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TRAINING FOR NUCLEAR ENGT_NEEIB coosscess Fo Co VonderLage, Director
] Oak Ridge Sclgool of Beactor Technology

ASEE MEETING, East Lansing, Michigan
June 25, 1951

~_Nuclear engineering at pfesent can be divided into four huge seg-

ments; Engineering associated with (1) the production of new materials,

with the production of fissionable isotopes holding the central position;
(2) '!:_he_ development of powerful nuclear particle accelerators for use,
to‘date gt least, p:_'inc,.ipally as tools for scientific research and
engineering testing; (3) the improvement of atomic weapons; and (L) the
dé‘velbpment of nuclear reactors for power; for the conversion and breed-
ing Qf_figsiqnabi}e’materials, ar'ld, to a lesser extent, for the production
of radioisotopess and for the production of free ngutrons for use in
;jasearcho There are requirements in technology peculiar to each of these
segments of nucléa.r engineering, but :\.n the interest of brevity and with-

ox_zt'a significant sacrifice in completeness;, the meaning of nuclear engi-

neering can be restricted to mean reactor engineering in a discussion on

the "Training of Nuclear Engineers."

Eeaqtor technology is one of the few technologie_s that sprang up
primarily out of the prompt application of a single scientific discovery--
namely, nuclear fission. With the application of nuclear fission to
;gactor"developnent, nuclear properties of materials of construction
sud&nly became important to engineering-- and there was introduced to
e_ngineering a new, primary, concentrated source of high-grade energy of
po‘bentiglly_ greatly increased specific power,

The exploitation of the favorable characteristics of tilis energy

source, together with the limitations set by nuclear properties on the
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choice of construction‘materials, has led to a tremendous development
program, ‘the detailed character and scope of which are not well known
by those outside the project. It includes the development of the use
of chemical elements heretofore only identified on the periodic chart,
from the search for.ores through reduction, refining, metallurgical
treatment, and fabrication into reactor components., It includes the
design of novel components such as valves, pumps, heat exchangers, of
high capacity and leakproof, as well as the deéign of control systems
"of unfailing fesponse in times measured in milliseconds. It includes
development in the field of chemical technology and of techniques for
remote control of huge plants, together with radiation protection for
‘personnel., The need for these primary developments ére multiplied to
what appears almost a limitless extent by the need for éecondary devel-
opments, It does not appear appropriate here to describe the work in
more detail., It ﬁust suffice to say that, although reactor engineering
is large in size of effort, it is in its early development staée; it is
almost completely development engineering and is of broad scope; perhaps
the broadest of all modern teghnologies,'intimately'encompassing all
branches of engineering, |

Reactor technology, in its earlier infancy, was concerned chiefly
with finding a method to sustain a nuclear-fission chgin reaction, and
the application of huclear physics was prominent. The understanding
of the operation of nuclear reactors in terms of more basic physical
concepts is now sufficiently complete to make significant progress pos-
sible, and by far the major effort now being applied lies in the exten-

sion of familiar fields of engineering and chemical technologys,
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Nuclear engineering is characterized by a sypthesis of the tech-
nqllc')g'y of all branches of engineering, rather than an extension of .
engineering ?1?"“9,.,%_,139“ branch. Materials, methods, devices, components,
and systenis 61‘ these elements unique to reactors certainly have not yet
been developed even to their near optimum. These elements are generally
nna_.vailable commercially. Costs and performance characteristics of
ggnpgmnns _and sySfraems are not extensively codified and tabulated. Design-
.’!.ng g‘reacnorlis nq't simply the problem of sélecting components whose
characteristics are known, as in the case of a steam plant, Foi' these
reasons, it is perhaps premature to introduce the concept of "nuclear
engineering." Reactor engineering is not; at present, engineer:ing in
the ‘same sense as steam-power engineering is engineering, and the training
required of a reactor engineer is that required of a development ‘engineer.

