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MANPOWER REQUIREMENTS IN THE NUCLEAR
POWER TNDUSTRY, 1982-1991

ABSTRACT ' !

The objective of this study is to project occupational employment needs,
created by growth and employee turnover, for the nuciear power industry over
the next decade. Employment data for 1981 were collected in d@ survey conducted
by the Institute of Nuclear Power Operations of its 60 member utilities. The
data were analyzed statistically to identify factors that account for variations
in power plant staffing and the number of off-site nuciear support personnel
employed by a utility., Total employment in the nuclear power industry is pre-
dicted to increase from 54,400 in 1981 to 73,600 in 1991. Nuclear generating
capacity will increase from 58 to 124 gigawatts, based on the midiine forecast
of the Energy Information Aﬂministration.i The projections assume that current
regu]ptions will remain in effect'and no new plans f?r additional generating
facilities will be initiated.




EXECUTIVE SUMMARY

7

The purbose of this study is to project occupational employment needs for
the nuclear power industry over the next decade. The projected needs for addi-
tional employees include new positions created by increases in generating capac-
ity and replacement positions produced by employee turnover. The study is
1imited to employment in the commercial generation of nuclear power. The study
covers eémployment positions for normal nuclear power activities but excludes
temporary positions such as those for fuel reloading and special maintenance.
%he study includes employment positions located "on-site” ,(at a nuclear power
plant) and employment positions, Tocated "off site" that support nuclear power
plagt operations or provide nuclear power plant design and engineering services.

METHOD OF ANALYSIS

Employment data for 1981 and turnover -data for 1980 were collected in a

survey conducted by the Institute of Nuclear Power gperations (INPO) of its 60

member utilfties. The data were analyzed statistically to identify the factors
that account for variations in power plant staffing and the number of off-site
nuclear support personnel employed by a utility. Megawatt capacity, number of
reactor units, operation status, and projected completion dates for units under
construction direét]y influence the number of employees at a power plant site.
Within a given utility, the number of off-site personnel in nuclear employment
is influenced by total megawati capacity in operation, total megawatt capacity
under construction, projected completion dates for units under construction, and
whether -or not the utility does its own architect-engineering work.

Econometric models, giving an estimated value for each factor found to
influence employment, were used to predict employment for each utility and each
power plant site within the utility, given the respecfive operation and”’
construction status anticipated in 1991. The sum of predicted nuclear
empioyment for tne 60 utilities gives predicted employment for the industry,
with the occupational d15tr1but1on based upon projections suppiied by the utili-
ties. Needs for additional employees were estimated from projected industry-
wide occupational employment figures and estimated turnover rates for employees

leaving the industry.

xi 10

-

*




The projections in employment are based upon increases in nuclear
generating capacity forecast by the Energy Information Administration. The pro-
jections in employment assume that current reguiations and staffihg patterns
will remain in effect and that annual turnover rates will remain constant during
the next ten years.

- v

RESULTS

*

Total employment in the nuclear power industry is projected te increase

-from 54,400 in 1981 to 73,600 in 1991. Nuclear generating capacity is projected

to increase from 58 to 124 gigawatts.
In 1981, 66 percent of those employed in the industry were located at power

plant sites, with the remaining 34 percent at off site locations. By 1991 this
distribution 1s expected to change to 70 percent and 30 percent, respectively,
as more power plants progress from design and engineering, through construct1on,
and 1nto full operation. 4

of the 51, ,200 predicted to be employed on-site in 1991, approximately 5
percent are expected to be in management. Engineers will account for 8 percent
and scientists 2 percent. : ‘Technical emp]oyees, including techn1c1ans, opera-
tors, and skilled craft workers, are expected to comprise approx1mate1y 57 per-
cent of on-site employees. Of the 22,400 predicted to be employed off-site in
1991, approximately 8 percent are expected to be managers, .33 percent engineers,
5 percent scientists, 15 percent technicians, and 11 percent skilled craft
workers.

An additional 55,500 employees, including 19,200 due to growth and 36,300
to rep]acements,‘will be needed by the nuclear power industry in the next ten
years. Employee turnover rates do not take into account the movement of
employees from nuclear-related and Zther industries into the nuclear power
industry. Therefore, the 55,500 figure~should be interpreted as new employees
the nucleér power industry needs to recruit and noE as number of jobs for new
entrepts to the labor market. ' .

0f the total number of additional employees needed, approximately three-
fourths will be in occupations requiring specialized skills and training. . The
greatest needs will be for skilled craft workers, technicians, and operators.

Among technicians, the greatest need will be for electrical-electronic technicians.

xii
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Among the professional occupations, the greatest need will be for engineers, -~

» with an estimated 75 percent of the need created by turnover. .

UNCERTAINTIES AND NEEDé FOR FURTHER -RESEARCH

Uncertainties in the present and future environment for the nuclear power
industry create obvious uncertainties in any projections of employment. The
projections must be interpreted in view of current conditions and the stated

assumptions. .
A portion of the March 1981 survey of the 60 INPO-member utilities
requested projections of ‘employment in 1991. The utili&ies', projections were .
somewhat lqwer than those from the statistical analysis (70,800 compared to
73,660), although the utilities estimated generating capacity at 139 gigawatts
(rather than 124) by 1991. Although the two sets of projections are within a
. reasonable range, the difference shows that a margin of error exists:
The purpose of this study is to project occupational employment needs of
-the nuclear power industry. The study does not attempt to de a "typical" or'
"model" plan for the staffing of nuclear power piants. Thi§J§i§§Q area in which

3

further research is needed.
It is expected that data collecting and reporting will be improved in

future surveys conducted by INPO. The 1981 survey and study represent an impor-
tant step for the industry.  Improved data and data for additional years will
facilitate_further insight into employment needs and refinement of projection

- 3

~

- models.

|
|
’z d \/
~
E ~ ’ !
;~ r
- ‘y ¥ , had o /g‘
. « ¢
%ik’ .. _,“~ v & *x
. 7 » 5 ®Riid S v ang ~




‘.

-

Gl R Ul A M A O g NN N AN R NS T e e

—+responded to the survey, although not a11 respondents answered every question.

CHAPTER 1
INTRODUCTION

v
PURPOSE AND SCOPE OF STUDY

The staffing of nuclear power plants with sufficient numbers of adequately °
trained personnel aver the coming decade is of concern to both the industry and
pub]ic policymakers. The purpose of this study is to project employment needs
by occupation for 1982 through 1991 based upon a statistical analysis of current
emp]oyment in the industry. The prOJected needs for additional employees
include new positions created by increases in generating capacity and replace-
ment positions produced by emp]oyee turnover.

The scope of the study is 11h1ted to employment by electric utilities in
the commercial generation of nuciear power and does not include such areas as
constegction of nuclear facilities, research and deve]opment waste disposal, or
fuel reprocessing. The study covers empioyment positions for normal nuclear
power activities but exciudes temporary positions such as those in fuel
reloading and special maintenance. The study includes employment positions
1ocated ran-site" (at a power plant) and employment positions located "off-site"
that &up ort nuclear power plant operations or provide nuclear power plant

design and engineering services.

PROJECTION ANALYSIS APPROACH

Data ﬂ

r——
. Ld

The cross-section employment data used in this study were collected by the
Ihst%tute of Nuclear Power Operations (INPO) through a survey of its 60 member
utilities in the spring of 1981. INPO member utilities include all utilities.
involved in the actual planning, licensing, construction, and operation of )
nuclear genefating facilities, a]though other utilities and holﬁing companies
are joint owners of many of the nuc]ear power plants. All 60 utilities
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The survey consisted of foLr separate questionna??egg!gdn-kite employmént
specific to a power plant, off-site support personnel, hiring and employee turn-
over activity, and utility-provided training of employees. Descriptive data
collected from the first three questionnaires (see Appendix A) were used in the
statistical analysis and employment projections contained in this report.

The questionnaires were designed to reflect differing approaches used by
the utilities to meet the design, operation; and normal maintenance requirements
for nuclear power plants thiough off-site support personnel, contractors, and
holding company personnel, as well as through utility employees working at the
plant site. The reported numbers of positions include uti]ipy employees and
vacancies, plus contractor and holding company employees required in normal
operations. The requested data on hiring and" employee turnover activity pro-
vided information essential to estimating emp]oyeé replacement needs during the

next ten years.

Method of Analysis

The descriptive data presented in Chapter 2 were compiled td’;dentify,and
document current employment and vacancies in the fuclear power industry. The
occupational employmept data for 1981 were then studied using statistical analy-
sis to identify the factors that account for variations in power plant staffing

and the number of off-site nuclear support persgnnel ehp]oyed by a utility. The _

resulting econometric models~were used to predict employment 'in 1982 thr
1991, taking into account\ggg estimated increases in generating cap
known characteristics of all units expected to be in operation in“a particular

year, .
Employee replacement needs by year and ‘occupation weré calculated from the

‘\6ﬁed1cted employment in each year and estimates %é?gﬁnual~tﬁrnbver rates.
Estimates of total additional employees, attrib& d"to both growth needs and
replacement needs, for the coming decade were thus obtained.

|

. Assumptions _ : ’

In ‘projecting nuclear power employment for the next decade, it is necessary
to make si@p]ifying assumptions in recognition of uncertainties facing the

. /y/’l:1\
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industry, incomplete data, and lack of precision in the methodology used. The
projections must be updated or revised as new information becomes available or
if a different set of asSumptidhs becomes more appropriate. In this analysis,
the following conditions are assumed: ;

s
1. Current regulations and utility staffing practices will remain
in effect during the ten-year period.

2. No additional plans for new construction of nuclear generating
capacity will be initiated during the next decade.

1._ Annual employee turnover rates will remain constant.

4. The factors that currently influence the number of employees
needed in the nuclear power industry will also influence -
employment in the next decade.

5. Current estimates by utilities of 1991 occupational distri-
butions (percent of employment in each occupation) will
remain constant.
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CHAPTER 2 : N
OCCUPATIONAL EMPLOYMENT IN THE NUCLEAR POWER INDUSTRY, 1981

CURRENT EMPLOYMENT AND NEEDS FOR.PERSONNEL

The survey of utilities that are now operating, constructing, and plan-
ning nuclear power plants indicates that approximately 54,400 positions were
authorized, and approximately 47,000 persons were employed, in the industry as
of March 1, 1981, Tables 2-1 through 2-4 report total positions and give break-
downs of on-site versus off-site designations; utility, contractor, or holding
company employment; and filled versus vacant positions. The occupatiorual cate-
gories provide further detail on employment and current needs for trained per-

sonnel in the nuclear power industry.
In Table 2-1 total employment positions in the industry are di&dggd/into

,35,900 (66 percent) on-site positions and 18,500 (34 percent) off-site support
positions. The occupational distribution shows that approximately 19 percent of
the total positions are in engineering, and two-thirds of the engineers are at
off-site locations. Technicians are second to engineers in numbers and are con-
centrated at ﬁﬁﬁ%r plant sites. Nuclear reactor operators, numbering 6,000, are
11 percent of tota] employment positions. Skilled craft workers account for 13
percent of the work force and, as would be expected, most craft workers are
assigned to on-site locations. The "all other workers" category, including
security force and 15borers, fs 16 percent of total positions in the industry,
and these workers are assigned pr1nc1pa111’to power plant sites.

