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Nuclear Energy Agency I,

i of the I

; Organisation for Economic Co-operation and Development f
I i

; The Nuclear Energy Agency (NEA) is a specialized f
j agency of the Organisation for Economic Co-operation and |

Develpment (OECD) in Paris. The NEA Committee on the Safety of ;

. Nuclear Installations (CSNI) is an international committee made i

: up of scientists and engineers who have responsibilities for f
] nuclear safety research and nuclear licensing. The Committee i

; was set up in 1973 to develop and coordinate the Nuclear Energy i
Agency's work in nuclear safety matters, replacing the former !

.
Committee on Reactor Safety Technology (CREST) with its more t

! limited scope. I

i The Committee's purpose is to foster international
,

cooperation in nuclear safety amongst the OECD member i
4

countries. This is donc essentially by: >

i

| 1. Exchanging information about progress in safety |'
research and regulatory matters in the different countries, and i

! maintaining banks of specific. data (these arrangements are of
specific benefit to the countries concerned).

|

2. Setting up working groups of task forces and
arranging specialist meetings in order to implement cooperation
on specific subjects and establishing international projects.

; The output of the study groups and meetings goes to enrich the
data base available to national regulatory authorities and to'

the scientific community at large. If it reveals substantial
gaps in knowledge or differences between national practicos,

'

the Committee may recommend that a unified approach be adopted i

to the problems involved. The aim here is to minimize I
differences and to achieve an international consensus wherover I

possible.,

!
The main CSNI activitics cover parti:ular aspects of

j| safety roscarch relative to water reactors and fast reactors;
; probability assessment and reliability analysis, especially
| with regard to raro events; siting research; fuel cycle safety

,

j research; various safety aspects of stool components in nuclear
i

installations; and a number of specific exchanges of J
'

! information. {
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The National Academy for Nuclear Training

The National Academy for Nuclear Training was
ectablished in September 1985 to strengthen and unify the
training efforts of the U.S. nucicar industry. The 55 U.S.
electric utilities that own, operate or are building nuclear
power plants make up the Academy's membership. The Academy is
a framework for the nationwide effort to continue upgrading the
quality of training and qualification programs and to promote
pride and professionalism of nuclear plant personnel. The
impetus behind the formation of the Academy is the recognition
that training is a key to nuclear plant safety and reliability.

The Academy is comprised of three elements:

o the training activities, resources
and f acilities of the nuclear util'.ty
industry

o the National Nuclear Accredit).ig Board

o the training and accreditation activities
of the Institute of Nuclear Power
operations

The nuclear plant becomes a branch of the Academy when
its first training programs are accredited by the National

.

I

Nuclear Accrediting Board. All utilities are provisional
members of the Academy. A utility becomes a member of the
Academy when all of its key training programs at all of its
nuclear plants are accredited.

|

iv
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A "Restricted" OECD document is one which should not
be communicated except for official purposes. The secretariat
and member governments of the OECD are requested to take the
necessary action to ensure the security of these documents.

The opinions expressed and arguments employed in this
document are the responsibility of the Authors and do not
necessarily represent those of the OECD.

THE NATIONAL ACADEMY FOR NUCLEAR TRAINING

Neither the National Academy for Nuclear Training,
members of the Academy, other persons contributing to or
assisting in the preparation of the workshop prococdings, nor
any person acting on behalf of any of these parties (a) makes
any warranty or representation, expressed or implied, with
respect to the accuracy, completeness or usefulness of tbc
information contained in those workshop proceedings, or that
the use of any information, apparatus, method or process
disclosed in these workshop proceedings may not infringe on
privately owned rights; or (b) assumes any liability with
respect to the use of, or for damages resulting from the uso of
any information, apparatus, method, or process disclosed in
these workshop proceedings.

NRC
]

This report was prepared as an account of work
sponsorci by an agency of the United States Government.
Neither the United States Government nor any agency thorcof, or
any of their employees, makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for
any third party's use, or the results of such uso, of any
information, apparatus, product, or process disclosed in this
report, or represents that its use by such third party would
not infringe privately owned rights.
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SESSIGi 1 |

OPENING REMARKS [
l

, Dr. W. Haussermann!

i
i

Nuclear Energy Agency
OECD i

'

I I am very pleased to welcomo you on behalf of the OECD
! Nuclear Energy Agency to the CSNI Specialist Meeting on Training of
i Nuclear Reactor Personnel. We at the Nuclear Energy Agency are very >

| grateful to the United States Nuclear Regulatory Commission and -

| notably to Dr. Persensky for the excellent preparation and ;

organization of the meeting here in Orlando. At the same time I want
to thank Mr. Al Mangin and the National Academy for Nuclear Training!

i for the equally very substantial support in the preparation of the
i meeting. Dr. Persensky, as chairman of the NEA Task Force on |

| Training Programs for Plant Personnel, will in this capacity present ;

j to you first results of an international survey of training programs :

4 in OECD countrics. I am sure that with these thorough preparations
and the very beautiful surroundings here, all the conditions are"

there for a very fruitful and lively meeting. 3

Let me say a few words about our activitics in the OECD i

Nuclear Energy Agency for those who are not familiar with our
program.. All our safety work is carried out under the supervision of

| the Ccmmittee on the Safety of Nuclear Installations (CSNI), which is ;

composed of government officials from OECD countries who are |
L

| scientists and engineers responsible for safety and licensing in
: their respective countrics. Five Principal Working Groups and -

several ad hoc groups operato under this Committee. The Principal
!Working Group No. 1 is responsible for feedback from operating'

experience and work in the human factors area. (!

One important way to learn from operating experience is the
i collection, analysis and exchange of information on reactor incidents ,

! and accidents. Since 1980 the Nuclear Energy Agency operates an I

i international Incident Reporting System (NEA-IRS) which is probably |

| familiar to most of you. This system was established in a formal way |
j as a result of the Thrco Mile Island accident and has up to now led ;

to the world-wido exchange of information on some 800 reactor i

incidents. At present the system is undergoing important changes and i
'improvements in order to enhance the possibilities of thorough and!

speedy analysis of all safety-significant incidents. I should also ;

like to mention that the IAEA incident reporting system is ;
, complementary to our system and our two agencies are cooperating very |i

| closely in this area. (
1 !

l
|

|
1

'
,

|
-1-
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our past and present work in the human factors area
comprises the following activities amongst others:

- Assessing Human Reliability in Nuclear Plants,

- Identifying Significant Human Actions in Reactor1

Incidents,
,

- Comparing National Approaches to Training Programs in
OECD Member Countries.

More recently work was started ont
j

.

i - The Analysis of Incidents Involving Human Factors,

- The Use of Digital Computers in Control Rooms, and

) - The Misinterpretation of Plant Status by Operators
and Possible Remedies.

Because of the significant role which operator error played
in the Chernobyl accident, one area of continuing strong interest is
the role and training of operators and other reactor personnel. Much ;

attention has already been paid to this issue, particularly after the
Three Mile Island accident in 1979, and extensive activities were
carried out at both the national and international level. Following
Chernobyl, the NEA has reinforced its activities in this area, i

particularly in the use of simulators and operator training programs.

! The remainder of the CSNI cooperative program is concerned
with reactor system response during abnormal transients, various-

aspects of primary circuit integrity, the phenomenology of
radioactive releases in reactor accidents, containment performance,
risk assessment, and severe accidents. The Committee also studies
the safety of the fuel cycle and conducts periodic surveys of reactor
safety research programs in OECD member countries. f

The CSNI Subcommittee on Licensing, consisting of those CSNI
delegates who have particular responsibilities for the licensing of

. nuclear installations, examines a variety of nuclear regulatory
' problems and provides a forum for the review of regulatory questions,
j the aim being to develop consensus positions in specific areas.
!

i The present Specialist Meeting on Operator Training fits
j very well into the CSNI work program and the great number of papers

(more than 45) from 12 different countries demonstrates the interest
1 for this subject. I can assure you that the outcome of your meeting

and the results of your discussions will be closely analy:ed by
; experts in our Principal Working Group No. 1 and will thus contribute
j to further improve the safe operation of power reactors in OECD
| Member Countries.

; I wish you a very successful meeting.

| -2-
;
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REMARKS BY COMMISSIONER KENNETH CARR
,

U.S. Nuclear Regulatory Commission
Washington, D.C.

,

I am pleased to be here this morning, and I welcome the
opportunity to provide a few remarks at the opening of this important
conference. In my thinking, this conference underscores the

,

importance of three fundamental principles I consider vital to :
ensuring that nuclear technology remains an option for the future.
First, the importance of training of nuclear power plant staffs.
Second, the importance of learning from the experience of others and
integrating that experience into the training program. Finally, the [

] importance of minimizing human errors which, in effect, turn out to
'

be training's "report card" in cases like Chernobyl, Three Mile

] Island, Davis Besse, Rancho Seco and the like. |

Such a fine turnout for this conference, with
representatives here this morning from 15 countries, attests to the i

*

importance you place on these same principles. I will briefly offer ;

a few comments on the value of what I consider to be a team approach
'

to training. Later in the conference you'will undoubtedly hear one
or more presentations describing the more conventional use of the i

term "team training". Those presentations will touch on generic team
skills and the basic team skills training approach with which most of
you are familiar. What I intend to discuss is a somewhat broader use -

of the term "team training." .

I came to my present job following 42 years of experience in |
the United States Navy. If there is one important concept that I j
carried away from those 42 years, it was the importance of training
in general, and team training in particular. A majority of my ;

service in the Navy was spent associated with the nuclear submarine '

program and the training of the crews that served on these ships.
For many years I worked for a man of whom I am sure many of you have
heard, at least by reputation, Admiral Hyman G. Rickover. The |
success of the Navy's nuclear program is due in large part to the

|
emphasis that Admiral Rickover placed on training -- team training -- i

,

for everyone who served aboard his submarines, i

:

| Each person assigned to operate or maintain these Navy
i plants spent a year of intensive training prior to reporting to the
; ship. This included approximately six months of classroom training
! in the design and theory of operation of these plants, followed by
! six months of training at a land-based prototype. There the student
| was required to demonstrate that he could operate the plant under

normal and casualty conditions, in strict compliance with detailed'

| operating and casualty procedures.

I
|
!

|

l
i

i -3-
i

_ . _ _ . __ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - .



_ _ . _ . _ . . _ _ _ _ _ _

,

i

Admiral Rickover also placed a great deal of emphasis on the
value of sharing operating experience. We were constantly reading of
and training to handle the errors and near-misses of other operating
Crews.

'

Finally, team training played a major role in the Admiral's r

i overall training scheme. Much of our time, both at sea and in port,
was spent running drills and exercising the crews in a wide variety :

of situations. This training involved maintenance technicians and !
engineering disciplines, as well as the plant operators, and was '

truly a team approach to training. !

,

I mention these points only to illustrate that I bring to
i this job a firm belief in the vital importance of training. ;

)
i Let me mention now some of the players in this team approach i

to training, as I use the term. First, utility management must !

believe that training is necessary and foster a company-wide attitude I'

that it is a valuable, important part of everyday activities. !

Properly running a compicx technical program requires a fundamental
understanding of the technical aspects of the job and a willingness
to pay infinite attention to the details. This can only be done by (

j one who understands the details. ;

We have seen some impressive accomplishments in the training [
area in our industry over the past several years. A large number of i

!plant-opecific simulators have been built and placed into operation;,

the utilities in this country have put their support behind an .

aggressive training accreditation program managed by the Institute of !
Nuclear Power Operations to upgrade training programs across the
industry; and many fine training facilities have been constructed and ,

staffed with instructional technologists and subject matter
specialists to train both operators and tachnicians. These are all s

] valid indicators of utility management support for training. But '

what I refer to here is an attitude that needs to exist and permeate '

j the organization from the top down -- an attitude that training is a !

fundamental aspect of everyday nuclear plant operation. That it i
cannot be compromised or limited to just the operations staff, and3 ,

{ that it is a continuing process. Since joining the Commission in !

August 1986, I have had the opportunity to visit to date 26 nuclear
4

j plants in this country. I'm pleased to say that this support for '

; training has been evident at all levels of the organi:ation at the ;

vast majority of the stations I have visited. That was not the case
'

very many years ago.

I The second group of players on this team that I am
; describing are represented by you here today -- the people

responsibic for developing, implementing, and oversocing the training4

programs at auc1 car stations. It goes without saying that thorough,
sound training programs need to be provided -- that the operators and

,

1

i

,

i -4-
i
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r

technicians need to be provided the information they need to do their |

| job and do it well.

; Simulators, I think, provide one of the best tools for the
'

team training of operators. In this country alone, the use of these ,

simulators has grown from about 11 in operation in 1980 to over 40
currently in operation, with a number more either on the drawing

'

board or soon to be placed in operation. The availability of'

| training tools such as these will go a long way towards upgrading the >

job skills of our operators and technicians. ;

! These tools by themselves, however, do not ensure effective
training. The responsibility to ensure that these are used well, and !'

are used to provide meaningful training, falls on your shoulders. InI

j this regard, I have observed that often too little effort is placed
- in planning the simulator exercises and critiquing the training after

,

the fact. In my thinking planning and critiquing are as important,3

) if not more so, than the conduct of the exercise itself, i

)
! With all the emphasis on job skills training and simula.ars,
! it is important thac we not lose sight of the value of what I call i

basic foundation training, such as reactor theory and the
fundamentals of heat transfer. If the Chernobyl accident taught us
anything, it was the need for operators to clearly understand the,

! design bases for certain protective features and procedural
{ limitations. At the risk of oversimplifying what is a very complex
| sequence of events, a group of operators, who by every account were
I well trained and enjoyed one of the best operating records among all

the reactor plants of that type operating in the Soviet Union,
clearly did not fully comprehend the impact on reactor safety of many
of their actions that evening. This was a breakdown in training in
these foundation subjects.

'

We all have the responsibility to ensure that sound,
well-balanced programs are provided to train our operators and
technicians in those areas in which they need to do their jobs. In i

this country, these training programs have come a long way. The |emphasis, however, has been on developing and improving the operator !,

training programs. More work is still needed on the training ''

programs in other areas, particularly madntenance training.

The final team player I want to mention, and the one whose
role is often underestimated, is the recipient of the training --
operator or technician. Regardless of the utility-wide attitude in
support of training that exists, and regardless of the quality of the
training programs and facilities, unless the recipient has a desire
to learn, and sees the need for the training, there is very little
chance that the training will be effective. This is the old concept
of "You can lead a horse to water but you can't make him drink." The
key here, I think, is that the trainee must be able to see the link

-5-
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'

! between the training he is receiving and the job he is being called
on to to perform on a day-to-day basis. With on-the-job training |'

1 this association is obvious to the trainee. The results of the !

survey that many of you completed prior to this conference reflect !i
'

i that heavy dependence is placed on on-the-job training. The reason
I is the case with which this link between the training and the tasks

which the operator or technician must perform can be made. The
|

j challengo comes in providing this link to those training elements
other than on-the-job training. Based on the plants I have visited ;

; in this country, there is a soft spot or weakness on the team, at
this point. The recipient of the training may not always see the tic'

! between basic education training and his day-to-day responsibilities |

l and, as a result, the training falle on less than responsive cars. !

! These, then, are the three players on the team - utility-
management, the training staff, and the recipient of the training. i

All have to be in the game for there to be a winning team. j

Let me make just a few more comments concerning this team i

approach to training. First I am a firm believer in the importance
of learning from the experience of others and factoring this
experience into our training programs. A number of presentations are i

planned over the next day or so concerning training programs in the
countries represented here at the conference, and that exchange of

,

; information will be valuable. I am also pleased to see a
i presentation scheduled for later in the conference on the use of case

';

1 studies to share operating experiences with plant operators. In |

reviewing the results of the survey you participated in, it was
'

!

j gratifying to note that all respondents had some form of operating L

experience feedback mechanism at their utilities. We should (4

) capitalize on overy opportunity to exchange and learn from the i

experience of others. ;

) !
' second, the concept of team training applies to all utility .

j staff and not just the operators. From my observations, the !
| technicians and engineers who maintain the plant seldom train L

! together as a team. The shift rotations are such that joint training :

| is, in most cases, precluded. I recognize the problems associated |
with bringing all disciplines together to train and work as a team, '

I,

but the benefits justify exploring it further.

| One such benefit is competition -- the natural and healthy
j desire to be the best shift, to have the fewest personnel errors, to
j have the cleanest plant. We don't give this important motivation the
! credit it deserves and we often don't do enough to plant the seed and
.

watch it grow. Whether between shifts at one unit, between units at
I a multi-unit site, or even between different stations, competition
i can be a powerful force in bringing about improved performance.

|
: Let me say again, that I am pleased to be here. I think

,

I this is a very important conference, and I am eager to hear some of )
| '

1 1
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the presentations planned over the next day or so. As at

! representative of one of the host organizations for this conference,

| I welcome you to the CSNI Specialist Meeting (and to Disney World)
'

and I hope your stay is a pleasant one. I applaud your efforts to
share experiences in this extremely important area - training.

;

| Discussion !

i
-

i QUESTION FROM ThE FLOOR: In the last several years, since
| Three Mile Island, there has been an emphasis in the nuclear industry ,

in the United States on additional academic training -- on the
foundation training, as you called it. A question I am often plagued :4

| with is how much is enough, and does an operator, a licensed operator, '

' need a college degree to. satisfy that requirement. Can the '

reqtirement somehow be satisfied by just basic training, and to what i

i extent? t

t

j COMMISSIONER CARR: As you may or may not know, the question :
is before the commission now as to whether to require senior !
operators to hold a degree. In my travels around the country, '

talking to operators, I would say there is an overwhelming opinion on
; the part of the current operators that they do not need college ;

training. The Chairman of the Commission, Chairman Zech, is of the
i opinion that we should require future entrants into the operator .

} cycle to be college graduates. There is an ongoing discussion on ,

j this topic. i

: <

: My personal opinion is that if you give two people the same ;

amount of practical training, the college graduate, in the long run, !.

will be a better operator, and you probably would want that. I [
'

! realize that we have a lot of people operating in this country who do
| not have degrees. Some of them are working towards a degree. !
i !

"

I do not think there is ever enough training. I personally
}' think continuing training is very important to the operator. You
j never stop learning. It seems like the more we operate these plants, f

i the more there is to learn about them. When we first started
i operating the Nautilus' reactor plant, the total engineering !
: procedure stack was about four inches high -- a very simple set of >

j instructions that said, when you are ready to start up, light off the ;
engine room. That was the procedure. Now most nuclear submarines!

have a stack of operating procedures three feet high. We know more
,

'

|

j about the plants than we did in the beginning. So I think that
: continuing education is very important. I do not believe that you
i can get to the point where there is "enough" training. You have to i

have continuing education for operators, even for the qualified, |
'

j licensed shift supervisors.
;

i

j As you will hear later on, we have put out a policy paper on
J qualifications of operators in this country. You will get a
! description of that later.

1

i
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My personal opinion about operator training, and I have
argued this with some of the utilities, is that our operators are

,

comparable to airline pilots. They are the people with the public '

health and safety on their shoulders in the middle of the night when !

: there is nobody else around. It is very important that they be !

recognized as key players, that they be paid appropriately, and that '
4

4 they be educated to handle the job in the best way they can.

JAMES JAMISON (PNL): Do you have a comment on the general i

I
; effect of including a licensed shift technical advisor on shift at
i cach plant, regarding enhancement of the overall level of education i

of the team? }
'

I COMMISSIONER CARR: I think it is valuable. I do not have !

| any basis to measure whether we have seen improved performance as a |
'

result of an STA being on rotation with a shift. As you know, it was
:

a fallout of Three Mile Island that we added that watch. It is very-
,

hard to measure the value of having that person around. I do believe !
'it is valuabic to have another educated operator on site in case you

i need another opinion. But I don't have a direct measure of the
| benefit -- someone may have, but I don't.

1
'

!

i !

i I
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REMARKS BY PIERRE TANGUY

Inspecteur G6ndral pour la Suretd
et la Securit6 Nucl6 aire
Electricit6 de France

Introduction

on April 26, 1986, at 1:23 in the morning, an accident
occurred at the fourth unit of Chernobyl nuclear power station in the
Ukraine, Soviet Union, which resulted in the destruction of the
reactor core and part of the building in which it was housed. Large
amounts of the radioactive materials in the reactor core were
released into the surrounding enviromnent.

At a meeting held in Vienna over the period 25-29 August,
1986, leading Soviet scientists and nuclear engineers presented an
account of the causes of the accident, the accident sequence, and its
concequences and the countermeasures taken. The International
Nuclear Safety Advisory Group (INSAG), at the request of the IAEA
Director General, presented a summary report of the meeting (1). It
concludes that the accident was caused by a remarkable range of
errors and violations of operating rules in combination with specific
reactor features which compounded and amplified the effects of the
errors and led to a reactivity excursion. Consequently, INSAG stated
that there was a need for a "nuclear safety culture" in all operating
nuclear power plants. It identified several lines of action. One of
them was:

o "Training, with special emphasis on the need
to acquire a good understanding of the reactor
and its operation, and the the use of simulators
giving a realistic representation of severe
accident sequences."

This can be hardly considered as a new finding. After Three
Mile Island, I had the opportunity to present a paper on the lessons
learned from important nuclear power plant accidents at the
International Conference on "Current Nuclear Power Plant Safety
Issues" sponsored by the IAEA in the fall of 1980 in Stockholm (2).
I selected, more or less arbitrarily, six events: Windscale (1957),
Enrico Fermi (1966), Lucens (1969), Browns Ferry (1975), TMI (1979)
and Saint-Laurent-des-Eaux (1980). In most cases, the analysis
showed that the operators were relying mainly upon the experience
they had acquired by working "on the job," and that an appropriate
training program was needed to revive their awareness of infrequent
accidental situations.

In this paper, I will deal only with nuclear plant operator
training. |By operator, I do not mean only the personnel in the
control room, but I include all personnel involved in maintenance,

9--
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I repairs, et cetera.) In a previous paper (3), I discussed the
i specific problems raised by other categories of personnel, in design,
, construction, surveillance and evaluation. For operating personnel,
I the concern for safety can be only one aspect of training. The

overall objective has to be much larger since it must include all
operating aspects. Therefore, in my presentation I will try to cover
two main points:

| o In the course of all training activities, how
| should the safety point of view be taken into account?

o Is there a need to include in a training, or
recycling, program some supplementary activities
solely devoted to plant safety?

At first, it seems useful to briefly review some
characteristics related to the human behavior, especially when plant
safety can be seriously challenged.

The Safety Implications of Human Performance

Man is fallible. But the designers have taken it into
account. In nucicar power plants, safety does not rest ultimately
upon man, but upon the actions of automatic safety systems. An
efficient quality assurance program should be abic to detect vatious
human failures, in design, construction, control and operation, and
to initiate the corresponding corrective actions. It must therefore
be emphasized that no "superman" performance is required from
operating personnel. They do not have to rush for immediate actions
they have a right to commit errors, thanks to the design. But they
have also a fundamental duty, that is to report all abnormal events,
and especially "near-misses," because experience feedback is the only
sure way to verify the overall validity of the safety approach. This
is certainly an essential part of the "safety culture" mentioned
earlier. Experience demonstrates that spontaneous error reporting is
not easy to implement, and the correct mind-sets must be established
as part of the training approach.

If the various redundancies built into the design can cope
with most failures in human performance, it must be realized
nevertheless that the prevention of all types of abnormal occurrences
is an important safety goal. There are many examples of accidents in
nuclear reactors which originated from degraded states. Safety
analyses could not cover all possibic cases and the repetition of
minor discrepancies from the normal operating conditions increases
the risk of a serious accident. That is why the search for
"excellence" must be a safety requirement. Strict application of all
rules is also a fundamental aspect of the safety culture.

Research performed during the past year has given important
results related to the behavior of operators when they have to face

- 10 -
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unexpected sequences of events. The operator response is mainly
determined by the image of the machine hu has in mind. It is
therefore essential that a technically correct image be constructed
in the operator's mind during training, and be periodically revived.
There are many exampics of serious distortions which cannot be -

! identified in the course of daily plant operation, but could be very
j harmful in face of some accidental sequences. We must realize that

the use of simulators, where the control panel arrangement is
identical to those in the plant control room, can hide falso
perceptions. Nuclear power plants are complicated machines, and the"

l information given to the operators is sometimes remotely connected to
the physical reality of the phenomena. One of the importantI

objectives of training should be to fill this gap.

It has been recognized that there is one type of operator
error which could jeopardize the nuclear safety approach; some call
them "strategic errors;" we prefer to use in France "erreurs de'

; representation," which means that the operator is reasoning well, but
on a plant which is not the real one. One well known example is the
case of a valve, assumed to be closed by the operator, but actually
open. There are several lines of actions which are being followed in
order to prevent this type of error: improvement of man-machinei

interface, computerized assistance on special safety panels, et
cetera. The role of training may also be very important if it helps!

) to set up the proper attitude in the operating personnel. One aspect
i looks to me essential the operating team should not be used to

follow blindly the line defined by the team's leader, but each

|
member, with his specific knowledge, should attempt to keep a good ;

) understanding of the plant behavior. I will come back later to this

]
special aspect of safety training.

,

) Finally, one should always keep in mind that the operator's
! experience could contradict the first safety priority, the prevention

| of severe accidents. Operators may have some difficulty in realizing
what a low probability event means, compared to their daily

! experience. When a test has been successful one hundred times in a
row, without any simple failure, there is a general tendency to
conclude that it will always be successful. Only statisticians know<

I that the only conclusion is that the failure probability is probably
j less than one in fifty, operators must be kept aware of that, at

every level, including top management. This can probably be best .;

I'

done by analy:ing with the operators some sequences they have met
themselves, and explaining what could have happened if7 Training on
the job is certainly an essential part of any training program, but

4 it must go beyond the actual facts.
I

| The Role of safety in the Definition of Training ob$ectives
,

I do not intend to present the general EDF training policy;
it has been done aircady several times, and there are some papers on

|

11 --
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this topic in this meeting. If one defines "training" as the action
which makes a person able to fulfill a given task under the most
favorable conditions, one can identify the following process,
schematicallyt

o definition of the tasks
o characterization of the personnel available for the job
o selection of training tools, material and human
o habilitation procedure, as a judgment on training

adequacy

Two aspects of the EDF training deserve mentioning: the
principle of individual training programs, even if standard modules
are required for specific positions; the habilitation decision by the
plant manager taking into account professional experience of the
trainee outside the training program itself.

This corresponds to a general philosophy: the plant manager
must take responsibility for the operating personnel in a similar
manner to components and systems; they have to fulfill predetermined
criteria, but they are deemed acceptable after individual
qualification. Safety authorities should establish the minimum
requirements and the relevant criteria. They may also verify that
the habilitation procedure is done according to precise rules and
does not lead to inappropriate decisions. But they should not get
directly involved in the process itself, since the responsibility of
the man in charge of plant operation would become meaningless, if it
does not include the decision on operators.

I will now attempt to define some objectives which must be
pursued if one wants to keep a proper perspective in the training
programs

o implementation of a safety culture
o enhancement of quality in operation
o build-up of a correct mental representation
o awareness through use of experience feedback.

Let me review briefly each of these objectives:

Implementation of a safety culture

The need for a "nuclear safety culture" in all operating
nuclear power plants was considered as one of the most important
safety lessons learned after the post-accident review meeting on the
Chernobyl accident. In this respect, training will play an essential
role if it is primarily based on the basic aspects of plant behavior i

and safety features, covering the range appropriate to the task to be !
performed. This must extend from the shift manager, who should have
broadly-based knowledge, to the plant operator and maintenance ,

Icraftsmen, who should have a competent understanding of the safety
concequence of error in their immediate tasks. It is not so much the

- 12 -
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actual stringency of measures which must be emphasi:cd, but rather
the fact that overybody realizes the underlying justification of the ,

safety regulations. !

During the training period, operators must got directly I

acquainted with the type of extreme conditions which have been taken
into account in the c% sign of saf eguards systems, and explain safety ;

requirements which could look unnecessary from current operational i

| experience. One must realize that the nuclear safety approach may 3

appear as contradictory to direct operating experience, since its
purpose is to cope with rare events. Training provides a unique

;

i opportunity to make clear to all personnel that safety regulations t

| are technically appropriate to face a wide spectrum of operating |

] conditions which may happen in nuclear power plants, i

Ouality in operation
'

!
The achievement of a high icvel of quality in operation is a !

vital safety requirement. In a way very similar to what can be seen !;

in the construction stage, quality assurance in operation should not"
-

be viewed as supplementary procedures put on top of the actions
needed to operate the plant, but as an integral part of these actions
themselves. I will give one example communication between various

,

; members of the operating team. There have been many cases where an
incident was initiated by a misunderstanding between operators;4

j either because the proper word was not used, or even because it was
,

t

! not correctly heard. !

! !

| We reali:cd in EDF that mest of these errors could be ;

i avoided if all operators were using standardized phrases, as in air j

| transport activities. A special manual was prepared and listed on ;

j one of our plants. It was not a success, probably because it was
j considered as an external constraint. Its use during the training,
! and retraining periods, will make it an integral part of the normal

| operating system. Many other exampics could be listed, such as the !
j necessary formalism between successive shifts, the steps to bc ,

followed for work orders, et cetera. !
4

'

!
1 Mental Representation
i

'

j As mentioned earlier, safety could be seriously challenged
; if operator oction in case of accident was to be based on a
I technically incorrect image of the plant's behavior. It is therefore
j essential that training succeeds in building up in the operator's
; mind a correct image. One of the main obstacles to overcome is the
' "distance" between the physical phenomena which take place in a

nuclear plant and their representation on control room's panels. In
this respect, the use of full-scope simulators absolutely necessary
for many reasons, could well be detrimental, since the abstract
interface between the man and the machine will be unchanged when the,

!
i
I

- 13 -
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) operator passes from the training center to the plant control room. ;

This is why I am very much in favor of the use of "dedicated"i

simulators during the training and re-training periods, which break .

4

j up the usual representation and force the operator to have a (
; different look at the operating systems.

Experience Feedback f

i It is now widely recogni:ed that training must make a ,

| systematic use of incidents which have boon recorded and analy:cd.
All simulator programs include such exercises, and theoretical,

education refers to operational experience as realistic examples for i
,

j the knowledge acquired in text books. !
: <

I Two aspects may be pointed out. First, there is a
considerable benefit in the exchange of experience between different
plants, even if the designs are also different, but on the condition i

that the trainers are able to draw attention to the common safety :

lessons. This is easy for the widely publici:cd large accidents, |
such as TMI; it is more difficult for other incidents, or accidents,

,

unless there has boon a preliminary work done by specialist teams. '

This point should be kept in mind by the international organi:ations, j2

l such as IAEA or NEA, which collect incident reports and distribute i

! the information. I think it could be very useful if such |
) organizations would publish a number of typical accidents for
i training purposes, in a form similar to the benchmark exercises used i

| in reactor design or safety evaluation. !
l i

The second point is associated with retraining of operating |e

'
personnel. It is essential that it makes the widest possible use of j
the abnormal events which have happened to the retrained teams. '

Here, an in-depth analysis of the event, with tuforence to the safety
, ,

]
analysis report and the regulatory requirements, complemented by a j
series of parametric studies, covering hypothetical accident i,

j sequences which could have been initiated by the events, looks to me |

| a very efficient way to make operators fully aware of the potential

|
safety significance of minor incidents. It will help to close the
gap between the accident evaluations performed in the safety report,

: which is often considered by the operators as highly theoretical, and
| their experience on the job.

i

1

j Special Training for Accidents

] ,

j It is evident that the development of an appropriate j

j behavior of operators during normal operation and anticipated
'

j transients will be a very important factor in preventing the
occurrence of abnormal operating situations. But it will not

i necessarily guarantee an adequate behavior if these situations do
! occur in the plants. Therefore, all training programs include
j specific parts with the objective to prepare operators to face

}
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accidental situations, and particularly hypothetical severe
accidents. These programs cannot possibly cover all types of

J accidents. On the other hand, exaggerated importance given to that
part of training could well creato in an operator's mind a feeling
prejudicial to normel operation, and therefore to safety. I think
several aspects must be taken into account

Minimizing operator Stress

a

; I mentioned earlier that operators must realize fully that
i their plants are designed for safety even if several systems, ;

components or operators do fail. The various operating procedures
they have been instructed to strictly follow, take into account |

practically all types of failures. That is why they are often
1

i complicated and not always easy to apply. Operators can develop
stress, if they think they are not entirely up to their tasks, and |

J this stress can initiate in turn inappropriate operator actions. !

! For the last few years, EDF has set up special retraining i

I sessions for operator teams on simulators. They are called "Stages
de Mise en Situation Recr660 - MSR", which means that the team,
consisting of the shift supervisor, the senior operator, the operator1

and the safety engineer, has to operate the simulator in extremej

accidental situations under the surveillance of observers. These4

sessions are a good tool to validate the special accidental
,

procedures (boyond design). They are also very useful to make
j operators realize that they are expected to maintain the came general .

i behavior in case of unforeseen events or in normal transient !

! operation, and it is hoped that their experience will minimize the
j stressing effects of such unforeseen events if they do occur in their
1 plants.

Operator's Aids

This type of simulator session is also used to measure the
offectiveness of the assistance which is presently availabic to the

I operators through the safety panels and the associated computer '

; programs. The implementation of these safety panels in all nucicar :

i power plants was decided as a consequence of the TMI lessons
,

'

learned. Even if their design is the result of a close cooperation ;

I between designers and operators, it remained to be seen if, in .

| practice, they would be used by operators as intended. |

! The simulator tests demonstrated that operators were greatly

|
helped in their diagnosis of the accident sequence by the information j
displayed on the safety panel. Consequently, it was decided to
"replay" these tests in each nuclear plant; adapted to the safety
panel which is used on each site for training purposes, the recording
of the test was used to teach operators how they could get assistance
from the panel in case of a serious accident. This was done in an
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interactive manner, the operators keeping the freedom of choice
between the various programs of the safety panel.
prevention of "Mental Representation Errors"

I have already discussed the potential risk related to this
special type of operator error. The operational aids, and more
generally the improvement of man-machine interface, play an important
role in preventing them. EDF relies also on the "human redundancy"
provided in the control rocm by the safety engineer, who is called in
for any abnormal occurrence. It should help create a critical mind
within the team, but it has first to be part of the training and
retraining programs.

Complementary Remarks

The presentation above left out some other important aspects
that I will briefly review.

Training on the job is important, in general, and also for
safety. It is our experience in EDF that operators which have been
associated with the commissioning tests have got a direct knowledge
of many examples of failures and errors which help them to recognize
quickly similar situations in commercial operation. All
requalification tests performed after maintenance or repair works,
or after periodic inspections may play a similar role.

A strong motivation of the trainees is certainly important
for a good training officiency. In this respect it is probably
important to give training responsibilities to ex-operators,
preferably the best ones. Their past experience will undoubtedlyhelp to convey the right message to the trainees.

Finally, it is well known that safety in plant operation
requires a general awareness at all levels of the electrical
utility. Therefor not only plant managers, but also the highest
hierarchy of the company should be directly associated with the
safety aspects of the training programs. Simulated crises give good
opportunities for that objective.

Conclusion

Among the large modern industrial outfits, the nuclear power
plants are probably those which mostly call upon automatic protection
systems to provide against the risk of accidents. The ultimate
safety never rests upon man's correct behavior. On the contrary,
plants are designed to accommodate human failures, as far as
possible. Nevertheless, there are many examples of accidents which
originated in an operator insufficiently trained in the tasks he was
entrusted with. On an other side, there are also many examples when
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man had to act to successfully correct a failure not properly covered
by design safety features. At the end of this paper, I want to
emphasize this last point. Training, with an appropriate safety !-

content, should allow man to play a positive safety role, and I

definitely obliterate the image of man as "the weakest element in !

nuclear safety." !
4
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Discussion

QUESTION: There was one panel in one of your early slides
of the simulator that had a profile that looked like the power
temperature in the core -- was that an actual panel? Or was that a
principles trainer? It showed a CRT with a trace on it that looked
like a power profile or a flux profile.

|M. TANGUY: I don't know about the flux profile, but you
certainly can have, with the CRT and the computer program, a lot of f
information on the plant which has not normally been presented in the
control room. I don't think you can get core profile in the reactor. i
Someone from EDF might know that. !

The slide you mention is a simulator devoted to training ,

where you get information on the plant which is different from the :

one you get in the full scope one. You can obtain a power profile. I
\

QUESTION: Could you briefly review the educational !
'

background of your shift supervisors?

M. TANGUY: There are two possibilities. The first one is a ,

young engineer with a college degree. Most of the time the first job :
is to enter EDF and he has a special training of two years on the |

general knowledge of the company, of course, but mainly oriented on |
safety aspects of nuclear reactor operation. During the two years, '

part of the training is also in nucicar power plants. I think these
college-educated engineers represent about two-thirds of the safety |
engineers. One-third is ex-shift supervisors who are about forty |

years old and who have at least 10-15 years experience in plants and ;

in nuclear power plants. They have a special training period which :
'is different, of course, since their backgrounds are different, with

a special emphasis on safety. (
!
!
!

!
!

.

I

|
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SESSION 2: APPROACHES TO TRAINING

AND REGULATORY PRACTICES (I) !

Chairman: Dr. J. J. Persensky
U.S. Nuclear Regulatory Commission

United States !

! r
!i

! This first session is on approaches to training and !
| regulatory practicos. My comments are on the survey that |

) Dr. Haussermann discussed, prepared by Principal Working Group No. 1, !

Task Force 5. The purpose of the survey was to provide a basis for I4

j the exchange of information concerning the analysis, design, ;

; development, implementation and evaluation of training for nuclear |
i power plant personnel in CSNI member countries. It was also the >

j vehicle which served as the impetus for this Training Specialist I
q meeting.

The respondents to the survey were as listed in the [
q report on Section 3.1. I would like to thank the respondents and the ;

Task Force members who assisted in the development and analysis and |j

! reporting on this survey. Messrs. Vandewalle, Grandame, Wahlstrom, [
Gomolinski, Hada, Magnusson, and Morimoto, the former secretary of !

PWG-I. l
f

The entire report, published in December of 1986, has been Ii

distributed to you. One of the major observations from this survey |
is the concept of standardization, i.e., how standardized are t
training programs in various countries? In fact, there is some <

i standardization in all countries, but the focus is primarily on the f
,

! operator, senior operator and shift supervisor programs, as opposed i
Ij to some of the other programs for training. Only two countries,

{
France and the Federal Republic of Germany, reported standardization '

4 at the national level. (
! i

| None of the countries that reported indicated that training j
a is based solely on regulation. In almost every case there was some ,

mixture or combination of regulatory guidance and utility practice, !'

I and in some cases utility organizations participated in the ;

j development of training. When it is regulation-based, of course, the i

compliance with that regulation is monitored through inspection by
3

i the government authority. The criteria for those inspections is
! generated by the government, the utility, or some combination of
! utility industry working with government.

1
i From the standpoint of analysis, i.e., how does one
] determine the need for training, or what type of training should be
: used? We found that needs assessment is used to identify training
i needs in almost all the countries, the majority of the countries, at
| least. Detailed assessments are performed mostly for the licenseri
! operator, the senior operator, and the shift supervisor. Those are
I
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i !

I
i !

i i

j the people who actually control the plant. These analyses are i
performed primarily by the utility, with the assistance of the

|
1

! government or through a combined effort of industry organi:ations.
1

| In the US, the task analysis performed by INPO has been the basis for ;
d a number of training programs that have been developed. !
;

i With regard to the design of training programs, job
: performance measures have been developed, again primarily for .

I operator training. As you can see so far the emphasis has been on |j the operator. It seems to be that way still, but we are beginning to ,

see some change in the emphasis toward the other positions, such as |,

j maintenance, I&O, and radiation protection technicians. !

; !

j More Icarning objectives are used in training. There
,

j are learning objectives for most of the programs now, which have been !

i developed by a combination of the instructors, subject matter |
4 experts, the trainees or the peopic in the field aircady doing that |
j job.

|

j The development of training programs reficcts on issues
' such as what media is used or how the training is accomplished. We r

see many more simulators in use in the United States. We are moving (
towards use of simulators, not only in training but also for !

examinations. Mr. Tanguy discussed the use of simulators in EDF. I

see they are moving away from the big plant-specific, or ,

full-function simulator, to the more concept-based simulators. Of |
i course, resources and the availability of equipment is a factor in ;

the development and use of simulators as well as various other media.<

;

! f

: From the standpoint of implementation of the training l

'

programs, there are multiple approaches to training facilities,
I on-site training facilitics, group training facilities where a number
! of plant + or utilities might use a common training facility with the !'

simulator availai e there. Selection criteria are becoming more |
| inmportant. The survey indicates that there have been some attempts !

to increase the educational level, experience level and the use of {
psycho-technical exams. Only one country at this point requires a

'

college degree for non-licensed and licensed operators -- Spain.
They also require psycho-technical tests and personal interviews.
Non-licensed operators spend the greatest portion of their time in
training. The longest training program is for licensed personnel
where the use of simulators is about 20 percent, in terms of total
training time.

! The final phase reviewed was evaluation. How is the
training that is developed and impicmented actually evaluated? There
are combinations of methods used, including evaluations of the
trainee during training as well as after training. Operator

l

|
|
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I
t

experience and job performance is used as feedback to improve and !

modify the training programs. The last finding was that not all of
the countries have specific practicos for evaluating instructors. I

,

think, again, from other exampics I have seen, that such evaluations i

are increasing. i

I
I Some of the Task Force members asked me how I was going I

to state the conclusion, because we did not publish conclusions in !

the document. There are no real conclusions. I have seen a movement !
towards more formalization. There was an earlier survey done in 1980 ,

by the NRC, which we reviewed. There are now more analyses of the |
jobs being performed. Questions such as, what is the need for t

training? What do these people need to know? Feedback, operating !

| experience for evaluation purposes is now being used much more !
frequently. j

' Again, the purpose of this survey was to serve as a i

means of sharing experience and information among the member [
| countries. If you are attempting, as a representative of your t

; country's training offort, to develop or improve your own training [
i program, or regulations regarding training, you now have an example <

1 of how other countries are doing it, and what experiences they have

! had. You can go to the people who have used diffcrent techniques and !
4 talk with them, both based on the survey itself, and through contacts ,
'

with the various respondents who are listed in the report. Many of ;

I them are here; that was the purpose of this conference, for you to be i

able to share information, both formally through the presentations, |
and informally during tbc breaks. We have half-hour breaks which we 0

made availabic so you can, after looking at the survey and hearing !

some of these papers, actually share information back and forth so
that we can 1 carn from the errors of others and the good things that
others have done. >

I

|

|

.

I
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QUALIFICATION, TRAINING, LICENSING / AUTHORIZATION
AND RETRAINING OF OPERATING PERSONNEL IN

NUCLEAR POWZR PLANTS

Some Requirements and Practices Commonly Shared ,

in the European Community Member States ;

i

J. P. Pe16 !

I Commission of the European Communities
,

| Brussels
,

'

Introduction
,

At the end of the fifties a treaty was signed instituting
between six countries the European Community for Atomic Energy, or in i

brief, Eurator... This treaty, in addition to the Common Market Treaty
and the Coal and Steel one, constitutes the legal frame of the !

European Community which, at present, comprises 12 Member States. A
commission, the so-called Commission of the European Communities (or
in brief CEC) has to implement the provisions laid down in the
treatics.

In the frame of its duties and responsibilities in the :
nuclear domain, the commission, since the beginning of the seventies, j
has conducted exercises of consultation and analysis with the j

objective of inducing a progressive harmonization of the safety
requirements and criteria applied to nuclear installations in the
community. The Commission's aim in pursuing this work has been to
onsure that as far as possible the safety criteria to which each
nuclear installation is designed, constructed and operated enjoy the
benefit of review and possible refinement in the light of the whole
competence and experience of designers, constructors, operators and
safety authorities of the Community which are represented in the
relevant working group of the Commission. |

A major benefit from such activities from a safety point of
view derives from the exchange and pooling of information and
comments upon the approaches evolved by different organizations and
countries. The ensuing process of analysis and the diversity of
scrutiny of the various approaches tends to consolidate the
confidence in each other's approach and to ensure that potentially
severe sequences of accidents have not been overlooked. Furthermore,
the countries with the smaller nuclear program can benefit from the
strength of knowledge and experience of the others. Overall the
effect is to promote convergence to an equivalent assurance of safety
throughout the Community.

In 1981, the Commission isssued a Communication on Safety
Principles for Light Water Reactor Nuclear Power Plants containing a
set of fundamental and basic safety principles and a scheme for
subsequent requirements and criteria formalizing the technical
consensus aircady reached.

- 22 -
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one of the basic safety principles states, "The personnel of
a NPP must be sufficiently qualified and trained to perform the
required tasks."

As a logical consequence qualification, training, licensing
and re-training of operating personnel have been the subjects of an
in-depth exchange of views and information in the frame of the work
conducted by the Commission. The evaluation of the regulations and
practices in countries of the EC and some other countries having a
large nuclear energy program, has led to the identification of some
generally valid concepts. This synthesis, made with the assistance of
a consultant, is now published under the form of an EUR report (EUR
10981). The main topics addressed within this report are the
following

Shift staffing and staffing of the control room-

Personnel selection-

Qualifications necessary for recruitment-

Training and retraining-

Licensing /authori:ation-

gualification, training, re-training and licensing are dealt with
hereafter.

Qualifications

It is difficult to consider the entrance qualifications and
the subsequent training coursos separately since possible "deficits"
in an entrance qualification may be compensated for by suitabic
training. Nevertheless the responsible authority should stipulate
the entrance qualification required by taking into consideration the
national educational system, the practical experience required and
the subsequent training.

For example, the supervisory shift personnel, especially the
shift supervisor, should have the capacity for the understanding and
analysis of complex technical situations and the shift supervisor
should have an appropriate engineering qualification. Alternatively,
and as a minimum, a member of the staff having such an engineering
qualification as well as sufficient experience should be available in
the plant at any time and empowered to give orders to the shift
personnel during abnormal operational occurrences and accident
situations.

The overall qualifications of the personnel include
knowledge, abilities and experience originating from the entrance
qualification as well as from training.

-23-
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The qualification of the reactor operator for example,
requires knowledge and abilities in the ficids oft |

| general scientific-technical fundamentals,-

! ;

general fundamentals of nucicar engineering, nuclear ;-

physics and nuclear safety, radiation protection and I
:

industrial safety |
{

necessary plant-specific knowledge- ,

I experience in the repair and operation of the plant
,

-
;

and its systems, r

)

f Training and Retraining i
,

t

Reactor Operator .

!

j During the training, a balanced ccmbination of theory and
'

practice is needed for effective training. The use of senior shift
personnel as tutors for training purposes represents one of the
possibilities of providing a close link between theory and practice. .

'

Special emphasis should be laid on practical work and on the
knowledge of plant layout since this is necessary as a basis for the i

; comprehension of procedures and plant behavior. It is desirable that i

s personnel training for new plants should actively participate in the
j commissioning tests and in the review of manuals and operating i

j procedures. !

1.

'

] Training of control room supervisor / shift supervisor
|

1 The training of personnel for these positions should
j ossentially be carried out according to the same principles as are
; cpplied to the RO's training. However, emphasis should be laid on a
1 deeper knowledge in all fields and on:
)

j sufficient practical experience within the plant in-

; the different positions of shift personnel,
.

1 sufficient training in incident analysis and incident-

! diagnosis (e.g. on simulators) as well as strategies
for coping with abnormal occurrences, incidents and4

! accidents,

| thorough knowledge of procedures, regulations, rules-

j and documents especially in the field of emergency
j procedures and consequence mitigation as well as in
j operational documents,
,

'

abilities in leadership, motivation and ecmmunication.-

Also, it is important that advanced theoretical training is given.

- 24 -
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f

Preparation for Unexpected Events
,

t
1

| During the training sequence, the shift personnel should be j
I trained to cope with unexpected events during the operation of the !

| plant (e.g. multiple failures). The licensed or authorized shift
'

personnel as well as the shift engineer should participate together
in the training.

Simulator Training
j

| Training of the shift personnel on simulators is of utmost l

importance. After the conventional training, all licensed authorized I4

| members of a shift should be trained on a simulator which resembles
! their plant. The training should include:

I
operation of the plant under normal conditions, |; -

L

execution of infrequent tasks (e.g., start-up and !-

shut-down of the plant), (
i

! operation during plant perturbations as well as !
-

correcting the porturbations, [

operation during plant incidents, especially the analysis| -

| of the plant condition, monitoring of automatic actions,
i manual intervention if necessary, (
I

lto the extent possible, operation during major plant- >

incidents.

During the training, special emphasis should be laid on multiple i
failures and, as far as possible, on diffcrent initiating events. |The period of time scheduled for simulator training should be l

sufficiently long, so that the candidates, apart from familiarizing
themselves with the simulator, have sufficient time for exercises and
discussions. A period cf up to, say, 120 to 160 hours of the control
room work and approximately the same time for discussion and
evaluation of exercises seems to be adequate.

Retraining I

The shift system, among other things, substantially
I influences the time availabic for retraining measures. It is

important that the system should not restrict the period of time
available for retraining.

The production of programs covering long-term retraining
seems to be of major importance. It is preferabic that the i
theoretical work is conducted at regular intervals throughout the j
yodr.

;

!
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objectives of the theoretical part - in addition to
repetition and deepening of the standard training program contents -
should, in particular, be the transfer of operational experiences and
modifications to the plant as well as the discussion of operating
procedures and plant conditions, the evaluation of events occurring
in the plant or in similar plants and information concerning the j
interpretation and revision of documents and regulations. ;

,

Training Facilities

separate training systems such as simulators should be made i
available to cover plant operations and problems which cannot be i

dealt with by on-the-job training. The training systems are to bc |
selected according to the level of knowledge or training of personnel ;

as well as to the training objectives, e.g.: ;

i
training of beginners on analog and/or basic principios :-

simulators in order to give a general understanding of j
basic subjects, t

advanced training and retraining on a plant-typical or-

plant-specific simulator which allows training in plant [
manipulations, and gives the opportunity for the trainees
to familari:e themselves with the dynamic behavior of
the plant and to respond to incident situations.

For training on complex accidents and for the review of
operating and emergency procedures, the use of a simulator i

representing the characteristics of the plant processes during normal !
and abnormal operating conditions together with the possibility to !

generate specific false signals in the control room is a very |
desirabic solution. (

When such complex simulators based on real plant are
employed, operational results from the plant including actual
incidents and findings resulting from training practice should be
evaluated in order to update the simulator at suitable intervals.
This implies that the design of simulators should include sufficient i
flexibility to allow for additions and adjustments. |

,

Training centers require permanent staff who are properly
qualified for theoretical as well as practical training and also
personnel for maintenance and repair of the facility and realization
of all necessary improvements.

Responsibility for Training

In accordance with practice, the executive responsibility
for the training of personnel and their qualification should be with
the plant manager. However, in a larger sense it rests with the
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|

utility of the licensco. Since this implies a formal responsibility, |
the plant staffing should include one or more persons responsible for j
planning, coordinating and supervising the training of the
personnel. This position requires a suitably qualified member of the

1

I staff who has had several years experience of work in power plants !
I

i and especially in the operation of the plant and additionally some
| knowledge and skills in training management. The organizational plan |
1 should ensure that this persors reports to a suf ficiently high level t

j of plant management. By this means, the independence of training and !

retraining matters from day-to-day needs of operation may be ensured, jj

i i

: Licensino/ Authorization
i :

) The technical qualification of the responsible shift !
'

: porsonnel should be tested and documented in a manner which
I demonstrates adequate independence. This could be an independent '

! training body within the utility or an independent competent )
institution. Apart from the possibility of determining the i

qualification of a shift staff member by way of a formal examination,
,

emphasis should be laid on profession-related judgement by suportors. [
l !
; The measures to test the qualification should also include a ,

1j practical part. In this respect, in addition to the abilities in :

plant operation, emphasis should be laid on the analysis and
evaluation of plant conditions, ovaluation of instrument displays, j
comprehension of processes, conduct in the operation of the plant and

t
communication with the other shift members. ;

I

conclusion
'

j These are some noteworthy topics identified by tho |
1 ovaluation of practices in some countrics of the European community.

I
; ;

I !

l. !

!
!

d

J

f

! l

j !,
,

i !
:

\
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NRC METNODS FOR EVALUATION OF !

INDUSTRY TRAINING l

i

D. S. Morisseau |

J. L. Koontz :

J. J. Persensky
U.S. Nuclear Regulatory Commission [

Washington, D. C. ;

!

Abstract !
!

On March 20, 1985, the Nucicar Regulatory Commission :

published the Policy Statement on Training and Qualification. The t

Policy Statement endorsed the INPO-managed Training Accreditation !
Program because it encompasses the five elements of performance-based j
training. This paper described the multiple methods that the NRC is ;

using to monitor industry efforts to improve training and implement !
the NRC Policy Statement on Training and Qualification. The results

!'of the evaluation of industry training improvement programs will be
reviewed by the commissioners in April 1987 to determine the nature i

of continuing NRC policy and programs for ensuring effective training |
for the U.S. nuclear industry.

|

Introduction ;

;

on March 20, 1965, the Nuclear Regulatory Commission j
published the Policy Statement on Traisiing and Qualification. The
Policy Statement endorsed the INPO-managed Training Accreditation [
Program because it encompasses the elements of effective !

performance-based training, which are analysis of the job, !
performance-based learning objectives, training design and j

implementation, trainee evaluation, and program evaluation. |
i

In approving the Policy Statement, the NRC deferred !
rulemaking on training and qualification for two years in recognition !
of the industry's accreditation efforts, provided that the industry j
programs produce the desired results. The NRC also began an ;

independent evaluation of utilities' implementation of training '

improvement programs to determine the possible need for further NRC
action.

The NRC evaluation of training programs includes evaluations
of the INPO accreditation process and accredited utility training
programs. The NRC staff observes the INPO Accreditation Team Visits .

during on-site reviews of training progra,ms and the National Nuclear I
Accrediting Board meetings where decisions regarding the granting of
accreditation are made. On-site reviews of a sample of accredited
training programs are performed to verify implementation of
performance-based training programs. In addition, the staff has

- 28 - !
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compiled data from Systematic Assessment of Licensee Performance I
(SALP) reports, licensed operator examination reports, inspection ,

reports, and input from NRC Regional Offices. The following is a !

discussion of the NRC methods for independent evaluation of utility ;
'programs.

Team Visit Observations
|

An NRC observer accompanies a sample of INPO teams during i
on-site reviews of utility training programs to determine if the INPO j

; teams conduct a thorough review of training programs against INPO r

{ criteria and objectives for accreditation. INPO Accreditation Teams j
I include both INPO staff members and peer evaluators selected from '

utilities other than that being evaluated. |
|

Observations of the National Nucicar Accrediting Board |

The National Nuclear Accrediting Board'is composed of
nuclear utility executives, non-utility industrial training experts, !

educators, and an individual recommended by the Nuclear Regulatory !

Commission. The Board relies heavily on the review work performed by l

) INPO at the Team Visit and in subsequent interactions between the [
l INPO staff and the utility. The NRC staff observes this Board when 1

| it deliberates on whether or not to qrant accreditation. Before the l
Board meets, the NRC staff observer reads the specific utility

'

i

| self-evaluation report and, if available, the report of the NRC staff
'

member who observed the original INPO Accreditation Team Visit. The
observer will also read the report of the Accreditation Team and the |
utility response to that report. Reviewing this background material

|helps the NRC observer to assess the Board's effectiveness in ,

determining whether a utility has met the objectives and criteria for
accreditation.

SALP Reports

The Systematic Assessment of Licensee Performance (SALP),

i provides an evaluation of plant performance in ten functional areas,
I including, since November 1955, Training. Each functional area is

].
reviewed to determine management involvement in assuring quality, j
approval to resolving safety-related technical issues, responsiveness

| to NRC initiatives, enforcement history, operational events, and
staffing. The reports result in identifying positive aspects of
training programs as well as problems in operating activities and
training program administration, content, and evaluation. The
reports are used to evaluate problems which may be attributed to
training program deficiencies among accredited and non-accredited
training programs.

|

1
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Inspection Reports

NRC training inspections are intended to evaluate the
effectiveness of training implementation. The inspection approach
embodied in inspection procedures, revised in June 1985 is
performance-based in that it focuses on the ability of the plant
staff to perform their jobs after training. Specifically, the new
procedures require that inspectors determine whether there have been
abnormal events or unusual occurrences that might have been caused by
deficient training. These judgments are made through interviews with
plant personnel and evaluations of the adequacy of classroom,
on-the-job, and simulator training.

In addition, inspectors determine whether the lessons
learned from these events or activities were effectively factored
into the training program. Training inspection findings are reviewed
to identify problems in both accredited and non-accredited training
programs.

Examination Reports

Narrative reports on NRC licensed operator examinations are
reviewed to extract information on performance of candidates for
operator's licenses that could be linked to the effectiveness of
utility training programs. The results of NRC examinations in terms
of pass / fail rates, including requalification examination results,
are analy:cd to determine whether any significant difference exists
in examinatian performance between candidates from accredited and
non-accredited training programs.

Event-Based Reviews

Event-based evaluations of training programs are performed
in response to reportable operating events or in response to a
special request for an in-depth review of training at a particular
facility. These reviews evaluate the licensees' training programs
against the elements of performance-based training as described in
the NRC Policy Statement on Training and Qualification.

Post-Accreditation Reviews

The staff conducts post-accreditation reviews which evaluate
a sample of training programs to determine whether the objectives of
performance-based training are met and implemented in accredited
programs. To be selected for review, the utility's programs should
have been accredited for at least six months. The staff has also
tried to choose plants of different types and from different
vendors. The reviews are conducted on site, using Training Review
Criteria and Procedures that were developed by members of the staff
of the Division of Human Factors Technology. These criteria have
been published as NUREG-1220. Although somewhat different in format
and structure, the criteria are very similar to those used by INPO.
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The criteria are organized around the five essential elements of
performance-based training, i.e., a systematic analysis of jobs to be i

j performed, learning objectives that are derived from analysis of jobs i

: to be performed, learning objectives that are derived from that 1

|
I analysis and that describe desired performance after training,
| training design and implementation based on the learning objectives, |

evaluation of trainee mastery of the objectives during training, and !
'

evaluation and revision of the training based on the performance of j
trained personnel in the job setting. Because these criteria apply ;

to all performance-based training, they can be used for monitoring |
plant and industry trends and events involving personnel errors as i

j well as for post-accreditation reviews.

' Each of the five elements has its own review objectives and |
all of these ob$cctives are worked through during the on-site ;

,

| cvaluation. For instanca, some of the criteria under the analysis !

element are: [;

l o was a systematic method used for identifying and
i selecting tasks for which training will be provided? ;

!

o Is a differentiation made between those tasks requiring
initial training only and those requiring continuing'

j training?

o Is the task analysis adequate for the development of f!
learning objectives, i.e., have knowledges and skills !

for the tasks been identified?

o Does a mechanism exist to keep analysis information
current as the job requirements change?

(
!' The element concerning development of learninq objectives includes

criteria such ast {
l

I o Do learning objectives state the job performance
I behaviors expected of trainees upon completion of i

training?

o Do learning objectives state job performance-based
conditions and standards?

o Are there procedures that require modification of
learning objectives when job performance requirements
change?

The design and impicmentation element includes criteria i

concerning the goals, objectives, and responsibilities of the
training organization, qualifications of the staff, quality of lesson
plans, and appropriate sequencing of training. The last two
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cicmonts, trainec and program evaluation, determine how well the
first three cicments have been impicmonted and contribute to the
dynamic nature of the program. The criteria included under these two
elements determine the bases for exemptions from specific portions of

,
the training program, appropriateness of trainco evaluations or
examinations with respect to job performanco requirements,f

consequences of below standard performance, and precautions to
preclude test compromiso. In addition, the program evaluation
element critoria address methods that arc in place for analyzing and
evaluating trainec test scores, use of critiques of the program by |
instructors, traineos, and supervisors on the job, whether a program

|,

1 exists for soliciting on-the-job experiences from job incumbents, and :

finally, whether findings of both internal and external audit or i
cvaluations of the training program are used for overall program i

evaluation. When used for an event-based review or monitoring plant {
'

and industry trends, there is a flow chart that provides a way of
determining an officient way to'use the procedures based on the
characteristics of the problem.

,

t

l Conclusion !

! !

| The NRC staff has recognized that it would not be valid to I

assess industry efforts to improve training using any one paramotor. |
To this end, the staff selected a number of methods with potential i

for identifying training strengths and weaknesses and for determining I
whether performanec-based training is being effectively impicmented
throughout the industry.

Discussion

HR. LONG (GPU Nuclear): You have told us the evaluation
process. What conclusions, generally, have you drawn regarding the
effectiveness of the utility training program. |

DR. PERSENSKY: We can respond in a general way because it
is the subject of a Commission paper which, at this point, is
pre-decisional. But we can provide a general view of where wo stand.

MS. MORISSEAU: I would say that, as a result of going out i

and doing a lot of the evaluations, there has been a vast I'

improvement in training in the industry. We would certainly not be !
able to fault the process. It seems to have had good results.

DR. PERSENSKY: But there are some improvements that wo see
! needed both in the utility programs and in the INPO prcgram, and we

will be working with INPO on that.
|
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REGULATORY REQUIREMENTS AND TRAINING OF
REACTOR OPERATORS AND SENIOR REACTOR OPERATORS IN SPAIN

,

P. Villajos
Nuclear Safety Council

i Madrid (Spain)

M. C. Saiz<

Almaraz NPP
Madrid (Spain)

S. San Antonio
Tecnatom, S. A. ,

,

Madrid (Spain) !

Introduction
1 !

; ,? the CSNI Specialist Meeting on Operator Training and '

; Qualifications, held in Charlotte, N.C. (USA) in October, 1981, Spain
,

presented a paper entitled "Experience Gained in Spain in Licensing<

; Reactor Operators." This paper contained information on the

i different types of nuclear power plants in operation or under
' construction in Spain, the generations to which these plants belonged ,

; and the Spanish contribution to their design, construction, testing
and commercial operation, as well as presenting detailed information ;

on the training and qualification of reactor operators. This
presentation is aimed at updating that document, providing fresh data t

'
j and indicating the changes that have tahon place with respect to the

]
applicable criteria and their implementation.

i The evolution of the energy situation in Spain is ,

i illustrated in Table 1, which shows that the installed nuclear power i

amounts to 5815 MW, 13.8% of the total. Figure 1 shows the evolution ;

of the demand for electrical energy in Spain. At present, Spain is ,

the cloventh country in the world in production of electrical energy,
being the consumption "por capita" in 1986 of 2,760 kilowatt hours. ;

,
Figure 1. Evolution of Demand Table 1. Installed Power '

i for Electrical Energy (1960-1986) Contribution (MW) ;
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Table 2 shows the main characteristics of Spanish nuclear
power plants, while Figure 2 indicates their geographical location.

Table 2. Nuclear Power Plants Figure 2. Nuclear Power Plants
in Spain in Spain
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The first genecation plants indicated in Table 2 were
turnkey projects; participation by Spanish industry in the second
genort. tion amounted to 80%, and so far a 90% participation is
foroscen for the third generation.

This evolution, along with the impact of different
operational events (TMI, Crystal River, Davis Besse, etc.) has given
rise to modifications to both regulatory requirements and training
programs in an attempt t.o improve the already excellent qualification
of licensed operators and supervisors in Spanish plants.

Regulater'y Porspective

October 8, 1982, Royal Decroc 2519/82 was published,
approving the National Regulations for the Protection of Health
against Ionizing Radiations. This Decreo, and the Regulations 1

governing Nuclear and Radioactive Installations, approved by ;

Ministorial Decree 2869/72 in 1972, develop respectively the aspects )
of radiological protection and licensing contained in the 1964 i

Nuclear Energy Law, later roodified by the law passed in 1980 that ;

gave rise to the creation of the "Consejo de Seguridad Nuclear" !

(Nuclear Safety Council). According to this law, the abovo-mentioned i

body (CSN) $i the solo competent authority for matters related to
Ni.tclear Sa*.oty and Rwhological Protection.

34 ~ --
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on the basis of the regulations dictated by the competent
international bodies, the regulations contained in the Royal Decree
of 1982 establish the critoria and objectives on which radiological i

,

protection norms should be based.
: i

The entire Operator and Supervisor licensing process was
described in great detail in 1981. Generally speaking, the

,

requirements established with respect to the training, qualification i

and evaluations of operations personnel of those Spanish nuclear
power plants initiating exploitation in 1982, (Asco, Unit I), 1983
(Almaraz, Unit II), 1984 (Cofrentes) and 1985 (Asco, Unit II) were :
the same as the demands made of Almaraz, Unit I in 1980. These
requirements are specified in the Safety Guidelines governing basic
regulations in this area. However, the demands have been extended to
include additional knowledge of plant systems, safety-related or
otherwise, in order to avoid or mitigate the consequences of
accidents giving rise to serious core damage; of the peculiarities of
the Three Mile Island accident; and of the possible evolution of
loss-of-coolant accidents in each specific plant. The above has
permitted greater knowledge to be achieved with respect to the
fundamentals of thermohydraulics and postulated transients in each
plant.

Qualification Requirements

As a result of publication of the above-menticned 1982 [Regulations and of the recommendations derived from the TMI accident, '

to the extent that these relate to the training of operations i
personnel, as well as several other actions such as the
implomontation of new emergency procedures based on tne Emergency
Response Guidelinos (ERG's), Safety Parameter Display System (SPDS)
detailed Control Room Design Review and implementation of emergency ,

operations facilities, and on the basis of the experienco acquired,
the Nuclear Safety Council has updated the regulations contained in
the Safety Guidelines. The following Guidelines, published in March -

and October, 1986, replace all previous Guidelines.

o CSN Safety Guideline 1.1. "Qualifications for !
obtaining and using nucicar power plant operations '

personnel licensos."

o CSN Safety Guideline 7.4. "Basis for medical
surveillance of workers exposed to ionizing radiation."

.

