in accordance with the NRC pulicy statement,
specifically fmplementetion of Zior administretive
procedure ZAP-09;

(23 improvements in work planning; and

(3) increases in appropriate plent staff,

1f you have any ouestions, please do not hesitate to cuntact me et FI18
492.1004, or Jered S, Wermiel, Chief, Humar Factors Assessment Branch, at FTS

45972.0160.
/5/

Jeck W, Roe, Directer
Division of Licensee Performance
and Quality Evaluation, NRR
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0 Events and genere) operating experierce &t 2ion were examined with respect
to the overtime worked by the personnel involved in the event, The team
identified events 1nvo1v1nq human performerce through & review of licensee
event reports (LERS), the licensee's human performer e eveluation system
(HPES) reports, and personne) error evaluation proc am (PEEP) reports,

The teem reviewed the schedules worked by the indi ‘duels involved in
these events fur the 2€ days before the event,

The resu?’ . of the asscssment are provided in the following sectious:

3. ASSESSMENT CF 210N OVEPTYME POLICY .

The tear reviewed the licensee's sdministrative procedures for controlling
overtime and its agreement with the union for work scheduling., These documents
were reviewed with respect to NRC "Policy on Factors Causing Fatigue of
Operating Personne! &t Nuclear Plants* (NRC Policy) as transmitted in NRC
Gencric Letter No. 82-12, “Nuclear Power Plant Steff Working Hours,” During
1969 and 1990, the licensze changed its administretive procedures for
controlling overtime and tecporarily revised fts agreement with the union for
work scheduling. The specific changes in Zion's overtime procedure ere
discussed hereir highlighting the differences from the NRC Policy. The team's
findings concernirg the licensee's tmplementaticn of the procedures to contro)
overtime are 21so presented.

31 Zion Administrative Procedure - 0 “Conduct Of Operations”

2ion Adminis*rative Procedure, "Conduct of Operations® (2aP-0), was in effect
during 1989 threugh April 26, 1960, This procedure is consistent with the NRC
Policy with ruspect tn the numerfical Yimitations on uorking hours., However,
the team noted that ZAP-0 was not consistent +ith the NRC Policy in that it did
not include all positions held by individuals performing safety-related duties.
Moreover, ZAP-U wes internally inconsistent and did not meet the intent of the
NRC Policy. The procedure allowed personrel to exceed the guidelines to
compensate for personnel shortages resuiting from promotions, resignations, or
extended 11inesses, which conflicts with its stated objective "to maintain an
sdequate number of personnel . . . such that the use of overtime is not
routinely required to compensate for fradeguate staffing" (emphasis added).

3.2 Agreement Between Man:jement and the Unfon for the Unit 2 1990 Outage

Scheduling
On March 12, 1980, the licensee i+ ued "Outage Schedule of Unit 2 1990
(Attachment A). This sCreement een the unfon and management (local
poreement) established new guide’ : Tor the scheduling and the assignment of

overtime in the operations deya! . .nt, for the duratfon of the Unft 2 1980
outage.

Before the local agreement was implemented, the "Collective Bargaining
Agreement between ommonwea 1th Edison Company and Local Unions® (1988-1981)
resulted in some individuals rarely volunteering for overtime while others
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worked overtime wherever 1t wes evailable, If properly inplemented, the loce)
sgreement should have recuced the individua) excesses of overtime which
resulted. Kowever, Ziun management did not tully enforce the max imum working
hour 1imits evailable to ther in the agreement to recduce individue) overting,
For ¢xetple, in the operations department, four instances were fdentifiec v,
which incividuols exceeded 100 hours per week and 16 instances were fdentifiec
in which indivicuals exceeded 90 hours per week during the time this agreerent
vis i effect, In agdition to exceeding the quidelines in the NRC Pulicy, the

adividuals in these instarces exceeded the objectives “tatud in the agreenent,
*a ma:imum of 72 hours, with an anticipated absolute maximum of B4 hours per
week,

3.3 2ion Administretive Procedure « 09 “"Overtime Guidelines"”

In an August 4, 1589 inspection report, the NRC staff expressec 8 concern thet
the Commoiwealth Edison Company (CECO) did nct appesr to have sufficient
meesures ir place to ensure that safety-related work wes not being Jeopercized
by gcrsonncl uorking too many hours, In response to this concern, CECO 1ssued
Nuclear Operations oirective (NOD) QA3 (December 31, 1989) which established
xuide11nes for working overtime at the utility's nuclear stations,

ccordingly, the Yicensee developed Zion Administrative Procedure (28P) « 09,
*Overtime Euldcl1nts.‘

3.3.1 amplementation of ZAP-09

18909 expanded the scope of the overtime guidelines, as previously defined in
2AF-0, to include specific positions within the health physics, chemistry, #nd
maintenance depart ents, contracted personnel performing safety-related work,
ané additional positions within the eperations departmeid (Appendix C provides
s complete 1isting of positions to which the guidelines oqp?y,. To the extent
thet ZAP-08 has 1dentified personnel performing safety-related Juties, the
scope of applicebiifty of the procedure 15 consistent with the KRC Poficy.

