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A B S T R A C T

T h is  paper de scribas how the Com ision . acional de Energ ía  A tom ica-CNEA, an Institution 

with 26 yea rs  of experience in the field:. of nuclear research, development and tra in ing, 

faces the problem of p reparing  the staff for the Central Nuclear en A tucha-C N A , a lready 

in operation, and for the other A rgentln ian  Nuclear Power Plants still under project or 

construction.

1. H IST O R Y

T h ls  is sim ply a record of how a develop ing country ¡s so lv in g  its specialized personnel 

tra in ing problem s in a technology almost exc lu sive  to developed countries.

When the C N A  construction was decided upon, C N EA  faced the problem of form ing the 

professional and technical crew  for a nuclear power station. Personnel with experience 

in conventional thermal stations were selected and taught nuclear reactor engineering, 

p h y s ic s  and basic concepts of radiological protection. The  g roup  was completed by C N EA  

personnel with experience in these subjects and in materials technology. The  whole 

g roup  obtained specific tra in ing  for the C N A  in Cerm any under the contractor 's re spo n s i- 

b ility.

Back in A rgentina , all of them took part in the Plant com m iss ion ing.

No calculation had been made for possib le  dropouts, thus by October 1973, when the 

reactor was first  loaded with D 2O, the g roup  trained abroad was sm aller than at the outset. 

At this time the urgent necessity of beg inn in g  integral tra in ing , planned in accordance with 

the nuclear program  requirem ents, became evident. The  tra in ing  had to be capable of be- 

ing  q u ic k ly  put into practice to meet the most urgent needs, and a lso endowed with a strong 

dynam ism  to allow a search for better p rogram s by trial and error.

T h is  record  de scribe s action and p rogram s w hich resulted from dec ision s made ac- 

co rd ing  to the circum stances at each moment; henee its commentatory nature.
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2. R EF LEC T IO N S  ON THE PLA N T  O R C AN IZA T IO N  C H A R T  A N A L Y S IS

The C N A  Organization chart includes: A  Plant Manager; one Operation and one Production 

Assistant; Operations, Mechanical Maintenance, Electrical Maintenance, Regulation and 

Control, Safety and Health P h ysic s, Techn ica l, T ra in in g , C iv il W orks, and Adm inistration 

Department Superintendents. In order to sim plify  th is comment we shall not consider the 

Adm inistration and C iv il W orks Departments. The  Operations Department operates in three 

sh ifts with 6 crew s of 13 people per shift, re qu ir in g  a total of 12 engineers, «2 technicians 

and 24 a ssistants. The  rest of the Departments requ ire  a C h ie f engineer, assistant en­

g inee rs, su p e rv iso r s,  technicians and w orke rs.

T h is  organ ization chart therefore demands personnel at the follow ing levels:

1) experienced u n ive rs ity  level

2) experienced technical level and

3) specialized w orke r le ve l.

In ao:jit¡on, the su p p ly  of a ssistants for some dutles perm its the incorporation of pe rson ­

nel <it:

4) recently graduated u n ive rs ity  level

5) recently graduated technical level.

A  promotion system  based on the above mentioned po ssib iiit ie s  was thus established

A s  p ro g re ss  is  made in setting course  p rogram s, the knowledge level for each posi- 

tion and the theoretical and practical tests nece ssary  for promotions are being determined.

It should  be mentioned that the part of the organ ization chart taken into account re - 

q u ire s  271 people, w h ile  the first organization chart presented by the contractors for the 

C N A  consisted of 104 people to handle equivalent re sponsib ilitie s.

Even if th is mínimum organization chart could a ssu re  short-term  economic functioning, 

it elim inates the possib iiit ie s  of incorporating personnel at leve ls 4 and 5. In the long-term  

it therefore would be harmful to the interests of a country  depending on a s ing le  nuclear 

power plant to obtain experience and to train personnel.

A s  we said above, at the end of 1973, when the reactor was near to reaching criticality, 

the C N A  could re ly  on a mínimum of trained staff but there were no re se rve s to replace 

those who left to take up  a ssistant posítions. Beside s, it was time to start personnel 

tra in ing  for the Central Nuclear en Em ba lse-Cordoba.CNE  -C .

Facing th is demand, an ideal plan was written which included cou rse s rang in g  from 

the management level down to adult p rim ary  education. Everyone knew that th is plan should 

be implemented on ly  g radu a lly , accord ing  to the most urgent needs. The  strongest re str ic - 

tion was to a rise  from dependence on a s ing le  nuclear power plant: the C N A , and a s ing le  

g roup  of p ro fe ssors: the engineers who knew how to operate it.

