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| It is generally rec' nized that e nuclear i‘ndustr'y has ‘ o
‘undergone rapid and. profound changes in t el last decade, It has - -_ |
ev’olved 'from principa.lly 8 resea.rch a.nd de relopment prcgra.m directed
towards many new and often -exotic concept tola. mature effort prima.rily
‘loped concepts u;.tima.tely

|

:thle industry - the electric

invclved with a lifmited number of we]ll-.de e

' : serving a.nd responsive to the needs pbf a

_ utility industry. Because itpr‘imar 8 rlves a single industry, ’

. muclear engineering ?educa.tién must be g ‘ided by ‘the needs of that

industry. The nature of the electrid u 113ty industry todsy is such
| s A
. tha.t nuclear engineering gra.dua.tes, if he \,are to become productive

with a minirmm of a.dditiona.l tra.ining sﬂ be both more specialized

. and more pra.ctica.lly oriented than th ir co‘b.nterparts in the tra.ditional
, engineering disciplines.

) g
g Far too many present dsy nuc ea.r engineering gra.dua.tes

/. \

lack even a rudimenta.ry practical understdnding of the na.ture and
\\ \ t,,

- problems of. the industry they will ultimatt\elyv serve.. 'I‘he-y genera.lly .

~

have sufficient ba.ckgrcund in basic engineéring science and in nuclear * e
. fundamentals but are not familiar with the pr_a.ctica.lnspects of the -
/ machines, the interreletionships, and the procedures upon ;hich the
4ndustry igs;based. They must now lea.rn theaé things on the Jjob and 6

1
this significantly delays the time when they' become producti#e members

- o of the ea{m. The nudlear engineering progra.ms in the universities can

and should do moxe to give their students more pra.ctica.l and :Ltmnedia.tefy

* useful knowledge-e.bout the industry they will serve. The remainder

. .
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of this paper details some of the more critical de'ficiencies encountered

S

by the "a.uthor and presents some suggestions as to what the 'universities

might do to help. SRR , ,

—

s Many if not most nuclea.r engineering progrems give their

students a.' respecta.ble understanding of the physics of nuclear
réa.ctors, sh&elding, hea.J.th physics 5 a.nd nuclear hea.t transfer but
appear to stop there. Little or nothing seems to be formally included, R
in the programs about the rest of the systems found in a nuclear power
plant. Today's nnclea.r engineer needs to be femiliar fiot only with,

the reactor core 'but'yith the entire nuciea.r stean "supply system as
Wei;l:' as the periphera.l ,systems commonly referred to as ba.la;nce-of-

plent. He should understand the differences between the various,types.

of nucleer steam supply systems and the a.dvantages a.nd disa.dva.nta.ges
Ay

- of ea.ch. Examples of some ba.lag:ce of pla.nt systems whose ftmction and

ba.sic design fea.tures ghould be better understood are the steam and

e
pover conversion systems, the radicactive waste gsystem; hea.ting, -

ventila.ting, and air conditioning systems 3 in-plant electrical systems,

~ and the eng:fneered safeguards systems. In addition to. a. basﬁ: idea

qf tl}e criteria governing the design of these .systems s.ncﬁ\ow they .

*
o g N

operfite, the nuclear engineer must a.pprecia.te the terrela.tionsnips

u | 4
between them and how they a.ffect +the design of the enxtire plant. The

L]

ultins.te godl of the nuclgar industry toda.y is to design and-build

sa.i’e, reliable, end_economical nuclear power plants. Consequently




SRS nuclear engineering cduca.’g,iona.l ‘programs ought' to instill in their °
atudents an understa.nding of the principles of the design and L
operation of the ¢ gp, lete nuclear power plant. Lhny do not. _ T

(In addition to a working familiurity with the c'omplete
nuclear powér plant, the nuclear engineer needs a.swell" to be - ’ :
aquainted with_ the i‘urrctions and responsibilities of. the va.rious o .
segments of the nuclear industry and of the federal and state
agencies under whose regula.tions the entire industry' must operate. *

