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I will begin with some items of current interest.

(Items of current interest were discussed off the
record.)

DR. REMICK: Those are the items of general interest

this morning. We will move then to our first item on the

agenda this morning, anda that is the human factors research

needs, and the person who is handling that is Dave Ward, the
person who suggested that we have this information briefing on
the National Academy of Sciences study. Dave?

MR. WARD: Let's see. Everyone isn't quite here
yet. So here is Hal. Now we can start. Maybe, could we just
take a five-minute pause until we get--

DR. REMICK: Five-minute.

(There was a brief pause in the proceedings.)

DR REMICK: I would like to reconvene, and I turn
the meeting over to Mr. Ward, on human factors research.

MR. WARD: I just want to remind the Committee of
where this has come from because we had a hand in it, getting
this effort started a couple of years ago.

You may recall that several years ago, the NRC
Research Office had a program in human factors which gradually
died out. In Chet's research reports, we complained about it
every year for three or four consecutive years. A couple of
things eventually happened. One was that the National

Academy's panel drawn together to give the NRC some advice on
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the general topic of research, the so-called--headed by Bob
Frosh, had as one of its recommendations that a program in
human factors research be, waz importart and should be
restored.

The second thing that happened was that the, really
through initiative on the NRC research staff which we endorsed
with a letter, the National Acacemy and the National Research
Council was asked to put together a panel toc study the, more
specifically the need for research in the area of human
factors for the for the NRC and the nuclear power industry,
so a couple of years ago a panel was put together. The
chairman of the panel was Dr. Neville Moray, who is our
speaker today, who was then with the Department of Industrial
Engineering and professor of industrial engineering at the
University of Toronto. He has since moved to Champagne,
Urbana and the University of Illincis, and I think the
football team anyway is a little bit better in Illinois than
at Toronto, although not much, although alumni can't--it
doesn't seem to have much of a recexd, so I don't think those
were his reasons for going to Illinois.

But anyway, the panel labored over the course of
eighteen months or somewhat longer I think, and has come out
with its report. The report has been published. I think Dr.
Moray has given a presentation on the report to the human or

ts the NRC staff management or at least the resesrch

HERITAGE REPORTING CORPORATION ~~- (202)628-~4883
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management. Eric Beck George seems committed to develop the
new program in human factors research presumably using this
report as guidance fo: *hat. Neville has come here today to
spend about three hours with us giving us a summary of the
report. I think you will find that he will be a very
knowledgeable 3néd interesting speaker on the topic and he is
prepared I think to interact with you and answer questions as
we go along.

He also plans as I understand to give a similar
report to the commissioners. I think that is scheduled for, I
don't know if it is for April or perhaps May.

We also have here Dr. Harold Van Cott from the
National Research Council, who is the staff director of this
program, and a major participant ir the study.

Let's see., I was--just one other little thing. I
was a member of the panel, kind of a minor member. I didn't
really make an awful lot of input, but I was interested in
what was being done, but I think that procbably must disqualify
me from doing something. I doen't know what. I am not sure,
but under out rules I think there is something I can't do. I
haven't figured out what it is, but I am just telling you that
in advance. Some conflict of interest; I can't figure out
what interests there are.

DR. SIESS: HNect financial anyway.

DR. LEWIS: There really is no conflict,

HERITAGE REPORTING CORPORATION -- (202)628-4888
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DR. REMICK: I think he is just informing us he was
a member.

MR. WARD: Yes.

DR. SIESS: You would like an apology!

DR. LEWIS: There is no conflict, just that we can't
give any credence to your judgment about the quality of the
effort, but that's our problem, not yours.

MR. WARD: Okay. I don't think there is anything
else then, and so at this time, I will ask Neville Moray to go
ahead with his presentation.

.. REMICK: I will put in a little commercial that
the Human Factors Subcommittee will meet on the 28th of this
month to ceonsider the NRC human factors research plan.

DR. SHEWMON: Where?

DR. REMICK: Here.

DR. MORAY: Good morning, ladies and gentlemen, and
thank you for giving me the opportunity to come and present
the results of our work to you.

I wasn't aware at the time of Dave's strange beliefs
about college football, but we will forgive him that. Maybe
that was the reason he didn't get to meetings, trying to drum
up some sort of support for the teams that he supports!

I would like to begin by thanking the Naticnal
Research Council staff for their support, particularly Dr. Van

Cott who is here this morning, and his predecessor, Stan

HERITAGE REPORTING CORPORATION -~ (202)628-4888
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Deutsch, who gave us enormous help. Alsoc Beverly Huey who is
here this morning is my co-editor who worked heroically te
produce the report and spent the last few weeks working on it
with a fever, a high temperature and driving in and out of
Washington every day in order to work on it, and I think she
deserves the highest praise for the final presentation of it.

I would also particularly like to thank the people
at the NRC for the support they gave us, tom Ryan and Dan
Jones in particular who gave us all the assistance that we
asked for at every point.

The panel which was convened--by the way, let me say
once that if you want to stop me at any time and ask
gquestions, I would be very happy. I prefer in fact that
format rather than for me to run on until the end and for you
to ask me questions. Please break in at any moment.

The Committee, as the panel, as is characteristic of
the National Research Council, was drawn from a wide variety
~f disciplines because it was felt that at the peginning that
there was a heavy tendency for human fa~ztors to be thought of
as something in control rooem design. Particularly following
the events at Three Mile Island, we felt that that was
inadequate definition and that we had to cover a much wider
variety of disciplines.