By occupational categories, the distribution is 33 percent professional, 30
percent technical, 13 percent Skilied crafts, and 24 percent other, At least
three-fourths of the positions in the 1n&u§try require that the employee have
either a bachelor's degree or considerable specialized skills and training. The
technician and operator occupational categories are of particular concern to the
uti]it} industry, because the specialized training for these employees is pro-
vided primarily by the utilities. .

In Table 2-2 on-sitekpositions are divided into utility, contractor, hold-
ing company, and vacant positions by detai]ed'occupational Tisting. Contractor

16




TABLE 2-1. TOTAL POSITIONS IN THE NUCLEAR POWER INDUSTRY, 1981 .

r 4

18,500

dIncludes estimates for non-respondents (2 off-site locations).

On-Site . Off-Site Total Percent
Occupation Positions  Positions®  Ppositions®  of Total -
Managers 2,000 1,600 3,600 6.6
Engineers 3,300 6,900 10,200 18.8
Scientists 600 800 1,400 2.6
- Other professional workers 1,300 1,400 2,700 5.0
Technicians 6,900 3,200 © 10,100 18.6°
Operators‘ 6,000 0 6,000 11.0
Skilled craft workers 5,800 1,300 7,100 13.1
Clerical workers . 2,500 2,100 ’ 4,600 8.5
A1l other workers 7,500 _1,200 8,700 16.0
Total 35,900 54,400 & ¢

bThis includes persons employed by INPO member utilities, vacamt positions

at the utilities, contractor positions used in normal operations, and holding

company positions allocated to the utilities.

CDoes not add to-100 percent because of rounding.

Source: Survey conducted by the Institute of Nucliear Power Operations,

March 1981,
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TABLE 2-2.

7

ON-SITE NUCLEAR POWER POSITIONS BY OCCUPATION AND

EMPLOYER (UTILITY, CONTRACTOR,. AND HOLDING COMPANY), 1981

- Employment
r
' - Holding -Vacan- Total
Occupation Utility Contractor Company cies? Positions
Managers 1,830 35 1 179 2,045
Engfineers 2,227 318 1 748 3,294
Chemical - 799 5 0 11 95
Civid * 40 19 0 0 59
Electrical and electronic 462 - 39 0 104 605
Mechanical =~ 608 93 0 113 814
Nuclear and reactor 506 10 1 236 753
A1l other engineers 532 152, 0 284 968
Scientists 422 61: 0 96 579
Mathematic¥ans 18 0 *0 0 18
Chemists 146 1 0 43 190
Pnysicists 4 25 4 0 1 36
A1l other physical scientists 29 0 0 7 36
= Biological scientists - 30 27 0 1 58
Health physicists 161 20 0 41 222
A1l other 1ife scientists 13 9 0-, 3 25
A1l other professional workers 913 70 -0 265 1,248
Technicians 4,684 761° 7 1,437 6,889
Draftsmen \ 52 11 0 13 76
Electrical and electronic 1,672 103 - 0 400 | 2,175
A1l other engineering technicians 740( 41 0 165 - 946
Physical scierice technicians 231 19 0 92 342
Life science technicians 41 27 0 20 88
Health physics kechnicians -
. and radiation monitors 1,195 410 7 529 2,141
A1l other technicians 753 150 0 o2l 1,121
Operators \ 4,830 6 0 1,19 6,032
Shift supervisors 663 -0 0 141 804
Senior licensed operators 497 . 6 0 165 ) 668
Licensed operators 1,127 0 0 379 1,506
Non-1icensed operators 2,543 . 0 0 51\ 3,054
Skilled craft workers 3,975 1,035 0 741 5,751
Electricians . 993 223 0 201 1,417
Mechanics 1,729 415 0 396 2,540
Welders with nuclear certification 40 67 0 46 453
A11 other skilled craft workers 913 330 0 98 1,341
Clerical workers 2,113 111 3 281 2,508
Al1 other workers 3,609 3,140 0 758 7,507
Total 24,603 5,537. 12 5,701 © 35,853

aVacant positions at the utilities.

56%¥Ee: Survey conducted by the Institute of Nuclear Power Operations, March 1981.
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employees account for approximately 15 percent of on-site employment, while
holding company employees provide less than 1 percent of the work force. The
employment figures show that more than half the work force is concentrated in
technician, operator, and skilled craft categories. Nuclear reactor operators
are approximate]y 17 perceént of on-site employment.

Tab]e 2-3 shows off-site employment by occupation and type of employer. .
Approximately 13 percent of total off-site positions are contracted, and a ut 2
percent are furnished by holding companies. Engineers are the largest occupa-
tional group, accounting for 38 percent of off-site employment positions.
Draftsmen (9 percent of off-site employment positions) are the largest in.number
of the technical and skilled craft designations at the present time. As design
and engineering of nuclear facilities progress, it is expected that draftsmen
w111 account for a smaller percentage of off-sfite employment, assuming that no
ada1t10na1 plans for new construction are initiated. ®

Table®2-4 summaryges the job vacancies reported in Tables 2-2 and 2-3.

The utilities reported that 13.7 percent of total positions were vacant as of
March 1, ]981. The occupation with the highest percentage of vacancies (19.8
percent) was the operators' category, followed by engineers (17.4 percent).
This may indicate that the industry is already experiencing difficulty in
recruiting and f11P4n§°positions in certain occupations. The relatively high
vacancy rates may be partially explained by the fact tnat utilities are now 1n

the process of recruiting and training personne] for new units expected to go on

1ine. i %,
. L%
]

EMPLOYEE TURNOVER RATES

Industry spokespersons from individual utilities have~expressed concern
about problems of recruiting and retaining trained personnel. 1 As a result of
these problems, utilities have initiated various plans for career development
and upward mobility in an effort to recruit and retain” employees. Utility man-
agers have expressed concern about competition for employees and movement within
the nuclear power industry, as well as loss of employses from the industry. The
hiring and turnover components of the survey attempted to document these
expressed concerns and to provide the necessary data for estimating future man-
power replacement needs for the nuclear power‘ut111t1es. The data for year 1980

- are reported in Tables 2-5 through 2-8. y
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TABLE 2-3. OFF-SITE NUCLEAR-RELATED POSITIONS BY OCCUPATION AND

EMPLOYER (UTILITY, CONTRACTOR, AND HOLDING COMPANY), 1981

Employment

l |

"Holding Vacan- Total -

Occupation -~ Utility Contractor Company cies? Positions
Managers 1,313 " 40 40 72 1,465
Engineers 4,281 1,131 95 953 6,460
Chemical |, ‘157 29 3 25 214
Civil 482 141 2 53 678-
Electrical and.electronic 998 138 15 177 1,328
Mechanical .2 ‘WJ 1,156 608 41 270 2,075
Nuclear and reactor 700 - - 65 20 180 965
A1l other engineers 788 150 14 248 1,200
Scientists 606 22 6 81 . 715
Mathematicians 80 0 0 4 84
Chemists ¥ 110 -3 0 17 130
Physicists 38 0 . 0 0 38
‘A1l other physical scientists 86 4 0 13 103
Biological scientists 149 9 3 13 174
Health physicists 104 Y 6 3 . 28 141
A1l other life scientists ‘39 0 0 6 45
A1l other professional workers 1,189 81 9 91 1,370
Technicians 2,122 663 ° 86 220 3,091
Draftsmen - 847 551 60 66 1,524
Elgctrical and electronic 228 28 0 8 264
A1l other engineering technicians 406 69 21 67 563
Physical science technicians 60 2 0 5 67
Life science technicians 34 0 4 1 39

Health physics technicians and

radiation monitors 80 5 0 15 100
A1l other technicians 467 8 1 58 534
Skilled craft workers 1,167 40 0 51 1,258
Electricians 187 11 )] 15 213
Mechanics 731 10 0 21 762
Welders with nuclear certification 49 8 0. 5 62
A1l other skilled craft workers 200 11 0 10 221
Clerical workers 1,644 . 98 v 90 1,863
A1l other workers 770 192 2 30 994
Total 13,092 2,267 269 1,588 17,216
18,5000

Adjusted total

avacant positions at the utilities.

bIncludes estimates for non-respondents (2 off-site locations).
Source: Survey conducted by the Institute of Nuclear Power Operations,‘March 1981.
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TABLE 2-4. JOB VACANCIES IN THE NUCLEAR POWER INDUSIR}
(Status as of March 1, 1981)

. Total
Occupation , Positions?

VacanciesP

Number

‘Percent
of Total

Managers "3,510
* Engineers ’ 9,754
Scientists 1,294
Other professional workers 2,618
Technicians 9,980
Operators 6,032
&
Skilled craft workers 7,009
Clerical workers 4,371

A11 other workers 8,501

Total 53,069

251
1,701
177
356

1,657

1,196
792
371

788

7,289

7.2

9.3
13.7

aIncludes persons employed by INPO member utilities, vacant
positions at the utilities, contractor positions used in
normal operations, and holding company positions allocated
to the utilities. Estimates for non-respondents are not

inctuded.

Dincludes both on-site and off-site utility company vacant

positions.

Source: Survey conducted by. the Institute of Nuclear Power

Operations, March 1981.
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In Table 2-5 hiring activity is divided between new positions and replace-
ment positions. New positions accounted for approximately 19 percent of total

positions filled, whereas replacement positions were approximately 13 percent—s?\\

total positions. Thus, growth needs for‘emp1oyees exceeded replacement needs
during. 1980. The largest portion of new positions (and replacement positions,
as well) in an occupational category was that of.non,licensed operatorss® This
hiring activity may result from the fact that utilities are expanding their
operatfon needs and training programs for licensed candidates. At the same
time, employees who are in training may be Feaving because of failure in
licensing examinations. . )

Table 2-6 report§ the method of filling positions--whether new hires, pro-
motions, or transfers. New hires were 64 percent of hiring activity, while pro-
motions and trahsfers accounted for 25 and 11 percent, respectively. The fact.

hat 60 percent of manager positions were filled by promotions indicates an
upward mobility plan for certain employee groups. The promotions to shift
supervisors, senior licensed operators, and licensed operators reveal the
pected progression-in licensing and levels of experience. There also appears
to be a systematic progression in electrician and mechanic positions. )

In Table 2-7 the reasons for employee turnover are tabulated. The purpose
of this part of the survey is to separate movement of employees into three
discrete categories: movement to another nuclear-related position within the
same utility; movement to a nuclear-related job at another utility; -and exit
from the nuclear power utility industry due to retirement, death, or acceptance
of a job outside the nuclear power utility industry. The latter category of
turnover is the one relevant to determining replacement needs for the industry.