The tearm found the ZAP-0§ limits on vor11n? hours were consistert with the NRC
Policy guidelines. However, the licensee ailed to ~ontro) overtime to the
1imits stated in the procedure, Although ZAP.F* beceme effective on April 26,
1990, working hours were not maintained within (AP-09 guidelines during the
Unit 2 1950 outage (Merch 21 to August 30, 1990). Instead, th: licensee
continued to use the local union/managem - sgreement, which permitted an
absolute maximum of B¢ hours p-r week, as the basis for work scheduling and the
control of overtime,

During fnterviews with 21on mansgement, the team discove. ed that the licensee
ha¢ decided to adhere to the loca) -“sreement, as opposed to ZAP-09, partly
because it belfeved that the local syreement provided an absolute max ‘mum 1. it
on overtime, whicn could be legally enforcec in the context of lebor law. In
contrast, ZAP 9 was perce‘ved as & ¢1deline that was not \e?|11y defensible
as a maximum mit on overtime, However, review of the overtime r~cords showed
that the 1ic. -ee fatled to use this "lejal® agreenent to maintain working
hours * +low tic Ba-hour per week 1imit S1 established,
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3,2.2 Approve! of Deviations from 1AF .00

Section 2 of ZAP-09, *Approva) of Guideline Deviations,” 18 consistent wich the
NRC Policy with respect to approve! of overtime, However, the licensee failed
to fully implement the approval procedures. Furthermore, the licensee epproved
overtime cespite written communication from the scheduler sugpesting concern
about decreasing personnel effectiveness s @ result of the overtime
requirerents,

Review of o.ertime authorizevions from Apri) 26, 1950, to August 12, 1880,
revedled that the 1icensee maragement @16 ot normally complete the
pre-authorization forms, This ailure to obtain pre-avthorization occurred
dur1n§ s period when deviations regulerly occurred and, consequently, could
have been anticipated, Furthermore, the licensee manayerent did not complete
post-authorizetion forms for overtime devistions for severa) dates and ¢ic not
consistently complete these forms in 8 timely fashion,

The team identifiec a specific concern regerding three weeks of overtime that
were pre-approved, despite the following statement shown on the pre-suthorization
fors: "1 can no iongcr (4n good faith) stete that personnel effectiveness or
attitude will not be affected by overtine requirements,” This statement was
signed by the scheduler, the assistant superintendent of operations, and the
production superintendent. 21on managerent, cogrizant of the overtime
authorizations, indiceted that they had extended and modified the ovtage in
response to these concerns, Nevertheless, the faflure to adhere to the

\_ procedure and approve overtime, despite the scheduler's concern regarding
personnel effectiveness, cennct be considered prudent with respect to ensuring
public heaith and safety.

3.3.3 Tracking of Deviations

The tracking of deviations from ZAP-09 1s not consistent across departments,
for example, operstions department devistions from ZAP.03 guidelines were
compiled on o weekly basis, This system, however, did not use & seven-day
rolling schedule, ZAP-09 states ihat individuals should not be permitted to
work more than 16 hours in g;x 24.hour period, 2¢ hours in any 4B-hour period,
or 72 hours in any 7-day perioc. The practice of tracking ceviations on &
celendar week basis Talls to 1dentify instances in which the puidelines are
exceeded when the 24<hour, dB-hour, or 7-dey perfods are divided across 2
calendar weeks,

The radiation protectivn and chemistry departments recently implemented a
computer-based tracking s{stem that included @ rolling seven-cay schedule for
{dentifying deviations. onversely, the maintenance dcﬁartmunts had not yet
fnstituted any forme) tracking systems at the time of the inspection, although
2ion's quality assurance department had noted fn Apri) and June 1990 that the
raintenance departments were deficient in their ebility to track overiime
sccording to the ZAP-09 procedure.

3.3.4 Reportin: of Deviations

IAP-09 requires that @ semfannual report be submitted to the Vice-President,
Pressurized Water Reactor (PWR) Operations. The “eam examined an August 2,



Enclosure « 6.

1650, memorandur to the Vice Fresident, PuR Operations, commuricating devigtions
in the operations departoment €uring the period from Jenuary 1, 1880, te July 1,
1690, Although the memerendum referenced AP 09, the rorcrtin? requirements of
2AP-08 were not applied. The memorandum ¢id not report devietions accoroing to
approval stetus (e.g., before the fact, after the fact, or not aporovec),

18P-08 does not require & semi-annual report for rediation prutection or
cheristry technicians unless the duty techniciar pousitions exceeded the

guidelines. This practice is a concern to the extent thit managenent believes
devietions have not occurred only because v report wes not filed.

3.3.5 iotentia) Violation

The team belfeves that the rumerous devistions from Zion administrative
procedures with respect to approval, tracking and reporting of overtime as
noted sbove, may constitute violations of 10 CFR 26.20 which requires the
Vcensee to establish and fnplement pulicy and procedures thet address, erong
other fectors, fatigue, so that there 1s ressonable assurance that nuclesr
power plant personnel are not fmpaired in their abilfty to safely and
competently perform toeir duties,

8. ANALYS'S OF 210N PERSONNEL OVERTIME
4,1 Descriptior of Overtime by Departrent

( The tear examined the average rurber of hours worku, per pay period for each
position in the departments covered by 2AP-08, This review of cvertime deta
reveslec that severa) dep.rtments had exceeded the NR( Policy guidelines, The
excessive overtime occurred primarily in the unit outages throughout the
Septerber 1989 tc August 1980 time period. Consequertly, the team examined
levels of overtime according to plant conditions. Figurct 1 through 7 provide
the results of these analyses, 85 discussed in the fo Towing sections:

4.1.1 Operations

Figures 1, 2, and 3 show the average hours worked Ker psy period (14 days) by
various sositions in the operations department, The graphs in these figures
revea) that shift supervisors, nuclear station operators, equipment operators,
and c?uipmcnt attendants began working significantly more hours when the units
were in outage. However, the shift control room engineers and the shift
eng;?e:r: meintained & nominal 40-hour workweek, regardless of plant
conditions.