There is plenty of suggestion that major problems in

the management and operation ¢f nuclear plants occur in,

HERITAGE REPORTING CORPORATION -~ (202)628-4888
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management organizational facters, relationships with the
regulators, and that end, and right down to certainly still
problems with control room design, and therefore, the people
who were, drew into the panel included everything from
sociolegists and economists up to nuclear engineers and people
whe had been on the executive of a power company. They worked
extremely hard, and I consider it a privilege to have been
able to work with that group. I was most impressed.

We were given very short briefings by NRC to begin
with, two-day briefing. We were able to take the panel to
Three Mile Island, visit the, both the plants to introduce
those who had not been in the, had anything to do with nuclear
work before, which I think was alsc very valuable. Of the
panel, about eleven out of this group people had in some way
or other been connected with work te do with the nuclear
industry in the past. Some had been actually working in the
industry, as for example Ed Smith. Some had been working in
universities or research institutes, both in this country and
abroad such as Rasmussen and myself. Some had been
consultants, so the majority had experience at some level or
other of nuclear industry, and the few who had not as I say
were put there for their particular skills and were very
quickly I think able to appreciate the major points.

Our charge was to identify study areas where

there had been inadequate attention paid and where more work
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needed to be done. We were not charged, expl’ :itly not
charged to do a critical review of NRC's past work, but to say
where we thought future research still remained, and that is
the reason for the particular emphasis in the final report.

Implicitly in some things we write in the report
there is criticism of the past programs of NRC. That is
inevitable, and I don't think any of us feel we have to
apologize for that, but cur main concern is that if there is
to be a viable nuclear industry, there is still research that
needs to be done on human factors in order to increase safety
and to ensure that both the objective safety of the operations
are increased and also that it is seen, that the public's view
of the industry is one which accepts that safety as being
improved,

MR. EBERSOLE: Let me ask a question. TMI was a
case like many others where there had been investigations and
known deficiencies which would have led to the precise
accident that occurred, and there were many other--

DR. REMICK: A little bit louder.

MR. EBERSOLE: There Davis-Besse was a succession of
these things where to a greater or less degree the situation
exists to cause the particular thing to happen, yet there is,
it is impossible to get a reaction from the technical
community at large to fix this until something happens.

Are you going to get into the roots of why this is

HERITAGE REPORTING CORPORATION -- (202)628-4888
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so?

DR. MORAY: You will see that some of the
recommendations we make for research is into how to improve
what has come to be called cultural reliability. That is, to
try to get an understanding of how either through regulation
or through persuasion, management and organizational forces
can exactly tackle that problem. It is clear that there is a
resistance to change unless very strong and probably usually
either ecconomic reasons or regulatory pressure makes people do
it.

We would like to feel that something rather more
than that could be done. Yet, certainly we are asking for
research in that area. We don't know the answers, although
there is a large amount of research in industrial sociology
which is relevant to that.

MR. EBERSOLE: Thank you.

DR. MORAY: It is also interenting that I recently
received actually from a nuclear inspector in Britain a
document ¢ the tolerability of risk for nuclear power
stations which they jus. published which is meant to be a
document which came out of the S5izewell B inquiry, and this is
a public document to explain to the public at large what their
attitudes about risk assessment are., And in that, there is a
section where they also come out strongly along the lines that

there are major problems in management and organizational

HERITAGE REPOKTING CORPORATION -~ (202)628-4888
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control as a source of of problems. I think--1I am interested
to find that although it is not written for the same purpose,
there is a lot in that document which is exactly along the
lines that we have suggested.

MR. EBERSOLE: 1 see.

DR. MORAY: The Canadians alsc I think are thinking
the same way.

(Slide)

DR. MORAY: One useful place to start from is to
look back at the history of the NRC's research program up to,
up to the time that the program was effectively cancelled (wo
or three years ago.

There certainly has been an extensive amount of
research which they have done. The bibliography in our report
is quite extensive. I think it runs to rather 150 entries,
and we did manage to look at the NRC's publications, NUREGs
and NUREGs CRs. There are somewhere around about a hundred,
between hundred and 125 publications which have come out on
human factors, and by topic they are broken down approximately
as this list shows. The numbers don't add up exactly because
clearly some of the papers, some of the ressarch reports can
be catalogued under different headings, but it is interesting
to see where most of the work has been.

Clearly displays and SPDS has been, had received a

let of interest. That represents the response to TMI in terms
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of looking into the design of control rooms and trying to put
that right.

Performance qualifications and licensing has
received a lot--and of course, the outstanding is human error
probability in PRA. Now I will come back to that later on
because we do have some fairly strong feelings about research
in that area.

Briefly, we think that it is very understandable why
so much effort has been put into this, but we don't think that
research, further research into estimating the probability of
human error for PRA along the lines which has been done so far
is worth doing. And I will come back to explain in more
detail later on, but I think this is perhaps one of the more
contentious things. It is something that was said in an
earlier program when the Human Factors Scociety proposed a
research program, and I will leave that now, but I will
certainly come back to it later.

(Slide)

DR. MORAY: The panel met, as Dave said, for
approximately eighteen months. We received briefings from
many organizations. We received written communications from
nuclear power plant operators, and within our timeframe, we
have tried to do as thorough a job as we can. Now as you will
see in the report, we have deliberately excluded certain

topics, largely bacause of time.
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We have not locked into human factors of waste
management, We have not looked into the human factors of
security and say anti-terrorist activities or anything of that
kind. We felt that there was, we would not be abl: to do a
thorough job if we extended our work that wide, so we are
strictly looking at the operation, management, maintenance of
really current power plants. We discussed whether we should
consider future developments in the next generation of plants.
We decided not to do that for two reascns really. One is tlat
it is extremely difficult to guess where technology is geing
these days. It is changing so fast, that if we tried to guess
what the human factors issues would be ten years down the rcad
on the assumption that a new generation of plants is going to
be built, it is highly unlikely that our recommendations would
have any degree of reality at all.

