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SUMMARY AND CONCLUSIONS 

As part of the Nuclear Regulatory Commission (NRC) sponsored Maintenance 

Qualifications and Staffing Project~ the Pacific Northwest Laboratory (PNL) has 

conducted a preliminary assessment of nuclear power plant {NPP) maintenance 
practices. As requested by the NRC, the following areas within the maintenance 

function were examined: personnel qualifications, maintenance training, over

time, shiftwork and staffing levels. The purpose of the assessment was to 

identify the primary safety-related problems that required further analysis 

before specific recommendations can be made on the regulations affecting NPP 

maintenance operations. 

The safe and efficient maintenance of a NPP is a function of several 

interrelated factors. The quality or type of training is only one such factor. 

Other critical factors include the skills, education and experience of the 

individuals, the number of maintenance personnel available, and the stress and 

fatigue of the specific jobs/tasks. Refore recommendations for the promulga

tion of regulations on specific aspects of NPP maintenance can be made, it is 

imperative that the impact of the regulations on the other aspects of main

tenance be examined and understood. Without this understanding, the changes 

imposed on one aspect of the maintenance operation may have unexpected and 

detrimental safety impacts in another area. Therefore, this preliminary 

assessment of NPP maintenance practices was conducted, with the following three 

basic conclusions: 

1. The NRC needs to clarify the current regulatory guidance so that the 

use of the regulations is more consistent. 

2. There is a significant lack of verification of maintenance personnel 

qualifications to ensure that the individual assigned to the 

mai~tenance task/job has the necessary skills, knowledge and ability. 

3. The maintenance training programs are inadequately documented. This 

problem results from the following 

• Job task analysis is not being performed to document those 

specific areas where training is required. 
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o Criteria for evaluating the students, instructors and/or overall 

program performance are not standardized throughout the industry. 

• Interpretation of the current regulatory requirements is 

inconsistent; therefore, the importance that NPPs place on 

training varies. 

Of these three, the key issue underlying the proposed regulations and 

concerns expressed by maintenance managers during our discussions was the 

current lack of proper verification of personnel qualifications. The quality 

and content of the training and experience varies widely for ''qualified~ indi

viduals performing the same job functions at different plants. The difficulty 

is in attempting to identify this difference. The lack of or inconsistency in 

training and experience records and the inability to access and evaluate these 

records have lead many utilities to ignore such records in evaluating staff 

qualifications. There is a significant need for accrediting training programs, 

particularly journeyman or journeyman-type training. 

The following are summaries of the major safety-related problems that need 

to he examined for each issue before recommendations can be made on regulations 

addressing maintenance staffing practices. 

PERSONNEL QUALIFICATIONS 

Two main safety-related problem areas need to be analyzed before recommen

dations can be developed on potential improvements to the qualifications 

requirements and selection methods: 

1. Verifying and assuring that plants are staffed with qualified 

maintenance personnel is difficult for the following reasons: 

9 Standard job classifications are lacking. 

~ The quality and content of the training and educational 

background that maintenance personnel receive varies widely. 

• The methods of documenting the skills, knowledge, and abilities 

of maintenance of personnel vary. and acquiring such documenta

tion is difficult. 
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2. Specific regulatory guidance on necessary basic skills, knowledge and 

abilities are lacking, leading to inconsistent interpretation of 

existing qualification requirements. Hlis has resulted in the 

fallowing: 

~ The selection and screening criteria of new employees vary. 

~ No standard, consistent basis exists for developing maintenance 

training programs. 

TRAINING 

Section 306 of the 1983 Waste Management Rill directs the NRC to establish 

instructional requirements for civilian NPP licensee personnel training pro

grams and to report to Congress, detailing their compliance actions. The NRC 

action plan developed as a result of the TMI-2 accident directs an increase in 

the education, experience, and training requirements for operators, senior 

operators, supervisors, and other personnel to substant1ally improve their 

capability to perform their duties. 

Substantial improvements are required in understanding and operating NPP 

maintenance training programs before the objectives of Section 306 and TAP Task 

1.~.2 can be realized. Several major safety-related areas need to be analyzed 

or resolved before recommendations can be made on specific improvements to the 

NRC training regulations: 

o Current regulatory guidance on training is incomplete. 

~ Job task analysis efforts are not used in developing training 

programs. 

ey T~e knowledge, skills, abilities of NPP maintenance training staff 

vary • 

., Documentation of maintenance training programs and evaluation 

criteria of students, instructors and the program are inconsistent. 
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SHIFTWORK 

The following safety-related problem areas were identified for maintenance 

shiftwork: 

o The description of shiftwork coverage in the Final Safety Analyses 

Reports {FSARs) for maintenance personnel is generally incomplete. 

o Often nonqualified personnel make repairs when maintenance personnel 

are not on duty. 

o Workload fluctuations with single maintenance shi ftwork result in 

increasing amounts of overtime for maintenance personnel. 

OVERTIME 

The following items are the major safety-related issues concerning 

maintenance overtime work: 

o A "reasonable amount" of overtime was indicated to be 10 to 12'%. 

However~ developing a technical basis for determining a reasonable 

amount of overtime required for maintenance personnel in NPPs is 

needed. Factors that influence the amount of overtime work include 

staff size, training of personnel, the age of the plant equipment, 

union policies, corporate policies, worker expectations, and 

preventive maintenance progra~s. 

• Initial staffing requirements for new facilities are usually 

underestimated because of the utility corporate philosophy that 

additional personnel should be justifiable and verifiable through 

concrete operating data. This often results in maintenance being 

short-handed and behind in its tasks. 
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STAFFING 

The following are the major safety-related problems identified in 

maintenance staffing: 

' Determining maintenance staffing level requirements is difficult 

because it depends upon many factors, such as personnel qualifica

tions, training, maintenance tasks required, overtime and shiftwork 

policies, and size, type, and age of plant. Therefore, consistent 

methodology exists for estimating maintenance staff size require

ments in the NPP industry. 

e The NRC neither requires nor offers significant guidance for 

developing documented plans that incorporate key staffing 

factors in determining staffing levels. 

~ The NRC has no mechanism to determine the adequacy of the 

maintenance staffing plans, as presented in the FSARs. 
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1.0 INTRODUCTION 

The Pacific ~rthwest laboratory (PNL), operated by Battelle Memorial 

Institute, conducted a study for the Nuclear Regulatory Commission (NRC) as 

part of the NRC Safety Technology Program. The objective of this study, the 

~1aintenance Qualifications and Staffing Project, was to develop the technical 

basis and recommendations for policies covering maintenance staffing practices 

in nuclear power plants (NPPs) for improved plant safety. To develop this 

technical basis and policy recommendations, the key maintenance areas needing 

further, detailed analysis have been identified. 

The first objective of this report was to document the problem areas asso

ciated with the issues of qualifications, training, shiftwork, overtime, and 

staffing of NPP maintenance personnel. The second objective was to identify 

safety-related problem areas. From these problem areas, we identified safety

related problems that need to be examined in more detail before specific 

recommendation~ can be made. 

Two major documents direct industry and the NRC to improve the 

qualifications of NPP maintenance personnel. The first, Section 306 of the 

1983 Waste ~1anagement Rill, directs the NRC to promulgate guidance for the 

training and qualifications of NPP operators, supervisors, technicians and 

other appropriate personnel. As it relates to maintenance personnel, 
Section 306 requires the establishment of instructional requirements. The 

second document, the Three Mile Action Plan (TAP), Task I.A.2., requires that 

the education, experience and training requirements for operators, senior 

operators, supervisors and other personnel be increased. The TAP proposes that 
licensees justify the acceptability of their training programs. The TAP also 

proposes that the NRC audit the plants to assure that training is formalized 

and structured • 

The information presented in this report on the current regulatory guide

lines, industry practices and major safety-relaterl factors was acquired from a 

wide variety of sources. Oocuments that were examined included regulatory 

guides and their backup reports, conference papers, reports and journal arti

cles on the current state of NPP maintenance, internal utility/plant 
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maintenance assessment studies. and safety analysis reports. Project members 

also contacted many organizations and individuals in the NPP maintenance field. 

Discussions were held with maintenance management personnel at utility organi

zations representing 45 NPPs - 2R operating plants and 17 under construction. 

NPP maintenance programs are complex operations consisting of many inter

related activities. The structure of these activities. their relationships to 

other ~aintenance efforts, and their relative importance in the overall plant 
maintenance program varies from one utility to anot~er and from one plant to 

another. The following chapters present a preliminary examination of these 

variations, the interrelationships and the implications on plant safety for 

current maintenance qualification requirements. training programs, shiftwork 

and overtime practices , and s ta ffi ng methods and 1 eve 1 s. 

This report is divided into 6 chapters. Chapters 2.0 through 6.0 examine 

the qualifications. training, shiftwork~ overtime and staffing levels issues, 

respectively. For each issue, the regulatory guidance is reviewed, the current 

industry practices and problems are documented, and the major safety-related 

problems that warrant further study are identified. 



2.0 ~AINTENANCE QUALIFICATIONS 

The safe and efficient operation of a nuclear power plant (NPP) highly 

depends on the quality of the plant personnel. In recent years, much attention 

has been focused on the qualifications of the operations staff to safely oper· 

ate the plant. Although receiving less attention~ the qualifications of the 

maintenance staff have some implications for NPP safety also. 

In this chapter, current regulatory require~ents and industry practices 

for maintenance staff qualifications are described. Also, major concerns asso

ciated with maintenance staff qualifications are identified and major safety

related problem areas that warrant further study are addressed. 

2.1 QUALIFICATION REQUIREMENTS/REGULATORY GUIDANCE 

Qualification requirements are defined as the set of criteria by which an 

individual is found acceptable for performing maintenance tasks. The NRC 1 s 

regulatory guidance in this area is specified in Regulatory Guide 1.8, "Person

nel Qualification and Training." Each applicant for a license to operate a NPP 

is required hy paragraph 50.34(b){g)(i) of 10 CFR 50 to include information on 

the qualifications of plant personnel. Regulatory Guide 1.8 describes the 

method that is acceptable to the NRC staff for complying with these require

ments. ANSI/ANS (American National Standards Institute and American Nuclear 

Society) Standard 3.1. which Regulatory Guide 1.8 endorses, details the educa

tion, experience, and training criteria that NPPs are to satisfy. 

The most recent issue of Regulatory Guide 1.8. dated September 1qBo. 

endorses the December 1979 Draft ANSI/ANS Standard 3.1. This standard has 

since been superceded by a necember 1981 version entitled "Selection, Qualifi

cations and Training of Personnel for Nuclear Power Plants" (ANSI/ANS 3.1-1981) 

and is discussed below. 

2.1.1 ANS1/ANS 3.1 Requirements 

The minimum education and experience specified in ANSI/ANS 3.1-19R1 are 

shown in Table 2.1. Briefly, the table states the following educational and 

experience requirements: 
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TABLE 2.1, Minimum Education anrl Experience Requirements for 
Personne 1 (ANSI/ANS 3. I - 1981) 

Education Ex!;!erl .. rKe 
Tota1 Nuc\edr ;,oove 
Power Pow.or ,'tl't Refueling 

Deyree Work in~ PlMit ----- Plant Pow,;r (llltd!Je 

M..iodgers 
Plant Mandger BA 6 yr( d l 3 yr(b) 2 1110 I to 2 rno 
Operations r1dnayer BA 4 yc 3 yr(b) 2 1110 I to 2 rno 
Maintenance Manager BA 4 yc 2 yr( b) 1 rna 1 to 2 mo 
Technical Mdnager BA 4 yc 3 yr(b) 1 rno 1 to 2 rna 
Tralnln!J Manager BA X (d) 4 yc 2 yr 1 rno 

Supervisors 
Shift supervisor HS(e) 4 yc 2 yc 

6 "' S.:n1or Operator HS( e) 3 yc 1 yc 
6 "' Other HS 4 yc I yc 

Profession a 1- Technic a 1 
Reactor Engineeriny BA 4 X' 2 yr(b) '"' X 
Instrunentat1on and Control As soc ~ yr l yr(b) I ~o 

Che.n1$try and R~dloche<nistry BA 2 ,, 1 yr( b) 2 1110 
l~adldtion Protection BA 4 yc 3 yr( b) 2 ono 1 to 2 mo 
Quality Assurance BA 4 ,, I yc 

Preoperat10nal-St~rtup Testing 
Preoperat1on~l TestHl~ BA I yc 
Startup Testing BA 1 yc I yc 

Tra1nin~ 
TrainHhJ Coor<linator liS 2 yr 6 mo 
Tra1nin~ lnstruct<Jr !15 
Shift Technical Advisor liS{ e) 1 yr{ b) 

Op~rat ion- TeeM i c ian-"\! intenance 
Non-Licensed Operaturs liS I yc 
License(! (1p~rators 115 3 yc l yr( b) 
Techniclans II S 3 yr 
'1.! i nt,;nctn<..e Personnel 4 3 yc 

~n~HleerHI~ ano Tectnncal Suppurt 
Fn~1neer in Char~e BA 6 yc 
ln,~<'i•endent Rev1ew P~rsonnel "' 6 yc 
StJft S)Je<..ialists ll.~ 5 yr 

(a) The plant lnana~er snail have a lllillHIIUOII of four years ot superVI>Ory or oiJdndyement ex~er1ence, 
(b) Ttw Initial dppliCdnt shall have H least six lllllntns ut ~~~'I' e~perit:nce dt the s1t~. 