The main differences between Guidelino 1.1 and its
predecessor are: the requiremont of a minimum number of hours of
training in the areas included in the examination, on the simulator
and in operation of the candidate's Plant prior to obtaining the I
license; and the requirement for continued training in all cases for !

licenso renovation.I

,

1
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This Guideline presents far more detailed information on the
items to be included in training and retraining programs and
examinations, and even points out the operations practices
recommended and the activities to be carried out in order to
guarantee the level of experience demanded.

i

The personnel of the third generation plants (Trillo and
'

Vandellos II), and the new personnel for plants of previous
generations, have either been trained, or will be trained, in
accordance with these new criteria, the corresponding examinations
being carried out after March, 1986.

Initial Training Program

Figure 3 shows a typical Spanish training program for
licensed operators and supervisors aimed at complying, on the one
hand, with the regulatory requirements and, on the other, achieving a
maximum level of competence in the plant operators. The figure
refers to licenses for plants in operation; in the case of plants
under construction, alternative training programs have been developed
substituting plant operating experience for candidate participation
in home-station start-up activities.

Requalification

Requalification programs are aimed at maintaining the
professional competence required for safe and efficient performance
of assigned functions. Spanish Safety Guideline GS-1.1/86 defines
the requirements to be fulfilled by the requalification programs
submitted by each NPP utility-owner, and which must be approved by
the NSC.

Bearing in mind that the requalification programs address
people performing the routine tasks associated with their respectivo
job position functions, these programs must be based on four
different lines of action:

o To refresh theoretical subjects and administrative
procedures, as well as professional skills, especially
those rarely if ever used, in order to avoid the
potential risk of degradation of operator capabili':.y to
cope with assigned duties.

o To assure operator knowledge of any design changes at
the home plant impacting the plant physical processes
and, therefore, the operating procedures.i

.

1
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Figure 3. RO/SRO Training Program
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o To correct detected performance failures by using the
data sources described in the preceding items.

o To alert the operator with respect to lessons learned
from own and third-party operating experience in order
to avoid recurrence of errors.

Figure 4 shows the structure of a typical roqualification
program administered to the six shifts of one Spanish NPP during the
last two years' requalification period.

Simulator training practical sessions are established on the
basis of the operations experience accumulated by the operators and
supervisors during their shifts. This individual experience is
included in the operations record of each license holder, in which
the following information is reflected every six months:

Number of days in each operational modo
criticalitics
Reactor trips
Grid couplings
Load variations in excess of 5%
Turbine Runs
Plant cooldowns and warmups
Malfunctions and/or emergencies
Tests / Surveillance
Operations of interest

The operations that have not occurred during the shift are
programmed for performance on the simulator.

Tabic 3 shows the real operations record of a senior reactor
operator (SRO) for the first six months of 1986.

,

Candidate Evaluation

Evaluations are performed by the Tribunal of the CSN :
responsible for verifying candidato qualifications by means of three
different exams: final written examination, oral examination on the
PWR or BWR simulator and oral examination at the candidate's home
plant. The characteristics of the written examination are as before,
and similar to those of the examinations hold in the majority of
countries.

The examinations set on the simulator are performed in
groups, although each candidate is assessed individually. These
groups include three people, acting as Supervisor, Reactor Operator )
and Turbine operator. The examination sessions last an average of !
four hours, during which time the shift is rotated on the basis of )

|
)

|
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Figure 4. RO/SRO Retraining Program
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Tabic 3. Operating History

1. No Days of Operation in Different Modes

Mode 1 - 57 days Mode 2 - 4 days
3- 5 days 4 - 2 days" "

5 - 20 days 6 - 8 days" "

2. Criticalities

06-01-86

3. Trips

None

4 Grid Couplings

06-01-86 08-01-86

5. Lead Variations

06-01-86 - From 0 to 100 MWe
07-01-86 - From 347 to 585 MWe
08-01-86 - From 0 to 260 MWe
12-05-86 - From 458 to 673 MWe

6. Turbine Runs

06-01-86 - From 0 to 1500 rpm
08-01 -86 - From 0 to 1500 rpm

7 Warmups and Cooldowns

03-03-86 - Cooldown frem 140'C to 70'C '

28-04-86 - Varmup from 125'C to 140'C
29-04-86 - Warnup from 210'C to 290'C

8. Malfunctions

I
None j

9. Tests

19-04-86 - OP2/PV-3.22 (Engineered safeguards channel actuation)

10. Operations of Interest

IFrom 13-01-86 Reception and storage of new fuel, from casks to New Fuel
!

to 14-01-86 Storage Racks 1

From 13-03-86 Refuelling operations (transfer of elements from core to
to 21-03-86 pool and vice versa)
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the post being evaluated. The session is initiated from a stable
plant situation, an average total of ten equipment or system-related
failures, some leading to emergency conditions, being introduced
during subsequent lead increases or decreases. The sessions are ,

pre-programmed in order to permit evaluation of the behavior and '

actuation of the candidates within the group and with respect to
plant auxiliary staff, as well as of the handling of documentation :,

available on the simulator.

The oral examination held at the plant is divided into three
parts, previously planned. The first part is a classroom session in
which the candidato is presented with a Failuro Operation Instruction
and one or two Emergency Operation Instructions. The candidate, who
may consult the instructions, is then asked questions relating to the.

objective of the procedure, monitoring of the process (evolution of
parameters) and possible failures and emergencies: symptoms, !
diagnostics, automatic and manual actions and precautions.

The second part of the examination is held in the Control
Room, and generally consists of a given scenario and an assumed
incident implying the intervention of the procedures selected in the ,

first part of the exerciso. The candidate is required to identify |

this incident on the basis of the data obtained in the Control Room
and from the plant auxiliary staff, and to specify the actions to be

,

taken throughout the transient. During this exercise, the candidate
must correctly interpret the alarms generated on the panel and the
data supplied by the recorders, identify the instrumentation
associated with the different systems, locate and correctly use the
documentation availabic in the Control Room, make whatever
calculations are required and record the necessary data.

The third part consists of a plant walkthrough, during which
the candidato has to locate and identify the equipment and components
associated with the selected failure instruction.

The results achieved so far after this ovaluation are
frankly very positivo, as 95% of candidates pass the three
examinations set.

The Supervisor's license for handling of now fuel in tho
,

storage pool prior to core loading is awarded following successful ;
completion of an oral examination'at the candidate's home plan 6, which |

, is aimed at demonstrating the candidate's skill in handling fuel i

'

olements and his knowledge of nucicar safety and radiological
protection requirements during fuel handling and storage operations.

The number of supervisor licenses por Unit for start-up of
second gonoration Plants (Almaraz, Asco and Cofrentos) has increased

, ~

considerably as shown iniTable 4. This is due to the fact that the,

Nuclear Safety Council, adopting the recommendations made in the wake
:

- 41 -
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I

of the TMI accident, requires two Supervisor license holders per
shift instead of the one required before. One of these people will
be on site at all times, and will act as Supervisor Chief as from the
moment in which the fuel is loaded into the reactor core. The other
Supervisor will act as Assistant Supervisor Chief in the same
situations as the Supervisor Chief, but his work will normally be
carried out in the Control Room.

,

: In plants having two' units, the Supervisor Chief may be
| common to both.
'

Two operators, one of them RO licensed, are required to be
; at the Control Room per Unit. -

,

The first generation plants (Jose Cabrera, Sta. M. de Garona
and Vandellos I) are gradually increasing their staff in order to'

satisfy this requirement, and are also increasing the number of
shifts from five to six as a result of limitations on the working day
and minimum rest times, as well as to permit greater operations
personnel dedication to retraining.

Table 4. Licenses Issued by Regulatory Authority
for Nuclear Power Plants in Spain

,

: ,w me mi n ,. im im nn im im im nn im im im ini n.4 nu n. im n ;
i

I
I

; tCleM 1181 )se = w no too so se ao Sao e sao e w at se se se = w ac me sao oc m ao sac no sac = se et ;e at sac se se sa i

N |
t

Just CA48tta i 1 ! I i ! # 1 8 I e 1 2 4 3 1 e

i'a,s.canAs 13 a g i e 3 , g 3 3 3 4 L 8

t8stA4LJL 1 4 12 i i l t I i 1 t 3 4

.Ia(w v. i. g 33 ig gi i i 3 g

1 Listatt to

A5C8 l* 62 1 1 6 0 . I i

.
Cs et etts 9 gg a g gi g

illLLS le

j ..n ,.

3
__ .

! ..iui e i <i . , i. i, .i ,i ie , . i . > > n i. . . 3i i. .. nn , ,3 3 .

1
.

' 0!S f f(L P83 Ba t A tti llki$! II.

Lat( t (san ati1Jin ; li

i

.
I

5 |
|

42 -; -

t
1

,

I |
. - - - - ____ ,- - - - - - - - - - .. _ . . . _ ._- - _ _.- .- - - -- - -

,



_ - . - _. . - - -

|

|

|

!

!

! EXPERIENCE GAINED FROM THE IMPACT OF REGULATION
| AND TRAINING MEASURES ON SHIFT PERSONNEL QUALIFICATION
| IN THE FEDERAL REPUBLIC OF GERMANY

Gerd H. Farber
Gesellschaft fur Reaktorsicherheit (GRS) mbH

Cologne (Federal Republic of Germany)

Abstract.

The shift crews of German nuclear power plants consist of
the so-called responsible shift personnel (shift supervisor, deputy i

; shift supervisor, licensed reactor operator), the non-licensed '

'

reactor operators and the roundsmen. In accordance with the '

particularly high qualification requirements, the paper focuses on1

! the responsible shift personnel. The typical training paths for this c

j group of persons are described. Following this, the results of an
evaluation of personnel data and examination results are presented. ,

In about 1980-81, the training requirements underwent a material4

change. This is why the evaluation of the data is restricted to the
years from 1982 through 1986. It is the basis of a few conclusions >3

j or recommendations regarding the further improvement of personnel l

! qualifications. ;

Educational / Vocational Paths
1

j The selection of candidates for the career path leading to |
; shift supervisor, deputy shift supervisor or licensed reactor r

operator is proceded by educational and vocational training which !
#

begins at the age of 6-7. The paths depicted in Figures 1-3 may 'ce
; considered as typical. ;

I UL h
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de (ire r$
. The licensed reactor

(s s sc<) operator attends elementary
school for ten years followed by
three years of practical and
theoretical vocational

ge nem %, training in the lines of

r- r /Js- ,Ja mechanical or electrical
""""L_. ?S p _ engineering and a final

| VFe.meme__] examination. Following this,
r- mb--] he acquires several years ofny
u ._ _.ep_ __ _; practical occupational
i um a m i experience as a skilled worker Ix

"" in this line. Every third 1

*7' | skilled worker undergoes i,

further training to the level |
"*

s m! of master in his craft and a

%.,,,,

*-en ee

1
"o.,r kmue""* ""* ! takes the respective final ir

examination. On an average,
"'

Am e employment at a nuclear power
""7,W " | plant starts at about the age |

I , ,n;on m,, | employee is generally assigned
of 30. At the plant, the*

, , ,

the duties of roundsman and/or i

non-licensed reactor operator,
statistics show that, on an average, selection for licensed reactor
operator training takes place after long-term observation of more
than four years.,

The future deputy shift supervisor also undergoes the
education and training depicted in Figure 1 until ho is employed at a
nuclear power plant. Further training to the level of master is
mandatory. The selection for training to the level of deputy shift i
supervisor, which training is identical with that to the lovel of 1

shift supervisor, takes place either after several years of practico '

as a roundsman and/or non-licensed reactor operator, or following i
successful work as a licensed reactor operator (Figure 2). The .

guidelines provide scopo for either possibility. The shorter way to !
the level of deputy shift supervisor without any prior practical
experience as a licensed reactor operator is being increasingly
favored.

As a rule, the futuro shift supervisor, after having
undergono training as a skilled worker, attends a professional

| secondary school (two years) and a professional college (throo years) l

,

from which he graduates as a junior engineer (Figuro 3). !
i

Qualification as an engineer in a technical line which corresponds to I

his futuro employment in a nuclear power plant is mandatory.
Experience shows that he has little or no practical experience as an
engineer at the time he is employed at the nuclear power plant. The

8 |
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decision concerning his later employment as a shift supervisor is
made at the time he is engaged or during the first year of his
employment at the plant (no long-term observation). At this time,
the average age of the candidate is around 29 years.

Prior to employing new personnel, the licensees carry out
personality tests to an over increasing extent (testing intelligence, I
behavior under stress, recollection, concentration and communication |

abilities, reliability, etc.), although corresponding regulatory |
requirements do not exist.

Training considering the specific aspects of nuclear power I

plants takes place at one of the four training centers, at a
simulator laboratory and at the plant itself. All candidates attend
a three-month outside training course in order to become acquainted
with nucicar fundamentals. They finish the course with a written and
oral examination at the respective level for which they were trained
(licensed reactor operator, shift supervisor). Depending on the
plant in question, the plant-specific initial training at the
simulator takes six to nine weeks. One BWR and three PWR full-scope
simulators are available for this purpose. Contracts have been I
awarded for two further full-scope simulators. Plant-specific I

training on the spot varies with the plant in question. Basically,
however, it consists of several months of theoretical training,
several months of work in various departments and protected
participation in shift service in the control room. The candidates
finish plant-specific training with a final examination comprising
written and oral tests. Figure 4 is a simplified presentation of the
career path leading to the level of licensed reactor operator,
whereas Figure 5 shows that leading to the level of deputy shift
supervisor or shift supervisor.
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Following their employment at the nuclear power plant, the
skilled workers may undergo additional training in order to
specialize in nuclear power plant engineering. They may also take
the master's examination in this line. With respect to the career
path to the level of licensed reactor operation (Figure 4) or deputy
shift supervisor (Figure 5), this additional training is not
mandatory. However, it is encouraged and sponsored by the utilitics
in order to provide the candidates with an intensive preparation for
their assignments for the operation of the plant. It is not unusual
for licensed reactor operators and deputy shift supervisors to be
trained and undergo the respectivo examinations in two lines, e.g.,
mechanical engineering and nuclear power plant engineering, or
electrical engineering and nuclear power plant engineering.

shift supervisors and deputy shift supervisors follow the,

career path depicted in Figure 5 if they do not yet have any
practical experience as licensed reactor operators. This applies in
particular to all engineers (shift supervisors). Following the
successful examination as shift supervisors, they are first licensed
as reactor operators, whereas the actual shift supervisor license is
only issued after six months of experience as a licensed reactor
operator.

During their studies, future engineers may specialize in the
line of nuclear power plant engineering, although this does not seem
to be particularly attractive to students. (Also university studies
focus more on the design of plants than on their operation.) To a
greater extent, university graduates in the line of marine
engineering decide upon a career as shift supervisors.

Evaluation of Data

From 1982 through 1986, a total of 531 persons have finished
their training to the level of responsible shift personnel, 46% of
them engineers, and 54% non-engincors. Of the non-engincors, 26% are
skilled workers, 56% of them are mastors, and 18% technicians. The
training level of technician is more or less halfway between mastor
and engineer. As they account only for a relatively small percontage
of the responsible shift personnel, their educational and vocational
training is not discussed at any greator longth here. Skilled
workers and masters account for the group of licensed reactor
operators, masters and technicians for the group of deputy shift
supervisors.

At the time of their being licensed, the average ago and the
mean values of their practical experience were almost identical for
licensed reactor operators and deputy shift supervisors. This is why
they could be represented together in a single block in Figuro 6

'

(non-engincors) and compared with the block of the shift supervisors
(engincors). As a rule, the shift supervisors are a couple of
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years younger, and have definitely less nuclear power plant
experience, when beginning their employment. Contrary to the deputy [
shift supervisors and the licensed reactor operators, it is only in !

.

1 exceptional cases that they have experience from fossil power '

plants. Before being employed at the nuclear power plant, they had [
specialized in one of the four lines of mechanical engineering (52%), I

t nuclear engineering (9%), marine engineering (20%), and electrical !
) engineering (19%). (Actually, nuclear engineering and marine |
1 engineering are special branches of general mechanical engineering.) !
: Among non-engineers, only the lines of mechanical enginacring (36%), i'

nuclear engineering (42%) and electrical engineering (2M) are
!

; represented. t

.
t

i The examination data bank also permits a statistical !
j comparison of examination results. Such a comparison only makes !
. sense if the examinations are held at the same level. Figure 7 !
| provides an overview of the oral shift supervisor examinations in ;
! nucicar fundamentals which, as a result of the regulatory i
! requirements, have to be carried out at the level of engineer (shift |

supervisor and deputy shift supervisor). There is a clear-cut lead !
in the performance of engineers (shift supervisors) ) as compared !

with that of non-engineers (deputy shift supervisors). Figure 8 !

shows the results of the plant-specific final examinations which are i
carried out in the control room (administration, normal operation, I

occurrences, accidents, radiological protection). It is evident that !
there is practically no difference between the performance of !

engineers and that of non-engineers. |
t
i

i
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The examination data bank may also be used for other
ovaluations, e.g., a comparison of performance as a function of ago ,

or the candidates' practical experience or technical specialization. |
The impact of modified regulatory goals on the responsible shift 7

personnel's technical qualification or job descriptions can bci

traced. Current trends and developments can be identified at an ,

; carly stage. The data bank indicates diffcronces in the training or
examination levels of the training conters and shows whether
comparabic standards are used with respect to inhouse training at the .

nuclear power plants and how written examinations (at the conter,
,

inhouso) have to be assessed in comparison with oral examinations'
,

(inhouse and external examinations). The candidates' particular data
i concerning the performance of their 2xamination and their .

professional career are stored in the data bank.>

< ,

Conclusions, Trends
,

i
; At regular intervals, the responsibic shift personnel's |

training and retraining programs are reviewed by the responsibic :

authoritics and have to be adapted to the latest state of the art. !i

! In recent years, this has led to both a steady improvement in quality
and a quantitative extension of training measures. As far as quality1

| 1s concerned, it is in particular the following aspects that should
be mentioned:

!

o optimization of training materials. For example, the
| periodic review of training materials every two or
: three years, as prescribed by the authoritics, 1 cads to

i the preparation of revised materials.

i
,

4
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Io Availability of efficient training simulators. The
software and hardware of the older PWR and BWR i
simulators were removed and adapted, as far as !
possible, to the current state of the art (increase in j
simulation scope, accuracy and flexibility). An

|advanced PWR simulator was put into operation in 1986, :

and one additional PWR and BWR simulator each were '

ordered. !

! !

o Greater appreciation of the position of training |'

manager as a result of modified regulatory |
requirements. i

i Within the scope of a revision of the guidelines, new and/or (
4 cxtended curricular contents were defined which are taken into ;

) account in the training programs: j
o In-depth treatment of thermohydraulic questions

j (engincor's level) with a view to accident situations. j

o Intensified ovaluation of occurrences.
,

to Training in the symptem-based approact. '

,

f b

j o Treatment of the phenomena which are characteristic of t

; serious events.
3

o In-depth treatment of fire protection.

} The qualification of the responsible shift personnel is ;

influenced not only by the authorition* direct impact on the training !
-

; pregrams, but also by the regulatory requirements for the proof of
itechnical qualification (examinations). In the Federal Republic of :

a

| Germany, the oral examinations are hold by an examination board :
I comprising members of all parties involved. Each board consists of !
; sin members, i.e., a representativo of the authorities, independent

|
| authorised experts and representativos of the training centers '

j (examinations in nucicar fundamentals) or the licensee
] (plant-specific oxamination). With the aid of the examination data
; bank, it can be demonstrated that the examination boards use similar !

atandards in the examinations of nuclear fundamentals and in the |plant-specific examinations. Experience shows that the examination (,

! boards take care to ensure that: '

:

! o thoro is a factual harmonization of interests among tho |
examinors involved,

|
i '

: o there is both self-control and mutual control among the !
I examinors, |

|

i
1
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o there is a collective availability of the necessary ,

expertise and/or examiners' competence (i.e. individual |"

gaps in knowledge do not pose any problem), |

all in all, a higher degree of objectivity is attainedo
than is in the written examinations (sco below).

It is improbable that a candidate will pass an examination
y although nis knowledge is insufficient. An unqualified candidate
; could pass the final examination only in the case of a false decision

on the side of all the examiners, since positive decisions require a
j unanimous vote.

,

Passing the written examination is a prorcquisite for '

undergoing the oral examination. To a great extent, the written
examinations are organized and carried out by the training contors |

,

i

and/or the licensees themselves. The evaluation of thesc
,

examinations has shown that there are great differences betwcon the'

requirements and the standards of evaluation. This is why, at
present, the rank of the written examination is considered
comparatively low. For the examination in nuclear fundamentals, a

.

data bank of examination questions has boon developed which is to |
make a contribution to a future harmonization of the procedure.

'

I A couple of years ago, detailed regulatory provisions were
issued for the written examinations (nuclear fundamentals). of
utmost importance was the introduction of a 85% limit for |

: examinations passed, i.e. 85% of the possible total points have to be
reached since then. However, practice has shown that the goal
pursued by this approach - to ensure a particularly stringent
performance evaluation - was not attained. Instead, as a result of
the 85% critorion, the preparacion, execution and evaluation of tho ,

i
examinations changed along a line that cannot be in agreement with, *

' the regulatory intentions. Overcoming the obstacle of the
examination became the foremost objective, and preparation for

j responsible assignments in the control room receded to the
background. In connection with the introduction of the data bank of1

examination questions, a modification or climination of the 85%'

critorion is being discussed.

|)
i The possibilitics of an ovaluation of qualification are not

exhausted by the written and oral examinations. Another important

j method is the performance evaluation during work at the plant which,
i as a matter of fact, has to be donc by the superiors. However, this
j method also offers itself at the simulator. In this connection,
1 further cicmonts of competence can be evaluated beside technical
| qualification such as team work, behavior under stress,

decision-making capabilitics, ability to communicato, individual
authority, sense of responsibility. In a draft amendment of tho

), Guideline Relating to the Technical Qualification of Nucicar Power
'l plant Personnel, an evaluation of the results of training at the

l

!
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simulator (initial training and retraining) is required for the first
; time. This evaluation is left to the simulator instructor and the

coach attending the simulator course in order to take care of the4
,

; shift crew (training manager, operations manager). '

i
.

In accordance with the amendment of the Guideline, the !
duration of initial training at the simulator is to be extended to at !

1 least six weeks (from four weeks at prosent). Industry has become |

3
aware of the special advantages of this training method, and savoral ;

licenscos have aircady adopted the general policy of dologating their!

control room personnel to eight or nine week basic training courses. '

l

i

| Discussion
,

j MR. BOHANON: Arc there similar patterns, in principle, in 1
; the programs that you use in Germany for other complex facilitics, I

liko petrochemicals or the aviation industry?
"

) MR. FARBER: In general, I can say there are no similaritics
compared with the aviation industry.'

4

DR. PERSENSKY: On the 85% passing critoria, your finding'
that if you increase the critoria, then you get simpler questions.
That appears to indicato no real chango.

MR. FARBER It did not, and the reason was that there arc
,

four national training contors competing in one way or another. As I |
i mentioned in the presentation, we are now going to cror:c a uniform

catalog of questions for all training conters. This is why we have,

discussed climinating the 85% rule, because it is of little value.

MR. TADYCH: Prior to the institution of the 85% critoria,
| what was your previous criteria?
]

: MR. FARBER: We have always had an 85% passing critorion,
| but just for nuclear fundamentals exams, and not for plant-specific

cxams.;
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THE CEGB APPROACH TO THE SELECTION AND TRAINING

OF NUCLEAR POWER STATION PERSONNEL'

WITHIN THE UK REGULATORY FRAMEWORK i
i

|^

1 V. J. Madden 1
(Presented by P. L. Tompsett)

]
Central Electricity Generating Board

United Kingdom
i

i

Abstract

This paper considers the approach to the selection and j

l, training of engineering, and scientific staff for the Central i

j Electricity Generating Board's (CEGB) Nuclear Power Stations. Formal |

academic training will have taken place within the State system of |
!

! cducation, typically up to the age of at least twenty-one. The CEGB
recruits to meet its requirements from those who have successfully!

completed such programs, some of whom it will have sponsored from the |

age of eighteen. On recruitment to the CEGB, further structured
'

l training programs are utilized to develop the skills and knowledge !

! required to undertake the duties of specific jobs. In the case of i

Nuclear Power Station staff, account has to be taken of the ;

requirements of the Operating Licence given to the CEGB by the Health !
;
; and Safety Executive, the regulatory body. This imposes amongst j

other responsibilities, a requirement on the CEGB to ensure the4

competency of ito Nuclear Power Station staff. The CEGB discharges
,

j this through comprehensive training programs designed to meet the .

requirements of all levels of posts in the various disciplines ;

required to operate a Nuclear Power Station both safely and |-

Iefficiently. ;

! Nuclear Site Licence in Great Britain !
1 i

| Before a Nuclear Power Station may be built and operated i

i within Great Britain, a Nuclear Site Licence must be issued by the |
; regulatory body (the Health and Safety Executive) in accordance with !

the requirements of the Nuclear Installations Act, 1965. This i'

I Hucicar Site Licence imposes on the licensee, the Central Electricity !

f Generating Board (CEGB), the responsibility for the safe operation of 1

the nuclear installation. Operating Rules, required by the Nuclear I

site Licence, are formulated as instructions from the licensee to the !

station manager. These Operating Rules are made with the objective |
of ensuring the safe operation of the plant and detail the methods, !

procedures and conditions under which the plant may be operated. |
' !

i As a condition of the Site Licence, the licensee ensures !
! that the plant is not operated except under the control and i
d supervision of a person appointed for that purpose and that it is i

manned by sufficient competent staff to ensure nucicar safety is not <

prejudiced. These definitions place a responsibility for ensuring |,

|
the competency of the control room staff with the station manager. ;
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The authorization of staff to operate a Nuclear Power ;

Station is given internally by the CEGB and not by the Regulatory |

Body. r

The Staffing of a CEGB Nuclear Power Station
-

The CEGB is the only utility responsible for the generation !

and transmission of electricity in England and Wales. It currently !

has an installed capacity of 52,363 MW from 78 power stations, of !
which 5,029 MW is nuclear plant in operation with a further 3,300 MW !,

currently being worked up to full electrical output. |
-

t

The CEGB's nuclear power program began in the latter part of !
4

the 1950's. Since then it has brought into operation eight nuclear !

power stations using the Magnox type of gas cooled reactor, four i

j stations utilizing the Advanced Gas Cooled Reactor (AGR) and has onc !
further AGR station scheduled to load fuel later this year - all !<

! those stations are twin reactor units. Permission has just boon !
| roccived to construct a 1,320 MW Pressurized Water Reactor which is (
l scheduled to load fuel in 1993.
i ,

Since its first Nuclear Power Stations became operational in |'

1962, the CEGB has acquired 25 years experience of the staffing and i<

operation of Nuclear Power Plants. The design of those Gas Cooled<

Reactors has imposed particular requirements on the engineering (
equipment provided, for examplo, on load refuelling equipment, and i

,

hence on the staffing needed to operato and maintain the plant. The !

; CEGB has always placed considerable importance on cach station having I

.

a professional scientific and engincoring capability to cope with a ;

! range of eventualitics associated with the safe and efficient '

j operation of the plant. A consequence of this policy is that reactor
! physics, health physics and onyincering skills are availabic on each

;

i sito. A typical staff structure for a twin reactor AGR station is ,

shown in Figure 1. |

5

i i

i Station Managar I

1

i

:

j Engineering Manager Production Manager Resources' Manager

!

Mechanical Day and Shift Planning of
Electrical Control Operations and Resources,

| and Maintenance Management
I instrumentation Services

| Figure 1 Chemistry Training

| Reactor Physics Health Physics

| Plant Performance

! I
: l
t
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The Academic and Professional Training and Selection
of Technical and Engineering Staff

Great Britain has a well established system of education,
funded through government, which is compulsory up to the age of 16
years. Progression to higher levels of education can be undertaken
up to the age of 18 either by remaining at school, or by transferring
to a Technical or ' Sixth Form' College. |

1

It is during this stage that selection of some future CEGB
technical and engineering staff begins with a number being chosen
cach year to be sponsored through a period of education at
University, leading to a first degree qualification. Students are
selected for sponsorship on the basis of an interview and their |
cxamination results. ]

For a number of years, sponsorship in several forms has boon
utilized. One scheme covers the combination of a B.LO. degree in i

c1cetro-mochanical engineering with a two year program of
professional engineering training. The degree course content was
established by the University of Aston in conjunction with the I

cloctricity supply industry and is broad based with various options
appropriato to the technology in use within the CEGB. The period

i

spent at the University is interspersed with modules of professional ;

engineering training providing both formal and on-job training in |

several spheres of the CEGB's activities, e.g., fossil and nuclear i

power station operation and maintenance, power station design, !
transmission system design and operation. In addition, a period is !
spent in a manufacturer's works developing an understanding of the
processes employed in, for example, the design and construction of a
turbo alternator.

More recently other schemes have boon developed for
sponsoring students on coursos selected as having special rolovance
to the Board's needs, particularly in electrical engineering.
Sponsorship may be for the whole of, or final year of, an

,

.

undergraduate's courso. Selection for the latter will depend on i

! successful completion of an industrial placement prior to the '

! sponsorship period.

The above schemes are utili:cd for only a proportion of the
CEGB's requirements. Each year a manpower survey is undertaken aimed
at identifying the additional numbers and skills it will be necessary
to recruit from those completing first degree courses (who have not
boon subject to CEGB sponsorship). For examplo, last year 17 were
recruited to undergo training to work in the reactor physics
departments of nuc1 car power stations. |

l
In considoring its requirement for technical and engineering i

skills, the CEGB is also mindful of the need to recruit some |,

1
'

i

|
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graduates with the capa%ility to progress through technological posts
into more general management. This is borne in mind in an interview4

process with both the sponsored students and those recruited directly
in their final year of the course. Those whom initial screening
suggests might have the potential to progress into general management
attend for two days at an Assessment Centro (48 candidates went

| through this process in 1986). Here a series of individual
interviews, written tests and group activitics are undertaken, |
overscen by personnel specialists and involving senior CEGB line

i managers. Those solceted and accepting job offers (around 15 per
year) will undergo a two-year training program.

.

The fundamental purpose of this type of training is to
< preparc an individual for a professional engineering career with

.

'

i sufficient awareness of aspects of management to understand the
context in which he will undertake his work. The program meets the [
requirements of the major engineering institutions, such that when
allied with a number of years of responsible job experience as a
"Professional Engineer," the individual should be able to achieve;

"Chartered Enginecr" status.

Recognizing the commitment the CEGB is making to its future
.

in those individuals, a "mentor" at Director level is appointed for
i cach graduate. The primary role of the mentor is seen to be that of

guiding and counselling so that he/she becomes competent across the
full spectrum of activity associated with a professional engineer. ,

The offectiveness of individuals is dependent upon their own personal |
qualitics and upon their recognition of the contribution all grados t

of staff can make in a particular environment or situation. Thaso4

qualitics have to be developed in the emerging engineer in parallcl
with the application of academic knowledge and practical training.
Only when the professional engineer has the confidonen and ability to
initiato useful work and make an original contributien which'

.

optimizes the resources at his disposal, can ho claim to be fully *

devoleped. From this sou:ce the CEGB will make appointments#

throughout its organiration but including a number into the junior i,

posts on nucicar power stations.

In addition to those University degroc qualified staff, the i

CEGB has undortaken recruitment exerciscs to train technician,

J cngincors. In Great Britain this will ontail a formal academic
I cducation in a Technical College or Polytechnic up to the age of 21,
j to obtain a B Toc /H.N.C. in Electrical or Mechanical Engineering.
? Many staff trained through this route are employed in junior
i ongincoring posts on nuclear power stations. Such staff have
! undergone an engineering training program with a more practical
2 bias. (This group should not be confused with staff employed for
i their craft skills in the mechanical, cloctrical, and control
; instrumentation ficids who undertake the majority of the "hands on"
i maintenance to power station plant under the supervision of either a

| Technician Engineer or Chartered Enginecr.)
J

: ;

j |
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4

A further source of staff for the specialist nuc1 car power4

station ficids of reactor physics and health physics has recently'

been established. Following selection interviews, up to four persons
per year are being sponsored in cach subject through appropriato
Master of Science degree courses. Such individuals are selected from

|

those gaining acceptance onto the course and who then wish to apply
]- for the sponsorship.

i The above has described the sources by which the CEGB
recruits staff to fill the junior posts on its nucicar power

.

a stations. Some will also come from fossil-fired power stations,
j there being open competition at all levels on jobs throughout the

utility. It is appropriate to record that the engincor responsible |
for operation of a reactor unit is two promotions higher than the |

| level at which new recruits are appointed. Hence, CEGB Operations |

i Engineers have several years of prior power station experience beforo |
1 commencing the training program to equip them to operate a reactor i

'

unit safely and officiently.

! Staff bring with them a range of knowledge and skills. j
Following appointment to a post, it is then necessary to provide a

i ,

training program which will develop those existing capabilitics into'
;

! those necessary to undertake the dutics of the now post. !
,

The Training of Power Station Staff
;

The CEGB have produced a generic document entitled the !
"Standard Specification for the Nuclear Training of Staff and Nuclear i

Power Stations." It lays down the formal patterns of training to bc |
'

j cstablished at nuclear power stations, taking into account the
i Board's responsibility for the safe and efficient operation of its |

plant. It only covers training related to the nuclear ficid. !
<

Principles of training are outlined for the different grados of staff |,

employed in those stations; it establishon principles for the-
.

! organizational aspects of this training, including the need for ,

recording and assessment of training, and it recommends the broad !

,
content of training common to different groups of staff, including |

1 the training necessary to cover the provisions of the Nuclear !
: Emergency Plan. The pattern of training it establishes includes both l

! on-job training at the power station and off-job training at the i
Board's contral Nuclear Power Training Con *cr (NPTC), which aro |

t

: complomontary to each other. :

i i
'

Whilst the specification outlines the principles and sets
the standards of training in nucicar stations, it recognizes that !
circumstances differ betwoon stations because of differences in plant ;

l and organizational aspects. Hence, each station is required to i
i produce its own training document incorporating those principles but
j applying them to the specific location, bearing in mind the '

1

i
;
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requirements of the Site Licence, Plant Specifications and the
operating regime of the particular site. The genetic "Standard
Specification" is intended to assist the Station Manager in
fulfilling his responsibilitics to ensure the adequato training of
his staff and in no way detracts from this role.

In developing the station-specific training document for
each post on the power station, the opportunity is also taken to
incorporate the non-nucicar training requirements, such as,

i supervisory / management and specialist technical coursos.

Initial nuclear power training programs have been
established for all the disciplines shown in Figure 1. Uso is made
of the systematic approach to training model for their development
(sco Figure 2). In analyzing the various posts to identify the tasks

*
the individual must be competent to undertake, use is

w mmom unaa made both of formal job task analysis and also the
5""*** considerations of a committoc involving subject matter !

,

_4 ,,y j cxperts, instructors and educational specialists. The

I
aim is to produce a cories of learning objectives from
the skills and knowledge requirements from which a-4 I"** series of modulos can be designed which utilize

I appropriato media (e.g., on-job training, simulators).
-dwe^ml From the aims and objectivos of the training program

anua l allocated to particular modules, the time-table for tho
-y , 2 mon] modulo can be developed. :

_.{gggp] Experience has shown that particularly at the

f earlier stages of the training program, many jobs in
- different disciplines require the same learning

objectivos to be met and hence it is possible for such
Figure 2 groups to attend the game modulos. This also has the

.

'

benefit of improving the mutual understanding of the
roles of the different groups through the questions and exchanges I

that take place.

At the later stages in the program, training has to be
f

structured so that there are appropriato specialist modulos for each
disciplino - for examplo, health physics, reactor physics,
operations, maintenance and chemistry specialist coursos are provided
at the Nuclear power Training Center.

For all modules there is an assessment of the trainces by
|

4

1 the most appropriato means for the particular training medium. For a :classroom-based course this could well be a written examination of '

multiple choice or essay typo questions, on-job training modules i

i require assessment by the traince's supervisor, principally orally. ;
The use of testable training objectivos for all types of modulos
facilitato assessment more readily. Satisfactory completion of a i

module is required before progress can be made to the next one.
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Because the Station Manager has overall responsibility for the'

competence of his staff, the results of assessments carried out at
NPTC are reported back to him. He can then considor the progress of
the individual, taking into account the reports of the individual's ;

competence arising from completion of the on-site training modules. .

A number of posts require a final formal authorization interview I

which takes place after completion of the training program.

IEvaluation of the training program and of modules within it
is undertaken to validate their effectiveness. Various techniques
are used involving the students, the trainers and the students'
supervisors. |

Training does not stop with the completion of the initial
training program for a post. Revision and updating requirements are
considered and are included in both the "Standard Specification" and i

the Station Training Specifications.

The Management of Training within the CEGB ;

Although a number of aspects relating to management
responsibilitics with respect to training within the CEGB have been
referred to in earlier sections, a number of further points are
appropriato to this paper.

The CEGB cmploys approximately 48,000 staff. Responsibility [
for education and training lies with the Corporate Training Manager,
who reports to the Corporate Director of Personnel. All the CEGB's

,

Training Centers are under his control and ho is responsible for !

providing specialist advice to other departments of the CEGB. The :
major "customor" of the nuclear power training programs is the
Generation Division (which lies within the Production Department)
which encompasses all nuclear power stations. Ir order to provido
the Corporato Director with advice, a Nuclear Power Training Advisory
committee was established with representativos from all groups who
are involved in nuclear power activitics with the CEGB. It is
chaired by a Director of Generation and includos the Corporato
Training Manager and the Principal of NPTC.

Its role is to considor curront arrangemonts for training
and future requirements. Proposals for changes to training programs :

! or the need to establish now ones are considered and if supported
,

will either be directly implemented at NPTC or will be presented by '

the Corporate Director of Personnel to the Production Directorate as '

specialist training advice for implementation on all their nuclear [
1 power stations.

! In order to monitor the adequacy of the implementation of i

the Board's nuclear power training programs, a Nuclear Training Audit
is carried out overy two years by a small team (the 1986/87 audit ];
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|

team of five contains two Directors) who vir.it all nuclear power
stations and NPTC as part of their audit and are supported by other3

specialists who undertake preparatory investigations. The audit team
findings are reported to the Corporate Director of Personnel who in

'
turn presents them to the Head of the Generation Division.

Conclusions

The requirements of the nuclear site licence which imposes i

responsibility for the safe operation of the Board's 12 operating i

nuclear power stations on the Station Manager, has been a central
feature in the development of the CEGB's policy on nuclear powera

,

training. Due to the existence of 11 different designs of nuclear' '

,
power plant, a considerable part of the training programs have to be

i undertaken on each station. However, the CEGB has chosen to issue a '

generic training document which encompass both NPTC based courses and
on-site training requirements. The development of training programs,

i within those mandatory guidelines takes place using a systematic
j approach which is overseen by the Nuclear Power Training Advisory l.
| Committee. In order to check for adequate integration of on and

off-site training and for compliance with the "Standard i

specification," a nuclear training audit is undertaken every two !
.

1 years. !

This implementation of structured nuclear power training
programs commences with the appointment of staff who have adequate
potential to develop the necessary competence. To meet this need, ,

the CEGB has established a flexible approach to recruitment and '!
sponsorship over a wide range of disciplines.

. Over the 25 years during which the CEGB has been operating i
i nuclear power plants, considerable evolution of training programs has 1

taken place. This evolution will continue and, by doing so, will j

] ensure the maintenance of a highly skilled work force capable of |

discharging their duties safely, offectively and efficiently. |4

| ;
1

-

4 !

:
l

!

! !

! I

: i

l
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i

|
!

|
t
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A REGULATOR'S VIEW ON TODAY'S LICENSED
OPERATOR TRAINING PROGRAMS

M. F. Grandame
G. Turcotte

Atomic Energy Control Board
Ottawa, Canada

Abstract

We see now and complex challenges for trainers and their
managers as nuclear plants strive to improve their licensed operator
training programs. As more trainers attempt to apply the Systems
Approach to Training (SAT) principles, the lack of available human
resources experienced in the application of this process limits its
effectiveness. Also, the SAT method does not resolve the "needs to
know" versus the "nice to know" debate. More use of replica, full
scope simulators for training and testing demands a unique type of
trainer who is both technically strong, and knowledgeable in
simulator testing techniques.

Introduction

We work with the Operator Certification Group of the Atomic
Energy Control Board of Canada. This group's two main functions are
to provide five different types of written, oral, walkthrough or
simulator examinations for control room operator and shift supervisor
traineos, and to assess and evaluate the content and delivery of
training programs used to train operations staff at all nuclear power
reactor plants in Canada.

Canada currently has seven plants (19 reactors) in
operation, and one under construction. All reactors are of the CANDU
design with unit sizes ranging from 25 MW(e) to 880 MW(e). We have
chosen to share with you some of the experiences we have gained
during the normal course of our work.

New Challenges

While the usual competition with other utility objectives
and budgetary constraints continue to limit resources available, the
demands on nuclear plant trainers continue to increase. These
additional demands come fromt

o Less Experienced Trainees.

Back in the late 1950's, a significant number of persons
selected for operator positions in the Canadian nuclear industry were
those with extensive experience in other related industries such aa
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hydraulic, fossil-fired or chemical plants. Today, a larger number
; of appointees are not long from senior high schor1, community

i
colleges, or even the university community. These new types of
trainees are often well developed in fundamental principles. but veryI

! limited in operating experience. The operating "model" hat to be
develope \ within their cognitive process.

0 Increasing Plant Complexity,
Automation and Design Changes.

|
Both older plants and new plants are becoming more complex !

: with time. More current technical analyses have resulted in the need
|for retrofitting safety and safety support systems in old plants and,'

of course, continue to introduce more complexities into new ,

i stations. Increated use of the latest state-of-the-art form of !
automation is being made at new plants, and older plants also acquire ;

} some of these devices. Trainers must constantly monitor these >

!
| changes and continue to keep up to date. The impact of plant
j automation on current training methods and objectives must
; continually be assessed and programs modified as required.
i

!

) o More Use of Modern Training Aids.

| Effective use of full-scope high fidelity training
,

! simulators demands specialists who are not readily available. This '

? requires staff who technically understand simulator modeling, know {
and understand the operation and analyses of the plant, know plant '

]
operating procedurec, and are also developed in sound training and |
testing methodology. This topic is further discussed in this i

presentation. More use of micro-computer simulations and ;

| micro-computer-based training aids also requires further expertise. |

o Requirements for Auditable T;|aining Programs.
,

! The development and implementation of processes that track i

| trainees throughout their development is not a new requirement, but i

! better methods and more complex systems have been put in place. The |
i need for more auditability has also expanded the use of Systems ;

f Approach to Training (SAT) based training programs, and it has become j
cuident that large resources are required to develop and implement'

j such programs effectively. i
'

[
| o More Commitment to SAT-Based Programs. j

i Application of the SAT process to complex nuclear plant
j training programs has revealed unexpected limitations and the need (
: 2or variations of its basic principles. For example, true job and '

j task analyses are often not being done, the time and effort required !

j to complete them having proven to be too extensive. It has boun
observed that some current SAT programs lack sound technical contentj

i and do not show that the relevant "needs to know" versus "nice to
!

3
|
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know" information has been analyzed sufficiently during their
development. It has also been observed that before using such
programs extensively, all staff involved in their design, development
and implementation need to be extensively trained in SAT principles
and techniques to ensure program effectiveness,

o Demands from Regulatory Agencies.

Society continues to demand that nucicar plants be operated
by effectively trained and knowledgeable operators. Therefore,
regulatory personnel responsible for ensuring that high standard
operating procedures, operating practices and training programs are
in place must continue to assess the effectiveness of the trainers
and their programs accordingly.

"Needs to Know" Versus "Nice to Know"

What is the minimum that an operator should be taught to
perform and understand operating tasks? Below is an actual CANDU
plant operating procedure converted into SAT training objective
format to demonstrate some of the difficulties in clearly determining
what an operator "needs to know" to correctly apply such a well
defined operating p.rocedure.

Terminal objective. By using all the relevant control room
devices and aids, shutdown a defective heat transport (HT) (1)
circulating pump without lifting any of the HT liquid relief Valves
(LRV) with the reactor initially operating at full power. (2)

Enabling Objectives (list not completc):

o Identify the operating procedure relevant to the (3)
status of the pump being forced out-of-service and the
current state of the unit.

o Locato and correctly implement the operating procedure
selected,

o Assess whether the defective HT circulating pump (4)
conditions are deteriorating rapidly or slowly by
referring to the HT pump computerized status display,

o Lower reactor power to 10E-3 FP by implementing the (5)
additional procedure called up by the the original
procedure, or trip the reactor depending on the results
of the assessment completed in the item above.

o Determine whether the HT system pressure setpoint needs
to be reduced to 9 MPa(g) based on the pump to be shut
down.

|
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I

o If required and time permits, enter in steps, new
pressure setpoints into the HT control program, and
ensure the depressurization rate does not exceed (6)
1 MPa(g) per 15 minutes.

; o shut down the defective pump and ensure its brake
: becomes applied automatically. )
!

l

'

o Shut down the corresponding pump in the other HT (7)
loop,

o Switch the "process trip setpoint selection" |
handswitches on both shutdown systems to the correct
position according to the pair of HT pumps still in

'

operation.i

;

; o Switch the "neutron overpower trip setpoint selection"
: handswitches on both shutdown systems to the "2 pumps" :

position. '

o cool down the HT system at maximum rate in the 2 pump
; mode of operation by implementing the additional

procedure called up by the original procedure.

|o Determine whether cooldown is being accomplished. (8)
2 i

o Changeover HT system to thermosyphon configuration, (9)
i if required, by implementing an operating procedure not

identified by the original procedure.

o Road out HT temperature on computerized status (10) ;

j display and when at 1490 C, transfer to shutdown
'

j cooling pump operation by implementing the additional
! procedure called up by the original procedure.
;

'
o Cool down the HT system to 370 C using shutdown

. cooling pumps by implementing the additional procedure -

' called up by the original procedure, i
: !

Entry-Level Skill and Knowledge. The list below contains a [
number of examples of knowledge items that must be addressed to !

- dotermine whether they are required for completing the operation of
,

' shutting down a defective HT pump, with the unit initially operating
i et full power, by application of the prescribed procedures. The

,

;

j descriptions of some examples are obvious and therefore brief, while ,

others are more complex and detailed, especially where the operatingt
'

! procedure does not contain sufficient information.
I !
j NOTEtThe numbers on the left refer back to the points

,

j numbered on the right in the objective list above. -

i i

I :
, t

!
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(1) Location and correct use of all relevant devices and
aids available in the control room must be known. '

(2) The operator must know what an LRV is, its function and
; have a sufficient understanding of the thermodynamic
3 principles relevant to what would cause an LRV to open

under those conditions, especially since the operating
proceduro goes on to require the operator to perform a>

| cognitivo assessnont (i.e., if timo permits the !
'

pressure to be icwcred) . Also, the consequences of an
LRV opening should be known. |

(3) Knowledge of the Operating Manual's location, number t
'

and overall format is required.

1 (4) Knowing where to read and how to monitor pump i

l vibrations, seal cavity temperatures and bearing
; temperatures is needed here. Also, the capability to

assess the "rate of deterioration" is required.

(5) The skills and knowledge regarding the procedure on
lowering reactor power are required.,

<

i (6) The required enabling objectives, skills and knowledge
I regarding the procedure for lowering HT pressure now |

cnter into this already complex training activity. ,

. ,

(7) The fact that the pumps are paired by an "even" and,

! "odd" numbering system must be known, and the skills to
.

!

perform this activity are required.
;

I (8) Determining whether cooldown is being accomplished I
; requires both overt and covert activitics. Monitoring |

1 appropriate HT temperatures by trending on computerized
| display needs to be carried out, and before making the

decision, an analysis of the temperature trends
; relative to where they are being measured on the system

must be made. Situations and conditions that could
| prevent cooldown must also be understood. The |

j operating procedure does not assist the operator here.

1 (9) A complex activity with its requirements and objectives
now enter the process. Knowledge of the fundamentals

,
of thermosyphoning may be important for achieving and

j confirming the establishment of this state.

i (10) The complexity of applying the cooldown procedure now
1 enters with its own objective requirements.

I

!

i
!
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'

This exercise demonstrates the complexity and difficulty in
'

determining what knowledge the operator must specifically possess to
perform correctly all objectivos that must be satisfied to complete
this procedure. It is clear that more is required than just
following the procedure and performing the actions necessary to
satisfy the objectives established by application of basic SAT
principles. Therefore, the method for determining entry level
knowledge when applying true performance-based principles to training

'
<

is not a simple matter. The differentiation of knowledge betwoon
"needs to know" versus "nico to know" requires great care and,

judgment.

Training System Development Based on
: Job and Task Analysis (JTA) Techniques.

,

'
!

I The use of JTA techniques as the foundation for developing
1 performance-based training documents requires specialized technical
i and training resources with specific knowledge and skills not readily

availabic to most utilitics. Because of the complex technical nature !,

; of nuclear plant training, use of subject matter experts with ;

j extensive knowledge of plant systems and operation is required for
; the development of these training documents and for teaching the !

| corresponding courses. !
1

{ To achieve training program quality and effectiveness, those
technical experts must be sufficiently trained in the principios and !

j techniques of writing effective training objectives, the specific
.

: course material and related lesson plans. They usually need the i

i support of educators to verify correct implementation of these

|
principles and techniques. ;

. v

! our review of training manuals produced as a result of |
1 implementation of the SAT process has revealed a number of !

interesting problems that can be related to a lack of thorough !'

understanding of the basic principles involved
!
'

J o Training objectives found to be inappropriate as they
; fail to state the performance that the trainee must

execute,

i o Training objectives that are incomplete as they do not
| specify the conditions under which the performance will
i be accomplished nor the critoria of acceptable
j performance, thus making it very difficult for the user

| to determine the scope and depth of the objective.
i

| o Lack of correspondence between the training objectives
I of a lesson, the content of the lesson and the

associated test items and assignments.

|
.
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Writers of such documents must be sufficiently trained and
developed in the SAT principles and techniques. Lack of such
development has resulted in the writing of training objectivos only ,

to satisfy the rules set out in the training program. The objectives '

then become ignored and the training manuals written include whatever
the author thinks the trainec should know, as it was often the case
in the old unstructured approach to training. Even when the processs

| 1s monitored by educators, these defects often remain undetected,
primarily because the training specialists were often not i

| sufficiently knowledgeable in the technical aspects to appreciate the !

resulting lack of correspondence betwoon objectives and training'

i course content. In short, experience has demoastrated that it takes r

great skills and technical knowledge to apply the SAT process to
establish technically correct and pedagogically offective training j
programs.

Simulator Training and Testing
'

simulator training and testing bring an additional dimension
to nuclear plant training programs. Together with the known :

advantages, the use of replica, high fidelity simulators for training :

of control room operators (CRO) introduces complexities and problems
that uced to be recogni:cd and resolved to make the most effective i

use of this training method. |
t

The great complexity of large modern nuclear plants and
their operation becomes reflected in the design and operation of full

i scope simulators. Instructors selected for simulator training |
programs must have extensivo and in-depth knowledge of plant systems
and operation as well as technical expertisc regarding operation of

; their plant. This expertisc will allow recognition of the
limitations of the simulator models and capabilitics. It will help
in identifying important limitations that require simulator

: improvements and permit developing training procedures that will be
i effective in spite of any remaining limitations in the simulator

facilitics. As the instructors are in fact the main users of the
simulator, they are in the best position to help develop and maintain |

; simulator fidelity, versatility and reliability. To achieve this,
they will also need a high degree of support from the power plant
technical staff and from computer simulation experts. This is not
only required in the initial commissioning period of the simulator'

I but throughout simulator life, as the number of simulator options
available on modern full scope simulators and their possible
combinations are so large that it is almost impossible to verify
initially the fidelity of them all. Also, significant simulator

; modifications are frequently required to reficct the on-going changes
j to the power plant itself.

Simulator instructors also have to be thoroughly
knowledgeable in important plant procedures and the analyses behind

i
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them to be able to interpret and effectively apply these procedures ,

under conditions which vary somewhat from the one usually assumed.

These simulator instructors, who are often selected from
,

previously authorized experienced CRO's or Shift Operating '

i Supervisors, also need to be suitably trained and developed in the
skills of performance training and testing. This key point could
easily be overlooked on the assumption that if instructors had been
themselves good performers they should not have difficulty in
training others in the performance of identical tasks.

|
Development in performance testing is particularly important |

as the assessment of simulator tests is especially difficult,
considering the diversity and complexity of the performances being
measured. An effective testing methodology must be developed in
order to make a valid assessment of these performances. Suitable
observation and evaluation techniques must be learned and criteria of i

| satisfactory performance have to bo developed. Establishment of such *

|'
critoria will be difficult due to the complexity of such human
performances,

,

: There are many practical matters which arise when one
; considers the use of simulators in real-time performance assessment

,

of CRO's. There are decisions to be made with regard to the course
to be followed: if an error is made by the CRO during the test; if
the CRO crror results in an unforeseen event sequence (handled:

successfully or unsuccessfully). There are many questions to be .

: answered: how does one evaluate the performance of an individual in !
a multi-man control room situation? how does one select realistic I

test scenarios? The levels of compicxity and length of scenarios to [
; produce a valid test have to be determined.

|
|

; Simulator testing requires objective and comprehensive
'

assessment of a traince's ability to diagnose compicx upsets, to ||
i stabilize the plant and then to identify and apply the relevant |
) operating proceduros correctly and completely. The latter should not i
l be overlooked. Due to time constraints, simulator testing is often i

) centered on diagnosis of upsets and performance of initial actions to ;
stabilize the plant, then ending shorty after the trainee has started' *

! implementing the relevant abnormal operating procedure. This '

approach is based on the assumption that the traince would then haved

no difficulty to continue to perform the steps specified in the ;,

| procedure. For major upsets, it has boon found that it is often '

j during implementation of the procedures that the trainees will make
,

| crrors or unknowingly cmit key steps due to the distractions and
i pressure caused by the prevailing conditions.
'

i

! The training of CRO's must therefore place enough emphasis {
j on the systematic execution of operating procedures under major i

| abnormal conditions, paying special attention to the development of |
! !
I i

1 t

I
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the cRO monitoring skills that will confirm the correctness and
effectiveness of the actions performed and that will reveal any
significant operator errors or equipment malfunctions that may need
to be addressed before proceeding further with the procedure.

i

In order to ensure effective testing, an extensive bank of
;

plant upset test scenarios must be developed and made available. We
have observed cases where simulator training and testing tend to bc
limited in scope and diversity. The number and types of plant upsets

J covered in training must be extensive and not be limited only to the,

upsets that have been experienced in the past at the power plant.
I Analysis and credibic inventiveness are required on the part of the ,

i instructors to develop and predict complex plant upsets which are ,

realistic and which have to be included in the training and testing (
program.

) In addition, scenarios used for testing should contain some
| second order variations and not be exact repetitions of the scenarios |

| that were used for training on specific upsets. This will serve
several useful purposes. First, this will demonstrate that the CRO
trainee is fully capabic of coping with the given type of upset and

: the unplanned secondary failures that could occur during such an .

event. This will also indicate that the trainee has developed the
imonitoring skills required to confirm systematically thei

effectiveness of his actions and to detect the possible additional !
failures during major plant upsets. Such failures, if they would )

remain unnoticed, could have a significant impact on the ultimate j
consequences of the event and on the effectiveness of the ;

2

implementation of the emergency operating procedure used to cope with 1
1

the particular upset. {i

Finally, we emphasize the fact that effective simulator |4

training for CRO's requires the existence of a good up-to-date set of

| plant operating procedures. These procedures are in fact the
1 foundation of a simulator training program for CRO's. They are i

essential to define objectively and consistently the criteria of ;
'

acceptabic operator performance. In their absence, it becomes almost :

impossible to perform a valid and consistent measure of complex |
,

operator performances. I1

i

Discucsion
]

MR. BOHANON: Do you plan to couple your operator emergency !
'response system to the emergency preparedness response in the sense1

| that you would go on to what we call the emergency operation facility
; and the technical support facility, and then to off-site activitics,

which then would test the operator at a full-scale exercise, besides'

an internal scenario? Are there any plans like that, or can you,

] comment on that approach?

i
!

I )
: i
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MR. GRANDAME: We do not have any current plans for that .

form of testing. !
i

COMMISSIONER CARR: Do you have continuing training for your
simulator instructor? Do you rotate them back into the plant for [
plant refresher before you continue on with them as instructors? |

MR. TURCOTTE: As far as we can tell, there is no continuing !
'

training for instructors. I think there is some rotation of
instructors back to the plant. But again, we are not aware of any |;

specific requirements by any of the utilities.: ,

t
-

I MR. GRANDAME: We do not mandate training, as is done in the ;

United States. The design of the training format and programs are
4

i laid out by the utilities. I am aware that the utilities do have a i

j program where they do rotate current licensed people into their ;

: simulator program along with their permanent trainers, to get this i

j current knowledge into their training program on simulators. ;

DR. PERSENSKY: You talked a lot about learning objectives' '

j and some of the failures you have had. What guidance was provided or
what guidance was followed in the development of the learning.

| objectives?
!

; MR. GRANDAME: It is my understanding that the guidance of |
j most of the utilities in Canada is based on the TSD system developed :

by INPO. !.
'

i |
I i
i i

! I

: I
l i

|<

|t

i
!
1

i

|
,

|

: I
. |

1 - 69 - I

)
l

_ _ _ - _ - - - _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ . -___ ____-_-_--_-_-_-_-



-. _ -_ . .- - _-. - - _ _ . .- -- _ _ . _- _ - . . _ -

CHAIRMAN'S SUMMARY

Dr. J. J. Persensky;
' United States

The session was introduced by the Session and Task Force,

J Chairman with a brief summary on the survey "Approaches to Training
i Programs in NEA Member Countries" - CSNI Report No. 128 which was
! prepared by Task Force a5 of PWG el. The purpose was described as a
! means to provide for the exchange of information concerning the
i analysis, design, development, implementation and evaluation of
j training for nuclear power plant personnel in NEA member countries

and as an impetus for the current Specialist Meeting. Findings were
discussed but no conclusions were reached since that was not the
purpose of the survey. The survey and the Specialist Meeting were;
intended to provide a source of contacts with experience in various |4

.

training program development schemes. ;

| I

I Mr. Po16 of the CEC presented a discussion on generally ]
| valid concepts and criteria as recommendations concerning staffing,

qualifications, training, licensing /authori:ation and retraining of |
operating personnel which were developed to ensure that NPP personnel ,

are sufficiently qualified and trained to perform safely. The |
principles and concepts presented are intended to be of a general

i

nature so that they can be useful to NPP operators, licensing |
j authorities, designers, and safety assessors. >

;

Mr. Morisseau, of the US NRC, discussed the various data !

sources used to evaluate the INPO-managed training accreditation !
program relative to the Commission Policy Statement on Training and,

! Qualification (March 20, 1985). The measures includet observation
of INPO Team Visits and the Accreditation Board, SALP and inspection
reports, licensing examination pass rates and reports and results of 1
post-accreditation reviews. The purpose of these evaluations is to !
ensure that US power plant training programs which have been |

| accredited are based on appropriate analyses, have ccmplete learning i
objectives, are properly developed and implemented and have both !

trainee and program evaluation procedures in place.

Mr. San Antonio of Tecnatom, S.A. (Spain) described the
evolution of training and qualification programs for reactor
operators since 1981. Demands have been extended to include
additienal knowledge of plant systems, both safety-related and

i otherwise, mitigation of core damage in severe accidents and

| loss-of-coolant accidents. The revised CSN safety guidelines include
; minimum hours of training, simulator exercises and experience |
| requirements and a requirement for continuing training. The paper
3

went on to discuss requalification and candidate evaluation.
;

:
i

i

I
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| Mr. Farbor, of GRS in the Federal Republic of Germany,
discussed the qualification requirements for responsibic shift
personnel. Typical training paths for these personnel woro described
gelevant to their education and experience backgrounds. Reviews of
shift personnel training and retraining have noted improving quality
and quantitative extension of training measures. This was attributed
to optimi:ation of training materials, availability of simulators, (,

; and appreciation of the position of training manager. It is :
interesting to note that use of the 85% passing critoria has resulted [

J in casier tests, so a question bank is being developed to address
i this concern. Actual performance evaluation by supervisors is being
) used to supplement the written and oral examinations,

f Mr. Tompsett, of the CEGB, presented a paper prepared by Mr.
1

Maddon of the United Kingdom on selection and training of engineering
and scientific staff for CEGB nuclear power stations. CEGB recruits |'

and sponsors the formal education of some staff from the age of 18 -

:

until graduation at age 21 whereupon further structured training
'

;

begins. The training provides the skills and knowledge needed to !i

l perform their various jobs. NPP staff are trained to the !

i requirements of the Health and Safety Executive By Holder of the i

! Operating License. CEGB ensures that these requirements are met i
j through comprehensive initial and refresher training programs
| designed to provide qualification at all levels of positions in the i

various disciplines. This is accomplished using a systematic !1

I
j approach overseen by the Nuclear Power Training Advisory Committec
i through audits every two years.
]

] Messrs. Grandame and Turcotte (of the AECB, Canada) described the
j attempts of their utilities to improve their licensed operator :

q training programs through application of Systems Approach to Training !

3
(SAT) principios. The AECB has found problems in the implementation

]
of this technique because of a lack of available human resources

*

.

experienced in the application of SAT, thus limiting its
- offectiveness. Sampics of inadequate learning objectives were shown ,

I to exemplify this problem. The question of "Need to Know" versus I

j "Nice to Know" was also addressed. The need for uniquely qualified |
simulator instructors who are both technically strong and

'

knowledgable in simulator training and testing was stressed.

:

}

I

l

i

|
| |
! |

|

)
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EVOLUTION OF GPU NUCLEAR'S TRAINING PROGRAM

i R. L. Long
Vice President - Nuclear Assurance

j R. P. Coe
Director - Training & Education,

1

: GPU Nuclear Corporation
One Upper Pond Roads

j Parsippany, New Jersey 07054
1

i
j Abstract ,

i
j GPU Nuclear Corporation (GPUN) manages the operations of .

Three Mile Island Unit 1 and Oyster Creek Nuclear Generating Stations :4

and the recovery activities at the Three Mile Island Unit 2 plant.
From the time it was formed in January 1980 GPUN emphasized the use |
of behavioral learning objectives as the basis for all its training |

1 programs. This paper describes the evolution to a formalized !
I performance based Training System Development (TSD) Process. The I
l Training & Education Department staff increased from 10 in 1979 to !

) the current 120 dedicated professionals, with a corresponding !

increase in facilities and acquisition of sophisticated Basic
,

Principles Training Simulators and a Three Mile Island Unit 1 Control !

l Room Replica Simulator. The impact of these developments and !
! achievement of full INPO accreditation are discussed and related to
) plant performance improvements.

I !
Introduction

GPU Nuclear (GPUN a subsidiary of General Public Utilities) :

manages the operation of the Three Mile Island Unit i and Oyster !,

1 Creek Nuclear Generating Stations and the recovery activities at the !

i damaged Three Mile Island Unit 2 plant. Since 1979, training at GPU j
1 Nuclear has evolved from a conservative traditional approach to a ,

| dynamic, performance-based process. This process is the result of a i
l strategic design that carefully incorporated the company's desired j
i approach to training based on four themest

o Training content and delivery systems
j o Training organization structure

| o selection, qualification and evaluation of
4 instructional staff

o Training facilities
|

Over the years following the TMI-2 accident, these four key
elements were carefully designed, built and integrated into a support
system that truly reacts to the needs of the nuclear station

!

|

1
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|

|

personnel. Even more importantly the training process, which began i

|
as a response to TMI-2 and was accelerated by unprecedented I

; regulatory and industry scrutiny, now maintains itself as a f

thoroughly integrated part of our corporate culture.

i In this paper we describe the behavioral learning objective,
training systems development approach to instructional programs which

,

has been applied at GPUN. We then describe some of the staffing, i

Ifacilitics and processes which have evolved in support of training.
Finally, we discuss training program accreditation and some of the,

| potential problems as well as positive impacts and improvements in
| plant and personnel performance.

! Training Systems Development ;

Since early 1980 GPUN has used a behavioral learning
i objective (BLO) approach to training. This approach clearly supports

i

,

the process for effective learning, communicates the intent of |
learning and assures the clarity and accuracy of the training

'

1

ovaluation process. GPUN instructors are required to be well versed
in the BLO approach. Also beginning in 1980, the company used data

'from the NRC generic job and task analyses (JTA) to improve the
training for the reactor operator and senior reactor positions.
Subsequently, more detailed job and task analyses prepared by INPO
for most disciplines have served as a basis for plant-specific JTA <

activitics. Today at GPUN all now training is based on plant !

I specific JTA's conducted by training and subject matter exports from !
| cach discipline. The various investigations of the TMI-2 accident, !
| including GPUN's own internal revicW, indicated the need for a

t

special emphasis in operator training programs on basic principles of |,

1 plant system behavior and interaction. In the summer of 1981, GPUN (

.
began the process of designing and developing a basic principles

i training simulator (BPTS) for cach of its plants. The BPTS
simulation of plant operation is based on full-scope simulator

3

i software and provides the capability to simulate in real time normal |
! and abnormal conditions for a variety of transient and steady state .

conditions.

I A very important cicmont in preparing the BPTS
{ specifications was the development of detailed behavioral objectives
1 for each of the BPTS training activitics. Broad training goals were

followed by statements of behavioral learning objectivos for cach,

j concept which described specific actions that a student was expected
j to take at the consolo to demonstrate his/her understanding of the
; concept. In some cases these actions involved the student presenting
) an explanation of particular evolutions while other actions required
; the manipulation of the BPTS controls to accomplish stated
i objectives.

I l
1

1

:

I

l
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i

After the learning objectivos were formulated they were used
! to evaluato the proposed design of the BPTS simulators in order to

assure that the machines could accomplish the objectivos. Thus the
statement of behavioral learning objectives became an integral part
of our BPTS design process and ultimately our overall simulator
program.