. » 14

He must understend how each of these arg related one to another

-3
¢

and to the nuclear power plant pro,ject itself, The. role in a

’

nuclea.r pover pla.nt pro;]ect of the utility, the a.rcnitect-engincer, ] o

the constructor, the ma.,jor equipment supplier, and the various 1

consulta.nts should be ma.de clea.r to the student before he,gra.dua.tes. - .
He should be at least aquainted with the essential steps in the
licensing process and with the content and purpose of the ma..jor '
. documents required. It is desira.ble but” perha.ps not as crucial
-~ T S
except for those immedia.tely involved with nuclear fuel, for a
miclear engineer to have an apprec‘ia.tion of wl'ﬁt is Involved in

‘ eamch of the steps of the nuclear fuel cycle. :

- ’ The desién, construction, and o'pera.tion of 'a nuclear '
pow€r plant is probably the most highly regulated of any major
. ’ . J
industriel or commercial activity, Eachand every step which is ,




_designg construction, and opera.tion of & nuclear power. pla.nt.~
»!['hese regula.tions are promulga.ted in a variety of dlifferent forms
 in¢luding the Code of Federal Regula.t\i‘ns, design guides, and a . v

+ myriad of codes and sta.ndards.
J\mstill in its stud,ents a thorough understanding and competence

: above. Thet takes yea.rs of practice. It is, yever, not unrcasona.ble

sa.fety related must be pe;rformed in absolute conformity with the v. -

requirements“pf state or federa.l regula.tions or both and this

conformance must be a.dequately documented. In fact if 23 recently' o Cr

' . - . : @
proposed amendment to the Code, of Federal Regula.ti‘on% is adopted,

|
it'will be & crime punishable by a large personal fine for a

<

responsible engineer to fail to report noncompliance with sa.i‘ety
rela.ted regulations a.nd it will be illegal- for that engineer' s ‘
compeny- to reiﬁlbuz:se or otherwise compensate him for the fine,
It is, therefore, absolutely essentia.l for the nucléar engineer

to be intimately familiar with the regulations governing the

‘ ‘.

» o -

It is not rea.sona.ble to expect any academic program to
in the applica.tion of all or even most of the areas mentioned

to expect graduate nuclear engineers, to know that these things exist

and to understand their rela.tive importance and how they fit into

the o‘vsrall picture, In the author'’ s opinion a single course

in nuclear power ple)g.nt design, if propexly structured and ta.ught , ‘ . S
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by one intiinately familiar with modern nuclear engineering practice

could go a long way toward filling tflis ne€d, - Such a course would - -
. \ - . . )
% logically but not necessar}ly follow e. course In nuclear rea.ctor v

design and should be required of all students who intend to become
involved with the pra.ctica.l aspects of nuclea.r power, | o
' - A suggested way to structure such & nuc'vlee.r power plant o

design courje would be to follow and study from & utility point : .

of vie}/a typical nuclear power pla.nt pi'o;]ec'b from its inception “

through commercial opera.t:.on. " The major p:tjoblem areas and the

\.\ interrelationships between the various segnents of the nuclear

industry could be :Lllustrated in this way along with the ‘
important features of the plant design. Let's briefly loock at .
1 pro:]ect and consider how this might be accompl;@ed.

. The project b/egins with the identi‘fication of th;: need

&

for additional genera.ting' capacity on tfle system. -The first | ' .

St ‘ queation /to be] a.nswered Sther than can we affodd any kind of 0
- new power pla.nt at all, is whether the new plant will be fossil .
.- 8

7 or nucléer, At this point, the ca.pita.l cost, .fuel cost, a.va.il- )

ability of the various ffzels, operat ¢ and maintenance expensé, .