NPP Maintenance 

Trdlnin~ 

~ernd rk s 
Startup L1cense (ANSI/ANS 
Testing RO/SRD/CERT Other 3.l-19~.!l_ 

X SRO(c) See 4.2.1 
X SHO See 4.2.2 

5ee 4,2,3 
X SRO(c) See 4.2.4 

See 4.2.~ 

X SRO/CEIH See 4.3.1.1 
X SRO/C£RT See 4.3.1.~ 

See 4.3.2 

X X (f) ~ee 4.4.1 
X s~e 4.4.2 

See ~.4.3 
See 4.4.4 
Seo' 4,•1.5 

~ee 4,4,6.1 
See 4.•\.6,2 

See 4.4.7.1 
See 4,4,7.?. 
s~e ~.4,A 

See 4,5.1.1 
RO/CERT See 4.5.1.2 

See •1.~.2 
See 4,:,,3 

see 4,6,1 
See 4.7.1 
See •1.7,2 

:c! ltolc! Jn t!RC Seniur Operator License, or llctVl' h~ld d l1cense for a Sllllilar unlt (LWR, LMf~l<, IHG~). or lidVe been c~rt1f1ed at th~: pldnt or dt an 
JpprupriJt<.' OIIIIIJIJtor (S.~.l.b) in accorddnce ·.-~1th ~.?.l.J. Also, d~ required hy ~.3.1 dfH1 S,4, 

(d) Cunrs.c~ in educdllun and techniCal sutljeCl>, 
(el f11~n scl\ucJI clljliO·II~ ~Ius tile e<JUIVdlen<..t• ,,r tlllrty tu Sixty se<lll'O,teo· hours of colle~e-lev"l tf'clmlcal educatiOn, 
(ti ~u.::c,:ssful CU111pletion ot a recu~nized reJnur l:n~ineerin~ troinin<J prn~rdlll •IIJy b<• equJValent to ur1e ye~r's NI'P experienu!, 



• Maintenance personnel are required to have a journeyman level educa
tion and three years' work experience in one or more crafts. 

o Instrument and control (I&C) technicians are to possess an associate 

degree in engineering or related science and two years' power plant 

experience, one year's NPP experience and one month's nuclear 

experience at greater than 20% power. 

o The maintenance manager is required to have a bachelors degree in 
engineering or related sciences, four years' power plant experience, 

two years' nuclear experience, one month's nuclear experience at 

greater than 20% power, and one to two months' nuclear refueling 

experience. 

• Technicians (those responsible for the performing of tests, calibra

tions, inspections, surveys, and repairs of instruments and controls 

anrl equipment) need a high school diploma or need to have passed the 
General Education Development (GEO) test and three years' working 

experience in their specialty. 

For maintenance personnel and technicians, ANSI/~~S 3.1-1981 also 

states that they 

"shall have demonstrated their ability to perform assigned tasks 
and their knowledge of the significance of these tasks on plant 
operation. 11 

Each NPP is to establish a training program to provide for qualified per

sonnel to operate and maintain the facility. All personnel at the plant are to 

receive training in the following areas commensurate with their job duties 
(ANS!/ANS 3.1): 

o general description of plant and facilities 
§ job-related procedures and instructions 
• radiological health anrl safety program 

~ station emergency plans 

~ industrial safety program 
~ fire protection program 

• security program 

o quality assurance program. 
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Specialized training shall also be provided based on the analysis of the 

individuals 1 lack of experience and knowledge in relation to their assigned 

functions. For technicians and maintenance mec~anics, the standard states that 

the specialized training program shall include the following: 
~ information on applicable administrative controls 

o information on special complex systems and components 

a demonstration of performance capability. 
No specific criteria are indicated for either the instrument and control per

sonnel or maintenance managers. 

Once an individual has satisfied the appropriate education and experience 
requirements and has passed 11 an examination of sufficient difficulty covering 

the previously listed areas,n he can then be assigned to work independently at 
the facility (par 5.4, pp. 14-15). 

Retraining shall be provided annually and should include information on 

the changes in the facility, in the procedures, in government regulations, and 

in quality assurance requirements. Industry operating experience, licensee 

event reports (LERs), and personnel errors are also to be reviewed as they 

apply to the individual 1 S specialty area. 

2.1.2 A.SME/A!~S Welding Requirements 

~ecause of the critical safety nature of the welding operations, the NRC 

requires that all welds on pressure-retaining components and systems be per
formed according to requirements of Chapter IX of the American Society of 
~echanical Engineers (ASME) Boiler and Pressure Vessel Code. All welds on 
structures and buildings are done according to the American 1~elding Society 
(AWS) structural welding code. The NRC, the A.SME Code and the AWS Code require 

that all welding procedures and welders be qualified prior to use in production 

welding. 

The ASME Corle requires critical pipe welds to be nondestructively examined 

using liquid penetrant, magnetic particle, ultrasonic or radiographic examina

tion, depending on the pipe classification. The weld quality is evaluated 
according to criteria specified in the Code. NRC resident inspectors periodi

cally inspect the completed welds, the '~elding procedures and welder 
qualifications. 
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2.2 CURRENT UTILITY PRACTICES/CONCERNS 

One of the key issues in maintaining the safety of NPPs is the quality of 

the maintenance personnel. This opinion was expressed at all plants we contac

ted. The major safety-related problem areas concern personnel turnover, the 

selection methods used in hiring maintenance personnel, the lack of standard 
grade/job classifications, and the difficulty of verifying qualifications. 

?..2.1 Maintenance Staff Turnover 

Several utility and plant managers indicaterl a concern for assuring the 

continued quality of their maintenance personnel. The changing manpower situ

ation was identified as a major reason for their concern and the impetus for 

changing their employee selection methods and for developing new training 

p rag rams. 

During the last five to eight years, many plants have found turnover among 

their maintenance personnel to be a problem. At a recent round table discus

sion on this subject, several managers indicated that in the past a manager 
dealt with the same people for years (Rittenhouse 1982). Today, many utility 

organizations appear to be constantly attempting to qualify new people because 
of high attrition rates. Many reasons were given for this changing manpower 

situation: 

s Many ski 11 ed nuclear maintenance personnel are reaching retirement 

age. 

~ Fewer applicants have harl any technical training provided hy the 

military or other industries. 

• Many qualified personnel want to move into higher positions of 
authority and benefits. 

o ~any qualified personnel want to relocate both geographically and out 

of the nuclear industry. 

The movement of qualified and experienced personnel out of the maintenance 

departme~t to other plants (both nuclear and fossil), to other positions within 

the utility, or to jobs outside the nuclear industry has been a significant 
problem for some plants. These problems are expected to increase as new plants 
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now under construction begin to staff up and come on-line. The opportunities 

exist for the more experienced, qualified, and motivated individuals to trans

fer to these new plants in positions of greater authority and pay. An example 

of this is found in the staffing of Watts Bar 1 and 2 (scheduled to go critical 

in 1984 and 1985, respectively). The FSAR (Watts Bar 1982) states that 

" ••• experienced journeymen wi 11 predominantly be transfers from other 

TVA generating plants and installations." 

In a recent study of nuclear power industry manpower requirements, an 

additional 4400 workers were estimated to be needed by 1991 to fill new main

tenance positions and another 6300 needed as replacements (Johnson 1982). For 

comparison, the 1981 maintenance staffing level was 5700. Consequently, pro

viding qualified individuals to fill these current and projected staff posi

tions has become one of the major justifications for the extensive training 

programs being implemented at many utilities. (See Chapter 3.0 for a more 

detailed discussion of training activities.) 

2.2.2 Selection Qualifications 

The principal method of filling a vacancy or staffing a new plant's main

tenance department has been to select the most qualified and experienced indi

vidual as possible. This appears to still he the most common way of acquiring 

new staff members for existing plants, particularly for those utilities with no 

extensive training program. Because an apprenticeship program can take up to 

four or more years to qualify an individual, many of the maintenance managers 

we contacted are searching for position-specific qualified individuals. As a 

result, most plants operate with many unfilled positions. The Institute of 

Nuclear Power Operations (INPO) has identified a vacancy rate of 10.8% for 
skilled craft workers in NPPs (INPO 1981). For I&C technicians INPO found the 

rate to be almost 15% industry wide. 

To counter problems from high vacancy and attrition rates, many of the 

larger utilities have begun to hire new maintenance staff based on their paten

ti-ll for further training. This approach, however, requires that an appro

priate training program he available to provide the necessary education and 

experience. 
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An example of the selection qualifications used within the nuclear plant 

maintenance rlepartments is shown in Table 2.2. As the table shows, the amount 

of experience required of new employees varies considerably, from some experi

ence to 8 to 10 years. At other plants we contacted, minimum employment 

requirements are a high school diploma, no previous experience, and a potential 

for further training. Applicants were judgerl on such factors as their person

ality, mechanical aptitude, and previous specialty training. 

The actual screening and selection process for maintenance personnel gen-

erally consists of two or three stages: 

o application form 
e skills' demonstration 

~ personal interview. 

The initial stage at all plants we examined involves some type of job 

application form. The primary information obtained from this form includes 

educational background, work histories, experience, and reference sources. At 
nine plants we specifically asked how they verified the applicant's informa

tion. Only four indicated they ran any kind of reference check and only one 

stated they requested education transcripts. 

The second stage of the maintenance personnel screening/selection process 

can, for certain applicants, involve an employment test. Welders in particular 

are required, if they are to work on pressure-retaining components, to pass a 

welding skills-proficiency test. In some cases, this test is administered by a 

local consultant or technical school. I~C technicians are also given a test. 

In this case it is usually an aptitude test to evaluate their analytical, 

numerical, and verbal skills, and mechanical aptitude and knowledge in their 
specialty. Some plants use standard personality tests and aptitude tests for 

all applicants. 14ith more organizations developing training programs, these 

testing methods are increasingly being used for all applicants (to avoid any 

difficulties with unions and the appearance of discrimination, according to one 

individual we spoke with). These tests can help the personnel department to 

properly screen likely candidates for the training programs. 
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TABLE 2.2. ~aintenance Staff Selection Requirements(a) 

Educational Requirements 

5 NPPs require high school diploma 

2 NPPs require high school equivalency 

l NPP requires high school diploma or technical school equivalent 

l NPP indicated their staff exceeded ~inimum requirements by having 
some college education 

Experience Requirements 

2 NPPs require some experience with other organizations and emphasized 
post selection on-the-job tra.ining 

l NPP required 3 to q years in journeyman program 

NPP required B to 10 years experience 

Other Selection Requirements 

• persona 1 i ty 

• mechanical aptitude 
s previous training in maintenance specialty 

{a) Based on the response of nine "!PPs. 

The final stage at all plants is the personal interview and usually invol

ves the maintenance manager and the appropriate foreman. ~ost managers we 

spoke with use the interview to examine the personal characteristics of the 

applicant, to evaluate their past work experiences and to assess their hack
ground knowledge. For many plants the personal interview, along with the man

datory initial application formy constitutes the primary selection process for 

maintenance personnel - particularly maintenace mechanics. Stages one and 

three seem to he the focus where minimal training programs exist and where the 

management philosophy is to select only journeymen-level experienced 

candidates. 