! In addition to the programs accredited by INPO, GPUN has
' fully used the training systems development (TSD) process in programs
| developed for its radiological controls engineering staff, core
) engincors, security guards and selected Human Resource programs. For
1 those programs, GPUN cducational and subject matter exports have
i assured themselves, the corporation and the students that the

programs truly reflect the needs of the job incumbents. The TSD
| process includes detailed procedures covering the following steps

o Needs analysis i

| o Job / task analysis (JTA)
| o Program development
] o Program implomontation

o Program ovaluation'

o Trainec evaluation back-on-the-job
,

3 As our programs continue to evolve the Training & Education
Department is in a constant quest to provide the most offective1

vehicles and strategies for training delivery. We are looking at!

increased use of computor-based instruction and interactive video.
These processes are helping to improve activitics such as self-pacedi

i learning, small group instruction, remote classroom and remedial
instruction. Although much of this type of instruction is costly in

; the initial stages, the long term benefit lies in the saving of
) instructor time and resourecs as well as reducing the time off the

job required of the traince.,

I

I Staffing and Facilitics
!
'

In 1979 approximately ton people were dedicated full-time to
I the training needs of three nucicar sites. Today 120 dedicated
1 professionals administer well-defined performance-based programs in
' all disciplines. The Director of Training & Education administers an
i annual budget of $10,000,000 and the corporation also supports its
'

training commitment with an additional $15,000,000 related;

specifically to hardware, trainec salaries and other support costs,
i The average percent of time spent in training annually for GPUN

employees is 5% to 7%.'

|

More than 35,000 square feet of dedicated training space are
provided at the TMI facility and 20,000+ square foot are provided at:

I the oyster Creek site. Included in those new well-equipped
facilitics at both nuclear sites arc labs for hands-on training of'

maintenance, radiological controls and chemistry technicians.
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; Classroom training is complemented with on-the-job training (oJT) on !
! actual plant equipment. Operator, engineer, and technician training !

J are complemented with the use of Basic Principles Training Simulators |
i and, at TMI-1, a site specific simulator. The purchase of an Oyster
) Crook replica simulator is underway and plans are for it to be ready !

for training by October, 1990, i

!

GPUN's long-term plan is to apply state-of-the-art !.

approaches to the training of our licensed and non-licensed !

! personnel. We want our people to expect the unexpected and to be !

) able to function effectively so that handling abnormal eventa becomes
normal. Plant personnel should react swiftly and correctly to any

! plant condition.

Instructors at GPUN must qualify and maintain their

{ qualifications in a rigorous and demanding qualification process.
.

Instructors of licensed personnel must also achieve and maintain an
i NRC license or instructor's certification. Senior training I

management personnel at GPUN possess either master's or doctorate j,

; degrees.
,

The Internal Process and Support of Training ;

i The Educational Development (ED) Section was formed to |
i centralize the instructional technology functions of the GPUN

iTraining & Education Department. Its primary task is the development !

and administration of the Training Systems Development (TSD)
!

,

: guidelines. The ED section also assists and consults with all of the t

! functional groups within GPUN on the application of these !
! guidelines. GPUN's training programs have been developed in close t
i cooperation with the company's functional groups. Both formal and i

informal task analysis have aided in the defining of behavioral !4

j learning objectives for each program. This organi:ational design and [
; effective working relationships have assured that each established

!
i program, as well as each new training request, follows a logical path j
j from inception to :ompletion and evaluation. i

i
l

| For example, operators and supervisors are trained to |recognize abnormal plant responses; identify accident causes from the
I diverse data sources available to them; apply their plant knowledge ;

! and use procedures effectively to correct the conditions; and make
! the decisions that result in proper action during casualty
! situations. Supervisors are also trained in methods of administering
i the plant to insure that operators are always aware of system and
i equipment status and are prepared to respond to abnormal situations.

Plant engineering staff members are trained in plant operations so
that they are better equipped to apply their knowledge to support the
operations staffs in areas oft procedure writing, review and
implementations operations review; and evaluating and advising during
abnormal plant conditions. In addition, plant groups such as
auxiliary operators, radiological control technicians, maintenance
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i

I
1

! technicians and other support personnel are trained in a similar
i fashion to understand their role and be effectively trained in job
: task specifics.

i Required teaching skills arc developed through basic and
. advanced instructor development coursos. These course offerings,

taught in-house by Educational Development and other T&E Department'

i personnel, address the specific skills needed to offectively deliver
! the required training. A 40-hour basic instructor development course

focuses primarily on presentation skills while including such topicsj; as the characteristics of the adult learner, the role of the
instructor, training systems development process, lesson plan
development, behavioral learning objectivos and testing and ;

;

) ovaluation. Advanced instructor development activitics are conducted '

in modules from four hours to several days in length. These modules, i

although topically specific, are flexible to be able to react to the !

j ongoing needs of the professional staff, i
i

!

!
All instructors, and indcod all GPUN personnel, are -

thoroughly indoctrinated in the examination process. Instructors are
,

j required to assure the integrity of this process and through
'

j cffective counseling, assure the acceptance by the students of tho :
I

need for this integrity. Instructors arc also evaluated on the ,

!administration of the testing process.

{
GPUN also offers an extensive Management Development Program

which ranges from a pre-supervisory program through executive i

; development. In addition, a GPUN Corporate Training Advisory Council ,

j has been formed to support this process. Made up of senior icvol
executives from cach division, the Council's charter is to review and.

j consult on the overall training effort.
,

l
INPO Accreditation

In December, 1986, GPU Nuclear became the seventh utility to i

roccivo approval as a full member of the National Academy for Nuclear !
Training. This achievement was the result of a corporate-wide (
involvement and commitment to the accreditation process which had .

started several years earlier. In February 1985, five key programs j
at TMI-l were the first to be accredited, in part as a result of (q

l extensive interactions with the Atomic Safety and Licensing Board ;

I (ASLB) TMI-1 Restart Review of those programs. An additional audit j
of the licensed operator programs, required by the ASLB, was recently ,

'conducted and the programs were found to be of the highest qualify
and in direct support of plant training needs. In September 1985,

,

all ten programs at the Oyster Crook Generating Station were
accredited by INP0 and in December, 1986, the remaining five
programs at TMI roccived accreditation approval. Several INPO good
practices were cited as a result of these examinations of GPUN
programs.

I
:
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! In addition to the achievement of accreditation, GPUN ;

] actively supports INPO by providing peor evaluators for accreditation !
i visiting teams to other utilitics. To date 15 GPUN people have !
I served on INPO teams and more are expected to participate during !
? 1987. Also the GPUN Vice President of Nuclear Assuranco serves an a fmember of the Advisory Council for the National Academy for Nuclear |

Training. j
!

Ancillary Training Programs !

The Training & Education and Human Resource Departments are
I involved in ongoing efforts to address the needs of the Corporation 1
J and its employees for professional growth and development. Employees [

are assisted in carning college credits for self-development, degrees
|and job requirements. The GPUN Educational Assistance Program (EAP) >

pays 85%-100% of the cost of college courses that are job related
j and/or job required. The program covers courses offered by
; correspondence, on campus at local colleges and universities, on-site

,

1 degree programs and external off-site degree programs. Through t

j special arrangements, on-sito programs leading to a BSME degree are |being conducted at Oyster Crook by the New Jersey Institute of4
i

} Technology and at TMI by the Pennsylvania State University. An MBA l

| program offered by Monmouth College is presented at Oyster Creek.
| External degree programs such as those of the New York Board of

Regents, Thomas Edison Collego and Ell:abethtown College Adulti

) External Degree Programs allow employces to carn associate or i

j bachelor degrecs in various fields. GPUN programs at Oyster Creek |
j have been evaluated by the National Program of Non-Collegiate ;
i Sponsored Instruction (PONSI) process for 90 semester credit hours

:
i applicable toward various undergraduate degrees. !
I
i Reflections on Performance !'
!

{
| Reflecting on the advances mado during the past six years

leads to a major concern. With all the emphasis on increasing staff,

size, improving f acilit,1cs, and formally documenting the conduct and !

content of the traini.sg programs, it has been difficult to keep i
focused on ensuring the quality of learning experiences occurring in

; the classroom and laboratories. There is an on-going risk that the
completion of formal job and tank analyses, training matrices and
evaluations of employees once back on the job will be viewed as

i ultimately assuring quality learning experiences. For example, as a
i direct result of applying the BLO approach to op7rator training over
| an extended period of time, the formali:ation of documentation
i required for accreditation did not result in major changes to program
! content or classroom practices. However, the technical

administrative work load is now significantly higher and instructors
have less timo to prepare for and instruct in the classroom. As
program content and practices continue to evolve further, we must
keep in mind that the best assurance of effective training continues

4
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| to be a dynamic, well-qualified instructor who teaches job related i

skills and knowledges. At GPUN, we are striving to keep this focus. |4

1
,

j Some of the concerns competing for instructor time include: I
I

J
the maintenance of existing accredited programs; the possibility of ,

j new programs being brought into the accreditation process; and the |
difficultics of maintaining our present ongoing programs while t

4 developing new ones to address industry and company initiatives. t
g

These activitics have continued to place what appears to be an |
over-increasing amount of pressure on the training groups. But we |

want to emphasino again that challenging and exciting learning j
i experiences must remain the primary focus. And we must assure that -

I|
! trainees have the demonstrated abilitics to improvo performance.

I
| The impact of training on performance has been very evident i

i at GPU Nuc1 car. Since fully i.plementing our Training Systems |

Development (TSD) process, we have identified numerous instances of (
training having a positivo and measurabic impact on plant

'

performance. Plant shutdowns have been avoided, personnel exposures<

| are being significantly reduced and costly call-outs are being
avoided resulting in large visible dollar savings. Some specific |
cxampics aret |

!

o At Oyster Crook, plant scrams had been experienced due ,

to Nuclear Instrumentation (NI) interlocks with the !
! Reactor Protection System (RPS). Training was designed i

I

| and implemented on the NI and RPS interlocks both in
the classroom and on the simulator. Since thisj
training has been implemented, no new scram incidents
from this cause have occurred,i

o At Oyster Crock, operation of the turbine control
system had been a source of recurring problems. A

,

| vendor simulator, which had been used as the simulator
for operator training, used a system which was very
different from Oyster Crcok's. Another simulator with I

a turbine control system more like the one at Oyster
,

| Crook was evaluated and selected. Since switching over
! to this simulator, the company has noted a significant

improvement in operator performance on the turbine
control system.

1

| o At Three Mile Island Unit 1 (TMI-1), operational upsets
and problems had been induced by failures and
transients in power supplies and instrument input,

i signals to the Integrated Control System (ICS). This
has been a common problem in BLW plants. As a result

i

of training designed and impicmented by the operator
training section, two of the newest operators were able

; to properly respond to and manage an ICS power failure

|
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while the unit was operating at 100% power. The plant
was able to stay on line at the 100% power level as a |

| direct result of their actions.
1

o At TMI-1, severe reactor power imbalance and soluble '

boron / rod position control problems during x4non
transients, as experienced at other similer plants,,

I were avoided during startup. This was directly related
t to the awareness and specific pre-startup training
i which was designed to address this problem. ;
'

;

| o At Oyster Creek pre-6tywell entry orientation training [
was directly responsible for reducing the accumulated,

i dose to QA inspectors by a factor of two. The training
,

'

consisted of a short videotape which showed work areas,

n the drywell model and still photographs of the ,

model. This approach reduced inspection time and i
improved work planning. The job had been estimated at |

. 32 rem and actual total exposure was only 14 rem.

.l

1 It is clear from these exampics that training is making a |
} difference. Using our Training Systems Development approach we are i

confident that many more innovative solutions to performance problems (will be developed as problems in the plants arise.
[

a '

|
Conclusion

f
| GPU Nuc1 car's training management is connitted to the
I

ongoing needs of their nuclear sites and the industry-wide effort
itoward the pursuit of excellence. Any plans, however, for the future
i{ will obviously have to remain dynamic and flexible. Training !

] professionals are going to have to constantly challenge themselves in !

j order to assure this crucial ongoing support of the nuclear option. !
! We will have to be aware of the need to rapidly accommodate new

!) initiatives. Regulators, public advocates, a skeptical public, iindeed the nuclear industry itself, will not allow us to be satisfied i
e

j with the status quo. We are confident that our efforts at GPU -

; Nuclear have put in motion a process that will assure our ability to
I cuccessfully meet these future challenges. GPU Nuclear's aim is to [place TMI-1 and Oyster Crook in the front ranks of the U. S. '

operating nuclear plants. With the nuclear option under such strong :
! public scrutiny, it is in the best interest of all nuclear utilities !

] to achieve standards of training and educational excellence which |j will help assure the most cost effective approaches to successful (power plant operations.
i

!
|

:
i |

|

!
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< Discussionj
i

MR. BUDNICK: You talked about innovative approaches for the |
'

:

j recall program. Have you utilized any type of challengo exams, homo
j study, any type of training which is not what I will call "pure" ,

'

classroom, for the requalification of licensed operators?

MR. LONG: We have not used challongo exams. We have to bc
very careful about asking peopic to do home study. We know that they !

j do, but the union gets involved in our case so that we cannot require |

them to do it. I think innovations have come more for us in the use ,

| of the basic principles trainer device, in giving them some pre-tests I

so that we do not cover material that they c1carly know, and then'

j going on to industry experienco reviews. We have also incorporated, ;

~ as part of the regular training effort, exchanges with senior plant ;

management during the training week, t

:
4

.

! MR. HANDLEY: I have two questions. First, what is the cost !

) of a part-task simulator? Have you done any cost-bonefit analyses on f
j that? |

lt

I The second question, how do you go about getting degrees for j

f operators who are on shift?
'

!

MR. LONG: The first question, about part-task analysis --;

j the system that we use at oyster Crcok cost around $200,000. The |

t difficulty of doing cost-benefit analysis is, as you know, in many |
cases the money you save is "funny money". The Board of Directors j

does not know you have saved it. We think that we have some |

significant impacts on particular surveillance activities which we
have tried to cost out. This is after the fact. We did not have the i

cost-benefit before we bought the simulator. We bought that because I

of the company's commitment.

The second question, about getting operators degrees while
this is proving to be very difficult. Wethey are on shift --

started out in both those degree programs with about 35 students who
; woro committed over a period of five to seven years, depending on,

where they started, to getting their degrecs completed. Recent
;

: reviews of that program show that we are now down to less than ten at
. cach site. Most of the operators have dropped out. They find it
; very difficult. We had provided special counseling. At oyster

| Creek, in fact, we were offering the classes twice a day so they
1

could come before a second shift if they happened to be on a second
|

shift, and they could catch it late in the day if they were on a
third shift. It is a real challenge and we are now looking at'

sending some people off to school full time.
1
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MR. VAN DE WALLE: You spoko about CAI methods,
computor-assisted instruction. How do you ovaluato the effectiveness
of those methods? Do you have a special program to do this?

MR. LONG: We have not had a special program to evaluate the
effectiveness of the training compared to other things. The
ovaluation of the offectiveness of the training for an individual

,

student is simply based on their accomplishment of the learning i
,

) objectives at the end of the training. For instance, with the j
,' pressure-sensitivo plot training, that proved to be a very successful ;

program and we got all 36 of our operators through that program with i
a very strong capability in analyzing pressure-temperature problems, !

! with very little classroem assistance. We have not made comparative
;

; studies betwcon doing that in the classroom and using the computer. ;
j

I

l (
t

\

!

:

i

I ,

1
|

!

,

:
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b
Abstract

Nuclear power generation in Japan reached 24.7% of its
electric power supply with its capacity and time availability factors
of 76.2% and 77.1%, respectively (in the calendar year 1986 - as of
December 31, 1986). One of the reasons for such high performance is
attributable to high quality of operating and maintenance personnel
in the nuclear power plants.

Ministry of International Trade and Industry of the Japancsc
Government has an overall responsibility with relation to the safety
regulations and supervises all scope of training, while the Thermal
and Nuclear Power Engineering Society is authori cd to conduct
licensir.g activitics to qualify the chief shif t supervisor of nuclear
power plant operation and individual utility companics are required
to train their plant operating and maintenance personnel.

General status of training for plant personnel is briefly
described in this paper, touching the practical education and
training systems cf utility companies and operation and maintenance
training facilitics.

The Position of Training in the Operating
Administration of Nuclear Power Plants in Japan

Thirty-three nuclear power plants are being operated in
Japan with the cicctricity generation of 24.7%, and the capacity
factor of 76.2% respectively (as of the end of December, 1986). One
of the reasons for such a high performance is considered to be the
high quality of operating and maintenance personnel in the auclear
power plants. Training programs for the personnel are important to
keep such a quality.
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1

In the operating administration of Japanese nucicar power .

plants, the basic policies are as follows: !
t

o To secure the complete safety and assure the stabic !

plant operation, !

o To win the confidence of the local inhabitants and |
j society, and ;

'

1

To promote efficientization of plant operation. ;j o
,

Based on these policies, the plant operating administration system is |

to be strengthened, and also the following measures are being |:

executed to enforce above policies more effectively, in which the i1

| training of the oper ators and maintenance personnel is cicarly |

1 positioned.
.

,

j The counter-measures to improve the plant safety and ;
'

, reliability:
1

o The preventive measures for incidents and failures. L

r

The systematic training and education of operators and !
|

o
'

maintenance personnel, including:
; i

| Securing and training the necessary i

personnel under a long-term training |'

| and education plan. |
|

Expanding and completing the training ,

facilities and improving the training !a

j methods. ;
l

i
I o The safety administration system.
j
j o The quality assurance system,
a

j o The improvement of the periodic inspection.
d

I

o The improvement of the maintenance work management. |i
| |

o The emergency preparedness.
|

| The counter-measures for reducing the radiation exposure. |
4

! The officientization of plant operation.

In Japan, the number of incidents and failures in the
nuclear power plants are decreasing reflecting the effects of the

3

j
j

!

l - as -
4

: I
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;

1 !

!

i

!
'

above mentioned measures. On the other hand, however, this fact !
rather koops operators and maintenance personnel off from the actual !

! experiences of such incidents and failuros, making the training the
,

most important means for them to cope with the actual plant |
1 incidents. This probicm would becomo more important in the future !

along with securing the necessary personnel for new plants.
[

outline of the Training of Nuclear Power I

Plant Personnel in Japan.
i +
'

In Japan, education and training for kooping and upgrading !
the capability of operating personnel are performed mainly by
individual olcetrical utilitics through either sending those :

personnel to the specific training facilitics or utilities' own !
cducational systems. !

1 i
i For training facilitios, in the period 1967 through 1973, !
! training facilitics in the U.S. were used for this purpose. After

'!i 1974, as Nuclear Power Training Center (NTCt for PWR operation) and
l BWR Training Center (BTCt for BWR operation) were established, more

,

i broad education and training became available domestically. |
i

| These two training facilities have the initial training
j course, the re-training course, the operator shift group training !

! course (known in Japan as "2amily training course") according to the
) operator's abilitics, and a total of about 15,000 operators have boot.
j trained there as of the end of JFY 1985. (March, 1986)

|

2 Furthermore, the Japan Atomic Energy Research Institute's
I training course and others are also utilized to obtain basic |

1 knowledge of atomic energy.

Content of the Execution by the Government on the Training of

] Cperators and Maintenance Personnel of the Nuclear Power Plants.
1

4 Notification of Long-Term Plan on Operators' Training. In
i september, 1983, the Ministry of International Trade and Industry
I issued a notification to individual cicettic utility companies for
j instructing them to strengthen their safety education and training of
q operators. The content of the notification is as follows:
,

| o Individual electric utility company's safety education
i and training plan for operators based on the safety
i regulation (for each fiscal year) shall be submitted to
i the Ministry of International Trade and Industry
) beforehand of its execution,

l
o Individual electric utility company's long-term

training plan, based on the long range consideration
for keeping and upgrading of the capability of

.

1

}
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-

!

1

) !

; .

i
|

| t

!'

j operators and securing a sufficient number of j
! operators, shall be submitted to the Ministry of |
| International Trade and Industry. j
i *

| According to this notice, each electric utility company is I
i obligated to submit its long-term operator training program with the j
j following contents to the Ministry, attend the hearings held by the |
^ Ministry and receive its guidance, if necessary. The program should i

contain the followingt
|

1

'o The basic policies for the operator training.

o The operation cystem. (,

1 -

o The operator's qualification and role (duty). f|
1

I
I o The training plan for the operators of newly or i

] additionally installed units. !

{
'

The basic policies for the operation plan. |
i The operator training plan to cope with the '

| installation of new or additional units.

; o The training plan for keeping and upgrading of the
j operators' capabilities.

|

Dispatch plan of operators to the operation t

training facilities. |
The re-training plan of operators of each class. {

,

o The operators' training patterns.

| o The contents of education and trainings this year's
| plan and the previous year's results,

i
i The education and training related to

i
{ the operation training facilities. I

|

The education and training outside the
operation training facilities.

,

i Further, the electric utility companies shall also prepare
i the same kind of materials and attend the Ministry's hearings

concerning the education and training of the maintenance personnel.

; Qualification of Chief Shift Supervisors for Commercial Nuclear Power
I Plants. In Japan, chief shift supervisors are required by law to

,

i

| poscess a qualified license of "responsible operator," and the !
Ministry of International Trade and Industry is executing the j
licensee qualification through its designated licensing organization.

l

- 87 -
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|
!

Definition of the responsibic operator is a person who
conducts instruction and supervision of operators within the control

|
room of the power plant.

]

|
Historical background of qualification system of Responsible ;

1 operator It has been understood that, during the accident which
3 occurred at Three Mile Island Nuclear Power Station (TMI) in March
| 1979, a major cause of onlarging the accident was misinterpretation
j of the plant status and violation of technical specifications by its
j operators.

Based on such lessons, it has been re-recogni:cd that the
keeping and upgrading of capabilitics of the operators is extremely
important to secure safety of a nucicar power plant.

| On the other hand, the education and training of nucicar i
: power plant operators in Japan had consistently bocn made under the I

voluntary safety activity plan of individual cicctric utility j
j companics since 1966, when the first commercial reactor began ;

operation. I
!

i
Individual cicctric utility companies have planned their own

education and training programs and carried out its training based en
the plan to improve the operations capabilitics utili:ing the ,

training facilitics both domestic and abroad, l

Considering the case of the TMI accident, however,
l responsibility of the responsibic operator, who should interpret the
'

plant situation appropriately in the emergency conditions and give
the adequato instructions for operation activitics to respond to
those conditions based on comprehensive judgment, should be very

( high.
I i

For this purpose, from the consideration that it will be I

necessary to train and secure a responsibic operator of high |
capability under the long-range plan, laws and regulations werc !

l revised and a notification was issued accordingly and the Thermal and i

Nucicar power Engineering Society (TNS) hac bcon designated as the !,

!
'

licensing organization in January, 1981.

outline of the Qualification System,

;

o The personnel to be qualified. The responsibic
operator who supervises other operators in the control
room of the commercial nuclear power reactor. (Chief
shift supervisor class)

i

I

I
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| !

! I

| o Qualification procedure (refer to Figure 3-1)
i

! Figure 3-1 Qualification Procedure ;
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o The operator who wishes to be qualified should
apply to the qualification organization (TNS)
through his belonging organization by submitting an

j application form with a letter of recommendation of
' the belonging organization, a personal history and

a medical certificate.

o The qualifying organization (TNS):

performs examination of qualification
first by the applicant's operating
experiences in the nuclear power plants,

executes examination on practical operating
technique and operating skill

i
4 makes certain the applicant received

short term educational course
,

perform oral examination, and

based on the comprehensive evaluation,
qualification is decided. The qualifying

i organization issues qualification
'

certificate by the reactor type.
| QualiJication is effective for three
f years after the certificate is issued.

i
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The number of qualified operators as of the end of March,
1985, is shown below:

Reactor Type Humber of Qualified Operators

BWR 118

PWR 109

GCR 13 |

1

Total 240 |

l

IPractical operating technique and skill examination examines
applicants on the knowledge of procedures in normal operation, |
diagnostic ability of plants itt case of accidents and procedures to !
deal with the events. The aim is to check if they have proper skill '

and technique necessary for responsible operators in the event of
emergency. It is conducted at BTC or NTC by authorized examiners
using simulators.

cral exa.mination (including attendance at a short-term
educational course) examines applicants on the knowledge of nuclear
power technology, regulations for nuclear power, and managerial
ability. The aim is to check if they have proper knowledge necessary
for responsible operators. It is conducted by an examina. tion and
screening committee, to be established within the licensing
organization after completion of the educational course.

Content of the Execution by the Electric Utilities on the Training of
Operators and Maintenance Personnel of the Nuclear Power Plants

In general, thanks to the lifetime employment system in the
major enterprises in Japan, education and training of employees are
being performed systematically and continuously within the
enterprises themselves. Promotion of the employees is also
corre.ponding to these education and training systems and the
employees are usually promoted according to their experiences and
capabilities. Thorofore, employees have a rather strong sense of !
belonging to the enterprises and usually a strong intention for l

colf-development and work improvement.

'

Education and training of nuclear power plant personnel are
conducted, with the above social backgrounds, by the electric utility
company continuously from the freshman level to the manager icvel.
There are nine electric utility companies and one nuclear power
company in Japan and their methods on education and training of the
nuclear power plant personnel are basically the same.

,

90 --
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Education and Training of Operators

As the operator's role in the operating safety of a nuclear
power plant is extremely important, individual electric utility
companies are executing their own education and training of the
operators based on the long-term vision of nuclear programs. ;

|
.

o Education and Trtsining System. Figure 4-1 shows an ;

example of the operator education and training system
of a BWR owner utility company. Operators are

,

| classified into:

apprentice
assistant operator
reactor operator
assistant shift supervisor
chief shift supervisor

according to the level of capability and experience and
training is also performed to give appropriate
knowledge and techniques for each level. They are:

Initial training
Operating speciality training
Advanced operating specialty training and
Supervisor / Manager training

Figure 4-1. Education and Training System for Operators
(Example of a BWR Owner Utility Company)
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Initial training. In the initial training, operators learn
basic knowledge on the nuclear power generation and nuclear power
plant f acilities as well as operation practices. Usually this
training is provided by the class room style lecture and on the job
training during normal shift. i

operating speciality training. An operator who acquired
basic operation technique is classified as assistant operator. The
assistant operator receives operating specialty training while being
engaged in the operation of auxiliary systems. During this training,
the assistant operator learns start-up and shutdown operation of the
plant and operation for abnormal conditions by on the job training
and training in the daytime work shift. After experiencing three to
four years as the assistant operator, he receives initial simulator
training at the BWR Training Center (BTC) as the final step of this

!training course.

Advanced operating specialty training. Upon the completion
of the initial training at BTC, the assistant operator is authorized
to proceed to the reactor operator. The reactor operator is required
to receive advanced operating specialty training to keep and upgrade
his knowledge and skill on operation and handling. This training
includes training in the daytime work shift and simulator training at
BTC.

Supervisor / manager training. Among the reactor operators
having experience of reactor operation for a few years, those who !

showed superior performance are selected as the assistant shift
supervisors. Further, some excellent assistant shift supervisors are
selected to apply for qualification of the responsible operator by
the government. The chief shift supervisor is nominated from the
qualified responsibic operators. Assistant shift supervisors and
chief shift supervisors receive supervisor / manager training to
upgrade their capabilitics of supervising and instructions. This
training includes training in the daytime work shift and advanced
simulator training at BTC.

Other training. There is general education of a full
company scale which gives necessary knowledge, remindness as an
employee, and necessary managing skills such as educational or'

instructional methods of his staffs, etc., through initial education
for freshmen and the education made at each step of promotions. The
above-mentioned education and training is an example of the utility
company which owns BWR nuclear power plants. Figurc 4-2 shows an,

example of the education and training system of another utilicy
company which owns PWR nuclear power plants.

The Contents of Education and Training.-

The training within the company. The training within the
company consists of an assembled education, on job training during

-92-,
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Figure 4-2. Education and Training System for Operators
(Example of a PWR Owner Utility Company)

.

i . . .~ -, .~ . u .6.. . . . ..... j ;;;::s :; " -
| :::::::: '-

|

| Md an"aua H F-{i"!C,_.}-G:.. J| | aae*"'" i r- --
.. . r.,- u. . .

_:r:::.:m,;.::::::.::::,;::::: sI i... . . . .. .

|i.. ,- u.. t...i{ ... ~ . u..ii:;;L:',, j i .i, -, u.. |...au..i j .u ne.i t...:

-

n .i ,,. ... c ... ir i

i .. . .._ a ......ss..u..m.. < .. ,g;
d m ,. ...,. . .. ... c ...

i ..,,, .... ,,.....,c..... i3;

| s.fotr s...L.taoa st.Jy ]

: ! i ,,.i.......m.,........ i

! $ ' *1' t". f._8. . f"Mrf I"

. . n . m . a' 'Pe* "
I

... ... .. , . . ., i
3 ; i

: i m .i .,, ,c..... i-

j i m e . s ,c..... i

i .. ~ .., . ...n., u -.u. 2. 4 ...s. . . c - ., i

k

8 '

:; i-. . ...... .~.i

jj mf = x i me:.m i t_::=. . ..m.
i , ~,.....,...._,m.......m...m.....mm.,

| ||
, ..m. . .. i . - , . , u n .. or

'

the operation sr. it and training in the daytime work shif t. The
cperators are organized to form five groups corresponding to four
operation shifts with three shifts per day and one shift for daytime
work. A daytime work shift is mainly allocated for education and
training. The assembled education is performed at the initial
training level and its content is shown in Figure 4-3. Training
during the operation shift is the on the job training mainly for
operation and handling of the plant systems and is instructed by an
operator in charge of education for each shift. Training in the
daytime work shift is shown in Table 4-1 and is instructed by the ;

chief shift supervisor or the assistant shift supervisor.
i

ITraining at the training center. Two training centers are
being operated in Japan - the BWR Training Center (BTC) for BWR
nuclear power plants and fluclear Power Training Center (tiTC) for PWR
nuclear power plants. Each training conter has two simulators
gespectively. Electric utility companies send their operators to
those facilities for simulator training. Brief descriptions of the
facilities are shown in Tabic 4-2 and lists of the training coursos

| are shown in Table 4-3 and 4-4. i

:
,i

4
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Figure 4-3. Contents of Initial Training
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Table 4-1. Contents of Training in the Daytime Work Shift
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Table 4-2e Outline of Training Centers for
Nuclear Power Plants
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Table 4-3. Outline of Training Coursos at BTC
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Training at the specific study and training organizations.
As the study and training organizations for the basic nuclear
technologies, there are those attached to the Japan Atomic Energy

i Research Institute (JAERI) and Japan Atomic Power Company which are
! educating engineering staffs relating to nuclear power. The electric
| utility companies send their technical employees including the plant

operators to those organizations according to their education plan
for studying the basic nuclear technologies. General description of
these organizations is as follows: ,

Radioisotope and nuclear engincaring school of
Japan Atomic Energy Research Institute (General
course, reactor engineering course)

,

contents: These courses provide fundamental
knowledge of nuclear power such as reactor physics,
health physics, reactor materials, reactor thermal
engineering, etc. Frequency of course: Once a
year.

.

Item Term Capacity Remarks

General course 6 months 32 men For university.

graduates in science
Reactor engineering and engbeedng3 months 24 mencourse fic1d

Tokai Training Institute of Japan Atomic Power
Company. Contents: These courses provide
fundamental knowledge of nuclear power such as

,

reactor physics, health physics, reactor materials, |
reactor thermal engineering, etc. Frequency of the
course: Once a year.

Iten Term Capacity Remarks
-megas

A course 5 months 20 men For high school graduates
,

B course 4 months 10 men For university graduates |

4

- 97 -

._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _

Education and Training of Maintenance Personnel. The role
of the maintenance staffs, who are in charge of keeping integrity of
the facilities, is also important to the safety operation of the
nuclear power plants. In Japan, most of the maintenance work is
performed by the contractors to the electric utility companies.
Maintenance staffs of the electric utility companies mainly work on
the planning, administration and inspection activities including
preparation of maintenance plan, management of maintenance works,
coordinating with other departments of the company, witness of the
inspections, response activities for the occurrence of any trouble.

Practical maintenance activities are performed by the
maintenance technicians of the contractors. Under a maintenance
system like this, the individual electric utility company is
executing education and training of maintenance staffs to have enough
knowledge on structures and functions of plant components, methods
and procedures of maintenance works, standards of acceptance on
result of maintenance, etc.

Education and training system. Figure 4-4 shows an example
of the education and training system of a BWR owner utility company.
Usually, maintenance personnel receives initial training as operator
and then is given his post in the maintenance organization.

Figure 4-4. Education and Training System for Maintenance
Personnel (Example of a BWR Owner Utility)

;

;||Mn';;|';;, ""m ,,,,,i., .,,,,,,i.. ,iu.i.e. a si.r<.

#MM:;'Ti',.. , "u:,:;1*;;'',; E!*!E,,,,,, n'"in" 0:::"tuii.<~a

|. . .. i.4 m. n.] [::: ::., r ::: - ---) [:::::::..:::- ---] | | | |

n;';';,?,!;"a | .ie, ,,.i.i.. I I on | [ en j

[MEs''.0.';;ie,}

;;0;":| !::'*"
2"7." '. . . , I I

';:n. n. . ' c;;, .f.7. .. e. i ., I I,,.i . ..

+

g,p . ,., q j ,,,,,,_,,,,,,,,,,g;,,,, ; j
c . . . , n n - . o ., ,,,

,

! l !

98 --

_ _ . _ _ _ _ _ _ - _ _ _ _ _ .



i

!

After getting his post, the maintenance personnel receives -

the basic maintenance training (for one year) and maintenance
specialty training (for six years)

f ,

| o Basic maintenance training. The maintenance personnel !

| receives basic maintenance training at the maintenance '

'

training center while being engaged in the rather
,

simple job for on the job training. During the basic ;

training, he learns basic items common to the i
; maintenance works, irrespective of the mechanical,

7

i electrical or instrumentation fields. '

.
:

o Maintenance specialty training. Training is made !
separately for the specific fields of mechanical, ;
electrical and instrumentation for the first three .

years. During this period, the trainees receive [
j training at the maintenance training center and

technical lecture course by the components
manufacturers while taking charge of actual systems or !

components in the nuclear power plant and practicing4

routine works on planning, administration and i
inspection for maintenance activities. By completing '

these trainings, they become regular maintenance staffs
five years after they started training. In the later ;4

! three years of the specialty training, they are trained |
to obtain broader knowledge of the nuclear power plant. '

i

Explained above is an example of a BWR owner utility
company. Another example of education and training system for a PWR
owner utility company is shown in Figure 4-5.

Contents of Education and Training.

Training within the company. The training within the
i company consists of on-the-job training through the practical work, :

or work of routine maintenance and periodic inspection, etc., and the (
'

training done at the company's own maintenance training center.
|Table 4-5 shows the outline of the maintenance training center owned
!and operated by individual electric utility companies in Japan. In i

these training centers, training is made for structures, functions, !
4

overhaul and inspectier., assembling, adjustment and trial run of each '

component using the training facilities. Table 4-6 and 4-7 show the
outline of the training at the maintenance training centers for BWR
and PWR respectively.

t

:
t

1
|

!
' '
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Figure 4-5. Education and Training System for Maintenance
Personnel (Example of a PWR Owner Utility)
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Table 4-5 Outline of Traleleg Facitttles for Meletessace Personnel
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;

Table 4-6. outline of Training'
!

; at the Maintenance Training Center i
(An Example of BWR)

.

k

: Item of Training
;

E 1. Work procedures (21 items) 6. P& ID and ECWD
| 2* Safety administration 7 Materials iue
1 3. Quality control 8. Structure t- * -

Ij $2 4. Maintenance work guideline 9. Construction method
8' b 5. Work supervisor education and RST 10. Inspection. measurement and

,

adjustment i

i
(30 days) '

i

Mechanical Electrical Instrumentation i

!1

1. Seals (incl. Mechanical 1. Electric circuit. General-C 1. Electronic, logic circuit f
; seal) ;

2. NDT-2(RT.UT.ET) 2. Electrical InstrumentatLon 2. Analogue instrument t

3. Vertical pump 3. Electric construction 3. Digital instrument |
4. Horisontal pump 4. Motor 4. Control valve
S. Steam turbine S. Relay (I) S. Special instrumentation !

6. 80iler 6. Circuit breaker (1) 6. HCU [
7. Emergency Deisel 7. Electro-magnetic valve 7. Radiation monitor ;

Cenerator L

8. Crane. hoist 8. Motor operated valve 8. Nuclear instrumentation
9. Refrigerator 9. Low voltage motor dis- 9. TIP drive system

mantling and assembling
10. Valve 10. Relay (!!) 10. Instrumentation control.

model plant
11. CUW pump 11. Circuit breaker (II) 11. Process computer

' Core performance calcu-
E letion
j Plant diagonostic system

,

12. CRD dismantling. 12. Electric circuit 12. RPS separation spec.-a, i

*
1 removal and instal- General (II) Ib lation. core components i

> 13. Weste disposal 13. Transforver 13. Special control system
% 14. 011/rechanical snubbers 14. Electrical work 14. EHC. EPR. MGU

i % 15. Recire p p 15. High voltage motor 15. Incident /f ailure case study
mechanics sesi 16. Sequence controller 16. Maintenance of nuclesea -

{ 16. Tubine control EHC power plant and related,

i e regulations
17. M51V pilot valve 17. NOT-2
18. Vibration analysis it. Relay (!!!),

19. ISI 19. Pelay (IV),

20. Incident / failure case 20. Circuit breaker (111)'
i study 21. Circuit breaker (IV)
) 21. M4Lntenance of nuclear
i power plant and related
! regulations 22. Generator
1 23. Vitration analysis
j 2 4. Bat tery

25. Incident /f ailure case study
| 26. Maintenance cf nuclear

power plant and related
regulations

'
(40 days) (44 days) (45 days)

1. Incident / failure case 4. Safety design 6. Radiation esposure<

I study S. Accident analysis evaluatio,n
2. Factory visit 7. Shielding design'

f 3. Aseismic design 8. Water chemistry control
d ( 7 days)

a
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Table 4-7. outline of Training at the Maintenance
Training Center (An Example of PWR) ;
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Training through the technical lecture course by the
component manufacturers. The electric utility companies which do not
have their own maintenance training conter, or even those which have
such training center, make their maintenance personnel participate in
the lecture course prepared by the component manufacturers to train
them for the special components or components needed for knowledge of
advanced specialty.

Training at the specific study and training organization.
Same as the operators, maintenance personnel are also sent to the
specific study and training organizations outside the company to
study basic nuclear technologies.

Education and Training of the Maintenance Technicians of the
Contractors. As mentioned previously, actual maintenance work of the
nuclear power plant is done by the maintenance technicians of the
contractors and the upgrading of quality of these technicians is also !

important. Individual electric utility companies are making an |
effort to establish such a contractor system by their subsidiary
companies. Contractors are voluntarily providing training for their
maintenance technicians. Electric utility companies also give
contractors their guidance and advice on the planning and execution
of the training. An electric utility company having its own I

maintenance training center offers it to the contractors for the ,

training of their maintenance technicians. Furthermore, for the
periodical inspection, the company also orders the team of
maintenance technicians to make a rehearsal training at its
maintenance training center in advance of the actual overhaul and
inspection of important components like CRD.

Conclusion

Based on the high performance of nuclear power generation,
it is expected that the share of nuclear power in the electricity
supply in Japan would further increase and, accordingly, operators

,

and maintenance personnel (including those of the contractors) would i

be required to increase quite an extent in the near future.

Furthermore, one may also expect changes in the environment
Iof nuclear power generation, such as change in the mode of operation,

introduction of advanced technologies, lack of experience on
incidents and failures as well as a change of generation of the
operators and maintenance personnel. To cope with these situations,
improvement of the education and training plan of the operators and
maintenance personnel is becoming more and more important from the
viewpoint of securing safety and reliability of nuclear power
generation. Currently, education and training status in Japan is
generally satisfactory, the result of which is reflected on the high
performance of nuclear power generation. Iloweve r , it is considered
that education and training will become much more important in the
above mentioned circumstances, and the government and industry of
Japan would like to work further on this matter.

|
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Discussion
|

MR. TANGY: In France we barely achieve on-site training of <

operators five days a year, clearly identified and prepared as |

: on-site training," and 10-15 days per year off-site training, such as
! simulator retraining and operation. We intend to move to 10 days

on-site training and 15 days off-site training, of a daytime nature.
In Japanese stations, what is the actual time devoted to on-site
training?

i

MR. IKEDA: Approximately 25 days por year. For the daytime
training we have some intervals -- two weeks daytime work shift for
each 10 weeks. So eight weeks on shift and two weeks daytime work.
Annually we have nearly 50 days for daytime work shift, half of which
is allocated to training.

MR. VANDEWALLE: You said you qualified your operators for a
period of three years. Ho do you re-qualify operators? Is it only
upon the basis of courses which are taken or something like that? or
do you give them special examinations?

MR. IKEDA: We do not have any re-qualification process for
operators. We only have re-qualification for shift supervisors. But
we do re-training of operators every three years at the BWR training
center. ,

IMR. VANDEWALLE: Is that sufficient to be able to re-qualify
a person? !

MR. IKEDA: I think it is enough, because we also have
daytime work shift training and team training at the BWR training

'

center three days per year.

MR. STICKNEY: Would you explain how you make your initial
selection of personnel who enter your training program?

MR. IKEDA: New employees are selected on an annual basis in
Japan, at the end of the fiscal year by an entrance examination. The

; seicetion is made for all new employees of one company. In my
company's case, about one hundred university graduates and about one
thousand high school graduates are hired. Among them, those who show
excellent performance are assigned to the nuclear field.,

:
,

I

|
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THE MANUFACTURER'S PART IN
NPP PERSONNEL TRAINING IN THE FRG
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Manager of Customer Training Servicet

Kraftwerk Union Aktiengesellschaft
! Berliner Strasse 295-303 i

6050 offenbach/ Main i
;

1 FRG

!

| Abstract

I
This paper describes the regulatory guidelines and the

|,

1 training and retraining procedures and programs for NPP personnel in

] the Federal Republic of Germany.
,

! Reference is also made to the three years dual ,
' workshop / factory and classroom education of skilled workers in i

Germany. KWU as a turnkey manufacturer of Nuclear Power Plants holds ;

the nuclear operating license towards the authority after first fuel i
,

j loading of a new plant. In this respect it has extensive overall '

! training obligations not only towards its customers but also with
.

)|
regards to its own shift personnel during nuclear power operation up !

; to commercial operation and hand over of the plant. !
J

'

KWU's philosophy of training, its infrastructure, its'

various obligations and services are described for new plants as well e

i as with regards to retraining for older plants. |
[Regulatory Guidelines for NPP Personnel in the FRG t

The first "Guideline relating to the proof of the technical ;

qualification of nuclear power plant personnel" was published in !

1974. It specified that shift supervisors, their deputies, and !
'

reactor operators have to take a written and oral examination, !,

i specifically for the plant in which they perform these functions j
j (Figure 1.). t

i,

| In 1984, this regulation was revised and re-published for
the second time. It specifies that the plant managers be at least4

i

graduate engineers. Knowledge of nuclear and reactor physics, !
reactor engineering and reactor safety, and in the fields of health i

physics, fire protection, and occupational safety is required. They !

must know all the details of the construction of their plant, and its i,

behavior under normal operating and faulty conditions.
|

'

lThe law governing the use of atomic energy, all official
|

j ordinancos, codes, standards and guidelines, and the applicable 1

{
operating instructions, especially the alarm schedule and the safety

| i
i 1
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|

4

.

i

Kraftwerk unen Ao specifications, are part of the
i

mental equipment in daily use by 1

the plant engineers in charge..

'How practical experience is to be
acquired is also specified into ,m=mm m%- ;

i ev=~e=* detail. shift supervisors are '

; *;*gg ;; required to hold an engineering ,

a wmr u u w degree. jj

I
* YOST ~ In a new draft detailed*
wa="o n *4 training requirements are specified

2au w - = - ~ w a. w for the Training Manager and the QA i
*

' * * * * * * * * ' ' ' ' manager of the plant, the
* * " " " * "

requirements for previous practical i
,

Ty *yj*|,d,," '~~ '"*n' training and simulator training are
increased and the new aspect of: , w n .o

; accident management measures is !_
introduced as part of the training; . n c.

w~m a a su requirements.j
'

: em m = ~ ma a n w w
In the "Guideline relating i

4 **="a*==**=*
*"a""'' to the contents of the examination

of the technical qualification of i
the responsible shift personnel at i

Fig.t SMI- Guidelines relating to NPP Personnel "kh nuclear power plants," fiolds in f,

which shift staff is to be examined :

are defined. |;

!
*

! The "Guideline relating to programs for the preservation of i

J the technical qualification of the responsible shift personnel at
i nuclear power plants" specifies that these personnel must take

1

; refresher courses, consisting of a theoretical and a practical part, |
lasting at least 100 hours por annum and per person, in a three-year ;,

; cycle,
-

f

c

The knowledge, i.e., training, lecture, or instruction, !-

required of those groups of persons not covered by the regulations i

j mantioned above is specified in the "Guideline relating to the i

j assurance of the necessary knowledge of other persons engaged in the |
; operation of nuclear power plants."

|
1 l

The necessary knowledge of these groups of persons, which1 >

{ must be documented to the regulatory agency, must cover at least the |
! four safety-related subjects of health physics, fire protection, i

occupational safety, and plant operation. Three levels of knowledge
i are distinguished, depending on the type of work performed:
> |

o Level 1 for personnel working under supervision i
'

o Level 2 for personnel not requiring supervision
o Level 3 for personnel in positions of authority.

I
i
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Training Procedures in the FRG

The training program for NPP's in the FRG can be divided
into five stops (Fig. 2):

o The preparatory phase with basic theoretical training
o The practical training on-the-job in similar

installations
o The plant-related special training
o The simulator training
o The commissioning of the own plant.

&KWU
s . . ,NPP Schehte ,,,y

''"O','y' a i . ,. . s ed ,.. r u e.v t i v.w ..w s.
,,

. . ~ - i,. c,r ,,, ,i,, n
s . . . ... . . . , o a a a

~' ''

'- ' ' MQ { -[

"$.a -

. . . . . . ,

E=. n l lM!! ERNE :
I !

s,... w t -

;
.

CJ . . . * . . . ,... . un ,,. .e.,, ei... a on a .,.. e i, . . a . ...:. i . c3. . .. ~ ,
,

1. . . . . . . .

Fig.2: Training Program for NPP Personnel in the FRG " " " ' |

|

The basic theoretical training covers general basics of NPP |
technology, reactor and neutron physics, health physics and 1

thermohydraulics. It consists normally of one throc-month course in I

a research conter, at a technical university or in a utility-owned Ischool and a six-wock introductory course at KWU.
|
|

A high level of practical experience is required for working
jin an NPP, which applies not only for craftsmen lev 21 but especially '

for management functions including the crucial function of shift
supervisors.

For those groups of personnel practical training in an
operating 1PP is important in order to gain experience in the
day-to-day operation. The aim of such practical training can be i
defined as twofold: I

l
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o The participants shall become familiar with the NPP,
its components and systems, its operation and
maintenance,

o The participants shall learn organizational structures
in order to know later on the distribution of
functions, responsibilities, and assignments and the
safety rules applicable to their work.

Therefore, the trainees take part in regular shift duty.
They accompany the shift staff making their tours through the
buildings, and actively assist them in the execution of their
duties. The active involvement of the trainees is of vital
importance for their training; therefore, they have not only to stay
in the control room. The trainees shall thoroughly familiarize
themselves on their own with a number of specified systems, prepare
reports on them as part of their normal shift reports on events and
actions, and give the reports to the other training groups. During
the day shift, the trainees are briefed and instructed by the
training supervisor on site. Other personnel, depending on their
later functions, are similarly trained on-the-job.

O M)vu The design and operation of the
individual systems of the own plant*

o as well as malfunctions and
n'.','n',*t.2Tn"n,, operation of the whole plant are

10 **'**r covered in the plant course (Figure
I I''a*''I''Oa a".. } 3). This course is subdivided into15

three stages with a duration of
= 4. +,, i n i .... approximately two months each and a' ' " " " " "

34 total of more than 100 subjects:
|r..tw.%r,*.

1 1st otage: General principles,
45 ....m .. .w i.. ,...w ..

thermohydraulics, components,
5'as ad""" identification system, measuring" ' " " " ' *

37 techniques, NSSS and auxiliaries,
r, w. .w . .. . .. fuel and radiation protection.
!T.OS*."U.'.|22'."ya

2nd stage Secondary plant and
' ' ' ' ' " * " " " " '

75 auxiliaries, turbine generator set
o+=a ' ** ==' s and controls, cooling water systems

I' "'""
and chemistry, station serviceu,,,,,,,g,

83 systems, reactor protection, , , , , , ,

as .. .r nm wi.. hardware.
e.ui.. uw .w
$fi 7k m,i u.. 3rd stage: Instrumentation, |

'

g

100 | m i. c.i .,c |
reactor controls, reactor
limitations and protection,

3,[y,,,,;,,,,, operating behavior, malfunctions,gd,
jg| | external events and accidents,"

a.,.u.. .w as w w ..
operating manual and

Fig 3: B 121 PWR KWU Piset Course. Structate G design-Objective-oriented strategy
and behavior.
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KWU teaches this course by special instructors and partly by
using authors from its special engineering departments. Video tapes 4

'

and transparencies are used for intensifying the information.
Written and graphic material, specially designed for each plant, is
provided on each subject to each trainee.

The lectures are presented in the morning. In the afternoon
the personnel work through the material treated the same morning. To
this end the personnel will be divided into seminar groups. The
written accompanying documents are available for this purpose and the |.

'

1 test questions given by the instructors must be answered. At the end
of the afternoon the instructors gather all the trainees and ask
individual participants to present their answers to the others for !

discussion. If in the morning or afternoon any question occurs, they :

are either answered directly by the training instructors or else |
collected for a colloquium. After a complex of subjects has been +

completed (i.e., after several working days), such a colloquium takes '

place at which a specialist from a particular engineering department
may give a final general survey of the material treated and answer
any questions which have not yet been cleared up. -

After each stage KWU holds a partial exam which is reviewed
by the regulatory authority. They are accepted as the written
licensing exam for the shift staff.

Simulator training is another important phase of NPP
training. It applies for the futuro shift personnel, however, ,

managerial staff for operation should also undergo thorough simulator
'

training as part of their practical qualification process.

In Germany, simulator training is divided into two stages:
the first stage emphasizes start-up, shut-down and power operation,
and the second stage covers controls, limitations and melfunctions.

;

The most important phase of the whole training and
qualification program is the participation of the trainees in the ;

commissioning of their own plant. The knowledge gained in previous ,

coursos can now be put into practico during the commissioning and
shift operation of their own plant, with additional instructions by
the commissioning engineers of the contractor. The traineos can

'

follow the progress of work during this phase by means of the
croction and commissioning documentation used by the contractor, i

through participation in the individual component checks, system
tests and pre-operational and performance tests.

The training of skilled workers is of special importance for
the safe and efficient operation and maintenance of NPP's (Figurc !

4.). It is normally performed in educational workshops equipped with
the corresponding instruments, machinery and work places.

!

I
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! Fig.4: Vocational Training in Germany *G i

1
.

!
<

i

i The following skills are imparted: Working with metal and
'

! plastic, use of machine tools and machines, fundamentals of welding,
brazing and heat treatment, reading and preparation of technical :

I drawings, fundamentals of electrical engineering. (
! -

1 Vocational training in Germany takes approximately three j
|' years until the participants get a certificate from the chamber of

Industry and commerce.

. The utilities have developed special training schemes for
| chilled workers and foremen to become NPP skilled workers and NPP
i foremen respectively (Figure 5.)
i

! This training for the first category consists of 22
j additional months of practical training in the plant and a total of

13 wooks of theoretical instruction. The training for foremen again'

: consists of an additional 18 months part of guided practical work and
i four modules of theoretical instruction of a total duration of one
| year.
I

j
As defined in the regulatory guide for the preservation ofi

] the technical qualification of the responsible shift personnel, they
; have to undergo a thorough retraining,
!

1
:
i
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The utility has to develop au......

0% "*' three-year program for eachu.

i I individual with a minimum of 100

]j,hourspermanandyear.} |ca;t* It has to
contain a theoretical part covering'-

.

[ ll i fundamentals of operating and
!!! w~ u.~e w malfunction behavior, plant design.

~ ' ' " ''-* "2 with emphasis on design changes and
| I operating experience (also from

i-gy,g-y, _ _ | _ _ _ _ _ - . _ _ . - - - - -O other plants). Surveillance tests

I | | and reactivity controlling
; ;=g, ;;,- j manipulations, malfunction'

a discussions and health physics~~. - - ",g
i i exercises form the practical part.{J.g I u - ** $.1_________g Simulator retraining of at least '

: ,

t one week per year is current'

practice.;jg ..gy, .

I KWU's Involvement in Training in
Germany* * * * = *

.

I Fig 5: NPP SkiHed Workers and 77U KWU is the major plant
"'

! Fmemen tainsg e manufacturer in the FRG with more
G"*"Y than 14,000 employees, with 40% of

them holding an engineering degree or equivalent. As a turnkey
I supplier of nuclear power plants it covers all technical aspects of
| NPP's with PWR, BWR and HPWR, through its affiliates the whole fuel

cycle and also breedor reactors. NPP's from KWU hold first places in
,

the world with regard to availability and electrical power 1
i

i production. i

Being a turnkey supplier, KWU is also a licensing applicant
for new plants and has the overall nuclear responsibility under the

t

l German Atomic Energy Act from the first fuel load up to end of trial
operatic?. and hand-over to the customer. KWU trains its own shift
supersLocrs who also have to undergo the licensing exam. With its
commissioning staff at site and the support of the commissioning
staff of its subcontractors (who may run up to 700 different

j subcontractors), KWU nevertholoss relics on the futuro NPP staff of
| the utility, i.e., KWU provides only two engineers por shift. The
| remainder is supplied by the customer. This is the reason why KWU's

function as a manufacturer of NPP's in the FRG differs significantly
from that of foreign manufacturers.

,

i

| KWU designs overall training programs for its customers and
develops them further in close cooperation with them. This also
includes of course the implementation of other training resources
such as training institutos and special courses of subcontractors or
even utility designed coursos.

1
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KWU providos a large number of courses and seminars for
initial training, retraining and replacement training which not only
include technical subjects like technical basics, systems design,

| control and instrumentation, reactor controls, limitations and
! protection, coolant transients and malfunctions, accidents, external
| events or design-objective-oriented strategy and behavior but also

managerial coursos on management, communication, behavior under
stress a.s.o. :

|

simulator training normally is within the responsibility of
the utility-run simulator training center. However, KWU is involved
to a large extent in the training for the convoy and the retraining<

for the pre-convoy plants.

In 1983 and 1984 KWU has provided 5,500 hours of simulator >

training, which were analyzed for various aspects. The result of
this study lead to a "Functional Trainer," due in 1988 which cuvers
more than 80% of the simulator training with only 30% of the scope of

| a full scope simulator. The reason for this is the nood for extensive
; training of the reactor control, the reactor limitation and the
; protection systems and the major malfunctions in the nuclear or
! conventional area affecting these complex systems.
1

In addition to that, KWU has developed a "Nuclear Plant
Analyzer" which, with the help of deaign codes and a high speed data
link, provides specially processed displays of transients and system
status on graphical displays. This device can be installed at site<

and hooked onto the KWU mainframe computer via telephone line.

KWU further developed ICS, an interactive communication i

system for individual training and retraining and also for motoric
repetition of complex logics of systems. Suitablo in-house produced
videotapes are copied on disc which is controlled via a PC and

3'
special mixing equipmont. A specially designed editor system helps
to develop interactivo lectures with inbuilt motivation loops,
subject knowledge tests and visualized instruction.

For all this KWU disposes of a comprehensivo customer
training organization with all technical specializations necessary4

and all facilitics required to not only provide such training but
also to develop the curricula and the appropriate training material

'

; and equipment. It continuously maintains an exchange of experience
] with its customers and the design departments so as to koop
; up-to-dato in NPP training in all aspects.

i
i

l i

i

I

I

(

4

,
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THE IMPACT OF REGULATION
ON TRAINING PROGRAMSj

THE BELGIAN APPROACH

A. Vandewalle|

Vincotte Brussels
Belgium

Abstract'
,

,

This paper described the Belgian approach related to
training programs. After a short description of the situation
before the TMI-2 accident, the evolution of training programs will i

.

be presented with emphasis on the impact of regulation and'

! requirements set forth by the Belgian regulatory body. The :

original solution adopted for the use of full-scope simulators will !
'

1

be described. This solution takes into account the design'

differences between the seven operating nuclear powers plants.
,

Introduction

The Belgian nuclear power plants are presently producing'

more than 60% of the internal electricity demand. The nucicar
program b gan in the sixties with the start-up of BR3, a small PWR,

power plant producing 10 MW(e). This experimental power plant was
mainly intended to demonstrate the fosibility of a Belgian nuclear :

development. The NSSS supplier was Westinghouse and the power
plant was built in collaboration with Belgian industries and i

architect engineers. The reactant coolant system included one
I

'

steam generator and two primary pumps installed in two loops.
The first tentative was successful and was followed by the

construction of the SENA nuclear power plant, in collaboration with
Electricito de France (EDF). This 300 MW(c) power plant, located
close to the Belgian border, had a four-loop primary system and

,

i started in 1967. This plant is now operating under the
Ij responsibility of EDF.

In 1974 and 1975, we started the first Deci and Tihange
nuclear power plants. On the site of Doci, a twin-unit of 2 x 390
MW(e) was built (Doel 1 and 2). These Westinghous PWR reactors'

have two loop primary systems. The auxiliary systems are patrially

) shared betwoon the two units. A three loop PWR reactor was built,

| once again in collaboration with EDF, in Tihange (Tihange 1),
having a nominal power of about 870 MW(c).

j Following the success of nuclear electricity generation,
the Belgian authorities approved the proposal of the utilities to

.

build four more nuclear power plants: two on the Deci site (Doel 1
j and 2) and two on the Tihange site (Tihange 2 and 3). The Doel 3
|
1
i

l
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and Tihange 2 units started in 1982. These are three loop 900
: MW(e) powers plants. The NSSS supplier was Framatome and the
j architect engineer was Tractionel for the Doel unit, and Electrobel

for the Tihange unit. The Doel 4 and Tihange 3 units started in'

! 1985. As for the previous units, they are three loop power plants, '

delivering 1,000 MW(e). The NSSS supplier is Westinghouse and, !
| similarly, the corresponding architect engincors contributed to the
| construction of the Doel and Tihange power plants,

.

t

a

This short description (see summary in Table 1) of the
actual nuclear power plant equipment shows that there are some
significant differences between the nuclear units operating in

i Belgium. Although all power plants are PWR types, the intervention
of different NSSS suppliers, as well as different architect I

1

| engineers, has nod a non-negligible effect on the training of ;

| nuclear power plant operators. I
t

Table 1. Belgian Nuclear plants I
Main Featurcs i

!

| | 3x3 ; : r:.1/: j::xAscs1 j=crt3 i cert 4 | ,

j i ; | | ::xAns: | rzHAns 3 | r

j |

. 1974-1975 | :375 I Ivs: 1 19s4 I

i | | !.

I s:Ax -vr :A:t i its: |

l i i I '. I li

| nex:::a vtr i rwx i rux j swa i rwn ! rwn |

>

I i | | I I I L| nsss surtt:rx : wrs::uax:vsr j Aer:cwan | rnAMAct:o I raAxA:rce | Act:: wen i
| ! turs::nos::sril inAMA::Mr | rnAxArcMr icwrs :naxcusr> || ! I I I I i

.

| rn: Mary Leers ! :/.
| 3 1 3 ; 3 | j

, .

i ! I I I I
'

ij | NCM:NAL rewrA f :: Mwe j 2 x 39 Mwe | s?C Mwe | 900 Mwe | 1000 Mwe | f: ,
, ,

, ,
Evolution in Training Programs j

1 General. Since the beginning, the need for selection, [i qualification and training of the power plant operator (as well as L

other power plant personnol) was considered as an important concern |
. by both the utilitics and the regulatory body. Nevertholoss, the ;' TMI-2 accident has had an important influence on the improvement of ;

; training programs. '

;

l Power plants started before TMI-2 accident. The nuclear !
power plants which are considered here are mainly the Doel 1/2 and i

4

j the Tihange 1 units, since the BR3 is experimental and SENA is ;

; operated by the French utility, EDF. !

1 !
j The plant operators of both sites roccived basic training

|
}

**tcorotical |' ' .

| o practical ;

i '

I !

I

!
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The practical training consisted initially in training
periods on the BR3 power plant. Part of the operation personnel
were trained on US simulators. Until the TMI-2 accident, and in
comparison with the present situation, rather poor attention was

4 paid to re-training, which was not systematic.
I In the early eighties, the Tihange 1 unit obtained a

compact simulator (simulating the surry 1 power plant, which is
very similar to Tihange 1) and they began to systematically ;

re-train operations personnel. !

1 No simulator was available for the Doel 1/2 units and the -

training effort was made more on theoretical basic knowledge (a
limited number of plant personnel followed simulator training in
Spain). This theoretical, classroom kind of course included'

important subjects such as reactor physics, reactor operation, '

! thermodynamics and so on.

As part of the decennial revision program these utilities, ,

encouraged by the regulatcry body, are presently establishing a
complete training and re-training program, including theoretical |

and practical courses. In matters of practical training, two !

; different approaches were adopted:

'; o Doel 1/2. A full-scopo simulator will be availabic
to train and re-train the operators. Since this !

plant is a twin unit, the simulator will be able to ;

fully reprosor t one unit and its corresponding :

; auxiliaries (eventually shared with the other unit),
while the second unit will be represented into
different steady-state operating conditions (full
power, hot shutdown, cold shutdown, etc.).

) o Tihango 1. The compact simulator is being improved
to better model the working of the different systems

i aircady represented, and to add some other important

] systems and subsystems. Thanks to the similarity !
l betwoon Tihango 1 and the other Tihange units, it !
' '

will also bo possible to train the operators on the
' full-scopo simulator provided for Tihango 2 and 3.

Power plants started after the TMI-2 accident. The situation of
those units (Dool 3/4, Tihango 2/3) is quito different from the
older units. Indcod, taking into account the major part of the

i

j conclusions about the TMI-2 accident, the Belgian authoritics
! imposed on the utilities to thoroughly improve their training and
| re-training program and, in particular, to follow the US rules and

recommendations. Of courso, due to differences in the education
j system in Belgium and in the USA, the American guidelines had to bc
; adapted.

}
l

j
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Qualification and experience required for power plant
operators. The structure of the Belgian education system is
presented in Figure 1. This figure shows only the education system
which is of interedt for plant operators. The qualification of tho,

; power plant personnel takes into account a combination of:
;

o school education level i

1 o practical personal experienco !
r

! Figure 1. Education System in Belgium i

!,
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Those minimal requirements for the different operations
staff jobs can be expressed as follows:.

'
I

Operation Superintendent'

,

o school levels civil engincor ;

| o experience minimum four years in a
thermal power plant, throo years of ,

J which in a nucicar power plant, j

i ;

) i
; :
| i

! i

I
i

i
i,4

l
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Opcration Assistant

o school levels industrial engineer
o experience minimun two years in a thermal

power plant, one year of which in a nuclear
power plant.

shift supervisors

o school level graduate technician, technician ,

or equivalent knowledge by theoretical training
and practical experience

o experience: minimum four years in a thermal
power plant, two years of which in a nuclear
power plant.

Operator

o school levels technician or equivalent knowledge
; by theoretical training and practical experience
'

o experience: minimum three years in a thermal powce
plant, six months of which in a nuclear power plant.

Roundsman

o school level: technician, craftsman or
equivalent

o experiences one year in a thermal power :
plant, six months of which in a nuclear
power plant.

!

In addition to *.heue requirements, some experienced in the '

| performed job is necessary. This is obtained by on-the-job
training, leaving the candidate working together with skilled

; operation personnel members.
j

1 Training program. The training program is divided into
two main parts: initial training and re-training.

.

1 4.1 *.i a l t r a i n i n g . A very 1,nportant ef f ort was given to
the initisl : raining program. The total ducation of this training
period amounts to about 200 days, which conJtitutes a very heavy

i workload. This training includes theoretical training as well as
j practical training and is adapted in function of the initial
1 theoretical and practical knowledge of the trainees.