The tabulations show that the highest number of employee changes was due to“

transfer or promotion within the same utility. Particularly noteworthy to this
survey is the low number (44) in the retirements/death category. Because the
nuclear power industry is approaching the 20-ygar mark3 retirements will prob-
ably increase during the coming ten years. Demographic data on employees in
the nuclear power industry are needed to make this determination,

The calculation of turnover rates was complicated by the'large number of
terminating employees who were reported in the “all other reasons or unknown"
category as to reason for leaving. A turnover rate on the basis reported

w2

.
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TABLE 2-5. HIRING ACTIVITY IN THE NUCLEAR POKER INDUSTRY, ig§3

. o ‘ ' Replacement
’ New Positions Filled Positions Filled

Estimated Percent of Percent of
- Ave. Employ- Total Total
Occupationd . ment for 1980 Number Positions ~ Number Positions

henagers 1,741 233 13.4 152 8.7

Engineers 3,234 790 26,4 390 12.1

Kealth physicists : 204 43 21.1 10- 4,9~

Cther scientists 313 63  20.1 38
Health physics techn{Cians 832 22.1
Electrical & electronic technicians 1,060 15.2
Other engineering technicians 575 16.2
Other technicians 1,484 : 12.3
Snift supervisors 445 12.4
Senior licensed operators 373 13.1
Likensed operators 740 ‘ g 13.4
" Non-licensed gperators 1,243 39.4
Maintenance electricians 556 62 11.2
Maintenance mechanics 1,166 119 10.2

-

Other skilled craft workers 1,022 204 20.0 111
Total - | 14,988 2,827 18.9 1,906

aincludes both on-site and off-site utility positions but excludes Eontbactor and
holding company positions. Occupational categories for other professional workers,
clerical workers, and all other workers are not inciuded.

NOTE:" This tabulation is based upon information supplied by 47 utilities (77 percent
of the survey universe). The reported employment base is_less than 77 percent
of 1980 employment, however, due to the fact that turpover information and
the corresponding employment numbers were apparently not available from all
site locations within each utility.

-

Source: Survey conducted by Institute of‘Nuclear Power Operations, March 1981.
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- TABLE 2-6. METHOD OF FILLING ROéITIONS IN THE NUCLEAR POWER INDUSTRY, 1980

percentd
Occupationd ; New Hires Promot ions Transfers
L}

Managers . 32 ~ 60 8
Engineers ' 72 15 /13
Health physicists . 68 30 2
Other scientists 75 15 10
Health physics technicians 80 11 9
Electrical & electronic technicians 73 12 15
Other engineering technicians 56 28 16
Other technicians ’ 72 18 10
Shift supervisors 28 69
Senior licensed operators 2 71 8
Licensed operators 29 . 57 -
Non-1licensed operators 82 « 12 6
Maintenance electricians 43 42 15
Maintenance mechanics , 43 32 25
Other skilled craft workers 66 19 15

Total (\\\\f4 25 11

alncludes both on-site and off-site utility positions but excludes
contractor and holding company positions. Occupational categories for
other professional workers, clerical workers, and all other workers are

not included.

bpercentages for each occupafion category add to 100.

NOTE: This tabulation is based upon information supp]ied by 47 utitities
(77 percent of the survey universe). The regorted empioyment base
is less than 77 _percent of 1980 employment, hewever, due to the fact
that turnover information and the correspondifg employment numbers
were apparently not available from all site 1 ations within each

utility.

Source: Survey conducted by Institute onNuclear Powgr Operations, March 1981.
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TABLE 2-7.. CATEGORIES OF STAFF TURNOVER IN THE NUCLEAR POWER INDUSTRY, 1980

aIncludes both on-site and off-site utility positions but excludes cont

-

g

lac;ar and

. Number
* Employee - tmployee
, Changed to Employee Took a Non-
- Another Accepted Nuclear-
Nuclear- Nuclear- Related Job Al
Related Related in Utility Other
Position Employment Industry or Retire- Reasons
Within at Another Left Util- ments/ or Un-
Occupationd Utility Utility ity Industry Deaths  Kknown
Managers 79 36 33 7 28
Engineers 103 104 81 4 108
Health physicists . 2 5 0 3
Otner scientists 3 11 0 10
Health physics technicians 35 29 29 2 “ 58
Electrical & electronic
technicians .30 37 29 6 58
Other engineering technicians 13 11 12 2 21
Other technicians 31 28 35 2 50
Shift supervisors 6 2 0 18
Senior licensed operators 12 13 0 9
Licensed operators 69 23 - 20 4 39
Non-1licensed pperators 103 25 89 3 91
Maintenance electricians 39 5 22 4 7
Maintenance mechanics 67 29 31 9 42
Other skilled craft workers _47 _4 _16 1 _58
Total ’ 639 354 425 44 600

holding company positions. Occupational categories for other professional workers,
clerical workers, and all other workers are not included. .

NOTE: This tabulation is based upon information supplied by 47 utilities (77 percgnt
of the survey universe), The reported employment base is less than 77 percent

of 1980 employment, however, due to the fact that turnover information and

the corresponding employment numbers were apparently not dvailable from all

site locations within each utility.

Source: Survey conducted by Institute of Nuclear Power Operafions, March 1981.
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assumind that those in the "unknown" category
On the

employees leaving the industry,
stayed in the industry, gives a 1ower timit of approximately 3 percent.
other hand, assuming that emp]oyees in the "all other reasons-or _unknown" cate-
gory all left the industry, gives an upper 1imit of approx1mate1y 7 percent.
The true turnover rate wou]d appear to be som&yhere betwee7 ‘these two limits.
In this analysis, the "a]] other ‘reasons or unknown" category was distributed
proportionately between movement to another utility and exit from the industry
under ‘the assumption that retirements, deaths, and moyement within the same
utility would be documented in*most cases., The turnover rates calculated in
this manner for intrautility, interutility, and exit from the nuclear power
industry are reported in Table 2.8.2 The overall rates are 4.3 percent, 4.1
percent, and 5.4 percent ,.respectively.

The average annpal turnover rate of 5.4 percent in all occupations for.
employees leaving the industry compares with a turnover rate of 4.0 percent in
the U.S. manufacturlng sector.3 This 4,0 percent turnover rate is for worker ..
exit from the entire manufactur1ng sector, not just one industry within manufac- -
turing. Therefore, the ‘turnover rate for any one industry would probably be
higher than 4 percent because of movement between industries in addition to
exits from the manufacturing sector. Yo

, The combined turnover rates give an annual turnover figure of 13.8 percent
for all-occupations and all categories of employee turnover in the nuclear power

industry during 1980. This rate is somewhat higher than the rate of 11.3-per-
cent réported in a 1977 study of employee turnover in selected uclear power

p]ants.4
The turrover rates by occupation reveal that the highest employee turnover

(exit from the 1ndustry) occurred in non-1icensed operator, health physics tech-
nician, and other skilled craft categories. The lowest turnover rates occurred

in the manager, health physicist, and shift supervisor groups.

.
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TABLE 2-8, ESTIMATES OF EMPLOYEE TURNOVER RATES BY OCCUPATION
WITHIN THE NUCLEAR POWER INDUSTRY, 1980

" Turnover (Percengl

—_— e e e e —

Occupation? Intrauti]ityb Interut111tyc Exit Indust:r'yd '

Managers - i _ 4.5 2.9 3.0
Lngineers 3.2 5.1 4,1
Healtn physicists ' 1.0 3.4 2.5
Otner scientists 1.0 5.4 4.2
Health physics technicians l 4.2 7.0 7.2
Electrical and electronic technicians 2.8 6.6 5.7
Other engineering technicians 2.3 3.7 4.3
Othér technicians 2.1 3.4 4.4
Snift supervisors’ % 1.3 3.1 2.0
Senior licensed operators ' 3.2 1.6 5.4
Licensed operators ' © 9.3 5.9 5.7
Non-licensed operators 8.3 3.6 13.1
Maintenance electficians i 7.0 1.1 5.8
Maintenance mechanics 5.7 4.3 © 5.2

Other skilled craft workers 4.0 1.6 6.2
Total 4.3 4.1 | " 5.4

!
|
L

/

a0ccupat1onal categor1es for other professional workers, clerical workers, and all
other workers are not included.

bProfiotion and transfers to positionS’Ehaf are nuclear-related within the utility.

b

CMovement to nuclear-related positions from one utility to another.

dExit from nuclear-related work--employees accepting non-nuclear jobs within the
utility industry or leaving the utility industry, and retirements and deaths.

NOTE: This tabulation is based upon information supplied by 47 utiljties (77 percent
of the survey universe). The reported employment base is less than 77 percent
of 1980 employment, however, due to the fact that turnover iaformation and the
corresponding employment numbers were apparently not available from all site
locations within each utility. Staff turnover in the "all other reasons or L
unknown" category (see Table 2-7) was distributed proportionately befWeen mgve-
ment to another utility and exit from the industry (see note 2). s =

{

Source: Survey conducted by Institute of Nuclear Power Operationk, March 1981.
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NOTES

a

1“The U.S. Nuclear Power Industry Cries for Help," Business Week ,
August 31, 1981, pp. 102-103; "Are You Ready for the Manpower Crunch?"

l ’
.
I ,

Electrical World, September 1981, pp. 54-55." '~ =

2Calcu]atiori of turnover rates:

w

e - . i} - ’j _ [,
Intraut111tyj 7;;——
rT, '
Inter‘ut111tyj = L(m) X T5’3:l + 'TZ,j
3 | A.
J
Exit, = (=) x T | + Ty s+ T,
) | 2,57 b, 28] I ST A
A.
J
j = occupations , '

1 ° number of employees who chahqed to another nuclear-related
position within utility .

T2 = number of employees who accepted nuclear-related employment
at another utility
T3 = number of employees who took a non-nuclear related job in
utility industry or left utility industry
T4 = number of retirements/deaths
T5 = number of employees in "all other reasons or unknown" cateqory
Aj = estimated average employment in 1980 for occupation

3Employment and Earmings, Bureau of Labor Statistiks, May'1981.

4G.H. Kaiqg, "Nuclear Plant Staff Turnover," Conference on Reactor
Operating Experience; sponsored by the American Nuclear Society,
Chattanooga, Tennessee, August 1977.
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- PROJECTED FRONTH IN/NUCLEAR GENERATING CAPACITY

\
CHAPTER 3

ESTIMATES OF MANPOWER REQUIREMENTS IN THE
NUCLEAR POWER INDUSTRY, 1982-1991 >

F—

An essential prerequisite to predicting growtn of labor requirements in the
nuclear power industry is a forecast of growth in the industry's generating

??%%Ncapacity. A 1978 study estimated total lead times of 12 to 15 years for nuclear

power plant projects in the United States.l Since 1978, however, the nuclear
power industry has been subject to delays, cancellations, and a general climate
of uncertainty that would be expected to lengthen the total lead time.2

In the 1981 surve& of nuclear power utilities conducted by INPO, estimated
completion dates of refctor units planned and under construction were reported.
Several de]ais and cancellations have occurred since that time, however. In
this analysis, the midline forecast of nuclear generating capacity by the Energy
Information Administration (EIA) is used (Figure 3-1). In EIA's forecast the
industry will reach a nuclear generating capacity of 124 gigawatts by 1991, com-
pared to 139 gigawatts from the utilities' expected completion dates.

FACTORS INFLUENCING EMPLOYMENT o

Statistical analysis of the data showed tnét certain factors influence the
number of employees at power'plant sites and in off-site nuclear work of the
utilities. Using these factors, econometric models to preaict emp l'oyment to
199f were developed. The procedures and statistical resultgaére described in
Appendix B. The important implications of the ana]ysi§9are summarized in this

chapter.

