











Qualification can also mean, at each step iﬁ a‘career, that a
person has been selected and trained--or even educated--suffi-
ciently well to fill the post under consideration and is hence
qualified to actually take it over will all rights, duties, and
responsibilities that are connecféd with it. This second use of
the word "qualification" of persons is synonymous to "licensing"
them for their posts, which more clearly implies that a formal

procedure has to be carried through.

I propose to use exclusively the term "licensing" for this second
step in order to eliminate the ambiguity of the word

"qualification."*

*An explanation of terms, somewhat more detailed than a simple
glossary, would be of great help. To be defined are not only
"gelection" and "licensing," but also terms like "ability,"
"aptitude," "capability," "capacity," "competence," "gift,"
"talent," "proficiency," "skill," "education," "training,"
"drill," etc.--all of them explained in their "technical" use for
nuclear energy production. A standard dictionary is just not
precise enough to prevent misunderstanding. Technical people
should not forget that these terms are non-technical in nature
and cannot be used by them as they please.
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"MAN" IS A FULL HUMAN PERSON

Let me say that it is my firm belief that the question of selec-
tion of a candidate by looking at his qualities as a human person
is the most important one in the whole domain of man's role in
the operation of NPPs, and that this question has to be continu-
ously asked throughout every operator's career. A final answer
to this question is not given once for all by just looking at the
level of general education a candidate has repeived and the exam-
inations he has passed so far (whether the answer depends on the
sex of the candidate is beginning to be debated). I am convinced
that the full answer can be given only by looking at the quali-
ties of a candidate as a human person.

r

It may well be that the answer to this question of qualities of
an operator is positive in the first phases of his career, then
later in his working life becomes negative, leading to termina-
tion of his career advancement, and even to his disﬁissal from

this type of work.

I say this in view of the fact that every man's personality
develops throughout his life and may take directions.one cannot
know before they have manifested themselves. I say this also
because of my strong conviction that an operator in an NPP must
not be looked at as just a sort of robot, who by training, or
better by drill, has been programmed to perform certain well-
circumscribed functions. Quite to the contrary, he has to be

looked at as a full human person with all the qualities, good or
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bad, which the psychologists can enumerate for us (viz., so far
as they do know them already). There is no doubt that a part of
man's personality is analogous to programmed robot behavior and
that this part is of great importance for the operation of NPPs
(certainly for so-called normal operation, but also and even more
importantly so for many functions during all sorts of distur-
bances); I will come back to this question 1ater>on. But there
is no doubt as well that, the more the situation of an NPP gets
off-normal, the greater is the challenge to the personal quali?

ties of its operators. The result toward which such off-normal

situations will lead can be influenced in a decisive way by per-

sonal qualities of the operators, which are outside and beyond

the domain of previous training of any kind, be it general or
specific, and--this must be clearly admitted and recognized--also
beyond the capabilities of selection techniques and licensing

procedures of operators as they have developed to date.

After what I have said, it is clear that I attach great weight to

the word "man" in the context of his role as operator of NPPs,
and that I see here the importance of considering the full per-
sonality of every single operator (and not only psychological
types that one might define for the different posts in an oper-

ating crew).

THE ROLE OF MAN

The next word in the title of this panel is "role." The word

comes from the theatre world and means the part an actor has to
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play in a drama, the part being written on a rolled piece of
paper. No doubt actors have to be selected according to the
demands of these parts and must be instructed on all details by
the producer. Otherwise, the performance of the drama will
become a failure. Actors know that there are "unplayable" roles.
Let us assume that it is certain that the dramas which may have
to be played in NPPs--down to the last act--do not present such
roles. Even so, like in the theatre world, one cannot be certain
of this unless at least fairly all-inclusive final rehearsals
have been carried out. Whoever rehearses "nuclear dramas," at a

simulator e.g., should keep that point in mind.

To come back specifically to the nuclear world: the first thing
to be done is to carefully select the candidates for the dif-
ferent levels of work in an operating crew. Once this is com-
pleted and all parties concerned have agreed that a person is
qualified to become a candidate, training starts. Nevertheless,
both selection and training have to be made in view of the ques-
tion: selection and training to perform what role in the NPP?
Selection and training, and finally licensing of operators cannot
be separated from the role they will have to play. Thus, I would
add "selection" to the very true, if short, finding in the
abstract of the paper III-4 by G. M. Grant: "Training needs
cannot be defined until the role of the recipient is thoroughly’

understood.”
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As you well know, selection and training of operators have long
been problems for those who have had to do them. These tasks
have become a problem in the eyes of the public mainly since

TMI. But do all concerned--selectors, teachers, licensing auth-
orities, and the public--know clearly, or at least sufficiently
well, what situations operators will or may be confronted with
and which they are expected to handle without hesitation and with

full (or at least near) perfection?

The Call-for-Papers document for this specialist meeting invites
discussion of "capabilities of operating staff in NPP control
rooms and the problems they face there." Expressed in a somewhat
longer fashion this means: "What does an operator have to bring
into the control room of an NPP when he is to handle whatever may
happen there?" This formulation is well and good, but it does
not say what degree of success he is supposed to achieve by his
actions and to what degree his actions have to be correct and
perfect. It does not specify whether operators have to play
their roles only within the framework of pre-envisaged scenarios
(this being the situation of actors in a drama known from begin-
ning to end before the curtain opens), or whether they have to
perform perfectly--or at least reasonably well--even in situ-
ations which are outside, perhaps far outside, previous consid-

eration.
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When one sifts the literature, including the abstracts for the

present specialist meeting, with the question of the role-to-be-

played in mind, one is left with practically empty hands and.

especially so when one asks what the goals to be reached should

be. There are only a few ideas expressed, however vaguely. I

cite (without reference for brevity) the following ones:

- deal adequately with all situations and states of the plant

- cope effectively with emergencies

-~ respond flexibly to situations deviating from pre-analyzed
ones

- take the best course of action in unforeseen situations

There is nothing wrong with these formulations of the goals to be
reached-—-except that they are just too general to be of use to
those who have to select the candidates, those who have to train
them, and finally those who have to determine that a candidate is
qualified for his job. R. C. Sugarman and R. R. Mackie (paper
IV-3) express it thusly: "A central issue (is the) lack of stan-
dards by which the performance of NPP personnel can be judged."
However, their point refers to human factors only, i.e., ergo-
nomics, which is a more restricted field than what I have in

mind.