for the pay periods from March through June of 1990, nuclear station operators
averaged over 125 hours worked every two weeks (Figure 2), and non-licensed
operations personnel avcraaed at least 130 hours every two weeks (Figure 3).
The continuous nature of these long workdays refses a concern that the risk of
human error may havs ircreased because of the cumulative effects of fatigue,

The peck averages for the bar9a1n1na unit employees were 81so of particular

l concern, because the averages were fgh enough to suggost that fndividuals
approached or exceeded the guidelines of the NRC Policy. Further {nvestigation
revealed that severa) employees had exceeded the guideline of 72 hours worked
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in a 7-dey period. The tearm expressed concern about the following dati for the
period from September 1989 to August 15%0: 1in 44 instances, personnel worked
over 90 hours in one week, and in 17 additional instances, personne)l worked 100
or more hours in one week, The team alsn fdentified 5 instences in which
indiyiduals worked 200 or more hours in two weeks, and 5 additions] instances in
which individuals worked between 284 hours and 297 hours in a 3-week period.

4.1.2 Rediatiun Protectior and Chemistry

Persorre) in the raciation protection and chemistry technician pousitions
experienced an increase in workload during the outage periods, but the overtime
worked by rediation protection technicians was particu arly high (Figure 4).
puring the 10th pay perfod of (990, for example, 23 technicians workec an
average of 150 hours in 14 days, With respect to the long term effects of
continuous overtime, the radiation protection technicians continued to work
excessive hours during both major outage periods. Individuals often worked 10
to 12 hours @ day, 7 deys 8 week for extended periods of time, From September
through November of 1989, and from March through Me, of 1990, these techniciens
meinteined work schedules of 130 or more hours worked every 2 weeks for 8 weeks
and 2 weeks, respectively, However, not 211 personnel in these departments
erformed sa}cty-relctwﬂ work, Following implementation of ZAP-08 on April 2€,
990, ¢ "duty techrician® was assigned to each shift to be responsible for
safety-reloted cutiv.. Fach day, work schedules were reviewed to {dentify
individuals that would ovelify to work as the duty technician,

4.0.3 Mechanical Meintenance

Mechanica) mefntenance supervisors, A-men, and B-men all incressed their
overtime hours during the outages (Figuro §). The plot for the senfor mechanic
represents one employee, and thus exhibits more extreme fluctuations. The two
mejor peaks in Figure 5 show averages of 130 to 140 hours per pay period.

4.1.4 !nstruﬂen{-nlintenance

Although overtime for personne) in §nsirument maintenance (Figure €) increased
sfgnificantly during the outases, the lvernie number of hours, even during peak
workload periods, remained at or less than 130 per pay period.

4.1.5 [lectrica) Maintenance

lectrica) maintenarce personnel (Figure 7) experienced an increase in workload
during outages. During the first major outage (September throu?h December of
1989), electrica) matntenance supervisors worked an average of 120 to 140 hours
every two weeks, and these same employees worked an average of 120 to 130 hours
every two weeks during most of the second major outage (February through
August, 1990), Other electrical maintenance personne) also worked more
overtime during these two time periods, although the difference was not a8
significant,

4.1.,6 Summary of Overtime by Department

The sigrificant quantities of overtime worked by the ersonnel in these
depertments indicate that Zion may be particularly vulnerable to human
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performarce decrements, The team was particulerly concerned about the
ynusua)ly high amounts of overtime in the operations departnent, Informatior
concerning freividual excesses i cvertime was rut readily evailable from other
departments. Consequently, the team did not eveluete the frequency of these
occurrences,

Studies indicate that indivicuals who vary from & nurma) B-hour workday/40-teur
workweek suffer from cegraded cognitive and motor skills (see “Applicatle
Pesearch,” Section &.&), Fersonne) werking excessive overtime may successfully
perforn routine tasks even whet less alert, thus not revedling reducecd
atilities, Fcwever, such personne) mey find that their ability to responc
quickly to an emergency situetion 1s sforificantly affected.

4.2 Reletionship between Personnel Errors and Overtime

The team reviewed work schedules of personnel fnvolves in plant events to
fdentify fnstances in which fatigue may have contributed to degreced
performance. The team reviewed plant events fnvolving human perfornance
tncluoed in (icersee event reports (LERs), humar performance evaluation systen
(HPES) reports, and personnel error evalvation program (PEEP) reports and
examined the epplicible personnel overtime records.

4.2.1 Findings

Thirty LERs, 12 FPES reports, and ¢ PLLP reports were reviewed, but there was
insufficient data to determine 8 direct 1ink between hours wurked and the errors
made by the personnel {nvolved,

4.3 tonclusions Regarding Cvertime Use and Personne) Errors

Individuels in the operations department frequently exceeded the working hour
guidelines of the NRC Policy. According to the policy, personnel perfurning
safety-related work should not work more than 72 hours in any 7-day pericd.
Overtime date were not readily available for individuals from other departments
to deterrine similar circumstances,

In general, the tesm found that there wes insufficient data to determine 1f
overtime practices at Zion resulted in safety-related errors at the plant. The
data evailable did not sugport s sufficient analysis to determine causal
relationships between work scheduling and human errors. Reporting procedures,
particularly for LERs, are not sensitive to concerns of performance decrement
due to fatigue. However, research on extended working hours (see Section 4.4)
indicates that that amount of overtime worked by personnel at Zion 1s @ concern
because 1t may degrade thefr sbility to perform routine safety-related duties.
More importantly, fetigue may degrade an operator's ability to rapidly process
the complex pattern of information that is presented in an offnormal plant
condition, Consegquently, the “bility to respond in & timely fashion may be
{eopardi:od. and errors in responding are more 1ikely to occur &5 8 result of
apses in short-term memory.

