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ABSTRACT
The primary purpose of the study was to develop-a
supply/demand ratio for nuclear degree scientists and engineers from
July 19269 through 1973. The need by private industry and electric
utilities for ccientists and engineers with degrees in disciplines
other than nuclear science or engineering, as well as for
technicians, nuclear reactor operators, and nuclear materials .
‘managers is projected. The hiring practices of industries and
utilities are related to the education received by the scientists and-
engineers required. The extrinsic and intrimsic factirs ured by
companies and utilities active in the atomic energy field in
developing technical manpower forecasts, the educational backgrounds
of currently employed technical personnel, the level of degree work
. of these i..dividuals, and ‘the company and utility activities where
~ the majority of the technical personnel work were identified. The
‘results indicate a projected surplus of nuclear scientists or
. .engineers, especially those with PhD*s. A critical shortage of
" engineering talent is foreseen in ‘the fields of mechanical and
electrical/electronics engineering, as well as at the technician
.level. ({Author/TS). S e ' e -
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APOT THE COVER
The cover represents, 1n.é graphical but perhaps simplistic way, the relation~’
ship of nuclear science and éngineering to the classical science and engineering
disciplines within the technical enviroment of industries active in the atomic
energy field. The five sﬁbjects (i.e., fuel cycle analysis, licensing, radiation |
safety, reactor shielding, and safety analysis), listed under the‘caption "Nuclear
Science and Fngineering," represent the major job responsibilities of nuclear
degreed individuals ﬁorking in the private industry sector of the atomic energy

field.
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PREFACF

This study and its associated research, dat2 collection, and‘aﬁalyses was
conducted by the American Nuclear Sc:iety under a contract for the Division cf
Nuclear Education and Training/U.S. Atomic Energy Commission. The primary purpose
of the study was to quantify the technical manpower requirements of selected

sectors of the atomic energy field through 1973. Not included in the study are

the technical manpower requirements of government-owned—contractor-operated (GOCO)
organizations (cCommission laboratories and defense production fécilities), and
state and federal services. However, summary employment information and an
estimated demand for GOCO organizations have been. included in the total evaluation.

The data included in the study represent only technical personnel who spend
or will spend at least 50% of their working time in atomic energy activities.

Although the study was designed to project wanpower requirements for scientists,

engineers, technicians, nuclear reactor operators, and nuclear materials managers,

it also placed considerable emphasis on the need for nuclear degreed scientists
and engineers b& the sectors of the atomic energy field covered in the =study.
Another important objective of the study was to détermine industry's evaluation
of the education and training received by their teéhnical employees in relation to
the actual "on-the-job" requireméhts of the compauies.‘ In other words, are the
‘uhiversitigs,gi&iﬁg';heirvstudentsvwhat industry would consider askan adequate
and ﬁeaningfﬁl education?
The subjective information was obtained from "in-depth" iﬁtervieﬁs'conducﬁed‘
with sample coﬁpanies repreeenting each‘gegmeﬁt.of;the‘private‘industry sector and

electric utility sector of the atomic energy field.
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FOREWORD

This report of "Scientific and Technical Manpower Requirements of Selected
Segments of the Atomic Energy Field" represents a much needed contribution
to our understanding of the relationship between the expected needs for
nuclear trained manpower in selected segments of the atomic energy field and
the expected supply of people trained in the various aspects of nuclear
science and engineering.

The main conclusion of the survey is that ‘he expected supply of nuclear
scientists and engineers will almost meet 1e expected demand in the near
future., A greater shortage would be apparent if the requirements in the
medical and Federal and stace government segments had been surveyed and
jncluded, If the anticipated rapid expansion of the nuclear power industry
is realized, the manpower shortage will become even more pronounced.

The survey was conducted with two limitations., First, it did not cover

the requirements of medical institutions, Atomic Energy Commission
laboratories and other government owned contractor operated (GOCO)
establishments, and Federal and state government, However, in order to
present a more balanced view of manpower needs, an estimate of employment
in GOCO establishments, based on data from the Bureau of Labor Statistics
of the Department of Labor, has been included in the summary tabulations.
This estimate was based on the assumption that GOCO facilities would not
expand and that only one-half of their normal attritional losses during the
period covered by the survey would be replaced., The second limitation was
that nuclear trained pecple who spent less than 50% of their time in atomic
energy activities werz not counted. Many of these require nuclear training.
On the manpower supply side, however, essentially the whole was surveyed in
that practically all colleges and universities with nuclear curricula were
asked to estimate the number of students to bé graduated in the various
nuclear specialities. Notwithstanding the limitations under which the
survey was conducted, the data developed are a valuable contribution to
understanding the interface between supply of and demand for technically
trained manpower in nuclear areas.

The report was produced for the Atomic Energy Commissich », a special task
force of the American Nuclear Society (ANS) . 1Its conclusions do mot
necessarily reflect the attitude or leiCiéS of the Atomic Energy Commission.
The ANS is to be commended for the thoroughness with which it has handied
its assigned task and for providing a basis from which further studies of
nuclear manpower requirements and. supply may proceed,

o Mt

Glenn T. Seaborg, Chairman
U.S. Atomic Energy Commission

¢
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PURPOSE AMD SCOPE OF THE STImy

The primary purpose of the study was to develop a supply/demand ratio for

nuclear -degreed scientists and eggineers for the period extending from July 1969
NP SN S

through December 31, 1973 G;; study was also designed to obtaid}statistical
information rslating to)the projected need by selected sectors of the atomic energy
field for scientists and engineers with degrees in disciplines other than nuclear
science or engineering, as well as for technicians, nuclear r=actor operators, and
nuclear materials managergi Such statistical data can be used:notbonly as a
quantitative measure of whether or not the educational institut:ions will be able
to meet the technical manpower requirements of these sectors of the atomic energy
field but also by government agencies and other interested organizations to evaluate
thelr existing educational programs in light of the anticipated technical manpower
needs of the electric utilities,'educational.institutions and private ‘ndustry sector
of the atomic energy field. |

The study-was also concerned with qualifying the technical manpower requirements
of private industry and electric utilities by identifying the reasons why these
organizations hire or do not.hire nuclear degreed‘scientists and engineers, and,
their evaluation of the education received by nuclear degreed and non~-nuclear degreed
scientists and engineers ‘in relation to their technical requirements. In addition,
the study was designed o identify not only the nuclear science’ and engineering

courses most. applicable to the technical requirements of - companies and uti1ities

active in the atomic energy field but also other existing or new technical or non-

technical courses that should receive greater emphasis in the training of scientific '

and engineering personnel for employment in the atomic energy field.
<;inally‘*the»study—attempted -to .- identifyjyhe extrinsic and intrinsic factors
used by companies and utilities active in the atomic energy. field in developing
technical manpower forecasts, the educational backgrounds of their currently employed
:technical personnel, the. level of degree of these individua]s, and the company and

utility activities where the majority of their technical personnel Workaug {/

'—v1- o
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FENEPAL FTHDTNGS

Prior to the onset of the ANS study, it was generally assumed that the annual
demand by PRIVATE INDUSTRY, ELECTRIC UTILITIES, amd GOCO facilities, for scientists
and engineers with degrees in nuclear science or engineering (or major options in
some areas of nuclear science), between July 196¢ and December 31, 1973;:wou1d far
outweigh the annual supply of these scientiffc and engimeering types by‘the ‘educa~
tional institutions. However, the results of the study.showed this assumption to
be partially incorrect. This is apparent if one looks at the total annualtpumber
of nuclear,degreed scientists and engineers, at all levels of degree, that.pill be
_available for employment between July 1969 and the end of 1973 as projected in this
study. However, it was previously stated that the initial. assumption was onl ar-
tially incorrect. This is because the results of the study show that although the
overall projected demand for nuclear scientists and engineers, at all 1eVels'of
'degree, is greater than the projected supply of these types, the magnitude of the
demand is less than originally assumed. There is a greater proiected supply of
nuclear engineers with PhD s than projected -demand. This is also true in the case
of nuclear scientists with PhD's. With regard to nuclear scientists and engineers

with MS 8 and BS's, the projected demand for these types is only slightly greater
than the projected supply." B

The qualitative results of the study help to‘explain ‘some of the reasons why
private industry and the electric utilities do not plan to hire 1arge numbers of
PhD's (including nuclea1 scientists and engineers) Generally speaking, private
industry and the electric utilities have or are in the process of undergoing a’
transformation from a research orientation to a product development (industry) and
operational (utilities) orientation Hich do not require as much of the special-

ized technical knowledge as is required by pure and applied research endeavors.‘

.In addition, these organizations have found, through experience, that employees

&1




GEKERAL FNDINGS

with PhD's i/ generally too theoretical and too specialized to adapt to vz new
orientation of private industry and the electric utilities.

Another ‘mportant finding was that these organizations foresee a =ori-.ral
shortage of engineering talent. This shortage will be especially acuite isx. .’he
fields of mechanical and electrical/electronics engineering .

In anticipation of this shortage of engineers, these organizations plwia to
hire a greater number of technician-level personnel to assume some of the smgineer's
responsibilities thus freeing the engineer for more productive, creatiive, and
profitable endeavors. The problem here is that the demand for technician-level
individuals will far exceed the supply.

Generally speaking, the study shecws that only certain types of nuclear scientists
and engineers are needed in substantial quantities by PRIVATE'lNDUSTRY, ELEZZRIC
UTILITlEs;‘and the EDUdATIONAL INSTITUTIONS. - The other major employment‘mazkets
for nuclear scientists and engineers; namely, GOCO organizations"(commission labora-
tories, and defensze production facilities) and state and federal services, were not
included in this study.v Secondly, that.the maior problem'facing these organizations

is the projected shortage of classical engineers (i. e., mechmnical, electrical, etc.).
Thirdly, tbat in addition to an anticipated shortage of engineers, these organizations
‘foresee a critical shortage of technician—level individuals. | h | ‘

Obviously, since the time the data were’ collected in early 1969 both the supply
and demand situations have undergone changes whivh cannot be reflected in this report
However, because GOCO facilities constitute the largest empldyer'of nuclear scien-
tists and engineers, more current demand estimates for this group have beem included

at the request of the AEC in order to reflect as accurate a total evaluation as

possible.vv'“




LIST OF PEXTIMENT TEMS

"MUCLEAR DEGREED”

Refers to those individuals who have received a formal degree in nuclear science
or engineering. It is also used, in the context of this study, to include those
inddviduals who have received a degree in some other science or engineering dis-
cipline but took nuclear science or engineering as a major option. (for example,
a PhD in physics with a major option in nuclear physics.)
"NON-MUCLEAR DEGREED"
Refers to those individuals who have received a formal degree in a science or
engineering discipline other than nuclear science or engineering. It‘does not
include those individuals who received a degree in a science or engineering dis-
cipline other than nuclear science or engineering but took nuclear science or
engineering as a major option.
“SECTOR"
Refers to an organizational classification of the atomic energy:field. In this
study, the SECTORS of the atomic energy field arej private industry, electric
utilities, educational insticutions, commission'laboratories, defense production fa—
cilities, federal services, and other governmentéowned-contract-operated (coco)
organizations,r |
"SEGMENT”
Refers’to‘the functional classifications of the private industry sector‘of'the‘atomic
energy field such asj uranium milling, production of feei materials, production of
special materials for use in reactors, fuel element fabrication and recovery activities,
~ reactor and reactor component ' design and’ manufacturing, design and engineering of
nuclear facilities, pdwer ‘reactor operation and manintenance, radioactive waste dis-
posal, nuclear instrument manufacturing, processing and packaging of radioisotopes,
'particle accelerator manufacturing, private research laboratories, industrial radio-

.graphy, and miscellaneous._‘
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LIST OF PERTINENT TERMS
" CURRENT"

Refers to the year 1969 and, in particular, JULY 1969,

"ENTIRE, TOTAL, ALL, ETC.”

Wherever these words appear in the context of the report, they refer only to those

SECTORS of the atomic energy field covered by the study; namely, private industry,

electric utilities, and educational institutions.

TIME PERIOD OF THE STUTY

The study covers only the period of time extending from JULY 1969 through
DECEMBER 31, 1973.

ASSLFPTIONS USED IN THE STUDY

" The basic assumption used by the survey participants in preparing estimates of their

technical manpower requirements for 1970 and 1973 was that the present general

economic conditions and trends would continue, including government support for

, research and development in nuclear and nuclear~related activities at about the same

fraction of the gross national product as in the past. Secondly, that the availability
of trained scientific and tecnnical manpower, at all levels of education adequate for
their needs would be met. ("The present general economic conditions and trends,"

mentioned above, refer to the time'at which the study was conducted - July 1969.)

WHAT THE STUDY PURPORTS TO BE
The study is but a "broadbruah" attempt to identify the general trends in require~-
ments for technical personnel through l973 by selected organizations active in the.
atomic energy field. The study vas not designed ‘to gather detailed information but

rather an overView qf the technical manpowar picture in selected sectors of the atomic

energy field Because the study is the first comprehensive attempt to projrct tech—

‘ nical manpower requirements of selected sectors of the atomic energy field and,

B




wHar THE STUDY
PURPORTS TO BE

since the data are generalized, the results should be used only as a guideline

or "starting point" from which more detailed studies and analyses can begin.

THE SURVEY’S MAMPAYER. PRJFCTIANS
The data reported in this study represent the technical manpower projections of
organizations active in selected sectors of the atomic energy field. The participa-
ting organizations projected their technical manpower reouirements for 1970 and 1973
based on their current employment statistics and the survey assumptions outlined on
the preceding page. Beyond the limitatious of the assumptions, the respondents
were free to use whatever manpower planning techniques they normally use in pro-
jecting their technical manpower requirements. As with most manpower projections,
confidence in the data decreases the further one projects into the future. Although é
this study requested projections for only &) years, it is felt that the 1973 data
are probably educated "euesses" and are generally optimistic in their outlook. 3
However, it is felt that both the current employment data and the 1970 projections %
are reliable estimates of tachnical manpower requirements for the surveyed organi-

zations under the conditions imposed by the assumptions.

IDENTIFICATION OF THE SFCTORS (F THE ATIMIC
~ FIFRGY FIFLD OWFRFD T THE STUDY
The ONLY sectors of the atomic energy field covered by the study are the Brivate

industry sector, electric utiﬂities sector, and educational inst‘tutions sector.

NOT INCLUDED in the study ace the technical manpower requirements of GOCO organi~

zations (commission 1aboratories and deferse production facilities) and state and

ATTNST TN

federal services.‘ However, estimates of GOCO employment and demands have been

included in the total evaluation, In addition, the data regorted in this study re-

presents only technical personnel who spend or will be reqnired to spend at least

50% of - their working ‘time in. atomic energy activities.




CONCLUSTONS

Interspread throughout the CONCLUSIGNS are the author's opinions and observations
regarding both the quantitative and qualitative data presented in the report. These
cpinions and observations appear in 4tqlics. The reader should not interpret these
opinions ané observations as fact but rather as the opinions and observations the
author concluded from his many discussioas with the respondents. The author's rewsrks
are not intended to influence the conclusions reached by the reader nor to force

the reader to the author's point-of-view. k!

TECHNICAL MANPOWER REQUIREMENTS OF THE |
PRIVATE TNDUSTRY SECTOR OF THE ATOMIC ENERGY FIELD
~STATISTICAL DATA-
(Refer to Tables 1 & 2 -~ Pages 2 &5)
1) ‘The technical manpower requirements of the private industry sector of the atomic
energy field will grow at a rate of more than 43% between July 1969 and December
31, 1973. " |
2) The private industry sector's requirements for technicians'(including nucleari
reactor operators and nuclear materials managers) to £111 new positions will
increase by almost 50%;. scientists by approximately 427' and, engineers by nearly
3972 during the period of time extending from July 1969 through December 31, 1973.

3) Within the technician category, .equirements for draftsmen between July 1969 and

December 1, 19/3 to fill new positions will increase by _,896 followed by physical
acience technicians (758), other engineering technicians (751), and e1ectrica1/
‘electronics techniciams (737).

4) Again, within the technician category, health physics technicians and 1ife science
technicians show the largest percentage increase between July 1969 and December 31,
1973 (79% for health physics technicians and slightly less than 79! for life

sclence technicians).

L2







Table 1

PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL
CATEGORIES AND ANS PROJECTIONS OF TEC HNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973,
(Dota include only personnel who spend at leost 50% of their working time in otomic energy activities. Dota do not include technicol

monpower requirements of the electric power utilities, educational institutions, government-owned-controctor-operated organizations,
notionol laboratories, defense production focilities and federo! services.)

24,306

k- : 27,354 ;

OCCUPATIONAL CATEGORIES e | 1970 prisayed 1973 i
PHYSICAL SCIENTISTS ‘3‘}3%) gj}? +340 ftl,gb? +827
LIFE SCIENTISTS ‘3]9'5) ‘(1]9.48) +101 (7%;’) +208
ENGINEERS f;jgé? ]gfg;;‘;) +1,164 ](33:2'385) +2,540
MATHEMATICIANS el g +50 It +129
DRAFTSMEN (31,3'7? 22’0? 4533 2;‘7%) | 1,363
ELECTRICAL & ELECTRONICS 6.7) (6.5) 162 6.7, 575

TECHNICIANS 1,617 1,779 2,354
OTHER ‘E'Nr:-!N'E_E'R!NG TECHNICIANS \\‘2%"20 (2*,3-'2‘27 117 2%14)] +£34
HEALTH PHYSICS TECHNICIANs & [ (1.9) C@2) 30 @.4) .y

RADIATION MONITORS 461 s | 825

wresmaonons | 89 | & | w | & | w
pvsicacsaience recmacsns | 62 |62 | e | 6 a7
"OTHER TECHNICIANS §52§)4 3542,)5 sy 25"729 +354
NUCLEAR RE.ACTOR>OPER/V\TORS<V | v%“‘” g{;g’ 432 ©.9 434
NUCLEAR MATERIALS MANAGERS | va (9'732‘ 420 - 0.3 437
W | w [ e [ 02| e

it b
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” CONCLUSIONS

5) Of all the scientists categories, the life scientists show the largest percentagée
increase (almost 79%) between July 1969 and December 31, 1973.

6) Of the total number of currently {1969) employed scientists and engineers working
in the private industry sector of the atomic energy field, about 13% have nuclear
science or nuclear engineering degrees.

% 7) Nuclear engineers comprise the largest number (1,196) of the currently (1%69)

: employed nuclear degreed scientists and engineers covered by the survey.

8) Over 78% of the currently (1969) employed nuclear degreed scientists and engineers
covered by the survey have advanced degrees while less than 32% of the other
degreed (non-nuclear) scientists and engineers have advanced degrees.

9) Between July 1969 and December 31, 1973, 808 nuclear scientists and 1,086 nuclear
engiﬁeers will be required by the private industri sector of the atomic energy
field to fiil’new and replacement positions.

10). Of these nearly 1,900 nuclear scientists and éngineérs, fhe percentage that will

“be hired by.eadh industrial - segment of the private industry sector of the atomic

'enérgy;fieldrbétﬁeén_3h1§:1969‘and:DQCeﬁ?grv31;'1973fare:"

V | ‘Pefpgné Distfibﬁtibﬁ of thé"Eéﬁimatéd New and
' Replacement Hires of Scientists and Engineers
. With‘NuclearfScienééfdt:Engineering Degrees by
- Each Industrial Segment within the Private

‘Industry Sector of the Atomic Energy Field for
. the Period Extending from July 1969 through

Induét;ial Segmen;é' ‘ " December 31, 1973 -
Reactor & Reactor Componenf Designlﬁna Héngfé¢tur;hg : L 47,67
Private Research Lahoratories R 25.6%
Design & Engiﬁeering of.Nﬁclear Facilities ‘ ‘ 11.7%
Fuel Element Eabricatidﬂ.& Reéovéry‘ActivitieS' 7.1%
Pfoceséing”and'PackaQing;RadidisOtopeé- o o 3,07
Nucleaf[insﬁfumeﬁf;ﬁaﬁufactﬁriﬁg"IIC L I L 2.6%

. P;odubﬁioﬁfbf'Féed MéﬁéfialS”’ S o ‘ - - 1.5%




CONCLIISIONS

Percent Distribution of the Estimated New and
Replacement Hires of Scientists and Engineers
with Nuclear Science or Engineering Degrees by
Each Industrial Segment within the Private
Industry Sector of the Atomic Energy Field for

the Period Extending from July 1969 through
Industrial Segments December 31, 1973

Particle Accelerator Manufacturing 0.6%

Miscellaneous 0.3%Z

11) Companies active in uranium milling, production of special materials for use in
reactors, radioactive waste disposal and industrial radiography activities of the
private Industry sector of the atomic energy field have not hired nor do they

Plan to hire nuclear scientists and/or engineers through 1973,

~IN-DEPTH INTERVIEWS-

1) Industry generally believes that although nuclear scientists and engineers
are quite capable within their field of specialization they are too theoretically
oriented.
This eriiicism will become more'appareht'invthe.near»fhture as these organizations
have begun to hire more nuclear scientists and engineers for operatiomal rather
._than'resegrchxPgsponsibilities. e
2).

Exclﬁd;ng ;ﬁéf;afgé nu§le#f rea§t§r.énd ﬁéa§t$r,componentfmépgfacturefs, companies
» genérélly Hi;eﬁhéqleéf sciént}Sﬁé*@hd:gngiﬁeers to fill a teéhnqlogical void
currently_éxiétiﬁg:ﬁithiﬁ th§if dfgéﬂiqgtiqn.

By hiﬁing such a séeciaiist;btﬁé companies hot ohly,fill fheir,tecﬁhblégical void
but, by so doing, the companies are able to compete in the atomic energy field.

Typically, the nuclear scientist and/or engineer is hired not only to establish

the company's nuclear capability but also to train the eompany 's (non-nuclear)
technical staff in nuclear technology. S

3) For the companies that hire nuclear degreed individuals, there is an overall de-

-emphasis on the hiring of PhD's with a correspohdingbemphasis on the hiring of MS's.

4) The companies in the industrial segments covered by the survey assume that the
current rate of production of MS's will continue and._therefore,ﬁdqﬁnot foresee

st e o S et s e o
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PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SC*!
SCIENCE AND ENGINEERING AND ANS PROJECTIONS OF RE

(Dota include only personnel who spend ot least 50%
manpower requirements of the electric power vtilities, educotional institutions, government

Table 2

FOR 1970 AND 1973.

national loboratories, defense production facilities and federal services.)

ENTISTS AND ENGINEERS WITH DEGREES IN NUCLEAR
QUIREMENTS FOR THESE TECHNICAL PERSONNEL

of their working time in otomic energy activities. Data do not include technicol
-owned -contractor -operated organizations,

OCCUPATIONAL CATEGORIES Eﬁgfgfagm 1970 'g‘gggé\:gé 1973 'g‘gg:é\:gé
SCIENTISTS (Life & Physical) “o.2) ) 153 glf?bls) +273
| o | e | B |

TOTALS 10,0 oo 369 (213350) +639

runex: rovided by £nvc RN
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CONCIUSIONS
any difficulty in filling their need for nvclear scientists sid engineers in
the near future.

5) 1In the éducational training of nuclear engineers, the companies would like the
educational institutions to placermere enphasis on reactor fuel technology,
reactor materials, reactor design and analysis, fuel~cycle management, fuel-

% cycle analysis, control theory, systems engineering, anq radiochemistry.

i 6) The overwhelming opinion of the interviewed comdgnies was that the BS degree
in nuclear engineering typically results in an individual with "tunnel vision"
who, because of his gpecialization too early in his career, becomes inflexible
and “"pigeonholed" in the company.

! The companies normally hire BS nuclear enginzers for what they can do for the

company today. And, unless this individuai wems managerial potential or broadens

his background in some other engineering disw=ipline, his advancement within the
organization is hindered. o _ , .

?) There are many companies which do mwot really know what = muclear engineer does.
\ Furthermore, there are many companies which txilieve they can adeduately compete
! in the nuclear field with thelr existing staf€.
This belief is shorteighted when one considers the increasing demand for more
sophigticated products, materials, and services in the atomie energy field. More
thc.m ever before, the demand for these products, materials, and services will re-
quire the very specialized knowledge offered by nuclear scientists and -engineers.
8) The‘interviewed'companies are relativéiy confident about the future supply of
secientists in general. However, the vast majority of the interviewed companies
are quite pessimistic concerning the future supply of engineers (i.e., mechanical,
" electrical, etc.).

9) The companies would encourage the universities to keep "up-to-date" on the

latest technologies by incorporatihg immediate coverage of these new develop-

ments in their classical scientific and engineering curriculums,
10) Probably the most urgent problem confronting pfiva;e-industry is the shortage

_f : ‘ of qualified technicians. With the anticlpated shortagé of engineers, the
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companies want to hire more technicians so as to relieve their engineers for

more productive and profitable endeavors.

TECHNICAL MANPOWER REQUIREMENTS OF THE FLFCTRIC

ITILITIES SECTOR OF THE ATOMIC ENERGY FIELD
~STATISTICAL DATA-

'Refer to Tables 17, 18, & 19 —— Pages 8, 9, & 10)

1) The technical manpower requirements of the electric otilities will grow at an
overall rate of 181% between July 1969 and‘Decemb@r 31, 1973.

2) The average number of personmel per ruclear genetatingwplant is about 78 (based

.om the 1973 manpower estimates for 96 nuclear power plants in operation by 1977).

Of these 78 employees per plant, 51 will work at the plant site while the re-

maining 27 employees will be part of the utilitiesi central office staff.

3) Of the 78 employees per plant, 87% working at the pianEHSite.will have no

degrees while'762 working at the central office Will have formal degrees
(based on the 1973 employment estimates).» | ‘ V

4) Between July 1969 and December 31, 1973, rsonnel working at the plant site

will increase by 288% (3, 629); The central office staff will increase by 85%

1, 176) during the same time period. e 1
; !
5) As a utility system builds additional nuclear power plants, personnel working 3

ar the plant site increase while the central office,etaff remains relatively
_comstant. : _ ,
: Bﬁ December 31, 1973, there will be 1 senior reactorroperator (supervisory‘A
position) for every 2.3 reactor operators (operating position) , é
The electric utilities are planning to hire 938 technician-level personnel

i?between July 1969 amd ‘December 31, 1973. They are also planning to hive 2,582

v “other" people who, although not considered as professional ‘technicians, will

- '{‘:i“,'*:;< '7
"—'ifff’i?sl- 27
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CONCLUSIONS

receiwe "are" nuclear training prior to their plaat assignment. (These
“other™ wpui w222 do not include clerks, secretaries, guards, etc.)

8) There wiil. e a significant increase, percentagewise, in the number of
scientists the utilities plan to hire between July 1969 and December 31, 1973.

9) Between -fuly 1969 and December 31, 1973, the electric utilities are planning
to hire = tioxtal of 413 nuclear scientists and engineers to fill new and re-
placement: rrositions. Of these 412 individuals, 52 will be nuclear scientists
and 361 w2 ibe nuclear engineers. By Necember 31, 1973, nearly 547 of these

nuclear s:~emtists and engineers will have only BS degrees.

~IN-DEPTH INTERVIEWS-

4

1) The electric utilities that do not now have 2 nuclear power plant are taking

a "wait and see" attitude regarding the performance, economics, and social

consideratEons of nuclear power plants now being built or in operation.

2) In foracasting their long-range technical manpower requirements, the electric

‘utilities place considerable emphasis ou what the "state of the art" of the
utility inffrgtry will be in the future.

When hiring a nan to meet their short-range manpower tequirements, the utilities
look fmt’the individual who has had the necessary eXperience to £fi1l the utility's

technicai“need_today.> However when the utilities hire an individual to £fill a

long~range manpower need, they tend to hire the man for his potential usefulness.

The electric utilities have had and will continue to have difficulty in hiring

enough engineers to meet their requirements. In particular, there will be a

shortage cf mechanical engineers and engineers ekperienced in quality control

englneering. »

The electzic utilities believe it is unfortunate that there are. only a few courses
"(gfaduatEQ:in the elaééical”engineering curriculums Specificaliy designed for the
~ power inﬁm&mry. o |




CONCLUSIONS

6)

N

8)

9)

10)

11)

12)

Although the interviewed electric utilities indicated they would like their
-degreed (non-nuclear) scientists and engineers to have some background in
nunlear technology, they prefer to have these employees take short or semester
auclear courses only after they have worked at the utility for a period of time.
Nearly 60%Z of the interviewed electric utilities have been quite successful in
£111ing their needs for nuclear scientlsts and englneers.
The electric utilities have increased their requirements for nuclear degreed
individuals during the past five years primaxily because of:
a, the construction of nuclesr power plants,
b. increased nuclear power plant comstruction and
operation requirements of Federal regulatory
agencles, and
c. an increased awareness of the technical
benefits thé nuclear engineers bring to
the utility.
The electric utilities favor hiring nuclear engineers from schools that have
ﬁraining reactors,
In general, the electric utilities would like nuclear engineers to have more
coursework in quﬁlity control énd quality assurance, Furthermore, at the BS
level, the nuclear engineer seems to be weak in fluids; heat transfer and

strength of materials technologies.

There are etill quite a few utilities that are umilling to pay competitive
salaries for qualified profeseional employees.

With regard to the hiring of techniciannlevel personnei, one of the major
probléms facing the utilities is the wage and hburly union agreements which

have limited the utilities® abilitynto_bring in experienced and skilled

personnel at company levels higher than what a typical union employee would

be Brought'in at.’
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CONCLUSIONS

13) The electric utility industry must create a better image oj itself if it expects

to attract quality people. The utility imdustry will have to compete for top
eollege talent, which it desparately needs, by offering exciting and challenging
work and an oppartunzty to contribute to the social and community problems cur-
rently plaguing the electric utilities.

TECHNICAL MANPOWER REQUIREMENTS oF THE FIN'CATINMAL

IMSTITUTION SECTOR OF THE ATOMIC ENERGY FiELD
—=STATISTICAL DATA-

(Refer to Tables 25, 26, 27 & 28 -~ Pages 14, 15, 16, & 17)

1)

2)

3)

4)

5)

The rate of growth of technical manpower requirements at the educational
institutions between July 1969 and December 31, 1973 is 34.47.

The universities are planning to place more emphasis on hoth the teaching of
and the research and development in nuclear engineering, health physics,
radiation applications, and radiacion biology.

Based on the assumption that all new and replacement positions (nuclear

science and engineering faculty, research and development personnel and
nuclear facilities perscnnel) at the universities will be filled with only
nuclear degreed scientists and engineers, there will be a total demand of
1,392 nuclear scicntists and 408 nuclear engineers between July 1969 and
December 31, 1973. |

Almost 95% of the nuciear gcience and engineering faculty will have ?hD's

by December 31, 1973.

Between July 1969 and December 31, 1973, che universities will need an
additional 625 scientists, 205.eng1neers. and 138 technicians to fill mew
positions. (Nuclear science and engineering faculty, research and development
nerscnnei and nuclear facilities personnel.) |
Requirements for Lhe educational 1nst1tutions nuclear facilities staff will show

-the 1argest percentage 1ncrease between July 1969 and Deﬂember 31, 1973 (36%)

’ ‘followed closely by faculty (35%), and research and development personnel (332).

33 '-13-
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CONCLIUJSIONS
CURRENT AND ANS PROJECT OUTFUT, BY TH: EDUCATIONAL INSTITUTIONS, OF SCIENTISTS AND
ENGINEERS WITH DEGREES IN NUCLEAR SCIENCE AND ENGINEERING

1) Betweea July 1969 and December 31, 1973, student enrollments in coursework
leading to degrees in nuclear science and engineering will increase by almost 53%.

2) Percentagewise, student enrollments in rz:iation biology, thermonuclear physies,
nuclear and radiation chemistry, reactor engineering, and other nuclear engineer-
ing disciplines show the largest increases of the 9 nuclear science and engineer—
ing disciplines listed in the survey questionnaire.

3) Between June 1969 and December 31, 1973, student enrollments in coursework
leading tc a BS degree in nuclear science or engineering show the greatest
percentage increase (57%). Numerically, however, the largest increase is

for students enrolled in PhD programs,

ANS ESTIMATES OF THE ANNUAL SUPPLY OF GRADUATING NUCLEAR SCIENTTSTS AND ENGINEERS WHO
WILL BE AVAILABLE TO WORK IMN THE ATOMIC ENERGY FIELD

1) sSlightly more than 15% of the students annuall& enrolled in nuclear  .agineering
degree programs will graduate and be available from employment in the atomic
energy field.

2) More than 19% of the students annually‘enroliedjin nuclear science degree
programs, or pu:éuing.mhjor options in nuciear écience, willlgraduate and be
available for emplqyment in the atomic energy field.

3) During the period extending from July 1962 through December 31, 1973, 5,367
nuclear science and engineering graduates will be avallable for employment in
the atomic energy field. Of these' 5,367 graduates, 2,080 will be nuclear
engineers and‘3,287 will;be nuclear scientists.

4) The average annual numwber of gréduat‘ng nuélear science and engineering students

who will be available for employﬁent in the atomic energy field is 1,073

N
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CONCLUSIONS

(based on 5 academic years). Of these 1,073 nuclear ecience-and engineering
graduates each year, 416 will have nuclear engineeringedegrees and the
remaining 657 will have nuclear science degrees or ﬁajoflnptions in nuclear
science.

5) Of the yearly 1,073 graduating nuclear science and enéineering students who
will be available for employment in the atomic energ&;fieid, 573 will have

PhD's, 295 will have MS's, and 205 will have BS's. -

C#APARISON OF THE EDUCATIONAL INSTI'I'UTIONS' SUPPLY OF NJCLEN? DEGREED SCIENTISTS AND
ENGINEERS AND THE DEMAND FOR THESE TYPES BY THE PRIVATE_iNDﬁéTR%rELECTRIC UTILITIES,
» AND THE EDUCATIONAL INSTITUTIONS SECTORS OF THE;AﬁﬁﬁﬁC'ENERGY FIELD
(Refer to Tables 2§ & 30 —- Pages 20 & 21) S
1) The growth in requirements by the private indusrry;3eiee;rie utilities, and
educational institutions sectors of the atomic energ&»fieid for nuclear scientists
and engineers bhetween July 1969 and December 31, 1973 is about 53%. During this
same time period, the growth in requirements for nuclear scientists is 46%
while the growth in requirements for nuclear engineers 13 627.
2) There are more nuclear scientists and engineers graduating ‘than there arsa
available jobs for these types at electric utilities, educational institutions,
‘and companies active in the private industry sector of the atomic energy field.
This difference is even more pronounced for nuclear'scientists with PhbD's.
3) The requirements of the private industry, electric ptili;ies, and educational
institutions sectors of the ztomic energy field forfnucleer engineers with MS's
are greater than the estimated supply of these types by the educational

institutions from July 1969 through December 31, 1973.>¢“
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CONCLUSIONS

4)

5)

Under normal circumstanées, the commission laboratories, defense production fa-~
eiiities, federal services, and other government-owned-contructor-operated
organizations have been.the primary source of employment for nuclear scientists

and engineers. However; because of the large govermment cutbacks in both research

and operational appropriations, these employment markets, at least in the near
future, will no longer constitute the major employment market for nuclear
seientists and engineers. let alone scientists and engineers in general.

Furthermore, because .of these government cutbacks, the commission laboratories
have or are in the proceses of laying-off some of their technical employees thus
placing a large number of experienced individuals in the employment market. It
it these experienced.individuals who will temporarily affect the employment

opportunities of nuclear science and engineering graduates in the atomic energy
field. .

DEMAND FOR' SCIENTISTS, ENGINEERS, AND TECHNICIANS
IN SELECTED SECTORS OF THE ATOMIC ENERGY FIELD

(Refer to Table 36 -~ Page'zh)

1)

2)

3)

4)

Between July 1969 and Dééember 31, 1973, the private industry, electric
utilities and educétibn;i.institutions sectors of the atomic energy field

will require additionél,feéhnical manpower at a growth rate of about 497%.

For the three sectors.ofithe atomic energy field included in the survey, require-
ments for techniciang_tg'flli new'positions will be greater than requirements

for scientists or éﬁgiﬁéﬁf#?

The three sectors pff;ﬁéiﬁﬁémié.energy field included in theksuryey are
generally de—emphas%éinéj%he employment of PhD's while corfespondingly in-
creasing the numbertbfibs¥$ they flan to hire. This situation is true whether

or not the individﬁai.ﬁ;sfhis degree in nuclear science or engineering.

The total technical manp;mer requirements of the atomic energy field including

those sectors of the'figid not covéred in the ANS survey but for which
approximate employméﬁt pquectioné were made by the ANS for the period extending
.from July 1969 throuéﬂlsec;mber 31, 1973 are 26,078. These technizzl manpower
estimates are for neQ é6éitidns only, Of the estimated 26,078 individuals,

11,861 will be technictanlevel individuals.

i
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CONCLUSIONS
5) To £1ill rot ornly new positions but also replacement positions, the atomic
energy field will need about 67,369 scientists, engineers, and technicians

between July 1969 and December 31, 1973,
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TECHNICAL MANPOWER REQUIREMENTS OF SELECTED
PRIVATE INDUSTRIES ACTIVE IN THE ATOMIC ENERGY FIELD

RELATING THE RESULTS OF THE ANS SURVEY TG THE HISTORICAL DATA
PROVIDED BY THE BUREAU OF LABOR STATISTICS' "ANNUAL SURVEY OF

SCIENTIFIC AND TECHNICAL EMPLOYMENT IN THE ATOMIC ENERGY FIELD"

Since the BLS "Annual Survey of Employment in the Atomic Energy Field" provides
the largest set of historical data available on employment in the atomic energy
field, at attempt was made to relate the results of the ANS survey to that data.
Within each economic or functional segment (as defined by the Bureau of Labor Statis-
tics - BLS), an attempt was made to select representative large, medium, and small-
sized companies with a total number of technical employees of at least 50%Z of the
potal aumber of technical employees reported by all privately owned companies in
the 1967 BLS survey. A total of 68 orgahizations'were interviewed (70 companies
were contacted). Nine of these 68 organizations are electric power utilities that
have or are planning to have a nuclear power plant in operation by 1976. The results
of these 9 interviews are presented in the section of this report entitled "Technical
Manpower Requirements of the Electric Power Utilities." Of the remaining 59 companies;
5 orgahizations‘were interviewed which were not in the 1967 BLS survey. These 5
companies were chosen because of their future growth potential in the atomic energy
field as evaluated by the staff of the American Nuclear Society. Therefore, the
data to be reported in this section were based =n a sample of 54 companies active
in the private sector of the atomic energy field.

Data presented in this section of the report represent the results of the
extrapolations, on a segment-by-segment basis, of the data provided by the sample
companies to the total universe (the total number of companies reporting to the
annual BLS survey). The extrapolations were based on a weighed average of the

percentage of the total number of scientists, engineers, and technicians reported

45 —25—if§}..1




RELATING THE RESUL:S OF THE
ANS SURVEY TO BLS STATISTICS

by the sample companies to the BLS to the total number of scientists, engineers
and technicians reporfed to the BLS by all companies responding to the 19¢: .967,
and 1968 BLS surveys.

Neither the data collection activities nor statistical extrapolations were
made for the BLS segment eutitled '"Power Reactor Operations and Maintenance."
This segment was covered as a separate ANS study because: the current and projected
manpower requirements for all electric power utilities that have or are planning
to have a nuclear power plant in operation by 1977 was obtained from the more
recently completed Rossin-Voigt study.

The ANS did, however, conduct a total of 9 in-depth interviews with a select
sample of electric power utilities. For these 9 interviews, only the qualitative
questions of the in-depth interview were asked and the summation of these inter-
views is presented in the section of this report entitled "Technical Manpower Re-
quirements of the Electric Power Utilities.”