AN APPROACH TO DEFINING THE "ROLE OF MAN IN AN NPP"

It is trivial to say that no clear, comprehensive, and correct

answer can be given to a question which is vaguely formulated.
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So let me try to present at least an approach to a clear

formulation of the question of what man's role in an NPP is once

and for all.

I see this role as being threefold:*

1.

Firstly, there is what is called normal operation. Here the
operators, mainly the operators in the control room, have as
their minimum duty to survey the plant as it runs on fully
automatic control, riding out minor disturbances, e.g., from
the main grid. This activity is an actual direct watch by
the operators in the control room. It is a checking sort of
activity for operators at lower levels, who periodically or
on special order verify the correct performance of the
different systems or components throughout the plant. It is
a surveillance activity by the leader of an operating crew,
frequently called supervisor, whose duty during normal oper-
ation is to see that the whole field of operator activities

is well and evenly covered.

But designers have not been able to make everything in an NPP

automatic, nor build plants which can ride out whatever

*] cite partly from the paper by P. Courvoisier, K. B. Stadie,
and M. E. Stephens: "Qualification and Training of Nuclear Power
Plant Operating Staff in the NEA Member Countries,” IAEA
International Conference on Current Nuclear Power Plant Safety
Issues, Stockholm, October 1980.
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disturbances might happen. If one or another of the systems
of an NPP gets outside of its domain of automatic action, the
operators will have to try to get it back to this domain on
being summoned by appropriate alarms. In such cases, they
become a prolonged arm of the automatic control system, using
prescribed procedures which they have been trained to apply.
But this form of training (better called "drill") logically
cannot cover more than those abnormal situations which the
designers have been able to foresee (up to and including the
design basis accidents) and which have accordingly been
included in the specific training of the operators. Reacting
correctly to foreseen abnormal situations which have not been
covered by any automatic action is a second and clearly very

important aspect of the role of the operators of an NPP.

"Procedures" have been prepared for such foreseen abnormal
situations--procedures which have been carefully worked out
(and hopefully well written) by knowledgeable people, taking
into account certainly more aspects than an operating shift
would be able to think of under the pressure of time of an
incident. These procedures should, therefore, be used to the
extent that they are applicable and their imperatives

"do . . ." or "do not . . ." should be followed. Not using
them would be a very considerable human failure on the part

of the operators.
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Hence, in such cases the main role of the operators is to
determine that they do have a situation which is covered by a
procedure and then to use it--but always with open eyes and
alert minds to all possible deviations from the scenario for
which the procedure was written, a scenario with which they
must be fully familiar. For this somewhat restricted, but

still clearly definable role, the operators will have to be

trained.

There remain the--hopefully rare--—abnormal situations outside
the domain of the foreseen ones and outside the catalogue of
pre—analyzed scenarios for which safety systems have been
provided and for which extensive training has been given.
They have become a matter of great concern. If one of them
should happen, it would call for a typical human capacity:
man's capability to combine information before him by means
of his intelligence and to draw conclusions which guide his
actions. This specific human faculty has to come to bearing
more and more as an abnormal situation in an NPP differs more
and more from the normal or pre-envisaged situations and

becomes more and more what is finally called an accident.

Clearly, pure drill and adherence to prepared or even pre-
scribed procedures will no longer suffice under such condi-
tions. The operators on shift, including whatever informed
helpers will come in within useful time, will then have to

show how well their education, their training, and their
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experience have led them to understand the characteristics of
their plant and to know how they can make use of the
different systems which the designers have put into their

hands as tools to keep the plant under control.

The Kemeny Commission, in their report on TMI, expressed the
view that the accident had gone too far to be tolerable, as
it had put the operators at times into the position of exper-
imenters. However this specific event should be regarded, I
feel that wherever a situation in an NPP has developed which
is outside the trained repertoire of pre-envisaged scenarios,
the operators are inevitably in the position of experimen-
ters, who have to analyze the situation by themselves with
only partial backup by procedures, but still with the backup
of pertinent things they have learned during their education
and training. They have to devise the way to handle the
situation on the spot, correcting it, if need be, as it

develops further.

An argument that NPPs must be forbidden because their oper-
ators could get into the position of experimenters needs

discussion.

I would like to submit the following view on it: Usually an
experimenter in the laboratory expects his experiment will
confirm results which he knows fairly well beforehand, with

good reason in view of all he knows already about his domain
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of science and his previous experimentation. It is very rare
indeed that an experimenter makes a step into a fully unknown
field of possible events, be that on purpose or--more impor-
tant to our comparison here--unknowingly and by pure chance.
As regards NPPs, there have not been any events--including
TMI--which have shown that NPPs are operated close to fully
unknown fields of possible accidents into which one might get
suddenly and which might mean disaster.  So the label of
"possible experimenter" for the operators of NPPs describés
clearly and succinctly the third aspect of the role these
operators may have to play (but there is no reason why this
label should be transformed into the label "potential hazard-

eur").

However, just as inadequately equipped experimenters will not
be able to come up with good experimental results, it is the
duty of the designers of NPPs to design plants with basic
characteristics which can be understood by so-called normal
people, not only by supermen. They must also provide suffi-

cient and adequate systems as the operators' tools. The

operators may use them in "unorthodox" ways if a situation

calls for this and lends itself to such use, but they cannot
be expected to invent and to build new tools within a useful

time, at least during the dramatic phases of an emergency.