On-Site

When a power plant is fully operational, megawatt capacity and number of
reactor units directly influence the number of employees. These two factors
explained 77 percent of the variation in power plant staffing. Other factors,
such as type of reactor and years in operation, were insignificant in explaining

the number of employees at a plant site. :359




o

/4

1965 1970 1976 %1316 1985 1990 1995

Figure 3-1. Nuclear Electricity Generating Capacity and Status of Current
Capacity. Expansion.Projects, High, Midd1é, and Low Nuclear
Capacity Projections, History and Projections
(Nuclear Capacity at Year End ’in Gigawattsd)

éOné gigawatt equals 1 billion (109) watts.

Source: 1981 Annual Report to Congress: Volume 3 - Energy Projections,
Energy Information Administration, U.S. Department of Energy,

Washington, D.C. (1982). - ‘
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Table 3-1 shows predicted employment based on megawatt capacity and number
of reactor units at a power plant. The incremental effect on employment of
adding a secoﬁd unit is 346 additional employees. The third unit adds 330
employees indicating the effect of economies of scaie. )

o {
TABLE 3-1. PREDICTED EMPLOYMENT OF NUCLEAR POWER PLANTS IN FULL OPERATION

~ Capacity ° Reactor
(megawatts) Units Employment
1,000 1 392
2,000 2 738 g

3,000 \\_;> 3 1,068
During construction, employment progresses from zero toward the level
required for full operation. The relationship of staffing levels to years from
completion is shown in Figure 3-2. A power plant that is within eight years of

coming on line will have employed approximately 3 percent of its fu]l operating
staff. The percentage increases to 74 percent when the plant is within a|year

4

P~
of coming on line,

100 l | I T l —

- s - 4 .
~ " ‘ -
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Figure 3- . oOperation and Maintenance Staffing Levels for
Nuclear Power Plants During Construction Period
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0ff-Site
e

'E;E?Vidual utilities in the nuclear power industry may possess one or more
nuclear power plant sites, with‘operations and no construction, construction and
no operations, or a combination of operatidhs and construction., MWithin a
utility the number of off-sité personnel in nuclear work is influenced by the
utility's total megawatt capacity in operation, tota]imegawatt capacity under
construction, projected completion dates for uﬁits under construction, and
whether or not the utility does its own architect-engiﬁeering work. These fac-
tors explained 52 percent of the variation among the utilities in off-site

7 b/sﬁp]oyment. The estimates show that for each 1000 megawatts in current opera-

tion, approximately 103 persons are employed. For each 1000 megawatts to be

completed within 3 years, approximately 76 persons are employed, whereas 41 are
employed” for each 1000 megawatts to be cempleted in time periods of more than 3
years. If the utility does its own architect-engineering work for new nuclear

,\{acilities, an itional 879 persons are employed.
\

4

ﬁEQyTH IN EMPLOYMENT

The results of the statistical analysis show that total employment posi-
.tions in the nuclear power industry (both on-site and off-site) will increase
from 54,400 in 1981 to 73,600 in 1991. Nuclear generating capacity is projected
to increase from 58 to 124 gigawatts, »

In 1981, 66 percent of those employed in the industry-were lofated at power
plant sites, with the remaining 34 percent at off-site locations. By 1991 this
distribution is expected to change to 70 percent and 30 percent, respectively,
as more power plants progress from design and engineering, through construction,
and into full operation.

Under the assumptions'concerning construction schedules, total employment
will increase to 67,200 by 1986. Thus, 67 percent of the grqyth in predicted
employment for the ten-year-period will have occurred by 1986.

Predicted employmant for 1986 and 1991 is reporteddin Tables 3-2 and 3-3.3
An increase of 15,300 (43 percent) is predicted for on-site employment by 1991.
Approximately 65 percent of the increase in on-site employment is expected by
1986. The occupation group adding the most employees (1,900) over the ten-year
span is that of e]ectrica]Telectronic technician. The occupation with the

32 '
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TABLE 3-2. PROJECTED GROWTH IN ON-SITE EMPLOYMENT -

Predicted Growth
Employment Employment (1981-1991)
Occupation 1981 1986 1991 Number Percent =
Managers - 2,000 2,500 2,800 800 40.0
Engineers 3,300 3,600 4,100 800  24.2
Health physicists 200 400 400 200 100.0
Other scientists | . 400 500 500 100 25.0
Other professional workers 1,300 300 23.1
Technicians 6,900 3,100 44.9
Electrical-electronic 2,200 1,900 86.4
Other engineering technicians 900 200 22.2
Health physics 2,100 1,000 47.6
A11 other technicians . 1,700 *
Operators g 6,100 8,100 9,100 3,000 49.2
Shift supervisors 800 1,100 1,200 400 50.0
' senior 1icensed operators 700 1,600 1,900 1,200 171.4
Licensed operators 1,500 2,100 2,300 800 53.3
Non-1icensed operators 3,100 3,300 3,700 - 600 . 19.4
skilled craft workers ‘ : 5,700 9,100 10,100 4;400 77.2
E] ECtP'IC'ianS 1,400 ‘"’"‘”""2,300 N 2,600 1,200 85'7
Mechanics 2,500 3,300 3,600 1,100 44.0
Welders with nuclear certification 500 700 800 300 . 60.0
Other skilled craft workers 1,300 . 2,800 3,100 1,800 138.5
“Clerical workers 2,500 3,500 4,000 1,500 60.0
A1l other workers 7,600 7,700 8,600 _1,100  14.7
Total : 35,9002 45,800 51,200 15,300 42.6

art is assumed that employment for 1981 reaches the level for total positions reported in
Table 2-2. .

*|ass than 50.
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TABLE 3-3. PROJECTED GROWTH IN OFF-SITE EMPLOYMENT

Predicted Growth
' Employment Employment (1981-1991)
Occupation 1981 1986 1991 Number Percent
Managers ) 1,606 1,800 1,900 300 18.8
Engineers . 6,800 7,200 7,500 700 10.3
Hga]tﬁ physicists ’ . 100 . 300 300 00 200.0
f3§her scientists 600 800 800 j%o 33.3

" Other professional workers 1,500 1,900 2,000 500 33.3
Technicians . 3,200 3,200 3,400 200 6.3
Skilled craft workers 1,400 2,300 2,400 1,000 71.4

-~

Cierical workers 2,100 2,500 . 2,600 500 23.8

Total 18,5002 21,400 22,400 3,900 21.1

Distribution of total off-site

employment fo: ’ s

Operation and maintenance 10,500 13,500 14,700 4,200 40.0

-

Design and engineering . 8,000 7,900 7,700 .-300 -3.8

H
£

aIt-is assumed that employment for 1981 reaches the level for total positions reported in
Tab]e 2-3.
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largest. percentage increase (171 percent) is senior licensed operator. The
growth in skilled craft occupations totals 4,400, The increases in technician,

operator, and skil
periods of job-sgecific training which are usually provided by the industry.

Off-site femployment is projected to increase by 3,900 (21 percent) by 1991
(Table 3-3). Approximately 74 percent of this growth is predicted by 1986. The
distribution of employment to functional areas is expected to change as more
utilities move from stages of copstruction into operation;. An increase of 40
percent in operation and maintenance and a decrease of approximately 4 percent
in design and engineering by 1991 is predicted. 4

The.off-site occupation group with the largest pred1cted growth in number
(1,000) is that of skilled craft workers. Employment of health physicists is
predicted to increase by 200 percent (from 100 to 300). The Towest percentage
growth is for technicians and engineers. Within these occupations, however, it
is expected that there will be shifts as to type of engineer and technician with._
the predicted increase in operation and maintenance and decrease in design and
engineering. . : fja"'

Figure 3-3 shows the predicted percentage comp051t1on of 1991 employment by
professiona] technical, skilled craft, and other. O0f the 51,200 predicted to
be employed on-site in 1991, the distribution is 18 percent professional, 37
percent technical, 20 percent skilled craft, and 25 percent other. Of the

d craft ocqupations are noteworthy because of the extensive

On-Site Employment ' Off-Site Employment
Skilled
. Craft
Professional
18% 11%
Technical * Technical _
3% 15% Profassional
56%
Other ’

18%

Figure 3-3. Predicted Composition of 1991 Employment )
in the Nuclear Power Industry
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22,400 predicted to be employed off-site in 1991, the distribution is 56 percent
professional, 15 percent technical, 11 percent skilled craft, and 18 pércent in

other occupations,

Sensitivity Analysis

The foregoing predictions of employment are directly affected by the
assumptions stated in Chapter 1. For this analysis, a growth pattern of nuclear
generating capacity based on the midline forecast of thé Energy Information
Administration was assumed. The sensitivity of employment projections to dif-
_ fering scenarios concerning delays of reactors under construction is shown in _‘
" Table 3-4. The lowest predicted numbers occur under the assumption that delays
from recent experience (1978-1981)-.will double in the future. The effect of
assumptions as to uniform delays of 2, 4, and 6 years added to the utility's
estimated completion date for each reactor under construction is shown.®

TABLE 3-4. SENSITIVITY ANALYSIS OF 1991 EMPLOYMENT PROJECTIONS BY VARYING
ASSUMPTIONS CONCERNING DATES FOR BEGINNING OPERATION OF
REACTORS UNDER CONSTRUCTION \ :

Employment Projections

Projectéd Generating
Assumption Capacity (gigawatts) On-Site 0ff-Site

Utilities' completion schedules

as of March 1981 139 54,500 23,100
EIA forecast - midiine growth of .

generating capacity 124 51,200 22,400
Delays doubled (1978-1981 histori- -

cal pattern) 99 45,800 21,300
2-year delays of completion schedules 131 - 32,700 22,700
4-year delays of completion schedules 127 - 51,200 22,300
6-year delays of completion schedules 106 48,000 21,700

Predicted generating capacity rahées from 99 to 139 gigawatts (a difference
of approximately 40 percent). Predicted on-site employment ranges from 45,800
to 54,500 (a difference of approximatély 19 percent) whereas predicted off-site’

employment ranges from 21,300 to 23,100 (a difference of approximately 8

pe&em).




REPLACEMENT NEEDS FRUM EMPLOYEE TURNOVER $\

]

Rep]acément needs by occupation were calculated from predicted growth in
employment and Estimates of annual turnover of employees (Table 2-8).
Employment. levels for 1986 and 1991 were pkedicted from the model with
growth in'employment for intervening years assumed to be linear.

ESTIMATES OF ADDITIONAL MANPOWER REQUIREMENTS

’

Together, predicted growth and estimated replacement needs from employee
turnover inake up the emp]oymeni needs of the nuclear power industry during the
next ten years. The total number of additional employees required (both on-site
and off.site) will be approximately 55,500 (see Table 3-5). Employee turnover
rates do not take into account the movement of employees from nuclear-related
and other industries—into the nuclear power industry. Iherefore, the 55,500
figure should be int€rpreted as'new employees the nuclear pbwer industry needs
to recruit and not as the number of jobs for new entrants to the labor market.