When the ANS attempted to tie its data into the historical BI.S data, the
resulting ANS 1969 data were, in total, only 1.1% greater than the 1969 data re-
cently released by the BLS. Significant variations, however’, appearad in certain
categories as can be seen from the following comparisomn: |

1969 TECHNICAL MANPOWER IN SELECTED SEGMENTS
OF THE ATOMIC ENERGY FIELD ~ PRIVATE SECTOR ONLY

: ANS Extraﬁbla:ed, o ANs/BLs" )
Category Data BLS Data Difference - % Difference’
Scientists © 3,953 o 2,475 " 41,478 (ANS) B 3‘7.'47.; ,
Engineers 9,831 11,293 41,462 (BLS)“ 12.9%
Technicians 10,522 : 10,278 4+ 244 (ANS) _2.3%
TOTALS 24,306 24,046 + 260 (ANS) 1.1%
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RELATING THE RESULTS OF THE
ANS SURVEY TO BLS STATISTICS

The magnitude of the differences between the two reports varies between segments
(i.e., Uranium Milling) and, within each segment, between the number of scientists,
engineers, and technicians. However, it is interesting to note how close the two
surveys are in their overall totals.

The differences between the 1969 ANS projected data and the 1969 BLS actual
reported data can perhaps best be explained by the fact that the individuals in-
terviewed by the ANS were probably not the ones who would ordinarily have completed
the BLS questionnaire and therefore there was some difference in interpretation of
definitions and segments used in the surveys. These differences in numbers are not
considered significant insofar as the accuracy of the ANS survey is concerned.

What the reader should direct his attention to is the identification of the general

trends in future techni-r 11 manpcwer requirements of the atomic energy field.

PRESENTATION OF STATISTICAL DATA FOR ’RIVATE INDUSTRY'S
MANPOWER REQUIRZMENTS (EXCLUDING ELECTRIC UTILITIES)

Tka data, extrapolated from the samﬁle companies to the entire universe
(private sector) for 1969, 197G, and 1973, are presented in Tszble 1. (The man-
power data represents only those empl@yées who spend at least 50% of their working
ﬁime in atomic énergy activities.) Suﬁtotal data are presented for each of 13
occupational categories; The overall ANSfprojected growth of manpower in the’

private sector of the atomic energy field between July 1969 and December 31, 1973
is 43.6%. 'A | | |
vPefcehtage increases projected by ANS between July 1969 and December 31, 1973

for each of the listed occupational categoriés’aie:

47




STATISTICAL MANPOWER REQUIREMENTS

DATS FOR PRIVATE INDUSTRY

Occupational Categories

Nuclear Materials Managers 101.8% 57
Health Physics Technicians 79.0% 364
& Radiation Monitors
Life Scientists 78.67% 309
Life Science Technicians 78.6% 114
Draftsmen 61.77% 1,896
Physical Lecience Technicians 47,97 758
Electrical/Electronics 45.67% 737
Technicians
Mathematicians 42.47 179
Other Techniclars 40,07 505
Engineers 37.7% 3,704
Physical Scientists 37.2% 1,167
Other Engineering Technicians 35.9% 751
Nuclear Reactor Operators 28.27% 66
TOTALé‘ 43.6% 10,607

% Increase Between July 1969
and December 31, 1973 (1)

Numerical Increase
Between July 1969
and December 31, 1973

(1) Percentage increases throughout the report are based on a 4)% year time period
(July 1969 - Decembet_31, 1973), |
| Although engineers and physical scientis;é,rank firs; and‘third with the
B numerically 15tgést_incfeases, they_rank‘on1y tenth:and eleventh in terms qf.
percentage 1nctea§e betwéen.1969‘and 1973. It is interesting to note that:3 of
the top 4 occuﬁationalbcétegories, ranked by percent increase, are relapad to é;e
 1life sciemces. The significapce of this finding is probably related to the in-
creased awareness, oﬁ the part éf private industry, of radiation safety, thermoc-—
pollution and other environmental considerations.

&3
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(Data include only personnel wha spend ot least 50% of their working time
manpawer requirements of the electric power utilities, educational institutions, g

Tabla 1
PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL
CATEGORIES AND ANS PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

notional laberatories, defense production focilities end federal services.)

in atemic energy activities. Data do not include technical

overnment-owned-contractor-operated organizations,

OCCUPATIONAL CATEGORIES Eﬁé’fgfagm] 1970 'ggg:@igé 1973 'g‘g;fgigé
PHYSICAL SCIENTISTS g};;) gjfg +340 23635) +827
LIFE SCIENTISTS g()‘;’) 2‘9‘5) +101 (7%2?) +208
ENGINEERS f)‘fgg‘]) , é‘fgé’ +1,164 ] (3312'3%) +2,540
MATHEMA TICIANS 2‘2; ) 07 ) +50 (610']7 ) 129

! DRAFTSMEN 93774) ;Z'o? +533 213723 +1,363
ELECTRICAL & ELECTRONICS 6.7) (6.5) +162 (67) 575
TECHNICIANS 1,617 1,779 2,354
OTHER ENGINEERING TECHNICIANS } (28,669)0 (2‘?"2(27 117 (2?%;}4)1 +624
HEALTH PHYSICS TECHNICIANS & (1.9) 2.2) (2.7
RADIATION MONITORS 461 91 +130 825 234
LIFE SCIENCE TECHNICIANS %56) 'g%g) +47 (205'3) +67
PHYSICAL SCIENCE TECHNICIANS (]‘:’52] (]61'7‘22_ +201 (2‘:"329 +557
 OTHER TECHNICIANS gs'.226)4 2542;)5 +151 (1?516)9 +354
NUCLEAR REACTOR OPERATORS () ggg) 32 g%g) +34
NUCLEAR MATERIALS MANAGERS (5%2) (0'736) +20 ﬁg‘) 437
TOTALS (21.326%) (2‘7‘?25‘2’ +3,048 ;(314(32.103) +7,559
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Chart 1
EMPLOYMENT OF SCIENTISTS, ENG!NEERS AND TECHNICIANS BY PRIVATE INDUSTRY FOR EACH YEAR EXTENDING FROM
1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE TECHNICAL
MANPOWER REQUIREMENTS OF PRIVATE INDUSTRY FOR 1969, 1970 AND 1973.

40,000 - -
(Doto include enly personnel who spend ot least 509 of their working time in atomic
energy activities, ‘Data do not include technical manpower requirements of the electric
power utilities, educational icstitutions, government-owned-contractor-operated
organizotions, natianal leboratories, defense production facilities and federal ser-
vices.)
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STATISTICAL MANPOWER REQUIREMENTS
DATS FOR PRIVATE INDUSTRY

The percent increases projected by ANS between July 1969 and December 31, 1973
for occupational categories consolidated into 3 broad categories of scientists,
engineers, and technicians are:

Numerical Increase

% Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973

Technicians (includes 49,9% 5,248
draftsmen, nuclear reactor
operators and nuclear materi-
als managers)

Scientists {includes mathema- 41.9% 1,655
ticians
Engineers 37.7% 3,704

Chart 1 represents the actual historical BLS technical manpower data
(1963-1968) for selected segments of the atomic energy field (electric utilities
excluded) and ANS projections of technical manpower requirements through 1973.
Although each of the 3 categories shows an increase between 1969 and 1973, require-
ments fgr technicians will be greater than for engineers. This has not bezn
historically true and the change may reflect the traneiticn of the atomic energy
fieid from an orientation of reseafch and development to product development.

If such a transition is taking place, one would not expect to See such a large
increase in scientists. However, with the increased concern over environmental
its technical capability with a vi=w <o solving these problems.

Table 2 shows the number of currently (1969) employedlscicntists and engi-
neers who have degrees in ruclear scilence and engineering and the :eqﬁiréments
of private industry for these types in 1070 and 1973 as determined by the ANS
survey. Private industry's requirements for sclentists with uuclearkdegrees will
increase by 62.5% between July 1969 and December 31, 1973. Aﬁproximately 95
nuclear scientists will bc needed each yéar to £fi?1 new positions. Requirements

for nuclear engineers will increase by 57.5% during the same period. About 129
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STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

nuclear engineers will be needed to £ill new positions each year.

The breakdown of all currently (1969) employed scientists and engineers
by educational background, is presented in Chart 2. Percentages of currently
employed scientists and engineers with a particular educational background to

the total number of currently employed scientists and engineers are as follows:

Number of Currently

% of Currently Employed Employed Scientists
Educational Background Sc’entists or Engineers or Engineers
Mechanical Engineering 28.27% 3,775
Electrical/Electronics 13.2% 1,772
Engineering
Physics 9.2% 1,223
Nuclear Engineering 9.0% 1,196
Chemical Engineering 8.8% 1,170
Chemistry 7.9% 1,054
“ther Engineering Disciplines 6.0% 800
Metallurgical Engineering 4.5% 598
Civil Engineéripg ' 3.5% 466
Metallurgy ' 2.5% ' 338
Nuclear Physics ' ’ 2.0% ‘ 267
Other Sciences ' | k 2.0% 265
Biology ' 0.9% ' | 120
NYuclear and Radiation Chemistry 0.7% : - 93
Geology & ééophysics' . ' vO.SZI 86
Health Physics ' 0.6% 84
Other Nuclear Degrees 0.2% ‘ 32
High Energy Phsycis 0.27% 23
TOTALS 100.0% 13,362
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STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

Scientists and engineers with nuclear science and engineering degrees comprise
12.7% (1,195) of the total number of currzatly employed scientist. and engineers.
(The cover of this report presents a graphic representation of the distribution
of the currently employ«~d scientists and engineers working in t%e private sestor
of the atomic energy field by educational backgrounds.)

Cha. = 3 shows the breakdown cf the currently empioyed scientis:: znd engi-
neers by level of degree, for both degreed (non-nuclear) and nuclear degreed
personnel. Of the currently employed nuclear degreed scientists and engineers,
21.9% have BS's; 53.4% have MS's: and, 24.7% have PhD's. Of the other degreed
(non-nuclear) personnel currently employed by private industry, 68.1% have ES's:
23.4% have MS's; and, 8.5% have PhD's. For nuclear degreed scientists and eungi-
neers, the companies seem to prefer MS~level graduazes while for the other degreed
(non-nuclear) scientists and engineers the preference apparently is for BS-level

graduates.

There is a difference of 147 people between the total number of degreed
personnel (13,215) and the total number of scientists and engineers listed by
educational backgrounds (13,362). This disparity is due to the fact that these
147 4individuals do not have college degrees but, based on their training and
experience, are considered to be equivalent to degreed personnel. Therefore, of .
the total staff of scientists and engineers currently employed by private induntry,
1.1% do not have academic degrees but through training and experience are assigned
job responsibilities equivalent to degreed individﬁals.

The annual requirements by private industry for nuclea; degreed scientista

and engineers betwecen July 1969 and December 31, 1973 to fill new positions are:
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Table 2
PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS AND ENGINEERS WITH DEGREES IN NUCLEAR
SCIENCE AND ENGINEERING AHD ANS PROJECTIONS QF REQUIREMENTS FOR THESE TECHNICAL PERSONNEL
FOR 1970 AND 1973.

(Data include only personnel who spend at least S0% of their working time in atomic energy activities. Dota do not include technical
manpower requirements of the electric power utilities, educational institutions, government-owned -contractor-operated organizaiions,
nationol laborazorjes, defense production facilities and federal services,)

OCCUPATIONAL CATEGORIES Eﬁgfgfrfgm 1970 'gggggjgg 1973 'g'é:gffg:gé
_;;ENTIS'E‘S (Life & Physical) (‘6‘3'22) (3355) y +153 g??bls) +273
a0 | sy | e | ey |
TOTALS gjgg.SO) 282‘.10) -369 (2"‘738-30) +639
pu—




— Number of Scientists and Engineers —

Chart 2

4,000 _
BREAKDOWN OF SCIENTISTS AND ENGINEERS, BY EDUCATIONAL BACKGROUND, CURRENTLY (1969) EMPLOYED BY PRIVATE-INOUSTRY.

{Data include anly scientists and engincers who spend at least 50% of their working
time in atomic energy ochvities. Doto do noy include scientists ond engincers
currently {1969) employed at the electric power utilities, educational institutions,
gavernment-owned-contractar-operoted orgoni  “ions, notiono! (cbaratories,

defense producyion focilities and federol services.)
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STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists Engineers
196¢ (6 mo.) 51 72
1970 102 144
1971 91 122
1972 91 122
1973 91 122

To arriws at the total technical manpower requirements of private industry

for nuclear degreed personnel, allcwance - for attrition must be included in

addition to requirements to f£ill new positions. (Allowances for attrition to be

used throughout this report are: 8.4% for scientists and 7.6% for engineersu)(z)
Nuclear Scientists Nuclear Engineers

Year Growth  Replacement  Total Growth Replacement Total
1969 (6 mo.) 51 57 108 72 77 149
1970 102 70 172 144 93 237
1971 91 77 168 122 / 102 224
1972 91 85 176 122 111 233
1973 91 93 ) 184 12- 121 243
TOTALS 426 382 808 582 504 1,086
Average Annual
funcremental
Requirements

(4% yrs.) 94.7 84.9 179.6 129.3 112.0 241.3

Between July 1969 and December 31, 1973, a total of 1,894 nuclear degreed person-

nel will be required by the private sectoT of the atomic energy field for new

and replacement positions. _ 5 total requirement averages out to an annual

need

(2)

of awout 421 nuclear degreed scientists and engineers.

"Projections of Hanrower Supply in a Specific Occupation,’ Neal Rusentham,

Monthly Labor Revicw, Nov. i966, U.S. Dept. of Lzpbor, Bureau of Statistics

57 =37- "



STATISTICAL MANPOWER REOUIREMENTS
DATA FOR PRIVATE INDUSTRY

Further statistical analyses and the summation of the in-depth interviews
will be covered for each of the 13 functional segments of the private sector
of the atomic energy field. The "Power Reactor Operations and Maintenance"
segment will be described in the section of this report entitled "Technical Man-

power Requirenents of the Electric Power Utilities.”

D8
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Urantutm MiLLING

BLS Segment Definition -- Reduction of urcenium ores to concentrates ;or further

processing as feed materials

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 16.4%Z of a2ll englneers, 35.9%
of all scientists and 28.0%Z of all technicians working in the uranium miiling
segment as reported by thzs BLS. The historical BLS data for scientists, engineers
and technicians working in the uranium milling segment are given below:

Iistorical BLS Data (1963 — 1968)

Year Scientists Engineers Technicians Totals
1963 49 169 138 356
1964 27 133 113 273
1965 26 129 105 260
1966 22 146 129 : 297
1967 82 | 134 136 352
1968 64 61 | 82 207

Data provided by~the sample companies and extrapolated by the ANS to the
entire uranium miliing segment for 1969, 1950 and 1973 are presented in Table 3.
The overall growth of technical manﬁower requirements for the uranium milling seg-
| ment of the atomic energy field, between July 1969 and Deceﬁber 31,'1973, is 26.3%Z.

The percent iﬁgreasegibetween Juiy 1969:andvﬁecember 31, 1973 for\each‘of the
iisted 6ccupat;onalvcétéébriesfére: . |

‘ S : Numerical Increase
% Increase Bezstween July 1969 Between July 1969

Occupaticnal Categories _ and December 31, 1973 . . and December 31, 1973
Life Scientists | 500.0% R 10
Health Physics Technicians 182.47 , 31

& Radiation Monitors



Table 3
—~ URANIUM MILLING ~
CURRENT (198%) EMPLOYMENT OF STIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATECUORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FQR 1970 AND 1973.

(Data include orly personnel employed by privately-owned companies active in uranium milling who spend ot least 50% of their work-
ing time in otomic energy activities.)

OCCUP/.71ONAL CATEGORIES E,&é’fgfﬁgm 1970 ?ECCRREE&SSEE/ 1973 "gé:gféjsé
PHYSICAL SCIENTISTS 77 72 -5 79 +7
LIFE SCIENTISTS 2 2 - 12 +10
ENGINEERS o 236 244 +8 282 +38
DRAFTSMEN 30 3z +5 30 -5
ELECTRICAL & ELECTRONICS 4 4 R 4 _

TECHNICIANS
rtinsAE S 0 | o o |
PHYSICAL SCIENCE TECHNICIANS 56 78 +22 78 -
TOTALS ' 422 465 +43 | 533 +68

g, o i b



URANIUM MILLING

Numerical Intrease

(Cont’ d) % Increase Between July 1969 Between July 1969

Occupational Categories and December 31, 1973 and December 31. 1973

Physical Science Technicians 39.3% 22

Engineers 19.5% 46

Physical Scientists 2.6% 2

Draftsmen 0.0% -
Electrical/Electronics 2.0% -
Technicians —

TOTALS - 26.3% 111

Consolidating the abcve occurational categories into three broad categories
'of scientists, engineers, and technicians, this breakdown shows the following per-—
cent increases between July 1969 and December 31, 1973:

: Numerical Increase
% Increase Between July 1969  Between July 1969

Occupational Categories and December 31, 1973 and December 31, 1973
Technicians (Includes 49.57 53 "
Draftsmen) » §
Engineers : 19.5% 46 ‘ %
Scientists 15,27 12

The largest increase, both numerically and percentagewise, is for technicians.
In this category, health physics technicians show the largest increase. This in-

crease probably reflects the uraniom industry s increased concern with providing

its employees and the surrounding communitie= with well—established‘radiation
protection programs.

Chart 4 represpnts the actual hibtorical BLS technical manpower data (1963~

1968) for the privately owned uranium milling industry, and ANS projections of.

this industry's requirements for technical manpower through 1973.

" Currently, none of the interviewed companies have employed nuclear degreed

scientists and engineers. Furthermore, these companies do not anticipate a need

g1 -
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EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE URANIUM MILLING
SEGMENT OF THE PRIVATE SECTOR OF THE AToMmIC ENERGY FIELD FOR EACH YEAR EXTENDING FROM 1963
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TECHNICAL MANPOWER REQUIREMENTS FOR 196%, 1970 AND 1773,

1,000
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URANIUM MILLING

for nuclear degreed personnel in 1670, although one of the interviewed companies
indicated an interest in hiring a nuclear scientist by 1973. ANS extrapolations
of tbe data from the sample companies to the total uranium milling industry re-
sults in a requirement of only 2 ngclear scientists by 1973.

Percentages of currently employed scientists and engineers with a particular
educational background to the total number of scientists and engineers currently
employed in the pranium milling segment are:

Rumber of Currently

% of Currently Employed Employed Scientists
Eductional Background Scientigts or Engineers or Engineers
Mechanical Engineering 20.6% 65
Chemistry 19.0% 60
Chemical Engineering 17.5% 55
Geology & Geophysics 15.9% 50
Other Engineering Disciplines 14.37% 45
Metallurgical Engineering 6.37% 20
Physics ) ' 3.27% 10
Electrical/Electronics 1.6% 5

Engineering
Biology 1.6% _S
TOTALS 100.0% 315

Of the currently employed scientists and engineers, 81.0% have BS's; 14.3%

have MS's; and 4.7% have PhD's.

SUMMATION OF IN-DEPTH INTERVIEWS

The majcrity:of degreed personnel employed - at the interviewed companies‘wptk

in test and evaluation, productiom, and management activities. Some of the degreed

people are assigned to mining exploration activities. Technician level personnel

work primarily in test and evaluation activities.

s AL i T



URANIUM MILLING

When these companies hire degreed technical personnel, their primary eval-
uation is the candidate's work experiemce. These companies have had no difficulty
in filling their needs for degreed personnel during the past five years and they
do npt expect any difficulty in the near future. Likewise, the companies have
been successful in hiring technicians although they foresee a shortage of techni-
cians ip the future.

Although many factors go into their manpower planning activities, "histori-
cal manpower data' and ''dollar value of shipments" have been the two most reliable
measures of their technical manpower requirements.

The companies believe their degreed (non-nuclear) perscnnel would benefit
from coursework in nuclear s¢ience and engineering (i.e., reactor fuel technology,
reactor materials, nuclear chemistry, health physics, and radiation safety).
However, advanced coursework in chemistry, metallurgy, and metallurgical engin-
eering ﬁould have a more practical application.

The interviewed companies expect the uranium milling business to level off

during the next three years, followed by a sharp increase during the -midseventies.

E;@efj%,g?




ProbucTion oF Feep MaTeriALs

BLS Segment Definition -- Converting uranium concentrates and ores to metal;
refining and preparing oxides, florides, carbides, ete.;
also uraniwm U-235 ennickment. Includes the recovery of

serap frcem the above processes.

PRESENTATION OF STATISTiCAL DATA

This segment of the atc. ’c energy field is primarily compcsed of government-
owned establishments (about 90% of all companies reporting in this segment in the
1968 BLS survey were government-owned establishments) and, therefore, the extrapo-
lation of the data could be made only from the data reported by the privately owned
organizations. In presenting the historical BLS manpower data, only the technical
employment data for the nongovernment—-owned establishments will be made.

In 1968, the sample represented 45.6% of all engineers, 26.1% of all scientists,
and 16.7% of all technicians working in the production of feed materials segment
(privately owned companies) as reported to tne BLS in 1968. The historically ad-
justed BLS data for scientists, engineers, aﬁd technicians workiﬁg in the private
sector of this segment of the atomic energy field are given below:

Historical BLS Data (1963-1968)%*

Year Scientists Engineers Technicians Totals
1963 36 44 47 127
1964 36 : 44, 46 126
1965 35 T 45 124
1966 39 45 . 52 136
1967 41 49 : 56 146

1968 45 57 60 163
* Data is only for nongovernment owned establishments.
The sample data was extrapolated by the ANS to the entire production of feed

materials segment (privately owned) for 1969, 1970, and 1973. ‘The results are

DR R PR P ST T Nl | E S SRR RS S A e Yo




Table 4
~ PRUDUCTION OF FEED MATERIALS —

CURRENT (1969) EMPLOYMENT OF SCIEN:I'ISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973,

(Daota include only personnel employed by privately-owned componies active in production of feed moterials whs spend at leas? $0%
of their working time in atomic energy octivities.)

- OCCUPATIONAL CATEGORIES  levprgnnd | 1970 | DICREASE 1973 v
PHYSICAL SCIENTISTS 27 18 9 28 +10
LIFE SCIENTISTS - - - 14 +14
ENGINEERS 77 86 +9 123 +37
MATHEMATICIANS 5 5 - 13 +8
DRAFTSMEN ' 9 19 +10 28 +9
e s eemamss | | e ] e |-
LIFE SCIENCE TECHNICIANS 72 79 +6 70 -
TOTALS o LI 213 22 295 +82
66 -46-




PRODUCTICN OF FEED MATERTIALS
presented in Table 4. The overall growth in technical manpower requiremeats for
this segment between July 1969 and December 31, 1973 is 54.5%.

The percent increases between July 1969 and December 31, 1973 for each of
the listed occupational categories are:

Numerical Increasge

%.Xncrease Between July 1969 Between July 1959
Occupational Categories and December 31, 1973 and Pecember 31, 1973
Draftsmen 211.12 19
Mathematicians 160.0% 8
Engineers 59.7% 46
Life Science Technicians 8.2% 6
Physical Scientists 3.7% 1
Lite Scientists ———— 14
Health Physics Technicilans - 10
& Radiation Monitors .
TOTALS ‘ 54 ,5% 104

Health physics technicians are not currently employed at these companies But bf
1970 6 will be hired. An additional 4 health physicse technicians will be hired by
1973. In the caée of life stientists, the companies have not hired these types to
date but are planning to liire 14 by 1973. |

Consolidéting the abéﬁé occupational categories info threevbroad categories*
of scientists, engineeté,and technicians, shows the following percént increases
between July 1969 and December 31, 1973: |

. ’ . Numerical In-rease
% Increase Between July 1969 Between July 1969

Occupational Categories and.December'31;:1973  ~ and -Decembexr 31, 1973
Scientists (Includes 71.9% 23
Mathematicians)

"Bugineers 59.72 : 46
Technicians (Includes , 42.7% _ 35
Draftsmen) . ‘ :

| o
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PRODUCTION OF FEED MATERTALS

The scientist category shows the largest increase percentagewise; despite the

fact that between 1969 and 1970, nine physical scientists will be lost. Chart 5.

represents the actual historical BLS

entire non-government-owned companies active

technical manpower data (1963~1968) for the

in the production of feed materials

segment and ANS projections of this segnent's requirements for technical personnel

through 1973.

1he past, present, and future total employment of engineers and technicians

roughly parallel each other while projections f

show a significant drop.

or scientists in 1969 and 1970

Between 1970 and 1973, the scientist category increases’

to a point greater than their actual number in 1968.

Currently, there are

4 nuclear scientists employed by the privately owned

companies active in the production of feed materials sescment. The requirements

for nuclear degreed scientists will increase by 260.0% between 1969 and 1973.

Approximately 3 nuclear scientis

Although these companies do no,

ts will be needed each year to fill new positions.

at the present time, employ-nuclear engineers,

they are planning to hire 3 by 1970 and an additional 8 by 1973.

Percentar -~

education: ~8

Eduéa;ion%1 Baégg;6unds
. Cﬁeﬁis£f§ S |
‘Chemical Engineering
Mechanical Engineeping
"Metallurgical Engineering

Electrical/Electronics
Engineering

engineers are as»folloﬁs:'

» % of Currently Employed
‘Seientists ‘and Engineers -

“f enrrently employed scientists and engineers with a particular

to the total numbef»of‘curréntly employed scientists and

NmeeryofﬁCurrently
Employed Scientists

25.9% -

. 20.2%
17.3%
8.7%

7.7%

69

RN AR

LU

~-and -Engineers .
- 27.
- 21

18
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PRODUCTION OF FEED MATERIALS f

, Number of Currently
(Cont'd) % of Currently Employed Employed Scienticts

Educational Backgrounds Scientists and Engineers and Engineers

Physics 6.7% 7 -
Other Engineering Disciplines 5.8% 6 ;
Nuclear Chemistry 4.87% 5 é
Metallurgy _2.9% 3 %
TOTALS : 100.0% 104 g

Of the 5 currently employed nuclear chemists, 2 have BS's; 2 have MS's; and, 1 ;
has a PhD. Of the other degreed (mon-nuclear) personnel, 74.1% have BS's; 19.0%
have MS's; and, 6.9%Z have PhD's.

Annual requirements for nuclear degreed scientists and engineers between j
July 1969.and December 31, 1973 to fill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Xgar | H Scientists o ' ?Engineers

'léég (6'mo.jr ‘-_ '.r.d | | ‘ o l:

1970 e - g 2
1971 - 4 | 2 |
1672 A 3 %
1973 5 | l'3‘l %

s Allowances for attrition must ‘be. 1ncluded with thi' segment s need for
'/scientists and engineers to. fill new posifions to arrive at the total technical
_'manpower requirements for nuclear degreed personnel (Allowances for attrition

Aare the same -as those used previously in this report?z 8 4/ for scientists and

7.6% for engineers.)




PRODUCTION OF FEED MATERZIALS

Nuclear Scientists Nuclear Engineers

Year Growth Replacement  Total Growth Replacement Total
1969 (6 mo.) 0 0 0 1 0 1
1270 0 0 0 2 0 2
1971 4 0 4 2 0 2
1972 4 1 5 3 0 3
1973 5 2 A 3 1 A
TOTALS 13 3 16° 11 1 12
Average Annual
Incremental
Requirements

(4% yrs.) 2.9 0.7 3.6 2.4 0.2 2.6

Between July 1969 aund December 31, 1973, a total of 28 nuclear degreed per-
sonnel will be needed by the privately owned companies active in the production
of feed materials segment. This requirement averages out to be about 6 nuclear
degreed personnel each year to fill new and replacement positions within these

companies.

SUMMATION OF IN—DEPTH INTERVIEWS
Within this segment of the atomic energy field muclear degreed personnel
»work primarily in standards and specifications and- technical assi tance and con-
sulting activities.k The other degreed (non—nuclear) personnel work in the follow—
"ing company activities.lf_ ’ i | |
ﬁ a;fiDevelopment

. b. Constructionl"

c;FIProduction

d. Data collection, processing and analysis

e. Instdllations, operations and maintenance
Although there are few open positions for nuclear degreedrindividuals, there

has been some difficulty in hiring nuclear types., With regard to the hiring of




PRODUCTION OF FEED MATERTIALS
other degreed (non-nuclear) scientists and engineers, there has been good success.
There has also been success in hiring technicians.

In the future, the supply of nuclear degreed scientists and engineers is ex-
pected to be large enough to meet the demands. Furthermore, the supply of other
degreed (non-nuclear) scientists and engineers will be adequate. However, although
there will be a sufficient supply, there may be some difficulty in hiring the well-
qualified individual. It is believed that the future supply of technicians will
fall considerably short of the demand. 1In anticipation of this technician short-
age, an attempt will be made co institute technician training programs integrating on~
the-job training, short courses at a local technical and/or trade school, and train-
ing provided by their vendcrs.

Generally-speaiing, nuclear degreed individuals are hired to f1i1ll specialized
technelogical needs but, beyond these specialized needs, scientists and engineers
are hired with backgrounds ia the traditional scientific and technical disciplines and
given on~the-job nuclear training. Nuclear degreed personnel are hired not only to
solve very specilalized technical problems but secondarily, to direct the training

. of the company'’'s technical staff in the technologies of nuclear science and engi-
neering, | o |

For future employees, a preferencebwill be-made for the deg*eed (non~nuclear)'

vscientist or engineer who has ‘had one or two courseb in nuclear science and engi-
neer;ng. The nucleer courses that would be most applicable to the technical en-
vironnent of this segment of tne atomic energy field are;ld -

a. Waste disposal o

b, Reactor fvel technology

C. Radiochemistry

d;;vHeelth physics

e. R;dig;iphﬂéefééy

£. Fuel—cycle management

52-
@72 :
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PRODUCTION OF FEED MATERTA:

In addition, coursework in basic economic theory would be helpful.

In developing manpower projectionms, factors such as "'increasing nuclear power

plant generating capacities' and "dollar value of backorders' are used as reliable

measures of technical manpower needs.




PRODUCTION OF SPECIAL MATERIALS FOR USE IN REACTORS
BLS Begment Definition ~- Such ag reactor grade graphite, boron, stainless steel,

boren uraniian, beryllium, dysprosium, dysprosium dis-
persions, hafnium, hafdispersions, polonium, silver-

cadmium-indiuwm, aireonium, zircaloy, and heavy waten.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed con n1ies emploved 58.4% of all engineers, 70.7% of
all scientists, and 66.8% of all technicians working in this segment as reported
to the BLS. The historical BLS data for scientists, engineers, and technicians
working in the production of special materials fcr use in reactors segment are
given below:

Historical BLS Data (1963-1968)

Year Scientists Engineers Technicians Totals
1963 68 156 344 568
1964 68 177 281 526
1965 57 | 121 218 396
1966 50 | 132 240 422
1967 - 43 117 243 | 403
1968 6 149 | . 277 462

- The data provided by‘the‘sample conpanies ans erﬁffgﬂimce& to the eitire
prdducticn Qf;special,ﬁaterials'fcr uae invrenctors segnent'fér 1969, 1970 and
1973 are presented in Table 5. The overall growth of techriical manpower re~
quirements for this 1ndustry between July 1969 and December 31, 1973 is 45.12%.
| Pe.centage 1ncreases between July 1969 and December 31, 1973 for 2ach of
the listed occupational categories are:

Numerical Increase

L , zZ Increase Between July 1969 = Between July 1969
Occupational Categories __.and_ December 31 1973 . and December 31, 1973

Other Technicians DR 150,02 9

-



Table 5

— PRODUCTION OF SPECIAL MATERIALS FOR USE IN REACTORS ~
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY CCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies active in production of speciol moteriols for use inreactors who
spend at least 50% of their working time in atomic energy octivities.)

. CURRENT INCREASE/ INCREASE/
OCCUPATIONAL CATEGORIES EMPLOYMENT 1970 DECREASE 1973 DECREASE
PHYSICAL SCIENTISTS 90 103 +13 126 +23
LIFE SCIENTIS'S ] 1 - 1 -
ENGINEERS 118 146 +28 164 +18
DRAFTSMEN 15 21 +6 21 -
ELECTRICAL & ELECTRONICS
TECHNICIANS 16 19 *3 5 *6
OTHER ENGINEERING TECHNICIANS 108 109 +] 18 +9
HEALTH PHYSICS TECHNICIANS & . .
RADIATION MONITCRS 3 4 + 4 -
s .
PHYSICAL SCIENCE TECHNICIANS n7 133 +16 ‘ 153 +20
OTHER TECHNICIANS 64 81 7 160 +79
TOTALS 532 ‘ 617 185 | - 772 +155




PRODUCTION OF SPECIAL MATERIALS
FOR USE IN REACTORS

Mumerical Increase

(Cont'd) Z Increase Betwean July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Electrical/Electronics 56.3% 9
Technicians
Physical Scientists 40.0% 36
Draftsmen 40.9% 6
Enginecrs 39.0% 46
Health Physics Technicians 33.3% 1
& Radiation Monitors
Physical Science Technicians 30.8% . __k_e_;f36
Other Engineering Technicians 9.3% 10
Life Scientists ——— it
TOTALS 45.1% 240

Consolidating the above occupational categories into three broad categories
of scientists, engineers, and technicians, shows the following pe.cer . . icreases
between July 1969 and D~mcember 31, 1973:

: Numerical Increase
%Z Increase Between July- 1952 Between July 1969

Occupational Catqgories - and December 31, 1973 and December 31, 1973
Techniciang.(lncludes , - | 48.9% . ' | 158

draftsmen) . : .

Scientists S ; 39.6%2 , 36

Engimneers 39.0% . - 46

The latges; increase, both numericallyvand'percentagewise, is in the
technician category. | |

Chart 6 represents the actual historical BLS technical manpower data (1963-
1968) for privately owped compénies active.ih ;he production pf spgcial materials
for use in reac;ofszségmeng;‘and;ANS projecﬁions of this.segmént's requirements
for téchnicai,ménpowe¥ ﬁbfoﬁgh 1973.n5This chart shows that technicians will

| - :2{3;::*56‘ L l )
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PRODUCTLON OF SPECIAL MATERIALS
FOR USE IN REACTORS

conzinue to be noi only the largest numerical group but also will experience the
largest percent increase. Requirements for engineers will remain essentially the
same whlie teyuirements for scientists will increzse.

Currently, none of the interviewed companies employ nuclear degreed scientists
or engiueers and they do not anticipate a need for these types in the near future.

The percentage-of currently employed scientists and engineers with a particular
educational Eackground to the total number of currently employed sclientists and
engineers are as follows:

Number of Currently

% of Currently Employed Employed Scientists

Educational Backgrounds Scientists or Engineers or Engineers
Chemistry 23.5% 49
Chemical Engineering 18.97% 40
Metalliurgy 18.2% 38
Physics 11.47% 24
Other Enginee¢ing Disciplines 10.6% 22
Metallurgical Engineering - 7.6% 16
Geology & Geophysics. 4.5% 9
Mechanical Enginearing | 3.0% 6
Electrical/Electronics ‘ 2.3% 5

Engineering : —
TOTALS | | 100. 0% | 209

0f the currently employed degreed (ncn-nuclear) sclentists and engineers,

59.7% have BS's: 20.5% have MS's; and 9.8% have Phd's.

SUMMATION OF IN-DEPTH INTERVIEWS
The interviewed companies prefer to hire the,experienced scientist and

engineer. This 1s especially true if the candidate ﬁas worked for aﬁother




PRODUCTION OF SPECTAL MATERIALS

FOR USE IN REACTORS
company active in the atomic energy field.

During the past five years, these companies have had good to excellent

success in hiring degreed qualified and experienced personnel. 1In 1969, however,

they are experiencing some difficulty hiring these types and, as a result, they
have begun to hire a grezater number of recent college graduates. The companies

have been successful in this endeavor and attribute their success to the fact

that recent graduates prefer to associate themzeives with young, growth-oriented

organizations such as these companies.

With regard to the competency of young graduates, the companies believe

the universities are placing too much emphasis on intradiscipline specialization.

The companies prefer graduates who have a broad but basic knowledge of thair
profession. The companies believe this type of training allows the indiwvidual
to be more flexible within the company and, therefore, more valuatle.

None of the interviewed companies have employed or are planning to employ
nuclear degreed scientists and engineers. They deo not believe that a nﬁclear
‘degreed iﬁdividual would add significantly to tke company's overallztéchnical
capability. One of the inte:vieﬁed orgaﬁizationé state&:‘ "rheir coﬁpany is a
maferialsxorientéd 6fganization that does not need nuclear degreed'indiﬁiduals
as they are typicaily'ofeinted.to’feét£5r tééhnology." '

The majority of theif‘degreéd éﬁployees,work iﬁrthe following company
activitcies: | | o |

1. keseatch and Aevelopment
2. Production
73. Test and evaluation
4. Standards and specifications

5. Technical aSsisﬁanée and consulting

FA T
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SRODUCTION OF SPECTIAL MATERIALS
FOR USE IN REACTORS

Although half of the companies do not believe their degreed employees would
henefit from coursework in nuclear sedence and engineering, the remaining com-
waniaes do believe their degreed technical employees would benefit. These com-
panies would like the universities to include some nuclear courses in the
traditional science and engineering curriculums. The nuclear courses they would
iike to see incorporated into the classical science and engineering disciplines
are.s |

1. Reactor materials

2. Radiochemistry

3. Radiological physics

4. Healthvphysics

5. Fuel-cycle management

6'~ Fuel development (uranium and piutonium)
furthermore _they believe the universities should place more emphasis on ceramic
‘tcchnology. | | |

All the interviewed companies have had good success filling their require-

5mnnLo for professional technicians (at least 2 years of college or technical

:hire a large number of non*professional technicians

:fr}for work in production activities.H Professional technicians are normally

assigned Lo research and development and test and evaluation activities. The
only nuclear courses that would be of benefit to their technicians are nuclear

'»»caemistry and’ health physics.-r -

l|~r 1"

ncreasing nuclear power plant generating capacities and sales forecasts"

havc hlsturically proven to be the most. reliable measures of their technical

maqpower requirements.

With regard to the interviewed companies evaluation of their industry s

"/grthh‘potential they believe that requircments for special reactor materials




PRODUCTION OF SPECIAL MATERIALS
FOR USE IN REACTORS

will continue to grow at the present rate through the midseventies, followed by

a period of relative stability.