Tools are adequate only if they fit well into the "hands" of

the operators, i.e., only if ergonomics and like

302



considerations as well as their intellectual capacity are
taken into account. Adequate tools leave the operators
sufficient time to select them as needed and to prepare them
for use. A thorough drill in the use of the tools will be
necessary in any case, as this use can certainly not be

learned under the stress of the situation.

This third part of the role of the operators in an NPP, even
if in all probability it will never have to be played, needs
adequate general education, mainly for the upper levels of an
operating crew, beyond the specialized training needed for
the second part of their role. This third part would have to
be played spontaneously and with only the general guidance:
"pake what course of action you see to be the best, and
always watch whether you are still on track!" This clearly
implies transferring responsibility from the writers of pro-
cedures for pre-envisaged scenarios to the operators and to
their teachers. Taking over this responsibility needs a full
man's personality, a high degree of self-confidence without
presumptuousness and much stability--and here one comes back

to the question of selection of operators.

A FINAL REMARK

The nuclear community has long studied the safety of NPPs
intensively as a technical challenge without having an overall,
clear-cut, operationally usable definition of what "safety" is.

Nevertheless, the operation of NPPs has been remarkably safe so
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far. By analogy, I see no reason for there being any call to
stop the operation of all NPPs until all is known about the roles
men have to play in their operation, even if we have to admit
that at present we know much more about the hardware in the NPPs,
including the behavior of components under stress, than we know
about the "life-ware," i.e., the human beings, working for and in
them and during dramatic situations under stress as well. 1In
other words, we know much more about technology than about psy-
chology. If I say "we," I mean at least the technical people,
who are active in the nuclear field--and we have to make up for

this deficit by all means.
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APPENDIX

to the paper by P. Courvoisier

The following diagramme describes a model of the man-machine
relation in order to illustrate what is said in the paper. This

model is admittedly naive; everyone is invited to improve it as

best he can.

To the right is indicated the domain of all the hardware of the
NPP. Next to it is the domain of the "controls," comprising all
the electric, electronic, and electromechanical devices used to
make the hardware of the plant systems run correctly, along with
the sensors installed to get information on their states. The
flows of information from and actions on the hardware are indi-

cated by arrows.

The latter domain has a visible surface, i.e., the panels for the
instruments, indicators, and displays of all sorts as well as for
switches, buttons, etc. This surface serves the operators in
front of it as the medium by which they perceive the state of the
plant and can physically act on it. This surface, together with
its extension representing direct contacts between operator and
hardware (manual valves, e.g.), is the man-machine interface.
Close to it is the domain of ergonomics, frequently called "human
factors." Ergonomically well-designed interfaces promote a clear
and rapid perception of the situation an NPP is in and ease

timely and error-free actions to alter this situation in a

desired way.

305



such actions should be reflex, and must hence be programmed,

i.e., they must be learned through specialized drill. Actions of

this type are represented in the diagramme by reflected arrows.

Other actions need mental preparation before they are taken. I

see two broad groups of them:

One group of actions is intended to cope with pre-envisaged
events, up to and including design-basis accidents. They
follow patterns, which the operators identify from their per-
ception of certain key parameters indicating that one of the
pre-envisaged events is going on. The operators remember the
scenario for it and act, guided and aided by written proce-
dures, according to the imperatives "do. . ." or "do

not . . ." which these procedures contain. The operators have
to select the procedures appropriate to the scenario that they
have determined to be occurring. They should not act by rely-
ing on their memory alone throughout the whole course of the

event.

Specific training will suffice to lead to successful coping

with such events.

The other group of actions would be in response to unexpected

events which present elements beyond the pre-envisaged ones of

the first group. In such cases, the operators will have to
act in a creative way, using the systems they have at hand as

best they can imagine in order to bring the event under
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control. Procedures prepared for the above group of actions

will aid, but only partially.

Education so that the operator has a full understanding of the
characteristics of the NPP will be needed in order for him to

diagnose the state of the NPP correctly and to cope success-

fully with such (rare) situations.
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PANEL DISCUSSION

Ladies and gentlemen, I first applaud your endurance. I am
impressed that you are all prepared to stay on after such a long
meeting to hear what we have to say on "Man's Role in a Nuclear
Power Plant." To begin with, I should perhaps clarify what we,
the panel, mean by the term "operator." As a matter of fact, we
use the term "operator" in a rather wide sense. It covers every-
body who is in the control room or can be mobilized at a given
time to help in a difficult situation. So to speak, we therefore
include all the ROs, the SROs, the STAs, the PEs, and whatever
else there may be. Before starting, I should very briefly intro-
duce you to the panel. Starting from my left, there is first of
all Warren Witzig, Penn State (USA), followed by Walt Gronow of
NII (UK), Mr. Fechner of BMI (FRG), and going on to my right,
Madame Carnino of CEA (France), Mr. Alonso of Junta de Energia

Nuclear (Spain), and to the far right, Bob Smith of INPO (USA).

Immediately to my left is my colleague, Mike Stephens, and
my name is Stadie. We both represent the Nuclear Energy Agency
of the OECD. You will notice that there is evidently a prepon-
derance of panel members from regulatory and other national
safety authorities. This is in line with CSNI, which as I told
you during my opening remarks, brings together national safety

and regulatory authorities.
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In opening this panel, I should perhaps briefly tell you how
this meeting came about. The idea for this meeting was put for-
ward 2-1/2 years ago when CSNI held a special meeting after TMI--
if I remember correctly, at the beginning of June 1979. It was
at that time that Harold Denton and Saul Levine faced for the
first time their opposite numbers in other countries. Of course,
many interesting insights on the accident were exchanged then and
since, within the framework of CSNI, but what sticks in my mind
until today is what Dr. Courvoisier observed during the meet-
ing. He had noted that during the latter stage of the accident,
more nuclear professionals had aggregated in the TMI control room
than there exist in all of Switzerland. Therefore, there were
more experts in the room than he could possibly get to help him

in managing such an accident.