The training of development engineers for nuclear engineering, for
gui_.de_d-fmissiles engineering, and for modern aircraft engineering, to
mention only some of the large technologies of wide ls'g.'ope which have
arisen in recent years, presents a newly rec_:ogniz’edﬁ ch@l]_.énge @o university
enginegring educators. The basic. essentials for one to perform profess-
ionally as an engineer is a foundation of knowledge in science and tne
engineering ants_, and the ____ability for logical analysis (méthematics) to
serve as tools in the design and evaluation of machines, devices, systems,
etc., to perform a given utilitarian function. For a development engineer
i'bm_ll ;not snffi_.ce ‘in his design that he know simply the engineering
Qnain_tige_- in an established _enginéering field, since he is working in fields
:m which the préctice is not yet established; and it is indeed, his job,
in part to contribute to the establishment of sound new practices on a

wholesale scale,



| The challenge to enginsering sducators is to recognize the meed
:E_‘o_r_ ”ed‘ch.tii_lg developmer_xt" engineer; s and to so educa‘be thém tha.t they
will be effective in areas of_engineering for which no engineering
practice has been esteblished. This requires a strengthening of know-
ledge in basic fundamentals ‘a.nd a development of a keen inventive
instinct to apply this knowledge. It is clear that these two cannot

be done completely in a four- or even five-year undergraduate period,

o

and so the l,design of a curriculum for the development engineer mus
reco‘gniz‘g_ the‘_geed for a new compromise in emphasis between that placed

on fundamentals and that placed on design.

The development engineer, in order to perform adequately, is re-
quired to have'._traini"pg embracing all the branches of éngiﬁéefing.
Knév_ﬂedge of all branches of science is required, both basic and applied,
which is broad and in depth as a foundation for modern an.a]ysis, design,
and evaluation. Study of engineering courses of general applicability
needs +o be emphasiged, necessitating the vaba.rzxdo‘nment of specialized
engineering courses of limited applicability. iﬁi:Specialization must, in
the main, be gie'i‘erned until the student reachés the graduate level, or,
alternately, until he is employed following the baccalaureate degree,
Specialization in the technology and current practice unique to an industry,
egpeci_;@lyﬂon? ofﬂ]_.arge scope in‘its early gevelopzﬁent stage, must be

deférred until after he completes his university student career.



THE UMJER(H?.ADUATE CUERICULUM:¢

- The emphasis on tra:.nmgof the development engineer at the under-
grgfiﬂgépe’__}gvé}*'spguld be of such a nature as to provide the student with
gﬁprggc_lwand thorough knowledge in vthe basic sciences, J'_n. tl}? applied
sciences, in engineering, and of the continﬁity betweelr. them; and to develop
theattitude that each bit of such knowledge has, or has a p‘otential for,
application to engineering development.

At the undergraduate 1eve1, - broad and sturdy foundat:.on must be
laid covering each of the basic sciences, mathematlcs, physics, chemistry,
a.r;d‘_bj_.of.l.ogy,' Knowledge in these should proceed to a sufficiently ad-
vanced lgyel" @9 permlt d‘ajgp‘updez_'standing‘ and their application to the
applied andAe_ngine_erEi;-ng sciences. Mathematics, for example, should
prqqeed lto partial differential equations and LaPlace transforms so that
these can be. applied to analysis in the study of diffusion and heat trans-
fer, to mention only two. Kinetic '.th‘eory should proceed to the point of
:’ntegz"ati'.;.g it with thermodynamics, é.nd the phenonvleno‘iogical knowledge'_'bf
the'exi_stenée of martinsite, pearlite, etc., in steel should be understood
in terms oif?physical chemistry.

Modern sciences ( for example, nuclear physics) should be included

in the undergraduate curricu_.lum. The newer topics in science, which

- —#Views presen'bed here grew out of experlence in training graduate
engineers in the Oak Ridge School of Reactor Téchnology. All members
of the faculty have contributed in discussion, including Professor Trevor
R. Cuykendall of Cornell, who spent his sabbatical leave during the fall
semester of 1950-51 with the school, and has reported his views and ex~
periences on an undergraduate curriculum for development engineers to use -
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had not. been applied in engineering to an appreciable extent, wers
omitted from engineering curricula in the past. The current rate of
progress of devgiopment'eggineering_wi;ilné lohgef permit this omissiong
vhat is today scientific _;haowledge only, may be utilized in design
bomorrow.