FueL ELEMENT FABRICATION & RECOVERY ACTIVITIES
BLS Segment Definition -- Includes the manufacture of fuel elements and cladding

materials for reactors; the recovery and chemical pro-
cessing of irradiated uranium and plutonium fuels to
separate fission products from irradiated fuel elements;
and the scrap recovery and processing of unirradiated
uraniuwn metal, alloys, uranium, depleted dispersions,

and compounds from fuel element fabrication plants.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 28.5% of all engineers, 14.5%
of all scientists, and 22.8% of all technicians working in this segment as
reported by the BLS. The historical BLS data for scientists, engineers, and
technicians employed in the fuel element fabrication and recovery segment are
given below:

‘Historical BLS Data (1963-1968)

Year o Scientists » “ngineers : Technicians _ Totals
1963 126 551 SR ” 701 k v,'1;376
1064 w7 sse 7186 L, 1,489 |
iegsii .],"‘2,‘8“{ T 514 I R ]
:;d1966vrf{1‘]5 ';di§9n]' ﬁ_:: ﬁ?v:"'5496:,f} . ”_‘dfdéql}j”'d'- :jv: 1,296
q 968 207 44 ; ) s

I,"

e The data providai by the sample fompanies and extrapolated by the ANS to the

‘ent1re fuel element fabrication and recovery segment (privately owned) for 1969,

1970 and 1973 are presented in Table 6. The. overall growth in technical manpower

-requirements feor thlS industry between July 1969 and December 31 1973 is 41. 2/




Table 6
— FUEL ELEMENT FABRICATION AND RECOVERY ACTIVITIES -
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER ZQUIREMENTS FOR 1970 AND 1973,
(Data include only personnel employed by privately-owned companies active in fuel element fobrication and recovery activities who
spend at least 50% of their working time in atomic energy activities.)

o ATEGORIES CURRENT 1 INCREASE/ 1973 INCREASE/
CCUPATIONAL CATEGOR EMPLOYMENT 970 DECREASE - DECREASE

PHYSICAL SCIENTISTS 437 479 +42 650 +171

LIFE SCIENTISTS 65 77 +12 130 +53

ENGINEERS 408 475 +67 569 +94

M THEMATICIANS ‘ 89 89 - 10 12

DRAFTSMEN 55 69 +14 6 -

" ELECTRICAL & ELECTRONICS

TECHNICIANS 4 b 14 = 28 - 4

'OTHER ENGINEERING TECHNICIANS 13 , 13 - 23 |+

HEALTH PHYSICS TECHNICIANS & s 13 S (T S ek

RADIATION MONITORS

| ‘PHYSICAL sCIENCE TECHNICIANS . | . 360 | do7 | w7 | s | 4100

.:"?OTHER:;-EECHNIC|ANs'?' Sl 87 1o as7 et 166 49

NUCLEAR MATERALsANAGERS | 19 | e | A | e

- e e e e



FUEL ELEMENT FABRICATION
& RECOVERY ACTIVITIES

The percent increases between July 1969 and December 31, 1973 for each of

the listed occupational categories are:

% Increase Between July 1969

Occupational Categories and December 31, 1973
Life Scientists 100.07%
Electrical/Electronics 490.07%
Technicians
Other Engineering 76.9%
Technicians
Physical Scientists #8.7%
Health Physics Technicians 44,07
& Radiation Monitors
Physical Science Technicians 53.6%
Nuclear Materials Managers | 42,17
Engineers | | 39.5%
Draftsmen‘ d‘_ S ‘ | 25.5%_'
'Mathematicians . - k L l3.5%?{~d
Other TechnicianSh o i” L 517%i‘”
TOTALS e 41 27

Numerical Increase
Between July 1969
and December 31, 1973

65

14

10

213

55

157

The - fact that there are large numerical requirements for physical scientists and

vphy51cal Science technicians points out the high prlority these companies are.

"placing on the scientific aSpects of fuel technology research and development.

Consolidating the above occupational categories intc three broad categories

of scientists, engineers, and technicians, shows the following percent increases

between July 1969 and December 3l, 1973:

ST




FUEL ELEMENT FADRICATTOX
& RECOVERY ACTIVITIES

Numerical Increase

% Increase Between July 1969 Between July 196%
Occupational Categories and December 31, 1973 and December 31, 1973
Scientists (Includes 49.1% 294
Mathematicians
Engineers 39.5% 161
Technicians (Includes 35.9% 267

Draftsmen and Nuclear
Materials Managers)

‘Chart 7 represents the actual historical BLS technical manpower data (1.9¢3-
1968) for the privately owned companies active in fuel element fabricatioen and
recovery activities, and ANS projections of this segment's requirements for
technical manpower through 1973.

Requirements for scientists show the greatest increase, surpassing the total

technicians will drop slightly between 1968 and 1969 but numerically will increase
at a rate which, by 1973, will be greater than the number of technicians employed‘
in 1968. R
| Currently, there are 6 nuclear scientists and 41 nuclear engineers enployed
" by ‘the privately owned companies active in the fuel element fabrlcatlon and re-
‘hhcouery,segment. Between 1969 and 1973 47 nuclear scientists will be h1red bylr
'these companies.v Purthermore, the companies w111 more than double the1r reunrﬂ—
ments for nuclear engineers during this period‘ |

Percentages of currently employed sclentists and engineers w1th a particular

educational background to ‘the total number of currently employed seientists and

engineers are as follows:

o L ‘ C fNumherkof.Currently
% of Currently Employed Employed Scientists

number of engineers that will be employed in-this segment by 1973. Employment of

‘Educational Backgroundgf _d "Scientists and Engineers © 7 ~and Englneers
_Chemical Engineerimg . . . . . - 3137 . | 285

o roddedor cic IR o

o B

IR R
oo
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FUET ELEMENT FABRTCATION
& REUGVERY ACTIVITIES

Num® '~ of Currently
{Cont'd) % of Currently Employed Emplc yed Scientists
Educational Backgrounds Scientists and Engineers ard Engineers
Shemistry 27.1% 247
Mechanical Engineering 14.7% 133
Physics 8.5% 80
Other Scientific Disciplines 4,67 42
Nuclear Engineering ' 4.5% 41
& Electrical/Electronics 2.5% ’ 23
E, Engineering
L Metallurgy 2.5% 23
é. Other Engineering Disciplines 1.5% 14
; Metallurgical Engineering 1.0% 9
Civil Engineering 0.9% 7
Nuclear Chemietry 0.7% ' 6
TOTALS ' 100.0% 910

‘0f the currently employed nuclear degreed scientists and engineers, 50.0%

have BS's; 16.7% have Ms'sk.aﬁd'33'37'havé PhD's. Of the other degreed (nén~

nuclear) personnel currently employed in this segment, 89. 6/ have BS's;: 7 7% -
:fhave MS's; and 2. 7/ have PhD‘s.
The annual requirements for nuclear degreed scientists and engineers betmeen
;July 1969 and December 31,. 1973 to fill new positlons are:

ANNUAL - INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists | - Engineers
1969,(6:mo;)" 6 , ‘ : 8.
1970. - R 12 , 15
1971 o o ‘9 | .8
"1972a -n‘ivﬁf“f~' R - ERE 16{[" S R ,-§ 9




.\)

.ztzRJ!:fg;"

T

FUEL ELEMENT FABRICATION
& RECOVERY ACTIVITIES

In addition to requirements for nuclear degreed scientists and engineers
to fill new positions, allowances for attrition must also be included to arrive

at this segment's total technical manpower requirements for nuclear degreed

personnel. (Allowances for attrition are the same as those used previously in
this report: 8.4% for scientists and 7.6% for engineers.)
Nuclear Scientists Nuclear Engineers

Year Growth  Replacement Total Growth Replacement Total
1969 (6 mo.) 6 1 7 8 3 11
1970 12 2 14 15 5 20
1971 9 2 11 3 5 13
1972 10 3 13 9 6 15
1973 10 4 14 _9 ..7_ 16
TOTALS 47 12 59" 49 26 75
Average Annual
Incremental
llequirements :

(45 yrs.) 10.4 2.7 13.1 : 10.9 . 5.8 - 16.7

Between July 1969 and‘DecemberfBl 1973, .a total of-134 nuclear degreed

personnel lel be needed by privately owned companles actlve in,the‘fuel,element

'fabrlcation and recovery segment of the atomlc energy fleld f This,total~require-

' ment averages out to about: 30 nuclear depreed scientists andnengineersveach‘year

to fill'new and_réplacementrpositions-within these_organlzations;

‘sQMMATIbN'OF IN—DEETH‘ENfEerﬁws

The interviewed companies' degreed,(non—nuclear) scientists and engineers
work primarily in design and management,actiyities, Other company activities
where their degreed personnelywcrk are research_and development, test anc¢ evalu-~:
atlon,and standards and spec1f1cations;_y

Twe—thlrds of the 1nterv1ewed comnanles have had - considerable difflculty
hlrlng degreed (non—nuclear) sclentlsts and‘engineers. They attrlbute this

V:Eiéid gfﬁﬁn i




FUEL ELEMENT FABRICATION
& RECOVERY ACTIVITIES

difficulty to an insufficient supply of scientists and engineers. Another
problem these companies are experiencing is that most of the available scientists
and engimeers have had very little, if any, educational or working experience in
nuclear technology.

The interviewed companies would like some of their degreed (non-nuclear)
employees to take coursework in nuclear science and engineering. They believe

that only those employees whose present job requires some knowledge of nuclear

technology should take these courses. Some of the nuclear related courses these
companies would like their degreed (non-nuclear) scientists and engineers to

take are:s

1. Reactor materials
2. Radiation shielding
3. Reactor . fuel technology , : i

4, Radiochemistry

3. vFuel;cycle management_
All interviewed companies believe .the supply of degreed (non-nuclear)
' scientists and engineers will fall short of the demand by 1970 and 1973.
Whereas tFese companies evaluate a potential degreed (non-nuclear) indiv1dual
in’terms‘of-his experiencegand.education, When:they‘hire'a'nuclear degreed.indiﬂ
vidnal hey‘looh'prinarilyJat'the\candidate's,exoerience. Generally speaking, |

-these companies do not stress, in their evaluation of a nuclear degreed 1ndividual,3

the extent of his education as they assume that the candidate has had advanced
nuclear ccurses and, therefore; hasvthe required knowledge.v

The majority of their nuclear‘degreed personnel &ork“in the'following
company activities:. | |
| 1. Research

2. ¢ontract administration




FUEL ELEMENT FABRICATION
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3. Design
4. Data collection. processing and analysis
5. Standards and specifications
6. Management

Each of the interviewed companies currently has a few unfilled positions for
nuclear degreed scientists and engineers, Historically, the companies have always
had this problem and expect it to continue in the seventies. They believe the
majority of degreed scientists and engineers are hired by national laboratories,
companies active in the design and engineering of nuclear facilities and companies
active in reactor and reactor component manufacturing. The interviewed companies

" believe they would be able to attract more nuclear—degreed individuals to their
organizations if graduating students were made aware of the opportunities available
in the fuel fabrication and recovery industry.

The hiring patterns of tnerintelJiewed companies for nuclear degreed scien-
tists and engineers will remain about the same as in the past (i.e., nuclear
engineersiand niuclear chemists); One of the companies indicated an interest in
hiring health physicists. " The coﬁpanies believe the training’and education re-
ce1ved by nuclear engineers is very compatible with the job responsibilities they
are assigned to in their organizations. One area where these companres find
nuclear degreed ind1viduals especially competent in'1is Yeriticality evaluations."
However, the companies would 1ike’ to see the universitles place more emphasis on"
fuel-cycle economics. .

Experience is the primary criteria for evaluating potential technician
employees. Technicians, employed at these companies, work in research and
production activities and; to a lesser extent; in test and evaluation, and data
‘collectlon processing and analysis activities. Nuclear materials managers work

in regulatory enforcement and licensing, technical assistance, and consulting

O

o -
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and management activities.

The supply of qualified technicians throughout the 1970's will be so critical
that most of these companies have begun training technicians themselves. Some of
the nuclear courses they offer in the training of technicians are:

1. Health physics

2. Radiochemistry

3. Radiation safety

4. Fuel-handling techniques

The most reliable extrinsic factor these companies use in measuring their
technical manpower needs is 'increasing nuclear power plant generating capacities.”
The most reliable intrinsic factor is 'dollar value of backorders."

: Tﬁe majority of the 1nterv1e¢ed companies felt there will be a slow but

gradual growth in the fuél fabrication and recovery industry until the midseventies

When they expect a significant increase to occur.




'REACTOR AND REACTOR CoMPONENT DESIGN AND MANUFACTURING

BLS Segment Definition -- The design and/or manufacture of nuclear reactors for
power, test, and research purposes,‘and for missile and
space applications, zncZudzng radzozsotopzc power.
Includes the assembly, testing and dzsassembly of

reactors and testing materials for reactor usage.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 79.17 of all engineers, 62.2%
of all scientists? and 73.5% of all technicians working in this segment as re-
_ported by the BLS_ The historical‘data for scientists, engineers, and technicians
empioyed:in;the=reactor'andlreactor.eomponentfdesign;and'manufacturing segment.
'fare given'beicwf

Historical ‘BLS" Data (1963-1968)

‘Yearkt.vfi dvscientistsg o Engineers . , Techniclans o Totais
e 1963';2 o 1,096 }._ . 4,478 _}' Ai”f‘u; 2,682 “ 8,250
'df1964‘ | : _‘ g; 059 ps %_> | 4;754 | e t‘? : ‘ 3’210 .,-v : -3;995
“19¢5j7f”? ~v*fn,1,036‘,,-v1f - '4,651 ; o 3,162 | 8,849
1956:. »_‘,‘v..V 765’ 3,744 R 2,359 6,869
1967 Y I :_ 4,523 2.603 8,104
1968 1,033 1 R 5,353 | 3,022 | 9,408

‘The data provided by the sample companies and extrapolated by the ANS to the

;Ventire reactor and reactor component design and manufacturing segment (prlvately

‘owned) for 1969, 1970, and 1973 are presented in Table 7. The overall growth in

technlcal manpower requirements for this segment of the atomic energy field

.-“ﬂtween July 1969 and December 31, 1973 1is 42 3%.

Percentage increases between July 1969 and December 31 1973 for each of the

Iisted occupatiQnal categories are. [ B




Table 7
: — REACTOR AND REACTOR COMPONENT DESIGN AND MANUFACTUR:NG -
3 CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS

’ PROJECTIONS OF TECHNICAL MAMPOWER REQUIREMENTS FOR 1970 AND 1973,
’ (Dota include only persannel employed by privately-owned companies active in reactor and reactor componant design and manufoctur-
x ing who spend ot leost 50% of their working time in atomic energy activities.)
3 CURRENT. INCREASE/ INCREASE
¢ OCCUPATIONAL CATEGORIES EMPLOYMENT 1970 DECREASE 1973 " DECREASE
I
¢ ,
PHYSICAL SCIENTISTS 1,165 1,292 127 1,592 +300
ﬁr LIFE SCIENTISTS 90 95 +5 122 +27
£ .
)
& ENGINEERS 4,979 5,387 +408 6,814 +1,427
MATHEMATICIANS 149 171 +22 232 +61
DRAFTSMEN 1,227 1,382 +155 1,868 .. 486
ELECTRICAL & ELECTRONICS L : ' ‘ .
: TECHNICIANS® - 361 . e 390 +29 N 557, +167
OTHER ENGIN!:’ERING TECHNICIANS | 887 | 1,016 +129 | 1,364 4348
, HEALTH PH'YSICS‘TECHNICIANS & | - e N : L R -
_ RADIATION MONITORS - - |~ Me T3 18 o 2
LIFE SCIENCE TECHNICIANS 7 16 I Y o
PHYSICAL SCIENCE TECHNICIANS - a7 453 36 669 1216
¢ | OTHER TECHNICIANS o 354 390 436 472 +82
-NUCLEAR REACTOR OPERATORS 123 146 » +23 v 175 +29
NUCI__‘EAR MATERIALS MANAGERS“- O B : RN ) IR -2 . 16 oo t5
Jrovaes | 9ss | o83 C4995. | 14067 | 43,184




REACTOR & REACTOR COMPONENT
DESIGN & MANUFACTURING

Numerical Increase

% Increase Between July 1969 Between July 1969 5
Occupational Categories and December 31, 1973 and December 31, 1973
Life Science Technicians 285.%%' 20 %'
Physical Science Technicians 60.47 252 E
Mathematicians 55.7% 83 %
Electrical/Electronics 54.3% 196 i
Technicians %
Other Engineering 53.8% | 477 ?
Technicians f
Draftsnen , o 52.2% ' 641
| Nuclear Reactor Operators . . 42.3% o 52
Health Physics Technicians : ' 37.1%2 . - . : 43
-& Radiation Monitorspi V"
Engineers . j§~; S %69 . 1,835
rPhysical Sc1entists{‘ . 'p S -,'35.72’ B R 427
. ‘LnyfSC¥entists »-;‘,f'? : ?7 ‘.,p’.35!6%» - :'. »“:,Ait : 32
1d£hér:iechniéi;hs'l - ll R i35.3%ajﬁ b.: | 'f:ff_" 'll8¢_.
,Nuclear”Materials'ﬂanagers | _: ’ 25.1%7‘¥i;hﬂf=h "f:.i? 3
‘roTALs [ a2, 3% 2 o o, 179

Although the engineer category shows the largest numerical increade, seven i
of the f1rst eight categories, ranked by percent increase between 1969 and 1973, :
are occupied by technician—level personnel ~ This emphasis on technician-level

“personnel reflects the transition of these. companies from prlmarlly research and
,development operations to product design and manufacturing organizations. o

L Consolidating the above occupational categorles into three broad cateéories
- of scientists; engineers, and technicians, shows the following percent increasesi

i“dbetweenrJuly 1969'andTDe~ember 31 1973




REACTOR & REACTOR COMPONENT
DESIGN & MANUFACTURING

Numerical Increase

% Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Technicians {(Includes 51.4% 1,802
Draftsmen, Nuclear Reactor
Operators, and Nuclear
Materials Managers)
Scientists (Includes 38.6% 542
Mathematicians)
Engineers _ 36.9% 1,835

Chart 8 represents the actual historical BLS technical manpowar data (1963-
1968) for the non—government—ownedfcompanies active in reactor and reactor compon-
‘ent design and manufacturing activities, and ANS projections of this segment's

requirements“for technical personnel through 1973.

Currently there are 446 nuclear scientists andd530 nuclear engineers em-
' ployed by the prlvately owned companies active in this seoment of the atomic
g_energy field. Between 1969 and 1973 these companies expect to hire an additional
193. nuclear scientists and 228. nuclear eng1neers to £111: new‘positions.

The percentage of currently employed sc1entists and engineers with ‘a partiw
icular*educational backgroundito the»totai number of scientists and engineers
are as foilows? o ” | | |

Number'of‘Currently

« % of Currently Employed Fmployed Scientists

Educational Backgrounds Scientists and Engineers . and Engineers
Mechanical- Engineering - - v‘ e 38.1%2 ST 2,371
Nuclear or Reactor.Engineering . 11,3% L . SR B §
Electrical/ElectronicS , ’ o 10.8% - o 673
: Engineering : ' ’

 iChemica1 Engineerinp S d‘ 1% C 468

: ....’__A;Other Engineering'--Disciplines o maamos e aa

”ﬁlﬂPhysicsrf; 415




Chart 8
EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNUCIANS BY COMPANIES ACTIVE IN THE REACTOR AND REACTOR
COMPONENT DESIGN AND MAMUFACTURING SEGMERT UF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR
EACH YEAR EXTENOING FROM 1963 THROUGH 1968 {AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND
ANS PROJECTIONS OF THE TECHNICAL MANFOWER REQUIREMENTS FOR 1969, 1270 AND 1973,

15,000
(Data include only personnel employed by privately-owned companies active in
reactor and reactor companent design and monufocturing who spend ot least 50%
af their working time in atomie energy aoctivities.) .
' : / TOTALS i
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Number of Currently

(Cont'd) % of Currently Employed Employed Scientists
Educational Backgrounds Scientists and Engineers and Engineers
Metallurgical Engineering 5.2%‘ | 321
Chemistry ' 3.9% 242

3 Nuclear Physics 2.5% 159

% Other Science Disciplines 1.7% 105

? Civil Engineering‘ 1.67Z 100

; Metallurgy 1.6% 100
Heelth Physics 0.8% 48
Other Nuclear Science and 0.5% 29

Engineering Disciplines

Nuclear Chemistry 0.4% 26

Geology énd Ceophysics B 0.2% » i6

High Energy Physies.. ) | 0.17% 3
. TOTALS | - , : '100 0% ' ‘ 6,234

Of ‘the currently employed nuclear degreed scientists and engineers, 25.2%
:Have BS's; 56.27% have MS' s"and-LB 6/ have PhD's. Of the other degreed (non-=
nuclear) personnel currently employed in this: segment of the atomic energy field ‘
66.37% have" BS's: 26.9% have MS' s"and 6.8% have PhD's.
The annual requirements for nuclear degreed scientists and engineers between
July 1969 and December. 31, 1973 to fill new positions‘ére:

ANNUAL INCREMENTAL RFQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Year . vﬁcientists ' Engineers:
1969 (6 mo.) - 23 23

1970 o o | s R T

B 7 T o 53
g7 o m s
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In addition to this segment's newed for nuclear degreed scientists and engi-

neers to fill mew positions, allowancms for attrition must also be included to

arrive at the total technical manpower requirements for nuclear degrmed personmel.

(Allowances for attrition are the same as those used previously in thkis report:

8.4% for scientists and 7.67 for emgimeers.)

Nuclear Scientists Nuclear Engineers

Year Growth Replacement Total Growth Replacement - Total
1969 (6 mo.) %3 37 60 23 40 63
1970 45 43 89 46 &6 92
1971 o4l 46 g7 53 ‘50 103
1972 41, 50 =2 53 54 107
1973 52 54 96 53 58 111
TOTALS 193 230 . 423 228 248 476
Average Annual

Incremental ’

‘Requirements . I . ‘

- (4%.yrs.)42.9 - 51.1: .. 94,0 -« 30,7 . 55.1 . - 105.8

Betﬁeenrduly;1969uéhd?Decemﬁer 31, 1973, a total of.899bﬁuc1e§r'degreed‘
?ersénﬁél,will be neededrby:allwprivately owned companies. active in the reactor
and reactor comﬁdﬁént‘design and'maﬁufaéturing éegﬁén;.;_This requirement
avefages cut to agﬁu:~200,nuclear degreed scientists and engineers each year to

£111 new and replacement positions within these ofggnizations.

A
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SUMMATION OF IN-DEPTH INTERVIEWS
The primary employment qualification these companies consider wirea hiring
degreed (non-muclear) scientists and engineers is experience. They also eval-
uate the candidate's '"track record" and whether or mot the individw=al has a keen
interest in the nuclear field. However, when these companies hire rerent college
graduates they put considerably more emphasis on thz level of degrz: earmed plus
a subjective evaluation of the candidate's future potential.
The company activities where the degreed (non-muclear) employees work are:
1. Design (17%)
2, Development (127%)
3. Test and evaluation (10%)
4., Production (13%)
5. Research (5%)
6. . Other activities (42%)
'Half of the interviewed companies have had good success in hiring degreed
(non~nuclear) scientists: and engineerS»during the past five years. These com-
,panies‘attribUtextheir sncoess to: i)_the'growth and n.wnass of the nuclear
field: 2) their company's geographical location; 3) the individual's growth
potential at their company: and, 4) the diversity of their company's operations.
The remaining 50% of the interviewed companies have had some difficulty in
filling their needs for degreed (non-nuclear) personnel. Two of the major
reasons given for this difficulty are: 1) the over-whelming demand, on a
nationai basis, for degreed personnel -~ especially engineers; and 2) the
extremely high salary 1eye1s‘being demanded'by potential employees.
As to- whether or not these companies felt they would be: able to fill their -
‘ requirements for degreed (non—nuclear) SCientists and engineers in the early

1970 S, tne maJority of the companies indicated that they were cautiously
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optimistic. They noted the apparent decrease in engineering enrollments and
expressed some concern over the effect of the military draft on students who
would sormalli go on to graduate school. Generally speaking, these companies
believe mher will be able to hire enough scientists and engineers to m=et their
1970 and 1973 requirements, but they might have to pay more.
All interviewed companies felt that they would like their degreed (non-
nuclear) scientists and engineers to have some coursework in nuclear science
or engineering. Scme of the nuclear courses they would like the universities
to make awmilable to science and engineering (non—nuclesr)rstudents are:
1. Reactor fuel technology |
» 2., Reactor materials
3. Reactor design
4. Nuclear metallurgy
5. A surﬁey'course in the fundamentals
: bf-nuclear,cngineering
When hiring a scientist or engineervwith‘a'degree'in nuclear'science or:
engineering, these‘compsnies use the same employment criteria és when thcy hire
scienfists and engineers in general. However, two of the interviewed companies
pointed out ﬁhat within their company there seems to be a trend for the super- |
visory managers to srecify master's degreed nuclear engineers in their jdb
descriptions.
About 437% ofithe nuclcar degreed personnel‘work in research acﬁivities,
20% in development, QZ‘in‘tést and‘evaluaticn, 9% in design,'and,IOZ’in regulatory

‘enforcement and licensing activities.‘ The remaining portion of nuclear-degreed

personnel work in management and data collection, processing and analysis

. .a,ct_i‘\,r‘ities;.‘a.x:f o
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During the past five years, all interviewed companies have had relatively
zord success in filling their needs for nuclear degreed personnel. The most
mrevalent reason given for their success in hiring nuclear degreed scientists
wmi engineers was that these organlizations are at the forefront of the nuclear
# a7lé and, as a result, they attract people who want to be where the "action"
iz.. Twenty-eight percent of the interviewed companies have filled their need

#g—-muclear degreed individuals. These two companies are primarily research

a==ieated organizations and, as a result, they believe their success is due to
‘e company 's work envircnment (creativity and quelity of the staff and highly
cxnpetitive salaries). The remaining companies currently have some unfilled
positions for nuciear degreed personuel., Some of the reasons given for those

open positions are: 1) the somewhat limited supply of nuclear scientists and

engineers at cartain leVels of education; 2) the company is undergoing a very
rapid growth; and, 3) open positions (nuclear or~ngn—nuclear) are a natural
eomseqeence-of large organizatidns. |

During the'pasc'five years, seventy percent of the interviewed companies
have increased their requirements for nuclear: degreed scientists and engineers.
This increase is due to the companies' increased activity in the nuclear field

zmd the résulting technical sophistication this technology requires. Although

requirements for nuclear degreed scientists and engineers have increased, the
companies are placing more of their nuclear degreed personnel in operational
activities such as reaetor safety, licensing, fuel-cycle management, etc.,‘rather
than in teseafch<activities. Also, the COmpanieshhave begun to de-emphasize the
employment of PhD s while. placing emphasis on.the MS 1eve1.

When these companies were asked why they don t hire more nuclear degreed

: scﬂentis;s;anduengineepsk;heir‘responses»included,,,1) there is~a‘great deal .- :
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of work which doesn't require the technical sophistication of a nuclear engineer;
2) the nuclear degreed individual, being so speclialized, limits his overall
usefulness to the company (the technical specialization of the nuclear engineer
"pigeonholes' him within the company); 3) experience has shown that a degreed
(non~nuclear) individual with some nuclear training (in-house training or through
short courses at a university) can do as good a job as a nuclear degreed indi-
vidual; and, 4) only a small percentage of the work, although extremely important,
requires a nuclear degreed individual (i.e., core design, safety analysis,
shielding, etc.). It is interesting to note, however, that nuclear degreed
individuals are usually placed in management positions. They are given these
managerial responsibilities not only to- direct the work activities relating to
théir technical specialization but also to provide, directly and indirectly,
nuclear training to their other degreed (non-nuclear) personnel.

In response to the question regarding their evaluation of the nuclear degreed

individual's educational training, the interviewed compahies provided the following

comments: 1) as is the case with other engineering and scientific disciplines,
these companies have special technologiczl and operational needs that are not:
being offered by.the educational institutions; 2) the educational background of
the nuclear degreed individual is oriented to theoretical considerations; 3) like
most recent graduates, the nuclear degreed individual has little concept of what
the industrial environment is really like. In this regard, many recent MS's
and, in partigular, PhD's believe their job will be the same as a post-graduate
research project. When the young graduate fails to understand the real nature
of the industfial setting,~disappointment and dissatisfaction are the usual
conseduéncés.i ‘

,” 0ne'6f&££é¥m§fe iﬁtéféS;iééquihfé‘brpugﬁﬁbﬁt>ih;thé”iﬂtéﬁviewé'wés that:

these démpaniesbwill‘hiré‘nuclear degreed scientists and enginee:s in the 1970's

ik g e e e At et A . A T i i
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to assume job responsibilities associated with putting nuclear power plants into
operation. The nuclear courses these companies would like to see emphasized in
the training of uuclear engineers are: reactor fuel technology, reactor materials,
reactor design and amnalysis, and fuel-cycle mansgement. They would also like the
universities to emphasize fuel-cyle analysis, control thecry, and systems engi-
neering. They foresee a need for more people with radiochemistry backgrounds but
believe this training should come under the auspices of the chemistry departments.

What follows are a few more detailed evaluations of nuclear science and
engineering graduates as they relate to the technical requirements of companies -
active in the reactor and reactor component design and manufacturing segment.

"The nuclear engineer noticeably lacks a practical understanding of the
problems facing the nuclear field today." Specialization at the BS level results
in an engineer with "tunnel vision."” For the thermohydraulic and mechanical
aspects of reactor engineering, a solid backéround_in.one of the traditional
engineering diseiplines topped off with a year or so of formal work in nuclear
reactor theory or nuelear metallurgy seems best for their needs. Although the
companies generally classify the BS nuclear engineer as too specialized -~ too
soon, they believe that as the nuclear industry grows more job opportunities
will begin to exist for people with a BS level nuclear engineering education.
These .opportunities might be expected to occur most often in the operational
sector of the nuclear business such as AEC surveillance, utility shift supervision,
utility business management (ideally a BS nuclear engineer with a MBA) and other
related operational. activities,

.One of the interviewed.éompanies was,extremelyvvocal,on‘thehquestion of
'the relative merits of the BS nuclear engineer.‘ Thie oompony favors the in-.

sertiop of appropriate elements of. nuclear technology into the classical

103
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engineering disciplines at the BS level but dees not favor a special BS nuclear
engineering degree. They also feel that if the universities continue to stress
BS nuclear engineers, engineers from other disciplines might avoid the nuclear
field on the basis that their educational background would not be appropriate.
This company would like to see the classical engineering disciplines adjusted for
nuclear technology so that each BS engineeting student would enter the field with
confidence and sufficient technical background to make a meaningful contribution.
Furthermore, this company believes that an over-—-emphasis on nuclear engineering g
at the BS level would leave these individuals deficient in the elements of basic
engineering which are vital to their future success. For nuclear engineering
students at the ‘MS and PhD levels, there should be a greater emphasis placed on
sucn areas as heat transfer, reactor materials, reactor fuel technology, etc.
Some of the companies believe there are seme very special needs arising from

the nuclear field that may require some special education and training. These needs

concern the matter of operating nuclear power plants. They see the emergence of

what might be termed a nuclear technolegist or nuclear operations engineer.
_Individuals ere needed to eupervise the technical elements of the operation of
nuciear power plants. ‘Areas here are: Treactor contfol, systems dynamics,ﬁfuel
management;'heaith physics; environmental'effects—-contémination and systems
safety. » ’ ' | |
© . The primarybeﬁplofgdnt qn51ificatien for techniEian~1eve1 personnel is the
candidate 8 prior work experience and the extent of his: training. TechnicianS‘
- employed in this industry work primarily in test: and evaluation- act*vities 347y,

About 11% of their technicians work in developmental activities; 11%Z in inStalla—v

tions, operations and maintenance activities; 9% in data collection, processing {

and analysis; 9% in technical assistance and consulting; and, the remainder in

research, design, construetion; and production’activities.
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B Thg”interviewed companies have had good success in hiring technicians during
the past five years. They attribute this success to their geographic location
where there is a high concentration of qualified technicians. Only one of the
interviewed companies expected a shortage of technicians in 1973 and, as a
result, they are establishing an in-house technician training program.

The nuclear related courses these companies would like their technicians to
have are: reactor instrumentatioun, radiological physics, radioisotope techniques,
radiation safety, fuel handling, and health physics. 1If technicians have not
had these courses, the companies provide the necessary training through "in-
house" programs, in association with a college or technical school, or in asso-
ciation with their vendors.

The employment qualifications these companies consider whenr hiring a nuclear
reactor operator and/or nuclear materials‘manager is a combination of exberience
and training. The majprity of their nuclear reactor operators wqu ip installa-
tion, operations, and maintenancé activities. The remaining nuclear reactor
operators are employed in production, developmen;, test and evaluation, con-
struction, and regulatory enforcement and licensing activities. Nuclear materials
managers work..imost exclusively‘ih regul#tory e;forcement and licensing although
some alsé work 1in planning and management'ac;ivitiés. |

None of the interviéwed gbmbanies have had any difficulty in hiring nuclear
rgactor operators and'hucleéfrmaterials managefs. Furthermore, they do pot anti-
cipate any difficulty in fiiling their needs in 1970 or 1973.

The nuclear related courses which are most*éppliéablé to thase companies'
nuclear reactor operators are: reactor instrumentation: reactor engineering;
radiation safety; general instrumentation;’and, fuel handling. Nuclear courses
that would benefit their nuclear materials managers are: .waste»disposalz reactor

fuel technology; reactor materials; nuclear metallurgy; nuclear chemistry; radio-

8-
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isotope techniques; radiation safety; and, fuel handling.

The two most reliable intrinsic factors these companies use when forecasting
their technical manpower requirements are ''sales forecasts of atomic energy
products, materials, and/or services,'" and "dollar value of backorders of atomic
energy products, materials and/or services.' The three most reliable extrinsic
factors used by these companies in developing technical manpower requirements

'"" "general economic

are "increasing nuclear power plants generating capacities,
outlook," and "projections of government funds."

Forty percent of thz interviewed companies indicated that a 10%Z decrease in
government funds to their companies would not affect their technical manpower
estimates for 1970 or 1973. The remaining companies stated that a 10% decrease
in government funds would result in about a 2-5% reduction in their manpower
estimates. Generally speaking, substantial decreases in employment would occur
only if governmént funds were to decrease by 20-30%. If goﬁérhment funds were to

decrease by thié'ambunt,‘their manpower reductions would occur "across-the-board"

but perhaps less so with nuclear degreed pefsonnel.




DeEsIGN AND ENGINEERING OF NUCLEAR FACILITIES
BLS Segment Definition -- Design and engineering of all nuclear facilities ot .er

than reactors.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 61.0% of all engineers, 32.9% of
all scientists, and 50.6% of all technicians working in this segment as reported
by BLS. The historieal data for scientists, engineers, and technicians emploved
in the design and engineering of nuclear facilities segment (non-government—~owned)
are given below:

Bistorical BLS Data (1963-1968)

Year Scientists Engineers Technicians Totals
1963 80 1,027 634 1,741

1964 57 1,045 924 2,038
1965 60 1,139 ‘ 848 2,047
1966 87 1,521 | 864 2,472 i
1967 1 2,222 | 1,329 3,662 é
1968 as | 2,479 1,901 4,465 ;

entire design and engineering of nuclear facilities segment (privately owned) for
.;1969, 1970 and 1973 are presented in Table 8. The overall growth in_technical
* manpower requirements for this segment of the atomic energy field.be;ween July

E 1969 and December 31, 1973 1is 48.27%Z.

_ the listed wccupational categories are:

Data provided by the sample companies and extrapclated by the ANS to the

 The percent increases between July 1969 and December 31, 1973 for each of

Numerical Increase

O

% Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Health Physics Technicians 167.5% - 134
and Radiation Monitors
Nuclear Materials Managers . k 162.5% 39
_87_
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Tabie 8
— DESIGN AND ENGINEERING OF NUCLEAR FACILITIES —
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL }ANPOWER REQUIREMENTS FOR 1970 AND 1973,

(Dota include only personnel employed by privetely-own=d companies active in design and engineering of nucleor focilities who spend

at least 50% of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES Eﬁgsgfm;\; ; 1976 [')NECCRREQSSEE/ 1973 l')NECCRREEA:SEé/
PHYSICAL SCIENTISTS 228 218 +10 274 +36
LIFE SCIENTISTS 24 25 + 33 +8
ENGINEERS 1,685 2,018 +333 2,374 +356
MATHEMATICIANS 9 107 +11 123 +16
DRAETSMEN 1,458 1,762 +304 2,513 +751
ELE%EiISQTAiSELECTRONICS 5 - 15 47 .5
OTHER ENGINEERING TECHNICIANS 322 194 g 287 +93
O RADIATION MONITORS o & 80 149 +69 214 65
OTHER TECHNICIANS 86 80 6 88 +8
NUCLEAR'REA‘éTdR dPERATbRs 4 6 +2 - 2
NUCLEAR ;‘s‘-ATER‘IALS;MANAGERS B Y a2 e 63 21
TOTALS - | v 4064 4,663 . +599 6,024 +1,36

Q -88-
108




(cont'd)
Occupational Categories

DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

% Increase Between July 1969
and December 31, 1973

Nuclear Reactor Operators 100.0%Z
Draftsmen 72.4%
Engineers 40.9%
Life Scientists 37.5%
Mathematicians 28,17
Physical Scientists 20.27%
Other Technicians 2.3%
Other Engineering Technicians -10,.9%
Electrical/Electronics -17.5%
Technicians
TOTALS 48.27%

Nunmerical Increase
Between July 1969
and December 31, 1973

4
1,055

689

27

1,960

Together, the occupational categories of engineers and draftsmen represent

nearly 89.0% of the estimated technical manpower this segment will hire to fill

new positions between 1969 and 1973.

The large increase, percentagewise, in

the!-health physics technicians category reflects the requirements of only fifteen

percent of the meven interviewed companies.

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following percent increases

between 1969 and 1973:

7% Increase Between July 1969

Occupational Categorles

Technicians (Includes
Draftsmen, Nuclear Reactor
Operators and Nuclear
Materials Managers)

Engineers

Scientists (Inciudes
Mathematicians)

and December 31, 1973

58.5%

40.9%

23.67

-89-
109

Numerical Increase
Between July 1969
and December 31, 1973

1,189

689

82



DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

Approximately 88.77%7 of this segment's requirement for technicians will be for
draftsmen. , This is probably due to the fact that these organizations have had
enough experience in nuclear facilities design and engineering and, therefore,
for subsequent design standardization, draftsmen will be taking over a greater
portion of the work.

Chart 9 represents the zctual historical BLS technical manpower data (1963-
1968) for the entire non-government-owned companies active in design and engineer-
ing of nuclear facilities segment and ANS projections of this segment's require-
ments for technical personnel through 1973. The large drop in the engineer
category between 1968 and 1969 may be due to the problem of identifying, at any
point in time, the number of technical people who spend at least 50% of their
working time in atomic energy activities in that these organizations assign their'
personnel to a number of projects throughout thg year of which nuclear projects are
just a few. The result is that the companies in this s2gment of the atomic energy
field probably haverdifficﬁlty identifying members of’their staff who spend at
least 50% of their time on huclear related projects;

Currently, there are 3Q nuclear scientists and 118 nuclear or veactor engi-
neers employed by ﬁhe privately owned companies active in this segment of the
atomic'enefé& field. Between 1969 and 1970, these companies expect to hire an %
additioﬁal 36_nuciear scientists and 98 nuclear orAre#ctor engineefsrto f1ll new
positions, |

The percentage of currently employéd scientists and engineers with.a
particuléf educational backgrecund to ﬁhe total ﬁ;mber of scientists and éngineers
are as follows:

Number of Currently

Z of Currentlv Employed Employed Scientists
Educational Backgrounds Scientists and Engineers and Engineers

Mechanical Engineering 36.4% ‘ 705




EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHN
QF NUCLEAR FACILITIES SEGMENT OF THE PRIVA

Chart 9
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

(Cont'aqd)
Educational Backgrounds‘

Civil Engineering

Electrical/Electronics
Engineering

Other Engineering Disciplines
Chemical Engineering

Nuclear or Reactor Engineering
Physics

Metallurgical Engineering
Chemistry

Nuclear Physics

Gther Science Disciplines
Geology and Geophysics
Metallurgy

Nuclear Chemistry

Héalth Physics

TQTALS

% of Currently Employed
Scientists and Engineers

16.77%

15.0%

0.3%

100.0%

Number of Currently
Employed Scientists
and Engineers

324

292

175
141
128

66
29
25
14
14

11

Of the curreﬁ&;y~émployed nuclear degreed scientists and engineers, 37.37%

have BS's; 49.4% have MS's; and, 13.2% have PhD's. Of the other degreed (non-

nucleax) personnel cuifently employed in this segment of the atomic energy field,

75.1% have BS's: 21.1% have MS's; and, 3.8% have PhD's.