I mention Dr. Courvoisier here because we had asked him fo
prepare a thought-provoking paper, which was distributed yes-
terday, and which I hope you have all read. We hope that his
ideas will contribute to our rather lively discussion, which we

unfortunately have to conclude before 5 p.m.

I would like to begin by asking a very specific question,
which I am very keen to ask myself. A few years ago, Alvin

Weinberg put forward the notion that we would be obliged to

create a new technical elite, or as he called it, a priesthood,
to build and in particular, to operate nuclear power plants. My

specific question would be, "To what extent do you think this
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notion holds true today, with regard to nuclear power plant
operators?" Before you make your contributions, I should just
like to inform you that the panel is being taped so that we may

add it to the proceedings of the meeting.

Thank you. We will now turn to the other side of the

ocean. Mr. Alonso has asked to add something here.

Mr. Alonso

Well, when Alvin Weinberg mentioned priesthood, he not only
referred to the operation of power plants, but if I recall cor-
rectly, he was also referring to waste management. But anyway,
as the subject of this meeting is training and operation, we have
to take into account two particularities, two main characteris-
tics, of priesthood in really any religion. The first one is the
longevity of the institutions, and the second one is the dedica-
tion and the fidelity of the priests themselves. I think that we
all have to recognize that monasteries are run very well, and
that they can survive for centuries the many, many wars and the
many, many revolutions that have destroyed other human
organizations, including monarchies, democracies, and even, they
have changed the frontiers of the countries, and some countries
have disappeared. And still, monasteries have gone on living for
hundreds of years. Well, I am not advocating with these ideas
that nuclear power plants should be run by priests. But, really

when you visit some of these plants, and I can refer to two
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specific ones in Spain, the Zorita and Garona plants, which are
rather isolated, then you start to realize that the operating
crews are close to priests. They are living in a close
community; they dedicate their lives to the operation of this
particular plant; and they do really behave as priests, in many
ways. Well, if this is the case, and if this is the experience
they got from these two power plants in Spain, I believe that
there is certain sense in Mr. Weinberg's position, and I am going
to propose that the utilities, when they go out recruiting
people, one of the questions they may ask to the possible candi-
date  is, would you mind to become a priest and live and work in a
monastery? If the answer of the candidate is yes, I believe you

have good chances of having a good operator.

Well, I would just like to reiterate the position which
existed, exists in Spain to some extent, that in the very first
days of nuclear power, it was necessary to select, if you like,
the elite that the country could produce. But when one has a
large number of plants, when the world perhaps is going to depend
upon nuclear energy, the operator has to be a part of that system
and therefore has to be seen to be a normal person by the public,
if they are to believe that these nuclear plants are safe. And
therefore, to put in elite personnel suggests that they are
outside the control of normal people. I think that is a wrong
philosophy. So, I would say that Weinberg's comment was not
necessarily related to this particular aspect of the problem--he

referred, of course, to a much wider perspective of design, as
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well as operation. I think we have to be careful that we make
sure that operators are not elite, and in this conference, the
way in which I have heard the developments of operator training,
education, qualifications, leads me to believe that there are
some difficulties which exist with the design, which we ought to

put right.

Mr. Stadie

Thank you. 1Is there anybody else on the panel who would

like to contribute?

Unidentified Speaker

Just to reinforce here, as we all know that when we started
this business, we had to develop an aura of eliteness to get peo-
ple to join the program, because we weren't paying them any more
at that time. Now, we pay them more, ét least in our country we
do. We pay our operators avlittle more, so therefore that elite-
ness is not quite as required, but on the other hand, I might
point out that to get somebody to agree to be a nuclear power
plant operator, knowing full well the very difficult road it is
to get qualified in the first place, the very difficult road it
is to stay qualified in the second place, and working shift work

for innumerable years in the third place, you have to have some-
thing beside dollars to intrigue these, or motivate these

people. 8So, I am suggesting that we don't want to seem to make

too common, or they won't want to join this elite organization.
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Mr. Stadie

Thank you. I should now turn to the specific questions

raised by Dr. Courvoisier. As he sees it, the operator has three

main functions:

i) He observes the normal operation, which is probably a rou-

tine job.

ii) He has to react correctly to a number of abnormal situa-
tions, which the designers and the power company have fore-
seen based on their experience. For these situations,

procedures are developed on how to handle them, and the

operator has been drilled for these eventualities.

iii) Even before TMI and more so since, it was recognized that
situations may develop which may fall outside the catalogue

of pre-analyzed scenarios. How do you think operators

should be prepared for such a situation, and even more
important, what confidence have you that they will react

properly?

Madame Carnino

I think that the problem of what is in the scenarios, which

have been foreseen and predicted, is something very important. I

think we can rely on and connect these to the philosophy of the
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safety. We have designed the safety of the plants taking into
account the design-basis accidents, and then we have made scena-
rios from this. 1In this case, we don't always take into account
all the failures of the system or the components, and if we look
at the scenario that really happens in accidents or near acci-
dents, then we can see that you have a lot of occurrences happen-
ing at the same time in a given short time. I certainly think we
have to improve our knowledge about these scenarios and to know
more and to train people, but I wonder if exercising people on
these scenarios, which shouldn't happen very often, and if having
them train repeatedly too much on this would not lead the opera-
tors to prediagnosis--normal human tendency is to try to fit what
he sees, what we see, to some given information that we know
about. And so I think it is more a tool for creating a reflec-
tive approach by the operators and more, giving them what we call
a critical mind, which is something that is very important, and
that's the way I would think personally that these scenarios

should be used.

Mr. Stadie

Thank you. Are there any different views to be put forward?