TABLE 3-5. ESTIMATES OF .ADDITIONAL MANPOWER REQUIREMENTS
FOR THE NUCLEAR POWER INDUSTRY, 1982-1991

1982-1986 . 1987-1991
* Occupation Growth Replacement Growth Replacement Total -
Managers 700 600 ' 400 700 2,400
Engineers 700 2,200 800 2,300 6,000
Health physicists 400 100 T> * 100 600
Other scientists 300 + 200 * 200 700
Other professional workers - 600 900 200 1,000 2,700
Technicians 2,000 - 3,200 1,300 3,700 10,200
Operators - : 2,000 3,100 1,000 3,500 9,600
Skilled craft workers 4,300 2,800 1,100 3,500 11,700 .
Clerical workers 1,400 1,500 600 1,700 . 5,200
All other workers ) ‘ 400 2,400 1,000 2,600 . 6,400 -
Total 12,800 17,000 6,400 19,300 55,500

*{ess than 50..
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Approximately 65 percent of the total needs for additional employees in the
next ten years will be created by rép]acément needs. Replacement needs exceed
growth needs in each five-year interval. Furthermore, replacement needs
increase over time as total employment increases.

The greatest needs in total number of employees will be in the skilled
craft, téchnician, and- operator occupations, Of the professional occupations,
the greatest need will be for engineers, with 75 percent of the need created by
the estimated turnover. - 4

Approximately 74 percent of the additional employees needed will be in
occupations requiring specialized skills and training. Total needs for employees
with specialized training and skills, with breakdowns for professionals,. tech-
nicians, operators, and skilled craft workers, are shown in Figure 3-4. In 11
of the 14 occupational groupings, replacement needs exceed growth needs. Among
technicians, the greatest total need will be for electrical-electronic tech-
nicians. Among operators, the greatest need will be for non-licensed operators,
because of the nigh turnover rate in this greup. In the skilled craft occupa-
tions, the greatest need will be for those in the "other" category, which includes
those in trainee or apprenticeship positions,

6
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NOTES

1R.K. Lester, "Nuclear Power Plant Lead-Times," The Rockefeller Foundation, New
York, 1978.

2Update, Nuclear Power Program Information and Data, Office of Coordination and
Special Projects, Office of Nuclear Reactor Programs, U.S. Departiment o
Energy, October-December 1981 and January-March 1982. . .

ons using the percentage
he utilities in their

3The predicted employment was distributed to jccup?

distributions for on-site and off-site repofted {y\}
employment projections for 1991, v

40ff-site projections for'design and fnee Mg assume that employees accounted
for by the AE (architect-engineeri2g§n3ariab1e in equation (9) of Appendix .B -

remain in employment by the utilitAes.

5Note that an assumption of 4-year delays gives a larger generating capacity
but lower total employment than that obtained using the Energy Information
Administration's forecast., This is explained by the random pattern of delays
using EIA's forecast. Hence, the individual .power plants and utilities are
affected differently, and industry totals a priori could e either higher or
lower than under the assumption of uniform delays.
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. ) CHAPTER 4
SUMMARY AND CONCLUSIONS

EMPLOYMENT NEEDS 0? THE NUCLEAR POWER INDUSTRY

]

-

The reported analysis projects total employment of 73,600 in"1991. An
additional 55,600 employees will* be needed in the tén-year pgrioq~to meet esti-
mated growth and replacement needs. Approximately three-fourths of ‘this number
will be in occupations Qhat requ%;p specia]fzed training and skills. Appro§1-
mately 17 perdent of the~additional employees needed will be inx@fbfessioﬁs ’

requiring mana ment engineering, anq scientific training.
Concern regardjng possible manpower shortages for nuclear power work fn the.“

4

ut111ty 1ndustry~have/been ezpr ssed by the industry, those involved with educa-.

tion aod tra1n1ng, and 'government’ agenc1es.1 The projected need, for 6, 000 addi-
tional eng%neers is notable because of present concerns _about shortages" and

competition for engineefing graduates.2 A T -
Since mork than half the add1t1ona1 employees needed are in operator, tech-
n1c1an and sk111ed craft occupatlons, there are Tmp]icat1ons for tra1n1ng ’ /

institutions and utility-provided training. Recent—stud1es document the -

enrol Iments and capaci;ﬁg:;of training in§t1tut1ons 1n\the nuclear f{e]d.3'
- /_J . o )

COMPARISON OF PROJECTIONS WITH UTILITIES' PROJECTIONS.~

A portion of the March, 1981 survey of the 60 INPO-member utilities
requested p oJectlons of emp]oyment in 1991. The industry-wide resu]ts of this
survey are ontained 1n Append1x c.} These prOJect1ohs show 1991 emp]oyment “of
49,400 on-site and 21,400.of¥;site. These prOJect1ons are somewhat 1ower than.
the projections fr&ﬁ'the model reported iQ,Chapter 3, although the utilities
predicted a géneraiing capacity of 139 gigawatts compared to 124, gigawatts in
the model., In Table 3-4, using the construction completion schedule reported by
the ut111t1es, estimates from the model are 54,500 on-site and 23,100 off-site..
These estimates are higher thgg the utilities' projections by approximately 10

percent for on-site and 8 percert for off-site. ) ;

- >Ny
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In a separate analysis, using the average power plant staffing 1eve1§_deve1-
oped from the survey data and the construction schedule reported by the utili-
" ties, Cook estimates on-site employment at 52,600 in 1991.° Thus, it is
reasonab]e to conclude that the model, the utilities' projections, and Cook's
analysis are mutually, 'reinforcing; but the possible margin of errorwmay be as

high as 10 percent.

HISTORICAL TRENDS IN EMPLOYMENT -

2
Differences in methods of data collection and reporting procedures present

problems in direct comparison of historical Mata with current employment figures™

and projections. A general trend in relation to increases in generating capac-
ity can be illustrated, however. \Q?st surveys have separated employment in the
nuclear power industry into segments within the total nuclear industry, with the
two principal segments of nuclear power being operation and maintenance and

design and engineering.6 By subtracting design and engineering from cur;ent and

projected employment, a trend line for operation and maintenance employment to
‘ ~

1991 is shown in Figure 4-1.

. 200 I I I — T
E History L Projections
~ 150 (— ' —
5’ Capaci ol
P'cﬂv\‘/,r
« 125 |- - . // -]
. /
e /’ ¥
, P -
“— ' , 4’———‘—
w 100 - | — -_
g . Employment
E o L [ 1 1
1960 - 1965 1970 +1976 1980 1986 1990 1996
’ . Year
v - Figure 4-1. Growth in Ndklear Power Generating Capacity and

Employment in Nuclear Reactor Operation and Maintenance
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£ Histortral trends show that the employment line closely fq1lows the capac-

ity line. In the projections, however, the gap between the two lines widens.
This phenomenon can be atfributed to several possible factors. First, statis-
tical analysis of current employment [equation (8)] shows that utilities have
already expanded- employment to cover a porfjon of futurg‘gggpqﬁing needs. A
second factor is the marginal impact on employment by ﬁéﬁ ities adding reactor
units to existing generating caﬁacity at .the same plant site (Table 3-1). Also,
the average capacity of new units (1100 megawatts) will bg larger than that of
éfurrently operating uﬁits (630 megawatts), thereby promgting further economies
of scale. In this study the effect of changes in regulation or possible changes
in the productjgity of labor have not been considered.

UNCERTAINTIES AND NEEDS FOR FURTHER RESEARCH

Uncertainties in the present and future environment for the nuclear power

jndustry create obvious uncertainties in any projections of employment. The
projections must be interpreted in view of current conditions and the stated

— assumptions.

Although the estimated prediction models in most cases explained more than
half the variation in staffing patterns, the unexplained variation, tests of
statistical significance, and margins of error must be utilized in arriving at

J

conclusions concerning future emplioyment needs.
The purpose of this study is to project occupational employment needs of
the nuclear power industry. This study does not attempt to devise a "typical”
or “"model" pian for the staffing of nuclear power plants. Variables other than
those included in the model would have to be considered in establishing
"typical® staffing patterns. For example, since\;ﬁérdata were cross-sectional,
the 5G¥dy does not' explain the effect that aging of thé facility may have on
staffih) needs. Data from additional years, along with case studies of power
plants, are needed in order to determine staffing requirements of an individual
facility.
- It is expected that data collecting and reporting will Qe improved in
future surveys conducted by INPO. The 1981 survey and study represent an impor-
tan{ step for the industry. Improved data and data for additional years will
facilitate further insight into employment needs and refinement of ‘projection

models.

*
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Q) ittt A Survey of Occupational Employment
le" Operations in Nuclear PowerActivities, 1981 .
On-Site Personnel Qunt;onndn for .

ON-SITE PERSONNEL are those utility, contractor, or holding company employees used in normai operations
who report to work at the iocation of the nuclear power piant. EXCLUDE statf who are involved in actuai

construction work.

If you have any quesﬁons concerning this questionnaire, contact John Pacilio at INPO, (404) 853-7553.

1. Pesson to be contacted at utility if questions arise concerning this report#

' Name and Title (piease print or type)

Telephone (inciude Area Code) X

2. Site Identification

PLEASE Vﬁﬁlﬁ AND CORRECT, if necessary, the information given in items 2.1,2.2, 2.3, 2.4,and 2.5.

PLEASE COMPLETE iTEMS 2.6,2.7, and 2.8.

———

Unit# Unit# Unit#

2.1 Typeof reactor (BWR, PWR, HTGR)

2.2 Capacity (NetMWE) ~ ’

2.3 If unit(s) are naw operating, cdmmerciai operation
began in (year) .

S

2.4 Ifunit(s) are now under construction, the portion
compietaed is (percent)

2.5 Estimated date of completion (year)

Yes Yes
No No

the operating staff(s) presently on-site? (check) No

2.8 R’umt(s) are now under construcgion. are members Yos
2

2.7 Ifthe answer in 2.6 is yes, is the staffing partial or
complete for beginning operation of these unit(s)? Yes

(check) No

Yes
No

Yes
No

2.8 ‘Number of controi rooms for units now in operation
Number of controi rooms when aii units are in ope'rati'on S | 5




. instrumentation and control technician, chemical teqhnician, and electronic technician.

38

Definitions of Occupation Categories .
A - . .

Managers: Persons concerned with policymaking, plar{ning, organizing, ctaffing, directing, and/or

controlling the activities of an organization, usually through subordinate supervisors.

Engineers: All persons actually engaged in engineering work at a level which requires knowledge of a
field of engineering equivalent at least to that acquired through completion of a 4-year college course,
regardless of whether they hold a coliege degree. Typical job titles are electrical engineer, nuclear
engineer, and mechanical engineer.

Sclentists: All persons actually engaged in scientific work at a level which requires a knowledge of the
mathematical, physical, or life sciences equivalent at least to that acquired through completion of a 4-
year college course, regardiess of whether they hold a college degree. Typical job titles are .
mathematician, computer scientist, chemist, physicist, biologist, and health physicist.

All Other Professional Workers: All persons (other than managers, engineers, and scientists) engaged"
in work such as accounting, purchasing, personnel, and finance which requires knowledge at least
equivalent to that acquired through completion of a 4-year college course. Typical job titles are
accountant, purchasing agent, labor relations representative, and finance officer.

Technicians: All persons actually engaged in technical work at a level which requires knowledge of
engineering, mathematical, physical, or life sciences, comparable to two years of college study at
technical institutes, junior colleges, or other formal post-high school training or through equivalent on-
the-job training or experience. Typical job titles are health physics/radiation protection technician,

Non-Licensed’Reactor Operators: Persons who spend the greatest proportion of their time in the actual
manipulation of the controls of a nuclear reactor who are not NRC licensed operators but work under

the supervision of gither nuciear or senior operators.