2.2.3 Grade/Job Classification 

Maintenance personnel can he divided into three basic grade 

classifications: 

I) helper 

• assistant 
., technician. 



Of these, only the technician can operate independently or supervise a team in 

repa1r1ng plant components and systems. Both the helper and assistant must be 

fully supervised. The helper is usually a young high-school graduate (or equi

valent degree) with no prior experience. The helper's job is to assist by per

forming many of the more menial tasks, such as cleaning up and running errands. 

The assistant usually is an individual enrolled in an apprenticeship or 

apprenticeship-type program. A significant port1on of the assistant's course 
requirements is on-the-job training. An assistant's specific qualifications 

vary from utility to utility, plant to plant, and from union to non-union 

organizations. After the assistant successfully completes the program, he/she 

is certified as a journeyman by the union or as a journeyman-level technician 

by the utility. This then satisfies the "journeyman level" education require

ment of ANSI/ANS 3.1-lqSl. After fulfilling the other basic educational and 

experience requirements, the individual can he classified as a technician to 

work independently at the facility. 

Unlike grade classifications, NPP job classifications, such as maintenance 

electricians, welders, mechanics, etc., are not standard across the industry. 

This lack of standardization creates prohle~s in hiring, testing, training, and 

promoting personnel. Each utility organization has developed its own sets of 

job classifications and performance evaluation criteria. This not only makes 

it difficult for integrating experienced new hires into the maintenance organi

zation without retraining, it also affects the efficient use of maintenance 

service organizations. 

Many individuals we contacted stated that such standard job classifica

tions are necessary for the development of standardized maintenance organiza

tions. To address this problem, INPO has recently issued a report on guide

lines for the qualification of electrical and mechanical maintenance personnel 

and I&C technicians (INPO 19Rl). The report's stated purpose is to provide a 

program that will assist in developing a maintenance team with the knowledge 

and skills necessary for the safe, reliable, and efficient operation of a 

nuclear plant. In addition to qualification requirements, the guidelines also 

include training, trainee evaluation, and continuing education requirements. 

Although INPO does use these guidelines in their plant evaluations (INPO 1982), 



their use by the utilities is strictly voluntary. Presently, the guidelines 

are general. INPO intends to provide additional guidance based on their job 

and task analysis study effort, which is to be completed in 1984. 

2.2.4 ~aintenance Personnel Qualifications Assurance 

Verifying the maintenance staff qualifications is an important aspect of 

the NPP qualification assurance operation. The ANSI/ANS 3.1-1981 standard 

requires auditable records of the qualifications, experience, training, and 

retraining for each member of the plant organization. These records .are "to be 

maintained for at least five years or as long as the person performs work in 

the job category described in this standard, whichever is shorter" (ANSI/ANS 

3.1-1981). Also, certain records associated with AS~E activities are to be 

maintained according to ANSI/ASME NQA-1-1979. 

The NRC 1 s inspection programs are based on two documents, the safety 

analysis report (SAR) and the safety evaluation report (SER) (DeYoung 1983). 

In the SAR the licensee formally commits to technical and quality assurance 

requirements. The NRC staff reviews the SARs to assure, in part, that required 

levels of technical and qualification assurance standards will be achieved. 

Their review is documented in the SER. 

In our review of the FSARs for eight plants scheduled to come on-line 

within the next one to four years, we found four different versions of Regula

tory Guide 1.8 referenced. A breakdown of the FSAR personnel qualifiCations 

references is presented in Table 2.3. Currently, the only official version of 

Reg. Guide 1.8 is dated September 1975, reissued May 1977. As the table shows, 
only two of the eight plants reviewed referenced the 1975 or 1977 official ver

sions of Reg. Guide 1.8. We also found in the FSARs two versions of ANSI/ANS 

3.1 and two versions of ANSI NlB.l referenced. This use of various references 

for plant personnel qualifications indicates obvious confusion on the part of 

plant staff and possible lack of attention that the NRC licensing review staff 

has given to the documentation and subject of qualifications. 

At the base of the actual inspection and qualification assurance programs 

are the measures taken by the crafts. The apprenticeship training programs are 

controlled by federal and state regulations. Revisions to the prograr11s must be 
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TABLE 2.3. FSAR ~alification Requirements ~Referenced 
Standards/Regulations 

Plant 

Marble Hill 
I 19871 

Hope Creek 
11986) 

Nine ~ile 
Point (2) 

I 1986) 

Beaver 
Valley ~ 1 

1 19861 

Vlatts ~ar 
( 1984) 

~; 11 stone 3 
I 1986) 

- 1 

"'idland 1 & 2 
(1983-1984) 

13yron/ 
Braidwood 

{1984-1985) 

Standard 

ANSI!ANS 3.1 - 1981 

ANSI!ANS 3.1 

ANSI N18.1 - 1978 

ANSI N18.1 - 1971 

ANSI !'118.1 1971 

ANSI N18.1 1971 

ANSI ~18.1 

~NSI Nl8.1 - 1971 

Regulation 

Reg. Guide 1.8 

Reg. Guide 1.8 

Reg. Guide 1.8 

Reg. Guide 1.8 
11975) 

Reg. Guide 1.8 
(Reg 1.8) 

Reg. Guide 1.8 
(1977) 

Reog. Guide 1.8 

(a) Plants scheduled to come on line in 1984 and 1985. 

other 

Case-by-case 
review, use of 
INPO job task 
analysis 

Case-by-case 
review 

approved by the union, the utility, and the state department of labor. How

ever, recent allegations have indicated that in certain cases individuals have 

been able to bypass the apprenticeship program and purchase union membership or 

"books" identifying them as qualified journeyman (Hatch 1983). At a hearing of 

the Labor and Human Resources Committee in late June, 1983, witnesses testified 

that illegal journeyman book buying has been occurring for several years in the 
boilermaker trade. One witness estimated that 50 to 60% of the workforce at 

Unit 1 of Three Mile Island were unqualified to hold journeyman books. These 

statements and allegations that a widespread practice exists of "stand-ins" 

taking welding tests for illegal card holders lead the committee to request the 

NRC and the Justice Department to investigate these activities. 

The NRC Office of Inspection and Enforcement indicated that all regions 

have taken action to review welder qualifications and have found no indication 

2-11 



of welder "stand-in" during these inspections (DeYoung 1983). Two of the five 

regions estimate they annually review 100 to 150 welder qualifications and 

witness about 10% of these taking their tests. In only one case had a stand-in 

been verified. This was at Monticello and "appropriate action was taken" 

(welder site access revoked) (DeYoung 1983). Further hearings are scheduled on 

this subject (August 2~ 1983) partly because unqualified individuals being 

employed at NPPs is a concern to public safety. 

In another effort for qualification assurance~ the industry has initiated 

a series of inspectional evaluations through INPO. These evaluations are con

ducted about every 15 months at operating plants and about every 18 months at 

plants under construction. 

The plant/utility management and the maintenance supervisor make the 

actual judgment of whether an individual is qualified to work independently at 

a NPP. Verifying the qualifications of new hires is difficult for several 

reasons: 

o Job classifications and duties vary both within and outside the 

nuclear industry for the same specialty craft. 

• Training and education, both in quality and depth, vary. 

@ Documentation methods and the problems of acquiring such documenta

tion vary. 

The increased use of extensive in-house job-training programs and their associ
ated 1ocumentation should reduce some of these problems. 

According to the maintenance managers, the main question of qualifications 

currently revolves around those critical but infrequent functions, such as 

removing the steam generator head. For this, retraining and the use of mockups 

are advocated to bring the staff up to speed. 

2.3 SUMMARY OF MAIN PERSONNEL QUALIFICATIONS ISSUES 

The current NRC regulations and standards provide only a general set of 

maintenance qualification requirements for evaluating an individual. An 

assessment of these maintenance personnel qualifications has identified two 
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main safety-related problem areas that need to be analyzed before recommenda

tion can be developed on potential improvements to these qualifications 

requirements and selection methods. The main problem areas are as follows: 

1. Verifying and assuring that the plants are staffed with qualified 

maintenance personnel are difficult because of the following: 

s the lack of standard job classifications, which creates 

problems in hiring, testing, training and promoting personnel 

o the wide variance in the quality and content of the training 

and educational background that maintenance personnel receive 

a the variance in the methods of documenting skills, knowledge 

and ability of maintenance personnel and the difficulty in 

acquiring such documentation. 

2. The lack of specific regulatory guidance on necessary basic skills, 

knowledge and abilities (e.g., journeyman-level education require

ment for maintenance mechanics) has lead to inconsistent interpreta

tion of existing qualification requirements. This lack has resulted 

in the following: 

~ variations in the selection and screening criteria of new 

employees 

• no standard, consistent basis for developing maintenance 

training programs. 
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3.0 MAINTENANCE TRAINING 

This chapter summarizes the NRC 1 s regulations on maintenance training and 

problems with that training in NPPs. The information presented here is baserl 

on visits to plant sites~ interviews with plant personnel. and a literature 

review. Wide variations exist in the quality of training for maintenance 

personnel at individual power plants. In this study we examined many of these 

training programs. 

3.1 TRAINING ANO EOIJCATION 

Training and education have important distinctions. The purpose of educa

tion is to prepare people to rleal with a wide variety of problems spanning many 

possible occupational fields. It is open-ended and broadly based. Training is 

intended to develop skill and proficiency for specific jobs and is the primary 

way to qualify personnel to perform on the job. Inadequate human performance 

in conducting NPP maintenance can have significant and far-reaching conse

quences (for example, TMI, Ginna, and Sale~). Training is one of the most 

important ways to assure proper performance. 

3. 2 NRC REGULATORY GUIDANCE 

In a sturly of NPP staffing performed for the NRC over two years ago. 

Wegner (1980) found that the only eligibility/qualification requirements issued 

by the NRC for maintenance repairmen in NPPs were three years in one or more 

crafts and a "high degree of manual dexterity and ability," plus the capability 

to learn. Technicians(a) were required to have two years• working experience 
in their specialty and one year of related training. No specific training or 

(a) Plant personnel responsible for the maintenance of instruments and 
controls are generally termed "technicians." They have their own section. 
which is sometimes organized under the Maintenance Superintendent and 
sometimes under the Technical Services Superintendent. In this report we 
are using the term "maintenance personnel .. to include I~C technicians. 
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requal ifi cation requirements were given for technicians or maintenance repair

men. Wegner 1 S findings were based on a review of existing NRC regulations and 

guidance, including 10 CFR 50; Reg. Guide 1.8, September 1975, reissued May 

1977; and ANSI N18.1-1971, which Reg, Guide 1.8 endorsed. 

Since Wegner 1 S study, the ANSI and the ANS have re~issued their standard 

on Selection, Qualification, and Training for Personnel for Nuclear Power 

Plants twice, with the latest version being ANSI/ANS-3.1-1981. Two 11 For 
Comment 11 revisions of Reg. Guide 1.8, dated February 1979 and September 1980, 

have been issued. The Fehruary 1979 version endorsed ANSI/ANS-31.1-1978. The 

September 1980 version endorses a draft ANSI/AN$ 3.1 dated December 6, 1979, 

which has since been superceded by the official 1981 standard. If Reg. Guide 

1.8 is eventually issued officially and if it endorses ANSI/ANS-3.1-1981, 

maintenance training would be addressed as follows: 

~~Technicians and maintenance personnel shall be trained by on-the-job 
training; by participation in initial calibration, testing, and 
equipment acceptance programs; or by related technical training to 
meet the qualifications set forth in 4.5 11 (par. 5.3.4, pg. 14). 

The qualification standards set forth in paragraph 4.5 of ANSI/ANS-3.1-1981 are 

for journeymen-level personnel. As stated previously, those standards are very 

general. Apparently, the authors of the standard felt that stipulating jour

neyman 1 evel as the 11 educati onu requirement was sufficiently descriptive and 

would adequately define training requirements. However, as the next section 

discusses, apprentice training leading to the journeyman level may vary consi

derably in its content and quality. Therefore, because of such variations 

there is little assurance of consistent qualifications across the industry at 

the journeyman level. 