MR. EBERSOLE: From your basic charye, the panel
charge, and from NUMARC, it would appear you have to operate
on the presumptive basis that the operators are handed a plant
which is designed properly in the first place.

DR. MORAY: No. As you will see in the report, we
say that certainly one sense you can give to the word human
error is error in initial design.

MR. EBERSOLE: You have that within your scope?

DR. MORAY: It would have been within our scope. We

decided not to, as 1 say, look at that with an eye to future

HERITAGE REPORTING COFPORATION -- (202)628~4888
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design.

MR. EBERSOLE: I am talking about past and existing.

DR. MORAY: Yes. I don't think there would be--it
is difficult perhaps to see what kind of research you c¢ould
now do on the current design efforts because there don't seem
to be any. The design process I think is not well understood.
I mean the nature of engineering design is not well
understood. There is research going on not particularly in
the nuclear area about, a lot of research going on here and
there on designs such as to support engineering teaching in
universities, and I think it is worth looking at that.

One of the points we are going to make is that you
can really look at research in different ways. There is
highly specific research which is directed at particular
problems for the nuclear industry, and it is obviocus that kind
cf research should be dcne.

There is also research on generic topics,
fundamental research which is nOt.being directed immediately
to the nuclear industry, will relate to problems which are of
importance to the nuclear industry simply because they are
important to many otner industries as well. For example, the
causal model of human error which is nothing particulacly
specific about nuclear, and finally, there is the question of
transferring of existing knowledge. The research there is

sinply a matter of research on how to do it, how to make it
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more effective. So yes, we certainly feel that in so far as
humans do design and they do construction and they do
cperation, they do maintenance and they do management and they
do decommissions which is another thing we didn't look at
specifically, all tnose areas are areas where if you can
reduce the irmpact of human error, you will by definiticn
improve systems safety.

I think when we, there was one point at which we had
an enormous shopping lisr of research topics. It was
considerably, it wes considerably longer than the one I just
showed you of .he work that the NRC has in the past done, and
we felt =.en we were advised at that point and what we
discussed at great detail, if we were to be of the c.szatest
assistance to NRC in choosing a research program for the next
few years, it was important not simply to list everything that
we felt needed research because that runs perhaps to getting
on for between 50 and a hundred topics. {t was more important
to identify a relatively small number of topics which were of
greater urgency in the sense that we really felt if they had
to choose, these with the ones they shou’'d work on over the
next three years. In deoing that, they would naturally begin
to find out other topics and the program should pe
self-sustaining at least from the point of view of questions.
Financing, of course, is another mattar.

So what we have given «n the reporc is a relatively

HERITAGE REPORTING CORPCRATION -~ (202)628-4888
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shn.t list of topics, but these¢ are the ones which as I =ay,
we think the NRC should immediately act on.

We have not discussed how mwvch money should be
spent. We don't think that's ouy, that was the panel's
probl m. Tpnat is a problem of management for NRC It is
their problem to decide how much money they want to spend on
it ia the light of their budget in the sare way that
ultimateliy they have tec decide which of tne topivs get top
priority and also how they are goiaug toc manage their overall
research.

Now we have talked in thz report at considerable
length about two tepics. ©One is the nature of huran factors,
and the other is what we mean by systems appr.ach.

Human fa.tors is clearly still not understood really
ry éngineers although it has beccme I think better understood
in the last few years in the nuclear industry. and I must say
I thir': due to NRC's efforts, perhaps because they have forced
the industry to take some notice of it through things like the
detailed control rrom design review.

I ar impressed by the extent to which the industry
has responded. There was an ANS topical meeting about
eiagiiteen :onths age, and I was quite interested. I went to
that zeeting., and I was puzzled why I found the papers rather
voring, ana toward the end of the mezting, I realized that the

re~son they were boring was tha. nobedy was arguing about
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anything and that what I was listening to were engineers now
talking about a certain aspect of human factors such as task
analysis as if they took for granted these were good things to
do which was a marked change from say three or four years
prior to that at Myrtle Beach 1 and 2. I think the message
has been getting across. Whether it has been getting across
to management is another matter, because ultimately it is a
question of investment.

Now regulators can force an industry to respond to
safety issues whether the industry likes it or not. We feel
and we have said at one peoint in the report that in fact, by
and large, a safe industry is probably a productive industry.
Inscfar as you can keep the plant up and running, it is
actually going to be profitable to be safe. You can reduce
human error. You will reduce the number of shutdowns, reduce
the number of shutdowns. You reduce stress to the plant, and
obviously you keep generating electricity for efficiency, so
the industry actually in many occasions I think it should be
possible to persuade the industry and management that actually
it is not merely cost that goes into the kind of things that
we are suggesting, but it actually will improve their
profitability. That is always difficult to show in a detailed
way.

There are cases where specific, specific cases where

you can point at very large savings as a result of fairly
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large investments in human factors.

So we have gone to some trouble in the report to
spell cut the nature of human factors as we see it,
particularly to make the point that we want to extend human
factors to include things which usually come under the helping
industrial psychology or sociology of organizations and
mAanagement.