The initial theoretical knowledge is assessed by
examinations performed during the recruitment phase. Certain
important subjects, such as health physics, safety and quality
assurance programs, are not included in normal school courses.
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These matters are taught by the utilities, or under their
responsibility. Generally, most of the training courses are given
on site, by members of the utility, specially trained for this
purpose. However, some specific subjects are taught by foreign
nuclear training centers such as those of Electricite de France, i

| A complete initial training program includes the following ;

general kncWlodge of PWR plants
reactor physics
reactor operation

i

i thermodynamics .

reactor protection systems i

| knowledge of plant systems (systems descriptions i
; and operations) !

knowledge of plant procedures
-normal operation
-faulted operation
-accident operation

technical specifications
training on the BUR 3 power plant
simulator operations

-nort6al operation i<

j -faulted operation
'-accident operation

I

The training includes different types cf teaching methods:

theoretical classroom courses
on-the-job training '

j simulator training

As far as simulator training is concerned, the actual lack
i of a dedicated simulator has been resolved by sending the trainees

,

on other availabic simulators as those from EDF. Since these !
| simulators are simulating the French power plants, special courses
j are organi:cd to make evident the design differences between their

|
J power plants and the Belgian ones. The same situation is i

! encountered in case of use of the compact simulator installed in !
I Tihange. This situation is only transitory since the Belgian

authorities have imposed on the utilities the construction of
simulators adapted to the specific design of the Belgian power'

i plants. The final solution proposed by the utilities (and approved
I by the Belgian authorities) to give answer to this requirement will-

be examined later on.

a Re-training. In addition to the initial training program,
i a further effort is made to maintain and to improve the knowledge
! acquired by the operation personnel. The total duration available
i

|
1
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! for this purpose is approximately equal to 5-6 full weeks per
year. This re-training period is divided into several specialized

,

sessions such as:'

theoretical refresher courses on matters related to
nuclear power plant operation

i

; analyses of incidents or accidents affecting the
unit or other power plants in the world

review and study of plant procedures

simulator training. |
|

It should be noted that the Utilities, in order to provide |
7

|
enough time to re-train operation personnel, increased the number
of shifts to seven instead of six, which is the current number in-

] Belgian power plants.
1

The Use of Full-Scope Simulators --
An Original Solution

| General. As already mentioned, Belgian nuclear power
i

j plants share between each other differences which make the use of 1

J one common full-scope training simulator nearly impracticable. ;

i since the Belgian authorities had imposed to the utilities to train !
their plant operators on full-scope simulators, having similar'

i

i operating characteristics to the traince's plant, and original 4

j solution was proposed and approved. This solution consists of the |
construction of three full-scope simulators (the.Doel 1/2 simulator ;

is not exactly a full-scope simulator, but could be referred to as j:

j part-scope).
!

| It should be noted here that the latest power plants (Doel i

3/4, Tihange 2/3) were designed with so-called "second level |1

| protection systems." These systems are intended to mitigate the I

j consequences of external events such as: complete loss of cooling !

j water, aircraft crashes, external extended fire, gas deflagration, |

i and so on. They are dedicated systems added to the usual auxiliary I

and safegur,rd systems, and were designed by the NSSS suppliers. As.

! a consequence, tne Westinghouse-developed second level protection
systems are quite different from the Framatome-designed systems.

'

- In addition to this situation, the Doel and Tihange power
: plants were built by two different architect engineers, which

] resulted in some differences between the two plants. All of these
j considerations resulted in the following adopted solution:

o one full-scope simulator representing the
; Doel 4 power plant, including second level
!

|
:
i
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protection systems. This simulator will be
able to simulate the Doel 3 second level
protection systems.'

;

^

o one full-scope simulator representing the ;

i Tihange 2 power plant, including second '

level procoction systems. This simulator will
,

be able to simulate the Tihange 3 second
level protection systems.

:
o one "part-scope" simulator representing

Doel 1/2 twin units.

o Improvement of the compact simulator
actually available in Tihange.

i The Doel 4 simulator. This simulator will include the
| following layout facilities:

| - a main control room identical to Doel 4
- a second level control room identical to Doel 4

; - a second level control room identical to Doel 3

| The simulator will be able to function in the Doel 4 mode
| (with the corresponding second level protection systems), as well |

as in the Doel 3 mode, with the associated second level protection
,

aystems. Training and re-training of Doel 3 plant operators will
,

be provided on the Doel 4 simulator, working in the Doel 3 mode.
.

The second icvel protection systems will be available as they are'

; in reality in the Doel 3 power plant, but the reference plant hey
will be operating with will be Doel 4. The differences between the

| basic systems of both power plants are sufficiently slight to be i

neglected as far as training is concorred. Except for the second
i level inr.trumentation, control and systems, all other basic

parameters and systems will be those of Doel 4 plant. The main ,

: control rcom will also remain unchanged in case of the Doel 3 i

! operating mode. !
1

'

| To make simulator training fully efficient, special
courses will be provided to Doel 3 plant operators to make evident ;

the small differences they will encounter during their training
,

courses on the Doel 4 simulator, operating in the Doel 3 mode. The j
different layout design of the Doel 4 control room will also be

|
taught.

!

The Tihange 2 simulator. This simulator will include the
following layout:

a main control room identical to Tihange 2,
-

| - a second level control room identical to Tihange 2
| - a second level control room identical to Tihange 3
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,

similar to the Doel 4(3) simulator, this equipment will be
; able to function as well in the Tihange 2 mode (with the

corresponding second level protection systems), as in the Tihange 3"

mode, with the associated second level protection systems.i

Training and re-training of Tihange 3 plant operators will occur in
the Tihange 3 mode. In the same manner as for the Doel 4(3);

simulator, only the second level systems are simulated, the
remaining part of the power plant being the Tihange 2 power plant
with its corresponding parameters, instrumentation and control.
Again, for the Tihange 3 operators, special courses will be
provided to examine the remaining differences betwoon the Tihange 2
simulator working in the Tihange 3 mode, and the real power plant.

i

Doel 1/2 simulator. As already mentioned, the Doel 1/2
I units are rather different from the other operating units in

Belgium. In particular, their "twin" characteristics, sharing,

several auxiliary systems between both units (such as part of the
component cooling system, some safety systems such as safety
injection, spray and so on) is making the use of a non-specific

: simulator very difficult. Furthermore, other basic characteristics
i such as the number of loops, the number of safety trains, increases

the inadequacy. That is the reason that construction of a separate1

! simulator was decided upon.
1

{ This simulator is intended to provide training for the '

Doc 1 1/2 operators in matters where a non-specific simulator, such,

j as the Doel 4(3), would be ineffective. The simulation areas were,
.!|

for this reason, limited to faulted and accident operation modes.
of course, even in those conditions, quite a lot of systems have to
be simulated. nevertheless, systems such as the secondary systems
can be simplified and are little or not simulated.

As far as the "twin" character of the plant is concerned,
only one unit will be simulated, while the other will remain in a 1

j steady state operating condition, non-accidental, l
i

iI
The training of the Doel 1/2 plant operators will thus be

; provided by training courses on the Doel 4(3) simulator for the
,

|

{ normal operating conditions (full power, hot shutdown, cold
shutdown, etc.) including the corresponding transient situations.
Some faulted operating conditions will also be provided on the

j same equipment (loss of CVCS, opening of PRZ relief valve, loss of
j off-site electrical power, etc.). This non-specific simulator
i training will be completed by training on the Doel 1/2 simulator.
! Special courses will be provided to examine the difference between

] the Doel 1/2 plant and the Doel 4 simulator.

Simulator training for Tihange 1 operators. The problem
of training plant operators of the Tihange 1 plant is slightly.

different from the Doel 1/2 plant. Indeed, the difference between,

1

1

.

t
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I

| the Tihange 1 plant and the Tihange 2 simulator are of lessor
! importance, since they are both three loop 900 MW PWR plants. They

remain, however, too numerous to be acceptable for efficient '

training,

j Similarly, as for the Doel 1/2 operators, the training of
Tihange 1 operators will occur partly on the non-specific Tihange 2
simulator and partly on the already available compact simulator.
The latter will be improved in matter of simulation models as well,

'
as in matter of simulation areas. ;

Special Courses will be provided to be able to train,

i Tihange 1 operators on the non-specific simulator. This training
will be completed by training sessions organized on the improved
compact simulator.

,

Conclusion

Since the start-up of the first Belgian nuclear power
plant, the situation in matter of training and re-training programs

i have been greatly improved. This is particularly the case for
'

simulator training, where practically three full-scope simulators
are being built. They will be fully operational by the end of 1988
for the Doel 4 and Tihange 2 simulators, and in 1989 for the Doel t

1/2 simulator. This very important effort afforded by the
utilities, encouraged (and sometimes imposed) by the authorities
and its regulatory body will undoubtedly improve the Belgian plant
operators training. This improvement will certainly improve not
only plant safety, but also plant availability, which is already |

i

high in our country, reaching more than 75% capacity factor over
the last two years. Both are of public interest and can be; r

considered es a major aim for nuclear industry.
; e

:

I
!

!.

|

|
1

:
!

l !

j - 123 -
,

- __ _ _ __ - __ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



\

TRAINING OF NUCLEAR POWER PLANT PERSONNEL
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Abstract

Four nuclear power units are in commercial operation in
Finland. TVO operates two 735 MW BWR units of Swedish design and IVO
two 465 PWR units of Soviet design. Good availability figures have
been reached during the last five years for all plants. Many
different factors have been contributing to the success of nuclear
power in Finland. The advanced training of the plant personnel
combined with a high educational level of plant personnel is
undoubtedly one of the most important factors. Another important
factor has been the low turnover rate of the staff at the plant and
in the nuclear industry in general. The favorabic regulatory climate
in Finland with open and trustworthy relations between the power
companies and the authorities has also been an important contribution
to the success. The paper gives an overview of the training of
nuclear power plant personnel as seen from authoritics', the power
companies' and the research institutions' points of view.

Introduction

Four nuclear power units are in commercial operation in
Finland. TVO operates two 735 (net 710) MW BWR-units of Swedish
design and IVO two 365 (not 445) MW PWR-units of Soviet design. The
two BWR plants are located at the Olkiluoto site on the Finnish west
coast and the two PWR plants 100 km east of Helsinki. The main
commissioning dates for the four plants are given in Table 1 and the
capacity factors in Table 2. The plants have been described in more
detail in Reference (1).
Table 1. Main Commissioning Dates of the Finnish Nuc1 car Power Plant

Units.
Loviisa 1 Loviisa 2 TVO I TVO II

Start of construction May 1971 Aug 1972 Jan 1974 Aug 1975
Criticality Jan 21 1977 Oct 17 1980 Jul 28 1978 Oct 13 1979
Synchronization Feb 8 1977 Nov 4 1980 Sep 2 1978 Feb 18 1980
Full power Apr 14 1977 Dec 12 1980 Jan 1 1979 Nov 11 1980

- 124 -

I



- - - _ _ - - . ._ _ - .- -.

l

Table 2. Capacity Factors

Year Loviisa 1 Loviisa 2 TVI I TVO II

1982 87.3 77.7 79.9 84.2
1983 83.8 90.0 88.7 86.4
1984 90.7 92.9 87.2 86.2
1985 87.4 91.7 87.4 93.0
1986 88.1 81.9 94.2 91.0

,

! The nucicar power plants were delivering 34% of the electric
energy used in Finland in 1986. The demand for electricity has been
growing for a couple of years (cf. Table 3) and plans to build a
fifth unit in Finland had proceeded quite far in April'1986. In the ;

present situation it is not politically possible to start the !

building of a new nuclear unit. Nuclear power has however not boon ;

abandoned and the discussion may be taken up again in the ninetics.
The increasing demand for electricity will, in the meantime, be met ,

'

with coal- and peat-fired power plants.t

; Table 3. Electricity consumption in Finland
1

1976 1978 1980 1982 1984 1986

i hydro (%) 29.4 27.5 25.3 31.1 27.0 23.3
|

1 back ;

i pressure (%) 24.3 27.3 26.7 21.4 21.5 23.6
,

condensation
,

power (%) 32.6 32.2 27.8 3.9 3.9 7.7a

I 8.7 16.6 38.0 36.7 34.2nuclear (%) --

) not
imports (%) 12.8 3.6 3.0 5.5 10.5 11.0 ,

i othor(%) 0.9 0.7 0.6 0.1 0.4 0.2 |
t

i Finland has during the last fifty years gone through a

| drastic development from an agricultural to a highly industrialized
country entailed by a rapid advance in the icvel of technical

| cducation and, as a consequence, technological knowhow in various
| industries. In Finland the pulp and paper together with the metal

industry represents more than 70% of the total industrial volume.
Presently the electronics and computer industry is the most rapidly
growing field. The pulp and paper industry was built before the
Second World War, the metals industry mainly after the war and the
electronics and computer industry was started in the mid-sixties.
Although the nuclear power plants, themselves, are based on foreign
technology, the Finnish subcontractors have played an important part
in building up the plants. The development of the educational level
together with the industry has in Finland provided a very fruitful
infrastructure for the development of nuclear power. It has

|

| |
1
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i

been easy to get able people to the field and they have been willing
to spend a lifetime of work in their fields of expertise.

Licensing Considerations

The operational organizations of the Loviisa and olkiluoto
power plants resemble each other and they are more or less similar to
the operational organizations of nuclear power plants in many other

; countries. Before elaborating the regulatory requirements concerning
j the training of the nuclear power plant personnel, it may be useful
1 to give a brief description of the Finnish educational system,
j especially in regard to technical studies.

! In the Finnish educational system, one can study technology
at three levels and graduate as Technician, as Engineer or as Diploma

i Engineer. The educational system of the technical studies is
presented in Figure 4. The education in a technical school is for

); the most part practical and it consists mainly of classroom Icetures
) and exercises. The education at a
~

te ornat sist-> a ta its:o. !!rju a r:m technical college is comparable to
1 education at a university, even

|

i though it is more practically
i teimca em oriented. It is not far from the

) . ny ta o u sr.n mo:s truth te say that the degree of an
- on un: Engineer is on a level with a B.Sc. >;

.' ./ [ N. in the U.S.A. A Diploma Engineer's
|ir.nm rn itet t m n a n xt degree corresponds to an M.Sc. in :

I the U.S.A. (Refcrence 2.) lmw.mb m mis . rou rwa
I HOUD fCs ON I

) 'h tt$$$$ix, Eists The requirements issued by the !
I / regulatory body STUK concerning the !g

fN,/ education, experience and training fm,

> tm:xem -na:x tent. :mex of the nuclear power plant i

* ' ' * * personnel are presented in |
. tan tws rn mn rwnt Reference 3. A summary of the j

" $$5os ' SS$!! U$$n requirements is given in Figures 5
.nuun and 6. As we can see from the j

! !!Ests requirements, a shift supervisor is ;

t required to have an Engineer's r
! Degree in Finland, and an operator !

must at least be a technician, r

i Figure 4. The Finish Educational !

| System of Technical Studies :

[<

!

! ,

I |

) !
:

.
i

i)
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The regulatory requirements concerning the retraining arei
'

also presented in the before-mentioned guide. The retraining program
| of the nuclear power plant personnel shall be submitted to the
I regulatory body annually. The implementation of the program is

followed by the regulatory body by means of regular inspections made
,

in accordance with a special program. The program and its use in the '

curveillance of the activities and competence of the nuclear power
,

plant personnel is described in Reference 4. This particular
inspection is performed twice a year. In these inspections the !

! cecomplished training is compared with the plans. In addition to
j this, the inspectors of the regulatory body perform audits of some |

training sessions in person. |
'

|

!The licensing procedure for nuclear power plant operators in
! Finland is presented in Reference 5. The licensing procedure
: includes medical examination, written examination, oral examination
1 and the so-called verification of skill in work. The license of an
| operator granted by the regulatory body is valid for two years, i
! Qualifications for a renewed license are medical examination, regular j

work in control room, participation in retraining and passing of an-

;

oral examination. :

As a summary, one can say that the regulatory supervision of
the training of the nuclear power plant personnel is based on the ,

retraining programs and regular inspections mentioned before. The !

qualification of the most important personnel of the plant, that is, [
the control room operators. is additionally verified by the oral I

; examinations in two year intervals. By these means the regulatory !

1 body makes sure of the high level of training practices in Finnish !

j nucicar power plants and especially the high level of knowledge and i
skill of the operators of the plants. |

e

4 i

! General Principles of Training in TVO j
t

1 Training is a part of tne development of the company's i

; personnel. It aims at creating, maintaining and increasing the
i

i capacity and activity of the personnel. The other parts of the i

i training comprise making personnel proficient at their work and the j
! company, job rotation, private studies and learning by the actual

|
work. ;4

'
l

l The personnel should have the following basic abilities to a
j necessary extents

o adequate knowledge of the profession, i.e., own special
expertise, company policy, construction and function of
the nuclear power plant, commercial and industrial
environment, society and nature.

| \
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Figure 5. Introductory Training Requirements
for Personnel
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| o adequate skills and preparedness, i.e., professional
j skills, civic education, mastering of data processing,

creativity, leadership, ability to cooperate, knowledge,

of languages.
i

) o proper attitudes towards work, i.e., valuation of work,
1 responsibility, willingness to cooperate,
j self-development and development of the environment.

In TVO, the following principles are adhered to the
personnel responsibility for training. The responsibility for the
adequacy of training belongs to the superior. Each person is

i

)
i
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Figure 6. Education and Experience Requirements
for Personnel ,

T..at -ies,
,aat,

r.ai- T,ataim, ;*gE. ;rg;,;g
treaval tyearst ,

- f

8esponsatte Flast manaier ms4 tg 3

i gerat tens Manager Me , E S, le 2, S

nalatenaave manager R$c, t S. 16 2, g

j Te<hatcal Manages R3c 7 3

.a

ge r e t tons Ea s ta+e r E 7 3
*

Cgeretteam Co-os4Laator et*) *t*) *(*)
j shaft Leader E. T 3, 7 1, 3 r

Cperater T I 1

1 aaststaat 4*retos -(*) *!'l 'I'l (
I !
j Chief work co-cedinator t 5 1

,

j work ee-cratnater - (*) -(*) -(*t

I[] Mechantcal Matatenance Foreman E, T 1, 1 1, 3

{ riectricat natat.n.u e rer. s. T ). 7 i. >

| Imattvaentation aat controls E S t
natatenance Foreman
Sulldinga Maintenance Foreatn T S F

*

foreman T,. , to , 3

neehante VT.- - 3 , - '

'
_ _ . r

safety tagineer pse, 6 3, 7 ) [
j ..aci , in,te..er me 3 3

343tation Protect ne-a lettneen M5c, t 3 1 3 '

pa$tatten fretvetton Tectatteten T. . .,2 ., 3
** * - * Assistast . . . .

Ckestat pac, t 3, g 1, 3 |

| Later at.cr as.s.t.% vr, . , 3 . , .
>

'

{Tratataf Co-cadtmatar m.ss, t 3, S 1

.- |

(*) Deetremente degen4 on gespcestbtiet tes ord will to areatt6sJ on a
Plast-ty-plant t.a s t s ,

!

! obliged to develop himself according to the possibilities available. |

| Aims, contents and reali:ation of the training have to be in close I

i contact with the actual work. Training has to be given in order to
gain deep knowledge, specialized skills and abilities, according to
the demands of work and the personality of the trainees. The actual
application of expert knowledge and skills involves adequate general

j knowledge of the duties of other personnel within the company's field
'

of operation. The differences betwoon individuals should properly be'

taken into account in training. Training should be given according
to real necessities.

The duties associated with TVo's personnel training are the
following: The company |manacer states principles and aims of the |
personnel training, he creates the prerequisites to the aims stated |

1
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and he supervises the activities. The training group defines the
.

needs for the training and outlines the training programs. It also,

: discusses the annual training program and follows the training in
'

practice and the training results.

The training coordinator is responsible for the training
programs and develops the internal training. He also supervises
courses, prepares and improves the training material and takes part

',

in the evaluation and assessment of the external courses. The
superior of each line organization defines the training needs of the
subordinates, plans the training and adjusts it with other

j activities. He also sees that each person's individual training needs
are taken care of in his unit and follows the practical aspects of

,

the training. Each person is supposed to put forward his/her own i

needs for training. Everyone is also responsible for actively and
effectively taking part in the courses arranged, for adapting the

! knowledge and skills gained into practice and also for distributing
j the knowledge within his/her organization.

The planning of training at Tvo is done by making and
maintaining position-specific demand lists, individual plans, annual .

programs and budgets. The necessary training demands define the
'

needs to be taken into account in the training, e.g., mastering of
f

tasks and responsibility, authority definition, rules, securing, ,

. etc. In the individual training plans, the demands of a particular !
'

job, the former schooling and experience, the general principles and ,

the training events arranged by TVO are taken into account. The
training programs are updated annually. Changes in the personnel,

.
need for repeated training, personnel development and changes in the

| company's activitics are taken into account in the training plans.
The training budget is made annually and is accepted together with

'

the budget of the company. Each organizational unit, including the
personnel training, prepares its own budget according to the issued !
instructions. ;

1

The personnel training is carried out by arranging training i

sessions whose instructors are either TVo's own or other (internal
schooling) er by sending personnel to external courses (externald

schooling). Every superior takes responsibility for the training by,

i sending subordinates to external courses. Everybody can come forward
,

i

: with a proposal of taking part in optional training sessions,
Everyone is obliged to take care of the training of his own !

i

subordinates. The training coordinator follows systematically I
-

) quality and suitability of external coursts. The training group }
j follows the training in practice and its results. The training !
j coordinator keeps a training file and makes yearly a report of the !
i accomplished training activities. I

i |

] The licensed operators are given simulator training at the }full scope training simulator in Sweden. The initial courses given *
,

4 i

l |
1

t

i
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.
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| ;

!
r. mount to six weeks and retraining is given for one week's time ;

cnnually. The content of the annual retraining courses are specified -

jointly by the training center and plant staff taking into account !

operating experience from their own plant and others of the same I

type. The simulator used is not plant-specific as it represents the
,

Berseback plant of earlier design as compared with the TVO plant. A >

description of the features of the control room of the TVO plant is
given in Reference 6. !

General Principles of Training ~in IVO_
i .

| The personnel of Loviisa Nuclear Power Station consists of [
about 420 persons divided in the operation group (114), the |
maintenance group (206), the technical group (45) and the office !
group (45). The power plant is responsible for planning and i

j realizing the initial and the retraining of the personnel. !
, i

i The training supervisor is responsible for the training of |
| his own organizational group and the training engineer acts as a j
1 coordinator in practice. The training is led by his own experts of

|
j which three are simulator instructors. The main part of the ;

j operation personnel's training is carried out in the on site, |
3 plant-specific full-scale training simulator. !
l !
j The initial training of shift supervisors is carried out in i

a group of three to four engineers (process / machine) with two to 1<

j three years working experience, who are hired to form a training !
j group. The total training will take about two to two-and-a half

|years,
j

j The following main points are included: !

f,:

j o basic acquainting 1 week
o lectures 8 weeks I

o supervised self study 24 weeks !
o participating in annual !

maintenance 8 weeks I
,

Ij o shift working in different
j vacancies 8 weeks
j o system study 12 weeks
j o simulator training 10 weeks
j written license examination 1 day
3 operator trainee in main
1 control room -- more than 6 months
j additional training 1 week
j oral license examination .5 day

The training of licensed operators is carried out in a group
i

consisting of three to four of the plant's experienced (region) j
technicians, who already are well acquainted with the plant I

|

1 |
1 |
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layout and the auxiliary systems. The trainees will be either
!primary or secondary circuit operators. The training period is about

,
a year-and-a-half to two years and the main contents are the same as

! for the shift supervisors. Other shift personnel are trained in ;

groups of three to four persons employed from the outside and having (4

a professional training and one to two years of working experience. ;

, The training is performed according to a separate program (of about'

six months) along with the work, under guidance of the

] primary / secondary circuit work instructors,
t >

; Training of other personnel is given according to individual |

j training programs under the guidance of an experienced worker or t

supervisor. Additional training is given by means of external |
*

2 Courses.
! :

Retraining of shift supervisors and control room operators !
is realired in terms during spring and fall. Each term consists of :

j five days of simulator training and two to three days of lectures -

,

; (annual basis ten days simulator training and five days of
j lectures). The training is carried out within the day shift system, i

: In addition they are given information about process changes,
possibilities to self study and outside training, etc.

,

i
The other shift personnel are given training in the form of :#

lectures five days per year, in addition to simulator demonstration,
,

fire protection training, external courses and training information. ;
q

) The retraining of other personnel is mainly external training, but ,

|
the maintenance group also gives its own internal annual training. |

In addition, they can also participate in the icetures given for the
4

; operation personnel.
1

l The special features of the training at the Loviisa plant

| can be summarized:
I o high class initial training forms a good starting pointj

for the plant training.;

! o practice related training is given in a plant specific
simulator and trainers being experts of Loviisa |,

I o high study motivation of the personnel
j o utilizing of events abroad for the simulator training
; o annual training for emergency situations in cooperatien
| with the authorities
1 o cooperation with other VVER-plants
!

] Research Issues
|

| Research and development is a precondition for developing
j and maintaining any high tech application. The decision to start a
) nuclear power program in Finland in the late sixties implied thus a
j considerable investment in research in the nucicar power field. In
5

!

]
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the beginning, several groups were established directly under the
Finnish Energy Commission. The groups got their funding directly
from the Ministry of Commerce and Industry. In the beginning of the
seventies, the groups were integrated into the Technical Research ;

Centre of Finland. A direct governmental funding for research in the ,

field of nuclear energy has been maintained through the years. In |

1986 the governmental R&D budget for nuclear safety research was i

nearly $3,000,000 in U. S. dollars.

During the years, a great variety of issues have been taken ;
'

up in the field context and we discuss only those that have a
! specific interest from the viewpoint of training. In the early i

I seventies principal simulators were built both for the PWR and the '

; BWR units. The main goal for the simulation was to verify the design
of the main control systems for the plants, but the simulators were
also used for the initial training of operators.

i

i Consideri1; the training of control room operators it was ;

1 cicar that only a full scope simulator could provide the flexibility
I and efficiency needed. TVO could train their operators in Sweden but
) IVO had to consider their own simulator. The construction of the
! Loviisa training simulator was started in 1977 when IVO awarded the
1 contract to Nokia, a Finnish computer company. VTT was involved in
I the project with a total effort of 15 person-years concentrating on

the simulation models, the training program and the acceptance
testing of the simulators. The simulator has been described in
Reference 7.

; !
; By an agreement between IVO and VTT, the simulator has not

only been for operator training but also for research. The research |
issues have been the simulation models and control room design i,

'
! (Reference 8). A two-phase flow model was integrated into the
; simulator in the early eighties and has been used in the operator

training since then (Reference 9). A critical function monitoring
system was tested out at the simulator as a joint project between [

'

IVO, VTT, OECD Halden Reactor Project and Combustion Engineering Inc. !

. (Reference 10). The alarm system of the Loviisa plant has been !

| investigated and improved on the basis of studios carried out at the i
simulator (Reference 11).

VTT has, since 1977, been participating in the Nordic !I

research pregrams on nuclear safety sponsored by the Nordic Liaison !

Committee on Atomic Energy (NKA). The first phase of the program was"

addressing control roem design, human rollability and operator i

training (Reference 12). The second so-called "LIT-program" ,

considers maintenance activities, organizational issues, computer ;

; aided design, computer aided operation, experimental validation and 1

j operator training (Reference 13). A third phase of the cooperation |

Q was started in 1985 aiming at surveying artificial intelligence |
J methods and expert systems in the support of nucicar power plant |
j operators. |
, 1
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i International cooperation is an important part of research.
VTT has been actively engaged in the work of IAEA and OEDC/NEA. In

,|that work VTT has participated in working groups and has been
,

! arranging international meetings (Reference 14). VTT has also
actively participated in the work of the OECD Halden Reactor Project ,

s and was working as a subcontrsctor to Nokia in the delivery of the
'

'

] NORS simulator (Reference 15). VTT has also been cooperating with
research institutions abroad on a bilateral basis of which EPRI is :i

I one example. The Nordic cooperation funded by NKA has already been !

I well established and has led to different spin-off projects. A
j bilateral cooperation with Studsvik Energy Technology has been i

initiated concerning the delivery of a training simulator to Southi ,

j Korea from Sweden. :

The technical universities in Helsinki and Lappeenranta have ,

had important roles, the education of engineers and researchers for,

! the nuclear industry in Finland. Although there always is a problem
.

|
j of attracting enough young and bright students to a developing field !
) there have been less problems in Finland than in comparison to !

I Sweden. VTT has also had an important educational role in the
i respect that many of the senior engineers at the authorities and the ,

] power companies have been employed by VTT in an earlier phase of !
their professional careers,

i conclusions
!

) Manpower is the most important asset of the nuclear power
i plants. A basic education combined with intensive training will
| provide a good starting point. Maintaining high motivation for
i additional training together with regular retraining courses vill
! make it possible to ensure high performance of the plants. The small
1 turnover of the staff makes it possible to concentrate on the small
j things in increasing the performance.
;

) Intimate and open relations between the power companies, the I
authoritics and the research organizations makes it possible for |

cveryone to concentrate on the basic issues. A reliable
infrastructure provided by a good educational system and well
established industrial traditions make it possible to get the support

! needed in all situations. International cooperation and exchange of
? experience provide the final components for an outstanding

performance,
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NUCLEAR TRAIh1NG AND EXPERIENCE FEEDBACK IN SWEDEN

Bengt-Goran Olofsson
Karnkraftsakerhet och Utbildning AB, KSU

Stockholm, Sweden

I| Abstract
| |

| There are several diffcrent ways of educating and training !
1the personnel at the Swedish nuclear power plants:'

o Centralized training in full-scale and part-task
! simulators. ;

I
'

| o Centralized education in the form of technical academic
,1 courses where computerized teaching is also used,
i

| o Extensive decentralized training out at the nuclear '
'

; power plants, where compact simulators are also used.

o Experience feedback forms an important part of the
j training.

1

|~
Five performance indicators will be identified and the .

results will be presented. The excellent results are a good
i indication of the fact that well-executed education and training and
; smoothly functioning experience feedback give results. {

;>

Background I

The Swedish nuclear power utilities reali:cd at a very early
i stage that education and training of personnel at the nuclear power ,

plants is extremely important for maintaining and improving safety. !
4 Thanks to a policy of recruiting personnel with a broad technical [
J background and then giving them specific nuclear training and
j practical experience in operating a nuclear power plant, the Swedish
i nuclear power industry has highly competent and well-motivated
t personnel today. This has also resulted in a very low turnover rate,

,

I so that most of the personnel who participated in the commissioning i
of the nuclear power plant remain in the operating organization '

today.
{

Another important factor worth mentioning here is the close [
cooperation and continuing dialogue that has always existed between |
the nucicar utilities in Sweden, between the utilities and thei 1

i suppliers and between the utilities and the regulatory authority, !

} This has resulted in solutions that have promoted both safety and |

{ progress.

In the long run, this has also led to an excellent operating I

j record for the nuclear power plants, as evidenced in high plant |
-

i
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availability and low radiation doses to personnel. Towards the end
of my presentation, I will show you these results and argue that two
reasons for them are well-executed education and training and
smoothly functioning experience feedback.

Nuclear Sweden

The Swedish nuclear power program that was established in
the national referendum in 1980 is now fully implemented. The 12
nuclear power plants have been built and commissioned and the power
utilities are resolved to operate them so safely and efficiently that
they will be abic to persuade the politicians and the public that we
should continue to make use of nuclear power. During 1986, these 12
nuclear power plants produced 50% of all electric power in the
Swedish electric power network; 45% came from hydropower and the
remaining 5% from coal and oil-fired power plants.

The first light-water reactor in the 12-reactor program,
Oskarshamn Unit 1, was put in to commercial operation in 1972
Numbers 11 and 12, Forsmark 3 and Oskarshr.mn 3, went on stream in
1985, of these 12 reactors, nine are Asea-Atom BWRs and the
remaining three are Westinghouse PWRs.

The nuclear power plants are owned and operated by four
utilities with a mixed ownership structure consisting of state,
municipal and private stakes. Swedish State Power Board, SSPB, which
accounts for 50% of all electric power production in Sweden, operates
the four plants at Ringhals. The Forsmark Power Group of which the
Swedish State Power Board owns 75% operates three boiling water
reactors at Forsmark. Sydkraft owns and operates the two units at
Barseback and OKG, in which Sydkraft owns the largest stake, operates
three boiling water reactors at Oskarshamn.

The four power utilities have formed three different
organizations for cooperation within different fields: SKB, RKS and
AKU.

SRB stands for Svensk Karnbranslehantering AB, known in
English as the Swedish Nuclear Fuel and Waste Management Company.
SKB is responsible for what is known as the back end of nuclear fuel
management, in other words, for management of the spent fuel and the
waste that is formed.

SKB has developed a complete system consisting of a
transportation system in the form of a specially designed ship,
SIGYN, that transports the spent fuel to a central interim storage
facility for spent fuel, CLAB, at Oskarshamn. Here the spent fuel
assemblies will be stored for about 40 years, after which they will
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be disposed of in copper canisters deposited about 500 meters
down in the Swedish bedrock. A central repository for low- and

| intermediate-level waste from the operation of the twelve reactors as
well as decommissioning waste is under construction at Forsmark and ;I

is scheduled to be commissioned next year, 1988. j

RKS, which stands for Radet for karnkraftsakerhet, in
English, the Nuclear Safety Board of the Swedish Utilities, was
formed in 1980 as a consequence of the Three Mile Island incident and !

the subsequent Reactor Safety Study in Sweden. RKS has worked as a i
'joint body for collaboration in safety matters. The most important

areas have been experience feedback and safety analysis, emergency '
<

! preparedness and quality assurance, and education and training. j
,

AKU, AB Karnkraftutbildning, in English the Nuclear Power f
Training Center, was formed in 1972 to build and operate full-scale j'

} simulators. The first full-scale simulator was put into use in the

I mid-1970's and was a copy of Barseback Unit 1, i.e., a BWR
simulator. The second full-scale simulator was a copy of Ringhals 3, i*

j i.e., a PWR simulator, and went into operation in 1977. The third i
t full-scale simulator was taken into service in 1985 and is a copy of |

'
t the two BWR reactors at oskarshamn unit 3 and Forsmark unit 3. AKU
j is also responsible for some production of teaching materials. f

|'

On the 1st of January, 1987, RKS and AKU joined to form a i

new organi:ation, KSU - Karnkraftsakerhet och Utbildning AB, the !
'

Swedish Nuclear Power Safety and Training Center. The principal
I concerns of this new organization are Training and Experience ,

j Feedback. Since both AKU and RKS have previously worked with ;

j cducation and training, one of the main reasons for the merger was to (
coordinate these resources within the same company. Another reason fi

j was to make use of the system and the know-how built up by RKS within !
the field of experience feedback in the training program, in other !j

J words to achieve a greater coordination of training and experience i

j feedback.

I Simulator Training {
}

There are thus three full-scale simulators in operation at;

KSU today, as well as part-task simulators. KSU offers training for
,

'

operators from the 12 Swedish reactors as well as two Asca-Atom BWRs
j in Finland.
!

: Several types of courses are given at the full-scale
j simulators:

; o Basic course for student operators (6-9 weeks)
)
; o Retraining course for operators (1-1.5 weeks)
)

!
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o Coursos for coordinating the actions of j>

i operators and duty engineers in emergency e

situations. (The regulatory authorities !

; also sometimes participate.) (1 day) |
t

o Courses for plant management / duty engineer (0.5-1 week) t

; I
i o Introductory courses (0.5-1 week) ,

| !

| Special courses are also arranged in the part-task |
! simulators. ;
4 f

The training consists both of simulator practice and |
. theoretical follow-up in the classroom. KSU itself designs the !

| courses and produces the course literature, instruction aids and any t

i tests given in connection with the course. The retraining courses j

j are revised each year. At least two instructors are involved in each !
j course. Approximately half of the instructor's time is devoted to

'

1 simulator work, while the rest is divided between course productions
I and practical study training out at the nuclear power plants. j

l !

| Instructor Qualifications i
1 ;

) Today KSU also takes care of instructor training. They !
I recruit only personnel with a technical education and operational :
I experience, preferably operators from the nuclear power plants. j
l However, the role of the instructor differs trom that of the !

i operator. Besides being a good operator, the instructor must also be (
! familiar with the possibilities of the simulator and must possess |

| pedagogical skilis. |

1

{ KSU has developed a training program for instructors that
includes both technical training similar to that provided at the
nuclear power plants and a seven-week pedagogical training program.

,

Central Academic Courses
I
i Since the nuclear power companies frequently recruited i

i people with a broad technical background, a need arose to give them a
i specifically nuclear academic education. This education was at first
} provided internally by the nuclear power utilities and was then
j further developed by RKS. The following courses are given today by
i KSUt
,

o Nuclear Engineering Grad. Course (5 weeks)

o Advanced Nuclear Engineering for Shift<

Supervisors (3 weeks)

| o Advanced Radiation Protection (2 weeks)

:
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o Management of Radioactive Waste (1 week)i

o Reactor Core Calculations (3 weeks)

o PRA, Probabilistic Risk Assessment (1 week)

o Special courses, for example i
Earthquake course ii

PWR course F
,

l

| Naturally, many employees within the nuclear utilities have
:

1 travelled the usual educational path via the various departments of
. roactor physics, reactor technology, reactor materials or nucicar !

j chemistry at the universities and technical institutes. For them, !

,

j the courses provided by the utilities have provided an updating of |
knowledge and, in many cases, an anchoring in reality, since these !4

| courses place more of an emphasis on practical operation and safety |
matters. The courses have also gradually been revised in the light i

'

of new findings from safety studies and from the work of experience !
;

feedback. In recent years, the courses have also adopted more modern*
6

padagogical aids, such as the use of computers. This computerized !

training has come farthest in the advanced nuclear engineering course
|j that is given to shift supervisors. Personal computers have been L

j bought by the power utilities and computer programs have been !
developed to which the pupils are given access prior to the course

i
2

j and which they may take with them to the nuclear power plant after !

the course of their own refresher training. '
.

Training at the Nuclear Power Plants

| Besides simulator training and the contral courses at KSU, I

] extensive training is carried out at the nuclear power plants |

| themselves.

| The Swedish nuclear power utilities bear full responsibility |

} for the competence of their personnel and design all their own
training courses and tests. The authorities are given full insight i

'

! into this work and the utilities must fulfill certain reporting |
requirements. A special Regulation on Competence system has also i

'

been developed for the three control room positions, where each !
individual is judged and approved. Discussions are now being held |2

] between the regulatory authority and the nuclear power utilities to |cxpand the system to include other personnel categories as well,'such'

as plant technicians and certain maintenance personnel. '

1 Historically, the greatest training efforts have been made in
relation to operating personnel, and primarily control room.

; oporators. In recent years, however, a great deal of work has been
i done on developing adequate training programs for other personnel
j categories as well, such as maintenance personnal.
:
y
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1
>

I !
'

;

i

!

i !

Compact simulators have been developed and marketed in !
,

iSweden. Today, all Swedish nuclear power plants have installed such
simuletors and they are used in the plant's internal training. They i

.

are mainly used for operator training, but have also proved useful !

for giving training and information on the process to other personnel j

j categories at the nucicar power plant.
,

|a

| Experience Feedback

one of RKS's most important functions was to build up and !
1 operate a functioning experience feedback system. This is a system |

'

that collects, processes and evalustes information on operational'

'

j disturbances and incidents in Swedish and foreign nuclear power
plants and then feeds back this experience to plant operation. A i
computerized system has been in operation in Sweden since 1981. This j,

i system, known as the ERT system, is both a database and an ;

i information and communication syster i

l l

The Swedish nuclear power utilities were members via RKS of'
,
'

INPO and Ut11PEDE. Today, KSU is in charge of the national system,
ERF, as well as the associated international links. As a result, we

j are able to make more use of experience feedback in the training of )
j operating personnel.

| All daily plant status reports, reportable occurrences
{ (LER's), reactor trip reports, Swedish and foreign incident reports
; are stored in the database part of the system. All reports are
i tagged with key words, permitting trend analysis. The information
} and comunication part of the system enables participants to
' communicate and exchange information with each other. This is also

;|
the link to other international systems via which Swedish utilities 1
can communicate with foreign utilities, such as INPO's NUCLEAR l
NEWCRK.

'

Man / Machine and Human Error

i With the aid of the database in the ERF system, RKS has also
j created a tool for early detection of negative trends in human error
j at the nuclear power plants. Since 1982.., RKS has made an annual

study of all Reportable Occurrences, Reactor Trip Reports and
Incident Reports. These figures have been low by international
standards, but here I would like to point out the difficulty of

j comparing different international studies, which can vary a great
j deal depending on methods and what report material is being
i, investigated.
1

Performance Indicators

j It is always difficult to verify tangible results of
experience feedback and training. The nuclear power industry is no

'
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!

exception to this rule. RKS has therefore developed a program where
five different parameters were identified:

,

o Energy availability |
i

o Reactor trip statistics |
|

o Radiation doses

o Forced outages
f

I
i

o planned outages. '

.

i
!

| In addition, we have divided the 12 nuclear power plants in (operation in Sweden today into different generations. The results,

I show that we have made improvements for each generation we have put |

,

| on line. A positive trend can also be discerned within each l
; generation. I think that those results are a good indication of the '

{ fact that good education and training and smoothly functioning h
|

oxperience feedback give results.
[

} Conclusions
i

j To sum up what I have said here, we have several different |
ways cf educating and training the personnel at the Swedish nuclear !

'

|
power plants:

{
. -

o Centrali:ed training in full-scale and part-task
.

'
!

simulators. |
o Centrali:ed education in the form of technical academic,

{ courses where ecmputeri:ed teaching is also used. t

i !
4 o Extensive decentralized trainit.g out at the nuclear *

| power plants, where compact simulators are also used. '

!
I o Experience feedback forms an important part of the
'

training.
,

i
1 o The utilities bear full responsibility for the
{ competence of their personnel. !

r

; o A close cooperation and continuing dialogue between the I
i utilities and the regulatory authority. {

Discussion
i i

MR. TANGY: I have two questions about the instructor's '

job. In the new KSU organi:ation, does the instructor-engineer
achieve parallax in the two activities of training the staff and

,

analyzing the operating experience feedback to training? !

!

!
i.
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!
'

;

;

!

i
I

i secondly, among the various indicators of NPP performance, i

I do you identify for and with the instructor those which can bo i

directly related to the training's efficiency? This is an important !

aspect of instructor motivation. !q
4

1 MR. OLOFSSON: We hope the instructors will be more involved
2 in experience feedback now that we have made the merger of the two -

. organizations, RKS and AKU. Before, RKS was involved in this, but !

I they were also giving information from this work to the instructors, j

) and the instructors did have access to the ERF system. But now, i
'

after the reorganization, I hope the instructors will be one part of
2

the experience feedback, also. |
'

The other question, if instructors feci they are part of the
;improvements in the NPP's performance indicators -- I think they

i are. I always try to discuss those with them, and I think that they :

! feel that they are really a part of the results. I think the !

} operators out at the plants, too, think they are a very important |
1 part of these results. I can mention here that there is going on out >

i at the power plants an effort to improve the operator's competence. [
! During normal and calm operation, we try to stimulate the operators

| and give them possibilitics to improve their competence. Sometimes
we lot them go in the daytime for some weeks to participate in some;

! project, and then come back to the shift organi:ation again. As I
i mentioned during my presentation, we have a course that is called
3 "Advanced Nuc1 car Engineering for Shift Supervisors." That was the

|
result of the discussions that were going on after TMI, whether we

.!should include a shift technical advisor in the control room. In
Sweden, we decided not to do that, but instead to give more education {
and training to the shift supervisor. j

'

MR. BALDASSARI What is the length of time for training

| instructors and what is the end point requirement?

) MR. OLOFSSON: It was divided between that kind of course
given at the power plant site and training programs given at the

j simulator center. It depends on where in these programs you recruit
the personnel. If you recruit them from scratch, then they have to
go through the training on a path from plant technician to turbine

f operator to reactor operator and then to shift supervisor. The four
instructor courses are about seven weeks, but the entire program is
several years, depending on when you come into it.

J

l MR. LIANG: Can you describe the major factors behind the
low man-rem exposures in the BWR and PWR7 How much can you attribute'

) to training and how much to regulatory requirements?

i
1 MR. OLOFSSCN: It is always hard to do that. I think one

point is that we have stressed, in Sweden, from the highest
management level down into the entire organization, that we should
keep the plants very clean. Another thing, we have had very few fuel
leakages in our plants and we stress water chemistry.

|
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TRAINING ORGANIZATION IN THE NUCLEAR I
'

GENERATION DIVISION OF ELECTRICITf DE FRANCE
!

B. Cordier
Training Computerization Officer

Training Division ;

Nuclear and Fossil Generation
Electricitd de France |3 Rue de Messine s

75008 Paris (France) ,

Abstract

Presentation of training given to nuclear generation staff
of the Nuclear and Fossil Generation Division, covering organization,
general principles, instruction methods, resources, an appraisal, and ;

prospects.

Introduction
t

The mission of the Nuc1 car and Fossil Generation Division of |EDF (Electricit6 de France) is to manage, operate, and maintain the -

company nuclear and fossil-fired power plants. The Division is i

responsible for ensuring that these plants are always capable of
meeting the power program established by the EDO Load Dispatching
Division.

The Nuclear and Fossil Generation Division collaborates
closely with the EDG Plant Design and Construction Group in the
ongineering and construction of new company plants.

As of January 1, 1987, the Nuclear and Fossil Generation
Division operates 118 generating units, fossil and nuclear. It is
cico responsibic for operating 18 gas turbine generating systems.
This represents a total of 60,500 MWe of installed capacity, 43,000
MWa of which is of nuclear origin. Total output in 1986 was 255.3
billion KWh, 237.4 KWh of which was furnished by nuclear reactors and
16.9 billion KWh by fossil-fired units. This represents roughly
three-quarters of total electricity production in France.

Context of the Staff Training Program

The formal aspect. Activities at our power stations are
ossentially divided between managing the installations and
maintenance, the latter category including several specialties, such
as mechanics, electricity, automatic systems, etc.

The duties involved in these activities are perforced by an
operating, supervision and executive staff. The personnel for these
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:

three levels may be found by outside recruitment or by means of
internal promotion. We should add that the staff may come from a
thermal power plant operating on oil or coal, and they must then be ,

retrained as a consequence.
'

The quantitative aspect. In the 1975-1984 period, the SPT
hired an average of around 1,700 employees a year, and'an average of ,

2,500 employees changed jobs every year. This staff growth has now i

come to a halt cecause of the closings of old production facilities
that were oil- or coal-fired, and staff reconversion is becoming of

,

increasing importance.

!

Organization and quality. Our organization provides a'

strict selection system for recruiting and job change. The choice in
connection with recruiting is made on the basis of criteria relating
to knowledge or skill, but also with an eye on ability in

,

understanding or representation of physical phenomena, to get a
better indication of the person's adaptability and ability to grow.!

After this selection process, it is not rare for only 5% to 10% of
the applicants to be accepted. -

An employee who has been chosen to perform a certain job is ;

considered suitable for the position only after suitable training. A -

;
' personalized training plan is drawn up by executives for each

person. This training plan determines the training activities in
which the employee must take part before being authorized to hold the
position for which he has been selected.

" General Training Principles

i The nuclear and fossil gereration training activities as a

: whole constitute its training plan or program. This plan changes

]
cona*antly, as a function of employee competence, the appearance of.

) nes techniques, and the improvements in operating safety that are
; c c. :atantly sought. Still the general principles of the training

program remain constant.
r

Guido plans. This domain includes:-

I
i o Preliminary training for adaptation to the
1 Establishment.
!

o Basic technical training for adaptation to the trade.
]

o Specific training for the job in question.
:

o Activities aimed at ma3ntaining knowledge and
acquisition of advancei knowledge (recycling
operations).

:

!
<

j
.
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|
|Whatever the employee's duties and origin may be, we always lfind these phases, with a content and a duration that vary according

to the person's profile and are adapted to it.

The guide plan for training the staff of nuclear plants {matches these phases with the origins of the people concerned,
namely:

outside recruitment corresponding to a giveno
educational level with respect to the National
Education System or the industry.

o Reconversion, i.e., recruiting staff from other kinds
of power stations (traditional thermal units or other
nuclear facilities).

o Internal promotion, i.e., recruitment of a person
already at a nuclear PWR unit for a position of equal
or higher level.

Preliminary training. The main objective of this phase is
to familiarize the staff with their working environment, its
constraints, and the company's organization and position in the
nation. This preliminary training phase may be said to include
essentially informational welcoming activities and some training
activities relating to safety, radiation protection, work
organization and quality guarantees.

Basic technical training. This essentially theoretical
training aims at understanding physical phenomena involved in the
industrial process represented by a nuclear power station, as well as
learning its constituent elements. Hence, it deals with heat
production aspects (reactor), steam production, electricity output,
as well as the related physical and chemical notions (nucicar
physics, thermodynamics, mechanics, electricity).

Even if the subjects dealt with are the same, whatever the
group to be trained, the depth of the approach depends on the
educational level and on the duties in question. For example, basic
technical training for an automatic systems progressional worker
lasts for two weeks, while his foreman may take nine weeks.

Specific training. This phase deals with acquisition of
professional habits and reactions, the reasons for these, and the
consequences within the framework of the duties performed. For
operators, this training phase centers on the specific study of the
various syste.ms constituting the power plant, and the study and
understanding of the procedures. The use of functional simulatorsand of full-representation simulators is part of the operators'
specific training.

:

|
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Specific training for maintenance department employees is
oriented primarily toward technological knowledge of equipment, the
study, understanding and performance of their typical malntenance

; operations sequences, and the methodology and practice of breakdown
service. The length of this phase is highly variable, depending on
the origin and jobs of the staff concerned. It may be just a few

'

weeks, or several months.,

Maintaining knowledge and pursuing advanced training. This
phase, in France called "recycling," is aimed at maintaining the ,

staff's knowledge and experience at the highest possible level. The *
'

tgood availability rate in the facilities is leading to a natural
decline in staff experience, because fewer special operations are
being performed and normal daily tasks become automatic. The
recycling activitics may deal with theoretical or practical
subjects. In particular, significant incidents are studied and i

commented on by supervisory engineers. The operators are given'

annual recycling on simulators lasting for two weeks. All of the i

"recycling" training activities offer a large degree of advanced
~

training because of in-depth treatment of the subjects in question. [
t

The pedagogical method. Each training phase is broken up ('

into sessions and each session has an objective, a content, a !

duration, accessibility criteria, and recommended teaching method. f

The chosen pedagogical method involves participation, which
implies constant interchange betwoon the instructor and the trainees, !

and presupposes that concrete cases or facts are taken as a point of
'

departure to induce reflection. This means the number of trainees ,
1

must be limited. The majority of our activities are intended for 12 .

trainees simultaneously, but a few of them, which entail the use ofI

equipment, are confined to only 4 trainees. With such a method,'

abstract notions are introduced only in so far as dealing with them
is justified by the structure of knowledge or by legitimate questions

I from the trainees.
The teaching approach may also be deduct!ve, ranging from

the simple to the complex. Audiovisual products may then be used to

| insist on the key points and on connections among data. This
! goal-oriented teaching approach is also a kind of "success pedagogy"

for the employees receiving training. The progress they make in<

,
operations, the measurement of the extent to which the objectives are
reached -- called evaluation -- and the substantial level of'

j pedagogical means lead to a minimum number of failures.
:

! The feedback from this program makes it possible to
i continuously adjust the content and the methods so as to make our

training activities as effective as possible and ensure that they are
1 of the highest possible quality.

:

!

!
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Resources and Facilitics Used

!Training activities relating mainly to knowledge of
:operating nuclear facilities are carried out at three Training

Centers (BUGEY, PALUEL and CAEN) coming under the E.D.F. Personnel
and Labor Relations Department, and at five Training Bases of the
Nuclear and Fossil Generation Division (located at nuclear site) that
are more particularly responsible for initial training programs and '

for specific training activities.

Simulators.

o Basic principle simulators. Two PWR simulators used at
the outset of study of operation techniques enable the
future operators to improve their montal view of the
physical phenomena.

o Function simulators. Twenty-two function simulators
are divided into three types:

Chemical and volume control of the reactor (8)
Turbo-generator unit (7)
Reactor control (7)

|

The objective is upgrading the understanding of the
operation of the most important elementary systems. |

o Full scope simulators. These simulators are valid for
nuclear units in operation. There are currently seven
simulators:

5 for 900 MW PWR
2 for 1300 MW PWR. I

l
'

These simulators are used in the following ways:

Initial training for all operators -- from the icvel of
,

assistant block operator to that of safety )
radioprotection engineers -- in the use and the |
understanding of the physical phenomena involved in a l

PWR unit in normal, incidental and accidental I

operation.

Advanced training for this staff in the field of
electrical supply losses.

Annual recycling of this staff.

! Training of "crisis teams" in connection with nuclear
accidents.,

;
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Computer-Aided Training (CAT). The essential objective of
computer-aided training (CAT) is to maintain the knowledge of the
operation staff (from the auxiliary operator to the safety and
radioprotection engineer) with respect to the circuits, their
operation and instructions, and of the staff responsible for the
maintenance of the control command systems of a PWR unit.

The following major topics are developed: *

'

o There are about 500 hours of course work on the main
circuits of a nuclear facility of the 900 MW or 1300 MW,

PWR type, particularly dealing with: a description of
the circuits, operation maneuvers, operation
instructions, common operation incidents, and incidents
that have occurred at French and foreign generating
stations that have endangered the installations.

o About 50 hours of course work dealing with basic
,

knowledge of automatic devices and systems and of the
' control and monitoring equipment used at a nuclear

facility.

i o About 15 hours of course work dealing with various
subjects, such as radioprotection or fittings.

Audiovisual resources. Some simple teaching equipment
(visual documents, audiovisual presentations, instruction kits,
mock-ups) is made available to the teaching staff involved in '

national program teaching activities to offer them tools:

o That are well-designed from the teaching viewpoint. '

l o That are well-designed from the technical viewpoint.

o That are appropriate for each type of training
activity.

o That facilitate the trainer's task of illustration and
explanation.

In particular,the purpose of the instruction kits is to
serve as a session guide to the many instructors who may be involved,
either at the training conters and bases or at the facilities
themselves, in the interest of consistency among the various training,

cetions.'

| Appraisal and Prospects
:

The quantitative aspect. All of the training activities put
together, whether contralized or local, accounted for a total of

.
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i

280,000 man-days in 1985, which represents an average of nearly 12
days of training per year per employee. However, it would seem that i

this level of 5% of the time devoted to formalized training is a
ceiling for the people and the organizations of our production

i facilities.
,

| Such an effort required a substantial increase in training ;
' costs, and the weight of these expenditures by comparison with i

salaries is about 17%. These costs have risen faster than the l
itraining volume because of a rise in such heavy investments as the

simulators and a bigger pedagogical staff (sometimes one trainer for
; four trainees). In the coming years, we will have to pay attention
: to ways of controlling these training costs. ,f

i
The qualitative aspect. The kind of training that is I

undergoing some changes. The preliminary and basic training |
j activities are beginning to fall off, while advanced training and

recycling activities are growing rapidly. Due to the increase of !

knowledge, and above all of professional experience, the people who *

are trained have higher demands. Repetition in courses is most often
considered useless, and the training program must be recast regularly '

in order to meet the real needs and match the employees' motivations. L

We must seek training activities ensuring better feedback, i

and this commits us to promoting close relationships between the '

trainers and the users, and to seeking instructors with quality ;

professional experience. This feedback leads us to attach even t

greater importance to the evaluation of the staff who have been i

trained, and of the training activities themselves. We must measure f

the extent to which objectives have been attained and verify those4

objectives by referring to the concrete operating needs. |
6

Development guidelines. The company's purposes entail some !i

priorities in the development of our training activities: '

1 l

] o Maintaining competence in the operating of the
j installations. Better knowledge is required of safety
j and security rules, which must always be respected, and

we need to upgrade professional abilities from the
! viewpoint of dealing with crisis situations. And we

also need to raise the level of our staff's expertise
and analytical ability.

!
; o Better preparation of supervisory level personnel for
i the "management" role. We are moving into a period of
I stabilization in operation of our nuclear power plants,
| and the human dynamism linked with start-up periods may

fall off. We have to maintain such motivation and
|

|

|
|

.
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avoid routine by greater involvement of higher-level
supervisors and executives in training activities by-
developing mutual exchange of experience and by means
of local training programs. The "spirit of enterprise"
will be developed.

Improving our control of maintenance and operatingo
costs. Some considerable efforts will be made to
upgrade the staff's economic culture and to raise the
quality of maintenance activities, which have an
obvious relationship to the safety of the
irstallations.

o Developing the staff's ability to use the data
processing tool. Training activities will have to
accompany the reorganization of the Establishment's
computerization program. Training work begins in the
very design of the applications.

Conclusion

The nuclear and fossil generation training system has made
its contribution to the successful start-up of the Electricit6 de
France nuclear program. The vast training plan is based on:

o structured and monitored training of the staff for the
nuclear plants,

o Handling the bulk of the training by using our own
resources and facilities to make sure the training
constitutes a good response to our industrial needs,
and continuously tckes acquired experience into ,

Iaccount.

o Instruction helping the employee to progress in
knowledge acquisition, while also attempting to develop
an analytical turn of mind in all circumstances.

Training activities are going to change to improve our
control and use of our electro-nucicar facilities.
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! CURRENT TREND IN ITALY FOR
'

TRAINING OPERATORS AT ENEL NPP'S !

i

|- L. Baldassari i

R. Comini |

L. Noviello r

C. F. Zanuzzi
ENEL (Ente Nazionale per l'Energia Elettrica) |

Rome (Italy) *

Abstract

Paper describes action taken by ENEL in the field of i
training personnel of Caorso and Alto Lazio NPP's and anticipated,

| future programs for the new NPP of Piemonte-Trino. Full-scope
training simulators along with a fossil simulator and a computer
aided training system located in the new facility of Piacenza i
training center are the tools provided to give excellence in i
training. A systematic approach is going to be implemented in order !

] to rationalize the overall activity. !
t

]
i Forward
;

The training process for the ENEL's (Ente Nazionale per
l'Energia Elettrica) nuclear power plant personnel has experienced a
continuous evolution and modernization over the last 15 years. The
systematic training process started in the early seventies with the
preparation of the personnel for the Caorso nuclear power plant (860
MW-BWR), was improved during the eighties with the preparation of the !
personnel for Alto Lazio (2x1000 MW-BWRs) and will have a further !
evolution with the personnel assigned to the Piemonte-Trino (2x1000

,

MW PWRs) by the beginning of the nineties.
|

Training for Caorso Personnel f'

I
: The Caorso NPP, located in the north of Italy near Piacenza, i

consists of an 840 MW GE BWR-4 unit and was commissioned in 1981. At
'

the beginning of the 1970's, the training of the Caorso personnel was j
essentially based on programs and methods provided by General <

j Electric, the supplier of the plant. In this connection GE
| cducational materials and teachers were initially utilized for both

basic and specific nuclear courses; as for the simulator, the4

'

training center in Morris (Illinois) was utilized for the first
i training sessions. Afterwards, once the know-how was acquired, the
: basic training continued independently within ENEL, organization and
I the training programs have been modified so as to make them more in
! harmony with the Italian reality.
:

i For the simulator, owing to the various options available
j throughout the world, ENEL turned to other training centers in
i
i

i I
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4

?

!
'

Europe and/or in the U.S. where systems more similar to Caorso plant
were available. Very recently the decision to build a plant-specific f
simulator for Caorso was made. 6

Training for Alto Lazio Personnel ;

i

The nuclear power plant of Alto Lazio, located north of Rome
near Montalto di Castro, consists of two 1000-MW units each with a |

BWR 6, Mark 3. The order for the plant was placed by ENEL in 1974 to |
a joint venture constituted by GE and Ansaldo Impianti. j

i

The initially scheduled commissioning date was 1986. On the t
'

I basis of this first schedule, a program was formulated for personnel :
'

recruitment and training along with a series of actions in the field
of educational aids. As a consequence, since 1979, a new training ,

j center located in Piacenza and the procedure for the acquisition of a ,

full-scope simulator were started.i ,

!

The purchase order for the simulator was assigned to a U.S.
firm in 1981. The simulator design and construction had been !
seriously delayed due to the numerous changes in the referenced |

Plant. These changes were caused by tightening of the governing i

! regulation and safety criteria. The simulator was ready at the end
of 1986 and its installation is complete. The simulator is now
available for personnel training. i

|
1

! The problems encountered during the simulator manufacturing
gave ENEL unique experience which deserves an "ad hoc" description.
In fact, two circumstances had an influence on the project: the TMI
accident and the delays which occurred in the development of the Alto
Lazio design.

Impact of TMI

Soon after the simulator order, the TMI effect began. In

: the specific case, the critical revision of the design criteria of
i nuclear plants and training procedures had a strong impact on the

simulator design especially as concerns three aspects:

o The man-machine interface in the control room'

o The identification of malfunctions

i o The introduction of emergency procedures of the
' symptomatic type.

The control room of the original design, taken as a
reference also for the simulator, had been obtained from a series of.

studies carried out by ENEL during 1977. Said studies had led to ai

|
:
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definition of a general unified architecture, also applicable to all
the plants scheduled by ENEL both for BWR and PWR.

After TMI the control room design criteria had a '

considerable evolution. Particularly, for Alto Lazio, they forced a ,

full re-design of the control room based on NUREG-700. These I
i modifications had to be incorporated in the simulator design for |

which the definition of the preliminary specifications was in !
'

progress. The natural consequence of these actions was a delay on i
the project and on the procedures for the procurement of panels and
instruments. Practically, the project suffered a two-year delay. i

r

In the meanwhile, an evolution was also observed in the
'

; criteria of malfunctions identification due to the introduction of
I transients resulting from a more exhaustive analysis of TMI.

E

j These criteria were transferred in the simulator design with
important effects in the formulation of the "Preliminary design ;
specifications," and "Acceptance test procedures."

[

Finally, the adoption of emergency procedures of the'
;

symptomatic type for the reference station also affected the r
simulator design when it was already in an advanced stage of
development. Here again, actions were taken on the model in order to
allow the introduction of special scenarios during the acceptance '

4

tests, for their possible implementation in the framework of a
,

q simulated validation of the procedures themselves.
:

: |

j Simulator Design Versus Plant Design
^

|
|

In order to reach the target date of starting up the station
with personnel already trained on the simulator, the simulator4

construction had to be well in advance of the reference plant ;

commissioning. But since the original plant design did not include !
this requirement, very often the engineering data were defective or !

i

,
nonexistent. As a consequence, in order not to interrupt the '

; simulator design procedure, an extensive use was made of
"assumptions," or of data from other plants, or from othera

simulators. This caused many modifications to the simulator to have
the actual station design data incorporated.

,

i In order to follow this process of subsequent revisions and
modifications, ENEL had to locate an important staff (up to a maximum

: of eight experts for a total of 25 man-years) at the supplier
workshoc in the U.S. Through this kind of direct action, it was
possible to join the supplier in the revision activity and obtain a i

positive fall-out on the final product.
|
|

Nevertheless, it is apparent that all those actions, i<

! combined with the persisting lack of information relating to a few |
J J

i |

1 I
l

!

|
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systems or their components, resulted in an unavoidable porturbation
in the design activitics, and generated a number of discrepancios
higher than that which can be observed in other similar projects. As
a consequence, the test times became longer owing to the requirement
to verify that the modifications introduced one after the other were
correctly implemented.

In practice, the implementation of the simulator design
became an activity of an experimental type, based on the continuous
revision and verification of the design data, through the exchange of
information betwoon ENEL and the supplier, with an aim of obtaining a |

final model as close as possible to the real plant.

Furthermore, ENEL is aware that a process of revision will
be necessary in the near future for aligning the simulator to the
real plant. In order to meet this possibility the panel front is
made up of removable plates so that revision work can be rostricted !

only to the section affected by modification. Also, in the case of
remote-control systems, any modification may be made without
difficultics, sinco mosaic modular sets are adopted consisting of f
interchangeable tessora.

: Today's situation |
'

)

In the course of these past years the problems associated
with the development of training programs for the personnel assigned <

to nuclear power plant operations have increased more and more. The (,

accident of TMI, the position of the public opinion and the general ,

unpreparedness of newly graduated technicians to be employed in short !

time in industrial processes, required an improvement of the training
criteria. Today the regulatory agencies are exercising more
stringent controls and the plant managers want to update the training
programs. They believe that training is of paramount importance for
safety and, at the same time, is an investment through which plant
efficiency is improved. In order to properly solve those problems,

,

ENEL decided to concentrate the training activitics in one site and
to implement a systematic approach to training. j'

Most of the training activitics for personnel assigned to
nuclear power plants are performed at the new training contor located
in Piacenza. The improvement of training has been accomplished

,

: through three different ways.

Updating of training programs. In order to establish long*

term programs and at the same time to cope with the trend expressed
by the licensing authority, ENEL has set up internal guidelines for
the qualification of the personnel of Caorso. The same guideline
critoria are going to be implemented also for Alto Lazio. At the
moment the guidelines are limited to working positions with major

;
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i

i

responsibility. For each working position the guidelines state the
content of the job, the school degree level, the experience necessary
to cover that position, the training curricula and the retraining
criteria. The training curricula are divided in three parts:

i

a basic training coursos I'

| o specific training courses |

o on the job training (OJT) ['

For each course a specific plan is established which i
>

! includes the objectives, the technical contents, the time length, the !
I detailed program, the practical exercise criteria, the list of !

teaching aids, the certification criteria and finally the instructor 5

qualification. The average training time is two years. The training (process takes in account "quality assurance" concepts too. ;
;

i

Training Aids. Originally the Alto Lazio BWR training )
simulator, described before, was expected to fulfill also the

'

; operator training of Caorso. Recent trends to use symptomatic i

approach of emergency operating procedures even for Caorso, has t

brought ENEL to the decision to purchase for this plant a full-scope f
'

replica simulator. The procurement of the new system is now underway
fand every effort will be made in order to have it in operation by

1990. Furthermore, in order to fill the gap between the school and
the industrial reality in which ENEL operates, great emphasis is1

given to provide practical experience at the first training levels'

during basic courses. The aim is to give to trainees a direct !

contact with the equipment and systems, as well as to provide the
interpretation of functional logic chains and dynamic phenomena. |

,

This program will be activated through the use of a fossil
plant simulator and of plant elementary circuit mock-ups (both f;

process and logic). The fossil plant simulator, fully made in Italy, i
'

: in which ENEL had a role of architect engineer, Will be installed at !

! piacenza training center by the end of 1987 and will be utilized in j

|
the basic training phase for the personnel assigned to nuclear |

! plants. i

Finally, in order to strengthen specific engineering aspects I
I

with high specialistic content, some educational laboratories are
being developed; they will include complete remote-control equipment
sets, protection devices, and complete supervision of field
actuators. The areas covered by the laboratories are the following

| o electronic, electrical equipment and associated
I protections

1

o instrumentation and regulation l

|
, o analogical electronic and digital electronic. I

1 1

1
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Training Organization. Recently ENEL introduced
computerized instruction programs (CAI = computer-aided instruction;
CMI = computer-managed instruction) in its training system, which
permit an orderly formulation of the training planning as well as
overall training management and lesson presentation.