The 1981 version of ANSI/A.NS-3.1 expands on the training requirements of 

the previous version of this standard by stating the following: 

11 A training program shall be provided for joh functions that could 
affect the quality of structures, system~, and components important 
to safety. The program shall include applicable administrative 
controls. special complex system and component instruction, anrl 
rlemonstrated performance capability. The special training above the 
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journeyman level of technician and maintenance personnel shall be 
based on a task analysis of the individual's assigned functions" 
(par. 5.3.4, pg. 14). 

Therefore, ANSI/ANS-3.1-1981 requires task analysis of maintenance func

tions to determine special training requirements above journeyman level for 

functions that " ••• could affect the quality of structures, [etc.] important to 

safety." If NRC endorses ANSI/ANS-3.1-1981 in its latest version of Reg. Guide 
1.8, amplification of this paragraph of the standard may well be desirable. 

In addition to the above, maintenance personnel will needs general 

employee training (~NSI/ANS 3.1-1981): 

All persons regularly employed in the nuclear power plant shall he 
trained in the following areas commensurate with their job duties 
(ANSI/ANS 3.1-1981): 
~ General Description of Plant and Facilities 
• Job Related Procedures and Instructions 
Q Radiological Health and Safety Program 
ct Station Emergency Plans 
• Industrial Safety Program 
~ Fire Protection Program 
,. Security Program 
o Quality Assurance Program". 

The standard goes on to address temporary personnel, stating that, 

"Temporary maintenance and service personnel shall be trained also in 
the areas listed in the preceding paragraph to the extent necessary 
to assure safe execution of their duties'' (par. 5.4, pg. 14-15). 

For temporary personnel this requirement is the same as previous versions of 

this standard, but the following paragraph for the standard is an important 

addition: 

"The individual's understanding of the information provider! by this 
program shall be evaluated by administering an examination of suffi
cient -difficulty covering the pre'Jiously listed areas to ensure the 
individual has sufficient knowledge to work independently at the 
facility. Individuals who do not pass this examination shall not he 
permitted inside the protected area without a full time escort" 
(par. 5.4, pg. 14-15), 
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The standard recognizes the importance of considering training in 

determining plant manpower requirements, stating that, 

"In determining the staff complement, the faci 1 ity management shall 
recognize the important relationship the training program has to the 
maintenance of operational safety by a) providing experienced and 
knowledgeable personnel to develop and audit the training program as well 
as serve as training program instructors; and b) provide sufficient 
personnel in classifications to permit training and re·qualification work" 
(par. 5.5, pg. 15). 

Another important aspect of the 1981 standard is that it addresses the need for 

evaluating the training program and requires that evaluation be conducted, 11 by 

persons other than those rlirectly responsible for the training" (par. 5.5, pg. 

15). Evaluations are required annually and must cover training content, 

quality, appropriateness, exam difficulty, and grading. 

Of particular note is the standard 1 s stipulation that job/task analysis 

(J/TA) be used to establish the training program. When it comes to main

tenance, however, the extent to which J/TA must be used is not clear. 

The 1981 version of ANSI/ANS-3.1 is a more comprehensive and detailed 

treatment of maintenance training than previous versions. The current situa

tion regarding Reg. Guirle 1.8 is confusing, however, and needs to be clarified. 

Currently, the only official version of Reg. Guide 1.8 (September 1975, reis

sued May 1977) endorses ANSI N18.1-1971, which is two versions removed from the 

current ANSI/ANS standard (ANSI/ANS 3.1-1981). In addition, the most current 

,.For Comment" issue of Reg. Guide 1.8 endorses a pre-ANSI/ANS 3.1-1981 rlraft 

standard (ANSI/ANS 3.1-1979). These relationships are shown in Figure 3.1. 

Training information that utilities neP.d to address in their Preliminary 

Safety Analysis Reports (PSARs) and FSARs is contained in Section 13.2 of the 

Standard Review Plan (SRP) (NUREG-0'300). The SRP is far more general than 

ANSI/ANS-3.1-1981 concerning training, and maintenance is not addressed specif

ically but put under nnon-licensed plant staff" (par 13.2.2). Reg. Guide 1.8 

and ANSI/ANS-3.1 are referenced in the SRP, and acceptance criteria in the SRP 

include training in accordance with Sections 5.1., 5. 3, 5. 4, and 5. 5 of 

ANSI/ANS-3.1, as endorsed by Reg. Guide l.B. We believe maintenance should be 

addressed specifically in the SRP to assure it gets the emphasis it deserves in 

the PSAR/FSAR. 

3.4 



STANDARDS FOR PERSONNEL QUALIFICATIONS 

ANSI/ANS 3.1 - 1981 

NRC PERSONNEL 
QUALIFICATION 

REGULATION 

___.,J REGULATORY GUIDE 1.8 - 1980 

ENDORSES--- . (FOR COMMENT) 

ANSI/ANS 3.1- 1979 .......---- ~REGULATORY GUIDE 1.8- 1979 
5---- (FOR COMMENT) 

e.Noofi..SE 

ANSI/ANS 3.1 - 1978......---- _____...,REGULATORY GUIDE 1.8- 1977 
e.NooRse.s 

ANSI N18.1 -1971~ENOORSES----iREGULATORY GUIDE 1.8- 1975 

FIGURE 3.1. Maintenance Personnel Standards and Regulations 

In summary, current NRC guidance on training of maintenance personnel is 

in a state of transition. Some documents are outdated and endorse outdated 

standards. Proposed documents also endorse outdated standards. Guidance to 

the industry is therefore incomplete and, in many cases, too general to assure 
that adequate training programs are being conducted across ·the industry. 

3.3 PROBLEMS IN NPP MAINTENANCE TRAINING 

Although maintenance training is important in the nuclear industry, 

generally very little emphasis has been placed on it, especially compared to 

the emphasis placed on operator training. Any maintenance training tends to be 
handled unsystematically, with little or no attention to instructional techno

logies that have long been practiced successfully in other fields (notably, the 

military). Rasically, three interrelated problems are associated with mainte

nance training in the nuclear industry: 

1. As discussed, NRC regulatory guidance is incomplete ~nd too general 

to assure that adequate training programs are being conducted across 

the industry. 
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l. Utilities generally have placed too little emphasis on maintenance 

training, resulting in both inadequate resources to apply to such 

training and the lack of an integrated approach to maintenance 

training. 

3. NPP maintenance training programs are generally inadequate, lacking, 

among other things, a formal method to determine training needs, to 

evaluate the effectiveness of the training program, and to upgrade/ 
update the program as required. Of particular concern is the lack of 

available time for maintenance personnel to devote to training. 

3.3.1 Utility Management of Training 

NRC emphasis on training has, until very recently, been directed at 

licensed operator training. The NRC has not placed the same emphasis on 

maintenance training. Existing NPP maintenance training programs are a 

variable mix of the following training practices: 

Q on-the-job training 

• structured self-study courses 

Q vendor training programs provided on- and off-site 

o in-house training organization programs. 

The emphasis in training programs varies from utility to utility; however, the 

general findings of a recent study are that B3% of electricians, 71% of 

mechanical personnel and 46% of the I&C personnel expressed dissatisfaction 
with training efforts (Seminara & Parsons 1981). BecatJSe most utilities do not 

give maintenance training high priority, resources to apply to such training 

are generally inadequate. The resources required for a sound training program 

include the following: 

o available time for maintenance personnel to devote to training (a 

factor that must be considered in planning of maintenance manpower 

requirements) 

~ qualified training and administrative staff 

o training facilities and equipment, including training aids 

~ training materials (e.g., operating and maintenance manuals, vendor 

equipment manuals, plant maintenance procedures, general maintenance 

reference docu111ents, plant syste!n descriptions, etc.) 
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' sufficient funding to support the training, both in-house and hy 

contract. 

If any of these resources are not available, the quality of the training 

programs will be affected. Problems in this area are discussed in the next 

section. 

In our interviews with utility and power plant personnel conducted in 1982 

and continuing this year, we are finding a greater awareness of the importance 

of maintenance training and, in some cases, a considerable investment in it. 

However, training management varies greatly among utilities. For example, one 

utility that we visited recently has invested about $30 million in a large, 

well-equipped training facility and claims to spend $10 million per year on 

maintenance training. At the other end of the range, another utility that we 

visited confines its maintenance training to on-the-job training {OJT) and a 

five-day orientation course on safety systems for maintenance personnel (other 

maintenance training is accomplished on a one-time basis for special jobs or 

newly acquired equipment). 

The fact that many plants are unionized complicates the issue of mainte

nance training. Trade unions establish their own apprentice training programs 

for t~eir members. Standards for such programs are promulgated by the Depart

~nent of Labor {DOL) under Title 29, Part 29 of the Code of Federal Regulations 

{20 CFR 29). Unionized plants that ~o want to provide additional training for 

their journeymen workers must negotiate such training with the union. 

Utilities can work with unions to set up apprentice training programs that 

meet both union standards (which must be in conformance with 29 CFR 29) and 

plant neerls. This is the approach being userl by one utility we visited. A 
Washington State DOL representative we interviewed considered this approach to 

be the most desirable since apprentice training programs are not of uniform 

quality or content. Therefore, hiring a journeyman craft worker does not 

guarantee an adequate level of plant-specific skill/knowledge proficiency for 

NPP maintenance. The DOL-trade union-utility connection is an area that will 

require careful consideration by the NRC before additional guidelines are 

implemented for maintenance personnel training in the nuclear industry. This 

subject will be adctresserl in greater detail in future reports. 
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Finally, lack of utility emphasis on maintenance training results in a 

lack of direction in other aspects of maintenance areas that affect training. 

These other aspects include the following: 

~ policy on personnel selection criteria 

o career paths and promotion policy 

., performance appraisal 

~ policy on the use of job performance aids (JPAs) by maintenance 

personnel 

ID factors considered in determining maintenance manpower requirements. 

Structuring an adequate training program depends on integrating all of 

these aspects of maintenance with training. For example, a policy of selecting 

only journeymen workers would imply a very different approach to training than 

would a policy of selecting candidates directly out of high school. Our obser
vations to date indicate that an increasing number of larger utilities are 

taking an integrated approach to structuring their maintenance training 
programs. One example of that approach is Arkansas Power and Light (AP&L). At 

a recent (April 19R3) EPRI-sponsored workshop on mai11tenance and in a Power 
Engineering magazine article {Evans 1983), AP~L's Training Manager, Bob Evans, 

described the approach being used by AP&L. The approach, called "Instructional 
Development System" {IDS), is a five-step process involving the following: 

1. analyze system requirements 

2. define education/training requirements 
3. develop objectives and tests 

4. plan, develop, and validate instruction 
5. conduct a11d evaluate instruction. 

As Evans states, AP&L's approach is borrowed partly from the U.S. Air Force's 

Instructional Systems Development (ISO) process (Air Force Manual (AFM) 50-2). 

AP&L's II)S process includes a position task analysis system, a job 

candidate screening system, a "trainability test" designed to predict success 

in the training program, and performance reviews and supervisory ratings to 
assess training effectiveness. 
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In summary~ we found the following problems in the area of utility 

training management: 

,, 1 ack of emphasis on rna i ntenance t raining by uti 1 i ty management 

~ inadequate resources to apply to plant maintenance training 

• lack of an integrated approach to maintenance training in many utilities. 

3.3.2 Plant Training Programs 

~s stated in the preceding section~ because maintenance training often is 

not given a high priority by utility management, resources for maintenance 

training at the plant are inadequate. Rased on our interviews with plant 

personnel, the most important resource lacking at the plant level is time. 

Generally~ training time is not considered when the number of maintenance 

personnel in a NPP is determined. As a result, training is conducted on a 

<~time available<~ basis, rather than "as required''. Personnel often are callerl 

out of classes to handle pressing maintenance problems. Also, many plants 

suffer from inarlequately sized maintenance staffs in general (Badalamente et 

al. 1982). Under such circumstances, maintenance personnel may not receive the 

training they require.(a} Also, they may not receive retraining for skill 

maintenance. 