In fact we set up a permanent program  of preparatory cou rses for eng ineers and 

technicians and a dynam ic course  program .
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3. SC H EM E  FOR O PER A T IN C  P U \N T  P ER SO N N EL  IM PLEM EN TA T IO N

3 .1 U n ive rs ity  qraduates

The  experience of the o rig ina l g roup  engaged for the C N A  showed that it was d ifficult to 

compete with the Utilities or with indu stry  in obtaining experienced engineers. In view  

of th is, in 1973 it was decided to start a program  for recently graduated or young 

eng ineers under thirty.

Despite the absence of re gu la r p rogram s for nuclear specialization , A rgentine  u n ive r- 

s ities produce a considerable  number of e lectrica l, electronic, industria l, mechanical, and 

chemical engineers, p hy sic ists, and scientific Computer specia lists. T h is  g iv e s  a choice 

of,professionals with a good background  In the eng ineering  sciences.

It was’ then nece ssary  to choose the approprlate tra in ing  to produce Nuclear Power 

Plant engineers. A  glance at the organization chart offered two options:

a) to train specia lists to fill speclfic positions with the exact know ledge needed to 

accom plish those duties and on the assum ption that they w ill continué in that 

speciality;

b) to train fle x ib lep ro fe ss ion a ls  p ro v id in g  them on ly  with sufficient know ledge to 

join the Plant as tra in ing a ssistants, and a ssum ing that in the future they could 

choose speclalities and even change them accord ing to the nuclear plan requ ire - 

ments.

T h is  second option was chosen and a unique program  set up independent of the app li- 

can t 's  u n ive rs ity  career.

Looking again  at the organization chart, the question aróse of how to face plant tra in ­

ing after the theoretical cycle.

The  peculiar characte ristics of the Operations Department led to the decisión that, as 

a rule, w ork  in the Plant would begin with a sslstantsh lp  to the Operations Sh ift Su p e rv iso r. 

In that duty, the trainee must be tested in the quallfications requ lred  to perform h is  duties 

efficiently, qu ick ly , and safely. He must get the feeling of the plant and show know ledge 

of system s and components. Whlle he lp ing ¡n the operation, he must show h is  leadersh ip  

ab ilities, h is  reactions in cases of unexpected contingencies, and h is  attitude towards 

safety. O n ly  then can he be asslgned  to other duties, with the a ssu rance  that, after hav ing  

gone through the Operations Shift, he has a know ledge of the whole of the Plant, has 

w itnessed the interdependence of all the system s, and has once seen that a small repair, 

a sim ple perforation or a w eld ing, a sim ple operation such as va lve  opening, has resulted 

in a Plant Shutdown.

*  (Except for the P h y s ic s  M a ste r 's  at the Institute of P h y sic s  D r . J .Ba lse iro , Bariloche 

Atomic Center, from Cuyo  U n iv e r s it y ) .
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W hichever department to w hich he ¡s appointed, he w ill have learnt that that depart- 

ment must w ork so that the Plant can opérate safely and that the Operations Department 

has the production re sp o n s ib ility .

A s  re ga rd s methods of promotion, the sequence would proceed from the Operations 

through the Maintenance and Technical Departments after the Eng ineer has gained 

thorough plant operation experience.

3. 2 Technical Personnel

The  involvem ent of experienced technicians does not present as many difficuities as it 

does with pro fessionals. T h is  is partly  due to the fact that in this case rem unerations are 

competitive with those in the open labor market. It is possib le  to take on technicians with 

experience in the operation of thermal plants, or in mechanics o r electrical maintenance 

and, after an accelerated tra in ing, to a ss ign  them to specific duties. For new technicians, 

a promotion system  w hich plots their careers through the plant is planned in advance.

The h igh  num ber of technical school graduates g ive s  a w ide choice.

After the basic  courses described  below, partic ipants begin to c a rry  out subordínate 

duties and gradu a lly  acquire general know ledge of the plant. They  fina lly  become qua li- 

fied to perform  duties at the technical level.

3. 3 W orkers

The  fact that a plant has the necessary specialized w orke rs for its operation and for its 

planned requirem ents for the near future does not justify the immediate commencement of 

tra in ing  cou rse s for that purpose. However, talks may be started with professional 

tra in ing  schools on the p o ssib ility  of starting cou rse s such as w e ld ing o r p ip ing , by  means 

of an accelerated tra in ing  program .

t. S T A C E S  FO R PER SO N N EL  IM PLEM EN TA T IO N  FO R PLA N T  O V ER H A U L,

C O N ST R U C T IO N  A N D  CO M M ISS IO N IN G

Facing the problem of ca rry in g  out the C N A  maintenance and construction, and the C N A  II 

project, a promotion procedure o r a reconversión  program  for C N E A  or C N A  personnel is 

preferred to the induction of new personnel from indu stry .