The annual rquibgmenté for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:




DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGRE.D
PERSONNEL TO FILL NEW POSITIONS

Year Scientists Engineers
1969 (6 mo.) 6 15
1970 13 29
1971 5 18
1972 6 18
1973 6 18

In addition to this segmeni's need for nuclear degreed scientists and
engineers to fill new positions, allowances for attrition must also be included
to arrive at the segment's total technical manpower requirements of nuclear
degreed personnel. (Allowances for attrition are the same as those used pre-

viously in this report: 8.47% for scientists and 7.6% for engineers.)

P A e | 8 G e bR et S e e a1 4

Nuclear Scientists Nuclear Engineers
Year Growth Replacement Total Growth Replacement . Total
; 1969 (6 mo.) 6 3 9 15 9 24
1970 13 4 17 29 12 41
1971 5 4 9 18 13 31
1972 6 5 11 18 14 32
1973 3 6 12 18 16 34
TOTALS © 36 22 58 . 98 64 162
Average Annual
Incremental
: Requirements ‘ '
i (&5 yrs.) 8.0 4.9 12.9 . 21.8 14,2 - 36.0

Between July 1969 and December 31, 1973, 220 nuclear degreed personnel will
be needed by all privately owned companies active in the design and engineering of
nucleaf facilities segment. This requirement averages out to about 49 nuclear
degreed scientists and engineers each year to fill new and replacement positions

within these organizations.

93~
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIEZS

SUMMATION OF IN-DEPTH INTERVIEWS

When evaluating potential employees, these companies do not consider the
candidate's earned level of degree &3 being more important'than his demonstrated
ability. Level of degree is considered only as a measure of the candidate's
extent of education. In the case of the recent graduate, level of degree plays
a more important role but these companies still place considerable emphasis on the
candidate's potential usefulness to the compzny.

Specifically, these organizations look for the experienced man—-experienced
in the technology in which the company needs additional support. What the
potential employee's qualifications should be are determined by the "job de-
scription" prepared by the requisitioning supervisor who stipulates the re~
quired training, experierce, and education.

Degreed (non-nuclear) personnel work primarily in design activities al-

though some also work in development, standards and specifications, and mznage~

ment activities.

The majority of the interviewed companies have had little, if any, difficulty
in filling their need for degreed (non~nuclear) personnel during the past five
years. They attribute their success not only to the traditional considerations
of company benefits, nature of the work, etc., but also tu the fact .that their
company is lccated in an ideal geographical area of the country.

The remaining coﬁpanies have experienced considerable difficulty attracting
degreed individuals to adequately fill their requirements. Specifically, these
organizations havevndt/beeﬁ able to hire enough project engineers in mechanical,
electrical, or civil engineering.

With regard to the future supply of degreed (non-nuclear) individuals, most
of the interviewed companies anticipate no trouble in meeting their technical

manpower requirements while a few of the remaining companies do foresee a
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES
continuing recruitment problem. They see this difficulty arising from the in-
creasing number of technological industries and their subsequent technical manpower
demands coupled with apparent reductions in engineering enrcllments.

The overwhelming opinion of the interviewed companies was that nuclear-
related survey courses shculd be incorporated in the undergraduate classical
engineering curriculums. Generally speaking, these organizations prefer the engi-
neer who has been trained in a classical engineering discipline and who has had
cne or two courses in nuclear technology. This type of individual is more
valuable because his training is broad enough to allow him flexibility in assum-
ing various company assigrments.

Some of the nuclear courses these companies would like their degreed
(non-npuclear) employees to take are waste disposal, radiation shielding, reactor
engineering, reactor analysis, fuel-cycle management, and radiation shielding.

They would also like the universities to establish more courses in licensing

and computer science and data analysis. Courses in business economies would
also be“beneficial.

The companies use the same approach when hiring a nuclear degreed scien~
tist or engineer as they do when they hire a scientist or engineer i general.

The reason why these organizations have hired and are continuing to hire nuclear

degreed scientists and enginsers is because the companies need expertise in an

area of technology which is not cu cently available from the present staff.

r In addition to hiring a nuclear degreed individual to ensure the companies'
; nuclear capabilities, the nuclear degreed individual is.also expected to provide
nuclear training for the rest of the technical staff. It must be realized that

the nuclear degreed person is hired to fill a techmological void existing within
the company -- when specialized knowledge is needed, they hire a specialist!

However, the work performed by the nuclear degreed individual amounts to less

Q -05-
1151

I3
s
5.
[
bE
i
:
b
i
;
i
;
¢
i
&
i
ie
£
I




DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

than 5% of the total project's design and engineering requirements and, as the
rest of the staff geins competency in nuclear technology, there is little need

to hire mcre nuclear degreed individuals. The specific tasks the i _.<ar engineer
is responsible for are; safety analysis, reactcyr shielding, licensing, fuel-cycite
management, and rad;ation safety considerations. The reason why these companies
do not hire more nuclear degreed scientists and engineers is that they (the
companies) have been guccessful in applying the traditional engineering disci-
plines to nuclear appliications.

Generally speaking, the companies believe the nuclear degreed individual
te be very competent in his field of endeavor. However, it is also this spe-
cialization that the companies criticize. Because the nuclear degreed individual
is so specialized, his flexibility within the organization is somewhat limited
unless he has managerial potential. TFor these companies, the really useful man
is the one whko has a broad background in applied engineering. Such an individual
is rarely "pigeon-holed" within the organization.

All interviewed companies have increased their requir:zments for nuclear
degreed persomnel during the past five years and foresee a continuing increase
in their requirements through-i973.‘ This increase, althoughnshall in comparison
_ to their overall manpower‘requiremeﬁts, is due to their awareness of the expertise
a nuclearfdégreed‘SCientist or engineer brings»tobthe job.

Technicians are hired without foo much concern with their educaﬁion~and
‘training, as these organizations ere willing to ptovide "in-house' training
programé. Obviously, the cempanies’would like to hire'qualified-professional
technicians but, because of the.acute shortage of these individuals, the com-~
panies-are_beginning to hire a greater number of untrained individuals and training
them themselves. Because of the e#treme‘shortage'of professional technicians,
technicians are mere mobile because companies in all technological industries

are willing to pay a premium for their services. It is also interesting to note
06~
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DESIGN AND ENGINTWERING OF NUCLEAR FACILITIES
how highly these organizations value Navy trained technicians.

Technicians employed by these companies work almost exclusively in design
activities. For their professional technicians, the companies would like them
to have some coursework in waste disposal, radiation sheilding, reacter instru-
mentation, and radiation shielding.

The primary extrinsic factors these companies consider when forecasting their
technical manpower requirements are "nuclear power plant generating capacities,"
"possible new applications of atomic energy," and "projections of government
funds,"

Intrinsic factors considered most reliable are "entries into new markets"
and "anticipated expansion of plant facilities and/or new acquisitions." One
company, assentially a research and development organization, selected ''pro-
jections of sovernment funds to their company.'" This same company indicated
that their wanpower projections would be adversely affected by a 10%Z decrease
in government funds. Such a decrease, they believe, would result in about a
2-3% reduction in their estimates for nuclear degreed individuals and a 9-10%

decrease in their estimates for other degreed personnel.
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Rapni oacTiVE WasTE DisPosAL

BLS Segment Definition -- The packaging and disposal of radioactive waste materials,

ineluding both byproduct andi source material wastes.
Inceludes associated research and development activities.
FRESENTATION OF STATISTICAL DATA
In 1968, the sample represented 22.27% of all scientists, engineers and
technicians working in this segment as reported by the BLS. The historical BLS
data for scientists, engineers, and technicians working in the radioactive waste
disposal segment are given below:

Historical BLS Data (1963-1968)

Year Scientists Engineers Technicians Totals
1963 2 22 51 75
1964 3 5 22 30
1965 7 5 24 36
1966 0 4 ‘ 29 33
1967 6 } 1 6 13
1968 5 | 4 18 27

The sample data was extrapolated by the ANS to the entire radioactive waste
disposéi segment for 1969, 1970, and‘l973. The results are presented in Table 9.
The overall growth of technical manpdwer requiremehts for companieé in this seg-
ment 6f the atomic energy field betﬁeen July 1969 and December 31, 1973 is 86.2Z.

The pércent increases betweenf1969 and 1973 for each of the listed occu-
pational categories are: |

Numerical Xncrease

: %Z Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Engineers 105.3% 20
Other Technicians : 86.2% 50
Health Phjsicé Technicians 76.9% ' 30

and Radiation Monitors
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Teble 9
— RADIOACTIVE WASTE DISPOSAL -
CURRENT (1969) EMPLOYMEN-T OF SCIENT{5i5, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973,
(Data include only personnel employed by privately-owned companies active in radicactive waste dispesal who spend at least 50% of

their working time in atomic energy activities.)

_ CURRENT T INCREASE/ INCREASE
OCCUPATIONAL CATEGORIES EMPLOYMENT 1970 DECREASE 1973 DECREASE
(16.7) (17.5) (17.9) +
ENGINEERS 19 27 +8 39 12
HEALTH PHYSICS TECHNICIANS & (33.3) (32.5) +11 {32.1) +19
RADIATION MONITORS _ 39 50 69
(50.0) {50.0) ¢50.0)
OTHER TECHNIC!ANS 53 27 +19 108 +31
(100.0) (100.0) (100.0)
TOTALS 116 154 +38 216 +62

Aruitoxt provided by Eic:
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.~ NUMBER OF SCIENTISTS, ENGINEERS AND TECHNICIANS -

O

ERIC

Aruitoxt provided by Eic:

Chart 10

EMPLOYMENT CF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE RADIOACTIVE WASTE

DISPOSAL SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING FROM

1963 THROUGH 1968 (A5 TEPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE

TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973,

250 (Doto include only persannel employed by privetely-owned companies octive in
rodicactive woste disposal who spend ot leost S0% of their working time in atomic
energy octivities.)

KEY:
225 1 1963-1968 Actual Data Reparted by BLS —
——— 1969-1973 ANS Projected Doata
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RADIOACTIVE WASTE DISPOSAL

- Technicians make up not only the majority of the currently employed persomnnel
but also the projected technical manpower requirements. The large increase
percentagewise in the engineer category is probably related to a desire by these
companies to establish more service centers and burial sites throughout the U.5.

Chart 10 represents the actual historical BLS technical manpower data (1963-
1968) for the non=govermment~owned companies active in the radioactive waste dis-
posal segment, and ANS projections of this industry's requirements for technical
personnel through 1973.

Nuclear degreed scientists or engineers have not been employed in this seg-
ment of the atomic energy field nor do they expect to hire any in the future.

The percentage of currently employed engineers with a particular educational

background to the total number of engineers are as follows:

% of Currently Employed Number of Currently
Educational Backgrounds Engineers Employed Engineers
Chemical Engineering 52.4% 11
Chemistxy 21.1% 4
Mechanical Engineering 21.1% _h
TOTALS | | 100.0% | 21

 0f the currently employed degreed (non-nuclear) engineers, 78,9% have

BS's and 21.1% have PhD's.

SUMMATION OF IN-DEPTH INTERVIEWS

When hiring degreed personmnel, eﬁperience is considered as the primary
ewployment qualification. This is also true when hiring tectinician-level per-
sonnel. The radioactive waste disposal industry is rxtremely small and, as a
result, it does not have the capability to provide either extensive or formalized

training programs for the untrained individual.
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RADIDACTIVE WASTE DISPOSAL

Engineers are employed primarily to work in activities associated with
installations, operations, and maintenance and management. Tecunicians, on the
other hand, work exclusively in installations, operations, and maintenance

activities.

There has been good to excellent success in hiring enough engineers to fill

their manpower requirements ruring the past five years. Furthermore, they 4o not

foresee any difficulty in attracting enough engineers in 1970 or 1973. With re-
gard to the hiring of technicians, there has been only fair to good success.

The technical requirements of this segment of the atomic energy field are
such that they do not need the technical scophistication of a nuclear degreed
scientist or engineer, However, they would prefer their engineers to have some
nuclear training in the areas of radiation shielding, radioisotope techniques,
health physiecs, radiation safety, and instrumentation. Some fraining or course-
work in healtrh physics, radiation safety, and inst¢rumentation is recommended for
technicians employed in this segment of the atomic energy field.

In forecast?ng maapower requirements, zinphasis is placed on the "estimated

nuclear power plant generating capacities.”

-102-
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NucLEAR INSTRUMENT MANUFACTURING

BLS Segment Definition -- Reporting units engaged in manufacturing instruments
primariiy for the atomic energy field, such as
accessory instrumentation for reactor controls,
radiaction detection instruments and hot Llaboratory

equipment, ineluding manipulators.

rRESENTATION OF STATISTICAL DATA
In 1968, the interviawed companies employed 35.8% of all engineers, 51.6%
of all scientists, and 31.1% of all technicians working in this segment as re-

ported by BLS. The historical data for scientists, engineers, and technicians

employed in the nuclear instrument manufactuvring segment (non~government-owned)
are given below:

Historical BLS Data (1963-1968)

i Year Scientists Engineers Technicians Totals
2 1963 219 805. - 1,004 2,029
? 1964 236 902 1,296 2,434
’: 1965 279 826 1,166 2,271
i 1966 320 662 1,350 2,332
1967 233 813 1,437 2,483 .
1968 i86 670 1,199 2,055 é

Data provided by the sample-companies and extrapolated by the ANS to the
entire nuclear instrument manufacturing segment (privately owned) for 1969, 1970,

and 1973 are presented ir Table 10. The overall growth in technical manpower

requirements for this segment of the atomic energy field between July, 1969 and

December 31, 1973 is 40.2%.

The percent increases between July 1969 and December 31, 1973 for each of

the listed occupational :ategories are:
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Table 10
—~ NUCLEAR INSTRUMENT MANUFACTURING -

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1972,

(Dato include only personnel employed by privately-owned componies octive in nuclear instrument manufacturing who spend ct least
50% of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES | CORRENT 1 1970 INCREASES 1973 INCREAS,
PHYSICAL SCIENTISTS 180 198 +18 248 +50
LIFE SCIENTISTS 31 37 +6 54 +17
ENGINEERS 681 7 +50 213 +182
MATHEMATICIANS 12 19 +7 25 +6
DRAFTSMEN 120 126 +6 183 +57

; ELigﬁiﬁéb\ﬁsﬂ.‘ECTRON'cs 795 875 +80 1,135 +260
OTHER ENGINEERING TECHNICIANS 53 66 +13 106 +40
emanetiawonss | o | e |0 2

. _
LIFE SCIENCE TECHNICIANS . 14 13 B % | w3
PHYSICAL SCIENCE TECHNICIANS 1es 173 a2 21 +48
OTHER TECHNICIANS o 105 106 +1 135 +29
TOTALS L ) 2,189 2,256 et | 3,068 +712
-104-
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NUCLEAR INSTRUMENT MANUFACTURING

Numerical Increase

% Incre=se Between July 1969 Between July 1969
Occupational Categories and December 31, 1273 and December 31, 1973
Mathematicians 108.3% 13
Other Engineering 100.0% 53
Technicians
Life Science 85.7% 12
Technicians
Life Scientists 74.27 23
Health Fhysics Technicians 69.27% ]
& Radiatioun Monitors
Draft3men 52.5% 63
Electrical/Electronics 42,87 340
Technicians
Physical Scientists 37.8% 68
Engineers 34.1% 232
Other Technicians - 28.67% 30
Physical Science 19.57% 36
Technicians —
TOTALS 40.27 879

Consolidating the above occupational categories into three hr.ad categories

of scientists, engineers and technicianms, shows the following p..cent increases

between July 1969 and December 31, 197i:

Numarical Increase

% Increase Betwren July 1969 Between July 1969
Occupational Categories ~_and December 31, 1973 and December 31, 1973
Scientists (Includes 46,67 104
Mathematicians)
Technicians (Inciudes 42.3% 543
Draftsmen)
Engineers : 34.17% 232

The scientist category shows the largest perceat increase reflecting, perhaps,

this segment's entry or greater involvement in the reactor area monitoring
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NUCLEAR INSTRUMENT MANUFACTURING
instrumentation and nuclear medicine instrumentation. It is also evident that as
their products become commercially available, a greater number of technician-
level personnel will be needed for functions such as quality control, installation,
maintenance, etc.

Chart 11 represents the actual historical BLS technical manpower data (1963~
1968) for the non-government-owned companies active in nuclear instrument manu-

facturing activities and ANS projections of the industry's requirements for

technical manpower through 1973. Only the techmnician category shows any significant

change between the historical and projected data. Both the engincer and scientisx
categories remain essentially the same between 1963 and 1973.
Currently, there are 29 nuclear scientists and 6 nuclear enginears employed

by the privately owned companies active in this segment of'the.atomic energy field.

These companies, however, expect to hire an additional 27 nuclear scientists to fill

new positions between 1969 and 1973. None of the companies are planning to hire
additional nuclear engineers during this same time period.
Percentages of currently employed scientists and engineers with a particular

educational background to the total number of scientists and engineers are as

follows:
| ' Number of Currently
% of Curreantly Employed Employed Scientists
Educational Backgrounde Scientists and Engineers and Engineers
Electrical/Electronics 52.0% 467
Engineering
Chemistry 13.0% 117
Mechanical Engineering 10.1% 91
Physics 8.7% 78
Chemical Engineering 4.0% 36

Other Science Disciplines 2.9% 26
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Aruitoxt provided by Eic:

Chart 11

EMPLOYMENT OF SCIERNTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE NUCLEAR INSTRUMENT

MANUFACTURING SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING

FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTIC5) AND ANS PROJECTIONS OF

THE TECHRICAL MANPOWER REQUIREMENTS FOR 196%, 1970 ARD 1973.

5,000
(Doto include only personnel employed by privately-owned compcnies active in
nuclear instrument manufacturing who spend at least 50% of their working time
in atomic energy activities.}
KEY:
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NUCLEAR INSTRUMENT MANUFACTURING

Number of Currently

(Cont'd) % of Currently Employed Employed Scientists
Occupational Categories Scientists and Engineers and Engineers
Nuclear Physics 2.47% 20

Biology 2.47 21

Other Engineering Disciplines 2.4% 21

Health Physics 1.2% 2

Nuclear Chemistry 0.9% 7

TOTALS 100.0% 292

0f the currently employed nuclear degreed scientists and engineers, 18.87
have BS's; 62.5% have MS's; and 18.7% have PhD's., Of the other degreed (non-
nuclear) personnel currently employed in this segment of the atomic energy field,
81.5% have BS's: 15.0% have MS's; and 3.5% have PhD's.

- Annual requirements for nuclear degreed scientists and engineers between
July 1969 and December 31, 1973 to £ill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists ‘ Engineers
1969 (6 mo.) 4 0

1970 : 8 0

1971 ' : 5 0
1972 ‘ - | s 0
1973 - 5 0

In addition to this segment's needbfor nuclear degreed scientistslto fill
new positions, allowances for attrition must also be included to arrive at the
total technical manpower requirements of privately owned companies active in the
nuclear instrument manufacturing activities for nuclear degreed personnel. (Allow~
. ances for attrition are’the zame‘ae those ueed‘nreﬁiously in this renort: 8.47

for scientists and 7.6% for~engineers;)'
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NUCLEAR INSTRUMENT MANUFACTURING

Nuclear Scientists ‘ Nuclear Engineers

Year Growth Replacement Totals Growth Replacement Totals
1969 (6 mo.) 4 2 6 0 1 1
1970 8 3 11 0 1 S1
1971 5 3 8 ) 0 1 .1
1972 5 4 9 0 1 1
1973 -] 3 10 o 1 1
TOTALS 27 17 44 0 5 5
Average Annual
Incremental
Requirements

(45 yrs.) 6.0 3.8 9.8 0.0 1.1 1.1

Between July 1969 and December 31, 1973 a total of 49 nuclear degreed person-
nel will be needed by all privately owned companies active in the nuclear instru-
ment manufacturing segment. This total requirement averages out to about 11
nuclear degreed scientists and engineers each year to fill new and replacement

positions within these organizations.

SUMMATION OF IN-DEPTH INTERVIEWS :

These companies evaluate degreed (ndp-nuclear) scientists in relation to
the‘candidate's education and experience. vHowever, the primary émployment
qualification for degreed (non-nuclear) engineers is the extent of the candidaté's
expefieﬁcg in fhe‘electrdhics field. The intetviéwed‘éompanies prefer to hire
:engiﬁeefs'ﬁhd’can'désign‘and'déveloﬁ prédﬁcts.'-Theif priﬁafy interest, therefore,
is in thé'applicaﬁions oriehted individual. Level’of'degree is evaluated oﬁly as
a<méaﬁs of idehtifying what the';ndividual isvcapaﬁle‘ofxﬁding. These companies :
hire yefy'few‘reéeﬁt'gréduatés.1 | | |

Degreed (non-nucléar) scientists and engineers .work primarily in company
activities associated with technical assisﬁaﬁce and conbalting (49%). Their
; remaining degreed emploiees work in deéign‘aﬁd”devéloﬁﬁent (122); test and evalua- )

tion (9%), research (7%), management (622), and production (5%) activities.
-103- 15




NUCLEAR’INSTRUMENT MANUFACTURING

The interviewed companies have had only fair to good success in filling
their needs for qualified degreed (non~nuclear) scientists and engineers. What
difficulty they have is attributed to the extremely high salary scales these
people are demanding. Probably the only effective selling point these organiza-
tions have is the excellent growth potential the scientist or engineer has with
small but growing companies.

In the near future, these companies foresee evan greater difficulty in fill-
ing their requirements for degrced (non-nuclear) personnel. Two of the major
reasons given for this anticipated technical manpower shortage are: 1) the
reduction in student enrollments in engineering and the concurrent effect of

the draft on graduate enrollments, and 2) because of the National Science Founda-—

tion's and other government agencies' funding cutbacks, many professors have left,

or will probably leave the"universities for employment elsewhere, thus affecting
the quality of future graduates.

By the early 1970‘s,_these organizations will be hiring a greater number
of environmental scientists such as biochemists,.biologists, etc. They also
expect to hire more engineering specialists —— especially mechanical engineers --
for design and development activities.

‘The majority of the companies would like their degreed (non—nuclear)
scientists and engineers to have some coursework in nuclear science and engineer-
ing. This added Knowledge can but only add to‘the organization 's.overall compe-
tency and competitiveness in the nuclear 1nstrumentation field Some of the
nuclear related courses which would be ‘most. applicable to the technical environ—
ments of these»companies are; radiochemistry, instrumentation,oradioisotope
techniques, nuclear chemistry, health physics, and nuclear physics.

The majority of the interviewed companies have hired nuclear degreed

scientists and engineers.while the remaining companies have not. For those

\
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NUCLEAR INSTRUMENT MANUFACTURING
companies that have not hired nuclear degreed people, the reasons given were:
1) the company's current product-line does not require the sophisticated knowl-
edge of nuclear technology; 2) they (the companies) consider themselves to be
electronics organizations and, the fact that they sell to the nuclear field,
is incidental; and, 3) the companies have been successful with a staff composed
primarily of electrical/electronics engineers and mechanical engineers and they
see no reason for changing. For those companies which have hired nuclear degreed
individuals, the reason they do so is because of the contacts the nuclear degreed
individual has within the nuclear field and for research conceptualization
purposes.

Nuclear degreed personnel work primarily in research, development, test
and evaluation, design, and management activities.

These companies have not employed many nuclear degreed scientists and
engineers and, therefore, have not had too much difficulty in filling their
requirements for these types du:ing the past five years. They do not foresee
anf difficulty in the near future in attracting nuclear degreed scientisis and

engineers, although a few of the companies are planning to hire more nuclear

degreed individuals. This inc;eased need for nuclea: degreed personnel is due
'ﬁo the companies' énticipated invblvement in nuclear physics research.
’InveValggting thevedﬁcational t:éiﬁ1ngf£e¢eived by pﬁclearvdegrééd scient;sts
: and engineers;‘;hese_orgaﬁiZa;ions”sta;ed‘tﬁagvghe éducatiqnal‘backgrounds of ..
nuclear degreed in&ividualsupiages too ﬁuch_empha;is‘on experiméntal considefaé‘
tions and not enough qﬁ what and.ﬁqw thipgs‘go?k,  Thgy}a150:bglieve thaé‘graduate
stﬁdents should receive more'éouféeworkvih the';nvironmehtal‘sciences.
Regarding the employment of technician~-level personnel, these organizations
' prefer graduates ofvelectronics schools or ihdividuals who have been trained at

another electronics company. Technicians needlmbre than just a high school

diploma to qualify for employment in this industry.

IToxt Provided by ERI
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NUCLEAR INSTRUMENT MANUFACTURING

Most technicians (50%) work in activities associated with installations,
overations, and maintenance. Another third of the technicians work in test and
evaluation activities. The rest of the technicians work in production, research
and development, and data collection, processing, and analysis activities.

All of the interviewed companies hsve had difficulty hiring qualified tech-

picians during the past five years. In this industry, there is about a 6-8% annual

turnover of technician-level personnei. However, they (the companies} are cau-
tiously optimistic regarding the future supply of technicians. If the future
supply of technicians should fall short of the demand, these organizations are
prepared to expand their "in-house" training programs.

Some of the nuclear science and engineering courses these companies would
like their professional technicians to take are; radioisotope techniques, nuclear
chemistry, healih physics, and nuclear physics.

The three most reliable extrinsic factors these companies consider when
projecting their future technical manpower requirements are; the "genetal
economic outlook,' ''projections of overall gove ‘mment funds," and "pessible new
applications of atomic energy." The most relir = intrinsic factors are: ‘'sales
forecasts," Yentries into new markets,' "dolla .alue of shipmehté," and ''pro-
jections of government funds to their company.

Although these orgaﬁizations.are somewhat dependent upon government funds,
.noneAQE ﬁhe@ felt that a 10% cutback in.govérnment funds to their company would
significantly affect their manpowar,projectibﬁs for 1970 and 1973. GCenerally
speaking, these companies have expanded their markets to reduce their historical

dependency on governmént funds.




PROCESSING AND PACKAGING RADIOISOTOPES
BLS Segment Definition -- Reporting units primarily engaged in these activities,
and in the development and manufacture of shipping

containers for isotopes.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 9.1% of all engineers, 63.4%
of all scientists, and 47.0% of all technicians working in this segment as re-
ported by BLS. The historical data for scientists, engineers, and technicians
employed in the processing and psekezging radioisotopes segment (non~gove£nment—
owned) are given below:

Historical BLS Data (1963-1968)

Year Scientists Engineers Technicians Totals
1963 102 25 102 ' 229
1964 118 22 142 282
1965 130 30 186 346
1966 175 28 216 419
1967 228 39 282 549
1968 205 22 7 251 478

Data provided by the sample companies and extrapolated by the ANS to the
entire processiag and paékaging radioisbtopes industry (privately owned) for
1969, 1970, and 1973 are preseﬁtéd in Tablevll; The overall gfowth in téchnical
manpower reﬁﬁirements for this segment of the atomic energy field between July
1969 and Decémber 31, 1973 is 110.5%.

Percentage increases between July 1969 and Dgcaﬁber 31, 1973 for each of

the listed occupational catégories are:



Table 11
— FROCESSING AND PAICKAGING RADIOISOTQPES -
CURRENT {1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUFATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

{Dota include onrly personnel employed by privately-owned componies active in processing and packoging radicisotopes who spend ot
least 50% of their working time in otomic energy activities.)

CURRENT INCREASE/ INCREASE/
OCCUPATIONAL CATEGORIES EMPLOYMENT 1970 DECREASE 1973 DECREASE
" PHYSICAL SCIENTISTS 132- 185 +53 239 +54
LIFE SCIENTISTS 117 72T +54 220 +49
ENGINEERS 22 44 +22 81 437
DRAFTSMEN - - - 3 3 2
ELECTRICAL & ELECTRONICS 2 4 +2 n +7
TECHNICIANS
HEALTH PHYSICS TECHNICIANS & .
RADIATION MONITORS 5 34 +9 49 +15 ‘
LIFE SCIENCE TECHNICIANS 49 72 +23 101 +29 :
!
PHYSICAL SC!ENCE TECHNICIANS 148 210 +62 338 +128
s {
NUCLEAR MATERIALS MANAGERS - v - - - ~
. !
TOTALS o 495 720 +225 1,042 322 ‘.
i
t
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PROCESSING AND PACKAGING RADIOISOTOPES

Numerical Increase

% Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 19723 and December 31, 1973
Electrical/Electronics 450.0% 9
Technicians
Engineers 268.2% 59
Physical Scilence 128.47% 190
Technicians
Life Science Technicilans 106.1% 52
Health Physics Techniclans ©6.0% 24
& Radiation Monitors
Life Scientists 88.0% 103
Physical Scientists 81.1% 107
TOTALS 110.5% 547

Consolidating the above occupational categories into three broad categories
of scientists, englineers, and techniclians, shows the following percent increases
between 1969 and 1973:

Numerical Increase

% Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Engineers 268.2% 59
Technicians (Includes 124.1% 278
Draftsmen) '
Scientists o 84.3% 210

Chart 12 represents the actual historical BLS technical manpower data (1963-
1968) for the noﬁ—governmentvowned‘companies active in the processing and packag-
ing radiovisotopes segment and ANS prdjections'of the segment's requirements for
technical ﬁersonnel througﬁ 1973. Aithough scientists will comprise the largest
group in 1969 and 1970, technicians will again become the largest occupational
group by 1973,

Currently, there are 15 nuciear scientists employed‘by the privately owned

companies active in this segﬁeﬁt of the atomic éhergy field. These companies,

35
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Chaort 12
EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIARS BY COMPANIES ACTIVE IN THE FROCESSING AND PACKAG-
ING RADIOISOTOPES SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ERERGY FIELD FOR EACH YEAR EXTENDING

FROM 1943 THROUGH 1968 (A5 REPORTED BY THE BUREAU 2F LABOR STATISTICS) AND ANS PROJECTIONS OF
THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.

1,500
(Daté include orly personnel employed by privately-owned companies active in
processing ond packaging rodicisotopes who spend ot feast 50% of their working
time in otamic energy octivities.)
KEY:
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PROCESSING AND PACKASING RADIOISOTOFPES
however, expect to hire an additional 21 nuclear scientists and 22 nuclear engineers
to £1i1ll new positions between 1969 and 1973. The 22 nuclear engineers will be
hired during the period extending from January 1, 1371 through 1973.

Percentages of currently employed scientists and engineers with a particular
educational background to the total number of currently employed scientists and
engineers are as follows:

Number of Currently

% of Currently Employed Employed Scientists

Educational Backgrounds Scientists and Engineers and Engineers
Chemistry 55.3% 151

Biology 20.0% 55 B
Other Science Disciplines 14.0% ‘ 38
Nuclear Chemistry 2.7% 7
Electrical/Electronics 2.0% 6

Engineering i
Health Physics ' 2.0% 5 i
Mechanical Engineering 1.5% 4 ;
Other Nuclear Sciences 1.3% 3 ;
Other Engineering Disciplines 1.2% 2 i
TOTALS '100.0% 271 ;

Of thée currently employed nuclear degreed scientists, 22.3% have BS's:

33.3%Z have MS's;‘and,‘44.4% have PhD's. 0fvtﬁg other.&egreed (non-nuclear)
personnel currently employed in this segment of‘the atomic energy field, 68.6%
have BS's; 12.9% have MS's; and, 18.5% have PhD's.

The annual requirements for nuclear degreéd‘scientisﬁs and engineers

between July 1969 and December 31, 1973 to fill new positions are:




PROCESSING AND PACKAGING RADIOISOTOPES

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists ' Engineers

1969 (6 mo.) 4 0

1970 8 0

1971 ‘ 3 | 7

1972 3 7 2

1973 3 8 %
;

In addition to the need for nuclear degreed scientists and engineers to fill
new positions, allowances for attrition nust also be included to arrive at the
total techmical manpower requfrements of privately owned companies active in the
processing and packaging radioisotopes segment for nuclear degreed personnel,
’(Allowances for attrition are the same as those used previousiy in this report:

8.4% Eor scientists and 7.6% for engineers. ) i

: E Nuclear Scientists S . Nuclear Engineers %
Year Growth = Replacement Totals Growth Replacement Totals ;
1969 (6 mo.) 4 1 s o o o0
1970 8 C2 10 o - 0 0 |
197 o 3 2 5 7o 7
3 2 o5 T L 1 8
3. 3 5 8 2 10
Cm o w om 2 32
Average Annual ’ a »
Incremental
Requirements - L . o ' ' .
(4 yrss) 4.7 : 2,2; 6.9 .. - 4.9 - 0.7 .. 5.6 ‘
Between July 1969 and December 31, l973 -a total of 56 nuclear degreed scientists

» and engineers will be needed bv all privately ‘owned companies acLive in ‘the pro—

' cessing and packagzng radioisotopes'segment. This total requirement averages out

to about l3 nuclear degroed scientlsts and engineers each _year FO"Illl new,and »
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PROCESSING AND PACKAGING RADIOISOTOPES

replacement positicns within these organizations.

SUMMATION OF IN-DEPTH INTERVIEWS

The primary employment qualification for degreed (non-nuclear) scientists
and engineers depends essentially on the nature of the job. However, there seems
to be a prefarence for the experienced individual.

At the majority of the interviewed companies, degreed (non-nuclear) personnel
work in research and development, production, scientific and technical information,
and management activities. These types also get involved, to a lesser extent,
in test and evaluation and standards and specifications activities.

The interviewed companies have had only fair to good success in filling their
requirements for degreed (non-nuclear) personnel during the past five years., They
also indicated that the supply of scientists during the past year has increased.
‘This increased supply of scientists was‘attributed_to cuts in government research
funds which has resulted in mzay qualified.individuais being reieased from or-
ganizations dependent'on government funds.__ . |

‘In the near ~ se organizations expect the suppiy of degreed (non-
,nuciear) scienti. ’ =ngineers to be tight but v‘el they will be able to
attract their share of the market.' One discipline in which there will be a critiﬂal
shortage is organic chemists both at the BS and PhD levels.

All of ‘the companies were in agreement concerning the relative me its °ft

v having their degreed (non—nuclear) personnel take Some coursework in nuclear

'science_and engineering.‘”The'nuclear_relatedﬁcourses which‘would be:most:appli—_'
cable to the companies' technical environment are, nuclear chemistry, radio-
chemistry, radioisotope:techniqpes, health physics, radiation‘safer,‘and in-

strumentation.




PROCESSING AND PACKAGING RADIOISOTOPES

Although these organizations hire very few nuclear degreed scientists and
engineers, ‘when they do hire them, they are looking for the experienced individual.
Nuclear degreed personnel work almost exclusively in research, production, and
management activities.

Generally speaking, the reason why some of these companies hire nuclear degreed
scientists and engineers is because of the companies' activity in the nuclear
medicine field. The companies generally feel that their health physicists ade-
quately meet the job responsibilities expected of them. However, the companies
have found nuclear physicists to be trained almost exclusively for the reactor
field, and as a result, they dovnot readily fit into the technical climate of t'.ese
organizations.

Technicians employed on the basis of their education and experience work
in the areas of research and development, test and evaluation, regulatory en-—
forcement,vand'data collection, processing, and'analySis.' These organizations
have had; and arekhaying, considerable difficulty in attracting enough technicians
to £ill their requirements. This shortage is especially acute in the arvea of
nuclear medicine technology. |

Nuclear related courses that Would benefit theiritechnicians:are, nuclear
chemistry, radiochemistry, adioisotope techniques,'and instrumentation. )

h The two most reliable °xtrinsic factors used by these organizations in'
‘ estimating their technical mannower requirements are, the general economic out-
1ook" and "possible new applications of atomic energy. v Intrinsic‘factors inu'm

clude, ' sales forecasts," "entries into nevw markets,' and " ntiﬂipated expansion

of plant facilities.

Some of the- more general comments offered by the companies were 1) there

ahould be a greater emPhaSiS placed on nuclear medicine technology not only at

e g et e
|



PROCESSING AND PACKAGING RADIOISOTOPES
the medical schools, but also at the universities in generalj; and, 2) college
courses should be offered for middle-~managemznt personnel to broaden their

understanding of the theory and application of radioisotopes.
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PARTICLE ACCELERATOR MANUFACTURING

BLS Segment Definition -- Includes the manufacture of particle accelerators
and of components specifically designed for and unique

to aceelerators.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 39.7% of all engineers, 48.27% of
all scientists, and 45.4% of all technicians working in this segment as reported
by BLS. The historicazl data for scientists, engineers, and technicians employed
in the particle accelerator manufacturing industry (non-government-owned) are
given below:

Historical BLS Data (1963-1968)

Year Scientists Engineers Technicians Totals
1963 120 197 332 649
1964 77 . 213 311 601
1965 74 160 268 502
1966 76 190 BT i 544
1967 | 72 176 | 280 528

\r1963.v . 56 | w a1 468

Data provided bflthe samole companies and extrapolated bu the ANS to the
entire particle accelerator manufacturing segment (privately owned) for 1969
'1970 and 1973 are oresented in Table 12 The overa11 growth "in technical |
manpower requirements for this segment of- the atomic-energy fieldﬁbetween July
1969 and December 31, 1973 ie 46.9%. L |
Percentage increases betwe(% 1969 and 1973 for each of the listed occupa-~

tional categories are:

et bR




Table 12
— PARTICLE ACCELERATOR MANUFACTURING -

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel emsloyed L, privately-owned companies active in particle accelerator monufocturing wha spend a! least
50% of their working time in atomic eneroy activities.)

OCCUPATIONAL CATEGORIES Eﬁg ESEETENT 1970 g"ECCRREQ:SEé 1973 g"ECCRREé":SEé

PHYSICAL SCIENTISTS 56 59 +3 67 +8
LIFE SCIENTISTS 2 2 - 3 +1

g ENGINEERS + 164 192 128 245 +53

| .

| MATHEMATICIANS 6 6 - 8 2
DRAFTSMEN 63 75 112 97 22
ELE_?gglLi/?élfNELECTRONICS e o 410 | 5 a7
'OTHER ENGINEERING ;TECHNICIANS 1 203 20 437 1 308 465

HEALTH PHYSICS TECHNICIANS & | e
RADIATION MONITORS 709 2 26 7

TOTALS ' 569 | el | 92 . 836 | 75




PARTICLE ACCELERATOR MANUFACTURING

Numerical Increase

% Increase Between July 1969 Between July 1969

Cccupational Categories and December 31, 1973 and December 31, 1973
Draftsmen 54.0% 34

Health Physics Te.hnicians 52.9% 9

& Radiation Monitors
Other Technicians 50.2% 102
Life Scientists 50.0% 1
Engineers 49.47 81
Electrical/Electronics 46.6% 27

Technicians
Mathematicians 33.3% 2
Physical Scientists 19.67% 11
TOTALS 46.97% 267

Consolidating the above occupational categories into three broad categories
of scientists, engineers, and technicians, shows the following percent increases
between July 1969 and December 31, 1973:

Numerical Increase

%‘Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Technicians | . . 50.4% 172
Engineers ’ C © 49,47 ‘ 81

-Scientists . 21,97 v

With the increase in engineers and espeéiall& technicians, it would seem that this

. industry is becoming less reseereh and»more product oriented.