~nether problem relaterl to plant staffing is the lack of enough qualified 

staff to develop, conduct, and administer maintenance training programs. The 

most common practice we found was to assign responsibility for maintenance 

training to a "veteran" of the maintenance workforce. This person generally 

harl no previous training education or background. Several plants indicated 

that maintenance training managers received "supervisory" training, but only 

one ind1cated that training instruction had been received. 

~aintenance training in power plants can take many forms. In-house 

training can consist of short courses covering one-time job requirements or new 

equipment, self-study programs, regularly scheduled classroom training covering 

maintenance fundamentals, anrl on-the-job training (OJT}. In adrlition, many 

(a) Note also, that as will be discussed in Chapter 4.0, maintenance is not 
usually conducted in shifts. Therefore, the concept of a "training shift" 
as used by licensed operators, is virtually unheard of in ~aintenance. 
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plants bring in vendors to provide one-time classes or send their maintenance 

personnel to vendor facilities for specialized training. Some vendors provide 

very complete maintenance training courses in their modern, well-equipped 

facilities and also onsite courses. Plants may also sponsor community college 

courses for their personnel. Although we found a variety of training methods 

being used, the most common by far was OJT. It was our impression that plants 

tend to over-rely on OJT for maintenance training. Responsibility for over

seeing OJT is generally assigned to the foreman. As Seminara and Parsons 

(19Rl) have pointed out, this approach has limitations. Foremen are busy with 

day-to-day maintenance activities and tend to let training matters slip. The 

foreman's busy schedule also contributes to a lack of proper documentation for 

Q,JT. To be effective, OJT should be a planned part of an integrated mainte

nance training program. As such, OJT should be administered by the training 

staff (even though the supervisor is responsible for ensuring that training is 

accomplished). These deficiencies in plant training staff undermine the value 

that could be realized from OJT. 

Inadequate training staffs at the plant have also resulted in mai-ntenance 

training being approached unsystematically. None of the plants we visited were 

using joh/task analysis (.J/TA) to determine maintenance training needs or a 

formal system for evaluating the effectiveness of their training. Next to the 

lack of maintenance staff time to devote to training, this lack of a systematic 

approach to training is the most significant problem we found. 

One measure of a plant's emphasis on maintenance tro3.ining is its invest

ment in training facilities and equipment. Several plants we visited have 

invested in good maintenance facilities. However, appropriate maintenance 

training aids are generally lacking. The idea of "simulators" to train mainte-

nance personnel 

for operators. 

has not caught on in the industry, although their use is common 

One nuclear steam supply system (NSSS) vendor we visited is 

marketing a computer-aided-instruction (CAI) system, hut none of the plants we 

visited were using CAI in their maintenance training. 

Another virtually universal problem in maintenance training is the lack of 

good training materials, especially lesson plans. Where lesson plans did 

exist, they consisted only of topical outlines of material to be covered. They 
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did not contain ~easurable training objectives, the main points to be covered, 

or sa~ples of behavior that could subsequently be tested for. The lack of good 

maintenance procedures (job performance aids--JPAs) also hinders training, 

since such JPAs could be used effectively in demonstration-performance type 

training. In addition, vendor technical documentation (e.g., equipment 

manuals) is often lacking, especially for secondary suppliers, and this hinders 

special, equipment-oriented training {see Badalamente et al. 1983). 

Finally, some maintenance managers we interviewed complained of inadequate 

budgets for maintenance training. Sending people offsite to vendor-run train

ing facilities can be especially expensive, particularly where unions are 

involved. Funding requirements, in general, include on- and off-site vendor 

training, sponsored community college course work, and training at other 

utility's facilities. 

Our analysis shows that plant maintenance training programs suffer from 

the following problems: 

• inadequate plant training staff 

• an overreliance and ineffective use of OJT 

• lack of a systems approach to develop maintenance training programs 

o generally inadequate ~aintenance training aids, materials, and 

funding. 

3.4 SUMMARY OF MAINTENANCE TRAINING 

Section 306 of the 1983 Waste Management Bill directs the NRC to: 

"prort1Ul gate regulations or other appropriate commission regula tory 
guidance for the training and qualifications of civilian nuclear 
power plant operators, supervisors, technicians and other appropriate 
operating personnel" {Waste Management Bi 11 1983). 

As they potentially relate to NPP maintenance personnel, the regulations 

or guidance shall establish instructional requirements for civilian nuclear 

power plant licensee personnel training programs. 
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These regulations or regulatory guidance are to be promulgated within 12 

months following the passage of the Waste Management Act. The NRC is also 

required to report to Congress within the 12-month period detailing their 

compliance actions. 

The NRC action plan developed as a result of the TMI-2 accident (NUREG-

0660, NRC 1980) included under Task l.A.2 the objective to do the following: 

"Increase the education, experience, and trainin~ requirements for 
operators, senior operators, supervisors, and at er personnel ••• to 
substantially improve their capability to perform their duties" 
(I.A. 2-1). 

The TMI Action Plan (TAP) makes specific reference to maintenance in 

requiring 1 i censees to review and "justify the acceptabi 1 ity" of their training 

programs. Further, the TAP states that "a position task analysis" is the 

"preferred method" of fulfilling the requirement. 

The TAP states that NRR will audit plants to 

" ••• assure that training is formalized and structured, including the 
use of lesson plans, qualified instructors, qualified supervision of 
instructors, and proper conduct of training'' (I.A. 2-4). 

Suhstantial improvements are required in understanding and operating NPP 

maintenance training programs before the objectives of 300 or TAP Tas~ I.A.2 

can be realized. Plants are not using task analysis to determine maintenance 

training needs, and an audit of the type referred to above would find that most 

plant maintenance training programs are not "formalized and structured," do not 

include ''the use of lesson plans,'' do not use ''qualified instructors'' or super

vision thereof, and generally do not conduct "proper" training. 

In our view, the first step for the NRC is to upgrade its training regu

latory guidance to the industry. The next step is to develop detailed evalua

tion criteria for training audits, and the third step is for the staff of the 

office of Nuclear Reactor Regulation (NRR) to conduct carefully structured 

audits of NPP maintenance training programs. Future reports in t~is project 

will address each of these areas. 
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Our preliminary assessment of NPP maintenance training operations identi

fied several major safety-related areas that need to be analyzed or resolved 

before recommendations can he made on specific improvements to the NRC training 

regulations: 

• lack of clarification of the current regulatory guidance on training 

to eliminate the endorsement and NPP use of outdated standards. 

~ the lack of job task analysis efforts in developing training 

programs 

~ the variations in maintenance training staff qualifications, the 

staff's instructional. nuclear and NPP-specific skills. knowledge. 

and abilities 

@ inconsistent documentation of maintenance training programs. their 

basis or justification, structure. content. instructors, lesson 

plans. and evaluation criteria of students, instructors and the 

program. 
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4,0 MAINTENANCE SH!FTWORK 

Maintenance shiftwork concerns the scheduling of workshifts for mainte

nance personnel. The shift schedule determines the amount of maintenance cov

erage available to the NPP each 24-hour day. Because all safety systems 

require occasional repair and maintenance, the amount of maintenance coverage 

can affect the performance of safety systems. 

Current maintenance shiftwork practices in the nuclear industry are poorly 

documented, and little information is available on the safety aspects of 

various forms of maintenance shiftwork coverage. Past studies involving shift

work have invariably concentrated on shiftwork for NPP operators (Wood 19R3) or 

shiftwork in related industries. This chapter will focus on identifying the 

available information and t~e information that needs to be obtained to deter

mine if the NRC should require around-the-clock maintenance coverage of NPPs. 

This focus inclurles discussions on NRC regulations and guidance, current indus

try practices, and problems with maintenance shiftwork. 

4.1 NRC REGULATION ANO GUIOANCE 

There is 1 itt 1 e NRC regulation and guidance concerning rna l ntenance 

staffing levels during periorls of normal NPP operation. The minimum level of 

maintenance coverage rluring NPP emergencies is given by NRC 1 s NUREG-0654 9 

Criteria for Preparations and Evaluations of Radiological Emergency Response 

Plans and Preparedness in Support of Nuclear Power Plants, November 1980. 

These minimum levels are given in Table 4.1. As the table indicates, the mini

Inurn level for maintenance personnel per shift is two- one mechanic and one 

electrician. Note that the footnote to the minimum staffing requirement in the 

table indicates that this requirement may be provided hy shift personnel 
assigned to other functions. The minimum on-shift requirement is supplemented 

by the requirement tl1at an additional maintenance electrician and I~C techni

cian be available within 30 minutes. An additional maintenance mechanic and 

electrician are to be available within 60 minutes. This November 1980 revision 
of NUREG-0654 is less stringent than the superseded February 1980 revisions, 
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TABLE 4.1. Minimum Staffing Requirements for NRC licensees for Nuclear Power 
Plant Emergencies (NUREG-0654 November 1980) 

Major Functional Area 

Plant Operations and 
Assessment of 
Operational Aspects 

Emergency Oirection and 
Control {Emer(~jncy 
Coordinator) 

Notification/ 
Commun 1 cat 1 on (d) 

Radiological Accident 
Assessment and Support 
of Operational Accirlent 
Assessment 

Plant System 
Engineering, Repair 
anrl Corrective Actions 

Major Tasks 

Notify licensee, stat~>, 
local and federal personnel 
and maintain communication 

Emergency Operations 
Facility (EOF) Oirector 
Offsite Dose 
Assessment 

Offs i te Surveys 
Onsite (out-of-plant) 
In-plant surveys 
Chemistry/Radiochemistry 

Technical Support 

RepaIr anr1 Corrective 
Actions 

Position Title 
or ExpertIse 

Shift Supervisor (SRO) 
Shift Forf>man (SRO) 
Control Room Operators 
Auxi 1 iary Operators 

Shift Technlcitl Advisor, 
Shift Supervisor or 
designated facility 
manilger 

Senior Manager 

Senior llealth Physics 
(HP) Expertise 

HP Technicians 
Rad/Chem Technicians 

Shift Technical Advisor 
Gore/Thermal Hydraulics 
Electrical 
~chanica 1 

Mechanical maintenance/ 
Rad Waste Operator 
Electrical Maintenance/ 
Instrument and Control 
(UC) Technician 

Oo 
Shlft(a) 

l 
l 
1 
1 

1 lb I 

l 
l 

l 

1lbl 

1 (b I 

Capabi llty for Mdit ions 
30 min 60 min 

1 

1 
1 
l 

1 

1 

1 

2 
1 
1 
1 

1 
1 

1 
I 
l 
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TARLE 4.1. (contd) 

Major Functional Area 

Protective Actions 
(In-Plant) 

Major Tasks 
Position Title 
or Expertise "" Shift(a) 

Capability for Additions 
· 30mln 60mln 

Firefighting 

Rescue Operations 
and Fir'it-Aid 

Site Access Control 
and Personae 1 
Accountability 

Radiation Protection: 

a. Access Control 
b. HP Coverage for repair, 

corrective actions, 
search and rescue first
aid and firefighting 

c. Personnel Monitoring 
d. Oosimetry 

--

--

Security, flrefightlng 
communications, personnel 
accountabi 11 ty 

HP Technicians 2lbl 2 

-- Ft re brigade local support 
per technical 
speci fi cat 1 ons 

-- 2lbl local support 

Security Personnel All per 
security plan 

TOTAL 10 11 

(a) For each unafff'cted nuclear un1t in operation, maintain at least one shift foreman, one control room operator and one 
au .. iliary operator e .. cept that units sharing a control room may share a shift foreman If all functions are covered, 

(b) May be provided by shift personnel assigned other functions. 

2 

15 

(c) Overall direction of facility response to be assumed by e1neryency operations facility (EOF) director when all centers are 
fully manned. IJlrector of minute-to-minute fac111ty operations remains with senior manager in technical support center or 
control room. 

(d) May be performed by engineering aide to shift supervisor. 



which required that all additional maintenance personnel be available within 30 

minutes. The reason for the change in the requirement was not clear. The 

regional NRC offices contacted could provide little or no information. 