The reason is that we support very strongly the idea
of a systems approach. Now the phrase systems approach is, of
course, one of the things that everybedy believes in and
everybody knows it is a good thing, and we all ought to think
like that, particularly complicated industries and complicated
processes., We want to give it a bit more coherent
description, definition than that, and this picture which
comes from onec of Shikiar's report who is, he was on our
panel, points to what we mean.

One can think of any large industry complex, high
technology industry, in the form of this sort of onion-shaped
diagram. In the middle, you have the technical engineering
system. That's the hardware. That's the plant itself, the
control room hardware, so forth.

Outside it you have the personnel sub-system and the
interface between the two at A is the place where most
conventional human factors has been done, namely, the control

room/human rachine interface design in the control room, and
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there is absolutely no doubt that getting that wrong will
cause a great deal of trouble.

There is a rather nice phrase that a friend of mine
introduced a few years ago called cognitive impedance
matching. The idea is that by analogy with electrical
impedance matching, if the properties of the thing inside¢ here
and the properties of the thing outside here are not properly
matched across the interface, then just as incorrect impedance
matching will give you a loss of power with slectricity, so
incorrect matching between the properties of the hardware and
the human will give you a loss of transmission of information
and control ac.oss the interface, that it is important to
understand how to design this interface so that the, the flow
of informaticn and control is matched to the properties of the
human.

That is what everybody understands, and that's where
the major thrust has been since Three Mile Island we feel.

The problem is that it is relatively easy tc redesign control
roome, and consegquently it is relatively easy to, for people
to feel that that problem has now been solved and human
factors can now be abandoned.

We don't know why NRC dropped its human factors
research program. We didn't go on a ferreting expedition to
try to see what would come out if we put a ferret down the

rabbi* hole. I don't think that is our business. The simple
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fact remains that the best estimates we have are that
somewhere between 30 and 80 percent of industrial incidents
and accidents are in some sense or other attributable to human
error. Even INPO's data suggest it is about 50 percent in the
nuclear industry, and if that's the case, it is very striking
that people should not continue to do research on it.

One reason possibly is the feeling that we have done
it because we have done the control room. We want to point
out that outside that there is the personnel sub-system. This
includes facters such as social interaction among operators,
problems of defining hierarchy of contrel in the c¢ontrol room,
problems of hierarchial relationships between the operators
and the maintenance crews, and the organization and
management.

As we ay at one point in the report, if you had
excellent hardware and excellent plant and bad management,
then you are going to have workers who do not use the
excellent hardware properly. A very small mistake on the part
of management can produce a crisis in morale and williugness
to work on the part of operators, which will take months or
even years to restore,

It is possible that the major reason why operators
at Peach Bottom were asleep was they were merely physically
tired, and 4f so, that in itself is a management problem. It

i$ a managerment fault because if you look through the NRC's
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to do and what management demands of them. The behavior you
see at this level, at this interface, is not entirely a
property merely of the humans at this level., It is also a
property of the humans at management and organization.
Management can make or break a plant in the way that it makes
the workers respond to the demands of management, and it is
now increasingly realized not just in this industry, but not
just in this country, but other countries and other
industries, in the military and so forth, that the problems of
management here are absolutely crucial. They may be along
with maintenance probably, the two most important factors
which are not yet well under control in the industry from the
point of view of making it safa.

Certainly we need to do much more research at this
level.

Finally., management themselves are under pressure
from what we are here calling the environmental context, and
that includes the regulatory bodies, the PUCs, the public.

The way they are seen are there are now cases vhere you meet
pecple who, operators who have moved intc a new parft of the
country to work at a plant and when their neighbors discover
they are working at a nuclear power plant they are effectively
socially ostracized. MNow that is not a situation where you
are l.kely to be able to recruit the best pecople and keep thenm

working well.
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And I don't have to tell this audience the amount of
pressvre that, from the puvblic that is on the industry, and
the point is that none of these work in isclation. The
regulators here determine in a sense, well, they determine
very directly what goes into the control room. Only certain
options are possible in the way of equipment and modes of
operation given certain regulations. Innovation may be
hindered by regulation. Innovation may be hindered by
management. It is quite clear that the design of many power
stations is the way it is because the management was used to
building fossil plants for many years and also because of the
influence early on of the nuclear Navy on the way that the
industry developed.

You have quite different kinds of plants in other
countrie.. which have started from di!feren; viewpoints., The
mode of regulation is quite different in other ccuntries. To
take the, perhaps the extremes, on the one hand you have the
American system where it is in a sense clear tha: the idea 1s
to regulate in detail from the top down, whereas you conmpare
that with say the British mode where it is a responsibility of
the plants, of the utilities to make their plants safe. They
can do it anyway they like but they then have to prove to the
regulators that what they have done is satisfactory, which
gives them a much greater flexibility in how they do it.

I am not saying that one or cthe: is guaranteed to
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researc’iers c. 1\ gnt access to simalators ard :n the indusfry.
aut_apr:' from that, taere (s a tc:é#ncy to think
that if one has a particular problem, let's say that ‘nere are
too many displays ia the control room, ‘hat yon solve tiut by
saying all rigut let us go to CRT display driven by
cumpuL 8, aF0w¢¢. we only have six of them and thernfoyge it
is going to w. ¢ smaller contrcl voom and therefoge it wll be
e~sier t.r the person to w-rk with, and think that that is ull
thaut will "jappen.