Chart 13 represents the actual historical BLS technical manpower data (1963~
1968) for the entire non—government—owned COmpanies active in particle accelerator
manufacturing and ANS projections of the segment s requirements for technical
personnel through 1973. Projectedvrequixenents for scientists will remain

relatively stable, while both the engineer and technician categories will reverse

2
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— NUMBEP OF SCIENTISTS, ENGINEERS AND TECHNICIANS -

EMI'LOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE PARTICLE ACCELERATOR

Chart 13

MANUFACTURING SEGMENT OF THE PRIVATE SECTOR OF THE ATCMIC ENERGY FIELD FOF EACH YEAR EXTENDING
FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) ANMU AR5 PROJECTIONS OF

THE TECHHICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 973,
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(Dota include only personnel employed by privately-owned coinpanies active in
particle uccelesator manufactyring who spend at least 50% of their working time
in atomic energy activities.)

KEY:
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PARTICLE ACCELERATOR MANUFACTURING
their previously decreasing trend.
€urrently there are 8 nuclear scientists and 3 nuclear enginc<ers employed
by the privately owned companies active in this segment of the atomic energy
field. These companies, however, plan to hire an additional 6 nuclear scientists
to f1ill new positions between 1970 and 1973. None of the companies expect to
hire any additional nuclear engineecs during this period of time.
Percentages of currently employed scientists and engineers with a particular
educational background to the total number of currently employed scientists and
enginéers are as follows:

Number of Currently

% of Currently Employed Employed Scientists
Educational Backgrounds Scientists and Engineers and Engineers
Electrical/Electronics 29.2% | 87
Engineering
Mechanical Engineering 26.6% » 59
Physics —‘v_ ‘ ZO.EZ K 4.
Other Science Disciplines E 3.9% . 9
Chemistry . 3.8% 8
Nuclear Physics v 3.8% v8"
Chemical Engineéring ) C 1,22 | 3
» Nﬁcleﬁr or Reactoxr S . 1.2% S i3
Engineering ‘ - : - . -
TOTALS = R 100.02 222

of the-cufrently employed nﬁclea;.degreed sciénfists and engineers, 25.0%
have Ms's:and 75.02 have‘Phb's..xdf:the o:ﬁér degreed (non-nuclear) peféénnel.
currently employed'in thiq gsegment of the atomic energy field, 72.0% have BS's;
17;32 have.Ms'éilaﬁd;‘iO.?z have PhD's. | |

Anﬁuél réﬁﬁifémenégﬁfdfynucleﬁr Aegréédfsciehtisté éndiengiheeré bééween

;ﬁlj 1969 and.Deéepﬁef‘315-1973;to f111 néw positions are:

ﬁsJZE{L*Z
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PARTICLE ACCELERXATOR MANUFACTURING

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW FCSITIONS

Year , Scientists Engineers
1969 (6 mo,) 0 0
1970 0 0
1971 2 0
1972 2 0
1973 2 0

In addition te the need for nuclear degreed scientists to fill new psoitions,
allowancee'for aterition must also be included fo zrrive at the total technical
manpower requirements of privately owned companies active in the particle
acceleratar nanufacturing segment for nuclear degreed persounel.  (Allowances
for a;tritipn are the sam=2 as those nsed previously in this report: 8.47Z for

scientists an¢;7.6% for engineets.)'

‘ ‘ Nuclear Sclentists Nuclear Engineers
Year ~_  Growth ' Replacement Totals ‘Growth  Replacement- Totals
1969 (6 mo.) O i 1 0 o 0
1970 , -0 1 1 0 0 0
1970 .. 2 1 3 0 0 0
1972 .2 3 0 0 0
a3 2 1 3 0 o o
roraLs, - - 6 5 11 0 0 0
Average-ennnai_-
incremental ¢ ‘
Requitements‘ : ‘ o . _ :
(Ak yrs.). 1.3 B % 2.4 - - -

Becween July 1969 and December 31, 1973 a total of 11 iwuclear scientists will
be needed by 311 privately owned companies active in the particle accelerator manu-~
facturing segnent., This total requiremeut averages out to about 2 nuclear scientists

each year to fill new and replacement positipns within these organizations.
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PARTICLE ACCELERATOR MANUFACTURING

SCMMATIONM OF IN-DEPTH INTERVIEWS

Generally speaking; these companies hire a scientist or engineer for the
specific skills he possesses.

Degreed (non~nuclear) scientists and engineers work primarily in development,
test and evaluation, design, and production activities.

During the past five years, the interviewed companies have had good success
in filling their requirements for degreed (non-nuclear) scientists and engineers.
Some of the reasoris for their success are: 1) the company's reputation: 2) the
qompany's geographical location: and, 3) the challenges and opportunities available
to their employees. These organizations were also optimistic about filling their
needs for degreed (non-nuclear) personnel in 1970 and 1973. However, they also
believe it will be more difficult for them to hire qualified individuals.

The companies indicated they would like their degreed (non-nuclear) scientists
and engineers to have some coursework in nuclear science and engineering. They
believe such coursework would give their employeés a bétter understanding of new
nuclear applications of their products. Spacifically, they would like to hire
chemical engineers and/or procéss engineers who have héd some background training
in radiation chemistry. Some c¢f the nuclear related courses these companies would
like their degreed (pon~nuclear) personnel to take are, rﬁdiation shielding,
radiological physiéé; radiation safety, -and inétrﬁmentation.

None of the in;erviewed éompanies anticipate, in the near future, any change
in emphasis on hiring degreed (non—nuc1Eaf) scientists and engineers with a
particular educational backgroundias compared to ﬁheir current hiring pracﬁiées.‘
They will continue to emﬁhasize electrical/electronics and mechanical engineers,
chemists and physicists.

7 These‘compap;es W;11_hire very few nﬁciea:‘dggteed sgien;ists py 197OV§r_

1973. Thosé they do hire will be hired specifically to make the company

.;.:: —   iELi§E£;‘;‘: : -
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PARTICLE ACCELERATOR HMANUFACTUKING
competitive in the nuclear field. They see the nuclear degreed individusy as a
means to devélop new applications of their products.

The reason why these companies do not hire a greater number of nuclear
degreed scientists and engireers is because the companies are now emphasizing
product development rather than basic research. As a result, they need personnel
trained in a number of basic engineering disciplines. The companies believe the
experienced chemical, mechanical and electrical engineer is their most valued
possession.

The companies that plan to hire nuclear degreed scientists in 1971, 1972
and 1973 expect no difficulty in filling their requirements.

When hiring technicians, these organizations look for people who have had
some specialized technological training. Technicians at these organizations work
in activities associated with development; design, constructior and irstailations,
operations, and maintenance.

Employment of technicians has been difficult for all che interviewed com-
panies during the past five years. One company indicated that in order for it

- to overcome the tight technician market, they have developed ''in-house' training
programs. 'The*only nuclear course these companies beiieve,would‘be of value to

their technicians is ;adioisotqg__techniques.

Som e of the general Comments made by these organizations were: _1)§at the
éraduate‘jnuclear science 1eve1, more.emphasis should be placed on orocess‘
engineering (specifically, relating radiation sources to the process line); 2)
too much money is spent on reactor‘technologf‘at the universities and national
labs, and nct enough is directed toward the development of radiation applications
for manufacturing and industrial organizations- and, 3) a. common dilemma ex—
perienced not only by these organizations but also by virtually all_of the
interviewed companies is that their marketing personnel lack sufficient technical
education while their technically oriented personnel are not good businessmen.

JL o . FUREREELENS izfﬁl%igaf
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PARTICLE ACCELERATOR MANUFACTURING

The extrinsic factor which has proven to be the most reliable measure of
these organizations' technical manpower requirements is "possible new applications

of atomie energy."” The two main intrinsic factors are 'sales forecasts'" and

"entries into new markets."




PrRIVATE RESEARCH LARORATORIES

BLS Segment Definition -- Private laboratories engaged in research-development

and other testing facilities in comnection with atomic

energy work.

PRESENTATION OF STATiSTICAL DATA

In 1968, the interviewed companies employed 23.1% of all engineers, 22.7%
of ail scientists, and 25.52 of all technicians working in this segment as reported
by Bbs. The historical BLS data for scientists, engineers, and technicians em—
ployed at private research laboratories (non—government—owned) are given below:

Historical BLS Datz (1963-1968)

Year Scientists Engineers Technicians . Totals
1963 429 414 609 - 1,452
1964 ° 776 617 925 2,318
1965 a0 e _iam 2,18
'};1966e-'A; o v'd745"4j D iis: "5‘ "vf_:e: 1,072 k'a,,'f2;53o
21967fh, B s83 f_ _1{t : ’j547?3 o }'fv_di76$1 IR 2,095 |
~_‘;19633 648 ”l : S 658 8 f2-141l'

Data provided by the sample companies and extrapolated by the ANS to thev'
'gventire private research 1aboratories (privately owned) for 1969 1970, and 1973

nﬁ-are presented in Table 13. The overall growth in technical manpower requirements

”‘?ffor this segment of the atomic energy field between July 1969 and December 31, 1973
' éiis 33 92,‘ RS , ) L R Tl T T
Percentage‘increases between July": 1969 and December‘31, 1973 for each of

' the 1isted occupational categories are-‘.“ -

- 3 ?»-\gNumerical increase
A Increase BetWeen July 19695 Between -July 1969

: oeeepee:onal Categoriesbth‘wf' and December 31 1973 . and December 31, 1973*“”
Life Scientists ;p:”'* g 84 57 TR ;_i_ 49

hffDraftéméﬁ fe&; t'3;~£ ;Q wti:'; - hh;76'84“fnf'. ,:‘ - ffbf.:43i




Table 13
- PRIVATE RESEARCH ..*.BORATORIES -
: CURRENT (1969) EMPLOYMENT OF‘_SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
j PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973,

{Data include only personnel employed by privately-owned companies octive in private research laboratories who spend at least 50%
of their working time in atomic energy activities.)

CURRENT INCREASE/

INCREASE/
EMPLOYMENT 1970 1973

OCCUPATIONAL CATEGORIES DEFREASE DECREASE

PHYSICAL SCIENTISTS 732 817 +85 976 +159

LIFE SCIENTISTS ' 58 80 : +22 107 +27

ENGINEERS 1,300 1,476 +176 1,712 +236

{ MATHEMATICIANS 62 71 +9 R +22

DRAFTSMEN | 56 71 +15 99 +28

ELECTRICAL & ELECTRONICS . . : ‘ _ : _ :
TECHNICIANS o 284 -] . 332 : | +48 v417 _ +85

OTHER ENCINEE_RING TECHNICIANS | . 474 =~ | 536 +62 593 457

HEALTH PHYSICS TECHNICIANS & | o | - o | |
 'RADIATION MONITORS R 20': B B v = = , s

 LIFE SCIENCE TECHNICIANS .~ [0 ==~ 10 | .+ | = 24 414

|- PHYSICAL:SCIENCE TECHNICIANS = | 290~ | 3ig. .. +28 © | 3477 |7 a29

OTHER TECHNICIANS <~ ~ |~ s3 |~ s w4 | s | 42

| NUCLEAR REACTOR OPERATORS ' | . 104 " = | .~ 109. - [~ 45 = |7 109 - |- =

NUCLEAR MATERIALS MANAGERS | - v 5 BT ' 7 +2

TovALs . | 73433 | sgor. | wes | ases. | 4695




PRIVATE RESEARCH LABORATORIES

(Cont'd) % Increase Bétween July 1969
Occupational Categories and December 31, 1973
Health Physics Technicians 60.0%
& Radiation Monitors
Other Technicians 50.9%
Mathematicians 50.07%
Electrical/Electronics 46.87%
Technicians '
Physical Scientists 33.3%
Engineers - 31.7%
Other Engineering Technicians 25.17%
Physical Science Technicians 19.7%
Nuclear Reactor Operators 4.8%
Life Science Technicians C———
‘Nuelear Materials Managers _—
TOTALS | 33 9%

Numerical Increase
Between July 1969
and December 31, 1573

12

27
31

133

244
412
119
57
5
24

5

1, 163

With the increased concern over environmental problems, it is interesting

to see that the private research organizations are building up their competency

';in the . life sciences while maintaining their staff level in the physical sciences.“

’Consolidating the above occupational categories into three broad categories of

foscientists, engineers, and technicians,‘shows the following percent increases

between l969 and l973'

Occupational Categories

Scientistsf(Includes‘
o Mathematicians)

_Technicians (Includes.

Draftsmen, Nuclear Reactor

_ Operators. and Nuclear
. Materials Managers)

B ,anineers

| % Increase Between July 1969

and December 31, 1973

38.0%

33.3%

31.7%

- Numerical Increase
. Between July. 1969

and December 3l l973

i

3

3
i

H

£
2
1
oy
i
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PRIVATE RESEARCH LABORATORIES

Chart 14 represents the actual historical BLS technical manpower data (1963-
1968) for non-govermmentrowned organizations classified as private research
laboratories and ANS projections of their requirements for technical personnel
: through 1973.
E Currently, there are 142 nuclear scientists and 310 nuclear engineers employed
by the privately owned organization: ‘~tive in this segment of the atomic energy
field. These companies, however, expezt to hire an additionmal 80 nuclear scientists
and 171 nuclear engineers to fill new pomsitZons testween 1969 and 1973.

Percentages of currently employed =risrtists and engineers wiith a particular
educational background to the total number :fvcutzently employed scientists and

engineers are as follows:

Number of Currently

, % of Curmwrently Emmloyed Employed Scientists
Educational Backgrounds Scientists rand Engineers . and Engineers
Physics ‘ff“b . t‘ 23.5% - » f‘ , 496
Nuclear or Reeetor'Engineers o | ' i4,4z o 306
Mechanicai Enéineefiné i, ‘-. R 15.62 Afﬁ" L R 283
‘Metallurgical Engineering u:ﬁ‘lff ji JiMS;;il ni ‘ifﬁi.* - _-":180'
Electrical/Electronics Engineeringbf17ﬁvﬁ8;;i A - ‘:?180:'V

7'.Meta11urgy v}fiimwy?faf’iicﬁﬂuv?_>i 5 "waé;bi”‘ _"l L es:-' | 165'
| Chemistry feebgﬁn;.q~‘ffliﬁj;iﬂhff‘»ﬂ,;qffggéz_”":;;_ :y'i S e vi18
i:Chemical Engineering o .,‘, ‘ . _3143.8Z i B i | . "79‘v
Nuclear Physics +]; ?jiv | » qw“:',J‘:L,3‘1z-bir.i‘,"c ' | 65
Other Engineering Disciplines - | 2.1%3 ' o 44
Nuclear Chemistry - ‘ : 1;92: : " ' HVAO
Blology . Caex 39
| ‘_‘Ov_ther:Science Diseiplines o 1sy S a1
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Chart 14

EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY ORGANIZATIONS ACTIVE IN THE PRIVATE RESEARCH

LABORATORIES SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY F
FROM 1963 THROUGH 19468 (AS REPORTED BY THE BUREAU OF LABOR STATIST

THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973,
5000
(Data include only personnel employed by privately -owned companies active in
the private research loboratory activity who spend at least 50% of their working
time in atomic energy activities.)
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PRIVATE RESEARCH LABORATORIES

Number of Currently

(Cont'd) Z of Curreantly Employed Employed Scientists
Educational Backgrounds Scientists and Engineers and Ergineers
Civil Engineering 1.2% 29

Health Physics 1.0% 21

High Energy Physics | 1.0% 20

TOTALS 100.0% 2,090

Of the currently employed nuclear degreed scientists, 7.8% heve BS's, 53.3%
have MS's; and 38.9% have PhD's. Of the other degreed (non-nuclear) personnel
currently employed in this segment of the atomic energy field, 44.2% have BS's;
32.3% have MS's; and 23.52 have PhD's.

The annual requirements for nuclear degreed scientists and engineers between
July 1969 and December 31, 1973 to fill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL' NEW POSITIONG

Year ‘ Scientists ' Engineers
1969 (6 mo.) 7 . 25
1970 1 | 50
w71 - o1 3
w972 o o RN P s

| 1'9’_'7‘3 " R . L 20 * ' s .32’}

S In addition»tc the;née&:forinnciearbdegreed-scientists and_engineers to fill
neﬁ,pcsitions, allowances'fornattrition.Eor‘nuclear degreed perscnnellmust also

be included~tc arrive at the totai'teChnical manpoher requirements of privately
owned organizations active in the private research activities. (Allowances for
attrition are the same as chose used previously in this report.,‘8.4z fcr scientists

and 7.6% for engi.eers )




PRIVATE RESEARSE LABORATORIES

Nuclear Scientists Nuclear Eniigheers

Year Growth Replacement Totals Growth  Replaciauzent Totals
1969 (6 mo.) 7 12 19 25 24 49
1970 15 14 29 .50 23 79
1971 197 15 34 32 3% 63
1972 19 17 36 32 34 66
1973 20 19 39 32 37 69
TOTALS 80 77 157 171 15% 326
Average Annual
Incramental
Requirements

(4% yrs.) 17.8 17.1 34.9 38.0 34.4 72.4

Between July 1969 and Decumber 31, 1973 a total of 483 nuclear degreed
scientists and engineers will be required by private —egsearch laborztories. This
total requirement averages out to slightly more than 107 nuclear dezzeed scientists
and engineerS'each year to fill‘new and replacement positions within these

organizations.:

SUMMATION OF IN—DEPTH INTERVIEWS

The interviewed organizations offered a number of opinions regarding theb
employment qualifications they consider when hiring a degreed (non—nuclear)
scientist or engineer. 'oome of the emnloyment qualifications they use are.“l)
the quality of the man as determined by the candidate s interview with supervisory
personnel 2) determination of how the individual is structured - first, his
ability to see the sponsor s need and, secondly, his problem—solving ability,

and, 3) the relationship between the qualiflcations of the individual and the

organization s field of interest.‘ When evaluating potential engineers, the apk s

is.basically»thebsame as that for scientists although there is less emphasis on

‘ adyanced'degreed people.




PRIVATE RESEARCH LABORATORIES
The activities in which their degreed (non-nuclear) scientists and engineers
work include, research, research contract and grant administration, development,
standards and specifications, scientific and technical information, data collection,
processing and analysis, planning, management, and technical assistance and con-
sulting.
All interviewed organizations have had good to excellent success in filling ?

their need for degreed (non-nuclear) scientists and engineers during the past

five years. They also expect the supply of degreed (non-nuclear) personnel to

be large enough in 1970 and 1973 to meet their requirements. These organizations

attribute their success in attracting qualified individuals to the intellectually :

stimulating work environment found at research laboratories. It is interesting

to uote that the technical manpower needs of research labs fluctuate considerably.

The nature of the business results in a high turnover rate which. reflects the

changing requirements of their sponsors. ({.e., :an increased emphasis in an area

of technology‘different from that in which the lab is currently working)‘ This -.
- reeults in the hiring of scientists and engimeers. who have the required expertise

*o perform the reSearch re1ated to rhe sponsor s need.-

Whatever difficulty these organizations experience in attracting qualified
'technical personnel is usually related to the fact that they are looking for very
vspecialized people for very specialized research Obviously,‘there is a limited
supply of these speclalists from which they can draw. One organization indicated‘
'that it is having difficulty finding a man trained in radiochemistry. They have
‘been unable ro find a radiochemist with any long—term practinal experience.

Furthermore, they cannot find men with industrial experience who qualify because

most - industrial people are- not "up-to—date" with regard to the latest srlentific

and technological techniques.

e v o
A
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PRIVATE RESEARCH LABORATORIES

Obvivusly, these organizations would prefer their degreed (non-nuclear)
scientists and engineers to have some nulcear related coursework. Nuclear
courses which would have applicability to these organizaticis are, waste disposal,
radiation shielding, nuclear metallurgy, nuclear chemistry, radiochemistry,
radioisotope techniques, health physics, control and telemetry, radiation safety,
and instrumentation. Researck organizations would also like their scientists
and engineers to have mote coursework and/or experience in the life and social
sciences.

The same general employment considerations are followed when hiring a
scientist or engineer with a nuclear degree as are followed when hiring scien-
tists and engineers in general. Nuclear degreed personnel work primarily in
research, development, test and evaiuation and data collection, processing, and
analysis activities.

All the interviewed companies have had good success in hiring nuclear degreed
individuals. They also do not expect any difficulty in the near future. Again,
they attribute their success to the stimulating environment of research labora-
tbries; Their reduirements for nuclear degreed scientists and engineers have
increased during the past five years and will continue into the seventies. This
emphasis on. nuclear degreed individuals is probably due to the fact that manyv

sponsors have become more accustomed to "farming out" their research than ex~

panding;their own in-house capability.

Generally speaking, these organizations hire’nuclear scientists and engi-
neers for nuclear related research currently being conducted by the laboratory.
In other words, they hire a specialist to conduct research in a specialized
technologicalcfield. it is also interasting to note, howeVer, that these organi—

zations believe that a good physicist, for example, or e‘ect*ical engineer

,Spenializing‘in‘fast electrcnics tends to do the required work as well as the

nuclear degreed individnal;




PRIVATE RESEARCH LABORATORIES

in evaluating the education received by nuclear degreed individuals, the
comments offered were: 1) people in the nuclear field do not have an apprecia-
tion for ecology and other environmental considarations; 2) the education and
training of nuclear scientists and engineers are about as good as any other
discipline; 3) more emphasis should be placed on heat transfer and'fluid flow
for graduate nuclear engineers; 4) the BS degree in nuclear engineering is
definitely not needed; and, 5) all professional employees, regardless of their
educational background, should have more exposure to business economics.

Employment of technicians at these organizations is based upon the candi-
date's education and previous experience. Technicians typically work in research,
development, design, test and evaluation, data collection, processing and analysis,
standards and specifications, and technical assistance activities. Most technicians
work in research and Qevelopment activities.

| These organizations do not anticipate any difficulty in filling their
requirements for technicians in 1970 or 1973. Nuclear related courses for
technicians would include, instrumentation, radioisotope techniques, health
physics, radiation“safetyﬁand fuel handling.

The two extrinsic factors used by these organizations in making manpower
projections are, projections of. government funds" ‘and- "increasing nuclear power'
plant generating capacities. ‘ The primary intrinsic factors used are "projections
of government funds to their company," "dollar value of services," and, "forecasts
of research‘expen‘clitux_'es."l | |

A ten percent decrease in government funds from their current level would
not adversely affect their manpowerllevels. “They believe that to have any signifi-
cant effect, there would:hafe“to‘be"at least a twenty—five to thirty percent cut-

back in government research funds.

!
i
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INDUSTRIAL RADIOGRAPHY
BLS Segmgnt Definition -~ Reporting units primarily engaged in providing
commercial radiographic service. Excludes in-plant
radiography where its use is incidental to another

activity such as manufacturing.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 70.8% of all engineers, 13.9%
of all scientists, and 48.8% of all technicians working in this segment as re-—
ported by the BLS. The historical BLS data for scientists, engineers, and tech-
nicians working in the industrial radiography segment are given below:

Historical BLS Data (1963-1968)

Year - Scientists Engineers Technicians Totals
1963 4 | 34 532 570
1964 8 ' 48 ' 546 602
1965 8 49 475 532
1966 6 44 | 434 484
1967 3 -, 53 434 490
1968 4 ' o 48 | - 408 460

Data prqvided by the sample companies an& extrapolaied by the,ANS to the
entire industrial rédiography industry for 1969,'1970, and 1973 are presented
in Table 14. The overail‘grdwth of technicéi'manpower-requiremenﬁs for the
companies 1ﬁ this segmént of the atomic energy field between July 1969 and
December 31, 1973 is 44.6%. |

Percentage increases between July 1969 and December 31, 1973 fof each of

the listed occupational categories are:

R ST RN ST CI T




Table 14
- INDUSTRIAL RADIOGRAPHY — )
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS ANO'TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL_ MANPOWER REQUIREMENTS FOR 1970 AND 1973,
(Data include only personnel employed by privately-owned companies active in industrial radiography who spend at least 50% of their
working time in atamic energy uéﬁvifies.)

i
i
i
;
£
}
;

OCCUPATIONAL CATEGORIES E,f,ﬁ’fgﬁ'jgm | ~1t.>7o : :JNECCRRE&SSEE/ 1973 :)NECCR,;EEA:S';/
PHYSICAL SCIENTISTS. ‘_ 4 4 - 8 +
ENGINEERS - . 53 62 +9 '7-7“ 7 | 15
OTHER ENGINEERING fEtHﬁtclANs' 15 16” L ow T
'OTHER T‘E‘CHN'ICIANS o | o | ;;3‘7?';‘,. o 455 476 544 4
TOTALS o | 45‘1 | 537 B R | | 555_21" oas




INDUSTRIAL RADIOGRAPHY

Numerizcal Increase

% Increase Between July 1969 Between July 1969
Occugational Categories - and December 31, 1973 and December 31, 1973
§ Physical Scientists | ‘ 100.0% 4
i Other Engineering Technicians 53;32’ : 8
‘ Engineers : 45.3% 24
L Other Technicians 43.57% 165

Consolidating the above occupational categories into three broad categories
of scientists, engineers, and technicians, shows the following percentage of
increase between July 1969 and December 31, 1973:

- R » ‘ Numerical Increase
% Increase Between July 1969 Between July 1969

'Occupational'categories - and December 31, 1973: and December 31, 1973

Scientistsnr .f . | o | 100.02. o :' . iv 4
f_Engineers'; ‘ f - - - o -v4§.3z ’_ _" ;’-v ot 94
fTechnicians “ﬂf. o - - : 43 9%»_ ';h : S f i73f

. fIt is obvious that this segment of the atomic energy field is comprised primarily:
of technician-level personnel. Although requirements for technicians are growingf
at a rate less than either the scientist or engineer categories, they do make up

; the majority of industrial radiography personnel.
Chart 15 represents the actual historical BLS technical manpower data (1963—
1968) for the entire non—government—owned companies active in the industrial
raaiography segment and ANS projections of -this segment s requirements for tech=-
nical manpower through 1973. | |
None of the three interviewed companies‘currently employ nuclear degreed

personnel ‘nor do they anticipate a need for these types in the near future.

»ages of curzently employed scientists and engineers with a
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Chart 15

EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE INDUSTRIAL RADIOGRAPHY

SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC Et:

‘GY FIELD FOR EACH YEAR EXTENDING FROM 1963 THROUGH

1968 (AS REPORTED BY THE BUREAU OF LABOR S7ATISTICS) AND ANS PROJECTIONS OF THE TECHNICAL

700

MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973,
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(Data include anly personnel employed by privotely.owned companies active in
industrial redioegraphy who spend at least 50% of their working time in otomic
energy activities.)
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‘ N tions have never employed nor are they planning to employ, nuclear degreed

INDUSTRIAL RADIOGRAPHY

: Number ‘of Currently
% of Currently Employed Employed Scientists

Educational Backgrounds Scientists and Engineers and Engineers
Chemical Engineering 29.47 17 - 5
Other Engineering Disciplines 29.47 17 ]
Electrical/Electronics 14.7% 8 é
Engineering ;
Mechanical Engineering 11.8% , 7 %
Metallurgical Engineering ) 11.8% 7 é
Chemistry . 2.9% 1 *
TOTALS ' 100.0% | | 57

Of the currently employed degreed (non—nuclear) scientists and engineers,

91.2% have BS's, and 8.8% have Ms's.

SUMMATION OF IN-DEPTH INTERVIEWS

The interviewed companies indicated that experience was the“primary_employ-
ment qualification they consider when evaluating potential degreed (non-nuclear)
employees, Their degreed (non—nuclear) personnel work primarily in planning,
management, technical assistance, and consulting activities.

During the past five years, these organizations have had good success in
£i1ling their needs for degreedb(non-nuclear)'scientists and engineers., The
interviewed companies also. expect the supply of degreed (non—nuclear) scientists
and engineers .to be large enough to meet their manpower requirements in 1970 and
©1973. |

None of the interviewed companies felt that their dcgreed (non—nuclear)
scientists and engineers would particularly benefit from additonal coursework

in nuclear science and engineering. It should also be noted ‘that- these organiza—

“dscientists and engineers.‘ They do not believe the technical requirements of

‘l:?ggpi_;]!us—. L ‘i}f: ;;:s:s'_,iag'::l‘,{rﬂ: | : dl‘a;ii :
1850 1




INDUSTRIAL RADIOGRAPHY
their industry are such that they need the technical sephistication of a nuclear
degreed individual.

Experience is the primary employwent qualification for hiring technicians.
Technicians employed in the industrial radiography industry work primarily in
test and evaluation activitles. Other company activities where technicians work
are, installations, operations and maintenance, teaching and training, and tech-
nical assistance and consulting.

These companies have had very good success in attracting technicians during
the past five years, and they do not expect any difficulty in the future; The
companies do!ﬁeiieve, howeﬁer, that ;ﬁodEMEsshortage.mccur; they will ‘be able o
train uﬁskilléd‘teéﬁﬁiciaﬁs thréugh."in~mnmme" educationai progrﬁms,

The combanies did indicate that their tnchniciamswwoﬁld benefit from some:
coursework in radiation shielcing, radioismtope techmiques, radiological physics,
and_radiétion“safety.

The'ffiméry eﬁtfinéic factor used by tﬂeée éompaniés in forecasting
their té¢ﬁhica1imabpbﬁef féqmirements‘1s the‘“géneralfeéoﬁbmic outlook." The

most reliable intrinsic factors are "sales forecasté"‘and "histdrical employment

data.' "




M1SCELLANEQUS

BLS Segment Definition -- Reporting units engaged in nuclear activities which

arz not elassifiable in any of the previous segments.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 54.7% of all engineers, 100.0%
of all scientists, and 29.8% of all technicians working at companies reporting
in the BLS's miscellaneous segment. Historical data for scientists, engineers,
and technicians employed at companies that report in the miscellaneous segment
of the BLS survey are given below (The miscellaneous segment is composed primarily
of government—owned-establishments, and therefore, extrapolations from ‘the sample
k companies could only be made to the data reported to the BLS by the privately
owned organizations - 12.7% of the 1968 totals reported by BLS are forxr
v privately owned companies) )

Historical BLS Data (1967-1958)

| Year ’ Scientists Engineers Technicians Totals.
1963 51 s 223 | 531.
1964 e o219 - o1 449
1965 - 26 165 174 365
1966 | 24 } o 158 _ 183 ~ 365
1967 s6 132 141 329

1968 3 115 88 296

3 Data provided by the sample companies and extrapolated by the ANS to the
entire number of cempanxes reporting in the miscellaneous segment (privately
\iowned) for 1969, 1970 and 1973 are presented in Table 15.'_The’overall growth
of these companies, in terms of technical manpower requirements, between‘July :
1969 and December 3, 1973 is 64. 5%._‘ o

‘fvaercentage increases between July 1969 and December 31 1973 for each:oﬁ-

’fﬁfthe listed occupation 1 ﬂategories are. -




Table 15
~ MISCELLANEQUS INDUSTRIES ~
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL . CATEGORIES AND ANS
PROJECTIONS OF TETHNICAL #ANPOWER REQUIREMENTS FOR 1970 AND 1972.

(Data include only personnel employed by privately-owned::companies active in the atomic energy field but which are unclassifiable

in any cif the previausly defined segments of the private sexctor of the atomic energy field. Only personnel wiio spend ot least 509
of their working time in atamic energy activities are included.)

, CURRENT INCREASE/ INCREASE/
OCCUPATIONAL CATEGORIES empLOYMENT | 1970 DECREASE | 1972 DECREASE
! .
PHYSICAL SCIENTISTS 10 | 13 +3 18 +5
LIFE SCIENTISTS 3 I 4 + & +2
| .
ENGINEERS _ 89 107 | 48 142 +35
MATHEMATICIANS | 3 4 + 3 +2
'
DRAFTSMEN a 47 46 59 +12

ELECTRICAL & ELEECTRONICS ,
TECHNICIANS 126 v 31 +5 45 +14

HEALTH PRYSICS TECHNICIANS &

RADIATION MONITORS 6 e 13 12 | 43
" LIFE SCIENCE TECHNICIANS | 2 2 - - 2 -
PHYSICAL SCIENCE TECHNICIANS 8 10 w2 16 +6
OTHER TECHNICIANS | 8 - 12 +4 16 + é
NUCLEAR REACTOR OPERATORS | 3 5 o | 8 43 7
TOTALS | o 214 261 +47 352 +91

9



MISCELLANEOUS

Numerical Increase

% Increase Between July 1969 Between July 1969 b
Occupational Categories and December 31, 1973 and Decembszr 31, 1973 &
Nuclear Reactor Opefators 166.7% 5 g
Other Technicians 100,0% & g
Physical Science Technicians 100.0% b Z
Health Physics Technicians 100.0% ) %
& Radiation Monitors :
Life Scientists 100.:0% 3 é
Mathematicians _ 100.0% 3
Physical Scientists 80.0% 8
Electrical/Electronics 73.1% | J9
Technicians
Engineers _ 59.6% 5%
Other Engineering Technicians , 46.7% . : w
Draftsmen l 43.9% s _18
TOTALS , ' ; . 64.5% . 138

Consolidating the above occupational categories into three broad categories
of scientists, engineers, and technicians, shows the following percentages of
increase between July 1969 and December 31, 1973:

Numerical Increase ™

% Increase Between July 1969 Between July 1969
Occupational Categories and December 31, 1973 and December 31, 1973
Scientists (Includes 87.5%2 14
Mathematicians) ' '
Technicians ‘(Includes Draftsmen 65.1% 71

& Nuclear Reactor Operators
Engineers . 59.6% ‘ 53
Chart 16 represents the actual historical BLS technical manpower data (1963—

7‘.»1968) for all non—government—owned companies reporting in the BLS S miscellaneous.

_149_ R |
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MISCELLANEOUS
segment and ANS 3Irojections of the companies' requirements for technical
personnel throu&h 1973.

Currently %here are puly 5 nuclear engineers and 1 nuclear scientist employed
by the priwviatey owned companies active in this segment of the atomic energy field.
These comyanizs, howvever, expect to hire an additional nuclear scientist and 3
additional nuclfar engineers to fill new positions between July 1969 and December

31, 1973. : :

rigromres + s o

Perceut:ages of currently employed scientists and engineers with a particular

educstional badlitground to the total number of currently employed scientists and
engineers are z8 follows:
Number of Currently H
_ % of Currently Employed Employed Scientists

Educational Backgrounds Scientists and Engineers and Engineers

" Mechanical Engineering 28.47% o - 29
Electrical/Electronics Engineering 17.6% 18
Chemical Engine@ring | . 13.7% 14
Physics BRI SR 1 B 8
Metallurgical Engiuneering : ‘ 6.9% a8 7
Other Engineering Disciplines | | 6.9% ‘ B 7 i
Civil Engineering ‘ _ 5.92 6 %
Chemistry . o 4.9% . s
Nuclear or‘Reactﬁr Eﬂgineering v 4.9% 5 z
Meﬁallurgyv ' » 2.0% 2
Nuclear Physics } 1.0% o R S 1
TOTALS | - ~ 100.0% ' . 102

"“Offthe'cuffently’éﬁpioyed ﬁucieaf,dégréed'ééientiSts'and'enginéers, 66.7%
have MS's ‘and 33&3ifhaVé;9hD'§;V*Offfﬁeﬂdthét degreed (non-nuclear) personnel

3

LA
170




- NUMBER OF SCIENTISTS, ENG!NEERS AND TECHNICIANS -
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Chart 16
EMPLOYMEST OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES REPORTING IN 1HE MISCELLANEOU3
SEGMEMT COF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING FROM 1963
THRQWSAH 1988 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE
TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1972.

sl il

(Dota include only personnel employed by privotely-owned compapizs reporting ir'\
the miscellaneous segment who spend at least 50% of their warking time in atomic
energy activities.)

Apg) | KEY:
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——— 1969-1973 ANS Projected Data
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MISCELLANEQUS
currently employed in this segment of the atomic energy field, 59.4Z% have BS's,
33.3% have MS's, and 7.3% have PhD's.

Annual requirements for nuclear degreed scientists and engineers between
July 1969 and December 31; 1973 to fill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists Engineers
1969 (6 mo.) 0 1
1970 1 1
1971 - 0 0
1972 v 0 | 0
1973 0 : 1

In addition to these organizations' need for nuclear degreed personnel to
fill new positions, allowances for attrition must also be included to arrive at
the total technical manpower requiremgnts of pfivately pwﬁed comp#niés reporting
in the @iScellaneops segment of the nuclear degreed personnel. (Allowances for
attritioﬁ are’the‘samevaﬁ those ﬁsed previously in this rgpbrt: 8.4% for

scientists and 7.6% for engineers.)

Nuclear Scientists - Nuclear Engineers

Year Growth Replacement Totals Growth Replacement Totals
1969 (6 mo.) 0 0 0 1 0 1
1970 1 0 1 1 1 2
1971 0 0 0 0 , 1 1
1972 0 0 0 .0 1 1
1973 0 o [} 1 1 2
ToTALS . 1 0 g1 3 4 7
‘Avérégé‘Aﬁnua}

- Incremental .. ‘- :
" Requirements’ ‘




MISCELLANEOUS

Between July 1969 and December 31, 1973 a total of 8§ nuclear degreed scientists

engineers will be needed by all privately owned organizaticns reporting in the

ellaneous segment of the BLS survey. This total requirement averages out to

htly less than 2 nuclear degreed scientists and engineers each year to £il1l

and replacement positions within these organizations.

(ATION OF IN-DEPTH INTERVIEWS

Atomic energy activities in which the interviewed companies are involved

lude; space systems research and development, manufacturing of special nuclear

jucts (i.e. radiation shielding eontainers), and consulting, and general ser-

> organizations. Rather than presenting the responses for each of these

anizations, thus avoiding undue repetitiveness, only the highlights will be

sented. These highlights include only information which represents an exception

the responses of all of the interviewed companies or an interesting opinion.

Special nuclear products manufacturing and service organizations have in-

ased although modestly, their requirements for nuclear degreed scientists

| engineers due to newkproduct developments and service requirements of the
mic energy field.

The service organizations believe, however, that nuclear degreed scientists

1 engineers are generally too specialized in reactor technology. and what they
2d are more scientists and engineers with a knowledge of isotope applications.
Consulting organizations were very critical of all specialists, as they nrefer

s gcientist- or engineer who has. had a broad educational background. In other

rds, they prefer the generalist.

The space systems research and development organizations indicated that their ,

clear degreed personnel have excellent theoretical backprounds, but there is a

feeling that these same individuals lac& practical exuosure to design problems.‘

tz%!é?izu.
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MISCELLANEOUS

5) Only the consulting.organizations would be affected by a 10%Z reduction in
government funds to'their;company. Such a reduction would result in about an

87 decrease in their manpower estimates for 1970 and 1973. The space systems

organizations, although ‘istorically dependent upon government funds, are currently

in the process of bro dening their base of operations so that reductions in

government funds woul_ ¢ afFect their personnel levels. These organizations

are building up theig-ﬁ&clegr.capability in anticipation of nuclear spéce appli=

cations in the civiiien- gget'and do not want to cut back on their staff under
any circumstances,'_‘ o
6) The consulting‘ofgentzations;believe their area of activity in the atomic
energy field will.lé#e i?etween 1973 and 1975 and, in order for them to
continue their gro&f; th y;ére planning to becopme involved in other nuclear
related activitieeQ o
7) Consulting fi;n;, believe their degreed employee would benefit from
additional coupseﬁoi eieEr science andkengineefing. Their general approach

to continuing educé ion

.@:Iaffecté the companf; is to provide special

technological.semina' r{ous subjects as the need arises.