In the review of Zion's internal sssessments the team discovered fnadequacies
in the Yicensee's evaluation and reporting oi these events with respect to the
potential for fatigue to have been @ contributing factor, HPES reports in
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Cuve individuals involved had been working overtime did not reflect the
7 schedules. Several of the HPES reports involved personnel whose overtime
e days or weeks Teading to the event had exceecded the guidelines of the
Jiu Policy. Mowever, as a rule, the report gither desigrated the work
scheduling section “Not hpplicable” or omitted the section entirely.

The staff's review 2150 revealed wesknesses fr the licensee's current
capebilities to track overtime. The licensee had difficulty in pravidsng
cumylative summeries of overtime in depertments other than operations, The
unavailability ¢f these recorcs at the site indicates that management continues
tp Yeck the tools necessary to adequately control overtime,

§.4 Applicable Rescarch

The emount of overtime worked by personrel at Zion exceeds amounts at which
research indicates human performance begins to degrede. Studies on the effects
of overtime have found that human performance degrades as the nunber of hours
worke¢ ir & day increases. Significont decrements in both cognitive and motor
skills occur with a deperture Trom the B-hour workday/40-hou: workweek.,
Blertress declines after increasing shift length by 50 percent, The ability tu
sustain one's attention declines with increasing fotigue, s does short-terr
memory. Performance on tasks which require sets of rules to be appifed, such
as ciagnostic tesks, cen be expected to degrade.

Because the majority of the research 14terature focuses on studying the effects
of merely comtress1n9 the work schedule (1.e., working longer hours and having
a shorter workweek), the results of these studies are & consarvative estimate
of the effects of the Zion work schecules on human performance, At Zion

the workdeys were frequently {ncressed in length without the benefit of
shortuning the workweek,

An anadlysis of work schedules by seven experts in chronobiclogy, fatigue, and
shift scheduling, indicated that schedules similar to those observed at Zion
were "unsatisfactory” with respect to paintaining performance over & period of
more than four weeks, Furthercore, the 1terature suggests that 20 hours of
overtime every two weeks may octua‘ly double human error rates, Figures ]
through 7 reveal that Ziun personnel frequently worked 20 to 50 hours of
overtime in a two-week period.

In a study 1nv¢st19¢t1n? cwedish nuclear power plant operators, 1t was found
thet meny of those involved in an incident had worked & considerable amount of
rior overtime. Studies have shown that fatigue due to long work hours or
ighly zoncentrated work results in less attention to certain types of sigrals:
:eople develop their own subjective standards of what is importent, and as they
ecome more fatigued, they 1$noro more signals, Frequently, workers may not
even be aware that their performance 1s fmpaired. 1n & study specific to the
nuclear industry, control-room operator elertness was examined on an "alertness
continyum®, with one end regrcsenting focused wahefulness, end the other end
representing the Roint of sleep onset, A well-rested fndividual can usually
move rapidly (within seconds) to more alert and vigilant stages from lower
stages. 1In contrast, & tired (s1eep-deprived) fndivicual would have the
tendency to drift back to the lower end of the continuum in a few minutes.
According to expert epinfon, the transition to full alertress and peak ability
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to cognitively gro;css information, such &s the determingtion of the precise
meaning of an alarm sigral anc necessary corrective actions, may require
pinutes rether than seconds,

Althevoh the team ¢id not Ydertify specific events at 7ion that clearly
resulted from personre) fatigue, numervus studies heve indicated that the types
of tesks perfurtce ot nuclear power plants are susceptible to fatigue-relatec
degredation, Not reelizing that their own perfornence has been degradec,
fatioued workers tey become less effective in their tasks. The evicence found
fn the literature suggests that, at the very least, the potentie) for human
:rror ot %ion has increased with the increase n the overtime worked by the
ndividuels,

&, PERSONNEL PERCEPTIONS OF OVERTIME AND PERFORVANCE

The team {nterviewed severa) individuals from each department in which cvertime
was being assessed, The tean selected individy representing & range cf
resporsibilities and positiont (e.g., technicians, operators, supervisors, and
schedulers) within each department. In the interviews, the team collected the
experiences and observations of Zion personnel concerning the effect of cutege
work schedules on personnel performance,

$.1 2ion Staff's Perceptions Regarding Fatigue and Errors

None of the individuals interviewed ndicated thet they knew of an error thet
was directly attributable to fetigue, Memters of 2ion's quality control and
quality assurance departments indiceted that they had not observed errors that
appesred to be fatigie-related, There were only a few ceses reporied of
difficulty staying sweke on the job or when drivin: home,

The mejority of those interviewed did rot belfeve that fatigue has had @
significant effect on performance. However, many of the staff indicated that
while the schedules had resulted in fetigued workers, the workers "do not

a1low® fatigue to affect their performance, or *the procedures and verifications
do not allow us to make & mistake.® In contrast, suveral individuals expressed
concern about the amount of overtime that was bein vorked in the operations
department ard indicated that "some people do not kniw their owr iimits,”

§.2 2fon Staff's Observations Regarding Cvertime anc Fatigue

Plant personne) cbservid the: fatigue hed affected personalities or attitudes
rather than performance., The interviewees believed that the overtime had
strained interactions between the operations and instrument meintenance
departments, Workers were described as becoming more frritable, and instances
of strained relatior hips at home were reported, Several interviewees noted @
decline in worker morule as ,.e outage progressed.