Unidentified Speaker

I wouldn't dissent from the view. But I think it's very

important to realize the least reliable component in our system
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is probably the operator. Perhaps that is a sweeping statement,
but should we rely upon an operator as a safety barrier? I know
that question has been raised in this conference, should not the
operator be a redundant safety wvalue, and therefore whatever
training we can give him is thére to assist in, if you like,
cleanup actions where the system has gone beyond its design
parameters and not one in which he would prevent the system from
shutting down the plant or trying to deal with it in an adequate
way. Therefore, the need to train them in these scenarios is not
for the purposes of preventing the incident from occurring, but
it is for cleanup; it is for taking appropriate action, and,
therefore, we should ensure that really the operator is not
stressed in the immediate events, and I believe in that case this

hands-off principle is one which should be pursued in the design.

I would just like to add a small comment on that because it
seems, at least to me, that the statements I made with respect to
safety barrier in connection to the operator was slightly mis-
understood. It was meant, and if one looks into the paper I-get
that should be quite clear from what is written there, it was
meant exactly like this clean-up function. Because I am cer-

tainly convinced that in the first place, we have the design and

even the next and the third barrier should be the design; even
for the worst case one could imagine, even for a core melt, one
could probably do a lot more. The operator should be iooked at
as just some kind of backup function in case the event does not

take the preplanned course, which anyway has to be laid down or
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has to be the basis for the design one does, and for the first
case where it deviates from that and even the barriers won't do
what one has expected, then the operator should be capable of

taking the appropriate action. Taking them without being

stressed.

Mr. Stadie

There is apparently a consensus on this,

Let me just add one comment. I think man is a master of the
machine. Now, Dr. Courvoisier starts out and he gives us three
things. He says, 1) normal conditions--it would seem that we
could mostly agree that under normal conditions the plant should
run on automatic control. Man watches, man observes, mah moni-

tors, but the plant runs on automatic control.

This is in the future we're talking about--we're not talking

about today. It doesn't even do that today.

The second is the foreseen abnormality. Here, if it's fore-
seeh, it would appear to us thét automatic control again can
remain dominant and the one in charge. However, the scrutiny of
man obviously must be increased, because if it should deviate
from that pattern then move to the third, which is the unforeseen
condition, man is in charge. We have got to run it. So, I think’
the only place we can get into debate with that system is where

does one taper off, and where does the other start?
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Adm. Smith

I guess I have been operating nuclear power plants since
1956, and what I am hearing today is very interesting, but it
never entered into the picture before and not that it shouldn’t
have, but, of course, most of my experiences are in the Navy, and
the Navy has been operating plants since 1955 and has never
experienced a serious abnormality of any kind. The way they
train their operators is not to go through a bunch of scenarios
of what might happen and what could happen and all these far-out
situations. The Navy system is to make sure that their operators
are thoroughly, and I mean thoroughly, qualified on every single
system and watch station in their plant. And I mean every teeny,
tiny valve--every air line, every gauge line, so that when some-
thing happens, and it's a system abnormality, the operator stand-
ing in the control room has an immediate mental image of what
needs to be done and, in fact, can personally direct the opera-
tors to take, what he feels, is appropriate action because he
knows that plant. Now I have seen a lot of plants in the last
few years, commercial plants, and I'll guarantee you, at least in
this country, our operators do not know their systems anywhere as
well as the Navy people do, and if they were to take a Navy qual-
ification examination, they would not be operators. Now that
doesn't apply to every single plant, of course. I am sure that
some are better than others. But I will guarantee you that if
you walk around any of the plants that I have been in and talk to

the operators, you will soon find out that there is a definite
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lack of understanding of their systems and no manner of abnor-

mality training is going to overcome a lack of system knowledge.

Unidentified Speaker

I would like to add one further point to that. I would like
to utter some type of disagreement with this point--that nearly
everything up to those events which are completely unplanned
should be automated. And this would more or less meet with what
Mr. Smith said. The operator is, or has been driven in the past,
to a situation whereby extensive automation, his in-depth knowl-
edge of what is going on in the plant with respect to single
systems, has more or less been lost, and if we continue going on
that direction automating every single function, this in-depth
knowledge, this feeling for the plant, at least to my feeling,
will be lost. And I am understanding the initiative in this
NUREG 0-700, which has been presented by Mr. Stadie this after-
noon exactly in this context. It is not meant as an initiative
to even go further with automation; however, it is meant as, say,
an approach to step back, to analyze things from the beginning,
and to ask oneself whether it is really necessary to automate
everything and wouldn't it be better to have things back to the
operator, givevthem back to the operator, in order to increase
his knowledge and understanding of the plant, in order to make
the job more fascinating, so to say, to probably even increase
motivation, to get rid of some of the boredom, and only automate

those things which really go beyond his human capacities and

capabilities to handle them.
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- Mr. Stadie

Well, I see that Admiral Smith has something to add to this

topic.

Adm, Smith

Life is getting more complex. The Navy man doesn't have
somebody looking over his shoulder. He dbesn't have the com-
munity pressures except in his priesthood. His life is élto-
gether different aboard ship--altogether different. And at the
risk of being contradicted, the systems land based are more com-
plicated. Now, we're learning to fly in space, and we don't fly
in space the same way we flew when we were barnstorming in the
biplanes. We fly a great deal more by computer today. And it
just seems to me that we are talking about the fﬁture now--not
just today--I can't see us moving any other way than increased

automation, with man the master of the machine.

Charles Ehret

It is hard to contradict any of the things that have been
said. I think generally speaking the systems aré remarkably
inert--the machine and the man. And when we plug into equations
or what have you, human.error prediction equations, we sée that
we are doing remarkably well. But, we have so many plug-in

per formance-shaping factors and things of this sort that can
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influence it dramatically. Now Bob Smith's point about qualifi-
cations is very well taken. And yet we almost lost the limits
recently. For two reasons--drugs and bad shift schedules. And I
think from the point of view of this man, the thinking man of
which our German colleagues have been reminding us, we have to
have this thinking man there. I didn't have time in my presen-
tation to indicate that one of the manifestations of this state,
the transient in our own head, is retrograde amnesia. That was
surely one of the manifestations of the man landing on the moon
and landing in Mexico City. So these rare, rare events which we
are now working at, it's remarkable. They're still ahead of

us. And we say which are the largest ones, and I would say man
and his error-proneness on account of many of the things which
constitute our very nature, are things to focus on. If this man
is, in fact, performing very well and is very well-qualified, but
he suddenly finds himself in such a state as I described a while
ago, any one of us, at such a time will perform badly. You won't
know your telephone number; you won't know your middle initial;
you won't know any of things you are well-qualified for, and
surely we must focus on many things that are your own specialties
here. But this is one that is at the forefront, and it is at the
forefront of this priestly character that we talk about--this

dedicated character.