8) The consulting_opg niza _ons,wouldvlike the universities to stress tha

economic and managemeé] gidgrétions of the electric utility in&ustry for the
training of nuclea? |
9) The.space éYscem ations would 1ike to see nuclear degreed people

have ‘more coefsehof, s engineering and basic business economics as

- they apply to the nuuleut ield.
10) Manufacturers of ';nuclear products would 1ike all engineers to have
more zoursework or ‘exper ncéxin teaching techniques, applications of radio-

isotopes and radiatios




TECHNICAL MANPOWER REQUIREMENTS OF THE ELECTRIC POWER UTILITIES

SUMMARY OF FINDINGS

Following are some of the major findings of the utility survey:

1) wWhen a utility builds additional nuclear power plants, on-site
personnel increase dramatically while central office or off-site
personnel remain relatively constant;

2) A significant increase, although nunerically small, in the number
of scientists that will be hired between July 1969 and December 31,
1973;

i 3) By 1673 there will be 1 senior reactor operator for every z.2

reactor operatorsj

& 4) An increased emphasis will be placed on the hiring of BS nuclear

i engineerss; ,

5) An average of 77.6 techrnical personnel per nuclear power plant;

6) Between 1969 and 1973;v52_nuc1ear_scientists,andf361 nuclear
engineers will be needed by the electric utility industrys

'7) Utilities that do_not now have nuclear power plants. are taking

“ﬂait—and-see attitude on,thefperfofmance, economics and

-social considerations of nuclear plants now being built or in

operation,

T A S e

o

k,B)_ The utilitles are. experiencing difficulty in hiring degreed technical

e

level personnel,_especially,mechanicalbengineers;

R T R S A

‘9) 60%'of>the intervie&edCcomnanies'havefbeen successfullin‘hiring
nuclear scientists .and engineers; |

10) The utilities have increased their need for nuclear degreed
individuals Becaose of:‘

a. new nuclear .power plant construction

b. increasing requirements of AEC regulatory agencies
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ELECTRIC POWER UTILITIES
c. increased awareness of the benefits the nuclear engineer brings
to the utility; and,
11) The electric utility industry must create a be ter image of itself
if it wants to attract quality people.
NUCLEAR TRAINED MANPOWER NEEDS IN ELECTRIC POWER INDUSTRY
This study was conducted by Dr. A. NDavid Rossin and Keith L. Voigt during

the month of February 1969. The study, which utilized the direct-mail

questionnaire technique, was cosponsored by the ANS Power NDivision and the
Reactor Operations Division. Information was received from 35 U.S. utilities
(46 were contacted). The data represents only those employees who had or will
be required to have some nuclear training. Also, all companies contacted had

or were planning to have nuclear power plants in operation by 1976,

Data obtained from the completed questionnaires were extrapolated to
the entire national requirements based on published information concerning the
power ratings and timerschedules for the unreported plants,
The questidnnaifé included a detailed breakdown of occupational categories.
‘n~site personnel were subdivided into three categories:
1. lGenéfal and Opera;ions
2. Mginténancé (direct)
3. Technical Services
Each of'thesé;gategories'inélUdes a'number'offspecific’functions; a total of
27 on-site functions in all; Off-site or centréi‘éffice personnel were sub-
inided'into six categories:
| 1. Design and Safety Analysis
2. - Research and Development
3. Construction

¥ S 4. Operations and Fuel Cycle Management




ELECTRIC POWER UTILITIES
5. Periodic Maintenance (rotating)
6. Administration and Other
These categories in turn, separare into 51 functions.

Obviously, such detailed categories and functions cannot be equally
applicable to the wmany different organization§ and structures of America's
independent electric generating companies. However, all responding companies
managed to provide meaningful answers that could be analyzed along with other
returns.

Since the publication of the Rossin-Voigt study, a number of utilities
have announced plans to build nuclear power plants. On the other hand, one (1)
of the nuclear plants included in the Rossin~Voigt sample has since cancelled
its plans to build a nuclear power plant. The data presented in this report
have been updated to include these changes.

PRESENTATION OF STATISTICAL DATA

Wherea#;éﬁé?ﬁossin—Veigt study ext?abolated the data obtained from the
sample COmbaniés to 89 projected nuclearrpower piants by 1976, the data in this
report were extrapolated t0396 plants projected through 1977.

A compariéon of . the projéé;eé ﬁeggwattse of the 96 nuclear plants and the
megawatts, of the 41 nuclear blghts which comprise the sample is presented in
Table 16. The megawatts, of these sémple plants represent 42,17 of the total
projected megawatts, for all 96‘nﬁéleaf power plants‘planned for operatibn
by 1977. Chart’i7 shows the projectéd accumulated megawattsg of all nuclear
pover pléhts planned for operation by 1977 and the accumulated megawattse of the
nuclear pawef plants included in the.sufvey sample.

For 1969, 1970, and 1973, the total number of personnel required, by company
activity, by the electric utilities that havé or are planning to have nuclear

power plants operating by 1277 is presented in Tabdles 17, 18, and 19 respectively.

-157-
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ELECTRIC POWER UTILITIES
Percentage increases hetween July 1949 and December 31, 1973 for the total

number of on-site and off-site persomnel are:

Numerical Increase
% Increase Between July 1969 Between July 1969 and

Location of Personnel and December 31, 1973 December 31, 1973
On~Site 287.8% 3,629
Of f~Site 84.77% 1,176

Off-site personnel represent 52,47 (1,383) of the total personnel currently
emploved at electric utilities, but by 1973 off-site personnel will represent
only 34.4% (2,564) of all employees. Although off-site personnel will increase
by 84.7% between July 1969 and December 31, 1973, on-site personnel will increase
at a much faster rate (2%7.8%). These data seem to show that as additional
nuclear power plants are built within a single utility system, the central office
(off-site) personnel are spread over more plants. Obviously, this distribution
of manpower over a numbér of plants does not occur to th- same extent for
on-sité personnel. In addition, the majority of degreed personnel work at
the central office rather than being assigned to work at a plant.

(% of Total Manpower Reported)

1969 | 1970 1973
Location of Personnel DNegree-Non Degree Degree-Non Negree Degree-Non Degree

On-Site _ bvv19.1Z ~- 80.9% . 14.7%Z == 85.3% A?l$.0%{'?'87.0%v

0f£f-8ite = . 76.9% ff>23.1%v, 74.7% =~ 25.3%2  76.4% -- .23.6%
The: " proportion of college degree holders amongutﬁg‘central office staff is even
mcre pronounced if thé periodic.méinteﬁance function. is excluded. 1In fact, since
central,periodic maintenance organizations have only begun to be set up, almost
all (90.8%) of the central office staff will hold college degrees. Similarly,
if technical services staff were excluded,from the on-site classification, very
few on-site people wduld have college degrees (6.2%).

The consolidation of both on-site and off-site personnel into broad

SN
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Chart 17
COMPARISON OF THE TOTAL ACCUMULATED MEGAWATTSB OF THE CURRENT AND PLANNED FOR NUCLEAR POWER PLANTS BY YEAR
OF OPERATION THROUGH 1977 AND THE ACCUMULATED MEGAWATTS, OF THE ANS SURVEY'S SAMPLED NUCLEAR POWER PLANTS
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ELECTRIC POWER UTILITIES

classifications of scientists, engineers, technicians and others is presen*ad
in Table 20. The percent increases, for each classification, between July 1969
and December 31, 1973 are:

Numerical Increase

% Increase Between July 1969 Between July 1969 and
Class of Employees and December 31, 1973 December 31, 1973
Scientists 220.7% 64
Engineers 95.4% 1,221
Technicians 228,2% 938
Others 277.9% 2,382
TOTALS 181.47% 4,805

Although the overall personnel levels at these utilities will grow at a
rate of 181.4% between July 1969 and December 31, 1973, engineering manpower
(nuiterically the largest group in 1969) will grow at a rate (95.4%) less than
all other gxoups during this time period. It is also interesting to note that
requirements for scientists will dncrease by 220.7% (although this group is
numerically the smallest). Perhaps the utilities are turning to the scientists
to help them develop programs to overcome the ohjections now being raised with -
regard to ecology.

Table 21 presents data concerning the total number of senior and reactor
bperators currently gmployed and frojections of the utilities' requirements for
tﬁese typesvfor 1970 and 1973. The number.of senior and reactor operatofs will
grow at an overall rate of 374.6Z between July 1969 and December 31, 1973, By
the end of 1973, reactor operétors will represent 69.6% of the total number of
senior and reactor oﬁerators. The ratio of reactor opgrators to senior r=actor
operators (supervisors) is currently 2.6/1 and will be 2.3/1 in 1973.

The total number of currently employed nuclear degreed scientists and

engineers and projections of the utilities' requirements for these tvpes in

18 4—_1@ }-
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Table 20
_ ELECTRIC POWER UTILITIES —
CURRENT (1969) EMPLLOYMENT OF SCIENTISTS, ENGINEERS, TECHNICIANS AND S'OTHERS'® AND ANS PROJECTIONS OF MAN-
POWER REQUIREMENTS FOR 1970 AND 1973. .
(Data inc'ude only personnel :urr.enﬂy (19691 employed and plonned far employment in 1970 ond 1973 by electric power utilities thot

have ar are plonning ta have o nuclear pawer plant{s) in aperatian hy 1977. Only persannel wha have had or will be required to have
srsome*’ nuclear fraining are included.)

OCCUPATIONAL CATEGORIES EPfPUL%RYE:‘ET - 1970 g‘é:gREEA:SEE/ 1973 :)_NECCRRE;:SEE/ |
SCIENTISTS (Includes Mothematicians) 29 60 131 93 +33
ENGINEERS 1,280 1,890 +610 2,501 +611
TECHNICIANS 4% 909 +498 1349 +440
OTHERS 929 2,272 +1,343 3,51 +1,239
TOTALS 2,649 5,131 42,482 7454 | +2,323

Toble 21

— ELECTRIC POWER UTILITIES —
CURRENT (1969) EMPL.OYMENT OF SENIOR REACTOR OPERATORS AND REACTOR OPERATORS AND ARS PROJECTIONS OF

MANPOWER REQUIREMENTS FOR THESE TYPES FOR 1976 AND 1973 —~ These dota are included in the TECHNICIANS ond
OTHERS categoaries of Table 20.
(Data include only persornel currently (1969) employed and planre
have or are plonning to have o nucicor power plant{s) in operation
tesame*" nuclear training are included.)

d for employment in 1970 and 1973 by electric power utilities that
by 1977. Only personne! who have had ar will be required te have

' CLIDDENMT 1| BISnEACE * e

OCCUPATIONAL CATEGORIES EMPLOYMENT 1970 | DECREASE 1973 DECREASE
SENIOR REACTOR OPERATORS 50 157 +107 261 1104
REACTOR OPERATORS 131 377 BTy R 598 4221
TOTALS 181 534 4353 859 1325

. Table 22
— ELECTRIC POWER UTILITIES - ’
CURRENT (1969) EMPLOYMENT OF NUCLEAR-DEGREE SCIENTISTS AND ENGINEERS AND ANS PROJECTIONS OF MANPOWER
REQUIREMENTS FOR THESE TYPES FOR 1970°AND 1973 - T' 3¢ doto are in:lud_ed in the SCIENTISTS and ENGINEERS cotegeries
of Table 20.-

(Data include only personnel currently (1969) employed and planned for employment in 1970 ond 1973 by clectric power utilities thot
have or are planning ta have o nuclear pawer plant(s) in oper

ation by 1977. Only personnel who have hod ar will be required 10 have
*ssame’* nuclear training are included.)

R CURRENT INCREASE/ INCREASE
SCIENTISTS 12 35 123 50 115
ENGINEERS 167 295 +128 409 +114
TOTALS 179 330 +151 459 +129

-
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ELECTRIC POWER UTILITIES

1970 and 1973 are presented in Table 22. Employment of nuclear degreed
personnel will grow at a rate of 156.47 (280) between July 1969 ar ' Necember 31,
1973. By the end of 1973, nuclear engineers will outnumber nuclear scientists
by about 8 to %.

Table 23 shows the comparison of the number of degreed employees for 1969,
1970, and 1973, by level of degree, for both nuclear degreed and degveed (non-
nuclear) personnel. For nuclear degreed personnel, there is an increased emphaais
for BS level individuals (1969 -~ 44.9%; 1970 - 48.4%; and, 1973 - 53.9%).
Corresponding to this emphasis on BS level nuclear degreed personnel is a slight
de-emphasis on MS level nﬁclear degreed individuals. This de-emphasis also
occurs for PhD level nuclear degreed individuals.

The average number of personnel for each nuclear plant (%6 plants) was
calculated at 77.6 (based on the 1973 employment statistics). Approximately
50.9 employees will work at the plant site while the remaining 26.7 employees
will be centered at the utilities_ central offices. Of the almost 78 employees
per plant, 51 will have no degree-and 27 will have degrees. As was previously
stated, the vast majerity (90%) of the degreed staff will wqu at the central
office while nearly %4Z of the non~degreed staff will work at the plant site. i

Annual. incremental requirements for nuclear degreed perscnnel to fill new

positions‘will be:.

Annual Incremental Requirements for Nuclear Deg;eed
Personnel to Fill New Positions

E Year ‘ _ "Scientists‘ . - - Engineers
i | 1969 (6 mo.) | 7 43
197¢ 16 85 ;
_ 1971 | 5 - 38 %
| 1972 5 . a8 :
1973 . , : . 5 o 38

|
i
i
1
.
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Tabie 23
— ELECTRIC POWER UTILITIES ~
BREAKDOWN OF NUCLEAR-DEGREE AND DEGREE (NON-NUCLEAR) PERSUNNEL CURRENTLY (1969) EMPLOYED AND PLAHNED
FOR EMPLOYMENT IN 1970 AND 1973, BY LEVEL OF DEGREE - Data dc not include degree Mathematicians,
{Dota include only personnel currently (1969) employed ond planned for employment in 1970 and 1973 by electric power utilitics that hove

or are planning ta have a nuclear pawer plant(s) in operation by 1977, Only personnel who have had or will be required to hove *'some”’
nuclear training ore included.)

LEVEL OF DEGREE BECHERDCLEAR % OF TOTAL TOEQERNEOENLQ"‘:UF";::EOAR % OF TGTAL
._ BS 80 44.9% 1,013 85.6%
MS 9 50.6% 15 10.2%
i
’ PhD 8 4.5% 2 0.2%
§ ~ 1970 -
: TOTAL NUCLEAR TOTAL NON-NUCLEAR | ,
LEVEL OF DEGREE DEGREED = 330 % OF TOTAL DEGREED = 1,620 % OF TOTAL
;
BS | 160 48.4% 1,466 90.5%
MS 160 48.4% 150 9.3%
PhD 10 - 3.2% ; 4 0.2%
- 1973 -
: TOTAL NUCLEAR o g TOTAL. NON-MUCLEAR ‘,,~ ’
LEVEL OF DEGRE? DEGREED = 458 % OF TOTAL DEGREED = 2,136 % OF TOTAL
BS S 247 | s3.9%. 1,935 90.6%
MS ) 198 | 43.2% | 199 9.3%
ShD 13 2.9% 2 0.1%

IIText Provided by ERIC



ELECTRIC POWER UTILITIES

In addition to the electric utilities' nes  for nuclear degreed scientists and
engineers to fill new positions, allowances for attrition must also be included
to arrive at the total technical manpower requirements of the electric utilities
for nuclear degreed personnel. (Allowances for attrition are the same as'those

previously used in this report: 8.47%7 for scientists and 7.6% for engineers.)

Nuclear Scientists Nuclear Engineers

Year Growth Replacements Total Growth Replacements Total
1969~ 7 1 8 43 13 56
(6 mo.)

1970 16 3 19 85 22 107
1971 5 3 8 38 25 63
1972 5 3 8 38 28 66
1973 S ) 9 38 31 69
- TOTALS 38 14 52 242 119 , 361
Average : -

Annual 8.4 3.1 11.5 53.8 26.4 30.2

Incremental ‘

Requirements

(4% years)

Between July 1969 and December 31, 1973, the total requirements of the
'electric ufilitieé.for nuclear degreed”scieﬁtists and engineers are 52 and 361
"fespectively. For every nuclear scientist hired by the utilities, about 7
nuclear enéineers will be hired.

SUMMATION OF IN-DEPTH INTEﬁVIEWS

In addition to updating the statist:llf_:al data provided by the Rossin-Voigt
study, the present study incorporated iﬁ-dep;h interviews with a representative
sample of U.S. utilities, These utilities will have a total of 29 operating
nuclear power plants by:1977 at . a combined total megawattage, of 21,862 (30.77%
of the #otal.megawattse‘for ail U.S. nuclear péwer plants planned for operation

by 1977). The average plant size of thé interviewed utilities is 754 megawatts,.

18 5 \ b .&:}5?‘




ELECTRIC POWER UTILITIES
A number of factors are utilized by the electric utilities to arrive at
estimates of their technical manpower requirements. However, most of the
utilities placed emphasis on what the "state of the art" of the electric utility
industry will ba in the future. TFor example, what are the possible new modes of
electric power generatian? What are the economic and esthetic considerations?
With regard to the evaluation of the ''state of the art,"” they feel that the
current slowdown in orders for nuclear power plants reflects the utilities'
"sait-and=-see™ attitude on the performance, economics, and social coasiderations
of nuclear power plants now being built or in operation.
When hiring a scientist or engineer in general, the majority of the

interviewed companies indicated that “he primary employment qualification is
a combination of the extent of educatisn and experience. More specifically,
when the utilities hire technical persomnel to f£ill their short=—range manpﬁwer
requirements, they hire exactly what they need at the present time. In this
instahce, emphasis is plazed on the candidate's experience in the electric
power industry or a closely related incustry as he will be requirea to
immediately assume a responsible position without a significant amoun: of
supervision or training. However, when the utilities hire personnel to £fill
their lqng—range manpower requirements, the companies tend to hire a man for
his potential usefulness. As a result, level of degrée, age, etc. become
importanﬁ employment factors.

 Over 50% o. the in‘ffviewed companies have experiénéedvsome difficplty
in hiring degreed (non-nuclear) scientists and ehginee:s during the past five
years. This difficulty is especially acute with regard to mechanical engineers
and engineers capable of assuming quality control responsiliilities. - All
compahies fee1 that the present manpower market is extremely tight for

engineeriﬁg typas and they‘foresee no let-up in the near futuré, especialiy in
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ELECTRIC POWER UTILITIES
view of decreasing engineering enrollments.
All interviewed companies believe their degreed (non~nuclear) technical

staff can adequately adapt to and function in nuclear power plant technology
because nearly 90% of nuclear power plant operatiouns consist of conventional
components which do not require the technical sophistication of nuclear engineers.
Although the utilities indicated they would like their degreed individuals to
have some nuclear training, they prefer to have their engineers take short
or semester courses in nuclear technology after they have worked at the utility
for a period of time. Some of the nuclear courses they wonld like their degreed
(non-nuclear) engineers to be exposed to are:

1. Radiation shielding

2. Reactor materials

3. Radiochemistry

4, Health physics

5. Fuel cycle management - [

6. Radiation safety

7. Radioactive waste dispésal
Furthevmore, the electric utilities would like to see the universities incor-
porate some of thesebhuclear‘courses~in their engineering cufriculum, but not
at fhe»expense of eliminating or &e«emphasizing the Basic engineering coﬁrses.
In other words, the utilities w0uld'encouf5ge the eduzational institutions to
keep tﬁei: engineering,progréms “uchdn&ate" with some coverage cf the. new
technological advances while maint~ining their emphasis on the classical
enginecvring concepts,

The utiiities a1s0’5e11eve‘it uﬁfortungte that th~re arz only a few graduate

courses in engineering which are sPecifice‘ly géared to the pover industry. This

1

is especlally true in electrical engineering where the empl.wnlsz is placed on -




ELECTRIC POWER UTILITIES
electronics rather than rotating machinery. With regard to chemical engineering,
they would like the universities to include environmental considerations in
their curriculums.

The primary emple'rment qualification the utilities consider when hiring a
nuclear degreed scientist or engineer is the extent of the candidate's previous
nuclear training or experience. They hire these specialists not only to broaden
their nuclear expertise in view of the increasing complexity of AEC regulatory
requirements but also to use the nuclear engineer as a training vehicle for the
rest of the technical staff.

Sixty percent of the interviewed companies indicated, at the time of the
interview, that they have been successful in filling their needs for nuclear
degreed personnel. Their success was attributed to the utilities' decision to
pay higher salaries for nuclear degreed individuals than they would normally pay
for equivalent degreed {non-nuclear) personnel. Furthermore, because these
utilities have or are in the process of building a nuclear power plant, it seems

they ars able to attract nuclear degreed individuals more readily than utilities

which are only in the planning stages. It was also obvious that the utilities

which are experiencing some difficulty in f£illing their needs for nuclear
engineers'are still operating under the belief that "there are a lot of people
who will accept a salary of $25,(Gl but have only $10,000 worth of experience.”

Another important factor which has contributed to the swccess of these

|
|
J
|
|
|
1

utilities in hiring nuclear depgreed individuals is that these companies have

estanlished, through thcir professional recruitors, good rapport with the nuclear

s.ience and engineering faculty. It was alsc interesting tc note that each

utility has its own & or 5 "pet'" schools to which they go when they need to hire

S

a nuclear engineer. Although these "pet" sciools are normally in the suma

geographical‘area‘és'the utility, there are 3 or 4 sc .ools which most utilities
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ELECTRIC POWER UTILITIES
contact for nuclear engineering students outside their geographical location.

The interviewed utilities have increased their need for nuclear degreed
personnel during the past five years primarily because of: 1) new nuclear
power plant construction; 2) the complexity of AEC licensing reqﬁiremeuts;
and, 3) an increased awareness of the technical benefits derived from nuclear
engineers. The utilities are bczoming increasingly aware of the fact that
nuclear degreed individuals ar: generally able tc add significantly to the
utilities expertise and, as a result, they believe that the nuclear engineer
is coming into his own!

In evaluating the applicability of nuclear engineers to the technical
requirements of the utility industry, the companies generally feel that
although the nuclear engineer is technically capable, the utilities are still
required to train these individuals in the basics of operating an electric
utility. There was some criticism of the nuclear =nginzer as generally being
too theoretically oriented and not grounded in the fundamental aspects of
applied engineering. In this regard, the utilities favor the hiring of nuclear
engineers from schools which have a training‘feactor.

Soma of the suggestions‘dffergd in resporise to an evaluation of the
training received by nuglgar engineers were: 1). nuclear engineers sﬁould
receive more. .course work relating to quality control and quaiity assurance,
and 2) at the bachelor's level the nuclear engineer seems to be weak in fluids,
heat transfer, and streagth of materials technologies.

When hiring technicians, the utilities generally look at the candidate's
potentiai usefulness., Thzy ars primarily interested in the high school graduate
who has had some science coursework.

Approximately two~thirds of these companies have experienced various degrees

of difficui~y in attracting qualified technician—level personnel. To over coma
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ELECTRIC POWER UTILITIES
this shortage, most of the utilities have incorporated "in-house'" training
programs.

One of the major problems facing the utilities with regard to.the hiring
of technicians is the wage and hourly union agreements which have limited their
ability to hire exverienced and skilled technicians. This has also contributed
~o their development of "in-house" training programs for i+ “wmicians.

Some of the ruclear related courses. tho utilities deem important for their
technicians are:

1. Waste disposal

2. Reactor instrumentation

3. Radiochemistry

4, Health physics

t None of the interviened companies were unduly concerned with fiiling
their needs for nuclear reactor operators because they place'the primary
responsibility for the training of these individuals with their reactor vendor.
Perhaps tiie most interesting statement made bv one of ‘the interviewed
companies regarding the difficulty they are having in hiring degreed people
was that the utilities must help to create a better image of their indust -y
at the universities by making the facuity and students more ‘aware of the‘
problemc facing the utilitieS. T believed that this would srtmul-.“a wore

students to pursue a career with the electric power utilities.




TECHNICAL MANPOWFR RENITREMPMTS OF THF FIYWCATTOPAL IMSTITITIONS

SUMMARY OF FINDINGS

The study involved two separcte surveys. The "first" survey was conducted in
Decewber, 1967 and included completed questionnaires from 183 schools. Because
there was a long delay between the completion of the univefsity survey and the
surveys concerned with the manpower requirements of private industry and eliectric
otilities. another study was made with a sample of 25 universities that had par~
ticipated in the "first" survey. The purpose of the Ysecond" survey was to update
the data providsd by the 183 schools in the “"fir. ° survey.

Some of the significant results ef the comparison of the data reported by the
18 sampie schools in the "first" surve” and what they repocrted in the "second"
survey are:

1, The second" survey showed a 5.7% increase in the currently employed staff, no
change in stal® requirements for 1970 and a 5.0% increase in the technical
manpower requirements for 1973

2. For currently employed part-time R & D personnel the seeorAr sreport showed
an increase of 34 2% over‘vhat the sample schoois rrported in the "fixeh:
survey.' fhe "second“ survey also ahowed a 15. 7 and 94 6% lncrease in |
requirenents for part-time R & D perqonnel in 1970 and 1973 respectively..

3. Data eported in the second" survey, as compared te what was reported in

l "firs i ‘survey by the 18 sampme schools, indicated a ﬂecreaﬂe in ful]-
time nuclear facilities staff by 5. 8% (current) 12 8/ (1 IO, and 9.3% (107 ).

The data reported in the "second" suvvey by the sample schools was extrapolated
by the American Nuclear Society to the 183 schools that replied to the "firse"
survey. Some of the resslts of the extrapolatel data were:

1. The rate of growth at the educational institutions of 34.42 betWeen July 1969

and December 31, 1973.
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2. A greater emphasis, percentagewise, on teaching and research and development
aciivities associated with nuclear and reacter engineering, health physics,
radiation applications, and radiation biology.

3. The number of reactor superviscrs will be decreased by 10%Z of their current
level.

L, An increuase, percentagewise, in the hiring cf BS's for R & D and nuclear
facilities activities.

5. Between July 1969 and December 31. 1973, the total demand {growth and re-~
slacements) for nucl:ar degreed scientists and engineers by the educatfonal
institutions is 1,392 and 408 respsctively.

6. The average annual incremental need for nuclear degreed sclencists is 309.3;

for nuclear degreed erngineers, 90.7.

COMPARISON OF THE DATA PROVIDED BY THE SAMPLE SCHOOLS FOR ROTH THE “FIRST" AND
SECOMD” SURVEYS

0f the 269 colleges and sniversities contacted in December 1967, 183 schools
returned completed questionnaires (68.0%). Because the university survey was to

be incofporated in the overall‘surﬁey‘of’téchnical manpower require ~ts of the

atomic energy field and because the cther elements ‘of the overall survey, namely,'
the tnvdepth interview with private iﬂdustry and the elecrri" p0W°r utility

- survey vere delayed in their completion,‘another 3urvey of che educational

institutions was undertaken to update the data. The updated survey consisted of
sending to a sample of'twenty—fiVe (25) schools, the questionnaire they had com-
pleted in the “first" survey. These sample universities were asked to review their

previous’eétimates in light of the current situation at their school and make :

correctizns in their astimates if they felt their first estimates were no longer

representative.

s
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The updated survey, (hereafter known as the "second" survey), which was
conducted during the months of July and August 1969, involved a select sample of
25 universities. Fighteen of these 25 schools responded to the '"second" survey.
0f these 18 schools, & schools reported no change in their manpower requirements
and student enrollments given in the "first" survey. The remaining 14 schools
revised their initial estimates.

The total number of current and plaznned for staff reported by the 18 sample
schools in the "first" survey represented 34.2% of the total currently emplcyed
staff reported by the entire 183 schocls in the "firet" survey, 37.27 of the
total estimated staff in 1970 and 36.9% of the total estimated staff in 1973.
(Refer to Table 24 for a comparison of the data reported by the 18 sample schools
in the "first" and "second" surveys.)

Comparison of these data show the sample schools reporting in the "second"
survey increased the number of currently employed staff by 5.7% over what they had
reported in the "first" survey. Their estimates of staff requirements for 1970
remained the same between the "first" and "second" surveys. However, in the
"gecond" sutVey.;thé sample schools reported a 5.0% increase in their cstimates of
staff reqqiieméntsvfor 1973 over what they had reported in the "first" survey.

In the "second" survey, the daﬁa}rééérted by the sample schools showed, in
five of the six activities listed in the questionnaire (faculty, full and part-
times researchvand development perSOnnel, full and part—time; and, nuclear facilities
personnel, full and part-time), a ﬁumerical fncrease in the number of currently
employed perscnmnel over what they reported in the "first" survey. The largest
percentage increase occurred in the area of part~time research ;nd development
persenncl (34.2%). The énly decrease occurred in the area of fuil-time nuclear

facilities personnel (5.8%).
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EDUCATIONAL IMSTITUTIONS -
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Although the total 1970 staff requirements estimated by the samvle schools
were the same for both the "first" and "second" surveys, specific requirements for
part-time research and development personnel were increased by 15.37% in the
"second" survey, while full-time nuclear facilities personnel requirements were
decreased by 12.8% in the 'second" survey.

Total staff requirements estimated by the sample schoois for 1973 showed an
increase of 78 employees in the '"second" survey, the largest percent increase

was for part-time research and development personnel (34.6%). The data reported

by the sample schools in the "second" survey also showed a decrease in full-time
nuclear facilities personnel (9.3%) over what they reported in the "first" survey.
An analysis of the data reported by the sample schools in the “second" survey
over what they reported in the "first" survey indicates a decline in requirements
for full~time nuclear facilities staff. This reduction mavy very well reflect the
anticipated reduction of government funds for support of university research reactors.
Another significant finding was an increase in the "second" survey of staif
requirements for research and development activities. The increase was particularly
evident for part—time research and development personnel, and this increase may
reflect the universitles interim concern over possible reductions in government-
sponsored felloWships, scholarships, etci “To“financially assist those students
who will be affected by . reductlons in fellowships, etc., the schools may be planning
to employ, on a part-time basis, a larger number of these students in research

activities ‘that have already been funded. 0r, in view of: decreasing R & D funds,

it may be that the universities are planning to economize their operations by
reducing their full~time technician staff while substituting their students for

{ technician-related R & D work.
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REQUIREMENTS FOR FACULTY., RESEARCH AMD DEVELOPMENT, AND NUCLEAR FACILITIES
TECHMNICAL PERSONNEL

Data reported for the "second" survey by the sample schools were extrapolated
to the 183 schools replying to the "first" survey. Extrapolations from the sample
schools to the 183 schools were made only for the totals of each of the six work

activities. For example:

Full-Time Currently Employed R & D Personnel (183 schools - "first' survey)
Full-Time Currently Employed R & D Personnel (18 sample gchools - "first" survey)
Full-Time Currently Employed R & D Perscnnel (18 sample schools - "second" survey)

___gsg + -—3;1 = 887

Within each work activity, the American Nuciezr Society extrapolated total was
then broken down into the various disciplinez or employment titles, cy level of
degree, using the percent distribution of the data reported by the 183 schools in
the "first" survey. |
The final data represent the requirements of 183 schools and notvthe require-
ments of the universe of 269 colleges and universities. The sanple schools‘ data
were not extrapolated to the entire universe of 269 schools because; after reviewing
the 86 non-respondent schools and noting that they were generally small, liberal
arts institutions with no graduate programs and especially no nuclear science and
engineering programs, it was felt that the 183 surveyed schools represented more
than 90% of the educational requirements for personnel'whc work in the atomic
energy activities. It was also”felt'that’the‘studen: enrollmenrs in nueiear science
and engineering‘at the 183 schools represenf’upﬁards 6fd9SZAof the total students
enrolled in coursawork leading to degrees in nuclear science and engineering. It
was deéided,’tnerefore, to present data for only,rhe 183 schools as it would be

more representative of what is really happening in the educaticnal community.
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Data representing the number of faculty, by level of degree and discipline,
currently employed and planned for teaching in the atomic energy field were
sbtained from the extrapolation by the American Nuclear Society of the sampia
survey to the 183 schools. (Refer to Table 25.) This Table includes the total
number of currently employed full-time faculty and 50% of the reported 424 part-
time faculty. For 1970 and 1973, respectively, Table 25 also includes 50% of
the reported 435 and 489 plannaed for part-time teaching faculty.

Percentage increases between the number of currently employed faculty,
teaching a specific nuclear science and engineering discipline,land the total

number that will be required to teach each discipliuie in 1973 are:

% Increase in Faculty Number of Faculty
Nuelear Science and Required Between Required Between
Engineering Discipline July 1969 and Dec., 31, 1973 July 1969 and Dec. 31, 1973
Thermonuclear Physics 120.7% 35
Other Nuclear Engineers 59.8% 61
Health Physics | 46,97 | 23
Radiation Application _ 41,52 : | 27
High Energy Physics .. 36.5% 91
Reactor Engiﬁeering ‘ » o 31.92 ; _‘ ‘ 44
ﬂqcleaf.andlkéd;atiop Chemistry o ‘?7,1%>~ v 26
Radtation Blology 2w 2
Nuclear Physics | T s

Although faculty tegching nuclear physicg'are_numerically the 1a:ggst group
reported, the treﬁd,,petcentagewise,,Seems to be<for’mbre‘gmphésis on the nuclear

science and engineering disciplinés. It is perhaps significant that 3 of the 4

disciplines that have the largest percent increases in faculty requirements betveen

July 1969 and December 31, 1973 are;md:e concerned;w1th the applied engineering and
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operaticnal aspects of the atomic energy field rather than the basic research
disciplines of nuclear'physics, high energy physics, etc.

The extremely large percent increase in faculty teaching thermonuclear physics
could be attributed not only to the fact that the numbers are relatively small but
aiso to an anticipation of increased government activity in the development of
nuclear power by fusion reactions.

As would be eapected, the vast majority of the faculty have or will be
required to have PhD degrees 91.8% (current), 93.1% (1970) and 94.1% (1973) .

It is interesting to note,; howewer, that by 1973 approximately 18.1% of the faculty
teaching health physics, 12.1%Z teaching reactor engineering, 2nd 10.9% teaching
radiaticn applications will have only MS degrees. These percentages are well above
the overall percentage of faculty with MS degrees 7.0% {current), 6.1% (1970),

and 4,97 (1973)

Data forithe 183 schools representing the number of R & D personnel currently
employed, by level of degree and disc1pline being researcned, and planned for
employment ' in 1970 and 1973 is preSented in Table 26 This Table includes the
total number of»full—time R & D personnel ad 50/ of‘the?reported 539 currently
employed part-time R & D personnel.. Tabl 26 also includes, for 1970 and 1973
krespectively, 50/ of the reported 538 an 706 planned for part—time R & D personnel,

f The percent increases between the n umber of currently employed R &D
personnel, by thc nuclear science and engineering discipline being researched

and the total number required by December 31, 1973 are:

c % Increase in R. & D: Personnel Ndmber of R.&D Personnel‘

Nuclear Sc1ence and ' Required BetWee B . ‘Required Between
»Engineering Discipline July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973

Thermonuclear Physics Q , ' 194.1A o 33
Radiaticn Biology = . . 61.4%. Co 43

‘Health Physies- 58.1% 18

i L
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activities are: . . -

EDUCATICONAL INSTITUTIONS -~
MANPOWER REQUIREMENTS

% Increase in R & D Personnel Number of R & D Personnel
Nuclear Science and Requirad Between Required Between
Engineering Piscipline July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973

Radiation Applications 56.8% 42
Other Nuclear Engineering 52.8% 47
Reactor Engineering 43,47 23
Nuclear Physics 30,97 119
Nuclear & Radiation Chemistry 11.8% 10
High Enexgy Phy51cs 10.2% &5

Although the combined number of R &D personnel working in the.areas of high
energy physics and nuclear physics are numerically the largest disciplines in
relation to the other disciplines 63.3% (current), 58.7%Z {1970), and 58.7% (1973;
both rank in the bottom third of the disciplines listed by the percent increase in

R & D personnel between July 1969 and Decemter 31, 1973. 1In fact, R&D personnel

' working in high energy physics research actually declined from current employment

to anticipated employment in 1970 by 12.7%. This decrease in high energy physics
R&D personnel occurred primarily at the Lechnician level.

It is evident that although research and development efforts:will continue

tto be heavily concentrated in the areas of nuclear physics and high ‘energy physics,

the universities seem to anticipate increased research and deve1opment projects
in other nuclear science and engineering disciplines., With the public s concem
‘now being expressed over radiation saFety, thermolpollution and ecology,‘it is
interesting to note that the schools are responding by building up “helr research
capacity and capability in radiation biology and nealth physics.

Percentage increases in the number of PhD's MS's, Bs'& and technicians

currently emplouod and planned for employment by December 31 1973 in R&D
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EDUCATIONAL INSTITUTIONS -
MANPOWER REQUIREMENTS

7 Increase o R & D Personnel Numerical Increase in R & D

: when government research funds are cutback. The PhD's are retained, apparently,

Requirad Bestween Personnel Required Between
Level of Degree July 1569 and Dec. 31, 1973 July 1969 and Dec. 31, 1973
PhD's 51.8% 200
é MS's 18.3% 28
é BS's 70.6% 89
Technici..:s 12.8% 63
; It is interesting to see how the universities retain their PhD personnel

at the expense of full-time R & D technicians who can be easily replaced by
graduate students at considerably less operating expense to the schools.

Data for the 183 schools representing the number of nuclear facilities
personnel currently employed and planned for employment in 1970 and 1973 by
level of degree and employment title, are presented in Table 27. This Table
includes the total number of full-time nuclear facilities persomnel and 50Z of
the reported 172 currently employed part-time nuclear facilities personnel.

The Pable also fncludes, for 1970 and 1573 respectively, 50% of the reported
191 and 235 planned for part—time nuclear facilities personnel,

Percentage increases between the number of nuclear facilities personnel

currently employed and planned for employment in 1973 by employment title, are:

ot o Z Increase in Nuclear Numerical Increase in Nuclear
1 ' : Facilities Personnel - Facilities Personnel
o Required Between Required Between
Employment Title July 1969 .and Dec. 31, 1973 July 1969 and Dec. 31, 1973
Accelerator Operators g 56.1% ‘ 55
Reactor Operators ' 46,37 ' 44
5 Radiation Safety Officers 34.5% 30
é Accelerator Supervlsors ; 27,17 13
; Reactor Supervisors . : -10,0% o | -5
~185-

205
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EDUCATIONAL INSTITUTIONS ~
MANPOWER REQUIREMENTS

Not only are accelerator and reactor operaiors numerically the largest groups
reported but they also rank first and second in the percent increase between
July 1969 and December 31, 1973. Of the 99 individuals that will be hived to
fi11 new positions as either accelerator or reactor operators, 57.6% will be
technician~level personnel.

Reactor supervisory personnel will decrease by 10% between 1969 and 1973.
These reductions will only occur with degreed personnel (1 PhD and 19 MS's),
Employment of BS degree holders will increase by 60% (6) in reactor supervisory
roles while technician level personnel will remain the same.

There will be a net increase of 13 accelerator supervisors between July 1969
and December 31, 1973, Twelve new positions will cpen for degreed personnel
(4 PhD's and 8 MS's); 2 BS degreed individuals currently employed as reactor
supervisors will be lost resulting in a net gain of 10 new accelerator super-
visory positions.