“"sw “he coupling between changing any one thing in a
system ot ch's complexity and what happens at other levels
should berapplzant to anybody who has ever been _uvolved vn 3
city where sor tody has built a1 new oxpressway w.th the aim of
reducing the traffi flow. <There is a tendency lor pecple to
think .hat if you have a coasplex system and you change on2
thing in it, what you have is the old systeu with one ch.iuge.
You Jdon L. V¥Yhat you have is a new system, and where there i,
rne;e it 1s 1ighly cormplex, lavge number of suo-systems
v .ghtly coupled, ycu simply cannot tell what the new system is
going to be like. You »uild the exprussway to recuce the
traffic. What happens? You ncw nave do ble the number of
people conmuiing in fror the suburbs who never tried to do it
sefore into tne core. Cenerally spraking. a® scon as you
build ring roads, the tctal amount of traffi~ goes up and the

traffic problems gevrs werse, all almos® withou. exception I
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think. 1In road planning that has been found.

The point we are making, that is a genesral preperty
of large, complex systems. When you change something, you are
changing everything. If you move from hard wired control
rooms to soft wired control rooms here, you are changing the
number of people you need, changes the way they will directly
interact with the system, the kind of operating procedires you
need. You prcbably are going to be changing, you may have to
consider changing shift wevk and certainly have to consider
changing maintenance and changing training, and that means
that management is going to be affected and that certainly
means somebody is going to have to go back to the regulatory
Commission and ask that they are allowed to do things in
certain ways. You cannot change any one thing without
changing the rest.

MR. EBERSOLE: System interaction is a standard part
of your business?

DR. MORAY: I think, yes, I think so. Research
should be seen in this light. One of the things we say
specifically is that wh somebody dces a piece of research,
they should be required to--

MR. WARD: Do you have a question?

DR, LEWIS: I did. You don't have to go back. I
just want to ask to what extent what you have just said is

universal. I really have two questions, because it must
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1 depend a great deitl on the internal stability of the system

whether making a change propagates through the system or is

| 5]

3 simply contained.
. A friend of mine who worked for a long time in the
5 Pentagon at a very, very nigh level claimed that it was like a
6 giant inflated balloen. If you put your finger in, you could
7 make a dent. When you removed the finger, there was no sign
8 the dent had ever been there, and this is an example of a
9 stable system which is almost impossible to move, 80 one must
10 know something about the local dynamics of the system to know
11 whether a change-~-there are examples on your side, of course.
12 Who would have known that the invention of televisiocon would
13 completely corrupt American politics? That was probably
14 unpredictable and yet it did happen, so one really must know
15 something about the system. There is no universality about
16 the rule that if you change something. there won't be any
17 effect.
18 DR. MORAY: It is certainly true I think very large
19 systems tend to have ultra-stability. There are many ways,
20 you can kick it in many different ways and it will find a way
21 of coming back to its ini*ial starting point,
22 DR. LEWIS: That 1is correct.
23 DR. MORAY: But if you add scmething to the systen,
24 I mean that's if you put a disturbance into an existing
25 system, but if you actually change something in the system,
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passive management, and top management and middle management.
And there are certainly many organizations whose gquality is
more or less ind:ipendent of the top management. That is, top,
some companies don't even know who owns them from one year to
the next, so it has a certain amount of irrelevance. And
passive management is sometimes the best thing that can happen
to a company even if, especially if it is inept. It is better
that it be passive, and again there is a slogan among the
military people that generals are only important if you are
losing the war. They are irrelevant if you are winning the
war, Their purpose is to recover from defeat.

I wonder to what extent there has been research that
clarifies various sub-categories of management?

DR. MORAY: There has been considerable research in
the military context. And in fact, one or two of the people
in our panel, for example, Laporte is active in this kind of
area. There has been a lot of research in various industries.
The thing that is, one of the things that is striking about
the nuclear industry is that you, ii you look around, you find
that there are a number of plants where they have very similar
hardware. They have the same kind of reactors, roughly the
same age more or .ess, the same kind of control rooms,
although one of the problems is, of course, they aren't
identical. They have been running for about the same length

of time. If you lock at the availability and the safety
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potential is a one-sided view of the role of operators.

DR. MORAY: Certainly.

DR. LEWIS: s with pilots.

DR. MORAY: Yes. In many, I mean we are simply
arguing that viewed from a systems-~there has been too
much~--human factors or ergonomics when it is understood by the
public at all, it generally is thought of to be knobs and
dials and chairs and tables and work schedules, and while 30
years ago there might be some truth in that, that is not true
now, And even if it were, we believe that a human factors
program should not restrict itself to the traditional human
factors but must include things like industrial sociology and
industrial psychology, sccial, study of social interaction,
and we want to urge NRC that in its research program it should
include those kinds of features.

We believe that there are certain things that should
be done, changes made in how research is done. Certainly it
would be worthwhile trying to interest a wider research
community in taking part in this, for example, universities
and so on. Also staying for a moment with the idea of

systems, there is a tendency for people to give highly

specific results in their research. Suppose I were asked to

do research on computerized operating procedures, which 1is
quite a likely topic teo come up. In the past, there has been

a tendency for people simply to take a, to do experiment and
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One is that NRC's own cataloging system doesn't
allow it. The pecople who helped us, Tom Ryan and Dan Jones,
went to hercic efforts to enable us to know what that list of
publications is because they don't have an organized data base
in which they can access information. 1If they don't, it
certainly is not going to be used by anybody else,.

Axd there is a good body of research. I mean I
think a lot of research that has been done by NRC in the last
few years is very good and potentially wvaluable. Where EPRI
research gets into industry. it seems to be the case that
NRC's deesn’'t.