The training planning is managed through the following
steps:

o analysis of training needs

o definition of training criteria and standards

o development of targets and critoria for the
verification of knowledge

o training development and validation

o implementation of the courses and evaluation of the
results.

Training needs are jointly analyzed by experts coming both
from NPP's and from training areas with the purpose of defining
criteria and standards.

Once the targets were identified for each training session,
the development of knowledge verification criteria is carried out so
as to ensure homogeneity of evaluation and reliability of the
resulting statistical data.

Training planning and development are made by means of CMI
function, which permits the trainees to be grouped by training
curricula, and the courses to be structured into elementary blocks
(lesson modules). These blocks constitute the elementary "brick" of
the training system and they are used both on-line (by computer) and
off-line (lessons in the classroom, OJT, etc.); moreover, they are
designed so as to meet the homogeneity critoria as far as
audio-visual presentation and ergonomic aspects are concerned.

The implementation of training courses through the CAI
function is carried out mainly through an extended use of simulation
systems with visual presentation on CRT's of the phenomena and
through interactive exercises. A common data bank is available for
helping instructors in their task during lesson design and
presentation. The CAI/CMI functions are also practical tools in the
hand of the quality assurance section inside the training structure
in order to perform the validation of training activity. In this

,

way, the evaluation of the results is reached with reference to the
training demand, the basic requirement, and the reference standard.

|
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As far as the training result analysis, ENEL aims to a
system in which available information is structured into homogeneous
areas so as to allow data processing at low costs and in short
times.

The aforesaid CAI/CMI system is already designed for the

| purpose of managing, in an integrated way, all the technical support,
I including simulators and laboratories. Moreover, CAI/CMI permits the

f
connection with the data base already available at ENEL and outside
of ENEL. Particularly for the training center, the educational
systems will be integrated with an internal video-transmission
system, which requires the use of recording and projection means both
of the conventional and advanced type. Through a special
fully-digital internal circuit it will be possible to achieve on one
hand an information capillary diffusion, and on the other hand the
connection with a presentation system that may also utilize
video-disk.

Training Programs for PUN-PWR Plants

The PUN, "Progetto Unificato Nucleare" (Standard Nuclear
Project) is the reference design adopted by the Italian Government
for the future nuclear power plants provided by the "National Energy
Plan." The PUN nuclear power plants are twin units of 1000 MW each,
equipped with a Westinghouse PWR 312, adjusted to the Italian
requirements.

For PUN, ENEL decided to adopt an integrated procedure
permitting the simultaneous and economic development of the following
issues:

o detailed design of the plant control room

o design and construction of the training simulator

' o real plant and simulator operating procedures, both
normal and emergency

The main stages of said activity are described by the
following. The detailed design of the PUN control room will be
defined through two major verification steps.

The first step will pass through full scale mock-up of the
main control room. The mock-up construction will be carried out at
the training center at Piacenza, and will make it possible:

o To verify, on the basis of the preliminary operating !
procedures and actual flow diagrams of the plant ;

'

systems, the adequacy of controls and related displays
in the main control room, and/or emergency control room

i

'
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and locally at the.cquipment; this defines the
man / machine interface.

,

J

; o to optimize the synoptic presentation of the various
systems in order to assist the operator to formulate
the correct decision.

,

o To verify the ergonomic aspects at the control panel
arrangement as well as the environmental' aspects of the
working station.

i o to develop in the final version the significant
! parameters to be used in the detailed specification for

the simulator-and subsequently maintain a history of
all impending design changes that affect the control
panel procedures, and the simulator itself.-

,

o to establish an integrated working staff of design and ,

operating personnel that are cognizant of all.the
interactive requirements of the three-pronged design,

; i.e., the procedures, the man / machine communications
and simulator for operator training.

i
i The second verification step will be accomplished through !
i the plant full-scope simulator. Also this simulator will be located j

at the Piacenza training center, and its construction Will-take place
*

;

after the completion of the mock-up verification program.
-

! The simulator availability in a stage preceding the f
.

installation of the real control room permits ENEL:
;

I :

o to verify and validate the plant operating procedures ;

j o to further improve the control room design by
.

'

eliminating any possible inadequacy and to carry out t

the modifications not shown by the verification on the |mock-up. j,

o to train, well in advance, the personnel assigned to
i the plant operation both for normal and emergency

,

conditions. i
'

1 !

| The simulator will be designed by adopting flexible
solutions that permit adjustments for any plant medification with a,

i minimum of effort and redesign.
i
! Conclusions
;

| ENEL is convinced that intensive training is necessary for
4 the safe operation of power plants. It also believes that its
)
!
,

- 160 - |

)<

i )
- , _ . - - . - _ , _ _ - _ . - - - . , , _ . - . , - - - - , - - - - - - - - _ . ._ -.--..-----,__3



l

i

'!
|

training programs must be dynamic, not static, and that course
content must be modified periodically to reflect the current
equipment and regulatory requirements. In this regard, the
implementation of the CAI/CMI programs is expected to give
fulfillment for a systematic approach to training, t

The use of centralized training facilities, with unified
; training courses supported by simulators provides a concrete answer
i to the problems related with the implementation of the "National
| Energy Plan."
l
l The lesson learned from the Alto Lazio simulator project has

provided ENEL with valuable experience in the field of simulator
ii design and capabilities. This learning experience is being

integrated into the PUN project control room design, its operating
precedures and simulator.

.

i
j
i

$,

i
i

|

1
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TRAINING, EDUCATION AND QUALIFICATION
OF NPP OPERATING PERSONNEL IN THE NETHERLANDS

Dr. G. A. de Vrey
Nuclear Department

Ministry of Social Affairs and Employment
the Hague, the Netherlands

Abstract

This paper outlines the organization and the requirements
of the training, education and qualification of NPP operating
personnel in the Netherlands. It describes the implementation of a
formally required scheme of personnel qualification after TMI, and
the current practice as developed by the training staff of both
Dutch nuclear power plants. Attention is given to the specific
circumstances and problems in the Netherlands, and the resulting
program. The licensing criteria for control room operating
personnel are discussed, including the level of government
involvement. Measures are described to improve the approach to
training of NPP personnel involved in safety relevant activities.
Finally, some ideas are given for strategies to cope with adverse
stress situations.

Introduction

The Netherlands in a country with at present two nuclear
power plants in operation. Total peak load of the grid is about
5,000 MW(e) in the summer and 13,000 MW(c) in winter. The 60 MW(c)
Dodewaard BWR, of General Electric design, was connected to the i

Igrid in 1970. The 470 MW(c) Borssele PWR, designed and built by
Kraftwerk Union in West Germany, followed in 1973. The plant is
operated by the PZEM, the Province of Zealand Energy Company.

For the Dodewaard plant, a special operating organization .

Iwas founded as a mutual cooperation by all 18 Dutch
clectricity-producing utilities, named the Gemoonschappelijke
Kernenergiecentrale Nederland or Mutual Nuclear Power Plant
Netherlands GKN. This situation is changing, and the number of

: electricity-producing utilities will eventually be reduced to about
! three to five in number.

All utilities in the Hetherlands are either public
companies, or private companies with a major public participation..

Public participants are the provinces and/or the municipalities.'

Both utilities rely for the resolution of principal safety
questions upon either the original designer, the Central
Electricity Roscarch Foundation (KEMA) or other external
organizations,i

l.
t
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Because of a nuclear moratorium, no new license |
applications have been filed since 1973. This moratorium had an !

important effect on the training and manpower situation in the
Netherlands. Several times there have been attempts to extend the

I nuclear power generating capacity. The latest attempt was aborted
j right after Chernobyl. Further decisions have been postponed for

r
I at least two years.

The basic reason was and still is the negative public i

opinion towards nuclear power in the Netherlands; the negative i

| attitude of a large part of the society towards all persons related
; to the nuclear industry. It even affected the nuclear power plant

,

personnel in their own private environments.

The aforementioned history and external influences provide
: an insight into the challenge of the training departments of both ;

nuclear power plants. Their job is to train operating personnel to I,

a very high standard, and make them reliable and preferably !a

]
completely resistant to stress.

|

Training Programs and Regulatory Requirements
i

i Training of plant personnel is performed by the training -

departments of both nuclear power plants. The role of the I
4

regulatory body was originally very limited. Traditionally, the1 '

regulatory framework provides general rules with a minimum !,

prescriptive content. If utilities perform self-regulation at a '

sufficiently high icvel, the regulatory body is less inclined to
t enforce formal rules. Rules are seen as the establishment of good ;
; practices and may have some steering role. In the Netherlands, f
~

emphasis is on ensuring that correct and complete training is
given, and not on the details of the program. Originally j

,

regulatory documents, like rules, guidelines or standards, did not ;

exist in the Netherlands. !.

l

For governmental regulations, two events are of special !
>

j interest -- the accidents at TMI and Chernobyl. Post-TMI measures
j resulted in the Netherlands in a formal rule on the training and I

i re-training of shift supervisors and reactor operators, laid down :

) in a document entitled: Training, Education and Qualification of !
Direct Operating Personnel of Nuclear Power Plants (1). '

i Post-Chernobyl actions will result in a document for all
i

) other personnel performing duties with relevance to nuclear safety, I

i either as a separato document or as an amended IAEA Safety Guide,
l
; several reasons existed for a restricted regulatory
4 involvement. First, the viewpoint that the responsibility for all

| aspects of nuclear safety should rest in principle with the
+

J

;
i
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licensee, who is in any case by law entrusted with the
responsibility. Second, the fact that for both Dutch plants the
direct operating personnel originated for a larger part from the
merchant marine, mostly as chief engineers with a longstanding
experience in shift and control room work. Third, most
professionals and operators are with the plants from the
construction phase up to now. These people are highly familiar
with most construction details and procedures. However, as is
indicated, the situation is changing and more regulatory
involvement is becoming a reality.

Basic Responsibilitics of the (Deputy)
Shift Supervisor

The job and task analyses of the shift supervisors, deputy
shift supervisors and reactor operators are the basis of the
assessment and training program. Essential in the Netherlands is

,

the situation of the shift supervisor. This person is directly
responsible (and authorized) for the safe operation of the plant,
and the responso during abnormal situations. A shift supervisor
cannot be overruled in the performance of his duties. A shift
supervisor is also in direct charge of the shift. Furthermore, the t

function of senior reactor operator does not exist in the
Netherlands. Some tasks are performed by the deputy shift
supervisor, e.g., keeping track of the plant status, and some by
the reactor operators. However, a deputy shift supervisor is j

completely qualified as shift supervisor. !

Basic Entrance Qualification criteria for
Candidato Reactor Operators / Shift Supervisors:

o Age -- between 24 and 60 years. The upper limit is
introduced because of the shift system and the
personnel response capabilitics in case of an
accident. The licenscos have introduced measures to
cope with this requirement.

o Education -- junior technical collego level, with a'

j minimum of two years experience in a power plant or
i process installation. The Dutch levels of power

plant engineer, level 3, o*J merchant marine engineer,
,

level B, are considered to be equivalent..

!
o Psycho-technical and medical exams -- a tendency

exists to emphasize the psychological elements
connected with stress resistance, but quantitative
criteria are still lacking. In the case that a
reactor operator is promoted to shift supervisor
position, reliance is on judgment from superiors and

j human performance indicators, rather than performing
i a now psycho-techical test.

I

i
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!

o Dutch nationality -- this is not an official
requirement, but thorough command of the Dutch
language is required.

|
o Complementary criterion for candidate shift |

supervisor -- education: Technical college level,
power plant engineer, icvel C, or merchant marine j

engineer, level C. A minimum of two years as reactor
i

operator on the specific power plant is demanded. :

1 !

|
Training and Qualification program Organization !

All personnel involved in the operation of a nuclear power ii

plant are divided into training groups, depending on the type of I*

function or task. All groups are in principle as homogenous as
possible to simplify the training requirement of each group.>

Major groups are (see function in Figure 1.)

- licensed shift personnel (shift supervisors,
,

reactor operators
- non-licensed shift personnel
- procesongineers '

- physicists I
4

- administration personnel >

- health physicists;

- mechanical maintenance and repair personnel
.

- electrical maintenance and repair personnel
' - waste department personnel

- chemical department personnel
- management
- quality assurance personnel

!

All personnel receive a general orientation training. |
This training covers general aspects of radiation, protection,

,

industrial safety, quality assurance, emergency annunciators, and
the organization of the plant. All third party personnel involved
in activities in the installation receive a short introductory i

course on NPp elements. There is no public or privately-owned
training and education instruction in the Netherlands, from which

,

the utilities can recruit people with the knowledge and skills 4

required for an adequate job performance in a nucicar power plant. ,

Both utilities have to train their own personnel, with some
; assistance from external institutes (see Figure 2). Receiving i

i education and training away from the plants probably does have the
advantage of better and more undisturbed training. t;

J
] The thoroughness of training for the licensed personnel i

j and the professionals never tarned out to be a real problem.

I

e
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Figure 1. General Training Plan
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All parties involved realized that besides satisfying regulatoryi

I requirements, a comprehensive and well-structured training program
would add to the efficiency of the operating personnel. Safety, as
wall as productivity, will increase when each person involved has
the proper knowledge, experience and motivation to perform his
duties adequately.

Training Program for Licensed Personnel

Rocctor Operator (sco Figure 3):

Basic course in plant systems 2 weeks

Radiation protection course 2 weeks

Nuclear fundamentals at the nuclear
research center Petten (ECN). This
includes training with a basic simulator
and practical courses on the Low Flux
Reactor (LFR) 4 weeks

Full scope simulator training at the
Essen Power Plant School (West Germany).
First course is on normal operation,
starting and shutdown (note: the Dodewaard
BWR recently introduced a plant-specific
compact simulator). 4 weeks

Evaluation of simulator training,
including comparison of plant behavior
with Borssele plant (KCB) 4 weeks

i

Full scope simulator training course.
This second courso deals with off-normal

|and emergency conditions. 4 weeks |

Evaluation of training course at KCB 2 weeks |

Plant-specific training in electrical i
,

systems, logics, safety systems, operatingI

and emergency procedures. 8 weeks
|

i Fire fighting and first aid. I week

Practical on-the-job training 12 weeks
4

Written and oral tests (see Figure 4).
1

Items such as classroom training, on-the-job training,
evaluation, etc., are alternated to reach a balanced mixture of
practical and theoretical lessons.

167 --

- - _ - - _ _ _ _ - _ . _ . __- _ _ _ _ _ _ _ _ _ _



.. - .- ~ _ _ . . . . . . _ . - . .. - _ _ - - _ _

t

,

:

Figure 3. Training Schedule Reactor Operator
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Shift Supervisor (see Figure 5).

After at least two year's experience as a reactor
operator, it takes another year of training to gain access to the
examination. The training comprises partly the same subjects
covered in the reactor operator training, but more in depth. In
addition to specific courses, the elements are:

,

Extensive radioactive materials handling and
disposal

i Analysis of abnormal operating conditions

Administration

Emergency plan organization and activities

Legal limits and conditions, including
reportin'; of violations

Status keeping of the installations

Full-scope simulator -- two Sxtra weeks --
'

for emergency situations

Figure 5. Training Schedule Shift Supervisor
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; At the end of the training, written and oral examinations
are scheduled. For licensed personnel, retraining is a statutory
requirement. In practice, other groups of personnel are also
involved in re-training, such as field operators, M&R personnel

i (see Figure 6).

: Figure 6. General Re-training Plan
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t Specific Problems: The training and education are
| affocted by conditions that pose some problems in the Netherlands.
| Therefore, the training department receives direct support and
j attention from management. The specific problems are: i

i I

;l 1. Age distribution of direct operating personnel (see |
| Figure 7). The majority of shift supervicors are 50 or older. In
j a few years a gap will be manifest between this group and the rest
;

of the licensed personnel. >

2. De-suotivation because of a lack of other .

i possibilities. Most people involved entered the nuclear world with !

an expectation of an extended program. With only two plants, no
- job rotation is really possible for shift personnel and
! possibilities for promotion are limited. :
i i

i !
! !
4 ,

|
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Figure 7. Age Distribution of
Direct Operating Personnel
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3. All extraordinary duties place a heavy burden on the
experienced personnel. Training is easily affected in these
circumstances.

4. Poor responses on recruitment. Those people who
qualify can get jobs in less remote areas (one vacancy: one-three
responses).

5. Negative attitude of the society affects personnel in
their private lives.

Strategies for coping with Adverse Stress situations

A few remarks about Dutch experience on adverse stress
situations. Although some incidents have occurred at both nuclear
power plants, they presented no real adverse stress conditions,

'

connected with emergency situations. In general, the nuclear
industry is too well organized with optimum safe design and

| operation characteristics to be able to provide a sound statistical
base with lots of data, to assess the effect of certain measures.
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However, a very different group of peopic indeed is subjected
regularly to a sort of adverse stress situation. In my country,' specific task forces (ME) of the municipal police in Amsterdam have
for many years been confronted with very stressful situations. A
recent report (2) on the effect of stress and how to cope with it
has been quite helpful. I realize that there are all sorts of
stress, but some elements may be mutual.

It has been proven that specific training and education is
very effective in increasing resistance to stress. Furthermore,
psychological screening is helpful indeed because it selects
personnel who are less prone to show primary reactions. Last, but
not least, it has been found that people are more stress resistant
if they know beforehand that their employer will take good care of
them after stress situations.

References

1 Licenso document: Rule on Direct Operating Personnel in
Nuclear Power Plants: Education, Qualification and
Competences (Document RT-84-019 in Dutch).

2 A. Slothouwer o.a. "ME and stress. An research study
after the results of ME-performances related to the
percanal functioning of the ME-policeman" (in Dutch).
Editor: Staatsuitgeverij -Gravenhage, the Netherlands.'
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CHAIRMAN'S SUMMARY
l
1 Mr. M. Grandame

Canada

This session comprised nine presentations by regulators,
utility staff and a manufacturer's trainer. Outlines and
descriptions of the evolution of training programs in nine countries ;

were the primary subject throughout. l

. r

! Extensive use of full-scope training simulators in :nany of !
the countries, and more extensive application of plant performance :;

measurement systems to assess and evaluate the offectiveness of !
'

'

j training were noted.
:

Key points of interest weret

o Mr. B-G olofsson (Sweden) indicated an interesting i
factor within the KSU training program. This program !,

j contains an instructor requirement that includes seven
weeks of training on pedagogical principles.

,

o Mr. G. A. de Vrey (the Netherlands) described the
| problems arising from a "no growth" situation resulting

from a nuclear moratorium in that country. This has *

resulted in poor recruitment response, an abnormal age !
; distribution of operating personnel, demotivation and an !

overall reduction in training effectiveness.
;

o Mr. R. L. Long, of the GPU Nuclear Corporation (USA),
identified a significant feature of his corporation's i

training program. The program includes periodic re"training ;

in basic fundamentals for incumment operating personnel, a i
feature not often found in re-qualification training.

| I

i

i

i

'
1

I

J

|

!

!
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1

! !

!
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INSTRUCTIONAL METHODS (I)
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ACCURACY AND UPDATING OF TRAINING SIMULATORS

N. Tangy
Electricit6 de France

Bugey Training Centre - France

I This report describes the organization taken up by
Electricit6 de France to guarantee and maintain full scope" ,

Isimulators' accuracy to the level required by the training of
operators, shift supe;/isers and engineers. The quality of the
simulators is illustrated through two examples of transients the
house load operation and the break of two steam generator tubes in
bi-phasic operation.

Introduction

i In 1986, French nuclear electric production reached 241.4 '
TWh, that is to say, 70% of the total national production.;

: ,

'

i The whole of French PWR nuclear plants consists oft

o one prote. type 300 MWe unit
o six non-r:andardized 900 MWe units
o 18 900 ?:W(n) units representing the construction

program number 1 (CP 1) r

o 10 900 MW(e) units representing the construction ,
,

! program number 2 (CP 2) '

o 20 1.300 MW(e) standardized units in three series (four>

loops PWRt first units P4, final units P'4,<

intermediate units H4)
-

;

1 o 3 1,450 MW(c) units type under construction (four loops
i PWR French licensing: N4). ;

1 i

Those installations are operated by 1,900 confirmed !

technicians, executives and engineers and 1,000 technicians and plant
,

j operators.

I Proper training of the NFG (Nuclear and Fossil Generation of
EDF) staff has contributed in a significant.way to reduce regular
unavailnbility and human failures observed in France. In 1982, an

,

; average of 7 scrams per 900 MW producing unit and por year was
recorded, 2.3 of them being the result of a human failure. In 1985,a

this was reduced to 3 scrams, among which 1.1 was due to human
) failure.

j In 1986, 42% of the total 224 tacorded scrams (alternator
being connected t o the grid or not) had a human origin. This

;

; proportion was 47% in 1985.
i

!
.
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Nuclear training of the 2,900 operating staff comprises
mainly two parts:

technical training on part task, full scope ando
physical principios simulators;

o operation experience feedback from all the standardized
plants in France end in che world.

Electricit6 de France owns seven full scope simulators
[ corresponding to the different series of reactors in service:

o 1 900 MW(c) simulator Bugey type
o 2 900 MW(e) simulators CP 1 type
o 2 900 MW(e) simulators Cp 2 type
o 2 1,33 MW(e) simulators P4 type

Each simulator is used for tha training of operating staff
and prepares them to operate in normal situations, as well as to
master incidental and accidental phases of functioning, excluding
operating in ultimate accidental conditions. Most of the elementary
systems of each series of plants are simulated. Each pair of
simulators is joined to a reference unit of the considered series.

The behavior of the plant is reproduced in real time by the
simulators in such a way that a trained operator cannot distinguish
between the real process and the simulated process. The simulatorsare continuously updated with regard to reference plants, in order to ,

allows

training evolution in connection with the modificationso
of the plants
starting training after operation experience feedbacko
(especially in case of significant events)

o constantly motivating the operators to train
; periodically.
i

This report describes the organization taken up by
Electricit6 de France to guarantee and maintain full scope simalators
accuracy to the level imposed by training requirements.
Simulators' Accuracy - The Pr.".i...iples

construction. Training requirements are defined and
ettablished by the NFG and more precisely by the Operation, Nuclear
Safety and Training Divisions. Initial specilications for the
construction of tne simulators are then dreftet by Electricit6 de
France in order to censult constructors.

Onco it has been decided to place the order, the
construction is carried cut under the permanent control of two teams

1
,
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of engineers, one belonging to the NFG, the other coming from the!

training center that is going to be equipped with the simulator. So
from the very beginning of the project, the Staff Management
Department who is going to be in charge of the training is associated
with the realization of the simulator,

i Reception and validation. The most important tests that are
carried out on vendor's site, are composed of five different phases:

o logical tests

o general handling i

o validation tests:
| identification i

normal transients
operating incidents /
accidental transients'

o general breakdowns (f ;

electrical malfunctions (losses of electrical supply) |o

Validation tests are carried out with the help of |

specialists frem the NTE (Nuclear and Thermal Engineering of the 1

Construction Group of EDF) and the NFG. Identification tests and
transient tests allow control of the simulation of the process by
comparison with actual situations reproduced in nuclear plants or in
connection with the resultn of surveys and calculation codes used for

'
; the conception of nuclear plants. As an example, 49 tests of this

; kind have been carried out for the realization of the 900 MWe CP 2 |

type simulators, j

; Acceptance. After having carried out the reception and h
validation tests on the simulator, the NTE states its validity in the ;

simulated field for the training of operators.

Detailed Conception of Training Actions and Their f
,

Evolution. Training actions specifications are established bv the I

NFG Training Division. Tney take into account the recommendations of I
,

1

! the safety authorities, the operation experience feedback from i

nuclear plants that has been analyzed and selected by the operation t

analysis section, and the advice of internal nuclear inspection. !
:

('

I Nuc1 car Training Centers that are dependent on Electricit6 i

de France Staff Management Department are the ones who are going to |

1
undertake training actions. They draft pedagogic aids from i

bibliographic references, technical and regulatory references, i'

] specific to the plants concerned. |
!

! |

1 i
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Simulators Initial Quality - The Facts

The Contract. The construction specifications show the (
principles and characteristics of the process simulation

,

I
o the simulated field, that is to say, the whole of the i

elementary systems and of the different operating :

situations ,

'

o the components and the phenomena that have to be |,

calculated and not reproduced by repetition
1 |
,

o elements and phenomena that have to be considered as |
I reference states (initialization)

-

i
; o technical and bibliographic references

:

1 *

As a consequence of those specifications, the constructor |
t must conceive an actual and accurately calculated simulation. He has j

nothing but the characteristics of the components and of the !

fundamental physical data, especially in the field of neutronics and
thermohydraulics. He does now know the results of the actual tests,

! or of the calculations for nuclear plant conception. This situation ;

i guarantees to Electricit6 de France a full scope simulation and the
means to check it during the validation phase.

:

Technical References. Electricit6 de France gives the
constructor the data concerning the elementary systems to be

;
simulated which contain most of the technical reference,

o role of the installation

o conception principles

io detailed description, nomenclature and characteristics <

of the components i
4 i

o operating condi* ions,

o instrumentation and control logical diagrams

j o mechanical diagrams
i

o safety analysis)

o bibliographic references

! Accuracy and Tolerance. The performances expected frcm the
j simulation are specified in terms of maximum limit of the gap between
i
,

) - 179 -
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:

the theoretical or actual value and the value calculated in identical;

conditions. In continuous operating conditions (class 1) set values
must be accurate to plus/minus 0.5%. There should not be a'

difference of more than 1% betwoon the other parameters and the
theoretical values. In normal transient conditions (class 2) the

j gaps must be inferior to 10% and the tolerance on the time clapsed
; between the beginning of a transient and the apparition of a
j parameter extremum is 20%, In exceptional transient conditions
1 (class 3) the gaps must be inferior to 20% of the variation of the
j considered value. The tolerance on time being the same as for class
j 2 transients. In all simulated transients, the curves must be
1 identical to the ones noted on plant recorders,

one example: house load operation at full power on a 900
,

i MWe CP 2 simulator. Document of referencet calculation of the '
I

! manual house load operation at Saint-Laurent B1 after comparing the
1 BABEL code with an actual test carried out on July 22nd, 1981.

SEPTEN E-SE-TC-82-15-A.

Test on identification of house load operation at full
i power.
1

I o Goals. Compare the evolution of the main parameters |
'

| given by the simulator along with the BABEL model
; data. Those data being themselves recalculated by the :

i NTE from the results of the actual test carried out on !

) July 22nd 1981. |

I
; o Results. The most significant recordings of this test !

I cencern nuclear power and the position of the control I
!

i rods, the inlet and outlet primary water temperature,
j the pressurizer level and pressure and the steam j

; generator level. '

! :
2 o conclusion. During this itaportant transient (so far as ;

neutronics and thermohydraulics are concerned) the ;

i simulation is close to reality. The only |
non-negligible difference appeared when the control i

rods were inserted, and this can be explained by the j

i fact that, at the time this test was carried out at j

! saint-Laurent B1, this unit was still piloted in black i

1 mode, whereas the 900 MWe CP 2 simulator was conceived
I in grey mode, so as to take the final situation of the |

j CP 2 units into account. !

1 !

] Evolution of the Simulators - The Principles {a
J |

j Causes of evolution. Full scope simulators are paired with j

. standardized reference units. Simulation must therefore evolve along

) with the modifications carried out in nuclear plants, so long as

i !

1 i
t

! !
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,

i those modifications are in connection with the simulated field or the
i control room hardware itself. But there are also other causes of

evolution, such as:

| o the extension of the specifications concerning traini.;
| on simulators, as for example taking into account the i

transfer of gaseous wastes by ventilation after a
'

| radioactive incident in the confinement building.

i o improvement of certain simulation models by
! incorporating technical progress made by constructors

or the NTE, as for example the generalization of a
Ij bi-phase modelirtation, or the confinement building

j model in accidental situation.
'

| [

2 o operation foodback and specific operation requirements.

o simulation anomalics recorded during training sessions.

; organization of simulators modifications -- Quality t

assurance. So as to maintain and guarantee full scopo simulators.

required quality level, Electricit6 de France has set up an |
'

organization that relies on the responsibility of the different !

) partners, on internal control and on the application of the quality [
{ organization handbook princip1cs concerning simulator maintenance and (
|

training activitics. |
-

1

: A commission of experts from the Administration !
'

; Representative Standing Group checks periodically theoretical and
practical staff training conditions. After studying the surveys '

I carried out by the Institute for Health Physics and Nuclear Safety !

! (from the Atomic Energy Commission), the Standing Group express their I

i recommendations to Electricit6 de France. !
!

~

j On the other hand the country's safety authorities have the !
responsibility of carrying out external controls in training !

i
! conters. They check regularly the contents of training plans as well |
! as their correct realization. |

| o Nuclear training conters play permanently an active
part in the evolution of the simulators and act as

} supplier to the NFG. Maintenance teams work according
to a convention passed with the NFG. They act on the

] authority of the NFG for the following missions

) participating to the reception of the simulators
1

correcting simulation anomalies with regard to the,

! construction specifications

l
i

I
'

- 181 -
|'

'

- - . . - ._ _ -- -. . . . _-



i

I

carrying out minor modifications connected with
the evolution of the reference units, which do not
deeply affect the models

following up the integration of more important
modifications entrusted to the constructor of the
simulators

general surveys and propositions about simulators'
evolution according to the demands put forward by
the instructors and to the remarks made by the i

; trainees
'

preventive maintenance of the aquipment

administration of reference documentation about !

'

simulators coming from corresponding units '

-

: Each nuclear training center works with respect for the
quality organization approved and controlled by the NFG.

|

, o The constructor has his own quality organization and
! guarantees that the training equipment (delivered or

.

modified) is in accordance with the contract passed !

with Electricit6 de France.
;

I o The NFG is a customer of the training centers. A
; technical group in charge of simulation follow up,
1 gathers twice a year with the NFG and training conters

representatives. This group

analyzes afterwards the work continuously carried-

; out by training centers
T |
| analyzes the surveys and requests about evolution I

put forward by training centers

decides on important interventions that have to be }j
4

done and appoints responsible bodies '

] t

I NFG internal nuclear inspection checks on quality |
j organization in training centers.

|!

| o The NTE who declared the acceptance of each simulator [
'

after construction, is asked again by a nuclear !

training center or by the NFG to estimate the level of |
accuracy of the equipment in operations !

I In a systematic way at the end of the integration
i of an important modification. i

) '

:

|
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Periodically or randomly, to ensure that a
simulator has not regressed after the

; interventions undertaken by the training centers.
|
'

Simulators' Evolution - Two Examples |

A major improvement in the simulation of the primary
circuits Bi-phasic modelization. The FRAMATOME DEFI code has been

,

'

improved by a FRAMATOME, ELECTRICITt DE FRANCE and THOMSON joint
Oction. The NTE carried out a complete identification operation of

! the new simulated field which was reliable and physically relevant -

; after the code was integrated by the constructor. {

The non regression of the simulation has been proved for,
'

normal and incidental transients. The extension of the simulated
91 eld to a certain number of situations, has been verified through

i accidental transient tests. That is how the limits of the model have
been clearly drawn after those numerous tests:

o Draining the low pressure steam generator tubes;

o Filling the low pressure steam volumes with water
i (reflooding)

o Holding back the water in cold branches
t;

Pedagogic aids have therefore evolved to take those limits

}' and improvements into account. Once the limits are reached, the '

simulation is automatically stopped, to avoid the delivery of wrong ,

'

information. The example chosen concerns the break of two steam
|generator tubes. The A3 procedure is then applied by the operator.
[
t

The NTE compared the simulation based on AXEL calculation !
with the survey made about "Behavior of the nuclear steam supply |
system in case of steam generator tubes break." SEPTEN-E-PE-TC-84-34 i
The curves showi

| |

j o comparative evolution of primary pressure !

o comparative evolution of pressure in a damaged steam
] generator and pressure in a steam generator in good
j working order

] o comparative evolution of the icvels in steam generators

o comparative evolution of the pressurizer level

o comparative evolution of the saturation margin.

I
i
1
!

I
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,

j

!

i

i
;

!

| The evolution of the different paramotors are coherent,
| representative of the simulated accident, and consistent with the
i results of the AXEL calculation code.

j Daily improvement on simulator's. performances:
| Responsibility of training center's maintenance teams. From
'

September 1995 to September 1986, the Bugey Training Center <

, maintenance team integrated and validated a number of 50
] modifications that are classified as follows:
,

| o simulation anomalies: 50

| o extensions of the simulated field: 6
i

o modifications of the reference unit: 16

5 o different minor modifications: 8 I

I !
j Simulation anomalies concern mainly electric supplios, I

{ instrumentation and control. The great variety of situations created
i for training purposes allow discovery of those anomalies and to put
] them right. ;

Conclusion

l Coming to the end of this report, we should sum up the
elementary principles that explain the quality of the seven full j

; scope simulators used by Elcetricit6 de France to train their staff,
3 and more widely, the relevance of the training given.
4

i An efficient organi:ation. A customer / supplier relationship .[
i established betwoon two distinct bodies belonging to the saac firm is ;
1 propitious to the constant improvement of performances. The Staff |

Management Department, which is in charge of the training, hss a real j
autonomy and a great experience in the professional training trade in -

each and every field of activity of the firm. Training objectives
! and quality organi:ation rules are imposed on the Staff Management
! Department by the NFG who carries out a quality control. The NTE ,
4 acts as an independent xpert for the customer as well as for the i

supplier. i
l

Favorable circumstances: |

|The development of standardi:ed French nuclear plants went
along with a policy of recruitment and intensive training. From 1976 |

to 1986, 200,000 man-days of nuclear training were given in the
|'

centors, half of which were performed on simulators.
;

ion a nationsl scale, the means davoted to those activities
}will be stabili:ed, around 1990, to a team of 150 engineers and ,

!
i

:
\ I

;
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|
i

i

|
.

permanent instructors in nucicar power plants and training conters !
'

and 40 simulator maintenance engineers and technicians. The
multiplication of training situations carried out coherently ;

increases the average quality of the service.
,

A determined policy of operation experience feedback. The :

NFG carries out an analysis of the significant and foregoing ;

incidents, which is inmediately transferred to the nuclear training |system to integrate the results in specific objectivos. Nuclear j

training contors are efficient vehicles for dispatching experience I

data among nuclear power plants. Advised and controlled both by NTE |
cxperts and NFG specialists, nuclear training contors continuously l

7

transfer the knowledge to power plant's operating staff. 3

i |
! i

!
t i

6,

I

4 :

I |
! !

!
;

i ,

1 i

! !

4
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|

| |
1

'

I;

i

i

I

$
]

,

I
i

l
i

i .

1 i

1 - 185 -

u__-_______. _
l



.- -

4

1

l

i INTEGRATING A SIMULATION FACILITY
; INTO A TOTAL TRAINING EXPERIENCE

R. E. Schaffer
PSE&G Nuclear Training Center

Salem, New Jersey

This paper deals with the acceptance and use of a nuclear|

power plant simulator from the training department's perspective,'

j The ultimate users of the device cannot wait until delivery to plan
for it implementation in the training process. Planning for use, '

support, and staffing must proceed in pace with the simulator
,

Fconstruction process. This paper will recount some of the
experiences and insights acquired during the process of bringing the !

-

Salem and Hope Creek simulators on-line and make recommendations on !

.
how other utilities, both within the United States and in the :

I international scene, can ba better prepared to utilize their |'
simulators for the total training experience.

1

Introduction
4

,

When a utility decides that its training programs can best t

be served by the purchase of a plant-referenced simulator, the focus !

is normally on defining the scope of the project, performance |
characteristics, a milestone schedule for completion of the project, !

| establishing a delivery date, and developing a testing philosophy for
'

the product. The department that manages this project normally sees'

delivery, testing and acceptance as the end of the project; however, ,!
;

; the training organization is tasked with the job of implementing this !

| multi-milliorc dollar training aid and integrating it into their [
] training prog ams to make it a worthwhile investment. All too often

'

j the needs of establishing the training program are neglected in the i

! frantic pace of bringing the simulator project to closure. All of :
4 the functions listed above are essential for ;he effective and timely ;

i completion of the simulator construction project. However, planning !

I for implementation and use of the simulator must begin early in the i

i cycle and cannot be left until after delivery. We will discuss threc !
i phases of planning for implementation of the simulator in the !

1 training program. Those three phases are staff qualifications, i

training design and simulator support. }
i

j Phase I -- Staff Qualifications
,

! l

i In that the primary utilization of a simulator is in the i
: training, qualification, and requalification of operators, the normal !
j source for staffing the simulator would be experienced operators et |
j experienced operations trainers. One must not overlook, however, the f

; utilization of the simulator in training plant personnel other than |
| licensed operators, although that is somewhat off the subject of this ;

I !
a

'
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paper. One cannot expect an individual, no matter how experienced in
operating the plant, to be immediately effective in the utilization
of a simulator to its fullest potential. The proper utilization of a !

simulator, or any complex training aid for that matter, requires a
l period of adjustment, specific instruction on the utilization of the
| training aid, and experience in its use. A well thought out and (' well-designed training program tailored specifically for potential !

simulator instructors is an essential part of this process. We ;

cannot, however, stop there.
j

Regardless of the source of the instructor, i.e., plant !,

i operator or previously experienced trainer, emphasis must be placed I
on the training process and integration of the simulator into that

!
training process. The potential simulator instructor must fully !
understand the principles of structured training whether we call it a ii Systems Approach to Training, Instructional system Design, Training ;

} System Design or some other title. The potential instructor must bc ;

) coached in delivery skills utilizing the simulator, and realize that |it is not a toy but a highly complex and sophisticated training aid1

! to be used to satisfy the objectives determined by the instructor.
,

j The instructor must be knowledgeable enough not to allow a free play i

! scenario as if it were an extremely expensive video game. The
ii potential instructor must also be coached in the techniques of

i managing the classroom environment and in controlling the students to ;

,

achieve the lesson objectives. L

t

i An essential part of the staff qualification is a plan for I

) continuing training to further polish, enhance, and reinforce his/her
'

instructional techniques. This continuing training program should be
!j intended to not only reinforce and reaffirm the information provided l

} in the initial training program, but it can also be used to ,

effectively enhance the instructor's knowledge by adding new i
,

! concepts, new topics or by discussing events and lessons learned by (
l other utilities,

i
p<

The last essential part of the staff qualification formulai

} is evaluation. Each potential simulator instructor must be evaluated
,

j in his or her ability to utilize this large investment in the
effective training of operators and other plant personnel. Without |

,

J evaluation, one has no control over the process or the quality of the
|) product of the training program, i

l i

It is essential that the staff for the simulator bc |
established early in the project and their training experience begin I

|

well before the simulator is delivered for use. This will permit the !
. simulator staff to "grow" with the simulator and become totally
j 2amiliar with it before the pressure is applied to put it to use. 1

4 once the simulator has been accepted for use, it is just and
) reasonable for the Company to expect a return on that investment

through the effective use of the machine. This cannot be1

!
!

)
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: 1

accomplished if the staff that is charged with the responsibility of ''

i utilizing this device is only assembled when the machine is ready for i
' training.

;

1
Another benefit of the early identification and training of !

t the staff is in feedback to the simulator project manager on concerns |
' of simulator performance and impicmentation that might not be {

identified by the project staff. All too often, the simulator |

builders do not sock the cooperation and advice of the ultimate users ?
4

l of their project, thereby creating many compromises in the training i
j utilization of the simulator that might otherwise be avoided. ;

i !

{ phase II -- Training Plan i
i

i As I stated before, the simulator is not a toy but is, in |
j fact, a highly complex and sophisticated training aid. The .

} instructional techniques embodied in a well-designed training program |
apply as well to the simulator training session as they do to the |i

{ traditional classroom environment. Once the scope of simulation and '

j the philosophy of operation of the simulator have been determined by
the project group,the planning for implementation can begin. It is'

not necessary to wait for delivery to determine the method in which ;

the simulator will be utilized in training. The full ISD or SAT |

] process can and should be applied to the simulator training I

j experience. From the task analysis developed for the licensed
j operator training classification, thoue tasks that could best be
1 presented on the simulator must be chosen. From those tasks, the

,

simulator staff must develop the objectives they will accomplish in
. the simulator training sessions and develop the training plan. The
] training plan, whether you call it a lesson plan, a simulator i
! exercise guide, or something else, must identify the expected {

outcomes of the training session.
|

A major advantage of having a dedicated simulator staff who
,

are familiar with the characteristics and experienced with the use of
j the training simulator is that the training session in the simulator
1 is not altogether predictable, one must establish the expected

outcome of the training session and control the student involvement
to further that aim, however, the session cannot be overly structured

; to remove all spontaneity since many valuabic experiences and lessons
i would na:essarily be avoided. The true value of the simulator is
j that it will allow people to learn from their errors without
1 disastrous outcome. This requires a highly motivated and dedicated
'

staff to identify shortcomings and immediately correct them and then
reinforce that training experience with an explanation of how,

,

i where, and why the student went wrong and why his choice of solution
I was not the acceptable one. On the other hand, the simulator session

cannot be allowed to determine its own objectives thereby turning it
into a playground instead of a classroom. The balance between

j overstructure and no structure is a delicate one that can only be
,

r
i
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I

! struck by instructors experienced with a machine, its capabilities |
and shortcomings. A well-trained staff can plan for this type of i

| training experience and develop their lesson guides, plans, or
exercise guides well in advance of the simulator's delivery.

A philosophy for evaluation and feedback into the training c

system design is an essential part of the instructional syatem design
process. This applies equally to the simulator, but on several l
levels. Firstly, the direct feedback to the training development ;

process in refining and improving exercise guides or, more
,

fundamentally, the tasks from which they are developed is the more j
traditional feedback mechanism similar to that utilized in the i

classroom. It is essential that this process be in place and [
understood by all instructors in order for the training programs to (

{ be effective. This feedback mechanism must also include feedback to !

; the classroom portion of the training on lessons learned in the
| simulator that might affect that training design,
i

| There is, however, another essential level of feedback and [
that concerns the performance of the simulator and deviation from the {

d

referenced plant's operation. Mechanisms for handling this type of
j

.
feedback must be established and must be well understood by all ,

members of the staff involved with simulator support and
utilization. We will discuss more on those mechanisms when I get to ,

I simulator support. |
| i
i Another aspect essential to the full utilization of the !
i simulator is plant involvement. The simulator cannot be established i

1 and utili:ed in a vacuum. While this fact is true for all aspects of |
I the training experience, it is most crucial for the simulator. The ;

! full understanding of not only plant design and operating I

1 characteristics, but plant operating philosophy is essential for the
effective utili:ation of the simulator. The ideal nochanism for .

accomplishing this is to have a member of the plant's staff serve i
i with the training staff on a rotational basis. By making this a |
j rotation assignment, one is always assured of having someone versed i

in current plant philosophy of operation available to the training |4

1 staff on a full time basis, of equal importance is the essential j
'

involvement of the plant management to the design, development, and j
implementation of training on the simulator. The plant operations .

manager must view the machine as his or her simuletor in order for it ,

to be fully effective. The feeling that the simulstor is useful and !

valid and an integral part of the qualification prscoss must be
' pervasive and must begin at the top. Without plaraed backing and

support, the simulator will lose effectiveness arl minor deviations
which would otherwise be constructively discussed wculd beccme major
issues,

j - 189 -
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Phase III -- Support

The third essential factor in the formula for effective
j utili:ation of the simulator is support. Support must be planned for

well in advance and must be recognized as having several components.i

j The first is the day-to-day support of keeping the simulator
j running. This must address everything from chart paper, pens, and

{ light bulbs to major computer fallures and requires the attention of
; both hardware and software personnel. A philosophy for support must

| be developed and implemented before the simulator is put into use,
j Whether that philosophy requires that the trainees or the simulator
| instructional staff do a portion of this work or calls for a

dedicated support staff whose task is to maintain all aspects of the3

l simulator, the thought must be applied and a philosophy must bc
j developed or the simulator will soon degrade to the point where its
; usefulness and validity would be questionabic.
1

Although most simulator projects include an initial stockage,

i of spare parts, the budgetary impact of maintaining that stockage and ,

!
'

of repairing some of the expensive items that can go wrong must be
accounted for. The impact of just operating a simulator with no }
regard to upgrade to plant changes, or to the simulator's (
capabilities is on the order of hundreds of thousand of dollars per i,

i year. One must expect a certain mortality on computer parts, some of |
| which are quite expensive. This also implies that a skilled and
j professional statf, knowledgeable in the maintenance and repair of |
i simulation computers, i,s an essential factor in the formula for |' effective simulator use, j

The other aspect of support is planning for and |
accomplishing upgrades to the simulator. Due to the long lead time ;

,

i in c(mulator procurement and installation and the necessity of j
free:ing the design fairly early in the process, one must expect and t

plan for a fairly major upgrade of the simulator during the first j
year after its installation. A rule of thumb that might be applied ,

) to this is that this initial upgrade will cost approximately 10% of |
' the initial simulator purchase. One solution to this problem might j

be to include the initial upgrade in the original bid package for the >

simulator, thereby recognizing that the upgrade is caused by the [
, '

construction process. The drawback to this approach is that one
becomes committed to the original manufacturer for the upgrade and
the stresses and compromises necessary to bring the major project to ,

closure could cause a strained relationship which would be ;

exacerbated by the necessity of dealing with the same vendor for an i

extended upgrade.

Once the installation, initial operation, and initial
upgrade are accomplished, one must expect a certain number of
modifications and engineering redesign at the referenced plant which
must be accounted for in the simulator. The budgetary impact of this

f

i i
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will vary, of course, from plant to plant, but can be expected to be
on the order of half a million dollars per year just to keep the 1

Icimulator valid with respect to its referenced plant. A philosophy
for accomplishing this upgrade process must be developed so that a;

; planned and reasoned approach to gathering the data necessary to
support it, making necessary budgetary provisions, and planning fo:

J the management of the resources can proceed. In many cases, '

j contractor resources are utilized to perform the majority of the !
upgrade work, thereby relieving the utility of the necessity for |

'

tmaintaining a staff that is highly qualified in a very special area,
j and also extremely expensive, on a year-round basis. Be that as it
j may, someone must plan for and monitor the performance of these
i upgrade consultants, and that staffing impact must be accounted for
! in developing your simulator support staff. !

'
4

| Several philosophies are in vogue for supporting
3

{
simulators. At one extreme is a group of computer experts totally ;
independent of the training staff who are responsible for performing i

these tr.sks. At the other extreme is A dedicated sinulator support
staff which is part of the training organization and responsible ,

,

directly and solely for the maintenance and upgrade of the
'

,

'

simulators. There are gradations of this philosophy possible whereby
; one might have a dedicated staff for day-to-day maintenance and an i

'
; off-site project management group for upgrades. The most effective

'

mathod of assuring compliance with regulations and maintaining the
validity of the simulator is to have this support staff an integral !,

!

i part of the training staff directly and solely responsible for the
j maintenance and upgrade of the simulators. This is the only way that (

one can have the assurance that the simulator project will get the: .

t priority it deserved and requires.
!

1 Conclusion .

1 I

I We have seen that integration of the simulator into the ;
| training program can be a well-planned and beneficial experience if ,

!
i some early thought and planning is given to the ultimate use and
j support of the machine for its intended purpose, that is, training. L

It is natural and proper for the simulator project staff to see the i

acceptance and testing of the simulator as the end point of their !
project. However, the end users of the machine must be incorporated

i carly in the process to allow them to plan for and execute the |
implementation of this highly effective, complex and expensive j

1

training aid into the training environment. j

i

!

!

!

1 |

i
!

:
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Discussion

| MR. FRAZIER: Half a million dollars a year -- is that O&M,
; capital or both?

MR. SCHAFFER: Our experience has been both, however, we
have not quite worked out with our financial people how we can handle

,

it as a single project. We have experienced about two-thirds O&M anda

one-third capital.
i

| I

MR. LONG: You say tho ideal is to have an operations person I
be part of the training staff on a rotational basis. Have you been '

.

successful in getting operations to support that?

MR. SCHAFFER: Yes, I have. I have been fortunate that I
have had very good rupport from both plants. In our situation, our
training organi:ation is not connected directly with the plants. We
report through a difierent general manager to the vice-president, so

,

there is not that cloce oup'ing you may find in some places. We
|

<

'

have been very fortunate that both of the plant general managers and ,

both plant operhtious managers have been very supportive of training ;
and, in working with tacm over the past three years, we have worked ;

out a rotational essignment where the" have promoted an extra shift
supervisor in botn cases, and his position is in training for two

,

, years. |
i
j MR. STICKNEY: A follow-up -- when you bring these i

rotational people over, how do you prepare them for their i;
; instructional role? !
! !

| MR. SCHAF7ER: They are required to go through the same !
qualification prot. css as an instructor on the permanent staff, which ;!

is a two-level coarse. One level is instruction techniques, which '

they generally need. In many cases, people we hire as instructors !s

have previous ir.structional experience, and we waive that portion of !

| it. In both cases, for our first round of rotational people, we did
require the instructional techniques, the platform skills portion.,

t

We also have a one-week course on classroom management, !
< company-union responsibilities and rights, and managing the classroom i

environment which everyone takes. Then they are placed under the i

direction of one of the principal training supervisors, who very I
closely watch all new instructors for the first month, or whatever it i
takes until they are confident they can handle it on their own. As (
it turned out, one of the people felt much more comfortable in the i

i simulator, and he is almost totally a simulator instructor. The
individual I got from Hope Creek turned into a very good platform
instructor, so we have gotten a double benefit frem him.

i )
i (

!
t

i I
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j THE USE OF SIMULATIONS
j IN NUCLEAR STATION FIELD SKILLS TRAINING 1

Malcolm E. Young :
1 Manager, Western Nuclear Training Center !4 ontario Hydro i
| Tiverton, Ontario, Canada j

i

!Abstract
i

'

ontario Hydro's Western Nuclear Training Centre (WNTC) !
l

carries the simulation concept of its full-scope control room !

simulators into its Nuclear Station Skills Training Program for its
|! maintenance staff. The paper will briefly outline Ontario Hydro's !approach to Nuclear Maintenance Training and provide examples of how !
i simulated situations are used to train maintenance staff &t WNTC. !i t

j Introduction
>

4 e

| When I was debating with myself about what topic to discuss |at this conference, I had some difficulty in choosing. The first !

| inclination was to talk about the simulator training we do on our !

) four full-scope real-time control room simulators the first of which I
1 went into service in 1976. However, two thoughts occurred to me

What we do in control room simulator training is good Io

! but not a lot different than many others here.
i
'

o We have been using field simulations for nuclear field
;

[ skills training since the early 1960's. :
'
,

I felt that a brief review of our ficid skills program for |
i control Technicians, Mcchinical Maintainers and Operators might be of i
1 interest. Our approach is to provide simulations for man / of the i
} tasks our trainees will face in the stations in order to objectively |
| test their ability to perform a wide variety of tasks. I have I

structured this presentation into three parts: |

o An introduction to Ontario Hydro and its nuclear
sprogram.
L

'

An overview of the training scheme for the major field |
o

skills areas,
i

A sampling of field simulations used in training in I
o

cach of the major skills areas.

- 193 -
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Ontario Hydro

; Ontario is a province in Eastern Central Canada. It has a
land area of approximately 900,000 square km and a population of

: about nine million people, mostly located in the southern part.
!

Ontario Hydro is a publicly-owned utility which operates as
I a stand-alone corporation. Ontario's peak electrical energy |

requirement in 1986 was 20,700 MWo. The total energy mix in 1986 was
approximately 46% nuclear, 19% fossil-fired, 29.4% hydraulic and 5.6% j
other (imports, combustion turbines, etc.). By 1992 we expect the l

,

generation mix to be approximately 70% nuclear, all of which will
'

! consist of CANDU type reactors.
|

| Our present nuclear capacity of 9,706 MWe is supplied by 16
| CANDU nuclear reactors. Five more are under construction (one of
.

these -- Bruce Unit 8 -- is critical and is expected to be declared
1 in service soon following completion of testing).

Table 1 i

) [
ONTARIO HYDRO NUCLEAR PROGRAM j

| !

l !
t

FIRST UNIT I/S 1962 - 22 MWe !

| NUCLEAR CAPACITY I/S - February 1987 ,

Units Net Capacity

| 16 9,706 MWe + 258 MWee STEAM [
j (electrical equivalent) j
d

i

|i
NUCLEAR CAPACITY UNDER CONSTRUCTION - February 1987

i,

| Units Net Capacity [
!

~

|

{ 5 4,306 MWe
|

! !

J of the total net in-service capacity, 5,561 MWe is located i
' on the Bruce Nuclear Power Development site with 836 more soon to i

come. This is the site my training conter serves. The Western
Nuclear Training Centre is about 9,500 square meters, has two

3 full-scope, real-time, control room simulators and a large skills
1

i tra|.ning area. A similar training center serves the eastern end of 1

j the province.

| 1

I l
'

l
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i

!

At the BNPD site we have four major departments; Bruce i
Nuclear Generating Stations "A" and "B" each having four 900 MWo '

(gross) units (including steam delivery capability), the Bruce Heavy
iWater Plant with a capacity of 105 kg/hr of D 0, and the Bruce2

! Sorvices organization which provides centralized services for the
I site and radioactive waste processing and storage for Ontario Hydro. .

,

The operations staff on site total approximately 3,3004

; people. With this staff we provide all normal operation, fueling,
and maintenance, including maintenance during planned shutdowns. 1

Nuclear Training

j When Ontario Hydr (., first entered the nuclear business back
tin the ) ate 1950's some basic decisions were made regarding the

reactor safety philosophy that was to be applied in designing, i

1 operating and maintaining our facilities. The five independent i

elements are shown in Tabic 2. |
,

Table 2 |
DEFEf4CE Ifl DEPTH i

i l
I

i I i (t ,

) 1 2 3 4 5 [

) '

j ~ esp.3LE 8tLt.elt WW'At C C w'E tit' SITECT
1 pa;gg33 $.8877 s.nages g es..t'%s **D

syntaus gestaus s%D C:setti
4 . 41 ..,:. ..u.i.
;

| se...
[

l i i |
~

! I
- ! .

[:;g,;g,7* '..j .mn, i oma, c....<,.. n 14,2

; .. v.c..:, .iev s..:, 3 i ,. c...a.it i i.icte. j
1 n. c. e ut, n in e ot,

."sit i e r e.;* * nT.L',,r
ssieri<=

|e gag .

1 ,.. .... ... ... . .. w 4 . -

I ". :'u". 'c' ".' '' . .'".3..c..'"**- [
+'S'

<
mi.ia, e,u . sin . . . . . . .. n .s

t .......3 .avi ;

| "'!!?.W ' l

i I

; The key one for the purposes of this presentation is :
| comprehensive training for four major job families: '

1'

o Operators j
o Control Maintenance

|
i

o Mechanical Maintenance !

o Management and Professional (;

I

| In this paper, I intend to ecver the first three job
families,

;

t
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j Nuc1 car Skills Training.
.

From the start of its nuclear program, Ontario Hydro
I
j recogni:cd that, given the circumstancos it faced, its maintenance

needs would be best met by two composite in-hcuse trades groups -
,

| control technicians and mechanical maintainers.
!

j o Centrol Technicians - Instrumentation
Electrical

I Elcetronics/Cemputers
1

| o Mechanical Maintainers - Fitting

|
Welding
Machining

|
i

i The policy of composite trades has reduced jurisdictional
| probicm, speeded up jobs, reduced radiation dose and has allowed
i flexible deployment of staffing situations with varied equipment,
i systems and workload. Training requirements ate based on a task i

i analysic for each of mechanical and control maintenance.
|
! Mechanical Maintenance Training Program

The =cchanical maintenance program is a six-year program
.

with an entrance requirement of high school graduation with a
background in mathematics, science and some shops. As can be seeni

J

Table 3.

_ .' w__iim a'

YEAR 1 traPNtm

t_.____. _
- %

I,
,, , , , , ,

!

5f-
; WEEKS .

,r An 3 .

;
! W 5i M @i% M ! j

l NPRO)(R
; YE AR 4

| hU&E |
'

Q
I N E AR 5

-

; i'

-[- - - g h( Mhd4 j |-44 WEEKS
. . , ,

NEAR 6

%.%")1% i. -?', WEEKS * ,I j

gg usnq
;gt,.e ,m n c., s.ms sm

.

|
t
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|

i,

!
!

!

from Table 3, during the initial year there are 12 weeks of classroom !
'training which covers science fundamentals necessary for the trado,

including subjects such as basic nucicar theory, fluid mechanics and I

1 thermodynamics as well as basic equipment and system principios !
,

| relating to a CANDt1 nucicar station. !

i i

j In addition, as with all the major job families, all !
candidates receive training in radiation protection which together j
with skills practice, station experience and station-specific L

training, will qualify all of them !
t

o initially to be responsible for their own radiation

.| protection. :

J o eventually for taking responsibility for protection of L

; others. y

s :

j Following the classroom training, basic skills training is |
| given in all the composite areas - welding, pipe fitting, machining, |
| hand fitting and rigging. The table indicates this period as

[
continuous for 21 weeks: however, in all years on-the-job experience'

and skills training is interspaced. During the period of on-the-job'

,

training, specific station systems and field checkouts are scheduled. ;

For the first three years, training is received in alli

mechanical areas. In years three to six the mechanical maintainer ;

will speciali:e in fitting, welding or machining. Completion of the f
! program gives credit for Levels 4 and 3 of a four-level program and

qualifies the person as a journeyman. (See Appendix 1 for program |
'

j information.) |
i i

i Control Maintenance Training Program j
1 i

) The entry requirements are high school graduation and two I

; years technical college or qualifications in one of the three trades j

-- instrumentation, electrical, electronics. The control maintenance i,.

j program is similar in concept to the mechanical maintenance program
.

J (see Tabic 4). In year three the control maintainer will apecialize
.

! in two of instrumentation, electrical or electronics. Again, t

j completion of the program gives credit for Level 4 and 3 of a !
I four-level program and qualifies the person as a Control Technician. !

t

Operator Training Program. An operator requires high school !
graduation with advanced mathematics, chemistry and physics. Table 5 I

outlines the requirements with initial training being similar to that
ger mechanics and control technicians followed by generic skills
training at the local training center. :

!!

In on-the-job training at the assigned department there is
considerable emphasis on station systems and field knowledge
testing. After two years of training and experience the operator, if |
successful, gains credit for Level 4 and becomes an assistant :

I
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operator. Level 3 training and field checkout when complete make the
assistant operator eligible to become a second operator when
positions become available.
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Level 2 training involves Control Room First Operatcr
authorization training as well as use of our full-scope control room
simulators and will not be dealt with here. 1

:

The Use of r,imulations
|

In the provision of skills training over the last 25 years,
it has become clear that use of field simulatiens has been an [
important element in reliably achieving course objectives. They
allow practice and testing under realistic situations, but in a'

| controlled environment at no risk to production equipment.

Mechanical Maintenance simulations

i We administer reJulatcry testing for welding on nito
'

however, it is one thing to do a weld on the bench and another to do
i one in our piping simulator. This simulat;r all.ows us to give :

practice in doing fitting end welding in realistic situations. The
simulator change 3 shape cot t ntly as practice needs and classeJ go

.

through. The meintainer is given a blueprint and must construct the |
required addition to the simulator demonstrating the required skills.

In war hand fitting shop, we have an operating pump loop ,

with horizontal and vertical pumps with mechanical seals. Trainees
1

must take out work protection (eventually to be provided by trainee,

operators under proper survnillance). They must rig lifting tackle
'

and remove and refurbish the pumps and seals, reassemble and alisin'

. all to acceptable standards. In addition, we have fans, compressors
! and other equipment to practice skills on.
.

j A flange testing apparatus allows the mechanic to make
;

! various types of flanged connections, (different gaskets, 'O' rints, !
i victaulic couplings, etc.) use torquing patterns and pressure test '

j the results,

i In the machine shop, when the opportunity arises, we make
spares for some station equipment and special parts to refurbish old,

! workshop machines for use by ourselves or others. The jobs are
chosen to demonstrate or practice performance in the objective
testing areas including machining, heat treatment and quality
testing.j

I
j Control Mainte.tance simulations

| In the control maintenance shop we have a considerable
i number of field simulations. I have choser. the following examples.
J

j The setting of limit and torque switches on large valves is
: critical to production and safety. For the various main valve types
j on site we have operating valves in our shop. Limits are set by the
; normal field procedure including head set communication. We have

i
i
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all main types of electrical breakers in usu on site feeding the ,

various live pieces of equipment, where possible. This gives the i

opportunity to work not only on live equipment such as for '

maintenance and set up of valve actuators, but also the opportunity I

for realistic breaker maintenance modules and for operator training )
in applying isolations on breakers such as a 13.8 kV breaker. )

In our cicctronics shop we have operating inverters and |
rectifiers to troubleshoot as well as other station electronic j
equipment and conputers. In our instrument shops we use computerized <

process simulators for demonstrating various concepts to initial
trainees; however, hands-on skill reinforcement comes from hardware |

field simulations varying from a simple bubbler indication loop to an
array of more complex loops involving the majority of instrumentation
the trainee vill come across. These loops demonstrate cascade i

control, feca anu blend control, three element boiler level centrol ;

and a rather complex enthalpy control loop. These and others are ;

resident on a panel and are wired through a control distribution l

frame to various operating field loops. We have a whole array of
,

field equipment and controller faults we can put on those loops to
simulate characteristic faults found at the stations. This allows us |

to realistically test the capability of more advanced students to
operate, tune and troubleshoot a large variety of different
instrumentaticn without risking station reliability or safety.

Operator simulations

The field operators make use of a number of the operating
loops in the control and mechanical shops. They learn how the )
equipment functions, what it does and how to operate, isolate and
apply work protection. An example in the control maintenance area
that the operators make significant use of is a 25 kW operating steam

,

turbine-generator, used to demonstrate load angle and the effects of |

changing excitation as well and to practice synchronization
techniques using systems found in the stations.

,

j operators can airo use a reactor channel feeder pipe
freezing simulator to ensure complete knowledge of techniques used in

; high hazard areas of the station,

l Radiation Protection Simulations
"

All major job families receive radiation protection training
as part of initial training. As well as theoretical knowledge passed
on in the classroom, initial field skills are taught in a simulation
area using multiple movable sources to demonstrate and test proper
survey techniques with the array of instruments available.

A rubber area is set up by the trainees and is used to
demonstrate control of loose contamination by using fluorescent
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|

powder to demonstrate and test techniques used to prevent spread of
loose contamination. Field experience and station-specific training i'

is also necessary to gain full qualification as with all the other
areas.

Fire and Rescue Training
(
I Development of competent fire and rescue crews is an

important part of skills training. Our graduation exercise tests the
ability of the crew to protect themselves against, fight and
extinguish a large petroleum-based fire fed from multiple sources, i

We also demonstrate safe techniques in fighting electrical fires. An
cicctrical grid is charged to 13.8 kV and through monitoring nozzle
current, we can demonstrate the protection offectiveness of the spray
pattern when fighting electrical fires. Rescue techniques are ,

demonstrated and practiced in typically awkward smoke-filled areas.
These simulations are essential to devnloping the skills, teamwork !
and confidence to deal with potential emergencies in our field +

departments.

Conclusion

In the time allowed, I could only acquaint you with a very
brief overview of our skills training program and a sampling of the
simulations we use to objectively identify that c person is capable

i

1 of doing a job in realistic conditions. Perhaps this has spawned
| some ideas. I would be happy to discuss what we do further ar.d would
j like to hear what others do.
1

1 l

i

i !

'

I

|

|

|

| :

|

|

t

,
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APPENDIX I

ONTARIO HYDRO NUCLEAR TRAINING PROGRAM

TABLE A - Training and Development Requirements by Position

certification
Major Family Position Code

Management and Superintendent NTS-1A
Professional Shift Supervisor NTS-IS

Technical Supervisor NTS-1
Assistant Technical Supervisor * NTS-2
(Junior Engineer In Training) -

Nuclear Operater Shift Jupervisor NS-1
Shift Operating Supervisor NS-2
First Operator NO-2

| Second Operator NO-3
i Assistant Operator * NO-4

(Trainee Operator)

Control Technician Control Maintenance Supervisor CS-11

Shift Mtce Supervisor - Control CS-2 '

Senior Shift Control Technician NC-2
Shift Control Technician NC-3/4

I (Shift Control Technician Traince)

Mechanical Mechanical Maintenance Supervisor MS-1
Maintainer

'

Shift Mtce Supervisor - Mechanical MS-2,

Foreman /Subforeman NM-2 '

Journeyman * NM-3
Improver NM-4
(Learner)

For each position, a Certification Code identifies a set of training
development requirements. ;

J

,

* New hires are trained for positions marked with an asterisk.
'

Progression beyond that is based on selection for further training
and promotion.,

5

I

r

I

:
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APPENDIX 1 (continued)
i

| TABLE B - Training and Development Requirements - New Hires *
'

'

Assistant Assistant Control Mechanical
Technical Nuclear Technician Maintainer

|
Supervisor Operator t

i (Hours) (Hours) (Hours) (Hours)
| Knowledge
|

Science |Fundamentals 118 162 128 162 ,

Equipment and'

System Principles 224 110 90 90

Protection '

| (Conventional /
i Rcdiation) 186 186 186 186 i

1

} Management 52 * * *

i

SKILLS
1

l Initial
! Lovel 4 Skills 264 1,040 840--

Common
Lovel 3 Skills -- * 680 1,320 -

| Streamed j
i Lovel 3 Skills -- * 400/480** 400/920**
j

i

,

,'
TOTALS 580 722 2,520/2,604 2,978/3,498

{? :
,

1 NOTES: This table includes generic training common to all
| locations. Specific training is given at each field

location in addition to that outlined here.
The tabic does not include training beyond positions*

j marked with an asterisk in Table A nf this appendix.
.

! ** Depends on stream selected.

i i

|

)

I '

t |

| |
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! THE ROLE OF COMPACT ON-SITE SIMULATORS
IN SWEDEN

9

Pehr E. Blomberg
Studsvik Energiteknik AB

S-611 82 Nykoping, Sweden

Abstract,

The scope and methods for nucicar power plant training
j have, in the past years, been subject to great changes. In

addition to the traditional methods of on-site classroom training
.