Ia geners, there wes a consensus that *forced” overtime was the most difficult
to work, :articulorly when the overtime was required on the 11 pm to 7 am
shift. This view was consistent with the opinfon that people coped with the
long working hours by preparing themselves (e.g., resting) for it, When
*forced” to work overtime without much advance notice, fndividuals did not have
time to prepare.
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The desire to work overtime varied considerably betweer individuals, One
incividua) Indicated that working over 100 hours in @ weeh wis "no problen” and
wished for more available overtime hours, However, the mefurity of the people
Srterviewet expressed thet they were tired of wurking the overtime, Thig
disparity in the workers' attitudes towerd working overtime erabled incividuals
o sccumulete excessive overtime as a result of consistently volunteering to
work hours that others had refused.

€. ASSESSMENT OF FACTORS COMTRIBUTING TO EXCESSIVE OVERTIME

In sddition to expressing the concerns presented in Section 3.3.4 pertaining to
the inadequacics in the overtime tracking capabilities et Zion, the tesn mede
the following cbservations and conclusions regerding the fectors contributing
to the excessive use of overtime. These fincings ere based upon interviews
with members of Zion's management and staff, and reviews of the licensee's
procedures, practices, end self assessments concerning work scheduling,

6.1 Staffing

The tesr and members of Zion management tdentified o Yock of adequete staffing
8s one of the primary contributors to the use of overtime, Merbers of the
chemistry and radiatior protection depertiments indicated that they were
understaffed, but the lack of qualified personne) was must evident in the
operetions department, Recert shortaget in Yicensed positions were in part
attributed to cencelletion of a license class severd) years ago and the
:ubS;quc?t postponement of & class in progress, which resulted in high attrition
n the class,

Many of the individuals interviewed, fncluding wembers of Zion's managenent,
:erct1vcd that the minima) staffing levels in first Tine management positions
ad resulted from feilure of the corporate management to approve requested
increases in staffing. Interviewees belfeved the corporate management had
*set® staffing levels according to 8 corporate assessmert of staffing needs,
some interviewees believed that the corporate assessment had relied too heavily
on historical deta and had underestimated fnadequate future workloads and
staffing needs, Other fnterviewees stated that low staffing levels resulted
from susterity measures {mposed by the corporate management,

Interyiewees were also critical of hiring and training practices, fndicating
that there wes @ failure to adequately consider attrition in classes and
reductions in depertment staffs because of reassignments, promutions, and
resignations, The team has similar concerns for the licensee's current plans
to sddress personne) shortages in the operations department anc meet the the
intert of the NRC Policy which 1s to have operating persranel work & 40-hour
workweek when efther unit is operating. The licensee has based staffing
projections for January 1992 on 8 plen that does not adequately address
attrition in training pro’rcms and the loss of personnel to other departments,
Interviewees stated that Zion management wants to encourage nuclear station
operators (NSOs) to enter supervisory positions, However, the staffing plan
does not address this source of attrition in the NSO position,
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6.2 Plart Availability Goals

cevera] interviewees stated that Zior has a goe) of 1imiting esch schedylec
outege to & perfod of 70 days. The NRC Policy recognizes that outeges resuit
in an increased need for overtime, Mowever, the o.ertime worked during the
refueling outages for Unit 1 in 1965 arc Unft 2 n 1950 15 Yndicetive that the
schedules were unrealistic with respect to meeting the fntent of the NEC Policy
and 2ion adninistrative procedures, The licensee has 81 \owed numerous
cevietions from its procedures fur overtime control,

6.3  Colective Bargaining Agreement

The staff reviewed the collective bargeining sgreement (166£-1991) between CECO
and loca) unions of the Internationa) Brotherhood of Electrice) Workers end
conducted ntervievs with plant staff, As @ result, the staff concluded that
Zion's adherence to the union sgreement resulted in some of the observed
excesses in overtime,

The agreement to make overtime available on the basis of the cumulative
overtime 115t erabled irdividuels to worked excessive amounts of overtime,
Interviewees also stated that the union agreement required the licensee to make
overtime available to union menbers in excess of the overtine worked by
contract personnel performing similar duties. Finally, some of the overtime
worked by recdiation protection personne) resulted fror & union agreeient
requiring that only unfon technicians act as timekeepers for union employees.,
This requirement e¢liminated the possibility of reducing the overtime burden by
distributing some of the worklued among non-union contract personnel,

6.5  Work Planning

Many interviewees made complaints concerning work glonning. There was @
consensus among the employees interviewed that much of the overtime was
unnecessary or unproductive because of inacequate work planning, Interviewees
commonly cited & lack of cooruination among work groups which resulted in
fndividuals waiting for parts, equipment, or personne support. Interviewees
reported that operetions personne) commonly worked overtime to support tests
thet were delayed excessively or not performed. Some individuals Indicated
that scheduling was not receiving edequate support (e.t.. personnel did not
receive advance notice of jobs to be scheduled and work groups did not commit
to meet scheduled objectives).,

The 1icensee has fdertified the need to improve daily work planning anc has
instituted programs to address this {ssuve. In addition, members of the
1icensee management stated that they are attempting to improve outage
schedu\ins. he 1icensee expanded the departiment responsible for outage
planning from 1 to cver 12 incividuals in the past 2 years, The team did not
attemnt to assess the adequacy of the licensee's efforts to enhance 1ts work
planning ectivities,

7. CONCLUSIONS

The event and overtime information reviewed ¢id not provide sufficient data
to determine 1f personnel errors occurred or incressed in frequency because of
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the effects of cumylative fatigue. However, the team ¢ic confirm observetions
by the regional staff and the 8!1 thet plant personne) ha¢ worked excessive
overtime., Within the cepartments examined, irdividuels in the following
positions worked the most overtime: ruclear station operators; equipment
operstors end attencents; and raciation protection technicians,

In over 60 instanres, Individuals in the operations departrent worked more thun
90 hours 1n 8 week and roguInriy exceeded the working hour guidelines
transmitted fn the NRC Policy and contained in Zion's administrative
procedures. Studies of extended working hours frdicate thet the perforrance of
individuals working such hours cen be expected to degrade. Because fndividuals
in these positions perform safety-related duties, and may be required to
respond to & plant emergency, the practice of ol‘ow1ng excess overtime cannot
be considered prudent with respect to protecting public health and safety.
Excessive working hours result in operator fatigue and cunsequently, the
:b!\itydto respond appropriately and in o timely feshion is Thkely to be
egraded.