Licensed Reactor Operators: Perschs who spend the greatest proportion of their time in the actual
manipulation of the controis of a nuclear reactor who have a NRC operator's license.

S‘gnlor Licensed Reactor Operators: Persons who spend the greatest proportion of theirtlmé inthe
actual manipulation of the controls of a nuclear reactor or directing others in the manipulation of such

contgols who have a NRC senior operator’s license. :

Skilled Craft Workers: All skilled crafts and kindred workers in maintenance, repair, power plant, and
material handling occupations that predominantly require a thorough and comprehensive knowledge
of processes involved in the work, Workers in these occupations usually become qualified by serving
apprenticeships or completing extensive training programs of 2 years or more. Typical job titles are
maintenance electrician, maintenance mechanic, and weider.

¥

Clerical Workers: All persons engaged in office clerical, secretarial, and administrative support work.
Typical job tities are typist, secretary, accounting clerk, and shipping clerk. .

»
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WW“J&VW in Nuclear Power Activities (On-Site)
(As of March 1, 1981). EXCLUDE staft who are Invoived in actual construction work.

Please provide data (see occupation definitions on page 2) by job position.

%

(

K ’ - Nuciesr Site Positions
Status as of March 1, 1981

Utltity

Positiohs Contractor Holding

Positions Company

Current Usedin Positions
Employ- Vacan- | Normal Allocated
ment cies Operations to Utility

Occupetion (ses definitions provided on page 2} (%)) (2) (3)

)

Managers
Totel Engineers
Chemical Engineers
Clvil Engineers

Electrical and Electronics Engineers
Mechenical Engineers

Nuclear and Reactor Engineers

All Other Engineers

Totsl Sclentists

Mathematiclens

Chemists

» Physicists

All Other Physical Scientists
Biological Scientists

Heaith Physicists

All Other Life Scientists

Al Other Professional Workers
Total Techniciens

Draftsmen

Electrical and Electronics Technicians
All Othér Engineering Techniclens
Physical Science Techniclens

Lite Science Technicians

Health Physics Technicians
and Radlation Monitors

Al Other Technictens |

Totsl Operatois =/

Senior Licensed Reactor Operators
Licensed Reactor Operators '
Non-Licensed Resctor Operators
Total $killed Craft Workers
Electricians

Mechenics

Waelders with Nuclear Certlification
All Other Skilled Craft Workers
Clerical Workers )

All Other Workers (service workers, L
security staff, laborers, operatives,
and ail other workers not classified above)

s

“



4. Projecied Statfing Plane for This Site

A. “Ten-Year Projections (Utliity, Contractor, and Holding Company Posltions)

Sincs INPO and the nuclear power industry are interested in future, as well as current, manpower needs, we
would appreciate receiving information on your plans for staffing at this site over the next ten years. We
need your projections for 1991. In addition, we would appreciate receiving the projected on-site statfing
levels in any intermediate years (1982-1990) for which you have information available. We suggest that you
base these projections on plans for new units to go on {ine and onf current regulations and your

organization’s standards.

Occupation
(see definitions provided on page 2)

Nuciear Site Positions

Please Complets for Intermediate Yeers for
which Information is Available

1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989

Managers

Total Engineers

Heaslth Physics Sclentists

AN Other Sclentists

All Other Profeseional Workers

Totsi Techniclans

Electrical and Electronics Technicians

All Other Engineering Technicians

Health Physics Technicians
and Radiation Monitors-

All Other Technician

Totsl Operators

SeniorLicensed Operators

Licensed Operators

Non-Licensed Operators®

Total Skitied Craft Workers -
Electricians

Mechanics 4

‘Welders with Nuclear Certification

All Other Skilled Craft Workers

Clericai Workers

AN Other Workers .

YN
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8. Comments Conceming Statfing Needs and Projections (Optlou';al) ;

Rl Preferred Staffing at this Site (/rrespective of regulations)

Since the industry often finds itself in the position of reacting to regulatory changes, we thought
this would be an appropriate opportunity for your organization to state your views concerning
various staffing issues. I you wish to comment. please state your organization’s preferred staffing
pattern irrespective of regulations (i.e., the staffing numbers you consider optimum).

~

Nuciear-Site Positions

Oocoupation (see delinitions provided on page 2) 1981 1991

Managers
Total Engineers
Heaith Physics Scientists
AN Other Scientists
Al Other Professional Workers .
Total Technicians
- Electrical and Electronics Technicians
All Other Engineering Technicians
> Health Physics Techniclans and Radiation Monitors
’ All-Other Technicians
Totai Operators .
Senior Licensed Operators .
Licensed Operators ,
Non-Licensed Operators
Total Skilled Craft Workets
Electricians
Mechanics
Welders with Nuclear Certification ' .
Ali Other Skilled Cratt Workers ) '
Clerical Workers -
Al Other Workers ‘

~

[\

~ 2. Other Comments Concerning Nuclear-Related Staffing

B

-

GlR SN N oEm S B0 mE o

3

«

o, w,

ERIC k

» Aruitoxt provided by Eic:




) institute of A Survey of Occupational Empioyment
INP@ Nuclear P In Nuclear Power Activities

Off-Site Personnel Questionnaire

i

"t - - -
- - -‘ - - -\ ~
. v N

OFF-SITE PERSONNEL are those utility. contractor, omholding company employees used In normat
operations who report to work at a location other than a nuclear power plaht and who provide supporting and
technical assistance in nuclear power-related activities.

Saparate questionnaires hdve been provided for on-site personnel. If you have any questions concerning this

questionnaire, contact John Pacillo at INPO, (404) 953-7553. .- .
<
(This request for information relates to oH-site nuclear power-related personnel for:) ‘
’ . Name and Address of Utility
) 1. Person-at utility to be contacted if questions arise concarning this report;

Name and Title (please print or type)

Telephone (include Area Code)

ar
-
.
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Definitions of Occupation Categories Y

Manegers: Persons concermned with poﬂéymklng.planning, organizing, statfing, directing, and/cr
controlling the activities of-an organization, usually through subordinate supervisors.

Engineers: All persons actually engaged in engineering work ata level which requires knowledgeofa
tield of engineering equivalent at least to that acquired through completion of a 4-year college course,
regardiess of whether they hold a coliege degree. Typical job tities are electrical engineer, nuclear
sngineer, and mechanical engineer. v

Scientiete: All persons actuaily engaged in scientific work at a level which requires a’knowledge of the
mathematical, physical, or life sciences equivalent at least to that acquired through completion ofad-
year college course, regardiess of whether they hoida college degree. Typical joq‘mm aie
mathematician. computer scientist, chemist, physicist, biologist, and heaith physicist. '

AN Other Professional Workers: All persons (other than managers. engineers, and sclontl)&) engaged
in work such as accounting, purchasing, personnel, and finance which requires knowledge at least
equivalent to that acquired through completion of a 4-year college course. Typical job tities are
accountant, purchasing agent, labor reiations representative, and finance officer.

Techniciane: All psrsons actually engaged intechnical work ata level which requires knowledge of
engineering, mathematical, physical, or life sciences, comparable to two years of college study at
technical institutes, juniorcolieges, or other formal post-high school training or through equivalent on-
the-job training or experience. Typical job tities are heaith physics/radiation protection technician,
instrumentation and control technician, chemical technician, and electronic techniclan.

Skitted Craft Workers: All skilled crafts and kindred workers in maintenance, repair, power plant, and
material handling occupations that predominantly require a thorough and comprehensive knowledge
of processes involved in the work. Workers in these occupations usually become qualified by serving
apprenticeships or completing extensive training programs of 2 years or more. Typical job titles are
maintenance efectrician, maintenance mechanic, and welder. . )

Clerical Workers: All persons engaged in office clerical, secrgtarial, and administrative support work.
Typical job tities are typist, secretary, sccounting clerk, and 8 Ipping clerk. »




- Health Physicists

* Health Physica Technicians
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2. Oceupstional Empleyment And Job Vacancies In Nmrmmuwm
{As of March 1, 1981)

Please provide the number of nuclear powaer-related job pesitions (i.e., jobs which support the design,
operation, and maintenance of nuclear facilities) by occupation category. For any positions which involve |
nuciear-related work only part of the time, include a reasonable estimate for the proportion of these
positions necessary to the conduct of nuclear-related activities during the last 12 months.

Example: ifthere are 10 employees in the Personnal Otfice who spent 40 percent of their time during the last
12 months in the recruitment and hiring of persons to flil nuclear-ralgted.pesitions, count 4 positions in the
appropriate occupation cntogorln (such as Ali Other Professional Workars and Clerica!).

-EXCLUDE staff who are involved in actual construction work.

See Occupation Delinitions Providoé on Page 2. P

OFF-SITE Nuciesar-Related Positions
) R Statue as of March 1, 1981

Contractor | Holding
Utility Positions Positions: | Company
Used in Positions
Current Normal Aliocated
Employment] Vacancies Operations | to Utllity
Occupation (see definitions provided on Page’d n 2) ’ 3 {4)

Menagers
Totai Engineers |
Chemical Engineers
Civil Engineers
Electrical and Electronics Enginesrs -
Mechanical Englineers

Nuclear and Reactor Engineers
All Other Engineers

Tetal Scientists
Mathematicians

Chemists

Physicists

All Other Physical Scientists
Biological Scientists . N

—f

All Other Life Scientists

Al Other Professional Workers

Tetal Technicians

Draftsmen

Electrical and Electronics Techniclans
All Other Engineering Technicians
Physical Sclence Technicians e
Life Science Technicians

and Radiation Monitors
AW Other Techniciana
Totel Skilied Craft Workers 3
Klectricians

Mechanics

Welders with Niclear Certification ¥
All Other Skilled Cratt Workers

Clerical Workers .

Al Other Workers (service workers,
security staff, laborors, operatives, and all other
workers not classified above)

—

-
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3. Distribution Of Oft-Site Ocoupational Empleyment To Nuciear Power-Related A;uvlty Segments

Please distribute the current positions (Including utllity, contractor, and holdrng company) by percent to
the appropriate nuciear-reiated activity segments. See definitions of activity segments listed bOIOW

.
.

Activity Segments (see definitions below) -
. ) Porco'm of All Current Off-Site Nuclear-Related Positions
. - (Utility, Contractor, and Holding Company Positions)
- ' Environ-
Design and | Nuclear mental & Health f
Engineering | Reactor . Ecologica! Physics & .
of Nuclear  {Operation & |Research & | Industrial Miscel-
Oosupations (see definitions Facilities Maintenance | Evaluation Safety laneous
- provided on page2) . (1 (2) (3) (4) (5)
' . Managers
™ Tetal Engineers T N
Tetal Scientists -
' ANl Other Professions! Workers
Total Technicians \ P
‘. Total Skilled Craft Workers' : /7
' -
Column Definitions of Activity Segments
- (N ,«wonlgn and Enginesring of Nuciear Facilities: Design and engineering of all nucigar fncllmos with,
the exception of persons working in facility Gonstruction.  ~ ow

Nucieer Reector Operstion and Maintenance: Operation and maintenance of nuclear power
production, test, and research reactors. includes operation and maintenance of auxillary systems 'or

supply and treatment of power, air, water, etc.