Little documentation outlines how each NPP meets the requirements set for

th in NUREG-0654. The FSAR for each plant states the shift coverage for the 

operating crew but few FSARs state the shift coverage for the maintenance 

crew. When shift maintenance support is included in an FSAR, it is usually 
general. 1\ typical entry is, "Craftsmen and technicians, as required, will be 

a~signed to each operating shift for the purpose of providing maintenance 

support and surveillance testing in the areas of instrumentation and controls, 

and mechanical and electrical equipment." A few FSARs do give the maintenance 
shift coverage, but these tend to be exceptions to the format that most FSARs 

fo 11 OW. 

The guidelines for developing technical specifications normally do not 

decribe intended minimum maintenance shift coverage. For example, an excerpt 

from NUREG-0452, Standard Technical Specifications for Westinghouse Pressurized 

Water Reactors, Fall 1981, is given in Table 4.2. Note that maintenance 
personnel are not included in the format. 

TABLE 4.2. Minimum Shift Crew Composition- Single 
Unit Facility (NUREG-0452 19Rl) 

Poo;ition(a) 

ss 
SRO 

Number of Individuals 
Required During 
Normal Operation 

RO 2 

AO 1 
STA 1 

(a) SS ·Shift Supervi<;or with ~ 
Senior Reactor Operator-; 
License on Unit 1 

SRO • Individual with a Senior 
Reactor Operators License 
on Unit 1 

RO • Individual with ~ Reactor 
Operators Licer~se on Unit 1 

AO -Auxiliary Operator 
STA - Shift Technical Advisor. 
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4.2 CURRENT PRACTICES 

Information on maintenance shiftwork practice was obtained for over one

third of the operating nuclear power plants in the U.S. Most of these plants 

met the requirements of NUREG-0654 by maintaining a fixed-day-shift schedule 

with accommodations for coverage at other times. The fixed-day-shift typically 

consists of a "5-2" schedule. A 11 5-2" schedule refers to 5 days on, Monday 

through Friday, and two days off. The minimum maintenance coverage for the 

hackshifts and weekends is usually provided by an I&C technician and/or shift 

electrician with other maintenance personnel on call. The NUREG-0654 require

ments for one maintenance mechanic on shift is often fulfilled hy shift person

nel assigned to other functions. If these other personnel are expected to do 

maintenance work, their assigned duties may suffer and/or the maintenance 

required may not get done. 

Of the nuclear power plants surveyed, less than 30% use ~ultiple main

tenance shifts for nonoutage periods. Plants that do implement multiple main

te.nance shifts are on the average 3 years older than plants without 

shiftwork. As plants age, managers interviewed indicated that the workload 

increased sufficiently to justify addi t i anal staff for shi ftwork. 

The NPPs with multiple shifts vary in both their shift scheduling and in 

their maintenance staffing levels. The following is a sample of multiple shift 

maintenance schedules being used by different NPPs. 

o skeleton maintenance crews on the backshifts, which are comprised of 

a few repairmen and technicians 

.- maintenance coverage on the night shift supplemented by nonpermanent 

hourly personnel 

o three fixed shifts, with monthly rotating between days and after

noons, with schedules based on worker preference by seniority 

G continuous maintenance coverage consisting of six 8-hour shifts, 

with weekly rotating 

e continuous maintenance coverage consisting of five 12-hour shifts, 

with weekly rotating. 
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Although a few plants have reported success with maintenance shiftwork, 

most plants continue to operate with one "5-2" fixed-day shift as noted pre

viously. Many plants do not have multiple maintenance shifts primarily for two 

reasons: 1) perceived added expense, and 2) limited maintenance personnel. 

The added expense of maintenance shiftwork is considered by many utility cor

porate managers to be unjustifiably large. However, a cost-benefit analysis 

may show a cost savings from multiple maintenance shiftwork because of a more 
effective preventive maintenance program and more efficient use of maintenance 

personnel. Part of the reason for the limited maintenance shifts is the dif

ficulty of finding qualified personnel to fill vacancies. The Institute for 

Nuclear Power Operations (INPO), in a survey of occupational e~ployment in the 

nuclear power industry, found a vacancy rate of over 10% for skilled craft 

workers (INPO 1981). 

Interviews with maintenance personnel revealed that more plants are adding 

additional maintenance shift coverage. In one plant, success with multiple 

shifts led to implementing shiftwork in another plant from the same utility. 

The interviews did not reveal any case of shiftwork being discontinued after it 

was i~plemented. 

4.3 MAINTENANCE SH!FT~ORK PROBLEMS 

The literature revealed two main problems with maintenance shiftwork: 

insufficient maintenance coverage and the effect of shiftwork on personnel and 

their performance. 

4.3.1 Maintenance Coverage 

Several interviews indicated that the lack of maintenance personnel on 

backshifts results in operators (usually auxiliary equipment operators) making 

emergency repairs and adjustments that they are not trained to do. For exam

ple, one plant had equipment calibration problems because auxiliary equipment 

operators were adjusting the equipment during the backshifts when maintenance 

personnel were unavailable. The problem was compounded by a lack of guidelines 

as to what the operators could and could not do. This problem was eliminated 
by establishing skeleton maintenance crews on backshifts. 
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One maintenance worker commented that long hours and large amounts of 

overtime resulted when his plant operated only a dayshift during nonoutage 

periods. Overtime resulted when people who were on call had to be brought in 

and when the dayshift crew had to be held into the evening to finish necessary 

maintenance work. The plant has since switched to operating five maintenance 

crews on 12-hour shifts. Crews rotate weekly through the dayshift, nightshift, 

training and offtime. This 12-hour shift had originally been used during out
age periods only. Maintenance personnel generally like the new schedule 

because it results in more days off and it has substantially smoothed out the 

maintenance workload. Also, the amount of overtime worked by maintenance per

sonnel has been reduced. The reduction in workload per person and in overtime 

can reduce fatigue and improve staff attitude, which can have a positive impact 

on plant safety. 

Another plant that has implemented an 8-hour afternoon maintenance shift 

has found the results to be so advantageous that they are now considering 

implementing a night maintenance shift as well. This new schedule has reduced 

maintenance workload fluctuations and has been implemented with a minimum 

amount of coordination difficulties between shifts. 

4.3.2 Effect of Shiftwork on Personnel and Their Performance 

Although one type of safety problem related to inadequate maintenance 

coverage is alleviated by implementing shiftwork, a second type of safety

related problem emerges the affect of shiftwork on maintenance personnel and 

on their performance. 

The literature was extensively reviewed to determine the effect of shift

work on maintenance workers • performance. However, this area has not been 

adequately studied. Folkard and Monk (1979) in their study state, 11 For a 
variety of reasons, such as union or management opposition and problems in 

finding appropriate ~easures, there appear to be only six published studies 

that report relatively continuous, 24-hour real-life performance measures. 

Nevertheless, there is a fair agreement among these studies that a major 

impairment of performance occurs during the nightshift 11 (p. 483). 
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The problems most frequently mentioned by managers concerned workers' dif

ferent preferences for shifts, the scheduling process itself, and conflicts 

with nonwork activities. The managers also remarked that shiftwork causes 
problems with communication between shifts and maintaining teamwork. The shift 

turnover procedures used to alleviate these problems for operating crews may be 

used to eliminate similar problems with maintenance shiftwork. 

During one interview, a manager stated that the performance of maintenance 
personnel on the backshift deteriorates not from the physiological effects of 

shiftwork, but from a lack of supervision. The major problem mentioned by 

workers was the interference of the shift scherlule with family and social acti

vities. A few mentioned that shift rotation was difficult to adjust to physi
cally {e.g., sleep cycles). Typically workers preferred days, then afternoons, 
and then nights. 

Table 4.3 summarizes the opinions of those interviewed on the advantages/ 
disadvantages of single vs. multiple shifts. 

TARLE 4.3. Summary of Interview 0pinions of the Advantages/Disadvantages 
of Single vs. Multiple Shifts 

Sin le Shift 

Advantages 

• requires smaller maintenance crews 

• easier to manage 

Jisad~antages 

• can result in backshift equipment 
operators making repairs ~hich they 
are untrai~ed to do 

" tends to inhibit the implementation 
of effecti~e pre~enti~e '!1aintenance 
programs 

o is a contributing cause to excessive 
overtime for maintenance personnel 

Multiple Shifts 

Ad~antages 

• pro~ides around-the-clock mai~tenance 

• aids in t.~e implementation of pre~en
ti~e maintenance programs 

• reduces o~ertime for maintenance 
personnel 

o reduces workload fluctuations 

Di sad~antages 

" requires larger '11di1tenance crews :o 
1-nplement 

;, can result in scheduling difficulties 

• many employees prefer not to work 
shi ftwork 

o performance of mai~tenance personnel 
on the backs hi ft can .:Jeteriora"':e 
from a lack of supervisio~. 
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4.4 SU~MARY OF MAINTENANCE SHIFTWORK ISSUES 

The preliminary review of maintenance shiftwork practices in NPPs reveals 

limited use and little documentation of maintenance shiftwork. Unlike the FSAR 

description of shift coverage for operators, the shift coverage description for 

maintenance personnel is generally incomplete. 

Most NPPs schedule a single fixerl-day maintenance shift for their nonout

age maintenance coverage. Plant management usually justifies a single mainte

nance shift by reduced maintenance costs, few personnel required, and less man

agement supervision. Plants that have switched from single fixed-day mainte

nance coverage to day and backshift coverage report problems with the single 

fixed-day schedule. One frequently mentioned problem was that of auxiliary 

equipment operators attempting to make repairs when maintenance personnel are 

not on duty. Another problem with a single maintenance shift is that workload 

fluctuations result in large amounts of overtime for maintenance personnel. 

To develop technically based regulations and requirements for maintenance 

shift coverage, the safety proble~s related to shiftwork must first be identi

fied. Specifically, further information needs to be detailed in the following 

areas: 

(II Oeter1nine the number of situations affecting safety which are 

directly contributable to a lack of backshift maintenance coverage. 

This would be followed by detailed comparison of maintenance-related 

safety incidences for plants with and without maintenance shiftwork. 

o Determine the amount of overtime worked hy maintenance personnel in 

plants with shiftwork compared to plants without shiftwork. This 

would determine if shiftwork is effective in reducing large amounts 

of overtime, which could adversely affect the safe performance of 

maintenance activities. 
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~ Compare the efficiency and effectiveness of maintenance programs for 

plants with and without shiftwork. Particular emphasis would be 

placed on the comparison of preventive maintenance programs. This 

would determine what role, if any, shiftwork has in enhancing the 
preventive maintenance programs already in existence at NPPs. 

Studies in these areas would reveal safety-related problems and would pro
vide information for making recommendations on regulation. 
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5.0 OVERTIME FOR MAINTENANCE STAFF 

Long work hours can affect performance and safety through increased 

fatigue. Work hours include both regularly scheduled work hours and over

time. This chapter deals specifically with overtime. The major areas discus

sed include a short comparison of federal regulations and policy on overtime, 

current industry practices for overtime, major problem areas related to over

time, and initial conclusions and recommendations based on our efforts thus far 

in this task. 

5.1 NRC POLICY ON OVERTIME 

The most recent NRC policy on NPP staff working hours is contained in 

Generic letter 82-12 of June 15, 1982. This same policy statement was pub

lished in the June 1, 1982 Federal Register, 47 CFR 23 836. NPP licensees 

are directed to adhere to the following guidelines: 

a. "An individual should not be permitted to work more than 
16 hours straight (excluding shift turnover time). 

b. An individual shoulrl. not be permitted to work more than 16 hours 
in any 24-hour period, nor more than 24 hours in any 48-hour 
period, nor more than 72 hours in any seven-day period (all 
excluding shift turnover time). 

c. A break of at least eight hours should be allowed between work 
periods (including shift turnover time}. 

d. Except during extended shutdown periods, the use of overtime 
should be considered on an individual basis and not for the 
entire staff on a shift." 

These guidelines are incorporated in the revision of Regulatory Guide 1.33, 

"Quality -1\ssurance Program Requirements (Operation)." 