The teer fdentified the fe)lowing underlying couses for the excesses of
overtime:

(1) Outage scheduling was unrealistic with respect to
maintatning reasonsble compliance with the KRC Policy anc
adninistrative procedures for the control of overtime;

(2) Staffing at minimum levels resuited from insdequate
forecasting and support of personnel needs; and

(3) Collective bargaining agreements that:
(a) allow individuals to volunteer for excessive amounts
of overtime; and
(b) require the 1icensee to make overtime available to
unfon members in excess of the overtime worked by
contract personne) performing similer duties,

In sddition, the team fdentified the following factors that contribute to the
{nadequate control of overtime: (1) tnadequate work planning resulting in
fnefficient use of man-hours, and (2) inadequate ebility to treck overtime and
fdentify deviations,

The licensee management has verbelly committed to strict enforcement of the NEC
Policy in the future and plans to increase staff resources and improve work
planning to alleviate the need for excessive amounts of cvertime. Some members
of plant menagement also steted that they intend to maintain levels of overtime
below those stated 1n the guidelines, regardless of plant conditions, It is
recormenced that the resident staff contfnue to wonitor the extent to which the
1icensee management's cormitments are met, specifically, (1) the contiol and
tracking of overtime in accordance with the NRC Policy and IAP-09, (2) efforts
to {mprove work and outage planning, and (3) progress in attaining adeguate
staffing levels in the operations department,
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Mansgenatl:

Operations:

Chemistry:

AFFENDIX A

Thomas Joyce
Killiam kurth
Peter LeBlond

Fobert Johnson
James Lafortaine

Trores Flowers
fugene Broccolo

Re'lph Diet2

pPen Glernoth
Jerry Marsh

John MeSorley
Fred Cook

Patrick Comerford
Lee Danson

Weyne Gerdes

Breat Schramer
Rich Wintarskd
James Cope

Faciation Protection:

Randall Mika
Michae) Finney

Pobert Pratt
Kevin McEvoy

Craig Wepprecht
Oscar Fich

fobert Lindquist

Maintenance, Electrical:

Ben Higginbottom
John Parker
Mark Rottman

Plant Manager

Production Superintendent

Essistant Superintencent,
Nperations

Assistant Superintendent,
Faintenzrnce

Assistant Superintendent,
work Planning

Unit Outage Planner

Performance Improvement
Director

Operating Scheduler

Unit Supervisor

Shift Foremen

Nuclear Station Operator
Nuclear Station Operator
Equipment Operator
Cquipment Operator
fquipment **t adant

Chemistry Supervisor
Chemistry Technician A
Chemistry Technician B

HP Services Supervisor
Rad«Chem Scheduler
(previously)
Recdiation Protection
Scheduler
Contamination Control
Coordinator
Health Physicist
Rediation Protection
Technician
Radfetion Protection
Technician

Electrica) Maintenance
Superyisor

Electrical Maintenance
Supervisor

Electrica) Maintenance
A-Man



Maintenance, Instrument:

David Stachon Instrument Mairtenance
Supervisor

Steven Jercer Instrunent Faintengnce
Supervisor

Kichae) Braim Instrument Faintenance
AMan

Pobert Cole Instrurent Mainterance
A-Man

Kainterance, Mechanical:

Bernard Radman Vechanica) Meintenance
Supervisor

Charles Nelson Mechanical Meintenance
A-Men

Mumen Performance Evelustion System:
Richard Flessner Corporate HPES

Coordinator
Dentis Sheehan HPES Coordinator
Quality Programs:
Car) Schults Quelity Control
Supervisor
Thomas Yan De Voort Quality Frograms
Superinterdent

Annette Dennenberg Quality Programs Operations
Group Leader

Donald Felz Quelity Programs
Maintenance Group
Leader
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APPENDIX B

Zivn Au ‘nistritive Procedure « 0 “"Conduct of Operations®

Zivn Administrative Procedure - 09 “"Overtire Guidelines"

Zion Licensee Event Reports

2ion Leviation Reports

Muman Performence Evaluation System Reports

Personnel Error Eveluation Program Reports

Quality Programs Monthly Reports

Quelity Assurance Survei)lance Reports

Outage Schedule of Unit 2 1950

Projected Staffing Levels

Celective Bargaining Agreement between Commonwealth Edison
Company and Loce) Unfons of the Internationa) Brotherhood
of Electrical Workers (1988-1991)

Diagnostic Evaluation Report for the Zion Nuclear Power
Station, Units 1 and 2 (NRC/AEOD) August, 1990

KRC Resident Staff Inspection Reports



KPPENDIX €
(applicat 41ty of ZAF.09)

Kithin the Operating Pepertment:

thift Engineer (SRO)

Shift Supervisor (SKO)

Station Control Room Engineer (SRO)