DR, SHEWMON: 1I'm on various mailing lists and one
of these comes from DOE who obviously spends a fair amount »f
money on data bases. I will get thick books on more than I
ever wanted to know about waste management or whatever else,

How about DOE's system on operations research or
whatever you want to call it?

DR. MORAY: I don't think--well, I think what we
would like to see is some efforts made to really coordinate
activity between NRC, DOE, EPRI, INPO, because something like
an improved data base, joint data base management system for
research is something where there could be cooperation, It is
in no way going to decrease the rigor of regulation, It is
going to improve the flow of information, and it is going to

get rid of some of the adversarial, a small step in getting
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rid some of the adversarial aspect of regulation. One can't
help being struck by the possibility that, the intensive
adversary relation between the regulator and industry that has
grown up. It harmful in the end to safety because 't is a
climate that tends to lead to the industry merely satisfying
the letter of the law because it is so much trouble, and we
would like to see steps taken to reduce the adversarial
relationship.

Now we do not want to see the rigor of regulation
reduced, but we want to see perhaps the way it is done, ways
explored whereby more cooperation and certainly some kind of
cooperation between the various agencies all of which are
doing similar work or related work should be improved.

We found cases where, I mean I know of one case,
there is a field where I am particularly interested where
there are, three reports on how to do task analysis were
commissioned almost within a few months of each other, one by
DOE, one by NRC, and there was one other one at the time that
1 was looking intec this. It appeared that none of them new of
the existence of the others. Now there may have been very
good reasons that they were all commissioned simultaneously,
but--an<d I am not entirely in favor of excluding all
duplication of efforts., Sometimes that can be valuable. One
dnes feel there is less cocoperation between the various

organizations and agencies than there could be.
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MR. MICHELSON: Well, I'm owre you must appreciate
there is an overwhelming amount of information gensrated in
this country in the nuclear area that is fed out to the
utilities. The point is that is one of the problems. The
utilities are overwhelmed by the information input, and in
their own processing and application is the problem. We don't
package our information well. It is yes, there is three or
four, five different people, organizations working at a
different area. Each one will give a report to the utility,
and it is a problem.

I think you ought to put moreé emphasis upon making
sure thut what you do is packaged in such a form that the
utilities can use it. You have got to whet their appetites to
show there is really something here they can use, and rarely
do I see research reports that whet the appetite of the user.
They are highly academic, don't seem to relate to the real
world, although if you think about it a while, it does, but
the utility doesn’'t have the time to sit down and think about
whether or not this might be useful.

DR, MORAY: I agree completely. The industry, EPRI
does it guite successfully I think.

MR. MICHELSON: They do a better job than most,

DR. MORAY: And I think if the NRC's own research
ceuld be brought up to the standards of EPRI as far as

transmission to industry, that would ke a considerable step in
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the right direction, but I would like to see assumedly more,
the panel would like to see more cooperation.

You know, it is very obvious that two great a
cooperation could be seen by the public as being weak
regulation. We are aware of that, and we know there are
constraints both in the kind of research that can be done, the
degree of cooperation that can be done, and we are sensitive
to that, but nonetheless, we feel there are areas such as
improved transmission of research and so forth where that
can't possibly have a bad effect on regulation and is likely
to have a good effect.

MR. MICHELSON: You are going to have to, you are
going to have to convince the research community that they
have got to develop a salable, they have got to do a sales job
on their product, and it seems that they are not
overly-interested in that aspect.

DR. MORAY: Well, that's true, I mean I think
university researchers are not used to doing it very often,
although considering the number of my colleagues that seem to
have private consulting companies, that is a bit strange, and
1 guess consulting companies are interested in getting the
package out the door and the check in, but I agree with that
completely, and as a matter of fact, as I worked through our
specific recommendations, you will see that we want ic pay

some attention to that,
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So what I think I will do now is begin to go through
our major recommendations, and any of the peoints that I have
raised so far I will be quite happy to come back to later on.

(Slide)

DR. MORAY: The most important thing is that NRC
make a firm public commitment to research in this area.
If-~the fact that they have cancelled their program of
research two or three years ago, if I were in industry, I
would take that as a signal that I needn't bother about it any
more. Clearly if NRC isn't corcerned, I don't have to be.

We are delighted to see that they are starting up
agair, and we strongly support their decision to start the
program again., There are going to be problems because now
with the exception of & couple of people present; they have
lost I think all of their human factors people, and if I were
a human factors--1 am a human factors person, If I were
looking for a job, as I am not, I would be very chary of
taking a job with the NRC human factors program because I know
that on its past histories, it has not been supported well. I
know it was cancelled, and if I am going to comm.t myself as a
senior professional to that thing, that is not an attractive
undertaking. I think they are going to have difficulty in
attracting good people. Most of the gooed pecple have gone to
other places and I think it will not be possible to get them

back.
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There is one thing in particular we feel is
important, looking at the past histories of the program.
There has been several conflicts of interest between
short-term research and long-term research, between research
on the regulatory side or requests for research on the
regulatory side and research plans in the RES branch which we
feel that it is very important that research must be
continucus, relatively small amounts of money, but a program
sustained over a long period of time is going to be more
effective than flinging a limited amount of money at the
problem for two years and clesing it down again. and that also
goes for the local control. That is, it is undesirable that
if the, if RES has started a program, that they should be
interrupted at the short-term behest of the regulatory side
and made, and have to stop their program and divert effort and
funds into a short~term problem.