Mr. Stadie

Is there any other comment to this question?
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Robert Carlson

It is very interesting to note, that in fact, man is error-
actuated. 1In 1954, at Sydney University, we got from our pro-
fessor of electrical engineering a definition of man. And this
says that man is the most complex, non-linear, electrochemical
and mechanical, error-—-actuated, negative feedback servosystem
that is capable of mass production by unskilled labor. When you
add that element into the equation, and you overlay it with all
the emotionalism and all the things that have happened, and par-
ticularly the remarks of our speaker here on the biological side,
I think this is one of the most important elements in under-
standing how he will perform, particularly when his adrenaline is
pumping ét about 10 times the normal. And this is the situation
that we have really got, and he is one objective in the safety
exercise, which might be in conflict with the utilities exercise,
to keep that fuel cool. And if he does exactly that, he has
achieved his safety objective and really, if you look at the
reactor in its most simplest terms, all we need is a thermo-
couple. But we don't have the guts to put just a thermocouple in
it. Because man can't design his equipment reliably enough. But
can I make just one quick quotation about human communications:
"I know that you believe that you understand what you think I

said, but I am not sure you realize that what you heard is not

what I meant."
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Mr. Stadie

-Are there any more comments regarding the three levels of
responsibility of an operator and his back-up expertise in the

control room?

Unidentified Speaker

I am not sure whether it is a question or a comment to
Mr. Smith. But, I suggest that if the civilian nuclear program
had the security system of the U.S. Navy, we wouldn't know about
Three Mile Island either. And I agree that the plants are so
complicated and are very hard to get into them to learn those
systems when you really, I think, can't afford to shut them down
and there's no port time when people can crawl through the pipes
and things--they have a much more difficult situation than the

Navy. We have to solve it somehow. They need to know it.

Adm. Smith

Bob, a quick response, if I may, because as an ex-Navy man
yourself, you may be restrained. Very often, we tend to reach
for the conspiracy when none exists. We find it somehow, in our
human nature, to believe that we can explain things that either
work very badly or work very well. I worked for the Navy for
some 12 years under Rickover, and it was perhaps one of the most

productive and most exasperating experiences I have ever had.
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But I can tell you that there was one thing that came through
throughout all of that experience, and I had a good number of
them in the very early days. While what we were doing was class-
ified, at no time was there any attempt to conceal, in any way or
any manner, any equipment or personnel behavior operation what-

soever. It simply wasn't done. There was the concept of

integrity.

Mr. Stadie

Perhaps, if you don't mind, we will go on to the next ques-
tion. Dr. Courvoisier has stressed in this paper that what we
need from nuclear power plant operators is that they are "full
human persons." What do you think is the best way of selecting

and training people to become full human persons?

Dr. Alonzo

Our discussions these two days to an outsider, in my
opinion, could have given him the impression that we are asking
for close to Nobel prize winners to run our power stations.
Well, this is, of course, an exaggeration, but probably our
intentions and also our needs will call for a high level of
excellence. There is no question in'my mind to that point. We
all have to remember that nuclear reactors have indeed been run

by Nobel prize winners and by outstanding scientists and out-

standing engineers in many countries. I believe the first and
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best example is perhaps Chicago Pile number one run by Enrico
Fermi. But I will go on to say, I dare to say that probably
Enrico Fermi did not run their reactor only because he was a
Nobel prize winner, but because he was also very well-treated.
His mind was very well-treated to experimental work. And also
because he was able to motivate his team well beyond other
things. I really believe that perhaps the Fermi example sets the
pattern for our reactor operators in just the expressions. The
first one is that the operator should have technical and scienti-
.fic competence. The second is that they must have natural skills
to manipulate machines, and the third is that they will have to

be mentally suited for accepting and performing the work.

Mr. Stadie

Thank you. I do not think there will be any disagreement

here.

Warren Witzig

I am no more qualified to comment than the fact that I am a
parent, and I have just been around the earth for a few
decades. It seems to me that one of the things we don't do today
as well as we could is establish the kind of reward system, the
kind of thing that Bob was talking about earlier, or Alonso was
talking about with the incentive, the teamwork, the motivation;

it seems to me that we can do a lot better on that front, and
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there are obviously some changes underway today. But we have got
to aO‘much better in that area. What is it that makes indivi-
duals feel well satisfied with their job, with what they are
doing? 1 think there are a few things that Alonso has mentioned
and maybe one or two others. We want to be loved. You may laugh
at that. But we want to be loved. We want to feel that we are
making a contribution. We want to have a high quality of life
and eat, drink, and be merry. These are all very human charac-
teristics, and I think that as we reward reactor operators with
these kinds of attributes that are associated with their job, we
are going to get better and better operators. We need more women
in the nuclear business. You know that in the entering freshman
classes of ﬁuclear engineering across this country, about 20
percent of the entering freshman are women. And when it comes to
graduation time, it is only about 10 percent. They go off into
other pursuits--business, etc., and I think that is a very

detrimental sort of thing. I think this is one of the things we

have got to fix in this whole matrix.