Nuclear Station Cperator (RO)

Equipmert Operator A

Equipment Attendant (only when performing safety-releted work
or scheduled &s part of the plant's sefety shutdown
response team)

Auxilisry Operatur (only when performing sefety-releted work
or scheduled as part of the plant's safety shutdown
response team)

When moving fuel or performing core operations:
Fue) Handling Supervisor (SROL)
Shift SuFerv1sor (SROL)
Nuclear Fuel Kandler A
Nuclear Fue) Handler E
Within the Mealth Physics Services Department (on each shift):
Duty Rac¢iation Protection Technician
Within the Chemistry Department (on each shift):
Duty Chemistry Technician
Within the Maintenance Department, when performing safety-related work:
Maintenance Supervisor (EM, I¥, WM)
Contro) System Technician l)M)
Senfor Mechanic (EM, MM)

A Mechanic (EM, IM, MM
B Mechanic (EM, 1M, MM

Any contracted personnel performing safety-related work




or over, as per the shift ru

A Unton/Management agreement hay been reaches regarding scheduling for the Unit
2 outage. Key elements of this agreement include:

« Mandatory 12 hour shifts (Optioral & hrs early or 4 hrs over)

. Possible force to a marimum of 12 hours on first RDO with 48 hours notice

« RDOs will nave first cholce of O.T. to a MAX of 12 hours per calencar dey
and chosen to cover MINIMUM SHIFT COVERAGE according to O.T. 1ist.

Managements desire 1s to eliminate, \f possible, 16 hour shifts and approach

compliance with NRC guidelines. Towards this end, we have established a2 target
maximum of 72 hours, with an anticipated absolute maximum of BE hours per week,

There will be three shifts per day:

A1) Night Shift (1st) hours will be 7 pm to 7 am.
2 NSOs, | A man, and 2 B men wil) be allowed 11 pm to 11 am.

2) Day Shift (2nd) hours will be 7 am to 7 pm.
2 NSOs, 1 A aan, and 2 B men will be allowed 3 am to 3 pm.

3)  Midgdle Shift (3rd) will be 3 pm to 3 am,
2 WSOs, ) A man, and 2 B men will be allowed 11 am to 11 pm

4) Hours for personnel during their tratning week (i.e., not mantatory 12¢)
will be 7amto 3 pm. 3 am to 3 pm optional to meet MAXIMUM SKIFT
COVERAGE .

There will be 48 hours notice of forcing of the first RDO, Following the

Thursday dead!ine described below.

1f forced for 16 hours, there will be an 11 hour of f period until next

scheduled start time, providing 1t does not result 'n another force.

RDOs will be requested by Thursday, of the week before schadule's start,

Request for O.7. ltlft‘h? tia; chatige will be for the entire week, V.., early
o5, described above.

Only Shift Supervisors may release employees from 0.7, hours once the schedule

has been posted.

MINIMUM/MAXIMUN Shift Coverage for terms of the agreement as a follows:
NSO A_Men B Men
578 3/% /N

In the « ent maximum coverage would be exceeded the highest person on early or

over 0.T., according to the 0.T. 11st, would be refused the opportunity to work.

TED WOLDEN RALPH DIETY PETE LEBLOND

Chief Steward Schodiii’ Asst. Supt. Operating
- foud Kief P, & lend
3-/2-96 Vn/? Yia/re

2237
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May 2. 1861

MIMORANDUM FOR: Car) . Berlinger, Chief
Gener i¢ Commurnications dranch
Division of Operational Events Assessment

rROM: Jsred S, Werniel, Chief
Human Factors Assessment Branch
Division of Licensee Performance
ang Quality Evaluation

SUBJECT: P%S:gSED INFORMATION NOTICE ON NUCLEAR PLANT STA'F WORKING
H

The Human Factors Assessment Branch has prepared the enclosed draft inforngtion
notice on contro) of nuclear plant staff working hours. This draft wes
coordinated with members of the Generic Communication Branch.

e staff will close Generic Issue No. 133, "Update Policy Statement of Plart
Staff Working Hours," upon issuance of this information notice,

Original signed by

Jared S. wermiel, Chief

Human Factors Assessment Branch

Division of Licensee Performance
and Quality Evaluation

fnclosure:
As stzted

CONTACT:
J. Arildsen, LHFB/DLPQ
x21026

DISTRIBUTION: [MEMO 7 OR CARL H. BERLINGER)
ent~al riles CThomas

LHFB R/F JRoe

PDesauliners

WSwenson

Jwermiel

JAr1ldsen

-

* See previous concurrence

OFC LW E:DCPD (L RFEDLPY o :
'.-.0.;.'-.00.000-000..:----.oo ------ wiesw -
NAME :JArildsening iWSwenson :Jwgimie\

Srsenslesssnsnnrrmrnmans ‘ ............. Rlvenssessscnnes

DATE  :05/01/91* 106702 /91% : &7 291
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFF ICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 205%5

(date)

NRC INORMATION NOTICE NO. (number )t NUCLEAR PLANT STAF WORKING
HOURS

Addressees:

A1l holders of operating licenses or construction permits for nuclear power
reactors,

Purpuse:

This information notice 1s intended to alert addressees to potential problems
resulting from insdequate controls to prevent situations where fatigue caused
by excessive plant staff working hours could reduce the mental alertness or
decision making capability of personne) performing safety-related duties. [t is
expected that cecipients will review the information for applicability tc their
facilities ang consider actions, as appropriate, to avoid sinilar problems.
However, suggestions contained in this information nutice do not constitute NR C
requirenents; therefore, no specific action or written response is required.