New it is guite clear that there are short-tern
problems which have to be, have work done on them in order to
solve the immediate guestions. If somebody comes up, as they
are likely to do, with a new piece of equipment, for example,
somebody comes up tomorrow and says I have a certain system
which I want to put into the control room, can I do it, then
there is going to have toe be a quick decision made and that
means research is going to have to be done on certain systems

or whacever, and that suggested to un that in fact the
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adequate to sustain a good program,

Let me say immediately this is i» no way a criticism
¢f the reliability branch's program, or how they have their
interaction with human factors., We simply believe that from
an organizational point of view, just as if a cohesive
sustained program of research is to be mounted, because of the
structure of NRC and because of the way the pudget is handled
and the lines of decision-making go, it is essential that any
program which has a major impact on safety should be a branch
and should be run by its own branch head, not a a subdivision
of some other branch which basically has a different mission.
That's implicit in this particular summary. It is spelled out
in more detail in the, in the report.

Secondly, as I said before, we want to emphasize
that people should adopt a systems oriented approach. Also we
have tried to say, I think we have not said it quite as
explicitly as we should have done or we haven't rerrated it as
much as we should have done, that when we talk about research
on human factors, we mean particularly operational level. We
alsc mean maintenance.

There is little doubt in my mind that, and I think
in the panel's, that maintenance is a very serious source of
human error. Maintenance pecple on the whole are less well
trained than others. The conditiors under which they work may

be not all that geood compared with operators. Their
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qualifications are very variable across the country. Some
utilities have their own maintenance people. Some appear to
contract maintenance out. They may be using maintenanco
people who are qualified in a different state and may be
absolutely no way of tracking the qualifications of the
individual maintenance workecrs, and that cannot be good for a
high-level, high quality maintenance program,

We would like to see--whenever we say coperation, we
include maintenance throughout this report. We think it is
very important. That again is something which is being I
think accepted worldwide in the nuclear industry.

DR, SHEWMON: I certainly agree with your comment on
the need to have emphasis on maintenance. Systems oriented
approach sounds like one is in favor of motherhood but doesn't
mean an awful lot more to me.

System criented, do you mean maintenance is
important, or you should lock for ramifications or what?

DR. MORAY: You should look for ramifications.
Obviously it is important. Geoing back to what I was saying a
bit earlier, I suppose sort of classic in a way Three Mile
Island gave you the classical case for the maintenance
problems, that perfectly good equipment, equipment that is in
perfectly good operational state, can be left in an improper
state as a result of maintenance, Maintenance work, goes and

wor%s on i1t, leaves it in a valve closed that should be open,
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power off that should be power on, and because--the systems
approach is not just motherhood because it says that the point
at which research is required is the coupling between
operation and maintenance and management.

How can you ensure that the people in the control
room know exactly the state of the plant given that
maintenance is finisred? What kind of communication is there
between the maintenance teams and the operator? Are the
maintenance people simply regarded as slaves who come in and
fix things and see themselves as that, or are they seen
actually as an important component in the system? Do the
operators care about the maintenance people and the way they
do their work in such a way that there is a strong
relationship with them? They understand that the two of them,
the maintenance and the operators, are entirely dependent upon
each other for the way the plant works?

There is a famous picture in the, one of the EPRI
publications back there about 1977, '78. when Lockheed
Corporation looked into the deaign of power plants,
maintainability., which shows a picture of a maintenance worker
sitrting on the floor with a manual in his hands. The caption
is this is the only case in which a maintenance worker was
seen to consult some procedures,

And I think we don't know, we don't appear to be,

either we don't know or don't appear to be using the knowledge
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as to how to get the best quality maintenance out of the
maintenance workers and how to couple the quality of
maintenance to operation. It is not isclated. This is what I
mean by systems. That it is absolutely classical that you get
faulte where the, something is indicated as incorrect in the
centrol room, maintenance pecople go out, they work on the
wrong J4nit, wrora train. We are told by NRC that that ir *the
most. common failure of maintenance is wrong unit, wrong train
maintenance.

Now that shows that there is something wrong not
just with the labeling on the glant, but there is something
wrong with communication. They shouldn't go to the wrong
unit, wrong train. Probably a basic ergonomics, they would be
able to tell that they were working o7 the wrong unit, wrong
train. And somebody ought to have notived when they were
deing that back in the control room and ranagement when they
signed it off. Clearly there is, when you get failure of
comnmunication like that, you are talking about systéms
preblems.,

MR. EBERSOLE: In fact it is only in recent months
that maintenance is surfacing as a matter of safety interest.
I am going to be astonished if NRC and ACRS even takes
significant interest in that aspect of safety.

DR, MORAY* I mean it is cleariy--

MR. EBERSOLE: It is dull., It is dog wor.t.
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DR, MORAY: That's right.

MR. EBERSOLE: Nc matter how significant, if it is
dull, it is tossed of. the table.

DR. MCRAY: ell, I think there is enough, there
have been <nough catastrophes on various scales in the last
few years at chemical plants around the world and so forth, it
is now, my impression in talking to people in Europe and
Canada and the States is that everybody is beginning to
realize the importance of maintenance and there is, climate is
shifting. I think what you have now got to do is sell it as
an interesting research topic to people who might want to do
it, and that may be difficult because as you say. certain
aspects of it--1 don't think it is dull when you get problem
of that severity. It is interesting.

MR. EBERSOLE: The common attitude, that is the
janitor's job almest,

DR. MORAY: That's right, and that is a recipe for
catastrophy.

MR. EBERSOLE: There is a cultural problem. It is a
career prokhlem there.