. ) - environmental effects, and system péwer reAquirements must be |

. 4
considered among other things. This cén be gone through rather

xJ

quickly put it will grephically demonstrate the magnitude of the

[l . s N

|
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costs involved, point out the significant advantages of nuclear

. - . L

o power, and introduce the student to the concepts of comparative
economic ana.lysis. R .
. Assmning that the choice ig nuclea.r, the next problem

is often'_ the selection of the ma.jor members of the project team:
the architect-engineer, the constructor, and the enﬁronmem':a,l‘
i consulta.nt. Agga.in tl}is shou.ld-not ‘take much time but through ’ .
' consideratiom of which f;rms have :neen Aa.ssocie.ted with ofher. .
nuclear projects the student can be introdtfced to the names,
° f"unctions , and a.rea.:; of ‘special.iza.tion of the major firms involved
in these segments of the industry and the part each ﬁiil play in I
the total project. Q\ ‘ K
Next, & sultable site must be found. By consideration
of the gite seiection procees the student will t;ecome famil:‘la.r \/
with the essential requirements of a rluclear power plant site.
Ge.ology, seis'molog.y, demography, pos:sible transmission corridors.

a.nd the availability of adequate cooliné; water are som

import:ant ones. .
v ' . The bid sjpecifica.tions for the nuclea.r steam supply system,
! the Initial nuclear fuel supply, and the turbine’genera.‘bor are.

prepa.red as the initial step in the evq»lua.tion process. "Here

is & good place to introduce the student to the essential ’ L




ERE

chara.cteriStics of each of these and how they must fit together

to meet tHe requn.rements of the utility system. s *
After the bids are received _the deta.iled proc;ess of-

compara.tive evaluation be@ins. It 48 at this point that the _

details a.n"c‘l characteristics of a.ll of the different huclear steam

" supply systems JAncluding fuel and turbine generators should 'be

exam:lned. Adva.nta.ges a.nd disadvantages of each of the different
systems should {)e considered. This can be done quite well by

'assigning small groups of students to the sysﬁem supplied by each
major yendor and. requiring each group to produce a written repert
detailing tne fea.tﬂres and advantsges of their particular systen_.

Sufficlent.material to accomplish this is avgilable from the

4 R :
*“vendors and at least sope of them are willing to supply their

"standard" proposal consiptirfg of several volumes of detailed

¥

deseriptions and advantages of their systems at no éost to
universities for continued use, These "standard" proposals
contain a wealth of information and provide invaluable i references
for the students., Each of the groups should give o rather detailed '
oral presentatiofl of their finding to the class and attempt to
sell the class on thelr particular sy[stem. One s&stem‘ can then
be chosen for the project, It has been the author's experience

that this procedure-generates a high degree of student interest




8 ' b
. # .
and does a surprisingly good job of aquainting the students with

Y

all of the different systéms.

Following the final selection of the nuclear stea.m' supply

o

syétem and turbine generator vendors, 'E;he plant design and lieensing -

a.ctivitiés begin and proceed essentielly in parallel, In fact, the

"ma..in doéumenﬁs required in thé application for a construction permit;

the ‘prelimiriary' safety a.naiysis report (I{SAR) and the envirommental
o b

~°i-eport (FR), are required to contain so much detail that the ¢

essential characteristics and major design features of all ,of the
important systems in the entire plant must be fixed and described
therein, Consequently the PSAR and ER, particularly the PSAR are

excellent documents upon which to base a pmétical study of.nuclear

’

- power plant design. Additionally, compieté gets of these documents

T

can be obtained for use b:}-.uriiversities

Because of the limited time avali:ble,‘it would not be

~ practical to consider the detailed design of all of the systems.

However in addition to ‘the nuclea.r‘ steam supply system, a few major
systems such as the steam and power conversion system, - the radio-
active waste manegement system, the heating, ventilating, and air

conditioning system; and the engineered safety systems should be

studied in sufficient depth to generate a basic understanding of

their function, principle design features, and interrelationships

@

1

rd
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with other sttems. It is e:'ctremely'importa:nt for these studies td
be done in a way that illustrates ‘how' the- design of these systems _
is governed by the a.ppropria.te codes, st’ dards, and design guldes. ,
The licensing process, proceeding in parallel with the -
plant design, doe-s' not lend itself as reedily to cls.ssroom study
pa.rtly because it is governed by a nwria.d of federal, state, a.nd
local regula.tions which are consta.ntly changing a.nd often difficult
to interpret. Nevertheless it is critically important. The 1s.rgest