. What has been said about the basic sciences applies in general to_
_t'he” app]_.ied or Qngf};}egtigg gq%enge_sf_ _-‘l'he scope of study should include

a wide Yg;_‘;[_gty gg subjects _si;ch as mechanics, elaéticity, fluid mechanics,
thgnpo@yr_iam:‘gcs and heat transfer, electricecircuit analysis, and the like,
Courses should not be confined to those commonly associated with a single
branchof veng:iv.rulee“zj‘:}ng(fo;_- example, n;echanicalvengineering_) s sinc;e modern
gleviqgg _. épd sysiggmg _then _gpm}?ine in their design mtlmate inbegrafion

of knowlgdgg _i‘rgm g].l branches of engirwering.

_ An adequate number of general engineering courses cqnté.ining»tbpics_
wh;qh.are“franklyAphenomenological or engineering practice in nafure (for
.gxample,.propérties of engineering materials, machine design, structures,
shop practice and fabrj.c'ation }methods) should be included. Iopics- covered
'should be selected to serve in future years to provide the development
eng@neer‘with sufficient general information and concepts of this type so
that he can conform in the world of engineers, will have them available
for introductioﬁ into his iﬁventive imagination when applicable; and can
avoid thé.effort‘o'f hew invention when ‘a suitable solution is already
available, |

V _Eggfyggyn;gal;—cﬁ;tural subjeqts such_ag history5 english, economics,
and _politica.l science should be included in the undergraduate curriculum

to insure that the student is educated as well as trained. The importance
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of this cannot be overemphasized, but will not be elaborated on here s

since many appropriate papers have been written on the subject.

IESIGN ABTLITY AT THE UNDERGRADUATE IEVEL

 Engineering design ability holds'a central position in the defimition
of the ,, activi_ties_ oflprofessional engineeriﬁg. Ability for this can be
developed, in a measure, in the laboratory courses associated with the
more sdvanced applied-science courses. There possibly is room for a
very few courses dew;oted exclusively to dgsign, perhaps in the form‘off
an undérgraduate thesis, Other than the thesis, it is unlikely tt;at time
will pemit desigr; experience to progress much.beyond a simple selectione
of-components type of design such as, for example, the ‘selection of suit-
able Ac':omponents ‘for the assemblyloi;‘an oscillator curcuit of given frequency
'range o An undergraduate thesis on developiﬁg a design incorporating a;
novellarrangement c}f components, or a simple design incorporating a new
application of a scientific principle for the first time, would be desir=-
able .‘ But, in the main, experience and growth in design ability for the
studelnt of development engineering must await the gréduateaséhool period,
or alternately, e'ng:vloyment in a development laboratory.
NUCLEAR OPTIONS AT THE UNIERGRADUATE IEVEL |

A few uniﬁersities might offer nuclear options, This would take the
form qi_‘_'s_pec:i‘.al emphasis on nuclear physics and radiochemistry in the basic
éciences, In the applied sc_iénce‘s 5 emphasié should be placgd on fluid
meghar'xicsl and heat tra_msfer.. A new subject, reactqr theory, might be intro-
ducgdo Nuclevar instrwnentaftign‘nﬁ.ght be singled ?ut for mspecial attention
in an electrical e_angineering course. Radiobiology and health protection

might be included.