The federal government also sets guidelines for hours of work in other 

industrial sectors. The following paragraphs compare three safety-related 

industries 1 regulations with the nuclear industry 1 s regulations. Table 5.1 

summarizes the working hours in these four industries. The transportation 
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TABLE 5.1. Summary of Federal Guidelines and Regulations 
on Working Hours in Four Industries 

Consecutive 
Hours Worked 

Length of Break 

Hours Worked in 
a 24-hrs Per1od 

Hours 'llorked in 
a 48-hr Period 

Hours worKed in 
d 7 -day Peri ad 

Hours 1/orked in 
a 30-day Period 

Hours \<larked i" 
a Year 

Nuclear Power 
Industr,:t 

16 

8 
(after up to 
16 hrs worked) 

15 

24 

72 

Industr.:t 
Airline Pilots 

"' Crew 

3 

3 
(after 8 hrs 
a I oft 

JO 

100 

1000 

Ra i 1 road 
oeerators 

12 

10 
(after 12 
consecutive 
hrs worked) 

8 

Truck 
Drivers 

10 

(after 12 hrs 
af broken duty) 

60 

regulations are more detailed than the nuclear regulations and contain a vari

ety of rules and exceptions for special situations (e.g., Alaskan bush pilots). 

For comparison in Table 5.1, common measures of the number of working hours 

include number of hours worked per 24-hour period. 48-hour period, 7-day 

period, 30-day period and per year. All of the regulations summarized in the 

table permit increased work hours when emergencies or unusual situations occur. 

As Table 5.1 shows, NRC policies and guidelines are the most lenient on 

two important measures: 

1. Nuclear plant staff are permitted 16 consecutive hours of work, 

whereas pilots, railroad operators, and truck drivers are permitted 

only 8, 12, and 10, respectively. 

2. Nuclear plant staff are permitted 72 hours of work within a seven-day 

period, whereas pilots and truck drivers are permitted only 30 and 

60, respectively. 
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5.2 CURRENT INDUSTRY PRACTICES 

Overtime for maintenance personnel is a common practice in the nuclear 

industry. One site we visited has about an 8% per year overtime rate, which 

includes the outage overtime. This translates to about 200 hours per year per 

man. During regular outage periods ten-hour shifts are scheduled per day for 

six to seven days a week for six to eight weeks. Other facilities examined 
estimated overtime for their maintenance personnel to be approximately 400 to 

500 hours per year per person, or 16%. In some cases, individuals had worked 

over 1000 hours per year of overtime, about 35%. Several of the maintenance 

managers we interviewed indicated that 10 to 12% annual mai'ltenance overtime 

constituted a "reasonable" amount of overtime. 

Related industries were surveyed to compare their maintenance overtime 

practices with that of the nuclear power industry. As stated previously, the 

nuclear power industry experiences a 10 to 12% annual maintenance overtime 

which tends to incur during outages. The annual maintenance overtime for those 

industries surveyed, as shown in Table 5.2, ranges from 2 to 12%. 

There is little regulation for the industries surveyerl that governs the 

amount of overtime maintenance personnel can work. The Federal Aviation 

Administration stated that while they rlo have regulations for the amount of 

overtime workerl by pilots, they feel that overtime guidelines for maintenance 

mechanics is the domain of union contracts and company policy. 

Our discussions on overtime with facility management revealed that in 

addition to overtime during outages, workers expect a routine amount of 

TABLE 5.2. Annual Maintenance Overtime for Related Industries 

Industry 

Petrochemical 

Airlines 

Fertilizer ~anufacturer 

Explosive "lanufacturer 

Heavy ~etal Processing 

Chemical 

Annua 1 ·~a i ntenance Overtime 

2% 

5.3 

2.1% 

8% 

Less than 10% 

10% 
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overtime in daily operations. Depending on current economic and social 

situations, this expected amount of overtime varies from facility to facility 

and among individuals. The younger personnel appeared to constitute the group 

most likely to pursue, expect, and work overtime. The financial benefits of 

overtime work (such as 1 1/2 x base salary) were the most often cited reason 

for this situation. The pay also contributes to the desire to work overtime 

rather than shiftwork because the shift differential pay scale is significantly 

lower than the overtime pay scale. (A shift differential of 24f/hour was indi

cated at one facility consulted.) 

5,3 MAJOR PROBLEM AREAS WITH OVERTIME 

One of the major problem areas with overtime occurs during refueling out

ages~ when the majority of overtirne is worked. The second major problem area 

is the impact of preventative maintenance programs on the amount of overtime 

worked. 

5.3.1 Outages 

The scheduling of overtime is especially critical during planned outages. 

Manpower~ procedures, tooling, material, and scheduling requirements must he 

coordinated for approximately 500 different jobs during a planned outage, 

depending upon the plant. The planning of manpower requirements during a 

scheduled outage can be broken down into five basic steps: 

1. identify the tasks/jobs required to be performed, which provides the basis 

for workload 

2. identify workload requirements (manhours/job or task), which will provide 

the basis for determining the number of maintenance personnel 

3. identify availability of maintenance personnel to perform the outage 

jobs/tasks 

4. using information on personnel availability, determine the needed amount 

of overtime 

5. based on the personnel available and the overtirne required, determine the 

need for acquiring and number of additional offsite maintenance personnel. 
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Because many variables must be factored into the manpower and overtime 

calculations, estimating overtime is difficult. Those variables include the 

following: 

• union requirements for overtime scheduling 

o productivity of personnel in protective clothing 

o accumulated radiation exposure, which most likely differs for each 

individual in the work party 

o time needed to train personnel for specific job assignments. 

A major distinction among power plants is their approach to bringing in 

outside contractors during outages. Several of the larger utilities with 

multiple NPPs maintain central maintenance pools. These pools consist of per

sonnel who specialize in outage activities and travel from plant to plant with

in the utility. This approach has proven to be extremely effective and benefi

cial by many of the maintenance managers we spoke to because it provides them 

with a force of qualified personnel who are knowledgable with their particular 

faci 1 ity. 

Continuous extended periods of overtime is a serious s·afety concern. l)ur

ing scheduled outages, personnel expect and can cope with a definitive period 

of overtime. However, when there is no specified end to overtime work, per

sonnel often become disgruntled and fatigued ~Y the overtime operations. 

Interviews with maintenance personnel revealed the following reasons for 

the necessity of long hours: 

~ pressures to get the plant back on-line 

o the many unanticipated maintenance activities that occur during an 

outage. 

Regardless of the cause, large amounts of overtime are not conducive to 

yielding the degree of quality workmanship, concern for safety, and effective 

working relationships required at NPPs. l)efining the level at which overtime 

becomes excessive would be a major undertaking. Several maintenance supervi

sors stated that, as per the current regulation, 16-hour days for 7 days 
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straight is an excessive amount of overtime for maintenance personnel. Several 

factors influence the threshold at which overtime becomes excessive: 

G the physical stamina and age of the individual 

• the specific job activity (clean-up crew/person versus system trouble 

shooting) 

• the impact to personal family relations. 

As discussed, several managers indicated that a "reasonable" level of 

overtime ranged from 10 to 12% annually per person. Two major factors were 

given as influencing this estimate: 

• Maintenance personnel desire financial benefits but grow dissatisfied 

with extended periods of overtime 

• For unanticipated maintenance work and during outages, plant manage

ment is willing to ~uthorize certain amounts of overtime rather than 

hiring additional permanent staff. 

5.3.2 Preventive Maintenance Programs 

~1any people in industry feel that an effective and systematic preventive 

maintenance (PM) program can reduce the amount of overtime required. These 

programs can accomplish the following: 

o prevent unexpected equipment failure 

o minimize unscheduled outages 

o reduce the duration and workload during scheduled outages. 

Ho•Hever, beyond the requirements imposed hy the NRC for survei 11 ance 

testing and inspection of safety-related systems, little concrete effort is 

being directed at the area of preventive maintenance. Most of the plants 

visited have plans to place into effect systematic and rigorous preventive 

maintenance (PM) programs but, with one exception, implementation awaits 

additional manpower and a more concentrated push towards this objective. 

The greatest impediment to an effective PM program was reported to be the 

lack of sufficient manpower to conduct scheduled PM tasks. At one nuclear 
plant, an estimated additional 15 people would be required to stay ahead of the 

corrective maintenance work sufficiently to accomplish PM tasks. This lack of 
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maintenance personnel and the level of routine maintenance work have hindered 

several maintenance NPPs from developing a structured PM program (Seminara 

1981). Yet, our industry contacts found one nuclear plant that had an 

effective PM program that decreased rather than added to the workload and cor

responding manpower needs. Those plants presently in a "catch up" maintenance 

mode initially may need to add enough manpower to meet PM requirements. 

5.4 HIGHLIGHTS OF OVERTIME PROBLEM AREAS 

Based on our investigations thus far, the following items are the major 

safety-related issues concerning overtime work. 

• A reasonable amount of overtime required for maintenance personnel 

in NPPs is very di ffi cult to quantify. It varies from faci 1 i ty to 

facility and depends upon a variety of factors including staff size, 

training of personnel, the age of the equipment in the plant, union 

policies, corporate policies, worker expectations, and PM programs. 

~ Staffing requirements for new facilities are usually underestimated 

initially. This is due to the utility corporate philosophy that 

additional personnel should be justifiable and verifiable throtJgh 

concrete operating data. This situation unfortunately leads to the 

problem of always being "behind the eight-ball" as one maintenance 

supervisor described it; maintenance always being short-handed and 

behind in its tasks. 
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6.0 ~AINTENANCE STAFFING LEVELS 

The maintenance staff in an NPP consists of a diversified group of indi

virluals who can be broadly grouped into three areas: mechanics. electricians. 

anrl I&C perso11nel. The maintenance staffing level refers the number of person

nel available to maintain an NPP. 

Many reports have been published and many more interviews conducted to 
determine how many maintenance personnel are employed in nuclear power electri

cal generating facilities (Hammon 1980; Johnson 1982; Personal Interviews). 

One major finding of these surveys and interviews is that maintenance depart

ments vary greatly in size and composition. Although the justification for 

particular maintenance staffing levels is rarely documented, the actual staff

ing levels for operating NPPs have been well documented by the Edison Electric 

Institute (EEl) in its nuclear plant staffing survey of May 1980. Table 6.1 

summarizes the EEI survey. Note the variation in the number of maintenance 

personnel for similar-sized facilities. For example, the maintenance staff for 

single-unit boiling water reactors (BWRs) ranges from 33 to 83. 

This chapter will emphasize the issues that govern adequate staffing 

levels, including existing NRC guidance, staffing models, and factors influ
encing staff size. Information from those discussions will be used to identify 

the issues needing further study to determine what licensing actions the NRC 

should take concerning the way utilities determine their NPP maintenance staff

ing requirements. 

5,1 NRC GUIDANCE 

ltlhereas NRC guir!ance exists for the qualification and training of mainte

nance personnel, only a few NRC regulations concern staffing levels. The Janu

ary 1, 1983, Code of Federal Regulations (10 CFR 50.34) concerning the FSAR for 

each facility requires the facilities to submit "Plans for conduct of normal 

operations, including maintenance, surveillance, and periodic testing of struc

tures, systems, and components." A review of NUREG-0800, Standard Review Plan, 

~nd FSARs for both operating NPPs and plants soon to come on-line revealed that 

plants are not required to state their maintenance staffing level nor are they 
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TABLE 6.1. Maintenance Staffing Levels (EEl Survey 1980) 

Plant 
Arnold 
Cooper 
Monitcello 
V. Yankee 
Pilgrim 
Fitzpatrick 
Oyster Creek 
Yankee Rowe 
Maine Yankee 
Kewaunee 
Fort Ca 1 houn 
Ginn a 
Connecticut Yankee 
Trogan 
Pa 1 i sades 
Beaver Valley 
Rancho Seco 
Chrystal River 
Robinson 2 
San Onofre 1 
Susquehanna 
La Sa 11 e Co6 
Quad Cities 
Brunswick 
Peach Bottom 
Hatch 
Prairie Island 
Di ab 1 o Canyon 
St. Lucie 
Indian Point 2, 3 
North Anna 
r-tlrb 1 e Hill 
Don. Cook 
Arkansas 1, 2 
Turkey Point 3, 4 
Sequoyah 
Calvert Cliffs 
Zion 
Surry 
Salem 
Farley 
Browns Ferry 
Dresden 
Mi 1 stone 
Palo Verde 
Oconee 

Type 
1 BWR(b) 
1 BWR 
1 BWR 
1 BWR 
1 BWR 
1 BWR 
1 BWR 
1 PWR(c) 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
1 PWR 
2 BWR 
2 BWR 
2 BWR 
2 BWR 
2 BWR 
2 BWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
2 PWR 
3 BWR 
3 BWR 
1 BWR, 2 PWR 
3 PWR 
3 PWR 

Staff( a) 

33 
39 
34 
41 
44 
75 
83 
32 
28 
37 
46 
43 
49 
58 
69 
83 
97 
88 
78 

106 
106 
97 

114 
177 
117 
187 

63 
89 

114 
122 
134 
116 
120 
116 
195 
150 
138 
111 
191 
194 
226 
261 
216 
105 

85 
168 

(a) All mechanical, electrical. and I&C 
personnel are included in the maintenance 
staffing level. 