: and replica-simulator training at the training center, the use of :

I STUDSVIK's compact on-site simulators have continuously been
i increasing in Sweden. The on-site compact simulators are presently
I used as a regular and indispensable part of the operator training
j programs for the Forsmark, Oskarshamn and Ringhals nuclear power
j stations, and the fossil power plant in Stenungsund. Also new ,

!

i staff categories are now subject to simulator training, and this is
j especially true for the maintenance personnel. New areas of l

! application have arisen: man / machine interface development and ;

i testing, validation of ^ew operator support systems, process |

| analysis and prediction, incident rehearsals and emergency i

i exercises. !
) ,

j Acknowledgment: The experience of on-site compact |
: simulator training as summari:ed in this report is mainly the ;
I result of contributions received from the instructors in charge, i

: and this is gratefully acknowledged. Especially to be mentioned I

are: Reima Harju, Lars Sjulander and Nils Borje Jonsson at i

j Forsmark; Hakan Andersson and Henry Sundstrom at Ringhals; Anders |
Morling and staff manager Anders Jervehed at Oskarsham; and Morgan |

j Halvarsson at Stenungsund. ;

I !
j The STUDSVIK compact Simulator

|

The history of STUDSVIK's compact simulators goes back 15
years in time, when agineering models of the BWR anf.the PWR ;,

i plants in Sweden wet connected to simplified instrument panels, [
1 and used in training ,essions as a supplement to the theoretical
1 courses in reactor physics, process hydraulics, and nuclear plant
l control for operators. Since the first on-site compact simulator
j was installed in 1979, a remarkable development has taken place
J both in the scope of simulation and in the way the simulators are
j used. This simulator is a pioneering example of the application of

j a non-replica similator.

Right frem the beginning, the emphasis was laid on
developing and designing the STUDSVIK compact simulators to convey

] a deeper understanding of the process mechanisms and the

4̂
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interrelationships between the various systems. For this reason,
the simulator had also to include equipment for routine operational
maneuvers. Over the years a number of reports (l-3) have been
presented, describing the various steps of compact simulator
development and use. A typical example of the ongoing advancement
is represented by the second version of the Forsmark 1/2 compact
simulator, delivered in 1985 and shown in Figure 1.
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: Figure 1
i

j There are three specific areas in which development of the
! STUDSVIP compact simulator has taken place:

| Software Development
i

! The software part of the compact simulator has
continuously been expanded, and today contains a plant system'

| reproduction and fidelity which is essentially equivalen'. to that
t found in modern full-scope simulators. The expanded requirement of
i computer capacity has been well met by the parallel advancement of

the speed and memory capacity in commercial minicomputers.

Recently an important addition to the software package was
' introduced. The Fuel Rod Process Simulator (FRPS) (4) is a
I software module designed by Studsvik for the very fast and reliable

simulation of nuclear power water reactor fuel performance. It is
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based on the worldwide data base that exists today and which, to a
large extent, is a result of the sophisticated in-reactor fuel

i testing carried out at Studsvik. The FRPS may be used as an
integrated part of the Studsvik compact simulator, but may also be !

used as an independent aoftware package for tracking fuel rod '

performance under specified operating conditions. The FRPS is, ;

; thus,a tool for training, control room information and analysis of '

fuel management problems. !

Colorgraphic Systems ;

1

i The graphics system, with color VDU's connected to the
; scaled down instrument panels, constitute the basic divergence of

the compact simulator from the full scope simulators. The signals,
~

displayed by the panel instruments represent, in general, results
of complex control (mostly automatic) procedures and process i

: responses, and the purpose of the graphic systems are to visualize
,

most of the details of these events. '

Two colorgraphic display systems can be employed, one or ,

both of which, by the compact simulators, one is a full-graphic
system developed by STUDSVIK, and the other is a semi-graphic
system, developed by ASEA and ccmprising an advanced editing
capability. ;

j Extensive efforts have been placed in developing the .

'
: organization of the display system and the layout of the various
; VDU pictures. The library of pictures includes displays of
j parameter-time-functions, trend curves, space functions (control

,

J rod positions, fuel pin expansion, a.o.), design structures, flow '

schemes, control schemes, logic schemes, etc., each with
information which can be dynamically updated. The limits of ,

expanding these information features cannot yet be seen.
|

Training Manuals

j The third area of development applies to training
; documentation, the necessary support both for classroon and for l
i simulator training sessions. It is the experience of the simulator |

instructors that a full exploitation of the simulators cannot take i
J

l place, because of the time required for the preparation of the
'

j training sessions. It has been mentioned that, of the available
simulator time, about 30% is allocated to course preparations and<

'

about 40% to training sessions. The residual 30% is utilized by
staff members, especially the operators, who perform individual

j operational studies and training runs.
1

The utilities have carried out an intensive program for
: the production of textbooks and training manuals, to which STUDSVIK
i has also contributed. The principal aim of the on-site compact
i simulator, which is to facilitate a deeper understanding and
|

i

!
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proficiency among the operator staff, does not put any constraint
on the applied simulator display techniques, as would be tne case

; if a close control room replication had to be maintained. Instead,
characteristic of the compact simulator is that new training
capabilities are continuously added to the system. As a !

|
consequence, new instructor support materials and training manuals
have to be produced. Many years will probably still be needed :,

'

| before a substantial reduction of the phase lag between those two
' activities can be achieved. i

| >

Training Experience

i The normal organization of the on-site compact simulator
i training by the utilities is the allocation of one (sometimes two) r

dedicated instructors for each simulator. The instructors haved

j many years of experience as senior reactor operators, i.e., as !
i shift leaders. The training requirement is based on the fact that
! cach reactor unit is manned by seven shift groups, each group

comprised of one shift leader, one reactor operator, one turbine'

i operator and one control room technician.
:

| The capability of the modern compact simulators in
| representing so many details of the systems, even in their dynamic
; contexts, has placed greater demands on the expertise of the [

instructors. However, these demands have not been met by previous '
4

j requirements of instructor experience. Greater knowledge of system '

: design and inherent system functions requires, thus, a much longer |
I time for course preparation than would be expected.
i
1 There is an opinion among the instructors that the
i training on compact simulators both supplements and enhances the
i training on the replica simulators. It has also been speculated

why not the initial training programs for operators to a much '

greater extent make use of compact simulators. (
j It is interesting to note that the early, more restricted |

versions of the compact simulators, like the first Forsmark 1/2 '

|' on-site simu'ator (installed 1980), were accepted by the operation i_

! staff as a useful tool in the initial training program, but to a
; losser degree for re-training courses. The later, more advanced .

i simulators, like the second version of the Forsmark 1/2 simulator !

! (installed 1985) turned the attitude and instead resulted in a i

; demand for more frequent retraining courses than the instructors, !
] time-wise, were capable of. There exists, therefore, a threshold |
} effect of increased simulator sophistication. !
1

i

{ In practice, the effective time availabic for on-site
j training is limited to about seven months a year. This is due to
I vacations, plant revisions (re-fueling), holidays, and so on. [
1 Another administrative bottleneck in the extent of the simulator

!
: I
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training program is the limitation of instructor availability, even.

! as shift leaders of the operator crews (on a loan basis) are acting
as instructors for the initial training programs.

Operators with long term experience in control room work
sometimes tend to fail more often. The explanation of this is

: probably a complex matter, but one reason seems to be the rare
opportunities to perform some of the routino operations, such as
start-ups and shut-downs. These procedures are intricate and

;

require a memorization of many details. Fresh operators have the
advantage of more recent training in these procedures. The present e

'

: programs for re-training seem thus not to place an adequate
emphasis on the exercise of this type of routine operation.,

|
1 As a remedy for this inadequacy, a proposal is made that ;

the compact simulator should be equipped with certain full-scale |
panels, which would allow realistic training of specific reactor ;1

and turbine operations. The suggestion has the interesting aspect
,.

of combining the STUDSVIK conceptual compact simulator with the !
'

| French approach of a part-task simulator. !

| The procedures, during normal base load operation, to
carry out regular tests of various components and system functions
often give rise to reactor and turbine trips. The circumstances
contributing to these undesirable events are often due to i

shortcomings and weaknesses in factors such as operator :

communication, administration procedures, control room ergonomics !

and personal relationships. These elements are difficult to
counteract by training, when present-day simulator techniques are

,

applied. However, in Sweden, a research program is consideredI

aiming at harnessing this problem.

Another communication problem, which instructors are well
aware of, is caused by the fundamental difference in operational
approach which is exercised by the reactor operators and the
turbine operators. It is the task of the instructor to bridge this

j inadvertency during compact simulator training sessions.

] The control room operators may sometimes face difficultics
in properly identifying the actual operational condition and,
therefore, in correlating this with the relevant instructional
procedures. The training sessions with the compact simulator have
brought up this problem, and there are cases where the written

.
procedures have to be revised as a result of these exercises.

J

An obvious and important result of the on-site compact,
'

simulator training as witnessed by the instructors, is that the
operators have a greater certainty and self-confidence in their<

|.
work in the control room, and are thus better fitted mentally to
their tasks.

j
l
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IResults of On-Site Training
i

The complex nature of the nuclear plant designs and the
way these normally are operated make it very difficult to correlate
the impact of the compact simulator training with fa'11ure rates
during operation. The statistics will always be too poor.
However, in order to illustrate the tendencies, some relevant
results from the use of the compact simulator in a feasil plant

| will be referred to.
1

The Stenungsund Power Plant consists of four oil-fired
units, with an installed power capacity of 820 MWe, The plant is!

[ operated as a peak load station and also as a standby plant, in
case of failure in the national grid or in the normal production.

j units. The requirement of operating skill is high in this stand by
plant, not least because the demand for a fast start-up often is
urgent. And jet, there could be many months while the station is
standing idle.

A STUDSVIK compact simulator was installed at Stenungsund
I in 1983. This simulator happened to be the first version of a
j compact simulator which combines the basic idea of a cor.ceptual t

1 trainer with a replica formed operator's console. An extensive ,

training program has been conducted since February 1984, and the |,

training impact analy:cd, based on one and a half year's ;
!

experience. The results will be presented here.
|

4
i

) One clear impact of the simulator training was that the
accumulation of knowledge in system functions and proficiency in,

' plant operation was speeded up considerably. The reported i

observation is illustrated by Figure 2, which shows that the gain

estintas.stier ruims sinx..eroti rast nits s.ss .=u:u ro.,..mmn.1.mmm,w .
i,

'!!f 0l! hf 80!Xfl0% C8 T*[ sMa&?:t
es m :* snaut:i m:nn2 :si:=3 :n m :

. - - . - -

i 4 sa; tat:t tasaw, t.tn: tu.tr*t to 1.:Ft w:stDs-.- -- '

$'g@d -.~-........--.-__.7.. |
| / / I

|I
./ |

$hicias l ,' / - !

>
,

i

-- y/
.

i .//
i n ,

| !! k #

1

--
|

-
| |# t,

(

/ '

1
|

,
,

1 2 3 a i 6 t!* tat At

| Figure 2 |
! ia

i

- 209 -,

!

|
'

- _ _ _ _ _ . _ _ . . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ ____



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __ _ _ _ _ _ _ _ _ _ . . _ _ _ _ .

|

|

|

1

'

in time to reach the operator competence can be up to two years.
The present opinion of the nuclear plant instructors is that this
gain rather be used to increase the competence level of the
operator, instead of shortening the training schedule. A dramatic
decrease of interruptions in the nuclear plant production, caused
by personal mistakes, was observed at Stenungsund, and this is
shown in Figure 3. The role of the simulator training is manifest,
as the training program included the compact simulator exercises
from February 1984. One may note that it took one year's time to
achieve the full bonus of the simulator use. The instructors at

,

nuclear power plants confirm that they have experienced the same
,

tendencies after the installation on-site of the advanced versions
! of the compact simulators. It is, however, from statistical point
| of view, difficult to provide this correlation.

j Figure 3. Service Interruptions Figure 4. Availability of
Caused by Personnel Mistakes Operation

,

| "t
"

, ,

I
'

i "

I
i |

,
,,

' ' '
, ,

|
1 |

I
| t I

,m n3 nn an :m ac un :m do nu

j The above described decrease in unanticipated
interruptions of production service has of course a bearing on the,

|
availability factor of the plant. The resulting increase of the
Stenungsund plant availability is shown in Figure 4.

|'
| Application of Compact Simulators

i
j The compact simulator is not expensive, compared with a
! replica simulator. It is easy to handle and flexible in giving
i access to detailed process information. Furthermore, its aim for
i conceptual presentation of the systems and their functions makes it

natural to expand the scope of its use. The cindensed panels and
display systems do not overwhelm the trainee in the way the replica
simulator might do. Therefore, various forms of training can be

. easily impicmented with the simulator, and various categories of
staff may be involved. See Figure 5 for application examples.

1
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The characteristics of the compact simulator, including
the notable degree of fidelity and accuracy, make it well fitted
for employment in a number of other areas. Many of the pertinent,

cpplications are interrelated, as illustrated in Figure 6. The>

! main areas, apart from training are:
i

* Process analysis and prediction
Man-machine interface development and testing*

Development and validation of new operator support*
,

systems !
i * Emergency exercises, based on initial conditions,

set by a data link from the actual process unit to
the compact simulator.

!
4 The above mentioned applications stand at various degrees
! of development and exploitation. It will be the undertaking for
i future meetings to discuss the experience of these applications.
|
|

! i
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1

1 Discussion

1

] MR. HANDLEY: What is the cost of the compact simulator?
1

| MR. BLOMBERG: It varies considerably, but ranges from
$700,000 upwards for a complete system.

MR. HANDLEY: Is this an advanced machine? Is it still
I part of C. E. Studsvik and is it a multiple-loop or single-loop

] simulator?

MR. BLOMBERG: The C. E. Studsvik is mothballed t

} presently. So it is Studsvik alone who is marketing this. The !

i simulator equipment has multiple loops when necessary, as it !

] represents a full-scope software system. j

i i

i i
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TRAINING METHODS AND FACILITIES ON REACTOR
AND SIMULATORS AT THE GRENOBLE NUCLEAR RESEARCH CENTRE

SILOETTE, TRAINING AND SIMULATION CENTRE
i

'

M. Dostot Ph.D. ,

S. Sicbort Ph.D. L

Commissariat a l'Energic Atomique i
'

Grenobic, Franco
I ,

i

Siloctte is a CEA unit with a threefold vocationt |

|

I o operation of the Siloctte 100 KW pool-type research !

jreactor

o basic training in reactor physics for nuclear power |,

- plant operators, i

| |
| o production of nuclear power plant simulators: PWR, GCR l

i and more generally of all types of industrial unit :

| simulators, thermal power plant, network, chemical

(plant, etc.

From this experience, we would emphasize in particular the
,

; synergy arising from these complementary activities, the essential
| role of training in basic principles as a compicment to operation
j training, and the ever-increasing importance of design orgonomics of
!, the training means. ;

1

! Introduction !
1 ,

! Thanks to its three reactors, Silee (35 MW), Melusine (8 !

] MW), and Siloctte (100 KW), the Reactors Department of the Grenoble '

i Nuclear Research Centre has gained considerable experience in f
j operation and use of research and materials testing reactors. It is
) within this general framework that the Grenoble Reactors Department i

j has created a reactor physics training activity, based on the |
| Siloctte reactor and on teaching simulators, which has been running ;

continuously since 1975 to cope with the increasing demand resulting ;,

i from the development of nuclear power plants. (References 1, 2) !

] l

1 This activity is carried out in close collaboration with !

i Electricit6 de France, as part of an overall training policy. Today, t

j it has becomo a true training and simulation center, with nuclear and
| non-nuc1 car application. The following are carried out at the same 1

) time within a single unitt

i
j o operation of a research and teaching reactor
i o development and production of simulators
1 o courses, Icctures and practical work for training.
)
,

j - 213 -
1

L---___----_-__ - - - - - _ - - - - - - - - - - - _ - . -. - - - - - - - -



. - _ - _ _ _ . . _ _ _ _ . . .. _ _ _ _ _ .

r

i
'

i

,

;
;

Siloctte, Training Centre

objectives and means. The experience acquired in neutronics
i and reactor physics predisposed Siloctte to specializing in training

in physical phenomena. This training forms a perfectly integral part.

of the nuclear power plant operators' training cycle, completing the ;

i reactor operation training given in the Electricit6 de France
i training centers, by training in basic principios.

.

Understanding physical phenomena is therefore now a very
Iindividualized objective, an indispensable basis for subsequently;

j a,tsimilating control actions in normal and, even more so, in abnormal
i attuations.

'

f In this respect, Siloette has the great advantage of having
i available two perfectly complementary types of training facilities. -

I \
o The Siloette reactor. Siloctte is a pool-type reactor i

with a power of 100 kW. The fuel used is enriched 1

uranium in the form of aluminum-clad U-Al plates. The ,,

! proportion of uranium in the U-Al amalgam varies from !'

22% to 26% depending on the plates. Control is by :
means of four Ag-In-Cd fork-type rods. The Siloctte

'
<

i pool reactor is particularly suitable for training. ;

] This application has, in fact, now become its main
,

i activity. The fissile core remains visible during '

! operation, and handling operations are very simple and '

j can be directly observed by the trainees. The control
panel is located inside the reactor confinement '

2 containing the pool, which enables all the operations +

j being carried out on the reactor and the effects of the
i operating parameters on the neutron monitoring channels
j to be observed.

)
< o The associated simulators used for training have from
I the outset been designed and desaloped at Siloctte in

collaboration with EDF to meet well-defined objectives:;

1

j PWR basic principle training )
; GCR operation training '

i
! The GCR simulators (one per power plant) are the only
| e7es in France for this type of power plant. They
; therefore have a much fuller role to play in training
I in normal and incidental cperation, at an intermediate

level between full-scope and basic principle
simulators,

f
I

I
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| PWR Training. The courses, which last one or two weeks, are t

{ intended both for confirmed operators and for trainees whose first
1 contact it is with the nuclear field. They comprise practical ,

I exercises on reactor and simulator. Naturally, the commentary given
by the instructor is adapted to suit the audience. Each practical ;

work session is arranged for a team of five or six treinees (limit i

purposely set for reason of teaching efficiency and safety conditions j
inside the reactor).

|
'

The following exercises are proposed on the reactor,

l

o Approach to criticality: >

,

seeking the critical mass by loading fuel elements;
1 ,

| Seeking the critical position of the control rods '

i ;

j o flux and power measurements:
|

|
| vertical flux distribution with or without ;

| disturbancen (display on a multichannel recorder) '

! transverse distribution in the mid-height plano in
'

various media (fuel, water, aluminum, etc.)
!

o reactivity measurnments:
{

control rod calibration by different methods
(period or reactivity meter)

\fuel element worth measurements i
i

!
] reactivity balances i
! !
j On the PWR simulators, the program, which is more flexible,
{ is built around the following topics:
i

| o Cold reactor kinetics

o Approach to criticality with scarch for the critical !
boron content. i

!

] o control rod and boron calibration,

i
Determination of the integral and differential worth of the-

1 clusters and the differential worth of the boron by means of test
procedures applied to power plant hot tests.

|

1
i
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o Temperature effectst

| showing up the Doppler and moderator effects by
4 power variation
) influence of the value of the moderator
j temperature coefficient on the reactor behavior;

showing up the reactor autostability;
;

j o contractual load variations - house load operation |

.
load variations with and without automatic control !

j by means of the control rods; ;

steam by-pass circuit studios for important load ;
4

variations up to house load operation.

l GCR Training

d o Normal operation

) start-up from a reference state of the reactor: I

!;
'

-cold states the reactor has been shut down for '

) more than 24 hours, decsy or f
j absence of xenon; i

i !

| -hot statet xenon poisoning is taking place in !

| the reactor due to a rod drop !

i ,

load reduction for shut-down of the groups !

j power variation in normal operation !

,

1 o Incidents: :

!
fan failure

; feed pump failure
~;

j tripping of one or two groups |
| thermocouple failure (control variable) '

! pressuro sensor failure
:

o Accidents: |
1 r

1 co2 leak - depressuri:ation !

) high relative humidity i

! uncontrolled control rod movements .

loss of blowing capacity j
'

| I

1 Appraisal of the training. The ever-increasing number of !

] trainees attending the courses since 1975 reveals the impact this |
I !

.

; - 216 - :

0 l

1__ - - .
.. _ _- _ - - - .. - _ _ -

i



_ - _ - .

I

training has had. Thus in 1986, over 600 trainees followed courses |
at Siloctte. This training is mainly intended for engineers and
technicians appointed to responsibic positions in power plant
operations

o Engineers, technicians, supervisors and foremen from
Electricit6 de France

o Nuclear power industry engineers (Framatome, A.C.B.,
Creuset-Loire, Merlin Gerin, etc.)

o Nuclear Engineering students from Grenoble National
Polytechnical Institute and from the University

substantial efforts are also made to set up similar training
courses for the benefit of engineers, technicians and students from
foreign countries (Belgium, Spain, Algeria, Great Britain, Pakistan
and so on).

Siloette Simulation Centre

General. The variety of the objectives pursued, from
training in basic physical phenomena to control in normal or
incidental situations has led us to develop different types of
simulators, a few exampics of which will be described here

nuclear field (simulators associated with training ono
Siloctte reactor)

PWR basic principle simulator

operation simulator for the French GCR-type power
plants: St. Laurent, Bugey, Chinon

o non-nuclear field

general oil / gas / coal thermal power plant simulator

cicetrical distribution network simulator
PWR simulator:

Design. The aim of these simulators being to show up
physical phenomena, their design pulposely favors the display means
(rocorders, plotting table, screen), simplifying the controls to
leave the operator more freedom. Three simulators of this type have
boon manufactured for Siloette's own needs. A fourth was deliveredin February 1987 to the Petten Nuclear Research Center in the
Netherlands. Finally, a version of the simulator controlled by a
fully graphic interface (DEIN) on BULL computer equips the INSTN at
Saclay.

217 --
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| The simulator hardware configuration comprises the following
main component parts:

; o a GOULD SEL 32.67 32-bit computer (throughput - 1.5
1 Mips) and its peripherals
4

; o a Computer Products RPT Input / Output System housed in
,

the base of the desks 1

1
' o a central desk supporting the mimic panel and
I control-monitoring panel
,

I o a recording station (3-channel recorders and plotting
table)

o a graphic station comprising:-

| a high-definition monochrome graphic console-

a high-definition color graphic console j-

; controlled by an HP320 micro-computer, r

i
an instructor station :

4 -

l !

! Simulation scope. The simulation program enables the
'

operation of a PWR power plant to be studied, in real time or in ;
j accelerated time. The model used describes the essential parts of !

the power plant which are necessary to calculate the main physical7 !

paramotors:
1

! o cores one axial dimension model (neutronics and {

<

{ thermics) enabling control rod movements, Xenon
t

a poisoning and flux and temperature distributions to be i
j simulated !

o Primary circuit piping: 2 loops, one of which is real

o Pressurizer (two non-equilibrium phase model)
j t

l o chemical and volume control circuit (simplified model) i

o Residual Heat Removal System )
Safety Injection System (high and medium pressure)o

,

| o Steam generatori single axial dimension model |
l representing the different areas (feedwater supply ;

i chamber, down channel, riser, separator and dome i

1 ,

i
!,

k

1
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|
Normal and emergency steam generator feedwater supplyo

1

Plane array model of the secondary circuit comprisingo
the atmospheric steam dump, turbine-driven feedwater '

pump supplies, generator by-pass and supply. |i

o Turbine-generator
|

) o control channels
j - Primary mean temperature regulation by control
i rods

}- Primary pressure regulation with heaters and,

1 spraying ,

r
j - Pressurizer level regulation ;
)

- Chemical and volume control System tank level ;

j regulation
i- Residual Heat Removal System discharge i;

i temperature regulstion ;
1 - Steam generator level regulation

.

- Turbine steam by-pass regulation !

i

GCR power plcnt control simulator t,

{
!

i Design. The simulation system is based on a GOULD-SEL 32.87 |
computer (throughput - 3 Mips). The control desk comprises three !;

i parts:
j o the control and monitoring block, a diagrammatic !

,

! representation of a GCR-type power plant desk enables
!j the functions selected for simulation to be carried out

i

! o A display unit, essentially comprising a graphic [
terminal, for representation of internal variables or L

i

j any other edited variables, selected by the opetator |
| (Doppler effect, Xenon effect, etc.) I
,

i

I o The instructor's desk used for control of the () simulation and introduction of the faults and incidents
j studied. I
i

! Four versions of this desk exist representing the four types
.

| of GCR reactor in operation at the present timet
[.

i o Saint Laurent des Eaux
] o Chinon 2

,

! o Chinon 3 !

] o Bugey 1

l
'

1 ;

i I

I !
!
4 :
A
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Simulation scope. A list of the main models used to
simulate a GCR power plant is give.n belows

o Neutronics: two kinetics models are used to process
power generation by the reactort

one-point kinetics

space kinetics in 2D geometry (R,0) and (R,z)
according to a layout ensuring a satisfactory
representation of the power space variation
phenomena.

o core thermohydraulics: this model describes the heat
transfer in the fuel cartridges (uranium, cladding) and
the cooling fluid.

o exchanger thermohydraulics: this model processes the
heat transfer from the carbon dioxide to the secondary
fluid for the production cf steam.

Important developments are currently being undertaken to
account for extended accidental possibilities.

Thermal power plant simulator. Simulation activities at
Siloette have quite naturally been extended to the conventional i

thermal power plant field. Thus a 3-fuel power plant simulator (cil, i
gas, and coal) has just been produced for the Karachi Elcetric Supply |

Corporation in Pakistan. |

An extremely comprehensive system is involved based on two
GOULD-SEL 32.67 computers, one performing simulation, and the other
being available as immediate back-up by means of a peripheral switch
cabinet. Tr. control room housest

o three trainee desks
o a mimic panel
o an instructor station
o a line printer

The software is highly developedt it enables operators to
be trained in all shutdown /startup operations and in a large number
of incidental situations.

Finally, the essential feature of this simulator, which
raakes it a truly avant-garde product, is the care taken over the
aesthetic appearance and ergonomics of its design, as far as both the
desks and the software environment are concerned. In this respect,
we can really talk of a new generation of simulators for which,
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i reliability and performances having already been successfully (accomplished, utilization ergonomics becomes the determining
critorien.

;

Network simulator. The natural complement to the thermal :
power plant simulator, the CEA has just perfected an electrical '

distribution network simulator. This comprises: i,

o a GOULD SEL 32.67 computer
o a control-monitoring desk
o an instructor station

!:

i

{ A version comprising one main grid station and five !'
i sub-stations is due to be delivered to the Karachi Electric Supply
i corporation, but any electrical distribution network layout can be |
j impicmented by means of a software defining the elementary |

components, busbars, circuit breakers, disconnecting switches, |
transformers, generators, loads, transportation lines, y

I
The simulator can be used either in "free operation" mode or '!4

;] in "pre-programmed sequence" mode.
f
!

I Human factors study simulater. As part of the development |
1 of the computerized control rooms of the N4 plant series (1450 MWe), ,
! studies have also been carried out at Siloctte in collaboration with l

the Grenoble University (LAB-SYS) on behalf of CEA/IPSN and
EDF/ Design and Research on man-machine interfaces. (References 3 and
4) In order to enable realistic tests to be carried out with

{ operators in incidental situations, a simulator of the chemical and
volume control circuit function of a PWR reactor has been developed. !
The model can be connected to two different control interfaces, a |convention desk or a graphic color system. j

Series of incidental tests (a different experienced operator !for each test) were carried out on each of these two interfaces. !They enabled the following to be drawn up,

o design rules for control images adapted to the tasks in
incidental situations I

i
,

} o desk-screen comparisons related to the problems
j involving the interface only and those also taking

account of the operator's knowledge and reasoning. I
L

These results will be published shortly. The study is being
'

I continued with tests on a mixed desk and screen interface with teams
of two operators and tests on graphic interface with an imagery of a
now design to facilitate control and diagnostics in incidental
situations,

a

* *

,

!
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; Micro-simulator. The computing capacity available on the .

'
new 32-bit microcomputers (Motorola 68020 type processors) now

! enables them to support highly developed simulation models. by
,

j equipping them with a 19-inch graphic color screen, we can produce a :

i
"micro-simulator" with the main advantages of which ares :

i .

o very low cost j
;

,
i

| o no dimensional constraints or environmental |

: requirements ;
1

i o no specific investment apart from a standard scientific
computer, an HP320 or SUN 110 for examplej

1

o possibility of running other simulation models on the
same hardware support.

,

A first PWR version has thus been produced in 1986. The '

_
computing performances are remarkable considering the low cost of the ;

computers real timo perfectly respected, large acceleration ;
tpossibilities, very high-speed image display (approximately two to

i three seconds). The software is modular the complete power plant !

| model comprises one-point axial core, pressurizer and steam generator i

! models it is intended for operators in the initial training stage and
1 also for anybody wanting to get a general idea of the principles of a

nuclear power plant.
,

| !'
More detailed separate modules of the core, pressuriter and

| steam generator give confirmed operators the possibility of l
visualizing the main neutronic and thermohydraulic physical j

,

phenomena. Finally, very great care has been taken '.o make thei

i software user-friendly and the images and actuation procedures
user-convenient.

Other developments. A large number of other applications
are scheduled or at present being developed in as widely varying
fields as fuel reprocessing, chemistry, oil refinery, conventional i

ithermal field, nuclear safety (simulation of radiation monitoring
! boards for training of radiation protection personnel), and so on.
!

] conclusion
i

| The originality and effectiveness of the Grenoble Reactors
) Department training activities is based on the equipment used
j (reactor and simulators),
i

} Reactor. Over the years, the value of a Siloette type
i reactor is increasingly appreciated. It is a high-performance means

|

!
I
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of demystifying the nuclear field, has low running costs, is flexible !
| to use (not being subject to any of the disturbances resulting from !

the multiplication of irradiation experiments, as is the case in a
tosc reactor), and enables all kinds of useful activities to bo |
developed. j

.

The possibility of combining training activities smoothly |
with research, as well as physical studies based both on calculation !

and measurement, is also a valuable asset. |

Simulators. The result of several years experience in |
|

training in close collaboration with EDF, the simulators have become !

|
irreplaceable training instruments in the field of nuclear pcwer.

; They are nowadays low-cost training means, which are easy to !

j reproduce, and flexible and relatively simple to use. !
1 !

i This experience can now be put to use profitably in the t

non-nucicar field where the range of possible applications remains4

I very wide indcod. The roles of reactor operators, physicists,
|

q computer scientists and instructors performed by the siloette staff ;

t constitute a very large and varied capital asset of know-how and
| experience enabling the training given to have both the theoretical
] and practical dimensions which all the trainees are looking for and
i appreciate.

!,
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Discussion

MR. BUDNICK: You mentioned the cost of the micro-simulator,
and I wonder how a utility goes about justifying the cost on a
cost-versus-economics study basis? Is it possible to show a return
so that you can quantify for the operators the gain that you will
receive when you purchase one of these smaller machines?

!
i
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I l
? MR. SIEBERT: Can we calculate how much wo will save? |

MR. BUDNICK: You obviously did that with your company, but f
from a commercial standpoint you said it was "low cost." The probicm |
we face is justification that there is gain for our people, in a |;

! quantified way, if we purchase one of those smaller machines.
'

MR. GIEBERT: I think L big advantage of this machine is
that it can be installed directly in the control room of an ;

4

industrial power plant. So the advantage is, when operators are not !
'

completely focused on operations, they can use the training device. !

. This would save a lot of time and the problem of trying to send |

| operators away from the job for a week or so to a training center. !
Also, from the point of view of re-training and ensuring constant !
attention of the operators, it is very interesting to have an i

instrument availabic on site. |

MR. TANGY: If I may add, as a user of micro-simulators, it
is very difficult to make a cost-benefit analysis of quch a devico in ;4

j the training frame of reference. Currently it is well known that
operators may train for a week or two cach year on full-scope j
simulators, and it is obvious that this is not enough, not so much in !

terms of time, but in terms of quality. One drawback of full scope
'

simulators is that you can got too far from the basic principios of
reactors. During the last two years in France, we have had
significant incidents, such as criticality and dilution, which show !
there is a lack in our training system regarding the main, simplo !
principics. It is difficult to bring people to a centralized I

training center more than two weeks a year, but it is good to have
'

simpic tools on site that can be used with the help of safety
) engineers and shift supervisors. So it is difficult to think in

terms of cost-benefit, but we think, as users, that this type of tool
is very helpful. ,

I

|
,

1

4

i
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Abstract
I >
; Expert computer systems offer an excellent and offective |

means to reduce the potential for operator error, and imoreve plant !
safety and reliability. For the training field the benefits are !

'

twofold. First, the inclusion of advisory expert systems in the !
; control environments (the physical control room and its simulator) ['

offer a continuous source of on-the-job diagnostic training. Second, 6

expert systems specifically designed for training are feasible for [
specialised license /requalification training in higher order

[analytical skills,
t

!

This paper consists of two parts. In the first section, the I
improvements for on-the-job training are examined. In the second j'

ocction, the benefits for the overall training program are explored
in terms of technical and educational rationales. .

i !
t Introduction - The case for Expert Systems

!
I

The application of Artificial Intelligence technologies,
particularly Expert Systems, to control room activities in nuclear
power plants can reduce the potential for operator error and enhance,
plant safety and reliability. Great quantities of numeric, symbolic, I4

and qualitative information are handled by the reactor operators,
oven during routine operation. Typically our concern focuses on
optimum perforeance for three major possibilities emergency, |

; obnormal (or "off-normal"), and normal conditions. Each of these i

i conditions is defined by characteristic recognition factors,
j controls, and plant responses. Proper recognition, in turn, depends
; upon rapid analysis of a multitude of processes and systems. The
I sheer magnitude of the numerous process parameters and system
] interrelations itself poses additional difficulties. In an

{l emergency, this can lead to information overload with a resultant ,

deterioration of operator performance and the potential for severe I

Iconsequences. In abnormal circumstances, it is the efficiency and
offectiveness of the man-machine interface that is key to the

,

i !

|
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I
j stabilization of the plant. Ultimately, the smoothness with which

such stabilization can be re-established is dependent upon the
facility with which availabic raw data can be converted to, and
assimilated as, meaningful knowledge to combat the abnormality and
prevent any safety degradation. Even within normal reactor>

! operation, how well the routine data are interpreted, analyzed, and
applied to physical plant evolutions and trends is an index of'

| reliability. Expert systems can be designed to provide exact and
consistent analysis for operator use for each of the above cases.

In past years, the issue of on-shift expertise has been |
- recognized as a key ingredient to the industry goal of safe and :

i reliabic power. A host of activities in the 1980's has greatly ;
' assisted in the improvement of available data and expertise. i

However, a particular facet of the goal of upgrading both expertise !

; and performance has been difficult for some plants and elusive for !
i many. The training problem has been to find means to both improve I

I and standardize the diagnostic abilities of different shift operating
|1 crews -- under all postulated scenarios - with regard to efficiency,
;

} rapidity, accuracy, and consistency of needed diagnoses. To provide t

valid, repeatabic instruction in these areas, verifiable and l
quantifiable training techniques are required. Finding reliable t

; diagnostic training techniques has been difficult. The elusive |
j element of a standardized approach to event diagnosis stems from the

[very randomness with which actual events can occur. (;

; To address this disparity between the established training
| program and actual operations, the nuclear community relies heavily
| upon a well defined group of training scenarios repeated regularly i

over the course of licensing and requalification. Such
well-constructed training schedules ensure that major event
categories, should they occur, will have been addressed in an
analogous training scenario in the recent past. The comprehensive
work involved in constructing such programs has provided valuable
benefits with regard to the ability to address major postulated I
events. Ultimately, however, the cumulative number of scenarios and t

pertinent variations that can be represented in such a cyclic program ;

are limited. Thus, for certain less severe occurrences, sequential :

series of events, or major event variations beyond '.he scope of the i
,

simulator, the field experience needed for any one event may not be
i available to the extent desired. As a further complicating factor,
~

human-factors research has delineated a number of "human controller"
character 4.stics that may further diminish timely or standardized
diagnostic performance under any plant condition. For postulated
cases with associated masked conditions, anomalous responses or
spurious conditions, a valuable role exists for methodologies to
improve the knowledge gathering process (vice simple data
accumulation). Any improvements thus made can enhance the human,

: decision-maker's ability to function at the highest levels of
cognition and awareness. As previously noted, expert systems are
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designed to handle knowledge gathering comprehensively and supply
m3aningful information. But it is as a training tool that an expert
system offers an innovative solution to the diagnosis training
problem. For just as a consulting expert system can evaluate raw
data, a training expert system can evaluate student responses and
generate relevant advice and recommendations.

Training Benefits in the Control Environment

| In this section of this paper we focus upon the operational
and experiential benefits to be derived from expert systems use in

i the control environment. (3y "control environment" both the physical
control room and its simulator are meant.) These are two feasible
means for such use; as either independent passive consulting
mechanisms or as real-time monitors via plant computer display
outputs. Our emphasis will be on the former.

Expert systems designed solely as passive sources of
consultation for operators have a particular training value.in the
control room. Not only can such devices rapidly and consistently
analyze plant conditions, but they also constitute a continual source
of expertise and cost-effective training for a shift crew, when
called upon to do so. A recent EPRI report (Reference 1) identifies
sixteen of the most important and common problems by expert systems
and concludes that only certain limited areas are appropriate for
development at this time because of the large effort required.
However this assessment is based on a view of expert systems
development as a non-integrated project. Consequently, the report
does not consider the fundamental and synergistic relationship
between training and expert systems. Enhanced operations is not the
only realizable goal of such systems. For as the operators work with
a system, there is a constant exposure to and integrated examination
of bases, limits, and system interrelations. The rapidity and
reasoning ability of the expert system can free the human operator
from the mere sorting of data, thereby giving him time for thinking
and deciding at the highest cognitive levels. Expert systems
implementation then, has the capacity to yield advantages in fields
aside from safety and reliability of physical plant evolutions alone
(Reference 2).

1One of the features that makes an expert system so
compatible with training goals is its ability to explain its own !

reasoning for postulated conditions given to it. All supporting ievidence for machine opinions about systems or events can be cited,
for final evaluation and decision by the human operators. The same
software mechanisms can cue suitable supplemental actions based on

|the exact plant status. Additionally, applicable limitations,
cascading concerns, and recommendations for subsequent investigation
can te displayed by the system, again with justifying explanations
available. Most importantly, an expert system can be built to

,
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"recognize" its own limitations and thus inform the user. In such a
complex environment as a control room, the system can and must guard
itself from giving inappropriate information. All these special
characteristics are notable for their rapidity, consistency, and
interactive nature. These are benefits not offered by written
procedures. Consequently, expert systems, as integral parts of
on-the-job operations training, offer one means to train operators
not only for strict procedural compliance, but also to recognize and
postulate cases where procedures may no longer apply.

It is useful to review and expand some of the mechanisms by
which such augmented experiential and cognitive (diagnostic) training
is attainable. As previously noted, an expert system can greatly
assist in the event of information overload. The advantage to safe
operations is apparent. What is also included however is the
increased exposure of an operator to more numerous combinstions of
conditions and permutations of readings associated with certain
causes. The consistency with which an expert system will analyze is
all the more valuable when it is noted that patterns, trends, and the
cumulative number and quality of alarms and readings can be rapidly
evaluated and presented to the user with meaningful priorities
chosen. Regular utilization of such a tool offers a clear means to
further train an operator in the prioritizing and discriminating of

, control room data. Additionally, the combination of continuously
available expert opinion and diagnosis, and the interaction afforded,
offers great improvement in an individual operator's independent

|. capacity to penetrate so-called masked and/or spurious plant ,

conditions. |

The effect of an implemented group of expert systems is that
of having a team of experts on continuous shift, but always
subordinate to the shift crew. With this type of relationship, any |
combination of conditions or interpretations may be postulated, that !

may be technologically understood but unfamiliar to a particular !

shift crew or shift crew member. As the shift users come to |

challenge the expert system, numerous items may of necessity be
reviewed, such as proper interpretations and applications of
procedures, good operating practices, and plant management directives
(night orders, standing orders, etc.).

The effect of expert system implomantation in concert with
training goals is a possible means to reinforce fundamental
relationship, procedural bases and limits, and cover a wider range of
problem sets than is presently done. From the educational
standpoint, all such activities greatly strengthen both the deductive
and inductive reasoning skills of the shift team. Moreover, since a'

system always presents an integrated view with its supporting
evidence, this calls for a continual focus on integrated, safe, and
officient operation without loss or compromise of attention to
details,

i
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|

1 Ultimately, the use of expert systems can be expected to

| yield other benefits such as:
1

I o increased attention, discipline and intellectual -

experience level of the operators
t .

o an effective reminder.for key concerns in times of
stress or information overload situations

,

o better performance in the application, analysis, and
prioritization of key parameters and trend indicators. i

i

It is further reasonable to expect more effective use of premium ;

simulator time ("What if?" and "Why" answers are always on hand) and |
to use an expert system for incontrovertible records of decisions and i

'

the bases for decisions. I

'

Before progressing to the specific use of training expert
,

systems outside the control room environment, it is necessary to [

address an important concern, that of potential over-reliance by '

operators on such systems. While some degree of excessive reliance4

is possible, the safeguard lies in an integration of expert system's '

use into the full training program similar to the way in which ;

written procedures are handled. That is, operators should be trained
to access the expertise of the software as another tool for

,

diagnostics. Proper use of an expert system, just as the proper use '

I of procedures, is a skill fostered by good instruction. But further i
balancing any hazard of over-reliance are those two essential2

i

features lacking in written procedures:

o the ability to flexibly and directly
; explain present reasoning

o to recognize limitations.

Expert Systems Specifically for TrainingI

The advantages realizable from using expert systems in the !
^

control room environment provide even more appropriate and !
across-the-board benefits if specific training systems are ;,

considered. The cost effectiveness of the use of interactive |
tutorial systems within the licensing /requalification paths can be

,

very significant. Before listing some of these advantages, it is |j

valuable to consider the technical and educational psychology factors !
4

! supporting such an addition to present plant training efforts. ;

1 i

1 The training benefits attainable from expert systems used in
the control environments are largely derived from their continuous3

accessibility, and the manner in uhich it is expected that operatorsa

; will want to challenge the system (s). With regard to the utilization

|
,
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of these systems to license and requalification training, we invert
the dialog. That is, instead of using the systems software to
formulate decisions from plant parameters, we structure the expert
programs to pose a situation to a student, lead him or her through a
series of actions and decisions, evaluate the efficacy of those
decisions, and ask him/her to diagnose or explain the final status.
By then matching the trainee response to the actual conditions that
result, a means to challenge and evaluate the student is thus

,

provided. j

The Technical Aspects

such a training tool is possible because of the internal
manner by which expert system software functions compared to the more
traditional ccmputer language programs (e.g., FORTPAN). Expert
systems today utilize what is known as an inference engine to process
near-natural language rules of analysis that consist of symbols which
can be words or distinct concepts. In terms of training application,
there is great significance in this structure. The symbolic
processing, as opposed to programming by line commands only, allows
actual concepts or intermediate analyses to be represented by
symbols. Each symbol can be made accessible from any part of the
program. In the final product this translates to a relatively small
program for a great quantity of numeric and/or symbolic knowledge.
Rules provide a direct means to set and establish interrelationships
between defined symbols. Such rules can generally also be made to
simultaneously consider confidence factors with regard to the
validity of any individual result. The option of such confidence
factors (also known as "certainty factors") allows a rule-based t

system to closely parallel human expertise in a given area. Examples
of rules that are programmable within minutes are:

Example 1

If the reactor is in mode 1 and a reactor coolant pump
trips and pressurizer level is abnormally high or
pressurizer level is ever over 80% or pressurizer level
is otherwise unusual or unexplained or in any case
where the average coolant temperature has undergono an
excessive decrease,

,

Then the reactor coolant pump should not be started. (This,

result has a 90% confidence factor.)
Example 2 ;

.

If the initial conditions of the abnormal event have boon,

given to the student, and the student decidos to
1 borate, and the boration is of sufficient amount to

cause the control rods to reach their outmotion stop,

!t

!,

!
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Then rods can no longer add positive reactivity and, set
coolant temperature on a downward trend based on (Boron
reactivity rate dividcu by moderator temperature
coefficient) and tell the student that the "rod
outmotion stop" has energized.

Both rules and defined symbols constitute the knowledge base
of an expert system. Within the expert system, but separate from the
knowledge base, is the inference engine, which is essentially a
reasoning module that determines how each part of the knowledge base

; is used. The presence of the inference engine is the most
| significant part of an expert training system. This reasoning module

is the part of the system that decides upon and selects which rules
are applied and which conclusions result from the information it is
given. It directs the search through and application of the
knowledge contained in the expert system. The importance of this
feature is that one completed knowledge base can therefore be applied
to many uses, scenarios and variations, and possible student skill
levels. From the standpoint of educational psychology, the large
number of problem sets which such a knowledge-based system can
present to a trainee is a key facilitator for learning at the highest
cognitive levels. From the viewpoint of training administration and
quality, knowledge-based systems can offer consistent repetition of
the same training for the same student responses and yet allow
interaction and tutoring on an individual basis. Effectively, an
expert system can provide an inventory of smaller scope simulation
experiences.

Educational Aspects

;

Further supporting reasons for the incorporation of expert :
systems into the formal training program are evident when certain
specific elements of adult learning are considered in the context of
the typical training program.

The learning process with which we work exhibits an inhoront
duality of purpose. Because of the multidisciplinary nature of our
courses, we demand that a student be extremely adept at deduction.
We expect and demand that successful learners be readily capable of
following a sequential path of concepts to any of a number of

,

well-definable conclusions. We refer to this trait of assembling one |

or more definite conclusions into a realizabic goal as "inferential |orientation." '

For reasons of familiarity, case of testing and the time
constraints that characterize our licensing programs, the
"inferential approach" is by and large the greater part of our
efforts. We rely heavily on those staples of a purely inferential
process: Memorization, straight-line reasoning, and quantized
problems. At the same time, we also expect a student to develop
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;

insightful skills (or inductive reasoning abilities) for the broadest
range of integrated problems. We typically imbue the student with ,

:great chunks of course content, typically fundamental theory,
systems, and routine operations. But historically it has been much
more difficult to translate standardized techniques to the teaching r

of insightful skills. As a familiar example to trainers, let's
'

consider the delivery of basic event diagnosis training. It is not
prohibitively difficult to supply the basic facts, lists of symptoms, l

or classic appearance of any one event. More elusive are teaching ,

and testing of the capability to diagnose the event in all probabic '

variations, or under masked conditions and to distinguish one causal
event from a field of symptoms. For the sake of discussion and
contrast to the deductive interential orientation, let us refer to
the effective application of insight / inductive reasoning as
"intuitional orientation." |

'Educational theories have helped identify the existence of
potential discontinuities in the path from the lower to higher levels |
of cognitive thinkiny. However a firm model fer complete cognitive
training (integrating inferential and intuitional orientation
throughout) does not yet exist. This does not preclude the i

application of offective techniques with which to get a more
comprehensive and fully integrated approach in use. Nor must our
objectives be attendant upon the discovery of any radically new
techniques. Rather, we can focus on efficiently executing those
techniques, such as expert systems, which can be made to work today.

Well-known educational principles distinctly imply elements
needed to foster more integrated cognitive thinking. The variability
of adult attention and interest point to the importance of timing.
The necessity of goals and feedback call for immediacy and
interaction for the student. We know the value of the use of "What
if ...?" questions because they force a learner to examino many
variations of a given situation. This is the fundamental value of
the greator number of problem sets obtainable with the use of expert
systems. Moreover, the adult learner's need for relevance is mot by
the system's ability to explain overy conclusion and evaluation.

Finally, in terms of the successful and valid overall
program we want repeatability for quality control and the evaluation
loop, and individualization to allow for the differences in learning
styles. These elements: timing, immediacy, interaction, more
problem sets, repeatability and individualization, are well

j cstablished factors in the success of licensing programs. Not
coincidentally, a training expert system can be configured to attain'

| cach of these ends.

Now that the technological capacity and the vital functions
have been covered, a generalization can be made. Briefly, a training

;

expert system should not and cannot supplant the professionalism an6'

i

>
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concern of a human teacher. Nor, for obvious psychological reasons,
should such a system be installed as any final arbiter of a traince's
performance. Instead, such systems belong as useful adjuncts to the
well-thought-out training program, to optimize instruction in light
of the constraints in time, changeability, expense and demographic
factors with which trainers must deal. The most appropriate
foreseeable role for such systems is as part of the training method

; mixture used to forge that essential link between inferential and
intuitional skills.

|

| The training potential obtainable with fully implemented
'

knowledge bases should not be dismissed as too costly in manpower or
,

dollars. The inherent synergy with training itself greatly reduces |
the outlay of resources required. Unlike conventional computer
language, commercially available expert systems need minimal computer |
expertise either to construct, update or maintain. The flexibility [
of the inference engines and small size required for individual i
knowledge bases can allow the multiple use of each expert system |
design effort. Work already done with models and databases at a i

plant need not be redone since it is possible to couple an expert
system with databases and Fortran programs. And finally, the
research and development costs may be greatly diminished by use of
completed Job Task Analyses (JTA) as a direct source of immediately |
usable material for the knowledge bases.

As an aid for evaluating the educational potential of
training expert systems, the diagnostic section of an overall
competency list for operators, developed in the Nuclear Engineering
Department at the University of Tennessee, Knoxville, is given in.

Appendix A. In research into training systems, these competencies i

are being used as minimal criteria for system performance.

Expert systems are in actual use as third party consultants
in complex decision-making fields ranging from real estate law to
turbine sensor evaluation and medical diagnosis. The technology is
proven and due to the advent of microcomputers easily accessibic and,

; inexpensive. As a new training tool, an expert system offers the :

greathst improvement in total one-on-one cognitive training short of I1

a human instructor presently available. The technical adjustments !

needed for a training export system have been modeled. The !

advantages for higher order cognitive learning are demonstrable in
terms of educational psychology and adult learning principles.

i The realizabic benefits to the special requirements of
nuclear training stem from at least five essential areas: |

o comprehensive on-the-job training

J o translating on-shift expertise to on-shift experience
; icvel

,

I

!:
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i

o direct, valid, and repeatable coaching in the key
competencies of application, analysis, and synthesis.

o training in procedural compliance, bases, limitations,

and such cases where procedures may no longer apply.

o quantifiable, continuous learning of diagnostic skills.
,

j The provable results of the use of expert systems belong in a
'

comprehensive diagnostically oriented training program. In Appendix !
: A are listed the specific activities of which training expert systems

'

are capable. As an integrated part of overall training such systems>

| are not only a promising addition to present instruction, but also a t

vital element of a program that seeks to train its operators to |

o Identify problems

o Establish priorities

|
o Determine all potential causes !;

I
i o Assign reasonabic probabilities |

:
o Develop a logical (and effective) sequence for I

corrective actions {
l o consider and respond to the impact of corrective
! actions on the plant (Reference 3).

,

i iWe believe that each training department should investigate 1
J

4 the training and cost benefits of using expert systems. A number of lj universities, including the University of Tennessee, are engaged in
active research and applications that are directly applicable to

J! present needs of industry. The skills are on hand. In some cases, :
i the entire skeleton of a workable system can be purchased I
i commercially. But it is the utility line management, who by their !

inquiry and interest, will decide how soon the available resources

) are put to work.
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APPENDIX A

Diagnostic Skills

1. Distinguish between relevant and non-relevant data for a problem.

2. Organize relevant data and apply the data to a given problem.

3. Accurately determine trends in a given sequence of events.

4. Given a partial sequence of events and a set of final conditions,
determine the probable causes.

5. Given a sequence of events and a resulting set of complete
conditions, predict subsequent effects. |

6. Describe 3-dimensional objects from 2-dimensional drawings.

7. Be able to logically justify the conclusion of a cause or effect
from associated symptoms or data.

8. Given a conclusion, list and use associated supporting evidence
to verify the conclusion.

9. For a given set of priorities and possible actions, list all
possible actions in order of immediacy, importance, and
significance. '

10. For given parallel paths of supporting evidence and conclusions,
group applicable evidence with all associated conclusions.

,

11. Demonstrate an ability to apply concepts and/or assumptions used
for one conclusion to a'similar but distinctly different
conclusion. .

;
i

;

I

i

.

1

i

a
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!
Discussion

,

,

MR. BIVENS: I am Art Bivens of the AIF. Would the i

disturbance analysis surveillance (DAS) that the Electric Power
Research Institute has been working on be considered an expert

'

system? If artificial intelligence is so far along, how come this
DAS system seems to be so far away?

MR. BUENAFLOR: Do you know anything about that specific |
'

system, Bob?

MR. UHRIG: I am not familiar with DAS. [

MR. BIVENS: The disturbance analysis surveillance system is [
a program that would make it a lot easier for the operators to tell !

if they have got a problem in their plant. It diagnoses disturbances '

and tells you what to do. |

I
MR. UHRIG: It sound like it should be an expert system, but |

I am not familiar with it, Art. [
r

MR. BUENAFLOR: Let me go a little bit out on a limb. A
similar question comes up with other applications. People who have

,

!

worked in artificial intelligence as recently as six or eight years ,

ago will say they have tried certain things and failed. A lot of !
that has to do with the complexity and the size of the program that
were prohibitive because of the amount of computer memory (RAM)

'needed. Our applications at the University of Tennessee are on micro
computers. If you follow the progression of computer memory to where
we are now with petsonal computers that can have 640K to a megabyte
of RAM, it is a significant change. However, the programs do not
have to be that big any more. Some of the compiled programs, the
machine language programs, that are on the market today can now work
on machines with 640K of RAM and do very complex things that
previously had to be done by programming.

A lot of the computer programs that you see as expert
systems today are hard to distinguish from other programs you will
see, e.g., computer-aided instruction, even the old computer-based
instruction. The clearest difference from the developer's standpoint
between an expert system and a very complex Fortran program you might
have seen eight yeata ago, is that you do not have to pay as much
attention to the line-by-line order of the program. You can put the
information in and it is triggered when _t is relevant. It makes the
case of updating and maintenance a lot simpler.

MR. UHRIG: Art, it has been our experience, and I think
that of others, that when you start to build an expert system, you
start with a simple project and then expand it as you check it out.
I believe that this disturbance analysis surveillance system started
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with a full blown diagnostic system, trying to do the complete job
from day one. Our experience indicates that is not the way to go.

MR. BIVENS: After TMI, the industry came up with a safety
parameter display system (SPDS), which was sort of an interim type
system and it is used all over the world now. The SPDS, as I
understand it, is basically an interim system which we hope someday
will be replaced by DAS.

MR. UHRIG: I would simply point out that the test of the
expert system using emergency procedures that EPRI is presently
carrying out in Taiwan inputs to the expert system, coming directly
out of the SPDS. Hopefully, this is the first step to really using
the SPDS in the way that was intended, as opposed to something
installed just to meet regulations.

t

I

i

|

|

l
1

s

i'

1

|

|

|
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ENHANCED LEARNING THROUGH SCALE MODELS
AND SEE-THRU VISUALIZATION i

|
!Michael D. Kelley

Eugene T. Chulick, Ph.D. |
PowerSafety International4

; Lynchburg, Virginia, U.S.A.

! Abstract |
1 :
'

The development of PowerSafety International's See-Thru !
| Power Plant has provided the nuclear industry with a bridge that can ;
'

span the gap between the part-task simulator and the full-scope, |high-fidelity plant simulator. The principle behind the See-Thru e

Power Plant is to provide the use of "sensory experience" in nuclear |
training programs. The See-Thru Power Plant is a scaled down, fully ;1

j functioning model of a commercial nuclear power plant, equipped with ;

a primary system, secondary system, and control console. The major ;,

components are constructed of glass, thus permitting visual !
'

! conceptualization of a working nuclear power plant. !

I'

Enhanced Leaning Through Scale Models i

and See-Thru Visualization |

In this paper I will define and expand on the concept we
call the hierarchy of hands-on training devices (Figure 1). This

i hierarchy includes full-scope plant simulators, part-task
computer-based instruction, and the new See-Thru Power Plant. All
three of these training devicas have a special place in the support
of the learning process. The part-task computer-based instruction

I and the See-Thru Power Plant, however, reflect the latest technology. 1
'

|
| The learning experience involves three basic processes: '

j acquisition of the learning material, retention of that material, and
) application of this knowledge to new situations. Studies show that

the average person may forget as much as 55% of the material that was,

presented after one week. The ability of instructional methods to1

{ maximize our students' retention and utilization of new material is a
; measure of instructional effectiveness.

There are two large categories into which all training can-

j be piaced:

o that which involves instructor interaction, such as
classroom lectures, on-the-job training, and plant

j simulators and
.

! o self-paced programs like videotapes and computer-based
j training.

?

!
i
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I will first address the second category, self-study programs. -

!

The effectiveness of self-paced study is largely based on
i student motivation. However, the very nature of this type of

training can inhibit the ability of the instructor to. motivate the!

student (which is something all good instructors do). A major
pitfall of this type of training is the loss of student / instructor >

interaction. The more interaction that can be forced, the more
effective will be the training. Computer-based training (CBT) has
had widespread application in the military and now has been
introduced to nuclear training programs. Early CBT was identified as j

,

"page turners," or simply a reproduction of a textbook or manual onto
,a cathode ray tube (CRT). Not much value was attributed to this early |

CBT, and users felt that vendors were simply trying to find some way ,

to use the new ubiquitous computers. The CBT that I will discuss |
4

'
later in this paper is a new dimension in training and far removed
from the early "page turners." As shown in Figure 1, computer-based,

1 training is the base of the training device hierarchy, i

But for now, let us go [
| back to the first category of !

training, that which requires ;

student / instructor '

interaction. This is by far |
the most often used approach. '

. As previously mentioned, this
: category includes the formal
! classroom setting, on-the-job ;
i training, and plant

Full-S cope, simulators. Three common ,

High Fidelity instructional methods ;
4

Simulator (lecture, performance ,

demonstration, and discussion) (

are used to facilitate student '

i ,

understanding. The
i instructors' main objectives j

SEE-THAU are to simulate as manyI
,

POW, ER PLANT student senses as possible, to '

guido student activities, and :
to provide the opportunity for

.

'

learning. For example, data '

'
show that sight may contribute !

j 83% to learning, whereas
1 Computer-Alded Instruction With hearing only contributes 11%.
I Part-Task Simulator Therefore, if we restrict our
; teaching activity to classroom

,*

i
lecture, our students might
lose out on 89% of the 1

Figure 1. The Hierarchy of Hands-On material presented. The same |
studies tell us that the sense

; Tralning Devices
; |
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of touch can add 4% to the contributions of sight and hearing. From4

this we can see that an instructor employing the proper training
methods can contribute as much as 98% to the learning process. This

: is illustrated by an old Chinese proverb: "I hear and I forget; I
! see and I remember; I do and I understand."

On-the-job training (OJT) is another instructor-interactive
method. OJT provides the hands-on, visual, and aural stimuli.

,

However, the student is often learning from someone who does not know ;

the subject intimately or who does not have the instructor skills to |4

| transfer his knowledge to the student effectively. Often, OJT is |

! performed with someone who is not a qualified instructor but merely j
one who has previously qualified to perform the task. The person>

; acting as the instructor may have decided to perform the task "his
; own way" and will then pass this incorrect information on to the
i trainee.

{

i The third method is the full-scope, high-fidelity plant !
; simulator which is the apex of the training device hierarchy. As |

mentioned earlier, one aspect of learning (one of the most important
for an operator, I might add) is the ability to transfer learning to

j new situations. The plant simulator, when properly employed by a l

qualified instructor, is probably the most effective method to (
enhance learning and retention through stimulation of the senses and

: student motivation. Simulators facilitate this learning transfer
because they allow the instructor to produce scenarios that |

<

: accurately represent real life situations as well as problem and |
emergency situations that call for actions and solutions identical to'

those demanded under actual operating conditions. ;
'

1 t

j As effective as the full-scope, high fidelity plant
; simulator is, it is not without limitations. These simulators are

costly to purchase (approximately $10.000,000) and costly to ,

,

i maintain. They require a highly qualified and skilled instructor !

with an SRO license or certification. This instructor may have to f.

spend months in personal training to become qualified to teach on the !
'

. simulator. The students must have a high degree of knowledge et the

) primary plant and system interrelationships. For example, students
in training for an initial Reactor Operator's license will need about ,

a week of familiarization training on the simulator before they will
! be comfortable with the different control stations. Because of these
J limitations, the student population is often restricted to those who i

; must have this training because of regulatory requirements. !

| Unfortunately, this often excludes personnel whose ability to perform !
their jobs would be enhanced by such training, e.g., engineers and (

'

other key plant personnel who are not required to have an SRO license i
i but need detailed plant knowledge. The complexity of the simulator |
j presents other problems as well. Integrated knowledge takes time to i

| develop and causes the student to focus on one problem and sometimes (
j to miss the "big picture," e.g., TMI-2 and pressurizer water level. |

1 !

!
,

i
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Simulator mentality can also develop where students view transients
and unexpected phenomena as simulator glitches instead of analyzing
the situation as presented to determine whether what they saw was
indeed a situation the plant would exhibit if the events were the
same.

,

| The complex and heavily regulated nuclear power industry
I needs to take advantage of the advanced technology available in the

training market today. The days of self-paced study and dry
classroom lectures as the only means of training are past.
Sophisticated media exist in which training can be more effectively
communicated, and these media must be utilized. Having discussed the
categories of training ( instructor-interactive and self-paced
study), the different methods used in each category (videotapes, CBT,
formal classrooms, and simulators), and some of their limitations, I
would now like to address some technological advancements available
to enhance or supplement these methods.

PowerSafety International has recently developed some
innovative computer-assisted instructional (CAI) material that makes
extensive use of part-task simulations. These part-task simulations
are sections of a larger system that may be isolated and incorporated
into a concentrated learning instrument. One example is the
xenon / samarium simulation.
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Figure 2. PowerSafety's Computer Assisted
instruction Modules
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Both xenon and samarium are fission product poisons whose
concentrations in nuclear fuel are complicated functions of reactor

i power history. It is important for nuclear reactor operators to know
how these poisons behave during reactor operations. Their behavior
can be illustrated on a full-scope plant simulator; however, this4

4 usually takes four to five hours to set up, and ultimately, the
i instructor can only show the power histories and poison i

i concentrations that were stored in the simulator. No real-time '

interactions are available, and the parameters are difficult to
; change. J
l

! With the xenon / samarium part-task simulation in the CAI,
the complicated differential equations that determine poison'

concentration are solved in real time. Therefore, students are able
3

to change power history and watch the subsequent changes in poison2

concentrations. They are able to interact with the simulation and to
involve themselves with the simulation and thus become more involved

,

in the learning process (see Figure 2). |

The part-task simulation is a concentrated instruction on I
part of the system. It can free the full-scope simulator for the |
entire systems instruction. As a result, it is much less expensive !

por student than full-scope simulator training. The PowerSafety
International CAI uses either Apple or IBM microcomputers and is
portable and inexpensive. It also includes built-in student
performance testing, extensive record-keeping, and branching to offer
the most flexibility to the instructor and the student.'

.

'
i

i As a bridge to span the gap between the full-scope, !
high-fidelity, plant-specific simulator and the part-task simulator, [,

Powersafety has introduced the See-Thru Power Plant (see Figure 3).4 o

2 The See-Thru is a working model of a nuclear pouar plant. It !
contains all major primary and secondary system components and their

i
associated piping, valves, instrumentation and controls. All the '

major components are constructed of clear Pyrox glass to permit the
viewer to see water and steam during all phases of operation. Plant !

components and systems are structurally supported and interconnected !
,

with stainless stool piping and fixtures.|
-

i1

; The See-Thru Power Plant components include the reactor, j
i pressurizer, coolant pumps, core flood tank, high-pressure injection -

pumps and water reservoir, turbino, generator, condenser, condensate i

pump, ion exchanger, feedwater heater, feed pump, condenser vacuum
|

! pump, HVAC unit, and two steam generators (a once-through and a ;

i U-tube or two alike). :
1 !

! Critical plant paramotors are monitored and displayed on the
control board via digital indicators, a recorder, meters, and gauges. :

'

1 Monitored parameters include primary system hot leg and cold leg |

temperatures, pressurizer temperature, reactor water temperature,
,

! $
1

|

|
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Figure 3. PowerSafety International's See- Thru IWer Plan t

reactor head temperature, axial and radial fuel temperatures, reactor
pressure, steam pressure, containment temperature, feed flow, cooling
water temperature and pressure, feed pressure, feedwiter heater inlet
and outlet temperatures, high-pressure safety injection (HPSI)
pressure, HPSI reservoir temperature, generator output, turbine
speed, condenser vacuum, secondary steam temperature, power-operated
relief valve and safetics tailpipe temperature, core flood tank
pressure, and containment pressure.

The Sco-Thru can be operated in various modes and conditions,

including normal steady state (solid or with pressure bubble),
'

transient, and accident conditions. Ur. der normal f ull-power ,
steady-state operation, the plant operates at approximately 25 psi
and 240 degrees F. It operates like an actual commercial reactor
plant. The only thing that is simulated is the fuels everything else
is real. The heat generated in the reactor is transferred to the
steam generators, which produce steam that is directed to the steam
turbine / generator where an electrical output is produced. The |operator controls reactor power and system pressure. System pressure |
can be varied by the pressuri:cr heater control and the spray valve !

control. In addition to reactor power, temperature, and pressure,
the operator can control reactor coolant flow, steam generator feed
flow, cooling water flow, condenser hotwell level, feedwater
temperature, and safety injection flow.

243 --
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In addition to demonstrating normal steady-state power plant
operation, the See-Thru can demonstrate the following events:

o Loss of feed, overfeed

o Steam generator tube rupture

o Steam line rupture

o Small-break loss-of-coolant accident (LOCA)

o Large-break LOCA

o Main steam isolation valve closure

o Loss of secondary heat sink

o Stuck-open PORV
.