Half of the projected 30 new radiation safety officer (health physicists)
positions will be filled by degreed personnel. Although 3 PhD's will be lost,

2 MS's, and 16 BS's will be hired resulting in a net gain of 15 degreed radiation
safety officers. The remaining 15 riew positions will be filled by technician—level
personnel. | » 4 ’

Pexrcentage increases‘in the number of PhD's, MS's, BS's, and technlciansv
currently employed and planned for employment in 1973 in nuclear faCLlltles

activities are:



FDUCATIONAL. INSTITUTIONS -
MANPOWER REQUIREMENTS

7 Increase in Nuclear Numerican Increase in Nuclear
Facilities Personnel Facilities Personnel
Required Between Required Between
Level of Degree July 1969 ‘and Dec, 31, 1973 July 1969 and Dec. 31, 1973

PhD's 12.8% 5

MS's 30.9% 25

BS's 38.1% 32

Technicians . 43.17%Z 75

Data concerning the universities' requirements for reactor operators and
supervisors seems to be inconsistent (increasing operators and decgeasing
supervisors). In 1969, for example, the ratio of reactor operators to super-—
visors was 1i9/1 while the projected ratio for 1973 is 3.1/1. A possible
axplanation for inconsistency is that the schools are attempting to readjust
their operating budgets in anticipation of reduced government support of research
reactors. In effect, by reducing their supervisory.personnel. they are reducing

their direct costs.

To arrive at the total technical manpower requirements of the educational

linstitutions actiVe in the atomic energy field it was assumed that all new

faculty, research and development, and nuclear tacilities personnel positions

_that required degreed individuals Would be filled with nuclear degreed scientists

- and engineers. It was alsc assumed that not only will all growth-related

,,,

. 1positions be fiiled with nuclear-degreed personnel but also all replacement

-‘positinns.

The overall growth in technical manpower requirements of the 183 surveyed

schools during the period extending from July 1969 through December 31 1973 was

calcula*ed to be 34 4 ‘or a total of 968 new technical positions.

' Pelcentage increase in the number of scientists, enginears and technicians

b'that will be required between July 1969 and December 31, 1973 are:

._lgg_
'72033




'ffor faculty positions,

1fand nuclear faci itd _;;;' vit

EDUCATIONAL INSTITUTIONS -
MANPOWER REQUIREMENTS

% Increase in Technical Numerical Increase in Technical
Categories of Manpower Requirements Between Manpower Requirements Between
Technical Personnel July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973
Engineers ' 43.2% 205
Scientists | 37.4% 625
Technicians 20.77% 138

Although the requirements for scientists are numerically larger, the requirements
for engineers have the largest percentage increase. The fact that the'educational
institutions are increasing their engineering staff at a rate greater than that for
scientists may be due to an increased awareness of industry s perference for
graduates trained in engineering rather than in science disciplines.

The percent increase" in the total staff requirements, bj level of degree,

between July 1969 and December 31, 1973 are:

% Increase in Technical Numerical Increase in Technical
‘Manpower Requirements Between. - - Manpower Requirements Between
Level of D g ee July 1969 and ‘Dec. 31, 1973 July 1969 and Dec. 31, 1973
‘PhD's B Y 5 B _ 659
msts 0 14.9% | 48
. o saax 13
Iechniéiahe; B f-tlzo ?/ Q '5v, ew,, h ‘:' ﬁgi.‘issi‘..uj‘.

int. out’ theAcon

tinuing emphasis on hiring PhD's, especially

and: an increased,emphasis on hiring BS's for work in R & D

When considering”the breakdown of’the educational institutions staff' S

- requirements by work activity, the following percent increases were calculated L

for the time period extending from July 1969 through December 3l 1973"




EDUCATIONAL INSTITUTIONS -
MANPCHER REQUIREMENTS

% Increase in Technical Numerical Increase in Technical
Manpower Requirements Between  Manpower Requirements Between
Work Activity July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973
Nuclear Facilities
Personnel - 3632% 137
Faculty 35,37 451

R & D Personnel 32.8% 380
A graphical representation of the overall technical manpower growth of the
educational institutions by work activity is“presented in Chart 18,

If all new non technician—level positions are filled'with nuclearvdegreed
scientists and engineers, the annual incremental needs will be: |

‘Annual Incremental Requirements for Nuclear Degreed
‘Personnel to Fill New Pogitions .

Year | - Scientists Engineers
1969 (6 mo.) 61 _27‘
a0 124 1“".s~. | J 355f
1972 w7 S+
1973 w7 ) h' :_ "ty

'In addition to the educational institutions ’requirements for nuclear

. degreed scientists and engineers to fill new positions, allcwances for at* fon

‘._must also be included to arr ve at the total technical manpower requirem RS

_the universities. (Allowances‘for attrition are the same as those used previously

~‘in this report., 8 4% for scientist",7-6A for engineers, and ll 07 for technicians )




Chort 18
COMPARISON OF THE CURRENT (1969) AND PLANNED FOR (1970-1973) EDUCATIONAL INST1T UTIONS® NUCLEAR SCIENCE
AND EMGINEERING FACULTY, RESEARCH AND DEVELOPMENT PERSONNEL AND NUCLEAR FACILITIES PERSONNEL -~
Includes full-time STAFF and S0% of the reported part«time STAFF.

4,000
{Dato include only fozulty, reseorch and development personnel ond
nucleor focilities personnel frem schools which completed the survey

-questionnaire and which offer degrees and/or courses in nuclear
science and engineering.) TOTAL

3,600

3,200

2,800
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)
o E
2 3 ;
=] 1,200 -. B :
z B . :
800 i :

. Nuclear Facilities Staff

ERIC -

[Aruntex: providea by enic [RNSEREENN




EMUCATIONAL INSTITUTIONS -
MANPOWER REGJIREMENTS : *

Nuclear Scientists Nuclear Engineers Technicians
Year Growth Replacement Total Growth Replacement Total Growth Replacement Total

1969 '
(6 mo.) 61 70 131 27 18 45 -3 37 34
1970 124 156 280 55 42 97 -6 61 55
1971 146 168 314 41 45 86 49 65 114 :
1972 147 180 327 41 48 g9 49 70 119 ;
1973 147 193 350 41 52 93  _49 15 124 E
TOTALS 625 767 1,392 205 205 410 158 308 446 !
Average Annual
Incremental 138.9 170.4 308.3 45.1 45.6 91.1 30.7 68.4 99,1
Requirements
(45 years)

Between July 1969 and December 31, 1973, the toral demand by the educational
institutions for nuclear degreed scientists and engineers is 1,392 and 410

respactively. For every nuclear engineer required by the educational institutions,

about 3.4 nuclear scientists will be needed.

e B




CHRRENT AMD PROJECTED SUPPLY OF MICLEAR DFGREFD SCIENTISTS AND EMNGINEERS

ARISON OF THE DATA PROVIDED BY THE SAMPLE SCHOOLS FOR BOTH THE "FIRST" AND
OND™ SURVEYS

As has been previously described, a "second" survey to bring the data up-
late was conducted with a sample of 25 universities that had participated in

"first" survey. Eighteen of these schools replied to the "second" survey. Four

‘he reporting schools iandicated no change in their estimates of student enrollments

weclear science and engineering. The remaining 14 schools revised the estimates
7 had given in the "first" survey.

The total number of current and planned for student enrollments in coursework
1ing to degrees in nuclear science or engineering that were reported by the
yle schools in the "first'" survey represented 34.3% of the total current student
v1lments reported by the 183 schools, 36.6% for 1970 énd 42.87 for 1973,
fer to Table 24 for a comparison of the data reported by the sample schoois for
y the "first" and "second" surveys.) |

Comnarison of the student enrollment data shows that the sample schools
reased tneir current sStudent enrollnent-figures by 4.7% in the "second" survey
r what they had reported in the "first" survey. In addition, the sample schools
the "second" survey, decreased the stndent enrollment estimates they gave in the

rst" report by 6.8% and 3.7% for 1970 Vand 1972 respectively.

IMATFQ OF ‘STUDENT ENROLLMENTS IN COURSFWURK LEADING TO DEGREES IN NUCLEAR
ENCE OR EMGINEERIMG

Data reported by the sample sthools in the "second" survey were extrapolated
the American Nuclear Society to the 183 schools replving tc the "first" survey.
rapolations were only made for the total enrollments for each time period

rrent, 1970, and 1973), Forvexample:'

R jt_" S \‘;_193—; ;;'Uv
‘i:;::: S ggj_fg SR




EDUCATIONAL. INSTITUTIONS -
MAMPOWER SUPPLY

]

Number of Students Currently Enrolled (183 schools - "first" report) 4,422
Number of Students Currently ﬁnrolled (18 sample schools - "first" report) = 1,519
Number of Students Currently Enrolled (18 sample schools - "second" report) = 1,591

1,519 . 1,591
4,422 ° X

= 4,632

The extrapolated tota. were then broken down into the 9 nuclear science and
engineering disciplincs listed in the questionnaire using the percent distribution
of the data initially reported by the 183 schools. The resultant data are presented
in Table 28,

The data show that between June 1969 and December 31, 1973, student enrollments
in nuclear science and engineering will increase by 52.7%Z (2,443). The breakdown
of the percent increases between current enrollments and estimated enrollments in

1973 by auclear science and engineering discipline are:

% Increase in Student Numerical Increase in Student

Nuclear Science and - o ' Enrollments Between T Enrollments Between
Engng. Discipline July 1969 and Dec, 31, 1973 July 1969 and Dec, 31, 1973
Radiation Biology o . 93.6% | _ 147
Thermonuclear fhysics i | 76;12 | 67

‘Nuclear znd Radiation Chemistry 65.02 | 184

Reactor Engineering_‘ : . ‘ LT L 560

Other Nuclear Engineering‘ . e fw50;7%v L . ' . 526
NuclearvPhysics - | : 47,3% : v 620

Highbﬁnergy Physics ’v‘ﬁ‘ | ' 47,12” i;" o - 229
Radiation‘Application ’ | | _ . ‘46.9%‘ ?.1 ‘ ' ~ 74

Health Physics o ‘ | - 30. 07 “ 36

Although student enrollments in nuclear physics show the ‘largest numerical increase,
it ranks only sixth in percentage increase.< The significance of the data lies in
the ‘large increase, both numerically and percentagewise, in student enrollments

in nuclear and reactor engineering disciplines.

b ok ot i R e
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EDUCATIONAL IMSTITUTIONS =
MANPOMER SUPPLY

Percentage increases in student enrollments by level of degree being sought are:

% Increase in Student Numerical Increase in Student
Enrollments Betwezn Enrollmants Between
Level of Degree July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973
PhD’'s 52.97 1,005
MS's 46.27 541
RS's 57.47% 897

Although the schools will continue to place emphasis on PhD candidates they are
apparently planring to build up their nuclear science and engineering programs at

the BS level,

ESTIMATES OF THE ANNUAL SUPPLY OF GRADUATED NUCLEAR SCIENTISTS AMD ENGIMEERS
WHO WILL ENTER THE WORK FORCE

In order to translate student enroliments in nuelear science and engineering
disciplines into estimates of the annual supply of nuclear scienrr nd engineering
graduates who will ‘be available for employment in the atomic energy field, a
telephone =urvey was conducted by the American Nuclear Society during the week
of February\z n1970. Eighteen maJor nuclear science and engineering degree'

’ granting universities were contacted. The elephone survey consisted of the gsame

B four questions for each level of degree. , Thef data requested was limited to the

1968-1969 academic year.A ‘ The questions asked and the data collected from the

‘ 18 schools were' . .

f. l) How many students were enrolled in coursework leading to a degree in

nuclear science ‘or engineering?

Level of Degree . '. Student -Enrollments'

Coms's ”405:




EL: JCATIONAL INSTITUTIONS -
MANPOWER SHUPPLY

2) How many students were conferred degrees in nuclear science or engineering?

Level of Degree Number of Degrees Conferred
PhD's 97
MS's 184
BS's _88
TOTAL 369

3) How many students who receive a degree ia nuclear science or engineering
enrolled in coursework leading to an advanced degree in nuclear science or
engineering or, in the case of graduating PhD's, to post-graduate study?

% Number Fnrolled in Advanced Nuclear
Level of Degree Conferred Science or Enginzering Degree Programs

PhD's 5
MS's 63
88's 23

TOTAL 91

4) Approximately now many graduating auclear science and engineering students
were drafted or voluntarily joined the military service?

Number Drafted or Voluntarily

Level of Deg_te Conferred . Joined the Hi;itary
mo's o )

MS's o 28

aee —

| ' romL 42

From these data, the fnllowing pe-centagas were.calculated-

1) Percentage of graduating nuclear science and engineering students to the

total nuﬁber of students emrolled by level of degree

Level of Degree ‘ Z of Graduatea to Total Student Enrollments

emo's S sy

—197~ g
217




FDUCATIOMAL INSTITUTIONS -
MAMPOWER SUPPLY

Level of Degree 7 of Graduates to Total Student Enrollments
MS's 45,47
BS's 16.2%

2) Tercentage of the total number of graduating nuclear science and engineering

students who enrolled in advanced nuclear science or engineering degree

programs.

; % of Graduates Entering Advanced

; Level of Degree Degree Programs

; PhD's 5.2% (Post~graduate)
; MS's 34.2%

j BS's 26.1%

; 3) Percentage of the total number of graduating nuclear science and
enginzering students who were drafted or voluntarily joined the

military service,

% of Graduates Who Went Into The

Level of Degree Military Service
PhD's ‘ 1.0%
MS's - -+ 15,22
BS's - o 14.8%

. Another .important faetordaffectingfthe‘aﬁailable work force is‘the:pereentagevof
eii students enrolledjin nuclear science and enginearing who are foreign nationa1s
andg, the pereentage of all conferred_ﬁﬁ and PhD degrees in nuclear science and
engideering'that are‘foreign students nﬁovwill4return to theirrhome country or a
wuntry otiiar than the U.S. This information uas obtained from Dr. A. David
guwsatn's study of “Foreign Students Obtained MS and PhD Degrees at American
Mnivarsities (1952-1967)." In this study, Dr. Rossin included nuclear engineering
awgrees granted *hrough June 1967.. The percentage of foreign students to the total

number of- MS degrees granted in nuclear engineering was 14 7%. The pereentage of
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EDUCATIONAL INSTITUTIONS -
MANPOWER SURVEY

graduating PhD's in nuclear engineering who were foreign students was 20.4%.

Using the data from the Rossin study, percentages of the foreign students
who would leave the U.S. were calculated. Approximately 75.1% of the graduating
foreign students with MS's in nuclear engineering returned to their own country
or a country other than the U.S. At the PhD level, 55.9% of the graduating
foreign students in»nuclear engineering left the U.S.

These percentages were applied to the estimated student enrollments in
nuclear science and engineering for the 183 schools (Table 28) to arrive at the
total number of annual graduating nuclear or reactor engineering (Table 29) and
nuclear science (Table 30) students who will be available for employment in the
atomic energy field.

~ Analysis of the data show that during the period extehding from June 1969
ithrough December 31 1973, 5, 367 nuclear science and engineering gradtates wi11
'enter the Work force of the atomic energy field._ The average number of graduating
ruclear science and engineering students entering the w0rk force is 1 073/year —:

’,by-leveivof degree‘tne_averages_are. PhD s - 574/yr., MS's - 295/yr., and
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EVALUATIAN nF TFCHMICAL MANPAWFR NF SFLFCTFD
SEGMENTS NF THE A) T11C FNEPRY FTFLD (19F0-1073)

COMPARISON OF THE SUPPLY AND DEMAND FOR NUCLFAR- DEGREED SCIENTISTS AND ENGINEERS

In this section of thevreport, the comparison of the supply and demand for
nuclear degreed scientists and engineers refers only to the manpower demands of
selected private industries, electricvutilities, educational institutions and GOCO
facilities. The demand for nuclear degreed scientists and engineers is based on the
premise that these_individuals must spend at least 50% of their working time in
atomic energy activities. Also; only one-half of the attrition requirements of
GOCO facilities has been included.

Table 31 presents the,current employment of nuclear degreed scientists and
engineers at only privatevindustries, electric power utilities and educational
institutions and ANS projections ofhtheir‘reduirements for nuclear degreedvindivid_
uals fordl970 and'l973}f These data represent only their requirements for nuclear

degreed scientists and engineers to fill new positions and does not include allowances

for attrition. The demand data for nuclear degreed individuals is somewhat over-

-‘stated as it was assumed that all new positions requiring degreed scientists and

engineers at the educational institutions covered in this study would be filled by

",nuclear degreed personnel Likewise, it ‘was- also assumed that all graduating
g.nuclear science and engineering students who are available for employment would o
‘enter the atomic energy field. It is felt, however, that fhese assumptions would .

‘:essentially cancel each other out and the effect upon the data would -be negl1gible.

,i The growth in demand by private industries, electric power utilities and

educational institutions active in the atomic energy field for nuclear degreed

- scientists and engineers between July 1969 and December 31 1973 is 52 77. The

"growth in demand for nuclear degreed scientists during this period of time. is

”f.46 oz.




EVALUATION OF TOTAL DATA

The growth in demand for nuclear degreed engineers during this period is 62.2%.
Tables 29 and 30 show the comparison of the current and ANS projected annual

supply of nuclear degreed scientists and engineers to the estimated annual
demand for these types by private industries, electric power utilities and
educational institutions during the period extending from July 1969 through
December 31, 1973. The supply data represent graduating nuclear-degreed scien-
tists and engineers o =1l actually be available for employment In the atomic
energy field. Also, zhe demand data represents requirements for nwclear-degreed
individuals to fill not @nly new positions but also replacement positions.

| Chart 19 shows the relationship between the total estimated sumply of
nuclear degreed scientists ‘and engineers to that part of the. estimated demand
for these types by pr1vate industries, electric power utilities, educational
institutions, and GOCO~facilities. Charts 20, Zl, and 22 show the relationship
between the total estimated supply of nuclear degreed scientists and engineers,
vby level of degree, and the total estimated demand for nuclear degreed scientists
'and engineers, by level of degree.i' f

Analyses of these charts show an. apparent availability of nuclear degreed C

Vindividuals and in particular, an excess of nuclear degreed scientists at
'the PhD level. In fact the estimated output of these individuals is . growing
at a rate exceeding the estimated demand (note the relative stability of the-’
demand for these types between 1970 and 1973) With regard to nuclear degreed
engineers,.the situation is somewhat different. At the PhD level, the disparity
'between the estimated supply and demand for nuclear degreed engineers is rela—:k

tively small and in the case of the BS and Ms level nuclear degreed engineer,

their demand is greater than the estimated supply.‘l




Table 31
CURRENT (1969) EMPLOYMENT OF NUCLEAR-DEGREE SCIENTISTS AND ENGINEERS AT PRIVATE INDUSTRY, ELECTRIC PO‘IEQ
UTILITIES AND EDUCATIONAL INSTITUTIONS AND ANS PROJECTIONS OF THEIR REQUIREMENTS FOR THESE TYPES FOR 1979
AND 1973.
(Data include only nuclear-degree scientists and engineers who spend or will spend at least 50% of their working time in otomic energy
activities. Data do not include requirements for nuclear-degree scientists and engineers by government-owned-contractor-operoted organ-
izations, national laboratories, defense producticn facilities and federal nervices.)

‘ OCCUPATIONAL CATEGORIES jM"—;"_?ngMNJNT 1970 :,NECC';REE';SSEE/ 1973 l',récc?ziissi'

!

SCIENTISTS (Life & Physical) 2365 2725 +360 3454 +729

: : I

; ENGINEERS 1655 ] 2081 +426 2684 +603
TOTALS 402 4806 +786 6138 +1332

N—

(1) Figures include the educationol institutions® cameantly employed and plenned for scientists and engineers who may or may not have
degrees in Nuclear Science or Engineering. For purposes of the study, it was assumed that all new degree positions at the edu-
cational institutions will be filled with Nucleur degree ho|def5 :




EVALUATICH OF TOTAL DATA
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Justituiicrns, the: v other majer employmont nackets for nuclear degrecd
dusls. In fact, GOCO orpeniifations (the varional laboratorices and defense produc—

tion facilities) and state and federal scrvices have Listorically been the primary

employers of nuclear degread scientists and en: *neers, HNone of these were included

in the study itself. VUnder normal circumstances. these employnent markets (especiel-

1y the naztional labs) would more than account for the difference between supply
and demard indicated abowve.. Nowever, the key phrase is “"under normal civcumstances.,
With drastic cuts in government funds for research in the atomic energy fiield, thesc

employment markets, at least in the near future, will not constitute a major source

of demand for scientists or engineers in general or of auclear degreced scientists

and enoin;crs in pa 1ticu1ar.' Thcreforc GO 0 demands included in charts 19 - 22

prOV1de for no growth and only 50% of estimated normal attritjon.

'

In an uLtenpt ‘to °ubetuntngte the emplo"ﬂent oul;ooL at thc national labora~

torics; tha Amcrican.xuclear'Socicty conductedaa_tclephqne survey with 4 national

.1abs. The s qucsLloas asLed were:
3,1)' How. ndny sciani tc aud englncers are. currently cnploycd at youz L‘norﬂ:ory‘7

'2)  What perccntage (or how many) of your currently cnployed c1cntists and

'enginears:réccived thcir_dc recs spcc:flcally dn nuclcar s01once or- cnéié
neering? | | | |

3) About how ﬁany nuclear degreéd'sciéntisté and énginée;é doeé.youf laﬂorntory
.nqrmqlly hire each year? |

4) :Dd youfexpCct to maintain this rate of employment for nuclear deprecd

,individdals~dutingvthc next four ycafé?‘
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: ’—NUMBER OF NUCLEAR SCIENTISTS AND ENGINEERS

: (Suﬁply data refer only to graduating nuclear

-the ANS survey questionnaire and whicl
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COMPARISON OF THE CURRENT {1969 - 6 MO.} AND ANIS PROJECTED (1970-1973) ANNUAL SUPPLY OF GRADUATING NUCLEAR’
SCIENTISTS AND ENGINEERS WITH PhD'S TO'THE ANS ESTIMATED ANNUAL DEMAND FOR THESE TYPES BY PRIVATE
INDUSTRY, ELECTRIC UTILITIES, EDUCATIONAL INSTITUTIONS ARD GOCO FACILITIES.
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EVALUATION OF TOTAL DATA

5) Of the nuclear degreed scientists and engineers currently employed at your
laboratory, what is their approximate breakdown by level of degree earned?
The four national laboratories had a combined total of 7,130 scientists and
engineers working for them. In 1968 there were 17,125 scientists and engineers
emploved at all national laboratories as reported by the Bureau of Labor Statis-
tics. Thus, the laboratories contacted in the ANS survey represent 41.67% of the
total number of scientists and engineers employed at all national laboratoxies in
1965. Of the sample laboratories' 7,130 scientists and engineers, 245 (4.8%) %
have received an identifiable degree in nuclear science or engineering. (Recent '
estimates provided by AEC indicate that the 4.8% is low and is more on the order
of 20-25%.) Extrapolating from the data provided by the sample laboratories
to the entire national laboratory complex, approximately 822 of the reported

17,125 scientists and engineers employed at the national laboratories in 1968

et

had earned their degrees in nuclear science or engineering. If one were to assume
that the percentage of nuclear degreed scientists and engineers in the'total
number of scientists and engineers employed at national laboratories would also
hold for the: defense production organizations (4,038 scientists and ¢ ngineers
employed at defense productlon facilities in 1968), this would resulf in another
194 nuclear degreed sc1enthts and englneers. By th1s reasonlng, a total of 1,016
nuPlear degreed sc1ent1sts and englneers were employed at both the natlonal labora-
torles and defense productlon fac111t1es in 1968.

As a result of cuts in government researehvexpenditures,'the'national labs are

presently reducing their ovexall worx ‘forces by laylng-off some emPloyees and by

restricting the number of néw employees they will hire to fill POSltlonS that w111

open}by natural attrition. Generally speaklng, the naticnal labs are planning to

hire only a few scientists and engineers for new posltlons and only a portion of .

Co-210-
B




EVALUATION OF TOTAL DATA
those lost through normal attrition. It seems that the labs are following a general
principle of replacing these jndividuals only when a "key' position is involved. It
is evident, therefore, that for the next few years the national laboratories will
not hire many scientists or engineers and, in particular, will not hire many recent
graduates regardless of their educational backgrouni. One can assume that what is
happening at the national labs is also happening at the other GOCO facilities.

It is necessary to also take into consideration the effect of the layoffs at
the national laboratories on the total manpower market in the atomic energy field
and especially the effect on graduates in nuclear science and engineering. Employees
who are members of the American Nuclear Society who have been laid-off by a national
laboratory (there have been many) have found employment elsewhere in the atomic
energy field. Obviously, when a prospective employer has the choice between a

recent nuclear degreed graduate and someone who has worked at a national laboratory,

.he wrll hire the: experienced individual. The'net result of gcvernment,cutbacks in

research approprlatlons is the: detrlmental effect the cutbacks will have on the
country's future nuclear capability, both. technologlcally and in terms of sk111ed
manpower rescurces. :The. effect of these budget cuts on .the graduatlng nuclear

degreed individual's: ability to find work 'for<which he is»tra;ned:can,bg ‘expected

to depress the future. enrollments of students ln nuclear sc1ence_and'engineering.

‘disciplines.

ERIC

[Aruitoxt provided by exic [ .

For the. present, graduatlng nuclear degreedvstudents will have,to:readjust,,
the1r th1nk1ng rPgardlng their method of obtalnlng work 1n the atomic energy field.
In the next few years there will not be as many research positions available as
there have been,in:the?past;-7Ihe Stqdent,and his faculty advisor Will‘have to

take thetinitiative‘for_contacting.organizations which do not normally recruit.
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at thelr campus, There are hundreds of companies (refer to the NUCLEAR NEWS
BUYERS GUIDE) active in the atomic energy field which would be receptive to
inquires from nuclear degreed graduates, However, the student must want to work
for private industry and he will have to convince these companies as to how his

educational background in nuclear science or engineering will help the company

solve some of its problems,

In interpreting the results of this study, one may come to the conclusion

] that the educational institutions must reduce their output of nuclear degreed
scientists and engineers, However, this approach would certainly be foolhafdy
when one considers what the long~term effects would be on the atomic energy field.

The schools must continue to train people for the nuclear field at about the

rate estimated in this study. What the results of the study'indicate are that
_the educational institutions are doing an excellent job in. meeting the demands"
of the" atomic energy field for nuclear degreed scientists and engineers.v However,
the schools should re-evaluate the relative emphasis they place on specific degree
levels and disciplines.f For example, the universities could stabilize, for the _
: next two ‘or three ‘years, “their output of PhD level nuclear scientists and BS
level nuclear engineers while increasing ‘their output of MS level nuclear engineers
and BS level nuclear scientists. The rate of output of PhD level nuclear engineers
should stay about the same as it currently is but the schools might consider an
increase productivity of PhD- nuclear engineers who have industrial 3mbitions. By
providing the PhD candidates with an opportunity to conduct research on industrial
related problems, the student, school and industry w*ll benefit.
: The in-depth interviews with eelected priva" companies clearly showed a lack

kof knowledge on the part of industry in general (excluding, perhaps, the reactor

g_manufacturers and the organizations inVolved in the design and engineering of

?ginuclear‘ acilities) AS to wha a: nuclear degreed scientist or engineer is trained ‘to. do.'

A £, e A At e b
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EVALUATION OF TOTAL DATA

If these organizations do not have an appreciation for what 2 nuclear engineer
does, they probably are also unaware of the benefits their company can realize
by having a nuclear engineer on their staff. It is suggested, therefore, that
the nuclear science and engineering faculty, who are responsible not only for

teaching students but also for ensuring their employment, do some missionary work!

DEMAND FOR SCIENTISTS, ENGINEERS AND TFG%NIFIANS BY SELECTED SEGMENTS OF THE
ATOMIC ENERGY FIELD

Table 32 presents the total estimated demand for scientists, engineers and
technicians for 1969, 1970,'and l973 only at electric power utilities, educational
institutions, and prtVate industry. The increase’ in manpOWer requirements, by
occupational category, between July 1969 and December 3l l973 represent the total

number of scientists, engineers. and technicians needed to fill new positions at

: private industry, electric utilities,’and educational institutions. Therefore, ‘

'between July 1969 and December 3l 1973 these 3 sectors of the atomic energy

field1will_growgby-49.3%.

i e L 7 Increase BetWeen : Numerical Increase Between'
Occupational Categories} July 1969 ‘and Dec. 3l “1973 July. 1969 and Dec. 31, 1973

Technieians =~ o 58,07 o 6,802
Engineers ‘ o 'p_; o "44.3%:4 “ . : 5,130
Scientists /': | lﬂl;éz | : 2,3441
TOTALS = | o 49.3% - 14,276

At private industry, lectric power utilities “and educational institutions, the
greatest growth both numerically and percentagewise, will occur in the technician
category. This emphasis on technicians ie probablv due to three factors. l) the

nuclear industry is shifting its orientation from one of research to product

' ’development. In the case of the electric utilities, the majority of their on—site,

l are. technicians responsible for the operational aspects of running

‘." d nuclear power: plant3}-2
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EVALIIATION NF TOTAL DATA

specialists in the near future, many organizations are_planning to hire a greater
number of technicians for engineering support functions. This will have the

effect of spreading their engineering personnel over a larger number of work
activities and will also release the engineers for more profitable endeavors; and,
3) technicians command lower salaries than do professional employees. The
companies would be able, therefore, to reduce their operating costs while improving
their competitive position.

A breakdown, by level of degree, of scientists and engineers currently employed
by private industries, electric poWer utilities and educational institutions and
ANS projections for these professional employees in 1970 and 1973 (not including
mathematicians) is presented in Table 33. This Table shows the breakdown of
scientists and engineers, by level of degree, for both 1uclear degreed scientists
and engineers and degreed (non—nuclear) scientists and engineers. The percentage.
of nuclear degreed individuals with MS s will remain the same during this period
of time. However, the percentage of BS level nuclear degreed scientists and
‘engineers will increase by 2. 4% between July 1969 and December 31,1973, while
PhD's will decrease by 2 4%. For the other degreed (non-nuclear) scientists and
engineers, those with BS s will increase by 0,7% between July 1969 and December 31,
,l973; those with MS's will’decrease'by 0.5%;'and. those with PhD's will decrease by
0.2%. These data seem to show a slight decrease, percentagewise,‘in PhD level
pérsonnel,_while,scientists and engineers with BS degrees will increase. The
percentage of scientists and engineers (non-nuclear) with MS's will remain relatively

- constant during this time period.
Data presented in this report was obtained through survey questionnaires and

-in-depth interviews. Only three sectors of the nuclear field were covered in the

;‘pstu z namegz, educational instirutions,'electric power utilities, and the private

‘industries activeﬂ"; heﬁatomic en“rgy field. In addition to these three areas,i_zb'




Table 33

— BREAKDOWN OF NUCLEAR-DEGREE AND DEGREE (NON-NUCLEAR) PERSONNEL CURRENTLY (1969) EMPLOYED AND PLANNED :
H FOR IN 1970 AND 1973 BY LEVEL OF °"EGREE FOR PRIVATE INDUSTRY, ELECTRIC POWER UTILITIES AND EDUCATIONAL :
B INSTITUTIONS ~ Dato do not include Mathemoticians. ;
i (Data include only degree personnel who spend or wiil spend ot least 50% of their working time in otomic energy activities. Dato do not ;

include requirements for degree personnel by government-owned.contractor

-operated organizations, notional lobaratories, defense production
facilities and federal services.)

CURREMT ~ 1949

e

TOTAL NUCLEAR TOTAL NON-NUCLEAR ¢
LEVEL OF DEGREE DEGREED = 4,020 % of TOTAL DEGREED = 12,650 % of TOTAL ‘
BS 678 16.9% 8,857 70.0%
| | _ |
MS 1 32.8% 1.2,816 22:3%
PhD 2,023 50.3% 977 7.7%
1970

- N © TOTAL NUCLEAR TOTAL NON-NUCLEAR , ,
L‘EYEL OF PEG_REE “DEGREED = 4,806 ?aof TOTA.L ) DEGREED - 14,82] - % o.f TOTAL :
BS 870 18.1% 10,456 70.5%
MS 1,576 32.8%. 3,239 21.9%
PhD 2,360 49.1% 1,126 7.6%
1973
) ‘ : TOTAL NUCLEAR b TOTAL NON-NUCLEAR t
LEVEL OF DEGREE DEGREED =5,138 . .| %ofTOTAL " | ' 0 currn=1g362 | %of TOTAL ;
BS - ]']89 ‘9.3% N N ]2'985 v %
® i % 128 |

CPHD 7.5%

gty



EVALUATION OF TOTAL DATA

the atomic 2nergy field consists of Commission laboratories, defense production
faciliries, cther GOCO organizations, federal services, and other private and
government—owned organizations, such as uranium mining companies and organizations
in the construction of nuclear facilities., In an attempt to provide an overall
view of the future technical manpower situation in the atomic energy field, the
American Nuclear Society (through the use of historical BLS data, evaluations of
the growth potentials in the various non surveyed areas of the atomic energy

field not covered in the study, etc,D calculated estimates of the total technical
manpower requirements of the atomic energy field far 1969, 1970, and 1973. These

estimates are presented in Table 34 The reader should view these data as

estimates based on historical employment patterns and evaluations of future ‘trends

’ in those areas of. the atomic energy field not covered in the studz, The data

presented in Table 34 for the,educational institutfons, privately owned establish~
ments and e1ectric power utilities were taken directly from the rTesults of the
'surveys conducted by the American Nuclear ‘Society.

Undoubtedly, the estimates of techn1cal manpoWerbrequirements at the Commission
:1aboratories, defense productlon faci11ties, federal services, and all other GOCO |
organizations for 1970 are, in view of the present budget cuts, optimistic.
However, this'portion of the study is based on the:belief that by 1973 these,
organizations will be operating under normal conditions" and, therefore, the
ANS expects ‘the estimates for 1973 will be closer to reality than‘are the 1970
. estimates. |
If one assumes that these estimates of technical. manpower will closely‘approx—

imate what will happen in the atomic energy field between July 1969 and December 31,

1f 1973 the overall growth in, the employment of scientists, engineers and technicians

'-3»in the atomic energv field between July 1969 and December 31,' 973 wi11 be 30 74.
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% Increase Between Numerical Increase Between
Occupational Categories July 1969 and Dec. 31, 1973 July 1969 and Dec, 31, 1273

Technicians 34..7% 11,861
Engipesams 30..2% 9,020
Scientdsts 25.07 5,197
TOTALS 30.7% 26,078

It must be remembered that the estimates are for scientists; engineers, and

techniecians who will £ill new positioms.

Allowances for attrition of scientists, engineers, and ‘technicians employed
in the atomic energy field in 1969, 1970, and 1973 are given ¥n Teble 35. The
total number of scientists, engineers, and ﬂechnicians whe comld be needed by
the atomic energy field between July 1969 and December 31, i9%3 to £fill new and
;eplacement positions are presented in Table 36. Thus, betsme=n July 1969 and
December 31, 1973, the requirements of the atomic energy field for scientists,

engineers, and technicians to £ill new and replacement positions are:

Occupational : z , : . TReplacement . :
Categories - Positioas - ~'Positions ' © - Totals
Techniclans R © 11,863 20,289 32,152
Engineers . 9,026 | i12,006 . 21,032
Scientists : 5,201 8,984 1,185

TOTALS ' 26,090 41,279 67,369
One should not construe these data to mean that - these 67 369 scientists, engineers,
and technicians will come into the atomic energy field from some other technological
field. In fact, through intra—mobility, the majoritywof the replacement positions
will be filled by people already working in the atomic energy field.

The American Nuclear Society estimates that there are over 1, 000 organizations
participating, to various degrees, in the atomic energy field.g These l 000

organizations include private companies (about 650 U. . companies listed in the
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EVALLUATION OF TOTAL DATA

NUCLEAR NEWS BUYERS GUIDE: 1970), universities that offer courses and/or degree
programs in nuclear science and engineering, national laboratories, other GOCO
organizations and other establishments (i.e. uranium mining companies, federal
services, etc.)., Based on these 1,000 organizations, an average company will

hire about 15 scientists, engineers and technicians each yvear to work in its

atomic energy activities, Five of these hires will be for new positions and

10 for replacement positions.




APPENDIX A

SURVEY METHODOLOGY AND PROCEDURE
IN-DEPTH INTERVIEW METHOD

The in-depth interview technique was selected as the survey methodology
for determining technical manpower requiremer*s of the private industry sector
of the atomic energy field. The interview method was selected because it allows
for qualitative responses not usually obtained through direct mail questionnaires.
Furthermore, it was feit that questionnaires would create an undue burden on
industry, and that data obtained from questionnaires may be affected by varia-

tions in the In+erpre+a+|on of the ques+|onna|re.

e e SR T e i e L PR

In Thls study, The |n—dep+h interview +echn|que used was the "standard-

2 ized" or "s+ruc+ured" interview. Because standardized interviews are designed

-+o collec+ the same informa*ion from each responden+ the answers of aII
respondenfs are conparable and classlflable——fha* is, +hey deal with precise-
ly the same subJec+ ma++er. In Thls s+udy, fhe subJec+ matter ls llmlfed to
+echnlca| manpower requiremenTs. The differences or slmllarifues be+ween +he
responses gtven ln the interview reflec+ +he acfual dlfferences or similarlfles
befween respondenfs and noT dlfferences due to the quesflons asked or the mean-
ings a++rlbu+ed to the questions. | | |

The ln-depfh ln+ervlew consisted of a schedule of 24 sequential quesflonS,
developed in advance of the ac+ual ln+ervlewing, whlch were asked of all
re5ponden+s in exactly +he same way and wording. (Refer +o APPENDIX B for a
list of The In-depfh In+ervlew quesTions, dlrec+lons and occupa+iona| deflnl-
tions. ) Alfhough the in—depfh in+ervlew was res+ric+ed to a series of sequen-
+ially predefermlned quesflons, +he inTerview sifuaTlon was complefely "open--

end"——fhe ln+ervlewer and respondenf were free +o enlarge upon +he baslc quesfions

o jand answers +o fur+her +heir undersfandlng, fi7:-fi” E

|n addlflon +o +he 44 ques+|on5,;each responden+ was asked prlor +o +he




SURVEY METHODOLOGY AND PROCEDURE

interview, to have on hand for the interview information concerned exclusively

with the statistical considerations of his organization's currentiy emplioyed
technica!l manpower and projections of the company's technical manpower require-
ments for l970 and 1973. At the time of the interview, the information was
reviewed by the interviewer to help familiarize himself with the technical man-

; power requirements of the organization being interviewed.

i In the development of the in-depth interview technique, the ANS project
manager had numerous discussions with individuals and organizations experienced
in the use of this technique. Some of the organizations contacted were the
National Opinion Research Institute, National Science Foundation, Bureau of
Labor Statistics, and the ANS/ASEE Manpower Steering Committee.

The quesfions were developed and reviewed by ANS, AEC and industrial per-
sonnel . The initial questions were revised as a result of these discussions and,
af+er the final set of questions was developed the ANS projec+ manager con-
ducfed a prefesf wufh organlzafions ac+|ve in the atomic energy field. Only a
few mlnor changes were made as a resul+ of the pre+es+ experience. |

Due to ihe economic con5|dera+|ons of conducflng inndepfh in+erV|ews, +he
‘number of. |n+erviewr +ha+ were +o be conducfed was lim|+ed +o a epresen+a+|ve
~sample of +hc pruvafe |ndus+ry secfor of +he afomic energy field. The sample
was selecTed by represen+a+|ves of The Amerlcan Nuclear Socie.y and +he Division
of Nuclear Edl a+ion and Tralnlng/U S Afomnc Energy Commission. The sample
sele:fion was based on +wo consldera.eons~ 1y The BLS conducfs for the AEC an
annu°l survey of employmen+ in The a+omic energy field by occupaflon a,d seg~

ment and uses, as a convenien+ method of definung +he afomuc energv fi L;d, a

number of funcficnal cafegories. For example, in the private indusfry sector
of the atomic energy field, the BLS has identified and defined 14 functional

segments such as uranium milling, reactor and reactor component design and

T o
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SURVEY METHODOLOGY AND PROCEDURE

manufacturing, nuclear instrument manufacturing, etc. All organizations
responding +o +he annual BLS survey are categorized into their appropriate
functional segment(s) as determined by the organization itself. Organiza-
t+ions interviewed in the ANS survey were chosen from each of the 14 BLS seg-
ments. An attempt was made fo include smaltl, medium, and large companies in
t+he sample for each segmeﬁf. I+ was hoped that the sample companies would
represent at least 504 of the total number of technical emp loyees reported

in the 1967 BLS "Survey of Employment in the Atomic Energy Field by OCCupaflon
and Segment."