B
4
part of the dela.ys and cost overruns experienced by nuclear power

pla.nt jpro;jects in recent years can be attributed to licensing
.dii‘ficulties. The essentials of the licensing process should
therefore be discussed, perhaps in a purely expository manner.
The principal governmenta.i agencies involved, the permits and
licenses required, th¢ necessary documents,a and a chronological‘
description of the process should all be included.
The construction pha.se of the plant along with the rema.ining
activities necessary ) reach commercial operation can be studied
| and related to the preceding project phases by utilizing a detailed
° major milestone schedule as & gu‘ide. This can serve as a useful
. ’ “review and is a good place to tie domi amf remsining loose ends.
| In the author's opinion, a nuclea.r.poWer plant design

course such as this s taught by an instructor.who has been broadly
\

* & ° -
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involved in a practical way with a nuclear pdwe;- plant prodecj;, | T
would give the student & basic practical familiarity with not
only the entire plant I;ut also {he major segments of the nuclear ‘
industry. Such & .familia.rfty would significantly réduce tht; time .
he now spends on his first job 1earning enought to become a : .
_productive member of the team. 'l'hose of us =Who must now bear -

with new gx-adua.tes dur:ipg their first few months on the Job

.

would -be eternally gratcmi o ¥

@ -

- In addition to those most eritical areas discuused abovg, . et
there are two others where a large percentage of eng:ineering gra.dua.tes |
. are aeri@uely deficient: eotm;unica.‘ia:.wn akills and enpineering )
econonics. Many of todays' engineering gradua.tes are wnable to <

> write,an acceptable repért, give an dcceptable cral pr.esentation,
" or read a print. The first two of these tan, in this a.uthgr g .. )
\ opinion, be corrected by rcquiring the students to glve as ma.zw ‘

oral and written reporta as posaible within the context of existing
' courges. I.a.bora.tory courses afe ideally suited to this, In such .

., courses, the student's grade shou‘ld depend a8 much on the quality '

l . L]
.

‘ n of his oral and written reports as on his knowledge of the sub;]eet:. -

Technical knavileglge without the ability to comunicete it 1is worthless!

The ability to read & print is-usually taught in a course in engi-

neering drawing. ‘It is afstoniahing, but true that more than a few - - .
’ . . (A '

“

©

~ 1()' ~ ’l
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' engineering curricula. /require no engineering dra.wing a.t a.ll T

. a.uthor is familiar, eng:lneering economic a.na.lysis pla.ys a. vita.l

| nxenagement For these rea.sons % t would a.ppear t;;.t a’ eourse ‘

: This is a most serious deficiency a.nd must be corz‘ected where

A . ev‘i‘s

it exists. .No person should; be a.llowed to gra.duate frcm an,b :

', engineering school who ca.nnot rea.d a print. . "- '

\

: L - In the pra.ctice of nuclea.r engineering with which th:.s

7

role in 'v:.rtua.lly every pro:]ect. Particularlg in these times, _

ca.pitﬁl is a. scarce canmodity a.nd the best possible use must

. " be made of. 1t‘ ] Mlmm:t.zing the cost of or max:unizing the retui‘n

: from a pro;ject is consta.ntly on the engineer s mind Further »

the advantaces a.nd disadvanta.ges og a pa.rticula.r pro,ject must

' in engineering economic a.na.lysis ought- to be required 'in modern
engineering curricula.. Id; sgldom is. ' T

o A B ' : S
R All of t_he preceding conments are ba.sed on the a.uthor s

N

n

view of undergra.du.a.te programs from the standpo:mt of an electric

utility involved. in severa.l nuclea.r power. pla.nt pro;]ects. From '
tha.t stmdpoinﬁg‘{nuclear ehgineer:l.ng gl'a.du.a.tes need to have a |
grea.ter pra.ctica.l knowledge of the" complete nuclea.r pover, pla.nt ’
‘and of the nuclear industry. . '.rhey need to understand the principles |

‘ or engineering econcmic a.na.]ysis a.nd they must be a.ble to camnunica.te

EN
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