Some C N A  personnel could, accord ing with their specia lities, be a ssigned  to mainte­

nance overhaul, construction or com m ission ing g roup s. These different commitments 

would be challeng ing  and must be considered as "on-the -job " tra in ing. The  last step is 

to integrate specia list positions in the Techn ica l Department of a Nuclear Plant o r Plant 

de sign  g roup . T h is  makes it clear that the whole career of an engineer shou ld  be set as 

h is  own "continu ing  education" program .

That is w hy a develop ing country with one or few nuclear power plants in operation
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shouid  con sider them as school plants o r continuing tra in ing  centers for managed selection 

and promotion.

T h is  human resources po licy is the besí investm eni the country can make. It is  u n - 

avoidable because turn key plants can be bought, and trained operation crew s can be 

obtained for them, but no additional engineers or technicians can be obtained in the same 

way as are components spare  parts.

The law which authorized the erection of C N A  allowed for this: "That the nuclear plant 

to be constructed acqu ires a particu la r policy in the tra in ing  of personnel that shall be 

required in the immediate future before the possib le  construction of great power reactors. 

At the same time it w ill perm it and stimulate essential technological advance in a field in 

which the Nation must prepare itself adequately and at the proper time".

A ccord ing  to th is po licy, the effort made since 1973 for personnel tra in ing  made it 

possib le , in December 1976, to accept the re sponsib ility  of m anaging the C N A  programmed 

o ve rh au l.

T ra inee  engineers and technicians took part in the w o rks  more o r less as q i lü fied  

assistants, their tasks acqu ir ing  a true "on-the-job  tra in in g " role. In addition, tne 

U t i l i t i e s  that a re jsiann ing  to construct Nuclear Power Plants are c a rry in g  out the recon­

vers ión  of ex ist ing  personnel or the tra in ing  of new personnel through the p rogram s 

described  below.

5. PER M A N EN T  A N N U A L  PRO G RAM  O R  P R E P A R A T O R Y  C O U R SES

5.1 For Eng ineers

S ince  1974 four "C o u rse s  on Nuclear Power Plants Function ing and Operation" were 

dictated. S ix ty -one  engineers have been graduated after one y e a r 's  study, and another 

tw enty-eight w ill fin ish  before 1978.

T h is  course  com prises:

1) A  general cycle ¡ncluding: introduction to nuclear reactors; nuclear and conven- 

tional safety and health physics; and therm odynam ics and fiu id s m echanics.

2) A  C N A  cycle starting with an introduction to the plant, d u r in g  w hich the student 

becomes fam iliar with the plant through a combination of v is it s  and c lasse s, followed 

by  a descrip tion of the C N A  Reactor and a plant system  descrip tion .

3) A  oractical selective cycle; T h is  is carried  out by trainees attached to the Sh ift 

S u p e rv iso r  A ss istan t o r in other a ssistant positions.

It was decided that, from the beg inn ing, the course  would be held in the tra in ing 

center near the plant so that the trainees start to get the feeling of I i fe at a nuclear power 

plant. No special facilities have yet been needed. Tem porary b u ild in g s  from the con struc­

tion stage are used as c lassroom s.

A  L ib ra ry  documentation Service  and an electronic laboratory are also p rovided. 

Qualified C N A  eng ineers with teaching ab illty  are chosen as p ro fe sso rs.
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5.2 Technicians1 Course

Up to the present on ly  two cou rses of d ifferent level and purpose have been dictated; but 

w ith such experience a plan for "In troduction to Nuclear P lants" has been prepared and is 

w o rk in g  out at present. The purpose of such a plan is to introduce the technician trainee 

to the nuclear plants problem so that, whatever h is  specia lity and career in the plant, he 

may obtain:

1) an overall view  of the whole plant operation and simple know ledge of h is  place in 

it.

2) a basic  know ledge of mathematics, p h y sic s,  mechanics and other theoretical tools 

p o ss ib ly  acquired at school, or forgotten.

3) the safety knowledge nece ssary  for w ork  in the plant.

A s  with the engineers, th is basic  cycle comes before e itrance  to the plant and lasts 

about three months. The trainees then enter the plant as assistants to the positions it is 

assum ed they will fill on completing the course.

5. 3 L icensinq

The en g in ee rs1 and techn ic ians ' courses include all the theoretical know ledge nece ssary  

for the exam inations for the license required for those occupying  these positions.

Practical know ledge is  acquired d u r in g  plant tra in ing  which follows the cou rses.

T h is  perm its the trainee to obtain specific authorization to operate the CNA.

6. D Y N A M IC  PRO G RA M S FO R PER SO N N EL  R ET R A IN IN C

Va riou s p rogram s allow the tra in ing and retrain ing of replacement personnel and the up - 

dating of experienced staff. Some examples follow.

6.1 A  cou rse  on the "600 MW Candu Type  Reactor", sim ila r to the C N A  reactor, to introduce 

people to the new power plant now under construction. Attendance is mostly from C N A , 

C N EA  and by nuclear indu stry  eng ineers connected with the construction.