-8=

o It Wgu:!.d be amlstake tqy_speciél:‘iv._z"e_on_ ixuplear technology to the
po:_nt qf (A:'{‘Ovdir‘lgr out phg_ brq‘ad program of training_ for the development
gn_gi_r;ee;_‘ as putlined earlier. Bat}}er the selection of topics and the
gqq?}_xgsis on trair__lizjng should ‘pe foc;us_ed on a presentation of the material
wh:.chw:_llbe necessary to support analysis and design ability later. It.
is hopeless, for reasons outlined earlier; to attempt to train a student
in nuclear engineering in the same sense that he is trained in heat-power
e»nginge-r.'in.g.‘ Topics“orrl A@eclqno;l.ogy peculiar to nuclear technology should
not occupy more than, say, 10 per cent or less of the student's tiﬂBo

PLACEMENT OF EMPHASIS AT THE UNDERGRADUATE IEWEL

~ Whether the future nucleazj'_éngineering stﬁdept is to be enrolled in o
g_nuq}g_arjwoption or noﬁ,_ care must be exercised in a development-engineering
curriculun_z po insure 'that‘t}‘xe engiméf's mqfivation is not lost,becausé of |
the emphasis on the sciences in the cufriculum;-

_ In the science courses, the primary emphasis should be blaced on
application, and.t;he po?ential»application, of the scieﬁce to new design.
Emphasis on the scienfgist's urge to incz_'ease the body ‘of knowledge con-
taingd_in science should be submerged in #he foimer. This can be done in
the course Qf_ seleqting'préflgms, suitably chosen from the applied sciences
or engineering fislds, to illustrate the spplication of the scientific
@;ht_aoz.y or facts as they occur in the cour;seo -It does not mean omitting
tqpi;.cgifrgm the science _céprse which have no presently existing applications.
This leads to fragmentation of the unity of science, rote-learning, and
the omission of topics Whlch may prove to haye grgaa:t pqterv;tnz.a'.l_'fozf future
application. Nor does it mean that the logic of science should be diluted
by shallow analysis which may arise from deficiency in mathematicai prep=

aration,
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_ On the other hand the applied-sciences and ‘engineering courses must
be taught with the background of underlying basic science always within
clear view of the student. .v'I'he a‘ostra_ctpl'}er}ogoenological quantities
spoo]_.d be 'tmc_lerstooo in terms_of more basic concepts; _for‘ e'xa.mple‘ s entropy
in terms of a st’atisticai measure of the degree of lack of order.

GRADUATE-IEVEL TRAINING

At the graduate level, more specialized and more advanced training

in st:ier_zc_s would occur to the poj.ht of sophisti‘ca.tion in areas support'ing
the chosen engiﬁeeri.ng speciélty. It was stated earlier that, 1n the mainy
because of the need for a more thorough tralning in fundamentals, the
development of the ability for design must ‘await the graduateeschool lewvel
of training, and this _cox_ﬁ_.d be done best 'oy an engineering thesis. - The
thssis would be on the applicationtof a well-established scientific (either
basic or applied) 'prihciple s theory, or knowledge to the development of

a new c_le\_rlce or component. Or it might be the extension of applied science
b"_Y. arx__lalysisv or.__synthesis of scientific principlés or theories basio to an
applied problem. Work on the thesis may include, dﬁe. to the paucity of
in.fomatlon, the ca.rry:.ng out of sclentif:.c experiments, performance of
tests, or the gathering of data, say, on physical propertles of a matenalo
But the ‘emphasm on these knowledge-gathering functions should be ss a
means to an end, with the principal emphasis piaced oh design and evaluation.
At the graduate level of training of the enginser, the main eriphasis
should be on developing the ability and the ingenuity to apply the basic
and _appl_ieq soisnces anc‘i"snginesring knowledge tov the design and deveiop=

ment of a component or system to perform a prescribed utilitarian function.
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THESIS RESEARCH ON FEACTOR PROBIEMS

”'.':'he undertaking of research on reactor sySte’ms or on major components
unique to reactors, except for reactors of low power, is generally'pre-
cluded from the univers:.ty campus because of the magnitude of such problems,
of the facilities required, a.nd of the security problem, A large labor-
eiz’ony‘_on”ca_.rr}pus_suitable for such work tends to become a business operated
by the university rather than a training ground for students.