Unidentified Speaker

I won't add any comment to that. I was just thinking about
something else. I don't know if there are any operators in this
room and especially having followed the two and three days now of
this conference, but I would like to know what they think of the
way they have been treated here, and if they are still willing to
be operators in our nuclear class. I would like to know about

that. I don't know if there are any in the room.
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Butch Colby

My name is Butch Colby. I am the manager of Power Opera-
tions for Singer-Link, and I received my senior operator license
at a utility in the midwest. I have attended, in the last three
years, some of these conferences, and most of it has to do with
operator training and what have you. I think that the thing that
I find most fascinating about this is probably the lack of opera-
tors at these conferences, and I think possibly that this is

something that you, on the panel, should address.

Unidentified Speaker

T would like to add a few remarks along the lines of being
loved or more neutral, being accepted. I guess what one has been
addressing already through this conference was the acceptance by
the management, in terms of positive feedback, of what he is
doing. One could as well look at acceptance in terms of public
acceptance, and in this area, a lot remains to be done. And, he
has to be accepted by the regulatory authorities. I want to say
that because I am coming from that side of the fence, and I guess
we have done not too good a job during the recent years by impos-
ing, so to say, all the requirements and ever more detailed
requirements on the same kind of person; this has, at least in
our country, led to some kind of considerable demotivation, I

would say. We have contributed to some extent to many guys not

being very willing to accept this responsibility any longer.
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Unidentified Speaker

We had a chief executive officers conference at INPO about a
month ago, and one of the subjects that came up was this very
subject--how we motivate, and how we can keep operators happy.
And this public perception business was the major thing that the
chief executive officers wanted to talk about. In some parts of
the country, it was rather bad that the families of fhe operators
were, if not harassed, certainly ignored and not accepted
socially in the community in some cases, which made it very
difficult for the individual to stay in that business. You know,
day after day, year after year, when his family was somewhat
isolated from the local community. Now, I realize that this is
not the case in every community, and it certainly is not the case
where the communities are larger and people melt into the popu—'
lation. But in some of our reactor sites that are fairly well-
isolated, the communities are small that serve that area, and we
need to do a better job of public relations to make sure that our
operators are accepted by the community and are looked up to as
professionals and not looked down at as something carrying radio-
activity around in his shoes or something. That scarlet letter A

in Hawthorne's novel stands for atomic, not adultery.

Unidentified Speaker

Seriously, for a moment, the Sunday after the TMI accident,

when I had been up with my friends and the rats working all night

330



with a pair of graduate students calculating the fission product
inventory in Three Mile Island-1l, we dug out a code and you know
how we do that and walked down the aisle in church, and as we
passed one "friend" the remark was made, "Now there's the guy who
is causing all that trouble down there." ©Now that's not a kind

of friendly way--suppose you are the operator. Here I am, 150

feet away.

Mr. Stadie

I guess that is a recurring problem at any nuclear confer-
ence. Public acceptance is a stigma which many of us have lived
with for a number of years. I think one could say a lot about
this, but I think this is probably going a bit beyond what we are
trying to discuss here today, and I see time is mercilessly run-
ning forward, so let me come to another question which is very
brief, very short. What is the best way to reduce operator
error? And then, some of the panel members asked, how can we
measure it? Very simple, very straightforward, and probably very

difficult to answer.

Madam Carnino

I think, from my personal point of view and from being a
nuclear engineer for many years, we are at the stage where
reliability assessments were about 10 years ago. When we per-

formed our very first reliability studies of systems in nuclear
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power plants, we found some weak points--some problems due to

systems and equipment. What did we do then? We improved our

ways of dealing with these failures of components, and we know
now how to technically design a good system in order to improve
its reliability, and this means, at this time, we had dominant
factors. Now we have moved forward. We know how to do it. So
we think now that these reliability problems have been solved, or
we know how to handle it. Now we find that having decreased
these problems, we find that the human beings and the human reli-

ability is a very important factor.

Because, we have decreased the other one. And I think we
have to analyze the causes of the human errors, or so-called
human errors. 1It's not very obvious, but sometimes we find the
real causes. And we have a tendency to say that it is a human
error, especially in the execution and action, but sometimes we
could explain it by a bad design, by other design errors, bad
procedure, bad physical inventory, and so on. And if we find
such causes, then we can find engineering solutions without
having to adapt the man to the machine we have designed. I think
this is something perhaps that we have not discussed much here,
except this morning. I think we can address, at the same time,
the design problems and see if we can decrease the error rates,
the human error rates, in this way, and then perhaps we'll find
that we need a much more detailed and refined training. But I
think now the training shares the causes of human errors as well

as design errors and all the other factors that have existed.
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Unidentified Speaker

I think that is a fairly comprehensive coverage of the prob-
lem. All I would say is that the operator says we have to live
with the design mistakes and have to accommodate those design
errors. It is a question of the feedback, and I think that what
has been said about analyzing causes of operator error and that
feedback, but of course, they will feed back into new designs,
but I think one of the problems is the multiplicity of designs.
Again, we come back to this problem of should plants be standard-
ized and if benefits that can be derived from feedback can then
be applied to standard plants. Certainly, there needs to be a
much greater exchange of information, a better method of analyz-
ing operator error, and one would hope that the international
community can achieve that with the work that is being done by
working parties, such as those run by CSNI. But I think opera-
tors do have to live with design errors, and it's a question of

feedback and the process of improving them.

Mr. Stadie

If there are no more panel views, I should like to open this

briefly to the audience.
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Ken Elston

I am a station manager, but I think I am an old operator
because I have operated many nuclear research reactors, as well
as power plants on hands-on. What I would like to comment on is
that I have heard an awful lot at this conference on operator
error. There is another side that you should look at. We talk
about automation. Our plants are very automated. But, I can
confidently say that our production is much higher and our safety
record is much higher because of the present operators and the
actions that they take. 8o, I am concerned that people are talk-
ing about emphasizing operator error to the operators and maybe
making it such that the operators will be very concerned about
taking theée actions when it must be 100 to 1 that they help

production, and they help safety.