I

o Loss of flow s

!

o Reactor trip
1

o Natural circulation

o Two-phase flow cooling

o Loss of natural circulation

o Loss of cooling water

o Loss of safety system actuation

o Loss of pressurizer heaters

o Stuck-open spray valve

The advantages of the See-Thru Power Plant are many. It is ,

much less expensive to purchase initially and to operate and
~

maintain. It is less complex than a full-scope, high-fidelity |

simulator, allowing both the trainer and the trainee to master its
,

operation more quickly. Also, the technical background of the t

instructor need only be as extensive as the student group targeted j
dictates. i

The See-Thru offers a refreshing change in the training ;

department's "tool box" to enhance student interest and motivation. ;

It utilizes visual impact to reinforce the concepts being presented. i

The students actually see what is taking place, thereby increasing
their understanding. This helps the student coment the
hard-to-visualize theory.
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The See-Thru provides hands-on training with immediate
feedback. Except for the safety systems, it is operated in a strictly
manual mode. If the student, for example, closes the turbine stop
valve, the loss of heat sink will cause primary temperature to
increase, which will then cause system pressure to increase. This
manual control enhances the student's understanding of the theory
involved and provides a better conceptualization of system interfaces
and relationships. It also requires more skill on the part of the
operator to keep all parameters in balance.

Because of the "see-through" concept, this training platform
has unique capabilities. As aircady mentioned, it provides a
thorcugh presentation of the overall power plant and all principal
systems. The glass components allow the student to see the effects
of different heat transfer and fluid flow principles. Therefore, not
only can the student observe normal plant behavior, but he can also
see what happens during transients and how to mitigate the
consequences of those transients.

Finally, this unique training can benefit the entire
spectrum of potential studento. Everyone from the general plant
employee who needs just the big picture to the engineer and manager
who need more in-depth plant training all the way to the operator who
wants to know more answers like "why the pressurizer appears to go
solid when the power-operated relief valve opens." All plant
personnel can receive valuable training on the See-Thru Power Plant.
The See-Thru has also proved to be an excellent public relations
tool. The inherent safety of our nuclear plants can be
demonstrated. This goes a long way toward educating the public,
correcting misconceptions, and relieving anxieties.

I would like to summarize by referring again to the
hierarchy of hands-on training devices shown in Figure 1. This
structure shows the full-scope, high-fidelity simulator at the top.
It has always been the best platform available to train operators and
other technical personnel. However, until recently there has been no
other means of hands-on training for the vast majority of the student
population. At the base of the hierarchy is placed Computer-Assisted
instruction with the part-task simulations. CAI is furthest removed
from the full-scope simulator in the hierarchy since it utilizes
part-task simulations. These simulations are subsets of the
full-scope simulations and allow for concentrated study and Icarning
on a small part of the total system. The See-Thru Power plant spans
the gap betwoon the full-scope and part-task simulations. This
unique training device stimulates sight, hearing, and touch to
enhance and reinforce the learning process. The See-Thru makes
esoteric concepts understandabic, so that meaningful training can be
presented to learners with all levels of sophistication.
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Discussion |

MR. FEDAKO: I am curious about the personnel safety on
using the Sce-Thru Power Plant. What measures are there for
protecting the people using it?

MR. KELLEY: In one of the slidos I showed a containment
vessel around the See-Thru Power Plant. It is plexiglas with a dome
on it, latched down, but also the components, themselves, are made of
Pyrox which is, as you know, a very strong glasu. The glass is able
to withstand over a hundred pounds of pressure casily. We operato

| much below those levels. Even if we were to have a loss of coolant
accident, which actually happened when the reactor split and dumpedI

,

all the primary coolant into containment, absolutely nothing
happens. The water was contained on the floor of the containment r

! structure. It is a very safe training tool.
|
'

MR. LATONE: How much does a See-Thru Power Plant cost?
,

r

MR. KELLEY: I know someone would ask that one. I don't
want to avoid the question, but it really depends on what you want.
It is like buying a car. It depends on the options. You have from a
chevy to a Cadillac. You can hang as much as you want on it. It
depends on what the needs of the utility and the learning institution

i are. What we have found is that needs vary widely, and it really
| depends on what you would like to have. At the Nuclear Training
| Symposium next week, PoworSafety will present a discussion of tho
| Soo-Thru Power Plant, including demonstrations, to allow a better

understanding of how it works. We can addrosa the cost questions,

! then.

MR. BRUNO: What do you do to train around the problems that
I think you would have with a unit that operates at such low,

I temperatures and pressures, to train people on the thermohydraulic
response? For examplo, if you open a PORV, what you would soo on|

l this unit would bo different, I think, from what you would soo in a
plant because of the pressures and temperatures you are operating
at. How do you got around those kinds of problems?i

l

| MR. KELLEY: Yes, thoro are somo differences because of tho
| pressures and temperatures wo use and, as I mentioned before, it

doponds on your audience. If you are addressing the gonoral public,
the overall concept of what happens is more than enough. If you go
into any more detail than that, you will be providing excess
information. But if you are conducting training with operators, then
you must taxo that information and apply it to the plant. That is
where you need someone who has a good understanding of how the
Sco-Thru works, as well as someone who can relate that to the real

.

plant.

|
1
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MR. BRUNO: I think you could still get into some trouble
there. For example, if you teach a guy that throttling through a
PORV at 25 pounds is going to give you saturated or super-heated

; cteam, rather than a saturated mixture of steam and water that we
| would see in our plant, if you are teaching operators, I think you
| cre getting close to being in a mode where you don't want to show

them those kinds of things. How do you get around that if you use
this for operator training?

MR. KELLEY: As you pointed out, it cannot be used for
overything. The Soo-Thru Power Plant is like other devices. We have
coen all the limitations of the full-scopo simulator and the
part-task simulator and all the other modes of training. So, too,
the See-Thru Power Plant has its limitations. You just have to be
cware of them. But I think it goes back to the instructor knowing
the capabilities of the See-Thru Power Plant and knowing how the
cetual power plant works. He must know that. The instructor who
will teach operators must know how a power plant works, or he will
ecuse confusion no matter what his training device is.

MR. GOMOLINSKI: My question is similar. People familiar
with out-of-pile experiments know that the main difficulty with the
mock-up is the extrapolation to the actual plant, especially when you
have two-phase flow phenomena. Because of this, it is not possibic
to extrapolate the phenomena to the actual reactor without using

3 computer codes. How do you take into account this contradiction, so
as not to give operators the wrong idea of reality?

,

MR. KELLEY: I think that is exactly what Mr. Bruno was !

talking about. I cannot add a. lot more, except to reiterato that the
person who uses the Soo-Thru Power Plant must understand how the
power plant works. We have an individual who conducts most of our
training for operators. As I mentioned, wo have instructors who
perform the public demonstrations and we havo'more advanced
instructors who perform the training for operators. Wo have trained

| scvoral operators on the Sco-Thru Power Plant, and they have boon
extremely pleased with the training, because it allows them to sco

,

como theoretical concepts that are a little hard to grasp. But it j

rcquired that our instructor have a very dotalled knowledge of the
plant so he would know those limitations, j

|
'

Cn another subject, carlier someono asked if B&W has dono a
cost benefit analysis on the Sco-Thru reactor. PowerSafety is a new
company, a joint venture company with Babcox and Wilcox, who used to
hevo a training division but no longer conduct training, and another
company called Flight Safety International, which is probably one of
the the' leading training companies for the aviation industry. The

I'
,

two formed a new company, called PowerSafety.

4

.

.

- 247 -

|

. _ _ _ . . _ _ _ - _ _ _ _ _ _ . _ _ _ _ - _ . . - _ . . . _ _ - - _. _ _ _ _ . _ _ _ _ _ . _ _ - - _ _ _ _ _ - _ _ _ _ - _ _ _ _ . _ _



. . .
- _. = .

,

!;

t

'

u t

I !
'

i

I
'

i .

!
; The cost analysis question was addressed in one of the other !
1 papers, I believe related to part-task simulators. How can you ;

i quantify the value of training? Usually, when budgets are cut, j

i training is one of the first targets just because you cannot quantify )
| the return on training effort. What I can say about that is that we !
j have seen the effect in public relations and feedback from trainees. .

,

Let me give an example. ;3

i
j We had a group of students who came in and they were f.

generally very anti-nuclear. The press was there when we gave our |
'

) demonstration. They called one of the students aside after the !

1 demonstration for an interview.- As it turned out, the student said j

i that before she arrived she was very much opposed to nuclear power,
'

i but because sne now understood how the power plant worked, she felt
j more comfortable with the safety of nuclear power plants -- maybe

they weren't so bad after all.

j This is the kind of feedback we are getting.

MR. LIANG: Can you provide a cost figure for a system that
j would accomplish the purpose of allowing the student or laymen or the
! media to understand how a nuclear system works? |

1

MR. KELLEY: That brings us back to the original cost
question, but I will throw out a ballpark figure. The basic system,4

! although it really is pretty advanced in design, would be about
1 $270,000.

!
i
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AN INSTRUCTIONAL APPROACH TO INCREASE !

TRAINEE LEARNING THROUGH IMPROVED !
LABORATORY / SIMULATED EXERCISES !

I Janet R. Salas, Ph.D.
! Jacqulinn Oxford-Grigg, Ph.D. |
! Duke Power Company [l Charlotte, North Carolina, U.S.A. i
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Abstract

| An area that deserves careful attention is the development
i and the impicmentation of training to prepare instructors who deliver i

j laboratory / simulated exercises. Techniques are discussed for |

; presenting a one day workshop to prepare instructors to conduct |

: labs. Specific guidelines are outlined for planning a laboratory |
| experience, preparing the training laboratory, conducting the
! laboratory and evaluating results and providing feedback to trainees. (
I '

{ Introduction I

Throughout the nuclear industry there has been wide ;

recognition of the importance of careful attention to the development |

|.

of lesson plans that will be used to deliver classroom instruction.
}an area that has received less attention but is of equal importance t

is laboratory exercises * and how they can be used to reinforce [
classroom instruction. The objective of these labs is to provide ;
trainees the practice and experience they need before they progress |4

) to on-the-job training. Many laboratory exercises are not as t

effective as they could be because of six basic problems which stem !
; from a lack of effective prior planning. This paper will first !

| address these problems followed by a description of the instructor !
laboratory skills training provided by Duke Power. The last portion |4

j of this paper will give specific guidelines for planning and |
| conducting more effective labs.

|
1 i
! Six Problems That Produce Ineffective Labs |
! i

; Problem Ones Lack of a Facility Designated
'

j and Designed Specifically for Training

A lab may be doomed to failure if the facility must be
chared with the normal daily operation of a plant. A commitment must,

i bc made to design a site specifically for training. This center needs |
to have dedicated technical labs that are closely tied to training i

and mirror as closely as possible equipment and conditions

* When the word laboratory or lab is used in this paper, it includes
icboratories, shop training and simulator exercises.

i
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in a nuclear station. Errors may occur when trainees are trained on
equipment that is too different from that used in the station.

In order to provide the most realistic setting that
simulates plant environment and equipment, Duke Power's Production

t Training Services uses five training facilities. The Lake Norman
facility houses the McGuire Nuclear Station Operations Training i4

i simulator, and Instrumentation and Electrical (I&E) and Chemistry |

! labs. Mount Holly Training Facility houses fully equipped labs for I

i Mechanical Maintenance (MM) and Health Physics (HP). The Oconee and
; Catawba Operations Training Centers house or will house simulators
i that are exact replicas of nuclear operations control boards at each
i of those sites.
1

I Problem Two: Shortage of Proper Tools / Failure
i to Use State-of-the-Art Equipment
1

| Motivation wilts in labs when tools have to be shared among i

| groups of trainees. If equipment is not state-of-the-art and must be |
repaired by the instructor each time before it can be used in a lab, |

'
.

trainee transfer of learning to actual station conditions suffers.
i Sagging instructor moral may also result. Production Training |

Services is making every effort to keep all technical labs current. !.

As new equipment is installed at nuclear plants, training labs are j
i also updated. ,

Problem Three Delayed Practico/ Reinforcement

1 An example of delayed practice is having trainees complete
j weeks of classroom training before having them participate in the
i related labs. Effective instruction, on the other hand, happens when

instructors use training materials that have incorporated laboratory
experiences at the most appropriate places to maximize trainee|

reinforcement. !'
|

J Problem Four: Lack of Instructor Observation Skills !
I l
| This problem occurs when instructors lack training in

observation skills. There is a big difference between an instructor'

f knowing how to perform a task and having clearly in mind what the
trainee should do when he/she performs the task. Trainees usingi

| their own method or procedures rather than the approved method or
procedure taught by the instructor is an example of what can happen:

i when an instructor is weak in observation skills. Another example is j
I a situation where trainees working on teams are doing most of the j

| work but a few stand back, for the most part, uninvolved in the
i exercise. Instructors need to develop a keen sense of awareness of |'
| exhibited trainee lab behavior. J

!

I'

|
i

'

!
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Problem Five: Inadequate Demonstration /
Trainee Preparation

! When a trainee cannot see an instructor's demonstration or
I haar the instructions, trainee. error occurs. Yet trainees may be

cubjected to instructors demonstrating to groups too large to give
| cll a clear line-of-sight, or instructors giving directions as an

cfterthought or inhibited with noise. Another indication of this
'

problem is trainees asking numerous questions about how to proceed
during ar. exercise. This problem occurs when little, if any, ,

cxplanation was given to trainees in regard to expected behavior and |
>

parformance during a lab. It can also be recognized by a lack of !

cignificant follow-up feedback being given to trainees in regard to
their performance during and at the end of the lab. If trainees are
to do well in a lab, they must have the opportunity to observe a
model demonstration, be given information on expected behavior and

i parformance and meaningful feedback.
|

\ \

! Problem Six: Poor Utilization of Instructor i

and Trainee Time !

! Often a lab will have a lead instructor and instructors who
assist. Too often lab time may be wasted as a result of unclear, I
unorganized division of labor among the instructors conducting the t

lab. Trainees waiting long time periods to be checked off (graded)
'

is one indication this problem is occurring. All instructors need to -

understand what makes a good lab function from lecture to the actual
lab, including the role each must play to prepare for and conduct a
worthwhile lab.

Duke Power's Lab Instructor Training

Duke Power has addressed problems one and two by
ostablishing quality training facilitics and keeping them fully
equipped. Production Training Sorvices has averted problems three i
through six by providing lab instructors with training to be sure |

i

1 they understand how to conduct an offective, meaningful lab
cxperience. As part of an insttuctor's continuing training,

i

Production Training Services offers an eight-hour workshop to<

i rofresh, upgrade, and polish an instructor's laboratory instructional
: chills. This one day "learn by doing" training session for a group
| of five to ten instructors provides lab skills to instructors in

three parts: Theory, Model/Loarning Experience and
i Practice / Transfer.
;

) Part I - Theory -- provides vital information and guidelines
! for preparing materials, preparing the class, starting, conducting,

monitoring, evaluating performance, and concluding the lab. Tho
guidelines used in this part of the training will be explained in the,

i last portion of this paper.
:
i

~
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Part II - Model/ Learning Experience - continues with the
facilitator making the training more memorable by conducting a brief
lab exercise with the instructors participating as the trainees.
This part reinforces Part I because now the facilitator, or an

, instructor the facilitator has coached, models a smoothly run lab
J

from start to finish.
]

Part III - Practico/ Transfer -- provides carryover for
instructors. Utili:ing their own lab exerciso plans, perhaps one
that has given them problems in the past, instructors identify weak
portions in the lab plan and ways those problem areas might be
improved. At first, it may be helpful to have a few individuals from
the group share identified problems and have the group "brainstorm"
some solutions to got the "creativo juices" flowing. The last 90
minutos of the workshop should be spent with all instructors verbally
sharing with the group plans made to improve their lab. They should ,

be encouraged to be specific about the instructional technique (s)
that will be used to make the lab more meaningful experience for ,

traineos. !1

1
;Requiring instructors to verbally share their plans :increases the likelihood that the changes will actually be made when i

instructors return to their areas. To ensure the changes are made
the facilitator may want to ask for actual datos by which changes
will be made and then follow up at that time.

By using this training approach lab instructors should
{realize that offectivo labs requiro a clear understanding of tho ;

connection betwoon classroom training and expected training outcomo
in the lab. The instructor should soo that in order to be offective
he/she must have a clear plan for the lab, oxocute that plan as

! flawlessly as possible and reinforce the intent of the lab for
traineos. When this is dono, traineos realizo how the exorciso or,

tactivity they practico in the lab relates to the work they will bo1

; expected to do once they are performing the task on-the-job.
|

!, Implomontation that Insures successful Labs

! After instructors are trained to conduct labs, there are
! five guidelines that should be reviewed and considered each time a

laboratory experience is prepared. The remainder of this paper willi

j olaborato on those fivo guidelines that will produce offectivo labs:
i o Planning for a Laboratory Experience
i

o Preparing the Training Laboratory
<

o conducting the Laboratory
! o Evaluating Results and Providing Foodback to Trainees
:

o Concluding the Laboratory
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Guidelines for Planning a Laboratory Experience.

When an instructor has clearly in mind the intent of the lab
he/she should determine the following seven items:

o objectives for the lab.

o content in the classroom portion of the training
presents all the information the trainee needs to be
successful in the lab exercise.

o Time needed for the lab.

o Materials needed.

o Number of opportunities trainees will have to practice
before they need to demonstrate skills for a grade.

o Demonstration to be modeled for trainees and the
expected skill proficiency or acceptable standards for
the finished product.

o Process for conducting the labs

o Prepare a clear outline showing how trainees' time
will be spent in the lab so all participants are
involved and working during the entire lab.

o Determine equipment restraints. If enough
equipment does not exist for all trainees to do
the assigned activity, plan another activity that
part of the group can work on simultaneously and
then have groups switch at the appropriate time.

o specify responsibilities for each of the
instructors assisting in the lab.

Suggestions:
C

-Designate two instructors to answer
questions only. Assign a third instructor to
be in charge of check off/ evaluation of the
final product.

,

-Use stands (or clothes pins) at each work
station to hold colored cards that can be put
up and taken down by trainees as needed. A
red card might. indicate "help needed" or
"question." A white card could be "ready to
be checked off."
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o Establish the level (standard) cf ~%ill
proficiency trainees must exhibit.

o Decide how lab will be introduced and summarized.

o Determine how clear communication will be handled
during the lab.

-In a noisy environment a signal needs to be
established (bell, whistle, etc.) that is
different from general noise to call
everyone's attention.

-Instructors need to anticipate where general
announcements will need to be made and make
these a part of the lab lesson plan.

-For a lab that must be run by only one
instructor with a large group of trainees, a
brief videotape of common problems or
mistakes trainees consistently make with
equipment or procedures might be made for
trainees to view. This would allow them to
do their own trouble-shooting and perhaps
find their error and continue working until
the instructor has time to get to them.

o Determine the mechanism for assuring equitable
contribution of effort by participants to the
exercise so all are equally evaluated.

Suggestions:

-Pair new hires with very experienced
workers.

-Require trainee (s) to work with a variety of
;

partners, not always the same person (s) to -

build cooperation and sharing of ideas.
1

Guidelines for Preparing the Training Laboratory
|

These are usually some items an instructor will not be able
to prepare until the day before or the day of the lab. Before
trainees are taken to the lab the instructor should:

m Set up work stations.

o Assemble equipment / materials adequate in number and
quality.
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,

;
.

l

l
Guidelines for Conducting the Laboratory -

In order for lab prior planning to pay off, instructors, I

during the lab, must pay attention to three. elements necessary for
| ouccess. Instructors must: j

t
'

'o Prepare the class.
'

,

'
.

I o Start the lab smoothly. -

t-

| z
o Monitor trainees and provide coaching when appropriate. -

;

; Preparing the Class. Before moving the class to the laboratory ,

! catting, the instructors should supply trainees with the following
: nine iten.1:

o purpose of the lab (motivate traittees) . |
'

DerAonstration of 'the exercise.2 o
;

-This may be-done.in a class lecture or it may'

need to be done in'the lab. ;,

i-

; -It should moder the 4 xact expected behavior ;

) trainees must exhibit. ;

i 6

| -It should not'be done by selected trainees unless |
I they havc been rehearsed and cocched prior to the t

! lab, i
! I

j o Expected behavior (conduct). |
j -

';

;

j o safety considerations.
i

j o Directions for the activity in the lab. !
1

1
'

i o Time limit trainees will have to complete the lab |
j activity.

|-

\
; o Directions for comp?.eting lab sheets or' documentary
) results,
i

; o Explanations of how trainees will be o. valuated
"

1 (standards) .O ,

Assignment of working pa' irs (if necessary).o .

i

! Starting the lab. Often an interval of time will hav6'
| passed between trainee preparation and the move to the lab. A review
1

'
1

,

'

iq
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l

i

l.,

of classroom remarks pertaining to the lab will refresh memories and
save veluable time. Instructors should restate:

|
o The purpose of the lab. |

1

o Expected behavior. ,

i

o Time allotted for completion of the lab activity. !

o safety considerations.

I This review should be followed by announcement of process.
J Tell trainees:

o special/ required directions.

! o Which instructors will monitor work, answer questions
and which will evaluate.;

j o Method to be used to call attention for general
i announcements.
|

'

Monitoring the Lab. Effective monitoring takes keen
observation and practice. For real learning to take place,

'

instructors need to

o Frequently circulate, observing trainees as they work, f
t offering guidance, feedback, and praise when it is

deserved.
'

I

j o Be aware of nonverbal language of trainees needing help
) but reluctant to ask. Look for confused facial

expressions or no work being done.

o Complete individual trainee paperwork documenting i

! performance (checklist, grade sheets) in a timely,
1 organi:ed manner. Trusting to memory can produce
| inaccurate results and annoy trainees. ;

1

1 o stay on schedule and finish on time so trainees have |
faith in instructor's organization and a colleague's'

teaching schedule is not disrupted.
,

Guidelines for Evaluating Overall Results

| and Providing Feedback to Trainees

5 A lab has not accomplished its purpose until trainees,
| individually and as a group, have been told how well they have
: achieved the expected performance. It is not enough to simply i
'

announce or post scores. To be effective, private individual
J

? |

'

r
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feedback and verbal summary comments of the class's overall
performance need to be given. When speaking to individuals and the
entire class, point out those things that were done well along with

! those areas that still need improvement,

t o Tell traincas how successful they have been in
accomplishing the objectives for the lab.

,

o Summarize what trainees have learned and note general
areas where the entire class may need to improve. [

| Guidelines for Concluding the Lab
i.

To build professional habits of order and cleanliness, it is :

,
important for trainees to return the lab to its original condition. |

| Be sure that trainees haves j

,
o Returned materials.

!

| Suggestion: A responsibility of one of the
1 instructors assisting might be to check lab
i equipment in and out so equipment is not put away

,

j soiled. !

!o cleaned work stations and all equipment or tools used.

Conclusion
i

If instructors in the nucicar industry follow the techniques i
outlined here, they will be better equipped to provide more effective '

; laboratory experiences for their trainees. In addition, they will
; become better organized, more confident and in control of the i

; laboratories they conduct. As a result, trainees will respond with
more enthusiasm and better performance because they know what is :i

! oxpected and what is needed to achieve success. !

! i
1 :

Discussion !

: i
! MR. WIGGIN: Would it be possible to send a training |

]. supervisor to watch one of your sessions? ;

DR. SALAS: Yes, we are happy to have people visit. We have !,

; hcd people visit in the past. Just contact me and I will tell you |
when we are going to do it again.

|;

MR. BOHANON: Do you have a parallel program for instructors I
'

on the simulator?

I i
1 ;

l
'

'

i
.
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DR. SALAS: Yes, we are developing it right now. Presently
our simulator instructors attend our initial instructor training
course, and some of them have gone through this workshop. We are now
in the process of developing a simulator instructor skills workshop
because those instructors not only need to know how to operate the
simulator, but they also need to have the skills to know what to look
for as trainees are working on the simulator. We should have that
developed soon.
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CHAIRMAN'S REMARKS

Mr. A. E. Vandewalle
i Belgium

| Adequate instructional methods are essential to train
nucicar operators efficiently. Among them, simulators are tools
which can be used in the best or the worst manner. That is one of
the reasons why the CSNI meeting program group attached importance to
this subject.

Mr. Tangy, describing the organization that EDF (Electricit6
do France) set up to guarantee and maintain full-scope simulators
cccuracy, insisted on the needed quality of such tools. This can be
obtained thanks to a systematic approach, including every step of the
construction process (contract, technical references, quality
assurance, organization, etc.), as well as by standardization of
nuclear programs.

Even of great basic quality, a simulator facility has to be
integrated into the training department to be fully effective. Thisis the message of Mr. Schaffer, who demonstrated to us that it is
necessary to integrate the whole construction process of simulators.
That suppcses timely taken actions to set up, at an early stage of
the project, a training staff to follow the construction process.
Implementation of the simulator has also been taken into account.
All of this supposes three important phases staff qualification,
training design, and simulator support.

!

ontario Hydro, in its training center, is widely using field!

simulation to train their personnel, as Mr. Young told us. Giving an
'

, overview of nuclear skills training for operations, control
j maintenance and mechanical maintenance personnel, he made evident
i that field simulation was an important element in reliably achieving

course objectives.
,

Mr. Blomberg, in his presentation entitled "The Role of
Compact on-site Simulators in Sweden." emphasized the actual use of
compact simulators in his country as a valuable tool to supplement

|and to enhance the training on replica, full-scope, simulators, one 1

! clear impact of compact simulator training which was pointed out, is l
j the gain in time to reach the operator competence, as well as

significant decrease of interuptions in nuclear plant production due
' to personal mistakes.

The Siloette training and simulating center, presented by'

Messrs. Destot and Siebert, has proven to be a very officient one.
As pointed out by the authors, this would be mainly due to the
combination between the use of a research reactor and several<

] simulator types (basic, micro-simulator, etc.). Emphasis was given

.
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I
:

to the importance of training power plant personnel outside from
nuclear operation. Experience coming from the simulation of
processes different from the nuclear power plant, such as thermal
power plants, electrical networks has also boon proven useful.

|

Artifical intelligence is a presently fast-growing ;

! technology. Export systems, presented by Messrs. Uhrig and i

IBuonaflor, can also be used with benefit in training of NPP
operators. The inclusion of export systems in the control room |
environment offer a continuous sourco of OJT diagnostic training.

'

Expert systems are also feasible for specialized
g

license /requalification training.
.

Physics of the different phenomena occurring in NPPs is sometimes
i difficult to understand. Messrs. Kelley and Chulick presented an
I interesting tool in this matter. Their Sec-Thru power plant

I complements adequately the training of nucicar operators in filling
i the gap betwoon theoretical training and part or full-scope |

simulators. CAI (computer assisted instruction) can also be used as !

j offective and inexpensive interactivo training methods.

The full-scopo simulator is undoubtely a very good training tool. *

However, as DR. Salas and Dr. Oxford told us, careful attention has
to be given to prepare instructors who deliver laboratory / simulated
cxercises. They presented useful guidelines for planning a lab |j

experience, preparing training lab, conducting the lab, evaluating ii

| results and providing feedback to trainees. j
' l
I t

!

|
i t

i

I

!i

!i

i
l
J

i E

i I

1

i i

| I

| !

! i

: :

1
'

,i I
n
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SESSION 4:

INSTRUCTIONAL METHODS (II)

CHAIRMAN: Mr. B. Magnusson
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AN INTEGRATED INITIAL TRAINING PROGRAM (
| FOR A CEGB OPERATIONS ENGINEER

,

P. A. Tompsett
Central Electricity Generating Board

,

!
United Kingdom

Abstract
,

1

: This paper considers the overall training programs
i undertaken by a newly appointed Operations Engineer at one of the

,

! Csntral Electricity Generating Board's (CEGB) Advanced Gas Cooled
1 Roactor (AGR) nuclear power stations. The training program is

dosigned to equip him with the skills and knowledge necessary for him
i to discharge his duties safely and effectively. In order to assist
j the learning process and achieve and integrated program, aspects of !

reactor technology and operation, initially the subject of |;

theoretical presentations at the CEGB's Nuclear Power Training Center|

(NPTC) are reinforced by either simulation and/or practical
experience on site. In the later stages plant-specific simulators,
operated by trained tutors, are incorporated into the training

j,
program to provide the trainee with practical experience of plant
operation. The traince's performance is assessed throughout the ,

1 program te provide feedback to the trainee, the trainers and station ;
) management.

The Training Requirement

i Before a newly-appointed Operations Engineer can take up his i

j duties alongside his "experienced" shift team members in an
|operational AGR nucicar power station, he will undertake a program of4

L

| training. The aim of the program will be to provide him with |
! cdequate skills, knowledge, and experience to enable him to carry out !
; his duties safely, effectively and efficiantly. :

I
A detailed job analysis will provide information on what the

!trained engineer must be able to do and what he must know. This ;

ostablishes the skills and knowledge he must have on completion of i
; the training program. Since the majority of operatioral staff are *

i professional engineers, it is possible to assume that the trainee !ontering the prograan possesses the theoretical knowledge equivalent |;

| to that gained by successfully completing a degree level course. ;
I Hsnce the skills and knowledge he still has to acquire can be defined ,

j cnd these form the basis for determining the aims and objectives of !

: the training program,
i

j Although the Operations Engineer has a large number of |
1 individual tasks to carry out, it is possible to identify them as

[boing associated with a particular work area. As a reactor desk'
.

)
|a

i
'
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I

1

I operator in the.contral cantrol room, he not only has to be competent
; to operate the reactor safely, he must also operate the unit and
| auxiliary systems with due regard for the commercial implications of
J his actions. The limits within which he must carry out these duties

i are defined in a number of comprehensive operating instructions
i issued by the CEGB. He has to prepare and issue documentation ;

! associated with the CEGB's safety Rules. In the case of an emergency |
1 situation he has a number of pre-defined duties to perform detailed
i in the Station Emergency Handbook. In addition he has duties as a

CEGB emplayce with respect to the country's statutory and common law.2

!'

] The process of Learning :

i It is apparent that the new Operations Engineer has a |
4 considerable smount of information to accumulate. The depth of |
l knowledge he requires varies frem purely recall to much higher levels '

of understanding. (A recognized hierarchy is knowledge, !'

! comprehension, application, analysis, synthesis and evaluation.) |
Real understanding cannot be said to huve been achieved until he can '

; apply his knowledge to new contexts, independent of outside !

| assistance (Reference 1). To achieve this level of knowledge the :
trainee will need to experience planned periods of meaningful |
learning. j

s
'

j Learning has been defined as any relatively permanent change
in an individual which results from experience (Reference 2).

| Factors which affect the learning process are motivation,
i observation, exercise, repetition and reinforcement.
!

!} For learning to be successful the trainee should want to
learn. To inspire learning, the strong motives of interest and I'

i purpose should be used, with the trainer cresting in the trainee a f
I direct lively intere1t in the subject and a cicar realization that j

the learning has a worthwhile purpose either now or in the future.
7

This is done by making the trainee aware of the reason, relationship, |
application or purpose of the information he is being asked to
learn. This may include knowledge which will need to be recalled for
application at a later stage of training. It has to be remembered,i

however, that too much motivation may lead to anxiety and loss of
j performance, as can happen if the trainee tries too hard.
1

j Observation of the target enables a person firing arrows to
see what he is aiming for. In missing the bullseye he needs to
observe by how much, in order to provide the feedback which will I

| enable him to correct his aim for further attempts, observation of
the situation and especially of results enables the trainee to more,

clearly perceive the situation and his performance aiding the'

learning of what is essential. During the training program the
trainee should be informed of exactly what he is expected to learn

I

I l
1 |
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|

| cnd, to enable him to "take better aim," he should have knowledge of
l his results and those achieved by others. Care must be exercised to

ensure the target is attainable by the trainee since feedback of
cpparent failure may discourage further learning by affecting
motivation.

Exercise and repetition of learned facts or actions
strengthen the learning and enable them to be remembered longer.
Whereas simple acts are sometimes learned in a single trial, more
ccmplex acts usually require repeated exercise. Repetition is

,

!

I important since, if the particular learning situation does not occur
again for a long time, the first learning will be lost or forgotten,
whilst crowding repetitions may impair learning, follow-up isi

i required right away for rapid learning. Thus the training program

I should include repetition of important acts and facts with optimal
i spacing if learning is to be rapid, but not impaired. Before ,

1 progressing further in a subject, at a later stage in the training
'

program, revision of important facts will be required. [4

l

! In addition to repeated and well-timed exercises

! reinforcement of the exercise is needed to ensure retention of
learning. Reinforcement is a response of the individual to the
results of an activity, confirming or tending to select and establish

; '
the acts that produce desirable or meaningful sequences (Reference

j

i 2). The learner tends to eliminate responses which are not
reinforced but keeps those which are reinforced by success. In the -'

| training program the trainee must be made aware of his successes, !

| this is a further reason for him clearly understanding what is

{ expected of him and how successful his progress has been. !

J

j The role of the trainer during the above has been adequately I

j summari:ed before. "He will tell us what to do and what to expect.

] He will provide the equipment and watch how we use it. He may guide '

j our movements, or perhaps let us try out a word or an action and then I
show us where we went wrong. He will give us hints on how to cope ;:

! with the awkward parts. He will encourage us to practice and let us i

j know whether we have improved, or how we stand up to comparison with
'

i other pecple." (See reference 3.) [
l

f; The overall Training Program

f'

| In order to assist the new Operations Engineer's learning ;

j process, the overall training program is broken down into modules. |

Some of these modules will be formal training courses at the Nuclear j.

j Power Training Center (NPTC) with the remainder being undertaken at ;

I the operator's base location. Each module, and each session within '

it, is designed to achieve specific objectives and takes account of
the individual's then current knowledge and skills. These training ,

modules are integrated to maximize the benefit of each, ensuring that [

the NPTC-based training is consolidated by practical experience on-

!

l i
'

|
t
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site and that the trainee is prepared in terms of practical'

experience before undergoing each of the NPTC training courses,
Following a decision that it is necessary to include a particulari

topic in the training program, it must further be decided at which .

stage of the program and in which module to incorporate it. This I

|decision is based on the desirability, necessity or advantage of
carrying it out at NPTC or on-site, the pre-requisite training
necessary for successful learning and where in the overall training
program the learned topic will be applied.

We have seen that learning is a gradual process consisting
,

; of building upon and modifying what has gone before. The building
! and modification are stimulated by experiences that come the
i learner's way. To assist in this process of learnir g the following ,

| are used: 1ecture, lesson, self-study, group study, projects,
,

f tutorials and assignments. The method chosen depends on its i

j suitability in enabling the trainee to achieve the desired level of
understanding. Copies of the aims and objectives of each NPTC course !j

- and each session within it are made available to the trainee to
ensure that he is fully aware of what it is he is required to learn. I

NPTC course pre-requisites detailing the knowledge that the trainee
is assumed to have prior to his attending a particular course are,

I also made available. These form the aims of the previous on-site
i training modules. Simulation is incorporated into the NPTC courses,

reinforcing theory presented or studied previously. The depth of !
,

simulation increases from micro-computer based concept simulation>

'

used during initial training courses, through generic simulation, to
replica simulation used during the later courses,

i Using the methods of instruction outlined above, the ;

traince's skills and knowledge are gradually developed during the
,

'

l training modules outlined below. For theoretical aspects of reactor !

I technology and operation the particular requirement that has to be
satisfied is stated along with the ideal solution. This is followed i

i

) by the possible solutions, their respective advantages and i
I disadvantages, the solution chosen, compromises made and the :' consequences and considerations that have to be taken into account as !

) a result of that choice. The route followed for system operational
[

aspects is from overall functional requirement through '

I interrelationship of systems, detail of individual systems, control
of systems, function of system components, interaction of components,,

t control of components, to interaction and control of whole plant.
i

i i

} Assessment of the trainee is required to provide feedback to |

the trainee as discussed earlier. The results also provide feedback |3

| to the trainer which enables him to monitor the trainee's progress |
through the modules. Any problem areas which must be dealt with j'

; before the next module is undertaken are highlighted. The trainer
can then deal with any such difficulties during the tutorial time

:,

4 scheduled after each assessment. Should this provide insufficient or |
1 !

!

!
I

'
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inadequate, further tuition is arranged to bring the trainee up to
the standard required for the next module. Assessment results also
provide a basis for monitoring course and training effectiveness.
The method of assessment must be educationally valid or the results
produced will be open to misinterpretation and provide incorrect,

I foedback.

, The assessment practices in use at NPTC ara described
| alsewhere (Reference 4). For lecture-based courses, multiple choice,
j chort answer and brief essay type questions are utill:cd. They are

used in the above sequence as the trainee progress through the
program, which is gradually developing his level of understanding.
The questions set cover the range of topics included in the modules
and hence provide a check that the session and module objectives have
been met. Assessment of on-site training consists of oral
questioning by direct supervisors or management. For simulator-based
training, assignment reports and simulator exercises are assessed,
the latter incorporating oral questioning to probe in greater depth
the areas of technology, diagnosis, action and communication.

Roactor Control Training Modules

i The overall relationship
between the individual training,

modules, described below, are
, illustrated in Figure 1. The first

module is carried out on-site and
a n concentrates on introducing the new

| trainee to a complex industrial
! 4 site. The aim is to ensure an
l awareness of the procedures to beta

s followed in the event of fire,
accident or emergency and the

a geographical location of plant
items.

|7

"'

The second module carried cut*
at NPTC provides an Introduction to

'' Nuclear Power technology. The'
course is principally lecture
based, but use is made of* micro-computer based concept

noxi, simulators and a generic
o a ti= simulator. The concept simulatorsm

' are used following lectures on,

"*",[7 nuclear and reactor physics and i
1

7,

serve to consolidate and develop
Figure l Integretbn of Wtina Trebing Modunse

physical principles which are
4

.

presented in the lectures. They
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i
4

!
I

are designed to illustrate individual aspects of nuclear reactor
operation, e.g., the offect of reactor power changes on xenon-135
concentration. Following the study of individual items, the next
form of simulation used is the generic simulator. This is used to
bring together the interactions of the reactor systems. In this wayi

I the effects of a load change can be demonstrated, bringing together
j reactivity variations due to changes in control rod position, xenon l

levels and temperatures both of moderator and fuel. The effect of !i

i the feedback mechanisms, due to load changes, on reactor behavior and |
Ithe operator actions required to prevent reactor shutdown are

{ demonstrated by the tutor and then investigated by the trainee as a
member of a small group.-

| The third module is spent back on-site consolidating the ;

information gained on the introductory course. His training aims for'

this period are to be able to outline basic site legislation, stationI

] and departmental staff structures, state the purpose of the station !

! Safety Report, Operating Rules and Instructions, Safety Rules and i
i Emergency Plan and state the location and function of particular i

plant items.

During the fourth module, the NpTC based AGR Design and I'

i Technology Course he will develop an understanding of the design of |

| components and systems required for the safe and commercial operation !
of the Advanced Gas Cooled Reactors and associated plant. The ;

replica simulators are used for the first time and supplement lecture ;>

. presentations on such topics as the sequence to be followed after i

! reactor shutdown and the requirements of the heat removal systems. i

i They serve as invaluable training aids to demonstrate and !
! re-emphasize points made in the lectures and have the benefit of j
'

simulating in real time the interaction between the various systems i

and the impact the operator can have on them.

On completing the fifth module back on-site, the trainec |
1 should be abic to outline the requirements and procedures contained (
! in Operating Rules and Instructions and to outline the functional :

1 capabilities of various plant items. !
l

'

The off-site AGR Operational Technology Course is the sixth
| training module. This course aims to extend the understanding gained

,

) from the AGR Design and Technology Course and to develop a practical !

appreciation of operational procedures. Simulation is used to i
.

provide experience of routine plant operations using a replica !
I interface. The simulators are used in three modest demonstration, !

I investigation and hands-on. The process begins with demonstrations !
by the tutor of reactor and plant operations during start-up, steady |

load and following reactor trip. These demonstrations cover !

I operational and safety requirements during these facets of operation. |
This is then reinforced by the trainee using the simulator, in a i

small group under tutorial guidance, to investigate more fully I

! i
i

i |
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reactor and plant operations during start-up and after reactor trip. |

The trainee prepares a report based on his investigations which is !
assessed as part of the course. It tests his depth of understanding !
of the principles involved and the requirements to be met during !
these operations. For reactor start-up, the tutor is looking for an t

adequate knowledge of the various stages from shutdown to full power |

and the requirements to be met by protection .=ystems, control schemes j
.

and instrumentation. In the case of post trip operation, the trainee
! has to demonstrate his knowledge of the plant conditions which have
l to be established, the design logic on which they are based and the j

operational sequences to be followed in order to achieve them. !

j During the on-site training, module number seven, that
i follows the AGR Operational Technology Course, the trainee must gain
4 a detailed knowledge of the plant systems on his station. He should ,

'

also know the function of all the control desk switches and the
implications of their operation, the main requirement being to know
the systems that are controlled from the control desk. A further

i area to be studied is the procedures relating to operation of the
i unit from the central control room.
1 .

j The trainee is then ready to attend the eighth module, an |
j Initial simulator Operations Course. This course is designed to ;

j bring together all the systems which have been studied individually. !
For the first time, the trainee will be operating the simulated unit !

! on his own or with a colleague. He is making the transition from !

j learning about how the reactor operates to how to operate the !
j reactor. In addition to providing further experience of routine unit i
j operation, the replica simulators are used to provide experience of !

j abnormal and emergency unit operation. During the course, any areas |
which require a greater understanding or more detailed knowledge can |
be identified. These will be addressed during his next period of
on-site training.

This ninth module is spent mainly in the central control
room and enables the trainee to consolidate, reinforce and add to his

;

! knowledge of operational procedures and the requirement to be met to
]ensure the safe economic operation of the reactor / unit from the

control room unit desk.

The final module, number ten, is an Advanced simulator
Course at NPTC which provides practical experience of a variety of
infrequent events and develops his skills in the operation of the
plant. On this course the trainee will need to diagnose and take
appropriate actions over a range of abnormal conditions. He is
expected to demonstrate on the simulator his competence to operate

.

the reactor and its associated systems from the control room in a
! safe and commercial manner. He does this during a series of

exercises on the simulator with the tutor assessing his performance.

|
Whilst a continuous assessment is made, the successful completion of

I

!
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>

i

the training program relics on the trainec 4cmonstrating his
competence during the final exercises of the course. To avoid the j!

j learning process being inhibited, with its detrimental effect on '

|
progress, formal assessments are not carried out frequently during
the course.

In training modules eight and ten, simulation has enabled
| the trainee to gain experience of unit operation under normal

conditions in a time considerably shorter than would be possible on |
the plant. He has also been able to experience abnormal and

,

j emergency situations of varying low degrees of probability of i

occurrence. In both cases, the ability of the trainee to control the*

plant by diagnosing its state, taking appropriate actions and by
!

communicating with other staff will have been developed. By the ,

! assessment of his performance during simulator exercises, the , ,

,
capabilities of the trainee have been established and the trainec ;

j will also have been able to establish confidence in his own !
!

operational capabilities.'

t
Ion successful completion of this training program, all the

reports on the traince's performance will be reviewed by his
departmental head at the power station who, together with other f

senior station staff, will undertake an authori:ation interview.
'

,

i This will assess his competence to undertake the full range of duties i

asrociated with reactor control and appropriate recommendations are (
; formally made to the Station Manager.

j Reactor Plant Training Modules !

These modules are in addition to, and may be carried out in

j parallel with, the later modules described in the previous section. (
'

t

i Training to enable the trainee to demonstrate his ability to |

| successfully discharge the responsibilities detailed in the Station !

| Emergency Plan is carried out on site during module eleven. !

i 1

j The twelfth module, also based on site, provides training :

; related to the operation of the CEGB's Safety Rules. After !
completion of this module the trainee should be able to state the i'

j policy, philosophy and principles on which the Safety Rules are !

based. In addition he should be able to describe the measures he !
;

j would take when isolating a plant item from system hazards and i

i demonstrate his ability to complete the associated documentation j

) correctly. Successful completion of this module and a formal
'

I interview will result in his being authori:ed in writing to carry out
| defined duties in connection with the CEGB's Safety Rules.
I

i The objectives of the site-based module thirteen are for the
i trainee to be able to state the procedures to be followed and
j demonstrate his capability to carry out duties in connection with the

!

I

27o - !
'

-
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,

local operation of the CEGB's grid system. Formal authorization

| follows in a similar way to that described for module twelve.

Module fourteen, the Radiological Safety Course carried out
et NPTC, provides the basic training for duties in connection with
the radiological aspects of the CEGB's Safety Rules.

Module fifteen carried out on site complements module |
fourteen to provide the trainee with local knowledge of these ;

radiolo ical aspects. A practical session, which is assessed, is; s
: included enabling the trainee to demonstrate his ability to interpret |

| results of radiation and contamination surveys, specify radiological |

j precautions to be taken and prepare the associated documentation. A |
1 formal authorization interview follows which is conducted by an
} independent assessor from another department of the CEGB to ensure a

.

|
: uniformity of standards across the board.

;

J <

i Refresher Training '

I

i After completion of initial training, Operation Engineers
undertake refresher training programs in order to maintain and update4

i their skills and knowledge. Whilst changes to the power station '

) plant or to the operating procedures will require on-site training
,

programs, they will also be incorporated into the simulator exercises I

i which form the major part of off-site courses, attended annually at (
! NPTC. Theory presented during initial training will be revised with |

a replica simulator being used by a trained tutor to enable the4

trainee to revise and practice plant operation under a range of !
. normal, abnormal and emergency conditions. ;

I Simulator Tutorial Facilities
i l

| To enable the replica simulator to be used successfully in [
! the various stages described, it must be equipped with facilities to
! aid the trainee and the tutor. At NPTC tutorial formats are used on
j the simulators to present information in such a way as to enhance 1

,

: learning. In the earlier courses, they enable the principles of the Iarea being taught to be conycyed without going into too much plant L

detail and so distracting the trainee with (to him at this stage) the i
complicated reactor desk. i

,

J Each of the tutor formats are designed to achieve a f
particular objective

[
4

I Firstly, they can present information not available on the
! station. This is because, whereas the magnitude of parameters at
j various nodes are calculated as part of the simulation process, it is ,

| not practicable to measure them on the power station. By presenting |
} colected information the student can see in graphical form the effect '

' certain operations will have on particular systems. Examples of this |
'

]
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are the flux shape and temperatures existing axially along a fuel
channel and the wator/ steam, tube metal and gas temperatures existing
along a boiler tube,

secondly, the information may be presented in a way that |

aids trainee assimilation. This can be by combining mimic diagrams |

with plant parameters or showing cross-sections through plant items I

with the relevant plant information (Figure 2). l

Thirdly, the visual ;

presentation of information can aid '

x"\\MN%\W."'"' ' 'NWN\KQg soun a the assimilation of a particular

isiEn% Q @S point which is difficult to expressu sa,s
wt in e in words. An example of this isic:s ww (*

sn t T b the use of a format to assist the

[
" g '3N,!stV I understanding of the operation of a

idia, direct digital control loop.5
.. 7 r,m

- i * ) h 7
C '

h,,e a/ QV;/./
'

s -:
rc ,; L N The fourth use of tutor4 ': N formats is to assist training in a'

-,' d u ta,s particular area of operation byw' f/ y, , ',/|
j <

,

y/p:
e ;/

-? ;, t ,ies-c presenting all the information''

M g ' g , ,ht C m e y 415^"e necessary for that operationo

![[C 2 N together. For example, during'" "*' 3 Tt
g

(mt reactor start-up, the flux levels350 8S 5 N s

,,i measured on instruments with
hmk, \%, ,M, ,B,M, , MJ difforent ranges can be presented

.
'

together with the various alarm and
tw. ericta nu co,otas

|
trip levels (Figure 3).

,

) A fifth type of tutor format
is is' io' n' io' io' io' n' io' allows a time history of any of the
g h 6 b b=L- A 1 -4 simulator model variabics to be

nw inw. displayed. The tutor allocates one
Le*LOCPC*t' of six colors to the variable and

i E ,p
tatt i rwt can select scales for both thei

! H * tuta :w t a' *" variabic and time. This type of
' " " 8'" format allows the trainee to

n'a 70m wa observe the offect of his and plant
H" " " '

g g, actions over a period of time and
.

j r e in i x un provides the tutor with an aid when |

twta ruta discussing and debriefing simulator l

e in 30 wn exercises.
>Q L> tit Pentt Y" )#" |

The Simulator Tutor |y, -zur
un 152

,

rw,3 rtuisartricxAunstars atasw striscs The first stage of a simulator|
( project is to identify the training
! requirements that need to be
t satisfied using a simulator, the

i
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'

cocond stage is to design and build a simulator to meet those
requirements, the final stage is to provide a trainee to use the

;

simulator. Providing a link between these three stages is the tutor
who is required to interface between the simulator, the trainee and j

the plant being simulated.
i

To enable the tutor to operate the simulator effectively and, ,
' officiently, the simulator must be equipped with "tutor friendly" ;
i facilities. He should have access to a number of defined starting .

points. Facilities are required to return quickly to a particular i

point in the event of an inadvertent operation. He should be able to |
j cond spurious alarms, instrument and switch indications. A range of :

i realistic faults should be available so that faults on valves, r

j controllers and control systems can be inserted. These should be !

capable of being inserted singly, immediately or after a time delay *

i or as a series of faults in sequence with logical branching

] available. The faults should be capable of being reset i

automatically.a

,,

| The tutor should analyze the events reported in station trip i

1 reports and the other formal documents which are issued to describe
] proposed changes to the plant or operational procedures. This will |
j permit him to utilize the simulator to recreate a scenario in '

] subsequent training programs and also to ensure that the simulator is
maintained in correspondence with the plant.i

f

i A trained tutor is essential if maximum benefit is to be i

} obtained during simulator training periods. To enable the tutor to !
| discharge his role successfully he must have an in-depth knowledge of

7
: the simulator. He must also be thoroughly familiar with the plant

|
! the simulator represents. During training courses he will constantly
i bring to the trainee's attention points of detail relating to the !

,

I plant which may not be immediately apparent on the simulator. The i
tutor must know any limitations that the simulator may have and ;

ensure that during the training exercises, the simulator is not used |
outside these limits.

|

The tutor contributes to the development of the operator by
giving guidance, pointing out strengths and weaknesses, giving credit,

j where it is due and, by directing the training exercises, removing
1 any areas of weakness. His input is required to ensure that areas
I such as those given below are incorporated into either the training
| exercises or are adequately discussed in the de-brief sessions (or
i both).
|
j o The operator must consider the effects of his actions

j on the plant, both in the short and longer term. The
< latter could be an economic penalty resulting from

accumulated plant damage caused by a particular
operation.

)
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o The tutor should ensure that the operator is distracted
in ways that will occur in the control room, as he must
learn to cope and continue to operate the plant
satisfactorily.

,

o The operator must be made aware of the dangers of, and
an', tendency he may have towards, "tunnel vision." He
must be encouraged to view the system as a whole and
not to focus too much attention on one aspect or he may
fail to diagnose important information being indicated
in another part of his interface with the plant.

o When several faults occur, the operator must learn to
allo' ate his priorities accordingly with the most
scris is, or potentially most serious, receiving the
attention it deserves,

o At all times the operator must be aware of the
limitations imposed by operating rules so that by
taking appropriate action, he operates within them.

o When plant is made unavailable for service, e.g.,
breakdown or planned maintenance, the operator must
consider the implications on continued operation. In
addition, he must review the potential impact of any
subsequent faults.

o The operator should appreciate the effect of changes to
the configuration of the main, auxiliary and essential
electrical systems on plant operations, either directly
or following a reactor trip.

A replica plant simulator allows realism to be introduced
into the training of operators provided that it has been designed and
built to satisfy defined training objectives and is operated by a
trained tutor.

Conclusion

The processes involved in the production of electricity
utilizing the heat produced by nuclear fission deserve respect -
there is no room for complacency. Any adverse effects on the health
and safety of the general public and employees must be minimized.
Nuclear Power Stations must be designed, constructed, operated,
maintained, inspected and ultimately decommissioned with techniques
maximizing safety and reliability and minimizing risks.

Nuclear power stations will be controlled by operators for
the foreseeable future. Training programs are required to provide a
trainee with the skills and knowledge necessary to operate the plant
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, .

'

cafely. The training program should be designed to meet defined
training objectives and incorporate the factors that assist the
learning process. Assessments provide feedback to the trainee and
trainer enabling progress and training effectiveness to be

'monitored. Simulation provides a unique way of providing the trainee
with experience of plant operation over a wide range of normal,

,
cbnormal and emergency conditions. By equipping the simulator with ;

! cdditional facilities a trained tutor can gradually develop the ;

j trainee's capabilities and confidence and assess his competence. To |

ochieve the defined training objectives the tutor must have the <-

| ccpability of interfacing between the simulator, the trainee and the
plant being simulatod. j

4

| The CEGB has been operating commercial nuclear plants for 25
,

.
yoars. With the advances in technology in use at nuclear stations ,

j cnd available for use in training, Operations Engineer training i

j programs have teen continuously developed. This evolution will
j continue ensuring that nuclear power station staff receive the ,

| training they need to discharge their duties safely, effectively and !
officiently. ,

F
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A CENTRALLY COORDINATED MAINTENANCE TRAINING
& QUALIFICATION PROGRAM FOR A MULTI-UNIT UTILITY

Marvin C. Pate, Jr.
Carolina Power & Light Company

New Hill, North Carolina 27562 U.S.A.
|

Abstract

Carolina Power & Light Company (CP&L) operates fossil,
hydro, and nuclear generating plants. Included are three nuclear
plant sites -- two sites are single-unit pressurised water reactors ;

and one site is a two-unit boiling water reactor. A centrally ,

coordinated five-year, five-level Training & Qualification Program is
conducted for nuclear plant mechanics, instrumentation and control
technicians, and electricians. This program consists of five levels I

of generic training conducted at a central training facility, five
levels of site-specific training, and five levels of employeo ,

qualification based on a qualification card system. This program has ,

obtained INPO accreditation. ;

Overview
L

Carolina Power & Light Company (CP&L) is an investor-owned ;

utility that serves portions of North and South Carolina. CP&L :
operates fossil, hydro and nuclear generating plants at 13 different i

locations. There are three nuclear plant sites which are the j
Brunswick Steam Electric Plant, Southport, North Carolinas the H. B.

'

Robinson Steam Electric Plant, Hartsville, South Carolinas and the
Shearon Harris Nuclear Power Plant, New Hill, North Carolina. The
Shearon Harris Energy & Environmental Center (SHE&EC), New Hill,

1

North Carolina, serves as a central training facility. j
t

The Operations Training and Technical Services Department,
under which the Nuc1 car Training Section operates, is responsible for i

the technical training of plant personnel under the umbrella of a [

Training & Qualification Program. Management development type
training, which includes courses in supervision, communication !

'skills, and techniques of management, is conducted by a section of
the Employee Relations Department. This paper describes a Training & !

Qualification Program aimed at producing a technically qualified
maintenance employee, r

i

Program Description

Carolina Power & Light Company's Training & Qualification
Prcgram (T&Q) has four major objectives. These objectives are

o Train and qualify employees to competently perform job ,

tasks. ;

i

1
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I o Moot regulatory agency requiroctents for training,
I qualification, and documentation of qualification.

o Achieve and maintain Institute of tiucicar Power
Operations (I!1PO) training program accreditation,

o Provide written tests and job performanco evaluations
for employeo promotion requirements.

The above objectivos are accomplished under the umbrella of
a Training & Qualification Program. The Training & Qualification
Program is divided into three major components which are generic
trcining, plant-specific training, and employee qualifications
(sco to Figure 1). These major ccmponents and a description of the
trcining organi:ation are provided below.

Figure 1
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! Organization

The Nuc1 car Training Section of Carolina Power & Light
company is organised into eight functional units reporting to a
Manager - Nuclear Training. These units aret

i

) o craft Technical Training Unit. This unit is
i responsibic for generic maintenance, health physics,
j chemistry, and quality assurance training. This unit
: is located at the SHE&EC, New Hill, North Carolina,and

is about geographically centered in CP&L's service
;

farea,
;
4

o Curriculum Development Unit. This unit is responsible
for program evaluation, instructor certification, and :
academic assistance on task analysis and lesson plan

i development. This unit is located at the SHE&EC, New
,

L

j Hill, North Carolina. ;

l :

j o Nuclear & Simulator Training Unit. This unit is !

t responsible for generic nuclear operator, shift i

{ technical advisor, and radwaste operator training and a |
simulator for one plant site. This unit is located at [,

{ the SHELEC, New Hill, North Carolina. |

f
o Plant Training Units (3). These units are responsible i

for the implementation of plant-specific maintenance, !'

health physics, chemistry, operator, and general plant
1 training. Included is the responsibility to conduct

j continuing / retraining lessons. This includes training t

on plant modifications, procedure revisions, operating (4

j experiences, and subjects in support of degraded job !

performance. These units are located at the Brunswick !4

) Steam Electric Plant, Southport, North Carolina; the H. [
B. Robinson Steam Electric Plant, Hartsville, South !
Carolinas and the Shearon Harris Nuclear Plant, New !

j hill, North Carolina, j

1 i
j o Administrative Unit. This unit is responsible for I

; budget, cost control, assistance with vendor contracts, |
| and generic course scheduling interface with plant !

sites. This unit is located at the SHELEC, New Hill, ;<

North Carolina.
[
I' o Fossil Operator Training Unit. This unit is

! responsible for generic training of fossil plant t

i operators. This unit is located at the SHELEC, New [
l Hill, North Carolina. !

i !
1 !

!
!

!
?>

I t
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|
|

|

! 1

|
'All units report to the Manager - Nuclear Training who is

located at the SHE&EC, New Hill, North Carolina. The Manager ensures

| consistency and efficiency between each unit and providos for a

|
common denominator at a reasonable organization level. Figuro 2 ,

provides a graphic overview of the functional maintenance training |,

I organization.
;

!

|
Figure 2 ;
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) Generic Training ;

d Generic training is divided into five levels, each of which
,

corresponds to one year of employment. Level I is for an employee's !

j first year of employment, Level II is for an employee's second year <

j of employment, and so forth. Level I is for employees without work i

i cxperience but who otherwise meet Coapany education and other j
! cmployment requirements. Employees may be employed at advanced i

i levels depending on overall education and work experience. |
! Employment levels are determined by the employing supervisor and the i

i Employee Relations Department. Employees employed at levels above
! Level I are not required to complete lower-level training unless
i specific needs are identified. |

1

3
1

1

279 -j -

i
__-- _ - - _ _ _ _ - _ - _ _ . _ _ _ _ _ _ _ _____



Generic training consists of self-study instruction, j
classroom, and laboratory training. This classroom and laboratory i

training is conducted at the SHE&EC, New Hill, North Carolina,
personnel from hydro, fossil, and nuclear plant sites participate in
this training. Level I training for mechanics and cicetricians is
self-study instruction conducted during working hours at the plant
sites. This Level I scif-study training consists of subjects in
overall plant operations, safety, and tool use and operation. Level
I training for instrumentation and control technicians consists of
classroom and laboratory instructions. Level II through Level V
training for mechanics, electricians, and I&C technicians consists of
classroom and laboratory instruction. An average of three weeks of |
generic training is conducted at each level. About 60% of this j

training is hands-on laboratory instruction with the remaining 40% |

consisting of classroom lectures and discussions. The technical |
content of training in each level is based on qualification cards |

associated with that level. Generic training provides instruction on '

the purpose, operation, troubleshooting, maintenance, and repair of !

components and systems common to Carolina power & Light Company's f
generating plants, t

{
Employees are evaluated during generic training using both I

written and performance evaluations. A test results sheet is !

provided to the employce's supervisor upon completion of training.
The test results sheet provides, on a pass / fail basis, an evaluation
of an employce's performance on written tests for each subject taught
and an evaluation of each laboratory exercise. Satisfactory
completion of the written tests, 80% score or better, is one
requirement for an employce's promotion.

plant-specific Training

plant-specific training is divided into five levels. This
training is based on the qualification cards associated with a level
and the content of generic training. plant-specific training is
conducted by an on-site training unit at each nuclear plant site. |

Iplant-specific training consista primarily of classroom and
walk-through instruction. This training concentrates on
site-specific procedures, systems, processes, and equipment. Written
and performance evaluations are conducted for selected subjects and ;

plant walk-throughs. About two weeks of training per level is j
conducted for mechanics and cicetricians. About four weeks of r

training per level is conducted for instrumentation & control i

technicians. A training completion report is sent to the employce's |
'supervisor upon completion of training indicating, on a pass / fail

basis, the employce's performance on written and performance
evaluations. This training is in direct support of site-specific
qualification card approval.
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!

Employee Qualification I
!

Employee qualification is accomplished through the use of a !

qualification card. Qualification cards are developed for key job !
>

I tasks based upon a job task analysis. The qualification card is a
| two-part document which consists of a qualification checkout card {

) (QCC) and a qualification card answer guide (QCAG). The QCC provides j
documentation of qualification. Qualification cards are signed only :

by plant designated employees and supervisors and not by training [
department personnel. |

I i

The QCC lists subordinate knowledge and/or performance tasks ;i

associated with a job task. Some QCC's list training required for |
| qualification. Each subordinate task and required training listed on

the QCC has an associated signature approval line. Employees obtain
a signature by demonstrating skills and knowledge and passing .

training as defined on the qualification card answer guide. I
i

i

} on-the-job work experience leading toward employee
'

qualification is the responsibility of the employce's foreman. The
foreman assigns an employee to a work crew to gain work experience. f;

An evaluator is recommended by the employce's foreman and approved as ;

an evaluator by the maintenance manager. The designated evaluator L
,

should have met ANSI work experience time requirements, be qualified !
for on the job tasks for which he is to evaluate others, and have -

completed a course on the conduct of on-the-job training or f
equivalent. |

'

When the employee demonstrates to the evaluator that he j
i meets the requirements listed on the QCAG, the evaluator approves !

I that item on the QCC. Upon approval of all items on the OCC, the
j employee signs the QCC indicating that he has the necessary skills

and knowledge to perform the designated job task. The employee's4

foreman then approves the QCC card. The employee is then considered
qualified on the specified job task,

t

Program Devolepment *

The Training & Qualification Program was developed using a
'

. systematic approach to training. Components in this approach
j included, in order, the development of a task analysis, development

i

4 of qualification card answer guides, determination of training needs,
i and development of training. These components are described below.
1

| Task Analysis j

1
.

1 CP&L interfaced with INPC in the develorment of a task |
survey for two plant sites -- one PWR and one BWP. For the third i

i plant site, a PWR under construction, CP&L obtained a task survey I

j from INPO for a similar configuration plant. A plant-specific task |
;

I
1

- 281 -

, - - - _ - - _ - -- . -- . . -- _ .



_ _ _ _ _ _ _ _ _ _ -

analysis was completed using the INPO task survey and a generic task
analysis which had been previously completed by CP&L.

A Training Advisory Commit. ton consisting primarily of a
foreman from each plant cite for each employee classification (i.e.,
mechanic, instrumentation & control technician, electrician), an
academic developer, and a technical instructor from the Nucicar
Training Section compiled the task analysis. A draft of the task
analysis was reviewed at each plant site by personnel designated by
the maintenance manager to ensure technical accuracy and
sufficiency. Upon completion of this review, the task analysis was
finalized and served as a basis for further program development.

Qualification and Card Answer Guides

All job tasks from the task analysis were reviewed with
regard to complexity, importance to key plant systems and components,
and plant training documentation. Based on this review, jeb tasks
were selected for which to develop qualification card answer guides.
QCAG's describe a job task such as the troubleshooting,
disassembling, repairing, and reassembling of an air compressor.
References to key plant maintenance instructions and procedures are
itsted. Criteria for satisfactory performance are detailed on the
QCAG. Criteria were developed using the subordinate task listing
under the major job function from the task analysis.

The QCAG's were drafted by a subject matter expert provided
by the training section at each plant site. Drafts of the QCAG's
were reviewed at each plant site by personnel designated by the
maintenance manager. Upon completion of this review at each plant
site, the Training Advisory Committee met to finalize the QCAG's.
This process provided for both the development of plant-specific
qualification OCAG's as well as generic QCAG's where the criteria was
the same for all plant sites.

The qualification checkout card, a one-page document, was
generated by word processing directly from the QCAG. The QCC lists
the major job functions, has a signature approval line for each
subordinate task, employees' signature line, and a foreman approval
line. The QCC serves as the method to document employee
qualification.

Determination of Training Needs

The Training Advisory Committee completed a training needs
analysis for each maintenance classification. A work sheet was
developed for each job task from the task analysis. This work sheet
addressed whether or not the job task had an associated QCC,
complexity of the job, applicability of knowledge and skills needed
for job performance, and provided for the listing of training
objectives. Generic training, five levels which had previously been
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I
f

I

d3veloped based upon a generic task analysis, was reviewed against .

the training needs analysis work sheet. This review served to
identify any weaknesses in generic training and to specify
site-specific training needs. The objectives from the training needs

,

cnalysis work sheet not covered in generic training were compiled to .I

|
form the basis for site-specific training lessons. l

! Program Implement'ation and Evaluation
,

- ;,

I Generic and plant-specific instruction was implemented after i
1 d3velopment and approval of training lesson plans on a scheduled [
j basis. Training courses are evaluated with regard to technical
j sufficiency, accuracy, and presentation.

t

2 !
j Implementation

,

s e
'

j Implementation of generic training is the responsibility of
i the Craft Technical Training Unit at the SHELEC. This training is
j scheduled on a yearly basis. A proposed training schedule is ,

developed based on projected employment levels of employees. This ;4

schedule is sent to each plant site where plant supervision selects a i

course level and date and assigns an employee to training classes. !

j This information is then reviewed for class loading, finalized, and i

|
roturned to each plant.

[

| Implementation of plant-specific training is the responsi-
.

|
{ bility of the training director at each plant site. A course i

| schedule is developed in concert with employee qualification ;
j requirements and generic training prerequisites. ;
4

i

Evaluation !