'I_he urgency for_msults at an AEC laboratory does not offer many
components problems suitable for university development. There are, how-
ever, .problexps. wh:.ch erise invreactor development and which are suitable
i‘or Auniversity re_s_earch‘.~ These are of longer-range interest. The exten-
sion _of the theory_oi’ fluid mechanics to the fluid dynamics of solutions
containing energy sources is an example, to men‘bion only one, now of interest.

To aid universities in becoming acquainted with the existence of such
;ii'cblems » and also to eid»:.n_ evaluating __the‘ need and _des:Lrability for
establishing a nuclear-option curriculum, the Oa.k Ridge School of Beactor
Technology has established places for univer31ty professors to attend the
school for a limited period of time. Further information can be obtained
by m'iting to the Director, Oak Ridge School of Reactor Technology, P. O.

Box P, .Oak Ridge, Tennessee.

CAMPUS REACTORS_

The construction of a low-power research reactor o;} a campus is
i’ea_.sible sndinot)beyongl tne means of a uniwversity. It lend‘s itself to
tzfeining_in i;he__ unclassified areas of reactor technology and will be a
very valusble_an‘d worth-while nesearch tool; since it will furnish a
copious supply of neutrons and nuclear radiations. "However, the t.echno-né

logical features of classified and high-powered reactors are not present,
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and phg- campus reagtq_r is not_ of great value in demonstrating the features
of main interest to the development of the mbdern reactor technology.

UNIVERSITY TRAINING IN THE TECHNOLOGY, ARTS, AND PRACTICES UNIQUE TO A

SPECTAL INDUSTRY .

3 _A.q_.a}tteng_?t pq_tr:gig_a pgiversity enginee.ring student in thé tecﬁnolog&,
;rt:s 9 g.nvd_.‘prgc'l_:ices uniqué to an industry, 1n an effort to allow him to
coqlpet.g at an a @vantgge ‘in that indgstry, is fraught with grave _danger of
disappq%ntn__xgnj:s ° Time spent in thié leadsv_tq dilution of training in
those s_ﬁbjééfs b;sic‘to engineering, The vagaries of future employment
opportunities, or ajshift of interest during the formative years, may
preclude a student's final entry into the indistry and the sought-for ad-
-véhtag(eibgcgimes a ‘s>erious disadvantage °-

Courses consisting of t'opi_cs unique to industries which are in a .
period of rapid technological growth runs the risk of rapid obsolescence,
silf;ce what is impor'tant today can be profitably fozzgotten tomorrow to make
i_way for son_zethingAthgtAz"e.places it, A céntinua]_. revision of the topical
content would ‘be particularly difficuit, especially if there_‘are' security.
barriers to pmvent gompyate and ready acgéss to infof'mation.

Suggestions to set wp a nuclear-engineering option in the sense of
the p_zjesent discussion 1e§.ds po tﬁe éuestion, "Wﬁy not a guided-missiles
qpi;ion, or -? ;jet engine option, or a rdgzket opt.‘ion?“} The multiplicity of
courses required for this would be __enorinc;ﬁ's, and lj;uﬁité.-tion to a selected
spgcj,g]’.i_‘z_gcui j'@gpnqlgg,y‘rgns the risic of -a university's narrowing the market

for its students product.



GROWTH_ OF TRAINING PBDGBAMS WITHIN INDUSTRIAL OBGANIZATIONS

o Traditionally, the knowledge unique to an industry has been obtained
by growth _qf the_ individual t._hrough experience within the industry a_i_‘ter

A 'gra_.duation, But g;‘o%l} by _qnﬁthgfjob exper_'ience tends to be hopelessly
slow in lgrge—in;iustries encompassing unique technology, and many indust-
rial»organizai:iox}s have instituted some training method to accelerate this
growth for the engiqeeg ngyly hizfed‘ into the company. That the burden for
Ith:“Ls type of training should fall upon the industry itself seems eminently
firtting‘. a.nd proper. It is mosi} rapidly anc_l efficiently acquired in an
?P‘??”@?h*{ ‘wherein the work is being done, Universities must maintain
theiremphas:.s on education, #ot training. Inclusion of this type of
tralnlng in_mivt;srs_itiegd leg.ds ‘to trade-schooling at the expense of educ-—
ation in.the bxfobad_er arts, sciences, and engineering, and leads more and
more to lgqg‘tfrojiby“ttnle dictates qf ~the needs 6_1‘ a single industry.