DR. MORAY: Yes. Incidentally, one thing that ws
pcntioned that I would like to say is that there is a, one
tends freguently to look at other countries to see how it is
dene there. Whether it is regulation or maintenance or

whatever. I think that is very difficult to do.
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One of the problems about research in this industry
is that if you look at France, you look at Britain, look at
Canada, look at Japan, i¢ is not at all easy to decide what
you can learn from their experiences. One should not
underestimate the cultuyural differences between the way pecple
work. I have been struck by the fact that frequently in the
United States I hear that operators complain about how boring
the task is. Now the funny thing is in Canada the reactors
are run by computer, and all the operator does is acknowledge
alarms on the computers, and yet I don't hear Canadian reactor
operators saying it is a boving job despite the fact that they
do these in a sense mere than the American operators.

And I asked some operators in Britain a few years
ago whether it was boring. They said ne, it is very
interesting. And I suspect that this reflects national
characteristics, It may very well be the case that Americans
like to feel that they are in the action the whole time and
therefore if they have got a building that is running smoothly
and doesn't have to be tweaked the whole time, it is a boring
job.

And I think there are more, I think there is more
importance in national characteristics than cne is aometimes
inclined to admit so I think it is difficult to learn. One
has to be careful about the lesson we draw from other

cultures, You may remember that I think it was Oscar Wilde

HERITAGE REPORTING CORPORATION -~ (202)clE8-4888

R I R R R R R O R R R R REEEEE—————

e e




o«

10

11

R R R BRI,

12
‘l' 13

15
16
17
18

19

said America and England were would countries divided by a
common language.

MR, EBERSOLE: Can you translate some of what you
say about the aircraft industry, aviatio>n and pilots?

DR. REMICK: 1I'm sorry. We can't hear you.

MR, EBERSCOLE: Maintenance in the aircraft and the
tendency to look on the pilot as the focal point of troubles.

DR. MORAY: It is the ircny the more automated a
system you geét, the more you put computer in, robots in, the
more the system becomes autonomous, the more it is clear that
numan error is going to be maintenance error. Ultimately in
the turnkey factory the only human errors are going to be
maincenance errors, and as soon as you start thinking about
that, and reflect upon the fact we are upgrading systems,
including nuclear plants, more and more automation, it is
clear that a major thrust toward maintenance has to be made
because ths more successful you are modernizing the plant, the
more dependent upon maintenance you become and the higher the
gqualification the maintenance force is geing to have to have
to deal with it.

MR. EBERSCLE: Would you be interec*ed in
approaching the terrible problem that we have never solved
about when do you automate and when you do not and for what
reascns?

DR. MORAY: That is an interesting rrnsearch topic,
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and it is certainly one, it is one that some people, including
nyself, are actively working on, not surprisingly few pecple
are. It is not an easy question to answer.

MR. EBERSOLE: I know that. We certainly haven't
answered it.

DR. MORAY: No.

DR. EBERSOLE: Not even close to an agreement.

DR. MORAY: I think that is true. I think we don't
know e .ough at the moment. And the problem is that you used
to be able to appeal to something like physics laws--this is
what humans do, this is what machines do best. That is
becoming obsclete.

MR. WYLIE: I gather from what you said in your
opening statements that you did not undertake to consider
future designs?

DR, MORAY: No, we did net.

MR. WYLIE: However, the thing he is talking about,
of conrse, is when you automate, when you 40 not automate, is
something for future designs primarily.

DR. MCRAY: Oh, yes.

MR. WYLIE: Also the plant can be designed in a
number of ways to facilitate maiprtcnance, for example, the
German approach of four trains, so that you can take any train
out for maintenance, and not affect your operations. You also

design in on-line testing that does not affect operations,
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things like that, that we don't do a lot of in this country.
It weuld seem to me, of course, our Comm.ttee is facing, there
are a number of advanced designs coming before the Committee
that are seeking certification in the next few years, so it is
very impertant that we loock at those things.

DR. MORAY: Yes. Oh, yes.

ME. WYLIE: And they are human factors related.

DR. MORAY: VYes, Certainly: we heard from DOE about
the inherently safe reactor design. and there was some, some
hint, people were talking about having four small reactors run
by one operator. This may be inhesrently safe, but that
doesn't mean there are aren’'t human factors that have to do
with, to deo with workload, operater workload estimation,
bordeme if you like, shift problems and so forth, Yes, I mean
the fact thnt you are going to more automated system doesn't
mean there aren't human factors problems.

There are, however, unless you have a turnkey
factory in which you switch it on and nobody ever goes in,
then you pu.n the human factors problems back to the design
stage, and I think it is very important to remember that
debugging scftware is probably harder than debugging hardware.
As far as we can find our, nobody knows how to debug very
large scftware systenms,

T was talking t¢ the person at Ontario Hydrec a

couple of years age who is responsible for the software of the
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Darlington and Pickering, and the way you debug the very large
complex software systems, you try them out and when you find
error, you fix it, try it out gain. You fix that. And you
come up and curve toward performance where there don't seem to
be any errsrs. When you can’'t find any for a reasonably long
time, you say that is probably okay and then you use it, and
you do not know whether three years down the road buried
somewhere in the software there is something waiting to
happen. Someone called it the pathogen in the system, an
accident waiting tc happen. And it is probably impessible to
£ind them., I think it is literally true that given a
sufficiently large software system you cannot guarantee, there
is nc way you can guarantee to find all the flaws in the
gsoftware., Then you get into problems of how--this is getting
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