The actual in-depth interviews were conducted by the senicr ztaff members
of the American Nuclear Society. The procedure foiiowed in scheduling an
interview was to contact an ANS member at the selecfed company and request
that he provide the name of the individual(s) most knowledgeable of his organi-
zation's technical manpower. The individual recommended by the ANS member was
Then contacted. by felephone, the purpOse of the survéy was exblained and, if the
organization was willing fo parficlpafe, a Tenfafive appoinfmenf was made for
gonducting the interview. (Only 2 OuT of the Tofal sample of 70 companies
decl ined. to participate.) Ar.ef*er was Then senT To the: respondenf to conflrm
The appoinfmenf and a requesf was. mada Thaf dafa on their Technical manpower
requirements be avajlablgrfor‘jhe,ﬁnferv,ew.. AT no time prior to the inferview
was the réspohaénfumade¢éaafev6f’éhe#ifl¢3ques+tons that would be asked during
the interview.. | " _ ‘ |

A typical inferv%ew IasTed about 1 hour and, In mosf lns?ances, 2 or more
individuals fﬂom the company parfuclpafed In +he Inwerview. ,Thé,majorify of
the interviews were conducted with represenfafives_of the organization's execu-
+ive office, personﬁel deparfmsnT~and ‘most importantly, with the Heads of the
research and/or englneerlng deparfmen*s. |

The interviews were. conducfed durlng *he period exfending from March through

—25-
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SURVEY METHODOLOGY AND PROCEDURE

August 1969. A total of 68 organizations were interviewed.
Projections of the technical manpower requirements of the sample organi-
zations were extrapolated to cover all of the sele~ted segments of the private

sector of the atomic energy field included in the survey. For each functional

; segment (i.e., uranium milling), extrapolations were based on a wéighed average
of the percentage of the total technical manpower of the sample companies to
the total technical manpower reported by the BLS in each functional segment

tfor the years 1966, 1967, and 1968.

ELECTRIC POWEZ UTILITY SURVEY

This study was conducted by'Dr. A. David Rossin, Argonne National Laboratory
% and Keith L. Voigt, Americean Nuclear Society under the co-sponsorship of the ANS
Power Division and the Reactor Operation Division. The purpose of the study was
to assess the future requirements of the electric utitity Industry for degreed
(non—nuclear);bnuclear degreed;_and nuclear trained (non-degreed) personnel.

The data were coilected through the use of direct mail questionnaires. An
advisory committee, composed of repfesen+a+ivesyof the sponsoring ANS Divisions,
revfewed The prqgre$s>9¥’+he'sfudy.

i - -The preliminary questionnaire was'deveibped after nhmehous consultations
wifh'represenfafiye5f0¥‘fhé u+i|i+9 indué+ryiénd the Ediéoh'Eiecfric‘lnsfifufe.
The inif{al‘dfafflqueSfionﬁéihe‘was reviewed by the ANS advisory committee and

was then prefesfed with a numbef of elncffié uvtilities. A few minor changcs were

made as a resulf of the prefesf experlence and the final quesiionnaire, its d'
recflons, and cover’ Ieffer vere mailed to 46 'U.S. electric utilities during the
week of February 3, 1969. (Refer to APPEND{X C for a sample of the questionnaire
and directions.) ‘Only those electric utilities that had or Were'blann!ng to have

nuclear power plants in operation by 1976 were contacted. A follow-up letter

vhich requested +he company to comﬁiéfe,fhéiquesfidnnaire was malled to fhe non-

=226~ -
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SURVEY METHODOLOGY AND PROCEDURE

respondents on April 11, 1969.

To reduce variations in the interpretfation of the questionnaire between
participating utilities, the directions included the names, addresses and
telephone numbers of the advisory committee members. The electric utilities
were urged to contact any of these individuals 1f they ‘had any questions
regarding their interpretation of the questionnaire or the procedure for com-
pleting the questionnaire.

The results were extrapolated to the entire U.S. electric utility manpower
requirements, based on published information concerning the power ratings and
t+ime schedules for unreported plants.

Data given in the section of this report titled "Technical Manpower Require~
ments of the Electric Utilities" have been updated from the data publ ished by
Rossin and Voigt to take into account the additional nuclear power plants re-
cently announced and The cancel lation of a previously annouced nuclear power

plant.

COLLEGE-UNIVERSITY SURVEY

E The purpose of this study was to determine the future requirements of

E the educational institutions for full and part-time faculty, research and develop-
& _ ' -

> ment, and nuciear facilities personnel. In addition, the study attempted to

assess the extent of student enrollments in stipuiated nuclear science and

enginsering.disciplines by level of degree for 1969, 1970, and 1973.

: Dzia were collected through the use of direct mail questionnaires. The
development of the questionnaire was accomplished through numerous discussions
with university, professional, and educational association representatives.

The draff.queé*ionhaire was pretested with a number of universities and their
recpmmehded ¢hang95’were Incorporated in the questionnaire. (Refer fo APPENUIX

D for a sample of.Thequesfionnaire.)
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SURVEY METHODGLOGY AND PROCELDURE

For purposes of the study, the survey universe was defined as those schools
which appeared in fThe 1966 adition of "Educational Programs and Facilities in
Nuclear Science and Engineering." On December 8, 1967, the questionnaire was
sent to a total of 269 colleges and universities. A follow~up letter was
mailed January 24, 1968.

Because the university survey was to be incorporated in the overall ANS
survey of technical manpower requirements and, because the other elements of
the overall survey; namely, the in-depth interview with private industries and
the electric power utility survey were delayed in their completion, an updated
survey of the educational instituticns was undertaken. The updafed'survey cover-~
ed a sample of 25 schools which had participated in the first university survey.
These sample universities were also sent a copy of the questionnaire they had
completed in the initial survey. They were asked to review their previous esti-
mates in light of the current situation at their school, and to update their
estimates if they felt their firsf estimates Qere no longer representative. The
updated survey was conducted during July and August 196°.

The updated survey data provided by the sample schools were extrapolated to
the study's entire educational %nsfifufion universe to account for changes in
requirements for faculty, research‘and development and nuclear factlifiestper—

, sonnél,band nuclear science‘ahd,engineering s+uden+ enrol Iments that had occured
befﬂeéﬁ Decémber 1967 and July i969, |

As has been previousiy ststed, the primary purpose of the entire ANS/AEC
study was to establish é supply/deménd ratio for nuclear degreed scientists
and engineers. However, more than just information on student enrol Iments was
necessary to develop a meaningful estimate of the potential supply. To determine
how many ‘students currently enrolied and planned for enrollment in 1970 and 1973
would actually be available each year for employment in the “U.S. atomic energy

field, the American Nuclear Sociefy conducted a telephone- survey during the week

8-
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SURVEY METHODOLOGY AND PROCEDURE
of February 2, 1970. Eighteen major nuclear science and engineering degree
granting universities were contacted.

The telephone survey consisted of the same four questions for each level
of degree and the data requested was limited To the 1968-69"' academic year.
The questions asked were:
. How many students were enrolled in coursework leading to a degree in
nuclear science or engineering?
2. How many students were conferred degrees in nuclear science or engineer-

i- ing?

A 3. How many or what percentage of students who received a degree in nucfear
science or engineering, enrolled in coursework leading to an advanced
degree in nuclear science or engineering, or fo post-graduate work?

4. Approximately how many or what peréenfage of the graduating students
in nuclear science or engineerihg were dréffed or voluntarily joined
the military service. |

In order to determine héw many MS and PhD graduates in nuclear science or

engineering were foreign students who would return to their home country or

to a counfry ofhef than the U.S., the results of Dr. A. David Rossin's study

of "Foreign Sfudenf‘Obfaining MS and PhD Degrees at American Universities (1952-

1967)" were . used. - These Qafafwere_uéed;fo establish realistic estimates of

graduating nuclear science and engineerfhg sfudenfs wﬁo would bé available each

year for employment in the U.S. atomic energy field.
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APPENDIX B

NUCLEAR MANPOWER SURVEY

TITLE

Survey of Employment Requirements by the Private Industry and
Electric Utility Sectors of the Atomic Energy Field for Scientists,
Engineers, Mathematicians, Technicians, Senior and Reactor Opera-
tors, and Nuclear Maferuals Managers Who ,Spend At Least 50% of
Their Working Time in Atomic Energy Activities.

INTRODUCTION

In order for the nation's educational community to prepars it+-
selt to meet the future manpower needs of private industry and
electric utiiities active in the atomic energy field, the education~
al institutions must be provided with authoritative statistical data
which qualifies and quantifies the demand for nuclear tralned
scientists, engineers, technicians, senior and reactor operators, and
nuclear materials managers. Such data would hzlp to strengthen cur-
rent educational endeavors and would also help to support new educa-
tional endeavors In the field of nuclear science and engineering.
Furthermore, these data could help Yo direct gecvernment suppert to
those areas where the needs are most evident. A final report of the
survey results could also be utilized by companies and u?illfles in
planning their future manpower requirements.

CONDUCTING ORGANIZATION

The survey is being conducted by the American Nuclear Society.

SPONSCRING ORGANIZATION

The survey is sponsored by the Division of Nuclear Education and
Training/u.S. Afomic Energy Commission.
PROPRIETARY INFORMATION

All data and information obtained in the interview will be strictly

confidential. Statistics of individual companies or ufllifles will not
be released.



AMERICAN NUCLEAR SOCIETY
SPECIAL PROJECTS DEPARTMENT

Nuclear Manpower Survey

Name and Address of Interviewed Organization

(A)

(ZIP CODE)
Telephone Number

(AREA CODE)

.© Name and Address of Organization's Other Subsidiaries and/or Divisions Which Also Partici-
= pate in the Atomic Energy Field:

4= <
(ZIP CODE) (ZIP CODE)
P (E)
ﬁ (Z1P CODE) (Z1P CODE)
é .ame of the Respondent(s):
© Name Title
% Name Title
i Date of the Interview
AE (DAY) (MONTH) - (YEAR)
k
o

Interviewed g

TSTGNATURE)

Would you please_ indicate the segment(s) of ‘the atomic energy field your organization and
its subsidiaries and/or divisions participate in?

URANIUM MILLING

[]____POWER REACTOR OPERATION AND
PRODUCT ION OF FEED MATERIALS MA | NTENANCE
B _PRODUCT ION OF SPECIAL MATERIALS [J____RADIOACT IVE WASTE DISPOSAL

FOR USE IN REACTORS ' 0 NUCLEAR |INSTRUMENT MANUFACTURING:
FUEL ELEMENT FABRICATION AND - s 0 PROCESS ING AND PACKAGING RADIO-
RECOVERY ACTIVITIES '

| SOTOPES
0 REACTOR AND REACTOR COMPONENT O PART ICLE ACCELERATOR MANUFACTURING
DESIGN:- AND MANUFACTURING

[]___PRIVATE RESEARCH LABORATORIES
]___DESIGN AND ENGINEERING OF NUCLEAR INDUSTRIAL RADIOGRAPHY
FACILITIES '

| MISCELLANEOUS

=93]~
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AMERICAN NUCLEAR SOCIETY
SPECIAL PROJECTS DEPARTMENT

Nuclear Manpower Survey

Name and Address of Interviewed Utility

(Z1P CODE)

Telephone Number

(AREA CODE)

Name of Nuclear Plant(s)

Intferviewed By

P (2)

Name

Type of Reactor (BWR, PWR, etc.)

Megawatts,

Start of Construction (Date)

Operating Personnel on Site (Date)

Commercial Operation (Date)

Reactor Manufacturer

(3) (4)

Name

Type of Reactor (CWR, PWR, etc.)

MegaWa++se o

Start of Construction (Date)
‘Opefafing’PerSonnél'bn Sife:(DéTé),

Commercial Opera* on (Date)

Reactor MéndfacTuEér

Name of Respondent(s)

Name Title
Name Title
Date of Interview v
' {DAY) (MONTH) (YEAR)

O

(SIGNATURE)

2%-
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INTERVIEW QUESTIONS
CURRENT EMPLOYMENT

(tnclude only those employees who spend at least 504 of th2ir working Time in
your organization's atomic energy activities.)

Question | ~- Using the May 1968 employmeni data reported by you to the U.S.
Department of Labor, Bureau of Labor Statistics, how many physical scien-
tists, life scientists, and engineers have received degrees in nuclear
science or engineering?

Question 2 -~ Would you indicate the educational backgrounds of the nuclear
degreed and degreed (non-nuclear) scientists and engineers currently em-
ployed by your organization?

Question 3 -- Of the total number of nuclear degreed and degreed (non-nuclear)

scientists and engineers currently employed by your organization, how many
have PhD's, MS's or BS's?

Question 4 -- What is the first (primary) qual ification your company considers
when hiring scientists, engineers, technicians, senior and reactor opera-
tors, and nuclear materials managers?

Question 5 -~ Does this qualification(s) also prevail when you are hiring a
scientist or engineer with a nuclear degree?

Question 6 -~ In what company activities do the majority of your nuclear de-
greed scientists and engineers, degreed (non-nuclear) scientists and
engineers, technicians, senior and reactor operators, and nuclear materials
managers work?

Question 7 ~~ Is your company's current staffing needs for nuclear degreed
scientists and engineers filled?

Question 8 ~~ During the past 5 years (1963-1968), what degree of success has
your company experienced in filling its needs for nuclear degreed. scientists
and engineers, degreed (non-nucliear) scientists and engineers, technicians,
senior and reactor operators, and nuclear materials managers?

Quesflon 9 ~~ During the past 5 years (1963-1968), has your company increased
or decreased its need for nuclear degreed scientists and engineers?

Question 10 -~ Would you briefly discuss some of the ieasons why your company
hires degreed (non-nuclear) scientists and engineers for positions in your
company's atomic energy activities. L

Question || - Does your company belieVe +hat the degreed (non-nuclear) scientists
and engineers would be more valuable if they had some coursework in nuclear
science or technology?

Question 12 - How does the education recelved by the nuclear degreed scientists
and engineers match the responsibilities they have in your organization?
(i.e., How retavant is their educational background in nuclear science or
engineering in relation to your company's particular téchnicai environment?)

. 293
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INTERVIEW QUESTIONS

Question 13 - Of the total number of employees currently employed in your com~
pany's atomic energy activities, approximately how many of these employees
do not have an academic degree in science or engineering, but through experi-
ence or training are able to assume job responsibilities equivalent To those
of a degreed scientist or engineer?

FUTURE EMPLOYMENT

Question | -~ What extrinsic and intrinsic factors did you use in making your
employment estimates for 1970 and 19737

Question 2 -~ Of the factos indicated in question |, which extrinsic and intfrin-
sic factor has proved to be the most reliable (most accurate) measure ot
your company's technical manpower needs?

Question 3 ~~ Assume that government funds to your company were fo decrease by
105 of their current level in 1970 or 1973, \Wouid your 1970 or 1973 em~
ployment estimates for nuclear degreed, degreed (non-nuclear) scientists
and engineers, technicians, senlor and reactor operators, and nuclear mater-
fals managers inctease? decrease? or remain unchanged?

Question 4 —- By 1970 or 1973, do you anticipate any change in your compzny's
emphasis on hiring degreed (non-nuciear) scientists and engineers with a
particular educatlonal background as compared to its current hiring practices?
For example, a greater emphasis on hiring electrical engineers rather than
the company's current emphasis on hiring mechanical engirneers.

Question 5 ~~ Do you expect the supply of nuclear degreed scientists and engineers
to be large enough to meet the manpower requirements of your company in 1970
and 1973.

Question 6 -~ What role should a cempany such as your company play in financing
and/or - developing educational programs to meet this growing need for nuclear
degreed scientists and engineers? ’

Question 7 -- Do you expect the growth in your company's area of the nuclear field
to plateau within The next |0 years or will it continue to grow at the present
rate? : ‘ :

EMPLOYEE TRAINING PROGRAMS

Question | -- Does your company require its employees to take additional nuclear
sciencz or technology courses beyond their formal education?

Question 2 -~ Are these additional courses and/or training programs in nuclear
science or technology conducted: a. through an "in-house" training program?
b. in association with a college or university? c. in association with a tech-
nicail school, trade school, etc.? d. by a vendor? e. in association with a
consulting organization? or, f. other source? (specify).

Question 3 -~ Would you indicate the various types of courses in nuclear science
and technology currently being taken by your empioyees or that your company
would |ike them to take?

-3}
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INTERVIEW QUESTIONS

UNIVERSITY & COLLEGE TRAINING PROGRAMS

Question | -~ In your oplnion, are there any specialties for which particular
courses or graduate study or curricula are..not offered in nuclear science
and engineering, but for which your company feels training should be offered?

R & oo




ATTACHMENT |
Occupational Definitions

PHYSICAL SCIENTISTS ~~ Count as physical scientists ail chemists, physicists, metal lur-
gists, geologists, geophysicists, and other physical and earth scientists who are
actual ly engaged in scientific work at a level which requir = a knowledge of the physi

cal sciences equivalent to that acquired through completion * a3 4-year col lege course
with a major in one of the physical science fields, regardless of whether they hold a
college degree. Include all physical scientists engaged in research and development,

production management, technical service, sales, and other positions which require
them t¢ use the indicated level of knowledge in their work. Exclude persons trained
in tThe physical sciences but currently employed in positions not requiring the use of
such trainirg.

LIFE SCIENTISTS ~- Count as life scientists all health physicists (see definition below)
medical scientists, agricultural scientists, biologicai scientists, and other |ife
scienTists who are actually engaged in scientific work at a level which requires a

knowledge of the life sciences equivalent to that acquired through completion of a 4~
year college course with a major in one of the life science fields, regardless of
whether they hold a college degree. |Include all |ife scientists engaged in research

and development, production, management, technical service, sales, and other positions
which require them to use the indicated level of knowledge in their work. Exclude
persons trained in the |ife science but currently employed in positions not requiring
the use of such training.

ENGINEERS -~ Count as engineers all persons actually engaged in engineering work at a

level which requires knowledge of engineering equivalent at least to that acquired
through completion of a 4-year col lege course with a major in one of these fields, re-
gardless of whether they hold a college degree. Include all engineers in research

and development, production, management, technical service, sales, and other positions
which require them to use the indicated level of knowledge in their work. Exclude
persons trained in engineering but currently employed in positions not requiring the
use of such training. Inc!ude architectural enginesrs. Exclude architects and
nuciear reactor operators. :

MATHEMATICIANS -~ Count as mathematicians only those persons whose position require a
knowledge of mathematics equivalent at least to that Goquired through a 4-year col lege
course with @ major in mathematics and who .spend the greatest proportion of their time
in development or application of mathematical techniques, regardless of whether they

hold a col lege degree. Include all mathematicians in research and development, pro-
duction, management, technical service, sales, and other positions which require them
to use the indicated level of knowledge in their work. : Include actuaries, statisti-

cians, and computer pregrammers only if they specialize in mathematical techniques.
Exclude accountants. : - '

TECHNICIANS -- Count as technicians a!l persons actually engaged in technical work at a
level which requires knowledge of engineering, mathematical, and physical and |ife
sciences, comparable to that acquired either through study at technical institutes,
Junior colleges, or other formal post~high school training less extensive fthan a 4-
year coilege course, or through equivalent on-the~job training or experience. Some
typical job titles are draftsmen, electrical and electronics technicians, engineering
technicians, health physics techniclians and radiatior monitors, |ife science techni-
cians, etc. All persons in positions which require the indicated level of knowledge
should be counted, regardless of job title or department in which employed. Computer
programmers who meet the above definition of technicians should be reported as "Other
Technicians." Exclude nuclear reactor operators and all crafismen such as machinists
and electricians. ' :




Jccupational Definitions (Con't.)

NUCLEAR REACTOR OPERATORS -- Count as nuclear reactor operators all persons who spend
the greatest proportion of their time either in (a) the actual manipulation of the
controls of a nuclear reactor, or (b) directing others in the manipulation of such
controls.: Under AEC licensing reguiations, the former are referred to as "operators"
and the latter as "senior operators." Exclude persons who spend the greatest propor-
tion of their time as nuclear reactor engineers or in performing other functions of a
professional, scientific or engineering nature.

HEALTH PHYSICISTS -- Count as health physicists all pe: "ons who meet the general re-
quirements for "Life Scientists or Engineers" and who are concerned with programs tfo
protect plant and laboratory personnel from radiation hazards; develop inspection
standards, radiation exposure limits, and decontamination procedures; conduct tests
to insure that radiation is not in excess of permissible limits; and design or modify
such health physics equipment as detectors and counters to improve radiation protection.
Include all health physicists in the category titled "Life Scientists."

NUCLEAR MATERIALS MANAGER -- Count as nuclear materials managers those persons who are
concerned with the effective use of methods, procedures, and techniques for recording,
reporting, analyzing, evaluating, adjusting, and regulating nuclear materials inven-
tories to assure maximum efficiency and economy cons’stent with established national

: and corporate policies and goals. More specifically, nuclear materials management

i includes acquisition, use and disposal of materials so as fo effect maximum economies
' in materials utilization and to minimize consumption and losses; development and
maintenance of records, measurement and physical inventory procedures to provide
quantity d- “a for cost and financial control, production control, and health and safe-
ty; este ;hment of internal controls to guard against carelessness, theft and mis-
appropriation and to assure comp!iance with managerial policy; determination of econo-
mic inventory levels and reorder quantities consistent with program requirements; and,
determination of The economies of current recovery of scrap vis-a-vis storage for fu- :
ture recovery or discard. s
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APPENDIX C

NUCLEAR TRAINED MANPOY #EEDS IN ELECTRIC POWE™ INDUSTRY

This survey is being co-sponsored by the Power Division ond Reoctor Operotions Division of the Americon Nucleor Society under the direction of Dr. A. David Ressin.
Completed questionnoires should be returned to the American Nucleor Society, 244 Eost Ogden Avenue, Hinsdole, Illinois 60521. An oddressed, post-poid euvelope is

enclosed for your convenience.

Enter the name ond oddress of your compony.

(Zip Code)

Nome. Title
(Person to Contoct for Further Informotion)

. Enter the following informotion in the spoce provided. Include only nucleer plant(s) now in operotion or plonned for operotion by December 31, 1976,

Nome of Nuclear Plant(s) Type of keoctor Megowotts Stort of Construction Operating Personnel Commercicl Operotian
(BWR, PWR, etc)) € * (Dote) on Site (Date) (Dote)
1.
2.
3 .
4, —_
5.

{-SITE" NUCLEAR PLANT PERSONNEL

er the totol number of "on-site” plont personnel currently employed by your orgonizotion by orec of octivity, function ond highest leve! of degree. Enter o reosonoble
ostimote of the totol number of "on-site™ plont personnel your orgonizotion plons to employ in 1970 ond 1973 by area of activity, function ond desired level of degree. Enter
_only those *‘on-site’” plont personnel who hove had some nucleor troining. '

bk g e o o

A. GENERAL AND OPERATIONS

- CURRENTLY EMPLOYED ~ 12/68 . PLANNED 1970 ; PLANNED 1973
FUNCTION

PhD. MS | BS | Tech. | Other PhD MS BS Tech. | Other PWD | MS BS | Tech. | Other

General Plont Superintendents ond Assistonts

Operotions Superintendents ond Assistonts
{not narmo!lly on shift)

Operations Shift Supervisors ond Assjstonts

Oferotions Supervisors ci.1 Assistonts

i
i
4
:
I
|
!
i
|
!

Senior Reoctor Operotors

Reoctor Operators

Equipment Cpe.otors

Fuel Handlers (if a speciol group ond not
|__port of the obove)
Others’

B. MAINTENANCE (Normol Plant Complement)

Mointenonce Superintendents ond Assistonts

Mechonical Mointenonce Supervisors |

ond Assistonts :
. ‘<ol Maintenance Supervisors

ssistonts

n.  wnics ord Apprentices

Electricions ond Aphrem ices




;
;
¢
4
;
J
|
i
i

ERIC

Aruitoxt provided by Eic:

C. TECHNICAL SERVICES

FUNCTION

CURRENTLY EMPLOYED - 12/68

PLANNED 1970

PLANNED 1973

PhD MS

8BS

Tech. Other

PhD MS BS Te«h.

Other

PhD

MS

B85 Tech.

Other

_Engineering Superintendents and Assistants

Technolagy (Engineers):

Reuctor or Nuclecr Engineers

Radigtion Pratection — Health Physicists

Chemists ~ Chemical Engineers

Instrumen?/Contral ond Computer Enginears

Genaeral Engineers

Technology (Technicions):

Reactor or Nucleor Engineering Technicians)

e

Radiotion Pratection — Heolth Physics
Technicions

Chemicol Engineering Technicions

Instrument/Cantral Technicions

General Tevhnicions

Cthers

I_IL"'OFF-SDTE" OR CVF;NTRAL OFFICE PERGONNEL

Eonter the total number of ‘‘off-site’’ or headquorters’ office personnel currently employed by your orgonization by area of activit

a recsonoble estimays vi *he total number of *‘off-site’’ or heodquarters' office personnel your organizatics clons to employ in 19
desired level of degrue. Kater only those ' :

‘aff-site’" personnel who have hod some nucleor truining.

A. DESIGN AND SAFETY ANALYSIS (Do Not Include Privis Consultants, A/E’s, ete))

to

function ond highest level of degree. Enter
and 19723 by orea of octivity, function and

FUNCTION

CURRENTLY EMFLOYED — 12/68

PLANNED 197"

PLANNED 1973

PhD MS

RS

Tech. | Other

" PhD MS BS | Tech.

Other

PhD

MS

: 13 Tech.

Other

Engineering Supervisors ond Assistonts

Mechonicol Engineers

Structural Engineers

Electrical Engineers

Hydraulic Engineer.s

Nuclear Enginears

Mmi‘l;._ﬁ:u! Engineers

Architectural Engineers

Civil Engineers

Sofety Annlysis Engineers

Instrument and Instrument Control Engineers

Nuclear Licensing Aaminisfrumrs

Designers und Droftsmen

Engineering Technicions

Otharx

 E—

)
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B. RESEARCH AND DEVELOFMENT

FUNCTION

CURRENTLY EMPLOYED - 12/68

PLANNED 1970

PLANNED 1973

PHD

MS

BS

Tech.

Other

PKD

BS Tech.

Other

MS

BS

Tech.

Other

Physicists

Chemists — Chemical Engineers

Electrical Engineers

Mechanica! Engineers

Metallurgicol Engineers

Materials Enginecers

Health Physicists

Safety Engincers

Engineering Technicians

Others

C. CONSTRUCTION

Construction Superintendents and Assistants

Project Supervisars

Site Representatives

Assuronce Engineers

] cngineers

Construction Technicions

Others

D. OPERATIONS AND FUEL CYCLE MANAGEMENT

Nuclear Engineers

Chemical Enginéc‘rs

Full Tt Provided by ERIC.

HWaterials Ergineers

Metaliu

al Enginesrs

Mechanical Engineers

Physicists

Mathematicions

Purchaosing Agents

A <ountants

Azcountability Clerks

Technicions and Draftsmen

Others

et

A A A, A A Al it i 0 R, Ut
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E. PERIODIC MAINTENANCE (refers to "rotating”™ mointenance crews not permonently ossigned to one specific pleat)

CURRENTLY EMPLOYED —~ 12/48 PLANNED 1970 PLANNED 1973
FUNCTION
‘ PhD MS as Tech. Other PhD MS BS Tech. Other PHD MS 3s Tech. Other
Mointenonce Superintendents ond Assistonts
Mechan’col Mointenonce Supervisors )
ond A ssistants -
i Electricol Mointenonce Supervisors
: ond Assistonts
Mechanics ond Apprentices )
H —
¥ Electricians ond Apprentices
Others ;
: F. ADMINISTRATION (includes corporate officers, legal, financiul, purchosing, public relatizns, and industrial relotions personnel)
i Administrotors [
h
‘ Others I
g
1V. TRAINING PROGRAMS
Indicote by checking (v) the oppropriote box the type of troining progrom(s) CURRENTLY EMPLOYED PLANNED 1970 PLANNED 1973
by oreo of activity your orgonizotion is currently utilizing. Indicota the Areas of Areos of Areos of
type of troining progrom(s) by areo of octivity your organizetion plans 1o Activity Activily Activity
! use in 1970 ond 1973. o
| ’ “ < -
" g 2] zq' w e
al o < al o Ll .
EEHEH 5l 5 1S 25 i
! 2 al B {318 2 2| & (&) ¢ 2 5| & 138
] w| 1 0 —| e o wi £| o —~| € o vl £ o -] &
5 K ] HE: 5 ee EHR 5 HINIG 8| 8
e 3|l 21 8 B3 2 3| 2 2 - 2 3= B B
. HREEEREEERERHE R EEERE RS L RERE
; S| gl 2| #[ = &2l 2| 5| |9 8|23 2| &2 E ol 8| 4| 3l 8| 8| E
| HHE AR E R R E RN EE N EERE
! AR HEREEEE sl 5| 2| =f 8l 2| 51%1E || & €| & 5| &l 5| E
Types of Training Programs %E?E E gé'ﬁ_& E.E‘F‘:'ﬁ 5 g .;;_‘:._‘E’ g .E"S'E ﬁ‘é g:_g
: St &l el S| &8 &2 | S]] 8] | S| S| E|E 8] F) =8| &S[S|L|=
At a tachnical school. S . .
At o university or college. i . L
At on AEC focility. o : !
**On-the-job’* training ot o conventianal power plant.
An "'in-house’’ formol lecture type troining progrom. ) ! L
“*ln-house’’ troining using o simulotor.
Vendor's training progrom. . i
*'On-the-job" troining ot your utility’s nucleor plont.
Troining conducted by a consulting firm. J
f *'On-the-job’* troining ot another utility's nuclear plont. |
5 No formal Iroining program-will hire experienced personnel. I
{ Other {pleose specify below). _l
|
{. Qther:
{
i
It | | 241

A 17t Provided by ERiC

261




1.
2.
4.
5.
6.
7-
‘8.
9.
10.
Q
ERIC

GENERAL DIRECTIONS
Please review the entire questionnaire to acquaint yourself with the general format.

In preparing the questicianaire, general classifications of personnel have been used in
the "Function' column. It is realized that the job titles may not agree with those used
by your utility, but it is felt that after reviewing the questionnaire you will be able
to fit each employee into one of the classifications.

The questionnaire applies only to those emplcyees who have had some nuclear training. In
general, the employee should have successfully completed a training program which the
utility feels is adequrue for the work which the employee will be doing. More specific
examples of "some nuclear training" are given below as guidelines:

a. For headquarters cersonnel -- a training program, Jshether given at a local school or
conducted "in-house,'" that is equivalent to a graduate level course in reactor
engineering, would qualify a person as being nuclear trained.

b. For maintenance personnel -- a short course in health physics radiation pfotection
would suffice to train the employee for the work which he will do.

¢. For operations personnel —- "pn-site" programs covering an introduction to nuclear
theory and a description of reactor systems would be sufficient to be considered
nuclear training.

Time periods are CURRENTLY EMPLOYED, PLANNED 1970, and PLANNED 1973. The reference month
is December for each of these time periods.

Data entered in each of the time periods represents the total number of employee3 you
expect to have on your payroll as of that date.

Account for each employee only once in each time period.

For those employees who have an AEC senior reactor operator or reactor operator license
but are not operating a reactor, enter them in the functior for which they are employed.
For examplie, a licensed operator employed as a plant superintendent should be entered as
a plant superintendent. : :

Tech. refers to technician.

This shudy will be most effective if completed and returned by March 31, 1969. Conse~
quently, your prompt reply will be appreciated.

If you have any. questions concerning the completion of the questionnaire, please frel free
to contact any one of the following members of the survey's steering committee:

a. Mr. Vincent S. Boyer A b. Mr. Edward C. Fiss
Philadelphia Electric Co. Duke Power Co.
1000 Chestnut St. P.O. Box 2178
Philadelphia, Pa. 19105 ' Charlette, N.C. 28201
215/WA 2-4700 704/332-8521
c. Mr. Edward C. Pandorf : d. Mr. A. David Rossin
Cincinnati Gas & Electric Co. Bldg. #10 —— Argonne Nat'l
P.0. Box 960 —- Room 512 Laboratory
Cincinnati, Ohic 45201 Argonne, Ilil. 60439
513/632-2753 312/739-7711 Ext. 4124
e. Mr. Louis J. Weidner, Jr. f. Mr. Keith L. Voigt
Dept. of Water & Power of the City Americar Nuclear Society
of Los Angeles . 244 E. Ogden Avenue
357 S§. Hill St.—-—-Room 1115---Black oldg. Hinsdale, I1ll. 60521
Los angeles, Cal. 90013 _ 312/325-1991 Ext. 32
213/481-5411

2~
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APPENDIX D
SURVEY OF TECHHICAL MANPOWER R IQUIREMENTS IN UMIVERSITIES IN ATOMC ENERGY ACTIVITIES
Conducicd by the Americon Hucleur Socicty and the Americon Socicly of Engincering Education
for the Atemic Encrgy Corimission's Division of Nuclear Educction and Training

Plear e Enter Nome and Address of Institution.

(ZIP COBE)

2. TEAZHING - FULL TIME

| Q | |
ERIC o -2
2 - [ IR ~

2A.

Plecse Enter Number of Faculty Employed ond Plonned for Teaching in the Nuclear Field.

Current!ly Employed Plonncé“]‘ﬁ

¢

P!onned 1973

DISCIPLINE PLD MS BS FhD MS

BS

MS

BS

Nuclear Physics

Thermonuclear Physics

High Energy Physics

Nuclear and Radiction Chemistry

Reacior Enginecring

Other Nucleor Enginecring

Radiction Applications i

ieulth Physics .

Radiation Biolegy

TEACHING — PART TIME :
Pleasc Enter Number of Faculty Employed ond Planned for Teaching in the Nuclear Field.

Currently Employed

Planned 1970

Plonnc '19{7

PhD MS

DISCIPLINE

PhD MS BS -

Nuclear Physics

BS_ | Pho

NS

BS

Thermonuclear Physics

High Encrgy Physics

Muclecr and Roi" ztion Chemistiy

Peactor Engineering

Other Nuclear Engineering

Radiation Applicotions

lHealth Physics

i( Kediation Diology




3, RES:ARCH & DEVELOPMENT — FULL TIME

Plecse Enter Number of Personnel Erzioyed cnd Plann

teaching foculty).

ed for Rescorch aund Devclopmerd in the Nuclear Ficld (not on

T " Currently Employed Planned 1970 | Plonned 1973
| DISCIFLINE PiD ] MS | BS [Tech | PRD | M5 | BS [Tech | PRD [MS [ BS [Tech
| Neeleor Physics |
Thrermorucleor Physics L
High_ Encrgy Physics e
Nuclear end Radiction Chemistry .
R sctar Engincering - [ R
Cihne Huclear Engineering ] | i | - . _—
Rediation Apglications N D - -
Hoalth Physics R .
Radiation Biology L_ L

3A. RESEARCH & DEVELOPMENT — PART TIME

Pjease Enter Number of Personne! Employed and Plaaned for Res

1ne ~tirg faculty).

DISCIFLINE

Currently Employed

Planned 1670

earch and Development in the Nuclear Field (roi on

1 Flanned 1973

PhD

MS

BS Tr:cb-_P’h D

Y uclear Physics

MS T ES [Tec WD 1:'S T BS

Tech

Thermonuclear Physics

High Energy Physics

vl 1 ™ . « 1 L .
Hecierr aind Rudistien Choniviry

Reacior Enginecring

Other Nuclear Engineering

Radiation Applications

Health Physics

Radiation Bislogy

O

ERIC

Aruitoxt provided by Eic:
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4. NUC _EAR FACILITIES - FULL TIME

Please Enter Number of Personnel Empleyed and Plenned for Operaiion of Nuclear Fesilitizs (not on teaching feculty).

Reactor Opcraters

_ Currently Employed | Flonned 1970 T T Planed 1973
AREA PhD | WS T BS [Toch | FhD T HS E»Sl"l'ech PRD [ M5 | BS [ Tech
' n.uctor Supcrvisors

Acccleraror Supervisors

Accelerator Opcrators
Kadiation Safety Officer 7
{Fieclih Physicist) L )

AA. NUCLEAR TACILITIES - FART TiMF
Please Enter Number of Personne!l Empleyed and Planncd for Operation of Nuclear Facilities {not on teaching faculty).
__Currently Employed -‘—i Planned 1970 o h~ﬁg£&’f]9}§‘Mq
AREA FhD T M8 | ES [Tech | PRD [ K T BS 1Tech | PAD [MS | BS [Tech
i Reactor Supcrvisors
é Reactor Operators
| - I
Aczcelcrator Supervisors
| - B
i
I Accelerator Operators
, " \.liation Sufety Offices - R ]
| (Fealth Physicist) i ]
5 STUDENT ENROLLMENT
Please Enter Number of Students Enrolled and Planncd by Degree Currently Bainc .
Corrent Planned 1970 | Plonned 1973 |
[ DISCIPLNE PiD | MS S 1PRD | NS BS | PhD | MS BS |
i - b ] B A
Nuclagr Physics
Thermonuctear Physics
High Energy Physics
| S JEUNEN SRS S
{ Nuclear and Radiation Chemistry )
N e SUUS F - e e e
§ Renctor Enyincering
% ] | B . SNV RS SO N
[ Other Muclear Enginecering
! N - SR S, R N - T
: Red ntion Applications
i_ A i U FR - - i B .
; L Health Physics i
¢ ] SRS SO NI SRS VUG SN SV SR
H !
! , Ne tiation Biology i
}: £ e P I e - S S JEN S,
;
Q
ERIC 9l5-
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(. DEPARTME NTS
Plea-c List Current and Ploiaed Dcpuruncnm Ly Man:c Offering Nucleor Courses and Add Numbe: of Courses for Each.

HNo. of Courses — G: dumouwnvw
]

Plooue Liut Tumem A T

No. of ¢ Coursc., - UnJcroroduom )

DEPARTMENT 1967 1970 973 1 1967 1970 | 973

7 Please List Nuclear Facilitios and Major Equipment Acquisiiions Planned. List Only Those ltems Costing $25,000 or Morc
Including Those for Academic Yeor 1967-68.
PLANNED FACILITIES + EQUIPMENT

By 1970 By 1973

t -

“.

3 3
—_— PR R U

et e i e 12

3 - R
;
Nome e - Title —— e
(PERSON 16 CONTACT FOR FURT LR INFCRMATION!
’ ¥en completed this questionnaire sheuld be retvrned in attached emvelope to: ;

AMERICAN FUCLEAR SOCIEY
) 244 EASY OCOLK AW IEMUERE
LS . KINSDALE, 1 _LINCIS 0521 . , E
A B N ] -
]: lC _ Movembzar 1987 - 246— ¢ ' S, GOVERNMENT PRINTING OFFICE : 1§71 836-230/257 7

4 I ' 2L

t OCTAVE J. DU TERPLE, EXECUTIVE SECRETARY E