{b) BWR =boiling water reactor. 
{c) PWR 3 pressurized water reactor. 
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required to submit any justifications for their ~aintenance staffing levels. 

Figure 6.1 is an excerpt from a typical FSAR. Note that the number of mechan

ics and electricians are stated "as required." The FSAR does not explain the 

criteria for "as required". 

Our review of NRC regulations governing maintenance staffing levels can be 

summarized as follows: 

~ The NRC neither requires nor offers significant guidance for develop

ing documented plans that incorporate key staffing factors in the 

decision process. 

o The NRC has no mechanism that determines the adequacy of the mainten

ance staffing plans. 

6.2 STAFFING METHODOLOGIES 

Interviews with various industry personnel revealed that one problem with 

maintenance staffing deals with aids in determining maintenance crew size. 

Although several utilities have started to develop a method for hiring person

nel, the industry as a whole has received very little guidance on the number of 

personnel needed. 

Although the nuclear industry does not generally use structured lnethod

ologies for maintenance staffing, they are commonly used in other areas. The 

'llilitary has developed several methodologies, including the Manpower Determina

tion Model (MOM), the Interactive Manpower Aggregation Estimations System 

( It>1AGES), and the Army Manpower and Personnel Requirements Process (AR~PREP). 

These methodologies develop manpower requirements from the required duties to 

determine staffing levels and could possibly be used in developing methodol

ogies for the nuclear maintenance industry. Potential benefits include the 

following: 

o assistance in selecting qualified staff 

~ help to convince maintenance of the need for additional manpower 

• more efficient use of subcontractors 

3 possible reduction in overtime requirements 
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SITE 
SUPERINTENDENT 

MAINTENANCE 
NUCLEAR 

SUPERINTENDENT SUPERiNTENDENT 
MECHANICAL ELECTRiCAL 

MAINTENANCE MAINTENANCE 
NUCLEAR NUCLEAR 

SUPERVISORS SUPERVISORS 
MECHANICAL ELECTRICAL 

MAINTE,\fANCE MAINTENANCE 
NUCLEAR NUCLEAR. 

ASSISTANT ASSISTANT 
SUPERVISORS SUPERVISORS 
MECHANICAL ELECTRICAL 

MAINTENANCE MAINTENANCE 
NUCLEAR* NUCLEAR* 

MECHANICS ELECTRICIANS 
AS REQUIRED• AS REQUIRED* 

*PERSO~/NEL ASSIGNED TO UNIT 1 AN:::J Ut~IT 2 AS REQUIRED 

FIGURE 6.1. FSAR Excerpt on <itaffing levels 
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• 

~ assistance in scheduling corrective and preventive maintenance pro

grams • 

6.3 FACTORS INFLUENCING STAFF SIZE 

Interviews identified many factors as influencing the maintenance staff 

size: 
o size of plant (1 unit, 2 unit, MW net) 

o type of plant (PWR, BWR) 
o age of plant 

o personnel qualifications 
o amount of overtime allowable 

o preventive maintenance philosophy 

a use of subcontractors 

o maintenance budgets 
~ shiftwork policy/ 

o planning and scheduling of outages. 

The qualifications, shiftwork, and overtime factors were discussed in 
previous chapters of this report. The remaining factors are examined in this 

chapter and can be separated into two categories: 1) factors reflecting the 
plant•s physical aspects, and 2) factors influenced by plant management. 

6.3.1 Physical Factors Affecting Staffing Levels 

Physical factors that affect NPP maintenance staffing levels include the 

size, age, and type of plant. 

Plant Size 

Table 6.1 indicated that the number of reactor units at a facilty strongly 
influences the size of the maintenance staff, as one would expect. The average 

maintenance staff for one-, two-, and three-unit NPPs is given in Figure 6.2 
[based on the F.EI Survey (1980)]. As the figure shows, the average maintenance 

staff is 58 for a 1-unit NPP, 137 for a 2-unit NPP, and 167 for a 3-unit NPP. 

Note the increase from 1 to 2 reactor units. The increase from 2 to 3 reactor 
units is somewhat less. 
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1 00 

NUMBER Of REACTOR UNITS 

AVERA&£ 
STAF'F' IN& LEVEL 

eo I 
o~-------=~~------~/~· ~----------~-------

1 UNIT 2 UNITS 3 UNITS 

FIGURE n.2. Comparison of Maintenance Staffing Levels for 
1, 2, and 3 Reactor Unit NPPs (EEI Survey 1980) 

Plant Type 

The information in Table 6.1 was matched with the type of reactor found in 

each facility to determine how the type of reactor affected an NPP's mainten

ance staffing level . The results of this analysis are shown in Figure 6.3. 
The figure shows that there are no major differences between the maintenance 

staffing levels used on General Electric's boiling water reactors (BWRs) and 
Westinghouse's pressured water reactors (PWRs), although the staffing level for 

PWRs is consistently higher for both 1- and 2-unit NPPs . This indicates that 
although the type of plant does not appear to be a primary factor in determin

ing maintenance staffing levels, it does have some influence on the size of the 
maintenance staff . 

Plant Age 

Our discussions with several maintenance ~anagers indi cated that t hey 

expected to increase their staff size to deal with increased maintenance tasks 
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SINGLE UNIT NPPs 
AVERA IE 

.· 
I.E. INR NEST I NIHOUSE PUR 

DOUBLE UNIT NPPs 
AVEJtAIE 

0'L----------.-.~E~.~I~N-R----~UE~S~T~I~NI~H~O~U~S~E~P~N~R--------

FIGURE 6.3 . Comparison of Maintenance Staffing Levels for Plants Using 
Westinghouse PWRs and General Electric BWRs (EEl Survey 1980) 
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as the plant ages . Evidence suggests that as a pl ant ages, health physic man

power requirements increase . There is little documentation of this subject, 

but we recommend this to be an area that should be examined in more detail. 

6.3 . 2 Management Decisions Affecting Staffing Levels 

Management decisions affecting the maintenance staffing level include the 

use of subcontract personnel and the selection of a PM program. This section 
will discuss those two factors plus other factors affecting staffing levels 

such as crew rotatiDn, attrition, and turnover. 

Subcontracted Personnel and Staffing Levels 

To deal with understaffing, many plants have used contracted help . Some 

firms use subcontractors for nontechnical maintenance jobs such as painting, 

cleanup , or landscaping. Others subcontract for special jobs such as leaks, 

valve repairs, or special i zed patented treatments . Subcontractors have served 

in many capacities on an industry-wide scale. 

Subcontractors are often used to supplement manpower shortages in high

need situations . However, sometimes the subcontractors are used to teach util

ity personnel new or specific maintenance methods. In interviews, one company 

said that whenever new or radically different equipment requires maintenance, 
they hire the vendor to repair it, with the stipulation that the utility •s 

mechanics he allowed to watch and learn from the vendor-employed mechanics . 
Although this takes away time from scheduled maintenance activities, experi 
enced plant staff then can handle repairs promptly. 

Using subcontracted personnel does have some disadvantages, however. One 
problem deals with ensuring that the subcontracted workers meet the utility•s 
standards . Because these people are not permanent employees of the plant, 
standard methods and training may not have occurred . Therefore, the subcon

tracted organization might not employ personnel as qualified as those already 

used by the utility, which follows the guidelines given in ANS 3. 1. This prob

lem is similar to one in which new hires claim they can perform a task when 
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they can't. This problem is more serious with subcontracted personnel, how
ever, because the utility is limited in their ability to train them if they are 

not qualified. The assurance of efficiency, proficiency, and safety must come 

from the subcontractor. 

Preventive Maintenance and Staffing Levels 

One study has found that many plants apparently do not have enough main

tenance staff to do both preventive and corrective maintenance {Badalamente et 

al. 1982). This sturly suggested t.hat sound PM programs were not in place when 

the plants were started up. This lends to increasing manhour requirements for 

corrective maintenance. Many plants are therefore faced with having to in

crease their maintenance staff to effect a sound PM program. 

Crew Rotation 

For certain multiplant utilities, a corporate maintenance crew is avail

able for refueling, for outages and for unexpected maintenance work. In this 

practice, personnel "float" from one plant to another, as neederl. 

One utility that uses this technique explained that the rotational crews 

consisted of highly skilled people, primarily welders, powerhouse mechanics, 

and I~C people. They are used in such jobs as turbine outages and major plant 

modifications. Because most of the rotational crew come from construction 

crews in this case, they are very familiar with the plants' design and improve

ments. 

Attrition and Turnover 

As was discussed in Chapter 2.0, turnover and attrition have been problems 
in the last few years. In the past, managers often dealt with their personnel 

for many years, but now many are reaching retirement age or are transfering to 

other positions, either within or outside the utility/nuclear industry. 
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6.4 STAFFING SECTION SUMMARY/RECOMMENDATIONS 

The problems identified in the review of staffing practices in the nuclear 
power industry highlight four major topics that merit further attention by the 

NRC: 

1. Maintenance staffing level requirements depend upon key factors that 

vary dramatically across the industry and that include plant age, 

type, size, etc. 

2. No consistent, validated strategy exists for estimating maintenance 

staff size requirements in the NPP industry. 

3. The NRC neither requires nor offers significant guidance for develop

ing documented plans that incorporate key staffing factors in deter

mining staffing levels. 

4. The NRC has no mechanism to determine the adequacy of the maintenance 

staffing plans, as presented in the FSARs. 

Because the type, age, size, and management of NPPs vary, no single stan

dard for determining maintenance staffing requirements is feasible. However, 

because of the impact of staffing levels upon problems such as overtime, the 

need for shiftwork, the use of contract personnel, etc., developing a general 

framework for setting maintenance staffing levels is important. Developing 

this framework for estimating staffing requirements would 1) enable the NRC to 

insure that the key problems are ~ddressed consistently and verifiably, 3nd 

2) provide a basis for consistency in the NPP industry. 

6.4.1 Staffing Requirements Framework 

A framework for setting maintenance staffing levels would address all the 

major elements of the staffing problem (overtime policies, union constraints, 

shiftwork plans, power plant characteristics, etc.). Surveys of standard man

power optimization techniques and the techniques currently used in related 

industries could identify concepts that are applicable to the NPP industry. 

These tools could be combined into a framework to direct licensees on imple

menting the techniques so that overtime, shiftwork, preventative maintenance 

policies, etc., at their plant(s) would be addressed in a manner acceptable to 
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the NRC. The result would be a consistent method of setting maintenance staff

ing levels that would allow adequate documentation of the rationale and assump

tions used to determine the particular staffing levels. At the same time, the 

method also would have to address the variations in key staffing level factors 

such as plant size, age, type, etc. Possible inclusion of this approach into 

the NRC regulatory process is outlined below. 

_Possible NRC Regulatory Actions 

A general framework for staffing NPP maintenance could he integrated into 

existing NRC regulatory structure in the following areas: 

1. expand the Standard Review Plan (SRP) (NUREG-0800) to include maintenance 

staffing 

2. develop a NUREG that describes the framework 

3. establish an auditing tool for the NRC. 

Expanding the SRP to include the framework for setting maintenance staff

ing levels would enable the NRC to insure that key factors in staffing were 

adrlressed when the licensee was preparing the PSAR/FSAR. A NUREG document 

could be developed to serve as a reference for the licensees to use when 

developing the PSARs/FSARs. An important element of this document would be an 

outline of the documentation that the NRC will require when reviewing the 

PSARs/FSARs. The third potential item is developing acceptance criteria that 

would enable the NRC to perform field audits of licensee maintenance programs. 
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