Description of Circumstances:

On October 4, 1990, Braidwood Stetion Unit 1 experienced 3 loss of approxinately
620 gallons of water from the reactor coolant systen (RCS) while in cold
shutdown, The Braidwood Station Unit 1 technical staff was conducliing two
resioual heat removal (RHR) system surveillances concurrently, Prior to fully
closing an RHR system vent valve in accordance with o.e surveillance procedure,
an KHR system isolation valve was opened as 1dentified in the other surveillance
procedure. RCS coolant at 360 psig and 180 °F exited the vert valve, rupturec 8
tygon tube line and sprayed two engineers and the equipment attendant who were
in the vicinity of the vent valve. An NRC Augmented Inspection Team (AIT)
conducted an onsite review of this event, The AIT reported that fatigue ceused
by excessive use of overtime by the technical staff was a main contributor to
this Braidwood event.

An August 1990 NRC Diagnostic Evaluation Team (DET) report documented high
amounts of overtime for personnel at the Zion Station. Individuals in the
operations department regularly exceeced the working hour guidelines indicated
in Generic Letter B2-12, "Nuclear Power Plant Staff Working hours," and
contained in Zion's administrative procedures. In November 1990, numecous
s8ditional deviations from Zion's administrative procedure for controlling
working hours with respect to the approval, tracking, and reporting of overtire
were icentified by an NRC audit. These ceviations occurred during the 198§ and
1990 time frame. Although no operating event or human error could be
specifically related to fat&gue caused by excessive overtime, the amount of
overtime worked caJsed the NRC concern regarding the adequacy of the licensee's
staffing, Generic Letter 82-12 states that controls established should assure
that, to the extent practical, personnel are not ussigned to shift duties
while in a fatigued condition that could significantly reduce their mental



alertress or thetr geciz.on making ability, Enough plant cperating persunnel
shou's be enployed to malntotn aoequate shift coverage without ~outine heavy
use of overtime, The objective 1s to have operéting personne) work 8 noninal
40-hoyr week while the unit s operating,

During the 1989 San Onofre Unit 2 refueling outege, Scuthern California £aison
Company enployed an outsge shift schedule policy which required San Onofre Unit

3 operating personnel o work the same cutage shift schedule as Unit 2. San
Gnofre Unit 3 was operating in Mode 1 during this time. Similarly, from March
throu?h May 1989 Alabama Power Company's Joseph M. farley Nucleer Plant
established an outage shift schedule for both Unit 1 anc Unit 2 even thOU?h

only one of the two units was in an outage. In these cases plant personne fur

an operating unit were placed on a site outage schedule, a practice that the
staff finds to be inconsistent with the intent of the 1Ml Action Plan, NUREG-0737,
Item 1.A.1.3 or Gereric Letter 8212,

On November 5, 1980, an NRC inspection tean completed 8 review of the Sequoyah
Nuc lear Plant records of hours worked for the Opecations section for the weer
of Octuber 8, 1990, Inspection finding, included 23 insiances of inasdequate
docunentaiion for exceeding ( ertime limits and 5 irstances of overtime
suthorization prepared after the fact.

In January 1991 NRC inspectors reviewed "time on site" for selected contract
personnel at Cellaway Plant Urit 1 for the previous refueling outage. Two of
the contract personne) worked on safety-related systems and exceeded overtine
limits without individual authorizations. However, @ blanket authorization hag
been issued for all of that contractor's personnel engaged in safety-related
work, Except duri”; extended shutdown periocds, piant management's authorization
of cvertime shovid be considered on an individual basis. Consistent with
Generic Letter | 3-14, “Definition of Key Maintenance Personnel,’' (Clarificetion
of Generic Letter 82-12)," Callaway has scheduled expansion of procedural
control of steff working hours to include engineers when they are "directing”
safety-related work, N

Discussion of Safety Significance:

The safaty of nuclear power plant operations and the assurance of geners)
pubiic health and safety depend on personnel performing their jocbs at adequete
levels, Research on extended working hours indicates that the performance o
individuals can be espected to degrade without adequete rest after long periods
of work, Fatigue can de-rade an operatcr's abilit{ to rapidly process conplex
information such as that presented by offnormal) plant conditions. In addition,
the ability to respond in a timely fashion may be jeopardized. furthermore,
performance errors are nore likely to occur as @ result of lapses in short term
memory. Because inaividuals performing safety-related duties mey be required to
respond ouickly to a plant emergency, plant management s expected to carefully
exercise its conteol over such overtime practices in order to ensure adequate
hunan per formance.

Related Generic Communications:

1. MRC Generic Letter 82-12, “Nuclear Power Plant Staff Working Hours," dated
February 8,1982.

2. MRC Generic Letter 82-16, "NUREG-0737 Technical Specifications," dated
September 20, 1982,
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3. MRC Generic Letter 83-02, "NUREG-0737 Technica) Specificetions,” cated
Janyary 10, 1583,

4. NRC Generic Letter 83-14, “"Definition of 'Kev Maintenance Personnel,’
(Clarification of Generic Letter B2-1Z2)," dated March 7, 1983

6§, NREG-0737, “TMI Action Plan," dated October 30, 1880,

This information notice requires no specific action or written response. If you
have any question. about the information in this notice, please contact the
technical contact listed below or the appropriate NRR project manager.

.

Charles E. Rossi, Director
Division of Operaticnal Events Assessment
Office of Nuclear Reactor Regulation

Techrical Contact: David Desaulniers, NRR
(301) 492-1043

Jesse Arildsen, NRR
(301) 492-1026

Attachment:

1. List of Recently lssued
NRC Information Notices

I