Mr. Stadie

Maybe we should end up asking what role could the simulator
play in the training of operators, particularly with regard to
what Dr. Courvoisier described as the "third level of respon-
sibility by the operator." Again, I speak here of the operator

in the broadest sense.
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Unidentified Speaker

I think it is clearly obvious here that the simulator has a
large role to play in the quantification and training aspect of
commercial nuclear power. I think the one thing we have to be
careful about is, and it was pointed out several times today,
that the simulator certainly cannot answer all of our ills, if we
have ills, and I don't think we should anticipate or expect it
just becéuse you have a site-specific simulator that you use,
that you are necessarily solving your operating problems, even in
a retraining situation. And getting yourself a lot of canned
scenarios that the operators soon memorize, you may not think
that they are very bright but they pick up those in a hurry, and
they can just almost spot when one of these things are starting,
even if you try to mix them up a little bit, there are only so
many things that you can really do, and there are just so many
things that the trainers are capable of entering into the simu-
lators, not just because of the simulator, but because of their
own mentality. There is a cerfain mind-set that we get into on
this training. So, I would just like to say that having been
brought up where simulators were a no-no in the world that I was
brought up in, and realizing how much they are required in the
commercial world, I think we have to be very careful that we get
the most out of them but not really anticipate.or expect that
they are going to be even the capstone of our training program.
I still would like to emphasize that solid system understanding,
qualification, to my mind, is just as important as being able to

run through some scenarios on a simulator.
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Unidentified Speaker

I am not really going to talk about simulators. I am going
to talk about another device, which in my opinion, is also very
important for training operators. That is training reactors.
There was a time‘a long time ago when a lot of small reactors
were just built for training people. And here in this confer-
ence, we have been emphasizing simulators, and there has been a
couple of papers or three papers and enough people, and also
Professor Witzig mentioned his reactor and maybe some others. I
believe that these reactors are very important for training peo-
ple, because they are very close to reality. And if you look at
the pattern that pilots operate certainly in their training, and
I remember now one paper presented by a captain of Lufthansa in
Stockholm who mentioned training in a small plane for a pilot is
a must. So I believe that we should also emphasize using small
reactors, and it seems to me not enough development in that area

has taken place.

Unidentified Speaker

I couldh't endorse the previous speaker's point more. There
is a difference when a man knéws that he is operating a bunch of
————— , or whether he actually has control of radioactivity. You
can sense it when you watch him in each circumstance. If I can
add, just for a moﬁent, the role of the simulator not perhaps in

the abnormal as you ASked, Mr. Chairman, but in the other
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conditions, there are few universities that are going to be able
to afford the five to ten million for simulators. So the concept
simulator limited is very useful, and also I make the plea for
those utilities to share with their neighboring universities some
time on those simulators in the course work. It can be done; it
has been demonstrated at several universities in the past year

and it is very, very productive.

Mr. Stadie

I had hoped that there would remain a few minutes at the end
of the panel discussion for anybody to ventilate any point which
he felt needed to be made. Unfortunately, time is rapidly run-
ning out, and there are only one or two minutes left. 1Is there

anybody who wants to make one final comment to this panel?

Dr. Alonso

I have been talking so I am very ready to give the floor to
anybody, but since this is not the case, I would like ta talk a
little bit about interaction, and to me interaction is a very
important thing. It not only concerns what is called the man-
machine interface or the man-machine interaction but it is a very
broad field, in my opinion, because there is a link going from
let's say the highest authorities in the country to the
electricity consumers and this link passes through the operator

onto the machine that the operator is handling. And this is very
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clearly the case, and it was demonstrated very clearly in my
opinion in the case of TMI. So, when you talk about inter-
actions, you have to consider that the plant interacts with the
site and vice versa, the site interacts with the operating crew
and vice versa, and that the electricity consumers interact also
with the plant operator. Probably one way to reduce human error
is to do a study of these interactions because, after all, human

persons are put into the chain.

Mr. Stadie

Thank you, Mr. Alonso, for concluding this panel with this
rather noble perspective. I am afraid that we now have to close,

and I can only voice my regret that we cannot go on, although I

am sure there are many other aspects we could discuss here.

I should like to thank the panel members and the audience
for their lively participation in this exchange, and I turn over
the microphone to Bob Smith of INPO, who has been the vice chair-

man of this meeting.

Adm. Smith

Thank you. I have two administrative announcements. I want
to remind you that for the tour to the McGuire Power Station
tomorrow morning, the busses leave right outside this room, these

doors, right outside in this driveway at 8:00 in the morning.

338



However, they will be available at 7:30, if you would like to
come down and put your luggage in the busses early and get rid of
the baggage when you check out. There will be one of the busses
that will be marked "airport," and what that will mean is that
immediately upon completion of the tour, it will leave at noon
directly for the Charlotte airport, for those of you who might
want to catch a plane. I think the bus will be there no later
than 1:00. One more announcement is that we will obviously have
proceedings of this meeting, and as I understand it normally the
attendees will get a copy; however, I think when you make a
printing like this, it's almost as cheap to print a few extra
copies, so if any of you would like to get some extra copies, if
you will just leave your name and the number of copies you would
like on a tablet that Karen has in the back of the room on your
way out, I will see that you get some extra copies. It might
make it easier for you to distribute these results within your
own organizations, if you have extra copies, and certainly, like
I say, if we are going to print 100, we might as well print 500,
because the paper is cheap--it is the setup that is expensive.
One more thing--I think that I have had several remarks made to
me, and I am happy that this conference was run very smoothly,
and I would like to ask the people who have provided the oil for
the smooth operation to please stand up, and I think we can let
them knoh what our approval is. Of course, we had Mike Stephens,
Ron Wilson, Pierre Lienart, Karen Rawley, Candy Nunneley, Barbara
Trott, and the three young ladies from Duke, Barbara Thomas,

Nancy Demuro, and Delilah Suggs. Will you people stand up please
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so we can see who you are? And now, on behalf of Joel Kramer of
the NRC, and Dennis Wilkinson from INPO, and of course, Klaus
Stadie from OECD, I declare this meeting adjourned, and thank you

very much for your participation.
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