Environmental and Ecologicel Ressarch and Evalustion: Activities to preserve, Improvo. orrestore
natural environmental and ecological balance. Types of activities covorod are thormnl \
effects and effects of irradiation on plant, animals, and marine life. 7

Health Physics and industrial Safety: Establishes, evaluates, and monitors worklng conditions for.
compliance with Industrial safety and radiation expoeure standards.

Miscellaneous: Activities not classified in any of the sbove segments.

”

(2)
3

(4)

(8)

)

-

ERIC . -

JAruitoxt provided by Eic

03




ERIC

Aruitoxt provided by Eic

»

4. Projected Statfing Pians For Off-Site Nuciear }’ovor-ﬂomod Supporting Personnel ~

A. Ten-Yesr Projections (Utility, Contrictor, and Holding Company Positions)

Since INPO and the nuclear power industry are interested in future, as well as current panpower needs, we
would appreciate recsiving Information on your plans for providing otf-site supporting and technicai
personnel in Auclesr power-related activities. We need your projectigns for 1991. in addition, we would

sppréciate any projections for off-site staffing levels in intermédiate years (1

~1990) for which information

1s available. We suggest you base thess projections on plannsd expansions Of nuciear plants, current
regulations, snd your organization's standards.

Occupation {see delinitions
provided on page 2)

, Off-Site Nuclear-Relsted Polltlong

_ Please
Provide
1991

Please Complete for Intermediate Years
for Which intormation is Available

¢

1982

1983

1985 | 1986 | 1987

1988

1989 | 1990

Msnagers

Total Engineers

Heelth Pliysies Sclentists

All Other Scientists

All Other ProfessionskWorkers

Total Techniclans

Tota! Skilled Craft Workers

{over)

*

PN

-t m e = -- - s -

- N - - -
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4, in Statting Plnl For Off-Site Nuciear Power-Related Supporting Personnel (continued)

> o
8. Comments Concerning Statfing Needs And Projections (Optional) .
1. Preferred Statfing for OH-Site Nuclear Power-Reiated Supporting Personnel (irrespective of rogufallom).
Since the industry often finds itsetf in the position of reacting to reguiatory changes, we thought this would

—~be an appropriate opportunity for your organization to state your views concerning various stafling issues. If
you wish to comment, please, state your organization’s preferred statfing pattern irrespective of regulations

{i.0., the statfing numbers you consider optimum).
- [ 4

. Ot-Site
Nuclear-Related Positions .
Oocupation (seg definitions provided on page 2) 1981 1991
Managers N
Totel Engineers -

Hesith Physics Sclentists .
Alt Other Scientists

ANl Other Protessional Workers
Total Technicians
Tetal Skilled Craft Workers o )
2. Other Comments Concerning Otf-Site Nuclear-Reiated Staffing (

’ - v < '
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'an Wepof Survey of Nucilear Power-Related Staff Tumover
(Combined On and Off Site) '
INSTRL{CTIONS Please provide sstimates, where possible, pertaining (o nuclear power related empioyes turnover (com- L _]
bined on and ol( site) for the occupations listed below. See the reversa side for definitions of occupations. i
you have questions concarning this questionnairs, contact John Paciiio at INPO, (404) 953-7553,
Number of Positions Positions (Columne 1& 2) Replacement Posltions {column é) -
Fitled During 1960 Fliled by Created by
(1) (2) 9 (4) (5) (6 @ (®) (9) (10)
Employee Employes ﬁ
Changed Employee Tooka
. to Another | Accepted Non-Nuclear- ,
N\ Nuclear- | Nuclear- Related Job iy
I Estimated Related | Related In Utility Other
: Average . Position Employment | Industry Retire- Reasons
Employment | New Replace- New Promo- | Trans- Within at Another or Left Utility ments/ or
Occupations for 1980 Positiona ments Hires tions fors Utllity .| uthity industry Deaths Unknown
Managers i
Engineera
Health physiciets
Other scisntista
Health physics technicians
' Electrical and slectronics technicians
Other engineering techniclans - f?
Qther technicians ) |, o
Sanior licensed reactor operatora \
Licensed reactor operators N
Non-licensed reacior opsrators
Maintenancs electricians
- Maintenance mechanics !

- Other skilled craft workers

i \T"/k/;‘

. s

PR

ot

----.----.- -.
.
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¢

Dcﬂnldon’s of Occupstion Categories

Persons concermed with policymaking, planning, organizing, statfing, directing, and/or
controlling the activities of an organization. usually through subordinate supervisors.

Engineers: All persons actually engaged in enginesring work at a jevel which requires knowledge of a
fieid of engineering equivalent at least to that acquired through completion of a 4-yesr college course,
regardiess of whether they hold a college degres, Typical job titles are electrical enginesr, nuclear
sngineer, and mechanical engineer.

Scientiets: All persons actuaity engaged in scientific work at alevel which requires a knowiedge of the
mathematical, physical, or life sciences squivalent at least to that acquired through completion of a 4~
year college course, regardiess of whether they hol llege degres. Typical job tities are
mathematiclan, computer scientist, chemist, physicist, biologist, 2nd heaith physicist,

Techniciane: All persons actually engaged in technical work at a level which requires knowledge of
engineering, mathematical. physical, or life sciences, comparable to two years of coliege study at
technical institutes, junior colleges. or other formal post-high school training or through equivalent on-
the-job training or experience. Typical job titles are health physics/radiation protection technician.
instrumentation and control technician, chemical techniclan, and electronic technician.

Senior Licensed Reector Operators: Persons who spend the greatest proportion of their time in the
actual manipulstion of the controis of a nuclear reactor or directing’others in the manipulation of such

controls who have a NRC senior opserator’'s license.

Licensed Reactor Operators: Persons who spend the greatest proportion of their time in the actuai
mariipuiation of the controls of a nuclear reactor who have a NRC operator’s license.

mwaom« Oponton:'Persom who spend the greatest proportion of their time in the actuai
manipulatien of the controls of a nuctear reactor who are not NRC licensed operators but work under
the superyision of ‘ﬂ:th« nucleer or senior operators,

Skited Cratt Workers: All skilled crafts and kindred workers in maintenance, repair, power plant, and

* matsrial handling occupations that predominantly reGuire a thorough and comprshensive knowledge

of processes invoived in the work, Workers in these occupations usuaily become qualified by serving
apprenticeships or completing extensive training programe of 2 years or more. Typical job tities are —
maintenance slectrician, maintenance mechanic, and welder.

08
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APPENDIX B
M TECHNICAL NOTES

MODEL SPECIFICATION_

>

The reported models analyze on-Site emp}oyment for a power plant and off-

site empioyment specific to a utility.

On-Site

.

When a power plant is fully operational the number of employees is expected
to be directly influenced by megawatt capacity and the number of reactor units
at the site. .During stages of construction and partial operation, employment
will progress from zero toward the level required for full operation, The
;xpected relationship of operation and construction status to employment in a

particular year is
Yt = OY¢ + [(TY=0¥;) x (CY¢/100)] . ' (1)

where the unit of observation is the power plant and t = years

Y¢ = employment in year t
0Yt = employment in year t for current operations
TY = total employment when plant is fully operational
CYy = percent of TY employed in year .t for portion of
plant under construction
and 0Yt = TY when CYy = 0. .
0Yt, TY, and CY¢ are determined by
ofy ¢ €0 omu®l 02 ) (2)
oy = £0 TMél TF2 , (3)
CYt = Ag + A1PCTy + A2PCTp + A3PCT3 - OTHER (4)
Cy¢ >0 ) \




the base of-natural logarithms

e =

OMWy = megawatt capacity in operation in year t

"QU¢ = number of reactor units in operation in year t

TMW = total megawatt capacity :

TU = total number of reactor units -

PCTy = percent of megawatt capacity under construction ;// ‘
scheduled for completion within one year ;o

PCTo ="percent of megawatt capacity under construction ., -
scheduled for completion within 2-3 years ;o

PCT3 = percent of megawatt capacity under construction/
scheduled for completion within 4-6 years /s

OTHER = dummy variable (0,1) for other operating sites <

within the same utility.

3

S ——

A1l variables except OTHER are expected to have a positive effect on employ-
ment. The variable OTHER is expected to have a negative effect on employment at’
a particular power plant during construction because of the possibility for
intrautility transfer of employees once the power plant becomes operational. In
equations (2) dnd (3), the effect of the variables is multiplicative, whereas
the percentage variables in equation (4) are additive.

Off-Site

Within a utility the number of off-site personnel in nuclear employment is
influenced by total megawétt capacity. in operation,.total megawatt capacity
under construction, projected completion dates for units under construction, and
whether or not the utility does its own architect-engineering work.1 The
expected relationship of these variables to employment is

OFYy = pg + p{OMHg + poMHCON] + p3MHCON + AE (5)

where the unit of observation is the u;i]ity and t = years:

OFYt = off-site employment in-year t
OMWy = megawatt capacity in operation in year t
MWCON] = megawatt capacity scheduled to begin operation
within 3 years or earlier
MWCONy = megawatt capacity. scheduled to begin operation .
in time periods greater than 3 years
AE = dummy variable (0,1) for utility doing its
own architect-engineering work. '
_/ 3

ﬁ]] variables are expected to have a positive and additive effect upon the
number of off-site personnel employed by a utility.
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EMPIRICALARESULTS ) - .

The models in the preceding section were estimated using the cross-section
data from the 198 survey of the 60 utilities involved in nuclear power opera-

tions and construction.

On-Site

Equation (3) was estimated in a regression analysis of the power plants in
full operation. The results (in double logarithmic form) are

In TY = 3.0860 + 0.4176 1n TMW + 0.4954 In TU - 0.8379 C1 - 0.4491:C2 . (6)

(5.85) (5.01) (2.63) (~4.90) (-1.29)
n=\l49/ ’ ) ’
RC = .77
SEE = .32 (t statistics)

variables C1 and C2 are control variables for fouf power plants that ex-
nibit unjque patterns of stafﬁ compared to other power plants in the )

industry.
The R® va]ue of .77 1nd1cates that 77 percent of the War1at10n in power

plant staffing has been explained by the model. The t stat1st1cs indicate that

the estimated coefficients for variables TMW;TU, and Cl are significant at the .

.01 level.
In this functional form, the estimated coefficients for TMW and TU are

interpreted as emplgyment elasticities. That is, al percént change in megawatt
capacity wifl incrgase employment by approximately .42 percent. For examplie, in
Table 3-1, the predicted employment for a 1000- megawatt-capacity plant with one
unit 'is 392! If the megawatt capacity is increased to 1100 (a 10 percent
increase), employment will increase to 408 (4.2 percent increase). The elasti-
city of employment with pespect: to TU is interpreted in the same manner. '

In the predictions, egtiﬁéfed yalues from equation. (6) were also used for

predicting 0Y. Thus,

Tn OVt = 3.0860 + 0.4176 1n OMWy + 0.4954 Tn OUg . (7)

(R

Equation (4) was estimated in a regression analysis of the power plants in
various stages of construction. The results are
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CYt = 3.4213 + 0.7071 PCTy + 0.4446 PCT, + 0.2613 PCT3 - 3.0925 OTHER .  (8)° . Il
(0.4)  (6.6) (3.7) (2.2) - (-0.4) :
39 - “”“"“l‘
n = - e A e e
RS = .59 ; .