6.2 New p rogram s are started whenever one or more technicians or eng ineers are required 

to perform new duties. O f great help in "fram ing " these cou rse s are the printed materials 

prepared for the permanent cou rses. In fact, more than 100 titles were pub lished  on su b - 

jects covered in every  course. The T ra in in g  Department In structors selected the most 

practical and efficient program  from these.

6.3 The T ra in in g  Department watches for and announces details of cou rses and sem inars 

dealing with subjects related to nuclear power plants held both at home and abroad, and 

promotes attendance at them by plant personnel.
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6.1* D iffusion Sem inars

Frum questions put by Utilities personnel, there is  c lea rly  a need to communicate the s ig -  

nificant features of, and differences between, nuclear and thermal power plants. A cco rd - 

ing ly , a one-day D iffusion Sem inar was organ ized. It consisted of a theoretical presenta­

ro n  of operation p rin c ip ie s, radiological safety concepts and economic implications 

followed by a v is it  to the plant. Strong  attendance from the nuclear indu strie s, apart from 

the Utilities personnel, necessitated several repeat sem inars. Su p p lie rs  and m anufacturing 

companies were asked to a rrange  sem inars on their p roduc ís, at which theoretical exp la- 

nations by specialized eng ineers could be g iven .

7. O T H ER  C O N SEQ U EN C ES OF TH E  T R A IN IN G

Certa in goa ls beyond the simple teaching of courses for technical levels were achieved:

7.1 At the Plant

The w ork developed over the past two yea rs tended:

7.1.1 To achieve effective participation of the staff ¡n t ra in in g . T h is  p a rtic ipa ron  was 

gradual, but of exponential grow th. People realized that teaching in the courses obliged 

them to be informed and to go deeply into relevant subjects. Be side s, the tra in ing  plan 

favoring displacement and promotion produced an automatic grow th of the plant personnel 

background.

7.1.2  To develop a receptive attitude in adm inistrative and m anaging personnel. A lthough 

it looked as if the p lann ing were a ssigned  e xc lu sive ly  to the technical level, its influence 

taught all plant personnel. In fact, the adm inistrative personnel that may attend diffusion 

sem inars such  as those described, or short cou rse s on the Plant descrip tion , realize that 

their role (for instance, when q u ic k ly  a rra n g in g  the purchase of a spare  part) is vital

and may advance o r delay a plant start-up. In a develop ing country, in w h ich the in fra - 

structure is  genera lly  deficient, this active and "c le ve r " copartnersh lp  o f the "w ho le " 

personnel can be encouraged by the T ra in in g  Department.

7.1.3 To reinforce a re sponsib le  attitude towards safety. Safety, In nuclear plants is 

specific and particu la r in character, and should  be taught from the beg inn in g  of ind iv idua l 

tra in ing and revised  through review  courses. A  deep safety program  in the permanent 

courses, and a special recommendation to instructors to em phasize the way in which 

safety concepts are taken into account from the de sign  and manufacture stage up to system s 

operation, contribute to the initial background  on safety.

Fo r re tra in ing, com pulsory ha lf-yearly  cou rses have been separated into two levels, 

one intended on ly  to reaffirm baslc concepts, and the other, for m anaging personnel.
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which describes and d iscusses the last s ix  months1 experience in plant safety.

7.2 At C N EA

The w ork  developed in these two yea rs leads to:

7.2.1 Interaction with C N EA  research and development g ro u p s  through the same 

p rocedures interlinked for interaction with indu stry .

7.2.2 The  reconversión  of personnel from the R & D area who show aptitude for w ork in 

nuclear plant operation.

7.2.3  The assignm ent of technically competent engineers not suitable for nuclear plant 

operation to research and development duties.

7.3 Outside C N EA

The w ork developed in these two yea rs  has prepared the way for:

7.3.1 A  fluent d ialogue with the indu strie s related to nuclear eng ineering, through oral 

communication between experienced professionals; tra in ing  of fresh eng ineers through 

these p rogram s and the exchange of written information.

7.3.2 The  assignm ent of tra in ing  for w e lders, p ipe-fitters and other s k ills ,  as well as the 

continuing education for adults at pub llc  educational establishm ents and to have the u n ive r- 

sitie s a rrange  basic  nuclear eng ineering  couses.

8. C O N C LU S IO N S

In a develop ing country the nuclear tra in ing  p lann ing  cannot be an exact replica of p ro ­

gram s ca rried  out by more developed countries, but o rig ina l so lu tions must be found to 

so lve  the ind iv idua l problem s. The aim of our tra in ing  program  is, therefore, not on ly  

to fulfill the needs of the operational crew  for nuclear power plants, but to use this 

experienced personnel for the construction, com m ission ing, and d e s ign  of future projects.
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