_ I"raini.ng» pe:;j.o‘ds forvemplqyees of organizations or industries of the
ty;;e updér discussiqn last‘ f;-om six monf_,hs to two years. Frequently, thej.y
are 'gs'signevdj administratively to a training department during the period.
The training may take several forms, such as temporary assignment to
vgriqus " ,jobs as trainees, r@igh!: classes, or in some cases, aAspecial.l night
sch991 sx}pported by the company, or pefhaps a combination of these, OGther
in_dustz_'ie_s."'send_‘their’n\e'v_v employees part-time to a special schoél_éupported
and Qond_uéted by»the' company, and supplement this by job rotatién. The
latter more th‘ovrough“ method is ipd;’gcated for industries whose technology :
is large or in its early development stage. ‘

The Oak Ridge School of Re_actor'Technology‘.is such a school, supported

by the Atomic Energy Commission for the purpose of training reacto:
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gngigee?s in tpgAtqqhné;pgy peguliar_torfeactors. Recently graduated
g@udgptgwa:eﬂgqp;oyégg_pgmthgvlgbo;gtqrvahile at the school; and it
égryes_as a central agency‘for_tréining of reactor engineers for the
cgmmdssiqn‘s reactor development program. »Ihe-student employees transfer
po_thempgyrbll of coptf;qtdr§‘qflthe.commission's zeaétor development
program at the end of their tfaining,

ESTARLIGRMENT OF A IEPARTWENT OF IETEIORVENT ENGTNEERING

Begaqse of_thg'emphasis”thét has been placed here on the importance
of}trgipiﬁgquvglopmgntlgqgineers, it appears appropriate to comment on
?heAimPofﬁangetqf continging thé‘traiqihg of engineers in the tr;ditional
university engineering curricula. There are powerhouses to be built,
bridges and h;ghwaj§ to be designed and constructed, new waterworks,
ships, péwerNSystems,.commﬁqications systéms? automobiles to be produced
and developed-fand‘gll the myriad creations of engineers continue to be
nggded and gt an inqr'easing__rate° The nuclear-engineering programs also
;equire these things, and many c&mponents of the deﬁelopment'program it-
§91f are reduceq to eng:i.neerfi.ng“design,i lying wholly within one of the
sevsral branghesiof quiﬁeeringo_ The gonventional engineer i;.éxpert,
adept? ahd eminently qualified ﬁor}this work, and his services are in
q§mand_on.the.nuclear-engineering program, - Recognitibn of the continuing
.ﬁegd‘fqrrthé éonveptiona1‘engineep does not, however, weaken the argumeng
for the negd for edncation for the development engineer,

) ;__The_establishment_of a deyeloping engineering curriqﬁlum with a
lgq}lege Qf engipeering is likely to 1ead to some problems. The achieve=
mép@»gf prquyuqontgpt“apd sgopevof courses; the integration and timing

between basic-science courses, applied-science courses, and the courses
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;nAthevsgyéyal branches of engineering, or between courses within
each of these, is apt to posemcpordination and -administrative problems.
B ;t is gqt likely that a simple set of courses beafing appropriate

t;tles“chosen frq@ among those nownexisting in several departments of a

'univeyséty_yi;} sgrv§_as_anHQPpimim.inAfprming‘gp undergraduaté curriculum

for devg;opment engiﬁeers, nuclear option or not. The coordination and
organization of a set of courses suitable for this is a problem which
would in maﬁy_éo]leggs reqpire an administrative instrument for coordi-
nation.f The creation of a deéartment of developmen£ engineering might
bewngcgssary'tqﬂgchigve this. “Thg demand for development engineers will
continge_?o expand»suﬁfigiently to warrant thenestablishment of a
departmént of development engineering within many of the engineering

colleges of universities in this country,