SEE = 21 ~(t 'statistics)
r | 1
Tne_R2~va1ue indicates that the model exp}ains Sgppercent of the variation
in percentage of total staffing requirements of power plants under construction. .
The t statistics for PCT; and PCT, show that the coefficients are significant at
the .01 level. The estimated coefficient for PCTy is significant at the .05 l
level, :
The equation shows that the progression in staffing toward full operations l
is dependent upon the expected completion dates. This relationship is
illustrated in Figure 3-2. Thus, a power plant with 100 percent of its megawatt
capacity expected to come on line within one year would have employed approxi- .
mately 74 percent of its full operating staff (3.4213 + 0.7071 x 100). If the
utility has other operating sites (0OTHER=1), the percentage would be reduced by I
approximately 3 percent.
In this model specification, the later time period (more than 6 years to l
beg1nn1ng,operation) is the omitted variable. Therefore, a power plant with
megawatt capacity expected to go into operation in the later time period would ) l
have employed approximately 3.4 percent (the intercept term) of,its predicted
~ operating staff, ' ' -
Estimated equations (6), (7), and (8) were used to predict values for TY, ll-
OY¢, and CY, given‘tne operation and construction status anticipated for each
pov}er plant in 1986 and 1991. Y, (employment in €ach year) was then predicted l
from equation (1). The sum of predicted employment for the power plants gives l
i
|
|
I

predicted on-site employment for the industry.
Off-Site

Regression analysis of the utilities proQiding usable data on off-site
nuclear employment gave the following estimate for equation (5):2

© OFYt = 63.99 + 0.1025. OMWy + 0.0756 MWCON) + 0.0412 MWCON; + 878,50 AE . (9)
: (1.0) (2.26) ° (1.49) (0.4) (4.6)

=
N
w oo
*
o
[y ]

305 (t ‘statistics) ,
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.\ The RZ value indicates that 52 percent of the variation in off-site ‘

-

employment ‘has been explained. The t .statistics indicate that the estimated
coefficient for the AE variable is sigﬁificant at the .01 level, and the esti-
mated coefficient for OMW, is significant at the .05 level. The estimates Show
that for,each 1000 megawatt§ in operat{on, approximately 103 persons are
employed. For each 1000 megawatts to be ‘completed within 3 years approximately
76 persons are employed, whereas 41 are emp]oyea for each 1000 megawatts to be
comp}eted in later time periods. If the utility does its own architect-
engineering work an additional 879 persons are employed. The intercept term
adds 64 persons for each utility. : (

The activities of off-site personnel can be divided into two broad func-
tional areas: operation and maintenance, and design and engineering.3 Design
and engineering work was found to be an on-going component of off-site
employment for utilities in operations, as well for utilities in construc-
tion. The relationship of the two components tOQZBtal emp loyment was found to
differ, however, among utilitigs in construction only, utilities in operations
only, and all utilities as a gfoup. The functional equation (10) was estimated

for the three groups of utilifies.

OMy = o + BOFYy (10)
where OMy = Dperat1on and ma¥htenance support staff emp]oyed in year t l
OFY¢ = total off-site nuciear employment in year t.
Therefore,
DESIGN; = OFYy - OM
where
DESIGNt = design and engineering staff employed in year t.
Estimated equations for the respective groupi&;s of utilities are
(a) Utilities in constr&ction on1y>
OMy = -10.47 + 0.5897 OFYy : (11)
© (-0.6)  (8.3) .
2 2 ag
SEE = 46. (t statistics)
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(b) Utilities in operations only

~ OMg = -26.32 + 0.76 OFYy
. (2-7) (25-9)

[
~J,

n
-RZ = .98
133_<«J (t statistics)

A1l utilities

OMt = -20.42 + 0.6658 OFYy
("'1-6) (26-6) . "

n =46
R = .94
SEE =71 (t statistics)

" The high RZ value for each equation indicates that 84 to 98 percent of the
variation in operation and maintenance support staff is explained by the
variable OFY;. In each of the three equations the estimated coefficient for
OFY, is significant at the .01 level.

Estimated equatiop.(Q) was used to predict off-site nuciear employment for
each utility, given the operation and construction status anticipated in 1986
and 1991. Equations (11), (12), and (13) were used to predict the distribution
of employment between operation and maintenance and design and engineering. The
sum of predicted employment and the distribution of the employment gives pre-
dicted off-site employment for the industry.

ALTERNATIVE MODEL SPECIFICATIONS

In this analysis the appropriate level of aggregation of the data, selec-
tion of variables, and choice of functional forms were not known a priori. The
data were, therefore, studied through a series of correlation tests and muitiple
regression analyses. As frequently happehs with a set of data, muliticollin-
earity among the reported variables caused statistical problems of estimation
and preventéd'the inclusion of certa?n variables that may influence levels of

employment.
The results of different model specifications were judged on:

1. goodness of fit,
2. tests of statistical significance of variables, and

3. predictive power of model.
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Several'of the specified models passed the first tyo tests but failed the
third because the models produced predicted values that/ were theoretically

unsound.

Levels of Aggregation : - 4 »

Multiple regression analysis was used to study the data at levels of aggre-
gaiion ranging from occupation-specific employment at a plant site to total
nuclear employment within a utility. n on-site employment the estimated coef-
ficients. of the subsets (plants under construction and those in full operation)
differed significantly from those of the regression with the pooled data,\indi-
cating that the data set should be partitioned. The small sample size of the
data set composed of plants in both operation and construction prohibited esti-
mation for this group. ' Y

The regressions for occupation-specific employment at plant sites failed to
produce statisﬁica]ﬂy significant results in all cases. The percentage distri-
bution regorfed by the utilities for 1991 provided an alternative means of

distributing predicted employment by occupation.
Separation of off-site data into functional components of design and engi-

neering and operation and maintenance, and further disaggregation by operation
and construction status, failed to produce the desired levels of statistical
significance and fit of the models to the data. The selected model, therefore,
predicted off-site employment which was distributed to the two functional areas
by a second set of regressions [equations (11), (12); and (13)].

Other Explanatory Variables

Several alternative explanatory variables, in addition to those in the spe-
cified mode]s; were tested in other model specifications. In the on-site

_ employment regressions, the type of reactor, age of plant (specified as average

age of units operating and as;ggg_of oldest operating unit), and the ratio of
off-site nuclear personnel to number of operating units in the utility system
were not statistically significant. In the regressions for off-site employment,
variables for number of plant sites, number of reactor units, and years in

nuclear operations were not statistically significant.
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Other Functional Forms )

The various specified models were tested to find the best fit to the data,
using linear, quadratic, semilogarithmic, and dbuble logarithmic forms. The
quadratilc form, althougn it provided good statistical properties for both on-
site and off-site data, was rejected for use in prediction because of the point
at which the function reaches a maximum. That is, in predictions, the power
plants and utilities in the upper range of megawatt capacity showed the anomaly
of having lower levels of employment tHan those of somewhat smaller size.

NOTES

linformation on architect-engineering work by utilities was taken from "World
List of Power Plants," Nuclear News (February 1981).

20f the 60 utilities, two did not provide off-site employment data and 11 pro-
vided insufficient data for the regression analysis.

3See definitions of functional areas (operation and maintenance, design and
engineering) in the off-site questionnaire (Appendix A). Three additional
functional areas are specified in the questionnaire. Respondents reported
minor activity in ‘'these areas and, therefore, they are not included in tnis

analysis.

a

-

l‘
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APPENDIX C

1991 EMPLOYMENT IN THE NUCLEAR POWER KNDUSTRY




TABLE C-1. GROWTH IN ON-SITE STAFFING REQUIREMENTS
(As Projected by the Utilities)

Predicted .
Employment Employment

N\

Growt

_{1981-1991) .

Source: Su

68

-

13,400

Occupation 1981 1991 - Number Percent
2,100 2,700 600 28.6
Engineers 3,300 3,900 600 18.2 -
Health physicists 200 400 2000 100.0
Other scientists 400 . 500 100  25.0
Other professional workers 1,300 I,QOO 300 - 23.0
Technicians
Engineering . 3,100 4,800 - 1,700 54.8
Health physics 2,100 3,000 900 42.9
Other technicians’ 1,700 1,800 100 5.9
Operators
Shift supervisors 800 1,200 400 50.0
Senior licensed opegators 700 1,800 1,100 157.0
Licensed operators 1,500 2,200 700.  46.7
Non-1icensed operators . 3,100 ° 3,600 500 16.1
Skilled craft workers o
Electricians 1,400 2,500 . 1,100 78.6
Mechanics 2,500 3,500 1,000 40.0
‘Welders with nuclear certification 500 800 300 60.0
Other skilled craft workers 1,300 3,000 1,700 130.8
Clerical workers 2,500 3,80Q 1,300 52.0
AT) other workers 7,500 8,300 800  10.7
35,900 49,400 "37.3

The utilities provided 1991 staffing projections for 74 sites (81 percent)
which are now in operation, under construction, or in the planning stage.
Estimates of 1991 requirements for the remaining sites were projected from
current employment and mean values (1991) for plants of the respective
type, size, and number of units. These projections assume current
regulations. . :

rvey conducted by Institute. of Nuclear Power Operations, March 1981,
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TABLE C-2. GROWTH IN OFF-SITE STAFFING REQUIREMENTS
- {As Proaected by the utilities)

Predicted - Growth
Employment Employment (1981-1991)

Occupation . 1981 - 1991 +  Number Percent

Managers : : 1,600 1,800 200 12.5
Engineers 6,800 7,200 400 5.9
Health physicists 100 300 200

Other scientists 600 800 200

Other professional workers ' 1,500 1,900 400
Technicians 3,200 3,200 0 0
Ski]led’craft workers 1,400 2,300 900 64.3
Clerical workers 2,100 2,500 400 19.0
All other workers ’ 1,200 1,400 ., _ 200 16.7

Total " 18,500 21,400 2,900  15.7

v

{ - l .
Projectiong for 1391 off-site staffing requirements were provided
by 44 utilities (72 percent). Estimates of projections for the
industry were derived by dnflating the reported figures. These
projectiong ageume current regulations. -

Source: Survey conducted by Institute of Nuclear Power 0perat1ons,
March 1981.
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TABLE C-3., ESTIMATES OF ADDITIONAL MANPOWER REQUIREMENTS
~ FOR THE NUCLEAR POWER INDUSTRY, 1982-1991

»

R G B SN R GE D AN SR AN SN M B B BD B S e

Number of Employees

1
Occupation Growth Replacement Total

'Managers © 800 1,300 2,100
Engineers 1,000 4,400 5,400
Scientists . 700 600 1,300
Other professional workers 700 1,800 2,500

Operators 2,700 7,000 9,700

Technicians, . \\\2,700 6,400 9,100

Skp11ed craft workers 5,000 6,100 ~ 11,100
Clerical workers 1,700 3,200 4,900

-A11 other workers 1,000 5,100 6,100

Total _ 16,300 35,900 52,200

2

Source: Survey conducted by Institute of Nuclear Power
Operations, March 1981. - ’
Aot
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