Once a year each level of generic and plant-specific !
j training is evaluated by the curriculum Development Unit of the '

Naclear Training Section. This evaluation addresses selected job |,

| factors with regard to whether or not the employee can perform the
|j job, where the employeo learned to perform the job, frequency of 3

performance, and whether additional training is needed. This j

i cvaluation obtains information from both employee and the employee's i

) supervisor. Evaluation results are sent to the applicable training
i unit (i.e., generic and/or plant-specific) for appropriate actions on

i

) recommendations.
I I

1 Each time a course is conducted, a course evaluation form is
I cdministered. This fozm obtains feedback from course participants
j with regard to courso conduct and course content. As a result of |
i this input, action items are identified that enhance the training '

) program.

<

!
i
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Program Coordination '
*

.

sg

The Training & Qualification Program is coordinated to
ensure continuity between generic and plant-specific training. This
consists of both technical and administrative coordination.

Technical coordination !
.,

,

Technical Coordination of Maintenance Training is achieved i

by a close working relationship between generic and plant-specific !

instructional personnel and by controlled distribution of tr41ning
materials. Generic and plant-specific instructors may moet
periodically to review industry experiences, plant modifications and
new equipment that may affect training needs. Copies of genaric
lesson plans are maintained at, Copies ofplant-specific lessons are main,cach plant site.tained at the central training
facility. By having these materials available, reviews may be
ccnducted for technical accuracy, consistency and appropriate
interface.

,

Training Advisory Committees for each maintenance
classification meet at least once a year to review generic training.
This includes a review of lesson objectives, technical content,
"hands on" exercisez and test questions. In addition,'these' advisory
committees provide input on new or revised work methods, new

'

equipment and plant experiences. Additions or deletions to generic
training are msde as a result of this input. Revised generic
training lessons are forwarded to each. plant for review. Plant

'

'-
,

specific training may be ruvised as a resul6 of changes to generic '

training. '

.

Training coursos. generally consist of a series of individual
lessons. Management controls are in place to review and approvo
changes to existing courses and/or the implementation of new

.

coursos. The Manager - Nuclear Training approves a course !

description sheet'for each course. This courso description shoot
lists cach lesson obtained within the course.
Administrative Coordination.

Administrative coordidation is achieved by the contral
development of plant training instructions and Training section

i administrative instructions. Plant training instructions provide
: specific guidance on the administration and the general content of

training provided at a plant s.tre. Administrative instructions
provide specific guidance for overall program administration. I

Plant training instructions and training section '

;

administrative instructions arc developed contrally by obtaining '

i i

l s

1

| - 2 8 4
~'

'

\ :.



direct input from plant site training personnel, plant maintenance
personnel and personnel conducting generic training. Based on this

'

input and input from regulatory agency guidelines and commitments,
these instructions are drafted and circulated for review. After
review and further input, a uniform instruction is generally reviewed
in detail in a joint meeting of key personnel. The document is then
finalized and implemented. Changes may be handled in a similar
manner. Input from one site may be reviewed against commitments and

i needs from other plant sites. Based on this review, a change may be
| implemented at all sites.

INPO Accreditation

Accreditation self-evaluation reports were submitted to INPO
in June 1985. These reports were for the mechanic, electrician, and
instrumentation & control technician Training & Qualification Program
at the Brunswick, Robinson, and Harris Plants. These reports
described the nine (three programs at three sites) programs that are
addressed in the paper. An INPO accreditation team visit was made to
each nuclear plant site and to the SHE&EC in August 1985. As a
result of an INPO accreditation board meeting in December 1985, all
nine Maintenance Training & Qualification Prc ams were accredited.

Summary

CP&L operates fossil, hydro, and nuclear generating plants.
A centrally coordinated five-year, five-level Training &
Qualification Program is conducted for nuclear plant mechanics,
instrumentation & control technicians, and electricians. The program
consists of generic training, plant-specific training, and employee
qualification based on a qualification card system. This program has
obtained INPO accreditation.

!

Discussion

MR. BUDNICK: How much do you use self study? Is Carolina
Power and Light union or non-union?

MR. PATE: We are non-union. At some levels of training,
mainly for electricians and mechanics, the first level is self
study. Level 1 entrance requirement is a high school diploma, and

< self study (of about 80 calculated hours) is fundamentals, tools and
1 equipment. Level 2 is classroom training.
:

1 MR. LONG: How do you handle back-fit in your work force?

MR. PATE: When we implemented this five-year program
several years ago, we faced the problem head on. We started the
actual classroom training on a two-shift operation and basically ran

,
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.

everybody through the program. People who come to us now with
,

previous experience can be fit into the program. Based on their'

previous experience, it may require that they go back and take
previous levels of training.

MR. FIDAGO: Are your people task-certified at each
individual level throughout the five year period.

' MR. PATE: Yes, they are individually task qualified.

.

,

!
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COMPUTER-ASSISTED TRAINING FOR DIAGNOSIS
AND INCIDENT SITUATIONS

B. Cordier
Training computerization Officer

| Training Division
! Nuclear and Fossil Generation
| Electricit6 de France

3 rue de Messine
75008 Paris France

Abstract

A presentation of Computer-Assisted Training (CAT) and of
its place in training the staff of nuclear power stations, the
resources used, the objectives, the courses now being developed, an
assessment, and the growth prospects.

An Historical Note
.

Ten years ago, nuclear facilities were very limited, but in
the meantime, some 32 900-MW PWR units and 9 1300-MW PWR units have
been put into service, requiring some very substantial training
arrangements and programs relating to start-up, control attd
maintenance of the installations, with a constant concern for
improving quality and safety.

Thus, as early as 1979, the staff growth and the increase in
the technical level of facilities led the Nuclear and Fossil
GDneration Department (known as "SPT" from the French initials) of
Electricit6 de France (EDF) to study the use of a new kind of
teaching tool intended to solve the tricky problem of maintaining
knowledge and know-how at the desired level. |

Computer-assisted training (CAT) seemed, a priori, a
suitable approach to dealing with that problem. But, to ensure that
CAT constituted an effective approach to the objective in question,
tha program was proceded by the followings

o A search for CAT software. The market was very limited
at the time, and the choice fell in the IMG product
(Instruction Modulo Generator) of the IBM firm.

o A feasibility study (from the end of 1979 to March
1980), carried out with the help of 15 employees of the
departments concerned with control of nuclear
facilities.

o A "life-sized" test (frem July 1981 to June 1982) on
five nuclear power stations involving 700 people. This

|

1
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experiment made it possible to improve the module writing by taking
user reactions into account. |

|An analysis of the results of this test, which the users ,

considered satisfactory, led the SpT in 1982 to extend the use of I
computer-assisted training to all nuclear installations. l

Resources Used

Equipment. The courses are catalogued on a central computer
of the I.B.M. 3033 type, and are accessible from terminals installed
at the nuclear units, in training rooms, control rooms, etc., thus
enabling the nuclear facility control staff to enjoy access to the
various courses 24 hours a day. There are now more than 100 |

terminals at the nuclear installations. '

Staff used in developing and managing the courses.
Development is in the hands of seven engineers who work, the bulk of
the time, as a pluri-disciplinary team in working out the course
scenarios. A pluri-disciplinary team generally consists of a trainer
or some other person with complete knowledge of the subject in
question, several future users, and the engineer in charge of the
course development. Course input into a computer, management and
maintenance of the system are the task of three operators.

This organization ensures constant dialogue (electronic
mail) between designers and users, through the intermediary of the
terminals. The result is excellent follow-up on the courses, which i

are immediately supplemented and corrected as a result of the users'
'

observations.

Content and Structure of the Courses

Four major topics are distinguished:

o Elementary systems. These courses deal with the
various circuits of a nuclear power station and
describe: ,

their role
i

their geographical locations

the ordinary maneuvers involved in operating them i

particular technical points about the variouc |
organs |

|
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I
.i

|

the monitoring-control system and related j
,

| regulation systems '

'

how the units are put into and taken out of
service

common operating incidents, their consequences, ;1

; and how to behave if they occur. ;

|
.

These various courses cover practically all of the
,

basic instruction blocs: -

~

basic technical training
joint technical training !

. operations training
|

! These courses are given at training centers providing f
!~ training in the techniques and the operation of nuclear i

installations. They are developed for the different nuclear i
i levels involved in operating 900-MW and 1300-MW.PWR, -

j allowing for the special features of certain nuclear
: facilities. ,

|

Five course libraries are in use:
,

three for the 900-MW level: '

900 cpl-CP2 |
900 BUGEY i

900 FESSENHEIM !

:

two for the 1300-MW level:
'1300 P4

f
; 1300 p'4
t

Each library contains around 120 course hours. At ,

I present, some 500 hours are in use out'of the scheduled 600, !

as the 1300-MW 1evel is not yet finished. These courses, |
3 which have been the basis of computer-assisted training for !

kooping knowledge up to par, are divided into four icvels. |
<

1 Each icvel is particularly intended for a certain category i
f of control staff, from a roundsman to a bloc chief -- but it

!
: is accessible to all. -

'
!

4 o Logic and automatic systems. An initial part of the i

courses deals with the basic principios of automatic i

, devices and systems, and includes many exercises. The |

| following are found in this part:
4 i

| Notions of binary logic (equation establishment [
j and simplification) i

i i

!

: :
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The JK-RS scales

Numeration

Microprocessors

These courses are intended for general use, and their
structure is aimed at a twin objective:

Serving as a prerequisite for attendance at

j. certain training sessions.

) Maintaining knowledge after such sessions. ;

f
A second part of the courses deals with specific

; automatic control systems of nuclear power stations of .;

i the 1300-MW type, and is intended for technicians of
'

the automatic systems maintenance departments. The4
,

following topics have been or are being developed ;

The "CONTROBLOC" programmable automatic control [
system, designed specially to meet

'

monitoring-control requirements, r

The SPIN system (standing for built-in numerical4

protection system) based on microprocessors

The RGL system (Cluster Regulation Logic) ensuring
processing of the cluster control logic.

These various courses represent about 50 training r

hours.
:

o General topics
,

1

j Radiation protection. The different radiation i

protection training courses have been synthesized ;

i at the level of the most important knowledge, and I

account for about ten course hours. These courses
are intended for the whole staff of nuclear; ,

j generating stations, and are used primarily in :

recycling.
'

i
| Fittings. These courses constituted a general

approach to the various types of taps and valves |
l found at the installations. A description of them

indicates the ways of identifying them, the!

different kinds of problems that may arise in'

connection with handling, and the precautions to

!.
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| |
l |

!

| be taken. These courses, intended for anybody who ;

| might be called on to handle valves, account for i

| about five course hours.
I :

! o Incidents. This library surveys a certain number of
,

( incidents that have occurred at French and foreign ;

power stations. Two kinds of incidents are developed:
'

:

1 Those that might endanger the safety and security !
'

of the installation. In this case, a delicate
.

.

analysis is made of the warning signs and the i

; consequences, recalling and explaining to the ;

operator who might be faced with this situation
I

,

the steps to be taken quickly. ;

: i

Incidents not affecting safety, but having an |
effect on installation availability. This portion >

deals with incidents resulting from improper
handling and the rare incidents which are rather

i
difficult to analyze and delay the start-up of a '

tranche.
,

'

This fast-growing library represents about 20
course hours, and deals with about 15 incidents. These
courses are intended only for operating staff, from the ;,

'

operator to the safety engineer. :
.

The teaching approach is different from the one i
' used in the other courses. It callo more on

reflection, and the instruction developed on the basis
of the incident refers often to instructions, physical
principles and the knowledge required for operating the i

,

installations generally.
, t

| These courses are among the most highly
appreciated ones, as they call in an initial phase on i

practical knowledge before getting into the kind of ;

i theoretical knowledge that is indispensable for
!understanding the phenomena in question.

.

Uses of the Courses
,

; Because of their structure and the possible assistance they
i offer when the student does not know the answer, the courses can be

;used in ways going beyond the initial goal of knowledge maintenance,
and can be employed in self-training. i

; 1

i some actions are in progress to introduce CAT in master
i courses given at certain training tenters (such as Gurcy-le-Chatel)
: in order to determine, on one hand, whether CAT can constitute an

i

!
<
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:

interesting supplement to present teaching methods, and on the other
hand, the way of introducing use by the trainers as well as the
trainees.

.

The extent of use of computer-assisted training at the4

'

nuclear facilities from 1982 to 1986 is indicated by the following
figures:

1982 15,500 hours
1983 19,600 hours<

1984 23,350 hours
'1985 18,138 hours

,

1986 18,230 hours

'
For a pair of 900-MW PWR units, use can vary from 1,000 to

500 hours a year, representing for the population using CAT an ,

average of 10 to 20 hours per year per student. The CAT users'
statistics have slightly regressed since 1984 and are now
stabilizing. The major reason is the end of the development of the ;
French nuclear program and the diminution of various job applications '

of the staff. i

Prospects

|
Within the framework of present CAT activities, growth

]
prcspects are based primarily on:

a

i o Incidents

o Explanation of general operating rules [
l

o Instructions relating to accidents i

,

o Automatic devices and systems
'

Some developments involving video discs coupled with CAT are
being studied in the field of valve maintenance and fuel loading and
unloading.

A completely new product, which can be considered as
computer-assisted training, is being developed, combining

|
o Real time simulation f
o An expert system providing an analysis, after the !

exercise, of the operator's actions. j
4 I

i o CAT of the type now used, ensuring a theoretical !

| explanation of the physical phenomena involved.
;

L

,
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This new kind of pedagogical tool consists of two
microcomputers of the IBM PC AT 3 type, doped up by the addition of a

| 32-bit GOULD microprocessor.

o The real time process is being developed by THOMSON CSF
(France).

o The expert system is being dovoloped by FRAMENTEC
(France).

o The software used for the control room environment,,

ONSpEC, is a product developed by HEURISTICS (USA)
;

o The explanation of the physical phenomena involved will
be developed by the team in charge of production of thea

; present CAT courses.

The first part of the project, real time simulation, will be .

!operational in March 1988, and the second and third parts in the
course of the same year.

f

The process being developed concerns a rupture in the tubes
of a steam generator, with installation control in accordance with
the accident procedure until a safe level is reached.

.

Other processes will be installed, with the goal of
intensifying operator training at each nuclear tranche: i

'

T

o in certain tricky phases of accident management. ;

o in normal operating phases that very often cause
emergency stops.

;

It is planned for the course libraries of the current CAT
,
' program to be operational with this new instruction tool so as to
i have a complete and very powerful scif-training tool available at f

each nuclear tranche,
, j

i

Discussion |

, MR. SIDAGO: What is the motivation for the operators to
| take computer-assisted training courses?
a

MR. TANGY: I'll answer on behalf of Mr. Cordier.
Motivation of personnel, in general, has been linked to career
considerations. As you know, there has been a great development of
careers in EDF staff during the last ten years. As that levels off,,

I we may have to re-motivate the staff on CAT training. You saw
the small degrees in 1984, which can be attributed to the diminution,

4 of careers and the stabilization of the staff. But we think many
"

things are missing now in our nuclear training program, and CAT could
j be a positive influence.

1 i
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VIRGINIA POWER'S COMPUTER-BASED INTERACTIVE VIDEODISC TRAINING:
A PROTOTYPE FOR THE FUTURE

:

G. Gil Seigler and Russell H. Adams
Virginia Power

Richmond, Virginia U.S.A. |

Abstract

Virginia Power has developed a system and internally
produced a prototype for computer-based interactivo videodisc (CBIV)
training. Two programs have been developed using the CBIV

,

instructional methodology: "Fire Team Retraining" and "General <

Employee Training (practical factors)." In addition, the company
developed a related program for conducting a vidcodisc tour of their

.
nuclear power stations using a videodisc information management

'

system (VIMS).

t

Introduction j

For many years the nuclear power industry and nuclear
training have been on the leading edge of technological progress in
many areas. In kooping with this surgo, Virginia Power began
exploring effective uses for available technology linking
microcomputers to vidcodiscs. It is well known that both systems
have many positive aspects when operated individually and even more

,

attributes when operated in concert. This paper describes two l
applications that have been developed for internal training and
public information that offectively use those systems.

Background on Computer-Based Interactive Vidcodisc Training

While most people are familiar with computer-assisted
instruction (CAI), few have experience with interactive video. The
distinction betwoon traditional CAI and interactive video is i

critically important and readily apparent. CAI is a text-based
instructional system. Although somo graphic capabilitics exist in i

CAI, Icarning ultimately relios on the writton word. The student is
i told about some problem and about its solution. f

i;

| Computer-based interactive vidcodise (CBIV) training *

technology is an image-based multi-media system. It teaches by

'.
showing the trainee what must be donc and telling him how to do it.
With the right software, the learner can exploro the course, have a t

chance to exercise his new skills and receive immediato feedback and
| tailored tutorials on his progress.

At the heart of a CBIV system is the marriage of the latest
microcomputer technology with a vidcodisc player. Together the two .

'creato an intelligent and highly interactive video training system.

!
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Using current interactive video technology, trainees can
simulate their way through a wide variety of training problems,
ranging from technical skills to management training. The viewer can
interact with what he sees on the screen, and interrupt the video to
ask e question or to detect some problem, as well as to change the
course of events in some way. The traince's activities can be
er.tirely self-paced and should require no experience with computer or

l video systems. In fact, the keyboard is often not used and the
student merely touches the screen to interact with the system.

Computer-based interactive videodisc training technology
offers trainers many benefits. Some of these are listed below:

o It provides a high degree of consistency in the
training program, allevitting problems of instructor
variability.

o It provides a high degree of training reliability ;

through feedback to trainers concerning student '

performance.

o It provides a means of delivering training in
accordance with trainee's individual needs, thus
alleviating scheduling and pacing problems.

| o It can provide a means of delivering high quality
'

training at a greatly reduced cost when compared to a
classroom alternative in certain situations.

There are also a number of advantages of CBIV from the
traince's perspectivo:

o It is self-pacing.

o It is self-scheduling,

o It provides immediato and intelligent feedback.

o It is an active learning method. '

o It has game-like appeal.

o It provides visual clarity.
1

System Description for Computcr-Based Interactive Videodisc Training |

After a review of hardware and software delivery systems
availabic, a decision was made early in 1984 to use the expertise and
equipment recommendations of Interactive Training Systems, Inc.
(ITS), of Cambridge, Massachuetts, USA. This company provided

i
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excellent support and assistance'in determining the specific software
and compatibic hardware needed.to develop CBIV training programs
in-house and to implement the pilot test.

As with any computer technology, the development of CBIV
training programs depends upon software to bring to life the
potential created by particular combinations of hardware. An
interactive video training program requires that the computer
controlling the training session be able to switch intelligently from
video material to computer-generated screen menus.

In a typical training session, the trainee will view a
section of video material, during which time he can stop the video
action by touching the screen. If he stops the video action, he will
be presented tith a screen which either poses a question, explains
that this is not a problem area, or provides some other form of
information. The flow of the lesson is affected by many factors such
as: the traince's prior knowledge or experience; learning style;
whether the trainee interrupts to take action or to ask a question;
and the traince's response to questions prompted by the program. The
training system must be sophisticated enough to alter the video and ,

text content of the lesson, depending upon the responses of the '

trainee.

The ITS authoring software system, called AUTHORITY (TM) met
this requirement and was selected in mid-1984. The AUTHORITY (TM)
authoring system is an English-based menu-driven system. The
sequence of video scenes and menu screens can be thought of as the
"logical flow" of the lesson. The purpose of the authoring system is
as follows:

o To create or define the segments of video and text
material, called "scenes";

o To build or link scenen into a network of
inter-connected screens, called a "maze"; and

o To save this maze in the data format which can then be
read by the operating system software to produce an
interactive training session.

A scene is the fundamental unit of material which is
presented to the student at one time. Scenes are divided into the
following three major groups

o Video Scenes
o Text Scenes
o other Scenes
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| A video scene consists of a segment of videodisc material.
The segment has a beginning poitst (or "frame") and an ending frame.

| As a video scene is being played, the student has two ways of leaving
l the scene. He can either touch the screen or do nothing (that is,

view the scene until it reaches it final frame). There are also two
sub-types of video scenes: action scenes and pause scenes.

A text scene consists of text material which is displayed on
the screen by the computer. Text scenes provide the means for
displaying questions, answers, explanations, hints, or coaching.
There are several ways in which a student can interact with a text
scene and there are several possible ways in which a student can exit
from a text scene.

Other types of scenes are those which the trainee never
views directly, but which control access to other scenes.

The hardware required for each workstation consisted of the
following components:

o IBM personal computer, 256k memory (later upgraded to
384k), 2 disk drives.

o high resolution RGB color monitor

c ITS-2002 interface controller (later upgraded to a 3100
interface controller)

o light pen

a touch sensitive screen

o videodisc player, Sony LDP 1000 with remote control
capability

o interface cabling and connectors

In addition to the workstation hardware, a software station
license from ITS was needed for development.

The 1984 costs for hardware, software, and licenses for five
workstations was $75,000. Additional workstations were available at
a cost of approximately $13,000 each.

Description of Prototype

While procurement and acquisition of hardware and software
was taking place, the project leader and his assistant received
training on the ITS authoring system and began designing the
prototype. After narrowing the possible prototype program topics to
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three, a final choice was made to develop and produce a CBIV program
which would provide refresher training to company power station fire
team members. The goal was to refresh team members with the basic
concepts of fire behavior and the proper selection and use of
portable fire extinguishers. Based upon an observation of video
footage of a firn in progress, the trainee would develop an
appropriate strategy, or sequence of events, for extinguishing the
fire. Specifically, this sequence of events included the following: I

o properly identifying the classification of the fire.
i

o properly identifying the stage of development of the
fire.

o Identifying appropriate fire extinguisher types. ;

'

o Detailing appropriate fire extinguisher utilization
procedures.

Each trainee completing the twenty-minute program would
accomplish the following objectivos:

o Define the four elements of the fire tetrahedron,

o Identify the three stages of fire development.

o Identify the four classes of fire,

o Identify six types of fire extinguishers.

o Describe the basic characteristics of extinguisher
utilization.

The program was to be used initially to prepare fire team
members for their next retraining class, resulting in less class time I

being needed. This would allow for more time to be spent with |
instructors conducting field training exercisos/ evolutions.

The major milestones associated with this project included
the following:

o program Design I

storyboarding
flow charting ;

scripting 1

|

|
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i

!o Program Production
;

video production / shooting |
video editing / post-production;

authoring
premastering to 1" master tape |
disc pressing
program assembly and testing

o Program Implementation'

pilot testing
program adjustment
program replication

,

It should be noted that video production and post-production -

support was provided to the project by another department within the
company. Several services were required that were beyond the !
internal capabilities of the company, such as, audio talent for l

. "voice overs", premastering from 3/4" to 1" videotape, and videodisc :
1 'production.

'
selected costs related to this project are listed below: '

; i

o Trainee workstation, including
|

ITs 3100 upgrade $12,500 '

o Annual license 1,500
,

o Initial cost per program 14,500 ,

o Additional copies por program 20 t,

;

1 The fire team retraining program was piloted and ,

successfully demonstrated an effective instructional |
'

component / supplement for this training area. A second program, !
"Practical Factors," for use with General Employee Training has also I'

b2en developed and implemented since that time. |
i

The decision on whether or nor CBIV is an appropriate medium
,

for training delivery is a very important one, and one that can
|datermine the cost- and training-effectiveness -- the success -- of r

a the program. Several criteria have been identified by Helgerson for
i datermining the applicability of CBIV to a training situation. f

1

i o The trainee audience is large.
'

o The trainee audience is physically and/or
! geographically dispersed.

) o A subject matter expert is unavailable,
i

i
;
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o The material is inherently visual. |

o The disc content is inappropriate for live staging.

o The demonstration equipment is not available.

o The content includes extensive variations.
1

o The trainees have varying levels of experience and
skill.

The content is relatively stable or extremely vital.o

o The content is used repeatedly. *

By applying such criteria to a proposed CBIV project, a
training organization will be better able to make choices early in
the design phase of the project to determine if CBIV is the best
medium for training.

Future applications of CBIV being considered by the company
involve a related project called the Videodisc Information Mar 4agement
system, which is covered in the second part of this paper.

Background on Videodisc Information Management system (VIMS)

Many of today's advances in learning technology have grown
from 1960's and 1970's research projects at universities and
institutions of higher learning throughout the world. Funding for
some of this research in the United States has come from such
government agencies as the Defense Advanced Research Project Agency
(DARPA) of the Department of Defense. One such project was started
and funded around 1978 to combine television capabilities with the
power of the computer in a "user friendly" environment. The
Massachusetts Institute of Technology of Cambridge developed the '

concept under direction of Dr. Nicholas Negroponte. This effort
demonstrated a capability which achieved the combination; it was
called "surrogate travel," "vicarious travol," or "interactive
movies." It was a technological breakthrough; however, practical use
of this concept demanded further refinement in computer software and
hardware.

!

* Linda W. Helgerson, "What to Focus on When Selecting a Videodisc
System," Performance and Instructional Journal, Vol. 25, No. 7,
(1986), 6-10.
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Around 1980, DARPA awarded a contract to a private firm to,

l refine the concept through use of microcomputers, videodisc, and |

( multiple prototype applications. The intent was to test the use,
data acquisition procedures, production methods, indexing logic, and
case of use. This highly successful project demonstrated an exciting
and practical integration of the microcomputer and videodisc into a
system that delivers quick and reliable access to vast quantities of ,

j visual information.

Many applications of this concept began to emerge. One
example is the CBIV training system described in the preceding
section of this paper. Another is the videedise Information
Management System (VIMS) developed by Utah-based E&G Services, Inc.,

VIMS was developed as a cost-effective, easy-to-use system that makes'

an audio-visual information data base available to the operator by ;

its visual information organization, electronic access and data base ;

integrity. It has been described as an "electronic book" or !
electronic filing and retrieval system. [

System Description for Videodisc Information Management System (VIMS)7

Today, VIMS is a state-of-the-art, computerized photographic
data base management system that provides immediate access to actual
colot pictures of photos, maps, engineering drawings and related text
information.

!
Basic hardware components include an IBM PC-XT or PC-AT

,

computer with a 20 MB hard disk drive and 349 floppy drive, microkey :

overlay board, Pioneer laserdisc player, Sonf 1rinitron color >

monitor, monochrome monitor and card, and an EG&G access control
unit. (See Figure 1 for a layout diagram). The software packages
are DOS 2.0 or higher, Dbase III plus, and the VIMS programs which
are proprietary to EG&G. All items, excluding the access control !

unit and VIMS programs, are off-the-shelf and can be purchased
j through various suppliers.

,

The microcomputer controls retrieval and display of |
videodisc-stored information on the color monitor while j
simultaneously displaying descriptive text, and a dynamic orientation ;

graphic on the monochrome monitor. The orientation graphic shows the '

operator's current location, his position relative to significant
j features, his viewing direction, and special data, and other
'

available information. VIMS also allows one to select a picture from
the videodisc and overlay computer-generated descriptive information,
labels, or graphic symbols on the same screen. Utilization of the
system is with the access control unit, comprised of several .

pushbuttons and a joystick, or the computer keyboard. |

|
Ease of maintaining the application data base is important. l

.

This includes additions and/or changes. The data base consists of

|
i
I
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both the pictures stored on the laserdisc and data files stored on
the hard disk. Changes cannot be made to picture on the laserdisc.
The VIMS programs make use of the overlay system to allow changes to
be noted on any picture. One should overlay a pointer with
descriptive text or graphically draw the change on the picture. Once
some predetermined number of changes occurred, the associate pictures
can be re-shot and a new laserdisc produced. The data files are
changed using Dbase III plus, which are then converted to VIMS
compatible file.

Videodisc Information Management System Application.

Applications for use with the VIMS are limited only by the
imagination. Virginia Power chose to use this medium to
photodocument our two nuclear power stations. Station floor plan
drawings are used in mapping the areas to be shot. Areas are divided

1 into paths. Each path is walked and methodically photographed at
1 approximately two-and-one-half foot intervals, looking forward,

backwards, left, right, up-forward, up-backwards, and details. |

Viewing an area in each direction can then be simulated.
'

Photodocumentation is not just a picture book of all majori

equipment, piping, facilities, and control panels, but literally a
surrogate tour or video tour of the entire plant. For example, you
can "video walk" to a location in the plant, locato a piece of
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1

! equipment, walk past or around it, and see its relationship to the
surrounding area. While viewing the video walk on the color monitor,
the monochrome monitor displays a line graphic that shows the travel
path immediately ahead and behind the operator's current location. |
The graphic is constantly updated as the user moves through the !

| area. At any time during the tour pushing a button on the control I

'

unit will display a floor plan map with a blinking cursor indicating
,

the current location. '

A quicker method to access a picture would.be to type in the l

name, mark number, or equipment location in the plant. The random
cccess nature of the laserdisc will display any picture and related
information within approximately three seconds. Each picture has its I
own unique frame number on the disc. This allows all kinds of <

trelationships within the computer database.

Imagino... photos... computer... data base.... virtually the
whole plant at your fingertips for... training
planning...cmergency planning... presentations

At your desk...in the classroom...in the auditorium...
in the plant...at corporate headquarters...in the .

engineering office

Available to... instructors... operations and maintenance:
i personnel...ongineers... management...public relations

personnel

An integrated plan is being developed for using VIMS. This
plan will:

o Support the ALARA program, reduce the number of
planning trips for work in radiation areas.

o support the quality of maintenance teams. VIMS will be
used to video locate equipment and view work areas
during job pre-planning. {

)

o support operations, engincors, and others for }
pre-planning outage work inside of containment.

<

|
o Be used as a communication tool fort

~

Management discussions |
Public and media briefings

,

! In conclusion, applications for the Videodise Information i
'! Management System will evolve as the system is used.

Photodocumentation of the Surry Power Station has been completed.
i

Currently, nine systems are in use, one cach at the nuclear training '

i |
j !
^

!
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conter, corporate headquarters, and engineering office, and six in
the plant. Photodocumentation of the North Anna Power Station began

,

in February of this year. Plans are to master a laserdisc halfway
through the shooting and put systems in place in June with the final
disc issued at the end of the year. Implementing VIMS is part of
Virginia Power's commitment to excellence.
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Discussion |!

,

MR. LIANG: I do see a lot of exciting application potential
here. In omorgency planning, we often run into tremendous problems |
in estimating the access time in the accident environment or
search / rescue. Now, with these video pictures, since overy frame is
taken about two feet apart and you have the estimated distance and a ,

clock on the scroon, can you estiraato (instead of zooming up and down :

like Superman) for normal workers suited up and proceeding at a '

normal pace, how much time it would take to reach a specific spot in
the plant and then get out again?

MR. ADAMS: I would say yes. One of the things you can do
is vary the speed with the joystick, and you could apply a timing
algorithm there. We can generato/rechange that algorithm such that ,

it gives some semblance of a person walking normally with equipment.
Now when you run the joystick, it steps pictures through variably at
a certain spcod. There is another program, that I don't have here.
It used to be that you could hold the joystick "full out" and it

,

would only walk you so fast. That is the one for that application. .

J
It is a normal two-and-a-half foot step that depends on the sizc of
the individual. That is approximately what it is, and I believe you :;

can do that. It would be an interesting application.

! FR. LIANG: That would be very helpful for the designer. !

) For exampl), the primary shield wall ponctration design is usually !

! finished after the wall. The penetration is cast, the designer is
given this picture, and this visualization of the area would be of>

tremendous help in shortening the timo for design.
,

:

MR. SEIOLER: Have we turned this over to our corporato |

d engineering group yet? |
'

!

|
i

'
,
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| MR. ADAMS: Engineering called me yesterday and said tneir
I system had arrived. When I get back I will put it together for -

them. So engineering was one of the groups chasing me before we
released the system. They wanted one installed because they had come
over prior to the Unit 2 outage in October last year, and were
looking at some of the places where they had to start doing sone
design changes in the containment. They were using what we had in
place in the system already, looking at some of the areas.

; MR. SEIGLER: Coming oat of engineering and construction, it
i is nice to have engineering chauing after operations 1

| MR. BALDASSARI: Can you give us a figure on the ratio |
1 between time of preparation of the lesson and its implementation?

That is, for an hour of lesson, how many hours are needed to prepare -

the slides, assemble them and so on? !i

<
'

MR. ADAMS: The actual field work involved me and two
photographers. The photographers traded off with a camera unit, and !

when they weren't with the camera unit, they were doing a spreadshott ;

type record management system. The importance behind this is knowing
what your data is. We worked to complete a two-unit power station.

I We calculated about eight weeks of time, shooting two weeks in a
session, for ten hours a day, six days week. We were able to shoot
everything we wanted to catch in that power station, even climbing
ladders, just to get up and look at one snubber on the side of the
shield wall. Two weeks is about all the time a photographer is good i

for, energy-wise. Again, your limiting f actor is getting into thu
containment and shooting. Basically we had to shoot around the piant |

i outages. If you were to sit down and plan out a program, say, spend
,

two weeks a month, you would spend two weeks on the pictures. They (
go back. They send the photography off for conversion to one-inch !
tape. They put information into the database, which might take about
a week's worth of work. I would say that, if you could get into your
containment buildings and get access to all the areas in a relatively
short period of time, then in six months you could go from start of i

) shooting to having a system in operation. That's considering that ;
; Murphy does not get in the way as he has with us. l
-

'
,

i

:
i

|

:
|
1

|

i
j
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DEVELOPMENT OF A TRAINING ASSURANCE PROGRAM

J. Palchinsky and W. J. Waylett, Jr.
Florida Power and Light Company
Juno Beach, Florida, U.S.A.

Abstract
,

i

'
The nuclear industry has made a significant commitment to

improve training through the implementation of accrelited
,

performance-based training programs. Senior management expects that ;
'

human performance will improve as a result of significant resource
allocations. How do we know if training is effective in achieving
improved human performance? Florida Power and Light Company is
developing a Training Assurance Program to track indicators of '

training performance and future trends. Integrating the company's
Quality Improvement Program processes with systematic training ,

processes is resulting in personnel functioning in a proactive mode i
and increased customer satisfaction with training performance.

Introduction

; The Impetus '

Nuclear rower utilities and their customers expect safe,
reliable, quality performance from their nuclear plants and
personnel. With the notorious accident that took place on March 29, i
1979, at the Three Mile Island (TMI) nuclear plant, doubt was cast on
the safety of nuclear power as a viable energy option for our ,

nation. The lessons learned from TMI were numerous, "but in the end, ;

cmployee training ~ emerged as the largest single target for i

improvement. The general consensus among both government and ;

industry investigators was that existing training in the nuclear
industry was inadequato in scope, inconsistent among nucicar power :

! plants, and insufficiently regulated." (Reference 1) This !

conclusion initiated a series of activities that culminated in the# "

establishment of the National Academy for Nuclear Training. The,

Academy "focuses and unifies the training activities for the nation's r

nuclear utility industry and serves as a vehicle for excellence in i

nuclear training. (Reference 2) The academy is supported and !

administered by personnel from the Institute of Nuc1 car Power !

] Operations (INPO), who manage the industry-wide training
accreditation effort.

,

Accreditation: A Resource Commitment ,

The Accreditation process requires a significant commitment
J of human and financial resourcos. A survey of member utilities i

! conducted in 1986 by INPO demonstratos the increase in resources used
1

!
'
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1

to improve and sustain training performance (Reference 3). The
'

aurvey reports the number of employees who completed initial training
programs at 51 of its 55 member utilities has increased 40% from 1984
to 1985. Facilities dedicated to nuclear training purposes increased
45% over those in use the previous year. Total training staff, both

! permanent and contractor, now exceeds 4,700 industry-wide. Florida
Power & Light Company (FPL) has experienced this growth as well.

Florida Power & Light Company is committed to achieving i
cccreditation and improving human performance through the!

implementation of performance-based technical training programs.
FPL's "senior management expects that human performance improvement
will result from this significant resource allocation" (Reference
4). Unfortunately, training is not the only factor influencing
improved human performance. "In fact, it is difficult to provide a

,

statistically valid correlation between training enhancements and ie

1 improved performance. Consequently, most utilities have few, if any,
j training performance indicators" (Reference 5).

Achieving our Vision !

:

FPL's Nuclear Training Department is seeking the r,

identification of indicators of effective training performance. i,

Thrcugh the development of a Training Assurance Program, we expect to
gain an in-depth understanding of the effectiveness of our Nuclear
Training System. We expect to gain insight into future trends and
issues through enhanced communication with internal customers and
external organizations that impact our survival. Once fully
developed and implemented, a set of quality indicators will track
training effectiveness; trending and a standardized process will
provide for continuous improvement. It is expected that FPL

4

personnel will transition to a proactive modo and become leaders in *

the industry, thus achieving our FPL corporate vision: j
i

t

During the next decade, we want to become the best managed |

utility in the United States and an exec 11cnt company !
j overall and be recognized as such. '

This vision is a product of FPL's comprehensive Quality Improvement
; Program and is FPL's long term goal. !

Quality Improvement Program

Quality at FPL
,

i The nuclear operation at FPL has been dramatically affected
I by the implementation of the company's Quality Improvement Program
i (OIP). This program supports the Nuclear Energy Department's

totmwork focus and "hands on" philosophy. Quality at FPL is defined

!

i |
1
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as conformance to valid requirements. Figure 1 depicts the three
components of QIP and the four principles that support its underlying
foundation.
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QIP Principles

The four principles supporting our QIP are:

o Respect for people. Our management style is to keep
peoplo informed, train overy individual to perform at
the very best level, help people communicate, delegate
responsibility and authority to attain individual
accountability and to create a senso of purpose in the
work place,;

o Customer satisfaction. Our customers are stockholders,
regulators, ratopayers and FPL departments. The purposo
of QIP is to ensure that customer needs and reasonablo'

expectations are satisfied.
t

o Management by fact. Data providos the objective means!

J for problem analysis, measuromont of performance and
follow-up correctivo action.

o P-D-C-A. Essential for any improvement in performance,
the continual PLAN-DO-CHECK-ACT cycle provides focus on-

improving the current methods. The training system isd

a manifestation of the PDCA concept. ,
,

; i

1

1

'
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OIP Components
i

The three componente of QIP are: !

io Policy Deployment
o Quality in Daily Work [
o Quality Impro'.cment Teams

*

Policy Deployment it top management's method for providing focus to
,

corporate efforts in a few selected areas to produce breakthrough !
"

improvements in performance. Each FPL department establishes short-
and mid-term performance objectives, then selects projects to achieve
the performance objectives. Corporate resources (people and money)
are allocated through this process. The Nuclear Energy Department
short- and mid-term objectives are selected to support corporate |

objectives which are targeted to accomplish the corporate visions. I

! I
,

! Quality in Daily Work (QIDW) emphasizes quality performance f
i of all accountabilities to meet customer needs. QIDW incorporates ;

! lessons learned from past experience through the application of a !
I

! rigorous process. QIDW focuses on the establishment of control
systems for cach work process (PLAN). These systems define the !
process objectives and output indicator (s), determine the work flow, f

identify process indicators, targets and limits, and specify
: accountable individuals for critical steps in the process. Control
i systems are impicmented on a trial basis (DO), monitored (CHECK) and b
; refined (ACT) before becoming the "standard" quality control l
! practice. !

i
Quality Improvement Teams promoto toEmwork, problem-solving

skills and organizational learning. The QI team structure includes |,

j functional teams at the local workplace, cross-functional teams
'

involving various FPL departments, task teams assigned to solve a
specific problem, and management lead teams. Those teams use a i;

structured problem-solving process, analytical techniques and QIP [
'

; concepts to solve and manage problems and identify improvement '

opportunitics. These elements of QIP provided the process and the i
motivation for our Training Assurance Program. t

|

|
Conceptualizing a Training Assurance Program

1

j An Initiativo and Its Inputs

f The Training Assuranco Program (TAP) was developed as a 1

means of staying in communication with the many organizations that
impact the management of our Nuc1 car Training System. The external1

i organizations include the Nuclear Regulatory Commission (NRC), INPO,
' and the Florida Public Service Commission (FPSC). We recognized that

we were in a reactivo mode with these groups because they know where
they are going and we don't. When we responded to audits and
evaluations, we were often working on last year's list of issues.

I
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TAP is an initiative to help us become proactivo. Key
questions that TAP attempts to answer are:

o What are the issues impacting training?
o Why are the issues important?
o who is the driving force behind the issues?
o When will the issue impact FPL?
o Where does it appear the issue will lead FPL? I

o How will FPL respond to the issue and meet the
corporate vision in so doing? l

The Training Assurance Program has five inputs

o senior nuclear management's (plant and corporato)
concerns and priority issucu in the training area

o current events in our industry and their future impact
on training

a changes (actual or proposed) from influential
organizations (NRC, INPO, FPSC, etc.)

o company events insido and outside the nucicar
department that may impact training

o training activities and good practices at other
utilities and industries

Processes and Phases

The processos used to develope . .m n a .c am u.a me. .. . ..nuw. nmum.
TAP are the FPL QIP processes and
applicable training and educationalmn n . . ..n o.n

research and ovaluation processos.i. r,..~._.... . .,, no

TAP is being developed in four |
. 1....,.....c,. ...n..

distinct phases as outlined in. . . . ~. v .. . y w . ..- n... . n..

Table 1. Each phase provides input
n . . . . . . . . , , , . . ..,-n.,

to the next, although some
development of each phase is

| coincident. As the phasos are
implemented, wo incorporate the PDCA principio to further develop

] the elements of our training assuranco process.

The four phases includo:
,

;

o Training Ansessment - an ansessment conducted to
dotormine the current status of training against all

'

known critoria.

c Training Review Group - the establishment of training
review teams that continually assess training
activities. I

; o Evaluating Training Effectiveness - the evolution of an
innovativo evaluation process to monitor the

] offectiveness of training performanco
I
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o Communication - Interaction Model - the building of a
model for enhancing communication and interaction among-

internal and external entities that results in mutual
support and a common purpose.

Products and output

The products of TAP includet

o a proven set of techniques used to continuously improve
training communication and to track future trends

o an assessment process that monitors training
performance indicators, identifies improvement
opportunities, and tracks corrective action plans.

The ultimate output of TAP is a training system that
functions in a noticeable proactive mode resulting in observable '

improved human performance at FPL's nuclear power plants.

TAP Phase I: Training Assessment

Initiating TAP
..m.u meu m.= ntn.u w.ca

w ., TAP was initiated inN****"'
recognition of the myriad of- ...

U internal and external forces- - . - . . . . .

= "r' C ' '?'# *:'- th*t wara *ff** tin 9 th' ***tu'*
. 2: % L quo of the nuclear training

l + - ' " ' * * "'***'a function. Figure 2
E illustrates some of theu.. ..e

~

**ti"iti' *"*"t'+- ''', * - criteria,'c'hanges,' 't*"d'rd''A* *'a **. .;~ ,
R . ,r: .. expectations, and commitwents. _ . , ,

.;*;'.?.. that have placed nuclear plant
+- . *c = training in a dynamic and~~ 'a e

T vulnerable state (meforence--

'0*.W'**"*~ R 6)- Tha trainins **5*** ment,
. ...e

A *.c._ was selected as the first-.

* ga ; *~ - phase because we needed to-
,,

: ;;;; *- | ensure we had a valid data. . , , ,

h*** fr * "hi*h t dev* p**'a*
N -

* ~ ; f,;',';.. ,,., subsequent phases of the-+

| | 7,%** program. FPL was also* * " ' ' ' ' " " '

N **P*riancino an *99t***iva
= ',':.1, regulatory environment at one

G / ._ ,,, of its nuclear plants. Thus,
.

' ' ' * * " ' ' ' ' * * - -

the pilot training assessment,,.,_.,, . ,.

was performed at that plant.
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The pilot was conducted by a task team with members from the
Quality Assurance and Training Departments. 'The toim's objective was,

to determine the status of training in this dynamic training
environment. The team planned to identify the various valid
requirements, assess and describe the current status of nuclear I

training and identify opportunities for improvement. A resulting |
summary report would be presented to ple-t management for
disposition, who would lead corrective actior.' efforts to achieve a
new proactive status quo (Figure 3) (Reference 7).

,,

The Pilot Assessmo'nt
'

The first activity of the team
'was to plan the assessment

..

;

! approach. Table II outlines the
' Assessment Team's plan. Assessment
1 criteria were based on licensing

* * * * ~ requirements, regulatory. 1.

\<>'.
'~'

commitments, site administrative, ,'s procedudes and guidelines, IEYO
|,

's guidelines, NUREG's and other '

\ .rngulatory documents and reports,"m', . . . .4._.. r --- ,ut,,
+"

j/ previous NRC Training Assessment' ,

f,
,

'

f, ,- riports of FpL and other utilities, j/m

,,,/ , ,' QA audits and INp0 plant and/ '

ac reditation evaluations. !r~
. . . .

j 1 4' Ninety-one (91) reference documents i
" ~ ~ ~ ~

were used to formulate over 700 f

questiord that reflected specific,
|

i detailec criteria. The team "

l members were thorough in their !
I approach so as to maximize the

;
! potential for achieving |

| , - . . . . . . , . . ~ , . , cy.ctile nce . The question' sore '

i incorporated into critoria
|

J checksheets and used for d. ;

j collection. The training activities assessed included those ahin j
the Nuclear Training Department and those accomplished by other plant '

i departments. Table III lists the 27 areas that er.ccmpassed the scope
of the first assessment. Extensive documentation was reviewed, many
activities were observed and over 30 personnel were interviewed
during the two-week on-site data collection period.

Team members, as well as those with whom they intetfacdu ^*
: during the on-site visit, learned about various valid requirem9nts !

4 and the plant training function. Strengths were recogni:cd and iI acknowledged and opportunities for improvement identified and )
,' discussed. The plant exceeded or met the criteria for approximately

75% of the questions. In the final assessmer.t report,

|
,

|

|
||

|
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165 specific improvement opportunities ;' ; ', ~.* 7.','' ',',', ,, .
1., _ ,

were identified and discussed, some n o...,..~.

of which were duplicated due to '' ' ~ ~ ~ ' - - '

the report format. While no | [,*,|, ',', .. .,
direct violation of regulatory a n. - u - -.-
requirements was uncovered, 48 ' ' ' ~ " " ~ ~ - " -

of the items were given high priority. " ' ~ ~ ' " * " ' " ' ~

Acting on Results !

Training department personnel systematically evaluated each
improvement opportunity for validity and required corrective action.'
A Training Tracking System (T-Track) was established to track

j cssignments and action taken on each opportunity. Many items are
' bekoming the focus of QI team offorts using the QI problem-solving

prUcess or QIDW. Many plant personnel are involved in evaluating the
opportunities and implementing corrective action. The QA department
is using their computerized commitment tracking system (C-Track) to

i monitor the high-priority items. The corporate nuclear training
i staff is monitoring' progress on the entire scope of the assessment ,

for senior management. To date, almost all of the opportunities have |
| been incorporated into the Training System and many lessons have been i
i learned. '

!

j Lessons Learned I

1 *

| Some of the lessons learned include the necessity for
|teamwork, a wholistic approach and records retention. Teamwork and |

open communication between all personnel concerned (i.e., Training, |
QC, QA, Licensing, other plant groups, corporate staff, NRC) is ;;

j imperative to officiently work on incorporating improvements. A
wholistic approach involving the cross-checking of various systems is,

1needed in order to totally close out an item so that it does not
,

I

a
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re-surface in another area. The results of actions taken are !

tracked, thoroughly documented, and retained in order to expedite the ,

verification of activities and products by auditing bodies.' '

Some of the constraints affecting efficient incorporation of
j improvements include: the excessive time required, budget cycle i

j limitations, inaccessibility to facilities or equipment needed, !

j schedule conflicts, higher priority projects and activitics, lack of f

I historical data, organization or archives, support for word !

l processing and records maintenance, and the micro-management of
'

! verification. As constraints are overcome, improvements are made to
"

! the training system.
!

| The benefits gained as a result of this first assessment are
numerous. It has forced the Training Department to systematically -

evaluate and use the appropriate system to make improvements (i.e.,
implement policy deployment). It has helped to identify variables!

and set parameters for measuring work processes through QIDW which :

will lead to standardization. It has helped to create valid data |'

! bases and records, and document issues and concerns which need to be l
1 shared with plant management, all nuclear training personnel, other

utilities, INPO and the NRC. It has helped to assess training needs ,

for the training staff and student groups. It has helped to educate l

J training personnel which, in turn, positively affects the plant
; thrcugh the provision of better training products and services. It
i has set the stage for good practices and has improved the image of
j the Turkey Point training team.
I

Future Plans

As with any quality process at FPL, plans include the i
formation of a team to systematically CHECK the results and the

'
'

! process used in our first training assessment and ACT to improve it. -

| Did it meet customers needs (valid requirements)? Did it achieve its t

j purpose? Were all of the criteria used valid? What aspects were
i beneficial? What problems did it cause? How can they be eliminated i

; or minimized during the next assessment? Q1DW is the process to be
j used to enhance and verify future training assessment efforts. {
; '

i The goal of training assessments at FPL are to provido an !

| in-house mechanism to informally but systematically identify .

i opportunities for improvement and thus achieve training excellence, f
We expect to conduct an assessment at each of our nuclear plants |.
biannually, rotating between plants. Each assessment team would be ,j

comprised of training personnel from both FPL's two nuclear plants i,

and corporate staff. Other interested FPL personnel representing, i
for example, our corporate Organization Development and Training r

Department or the fossil plants, may become involved in this |
,

J important, beneficial activity. This plan will provide for a ,

! continuous improvement process and continuous input for our Training |

!
t i

! i
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|

| Roview Group (TAP Phase II).
!

Our efforts have b9en recognized by INPO staff and Region II
NRC inspectors. One inspector recognized our first training I

cssessment effort as the most professional, thorough assessment he
had ever reviewed. However, there is a risk in conducting such
thorough internal reviews of your training system and publishing the
rosults. The risk concerns the exposure of every potential
daficiency, no matter how minute, to scrutiny by the public and the
regulators. These external groups, not recognizing the goal of
cxcellence, tend to want to help us manage the results of the
assessment and the action taken to make improvements. Because of <

this exposure, a team has been formed to evaluate the feasibility of
continuing to conduct internal assessments. Until the team
formulates a recommendation and provides direction for the future

'

conduct of assessments, no additional training assessments will be
initiated. Meanwhile, we continue to use the results of our first,

; Training Assessment and to experience the benefits.

TAP Phase II: Training Review Group i

The Purpose
1

i

! "The purpose of the Nuclear Training Review Group (TRG) is
to establish a committee structure to systematically review, approve>

,

and evaluate the effectiveness of nuclear training programs"
,

(Reference 8). The impetus for formulating the TRG was fourfold:
,

o to maintain accredited training programs <

to provide a mechanism for management and subject; o
;

! matter expertise to be involved throughout the
development and the maintenance of programs and

:
i materials ;
i o to meet the QIP goal of customer satisfaction

!
! o to justify the large investment of public resources

|

Group Structure
i

i *

] The following boards and committees make up the TRG: i

1

o Training oversite Committee !
!' o Joint Training Assurance Board (JTAB) ,

o Plant Training Advisory Boards (PTAB)
i

i o Training Review Committees
| t

The communication flow within the group structure is |depicted in Figure 4.

i The Training oversite Committee reviews current activities
for cost-effectiveness and conformance to corporate policy and

,

i

I
'

,
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procedures. Members include nuclear training management, corporate
officers outside the Nuclear Energy Department, and other company
training management.
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. JTAB is a multidisciplinary group whose membership includes t
' the four senior training management personnel at each nucicar plant,
J and the corporate nuclear training manager and curriculum

specialist. This team provides overall direction to the plant4

7Training Review Committees and guidance to the PTAB's regarding
~

]
technical training programs. JTAB is tasked by senior management tot ;

j? Lo lead the offort to standardize programs, policies and
! procedures

,

o assure adherence to FPL's Systems Approach to Training
(SAT) process

1 o promote communication between plant and staff groups
, o monitor quality performance indicators, corrective

) action plans, and commitments
,

A PTAB is established at both FPL nuclear plants. The i

PTAB's function is to provide overall direction for training efforts |
j at the plant sites. In addition to PTAB, each plant has an '

established advisory board for each of the three components of the [
; Quality Improvement Program. All four boards report to the Plant QIP

'

Lead Team. Thus, PTAB provides an important link between training i

and the QIP Lead Team assuring that: '

I

o training objectives are consistent with plant QI<

! objectives
o training plans are integrated into plant plans and i

j schedules
o training issues are managed through the QI Program ;

]
J |
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I

Training Review Committees are established for each
discipline area involving supervisors from both the training and
plant functional department. Their function is to provide program
specific oversight for activities, ensure consistent application of
SAT for each program, and ensure that appropriate regulatory
requirements are adequately addressed. These committees are the
principal customer input to the training team. |

Critical to Success

The Training Review Group is critical to the success of our

]
performance-based training efforts and has provided numerous

- opportunities for enhancing training in our quest for quality. :
I Communication between customers and trainers has increased. Issues ;

and concerns are more efficiently resolved. Feedback is more t

. systematically documented. Through teamwork, we are able to provide L

training services that meet our customers valid requirements. !
'

t

TAP Phase III: Evaluating Training Effectiveness

The Need
)

Training represents a major corporate investment by nuclear !
;

j utilities. Training personnel need practical, simplified approaches
j to conduct evaluations with a minimum of time and a maximum of ,

i success. A principal measure of training effectiveness is whether i

l the successful trainee has the knowledge, skills and attitudes to !

I successfully perform assigned tasks. However, is this the only
i measure of training effectiveness? ;

! i

: A classic evaluation system includes evaluating training |
effectiveness at four levels (Reference 9): !

o Reaction - the learner's opinion of the program
,

{ o Learning - a measure of the Icarner's achievement of
j instructional objectives
1 o Performance - evaluates employee's behavior on-the-job
! following the training program |-

1 o System - measures bottom line results upon the I

| organization and/or significant impacts in other ways,

i However, this system does not yet seem to fully yield tbc information
i needed to satisfy all those who have a vested intotest in determining

training effectiveness.

Defining Evaluation

i How an organization defines the purpose of evaluation is f
| critical to the design of an evaluation system. Evaluation has been |

4) defined in three different ways: ;

i - 317 - !
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t

,

o a process of determining if objectives have been
achieved

o a process of providing information for decision-making'

o a process of ascertaining the merit, value or quality
of something (Reference 10).

For example, if the purpose )f evaluation is for
decision-making, then decision makers at various levels in the
organization must be identified and their valid requirements for the

: evaluation must be anticipated. One major decision-making group la
the nuclear utility system comprises those personnel in the learners !

'

; chain of command who have the most to gain or lose from a training ,

program's success or failure. "These are the people who have both j
i the legitimate authority and interest to see that barriers to the .

j transfer of learning from the training environment to the work place ,

are removed" (Reference 11). However, in addition to supervisors,i

many groups are concerned with effectiveness of nuclear training'

including: students, instructors, training support personnel,
training management, senior nuclear management, other corporate

,

management, other training groups in the company who are assessing |
a

nuclear training activities, the NRC, INPO, the state PSC, utilities'

! who monitor each other, and other industry groups, the concerned
,

'

| public. Do we know the requirements for evaluation, and expectations
of nuclear training, held by all of these interested groups? Are the |
existing nuclear plant performance indicators monitored by our ;

industry appropriate for assessing the outcomes of training ;,

performance?

Indicators of Effectiveness I

: ,

t Whatever purpose an organization selects, it is recognized ;

i that a comprehensive evaluation system involves the monitoring of r

1 many indicators of performance to assure that training meets customer !
! needs and reasonable expectations. Many indicators of effective !

] training performance have been identified in the evaluation [
literature. One reference cites several indices of traininga

,

performance including: productivity, timeliness, project efficiency,'
f

. curriculum officiency, cost, value, development, and professional !
j contribution (Reference 12). Of course, each of these indicators i

must be operationalized depending on the particular organization and !4

j the defined purpose of evaluation.
[
r

A systematic Study |

I At FPL, we recognize that the nuclear utility industry is !

| unique, and warrants a systematic study to determine the who, what, !

| why, when, where and how to evaluate the effectiveness of training i

i performance. Phase III of TAP is embarking on this systematic
j study. Three simultaneous activities have been initiated. First, a

trial implementation is being conducted using a new Nuclear Training
1 .

: !
! !
: .
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|
i

l

,

Procedure on the Evaluation Phase of FPL's Systems Approach to
Training (SAT) process. Input into the development of the draft

I procedure included a comparative analysis of NRC and INPO training
ovaluation requirements, and the requirements in FPL's corporatel

Nuclear Training Manual and both plant training procedures. This
comparison resulted in the draft of a standard procedure that
incorporates the QIDW process and is being used in the trial
implementation. !

i
,

| Second, a comprehensive review of the literature on training t

'performance effectiveness is being conducted to identify processes
cnd techniques applicable to nucicar training. Third, a qualitative
research methodology is being used to identify the meaning of .

training effectiveness to specific suppliers, customers and observers<

: of training performance in the nuclear utility industry. The results 1

of these three activities will culminate in a database for use by a .'

! QI team who will review the findings, identify and seek further '

analysis, and work to improve and standardize a system for evaluating.

j training performance that monitors a set of valid quality indicators.
,

TAP Phase IV: Communication - Interaction Model

| Communication: A Challenge

! The dynamic training environment today causes many |

communication problems both internally and externally. The challenge ;'

j facing the training organization is to consistently communicate ;

management's policies and procedures, as well as to inform training '

department personnel of developments internally and externally that
affect training. The QIP provides the motivation and the methodology

J' fcr reliabic communications; therefore, QIP will be the basis for
Phase IV of TAP.

| A QIF team will conceptualize a model using the results of
i the prior phases of TAP. The conceptual model should encompass a .

I mathodology for communicating concerns regarding training and human ;

j parformance among entities both internal and eternal to the company, i
Presently, internal entities include senior nuclear management (plant ii

and corporate) and other company personnels and, external entities i
<

I include influential organizations (i.e., NRC, INPO, PSC, etc.), other ,

utilities and industries and the general public. However, we !1

. recognize that any developmental effort, such as TAP, may change
I focus and scope as a result of development activities (e.g., the

.

'

) results of the Phase III study).
,

i

1 Facilitating Interaction
' ;

'

i The intention of developing a model and testing its

|
methodology is-

I

|
] i
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!

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._____ _______



_ - - - - - . . - _ _ - . - _. . . - __ _-. - . . _ ~ . -

|

!,
|
1

!

| o to promote discussion of current events and issues in
our industry to determine their impact on training;

j o to facilitate interaction between the various entities
j of the model to promote mutually beneficial decisions.

We anticipate that the first three phases of TAP will
i identify the normal communication channels that are functioning at
'

FPL. The QIP team will focus on improving the reliability of these
| communication channels. QIDW will be applied to ensure that the

structure and process for communication is developed. Indicators ,

will be selected to measure communication effectiveness and monitor l

) needs,

l The PDCA principle must be applied in order to facilitate
this high-1cyc1 interaction process. A systematic assessment of
communication needs must be made and tha results analy:cd for use in
developing the model (PLAN). Following the model-building process, ;

various techniques need to be selected to match the identified !;
needs. Once the methodology is formulated, its implementation (DO) ji

t must be monitored using the indicators and the process evaluated to
4 CHECK the effectiveness of resulto. The last stop is to ACT to ;

) improve the model. !
4

| Summary i

i :

i The mission of the Training Assurance Program is to assure j
quality training at FPL. Assurance is achieved when we can

f demonstrate four characteristics: Security, guaranty, confidence and !
r

1 certainty. Quality training occurs when we have conformed to the
!

J valid requirements of our customers based on their needs and i

reasonabic expectations. Therefore, to assure quality training, we I
must link the four characteristics to our customers. We believe TAP '

is meeting this objective as analy:cd below. I

t

o Security. The training system will achieve security [,

when it stabili:cs and is relatively immune to external| i

| change. Our regulatory customers expect a secure |program. Their needs will be met when FPL's training
i

| system meets all valid external requirements. TAP j
Phase I is designed to accomplish security.5 *

l
1 o Guaranty. The training system guaranty is the
| consistent achievement of stated training objectives.

,

i Plant personnel are the customers who establish the i
training objectives. TAP Phase II integrates this !

customer into the training system. f
| o confidence. The training system must instill !
! confidence that cost-effective products are reliably {

delivered to the students. Senior management wants to j

;

I i
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have confidence that training is offectivo. TAP Phase
l III strives to find an evaluation methodology that will
'

give management confidence in the training system.

o certainty. The training system must improve human
performanco so that the rate paying customor can be
certain that nucicar generation is safe. Certainty can
be attained with an open, reliable communication
system. TAP Phase IV will develop the communication

,

system for FPL to attain certainty.|

The attainment of execlience in a dynamic, compicx
environment is the challenge to nuclear training. It is intricated
by a diverse customer base. Integrating FPL's Quality Improvement
Program processes with systematic training processes is resulting in
personnel functioning in a proactive modo to assure customer
satisfaction with quality training performance.
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i Discussion ,

!
" MR. TANGY: I was impressed with the pilot team working on !

your TAP project. In France, about 800 people are teaching in tho |
various facilitics of EDF Training System. Apart from them, 150 [
engineers are working on nucicar training. One of our major |

; difficultics now is to take those people from their day-to-day work
| and to think a littic more on the future and quality assurance and

offectiveness of training. How do you deal with the question of |
'

making those people who teach day after day to work on something elso |
than day-to-day teaching? |

'

1

i MS. PALCHINSKY: One way is to have them involved in the
'

quality improvement teams, because people are working on the problems !
I that either they have identified, as a functional team member, or i

: maybe they were assigned a task. For example, for some of the
; improvement opportunitics identified in the Training Assessment, we
; got peoplo together, like instructors and program coordinators, :

,

i sometimos from both plant sites, who are working together on these i
; hinds of problems. This is getting them involved in improving |
1 training in a different way besides teaching or developing materials, i

I Another interesting way is the quality in daily work
! process. Right now we are going through two exciting evolutions. We y

J are taking the entire Systems Approach to Training process and flow |

| charting it and identifying indicators where we can check that the F

| process is working, setting targets and limits and criteria for [
! determining that, and identifying who is accountable -- then we will i
: standardi:o the process. That, I think, is a very stimulating ;
; activity. Also we are standardizing our programs, for example, the t

) non-licensed operator program. Those instructors are getting !
1 together and looking at where they could combine their efforts and (j como up with where they are common or can be common, in order to

t

; standardize the programs between the plant sites, j
a

t
i so those are just some of the activities that we have for i

: instructors and lead instructors and support personnel, to get them
1 developing and growing and thinking about the future. i

| !
; :

:

j

!
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USE OF CASE STUDIES IN TRAINING
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l Institute of Nuclear Power Operations
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,

| Abstract

I One of the lessons learned from the Three Mile Island (TMI)
cecident was that the nuclear industry was ineffective in learning

) from previous events at other plants. As training programs and
; mathods have improved since TMI, the nuclear industry has searched *

for effective methods to teach the lessons learned from industry
) ovents. !
i

<

The case study method has great potential as a solution.
|

By reviewing actual plant events in detail, trainees can be '

; challenged with solving actual problems. When used in a seminar or ;
discussion format, these case studies also help traineos compare '-

i their decision-making processes with other trainees, the instructor,
and the personnel involved in the actual case study event. ,

<

| The Use of Case Studies in
j Training Huclear Plant Personnel

,

; Studies on how people learn point to the rather obvious
;

) fcets that as humans we remember only a small percentage of what we '

i road, a slightly larger percentage of what we hear, a little more of
| what we see, and a great deal more of what we do.

|

!

If our objective is to truly learn from our past and avoid i

j ropeating errors and mistakes, then we should be using a training !
j technique that relies heavily on learning by doing, i.e., an active

'

process.

1 The use of case studies is such an active learning process, '

] cnd as such it has many advantages over more traditional training
; mothods for understanding the lessons learned from industry events.
; But what exactly is a case study? Let's start with the

following definition: A case study is an instructional strategyJ

I dasigned to promote better understanding of a specific event by
I presenting information germane to the vent in a way that the audience
J identifies closely with it, the key words being, "...in a way that I

j the audience identifies closely with it."

! If I tell you that something could happen to someone, you |
might dismiss it as a "what if." If I tell you that something did,

! hoppen to someone, I may awaken your interest, but you may still
,

1, l
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4

i
|
!

!

!
convince yourself that it couldn't happen to you. Now if I tell you.

j that something specific did happen to someone you know or with whom
you can identify, then you are interested. You will probably get the4

j message, internalize the lessons learned, and possibly even modify
; your behavior so that it will not happen to you.
;

' That is what caso studies are all about -- getting the
j students actively involved. The method is nothing new. It-has been

< a proven teaching technique used in medical, law, and business
schools. The "new"item is the application of this method by the'

|
nucicar industry.

I case studies can be used by the nuclear industry for i

j training mangers, control room teams, and in most disciplines. Cases [
can be developed for managerial issues, technical problems, plant -

;
:ovents or a combination of thece. The case study method is being4

!
4 used extensively in the Senior Nuclear Plant Management Course
I conducted by the National Academy for Nuc1 car Training. INPO is also .

j developing example cases for use by the industry. !

So how do we do this? Ideally, case studies involve the
j review and examination of an actual event or events, thereby !

connecting the classroom environment with the real world, obviously, i
:

i the more realistic the case, the better, j

The students are challenged with solving an actual problem. fI

They are given aackground materials and presented with the t,

i description of an event or situation. The students must advance ;

i through the classical problem-solving steps, from identifying the i
'problem to proposing a best solution and checking on its outcome.

{ Key factors to the success of this method are the case study
j 1cader and the participation of the students. This is an active
.

Icarning process, one cannot sit back and "absorb" the lecture. The i
. leader continually probes, questions, and challenges statements and
I assumptions made by the group.

Students are presented with the case study materials. This [
asually consists of a brief history, necessary technical and *

i administrative background materials, and a problem situation. {
{ Students are assigned to work either independently or in small study
'

groups but, in either case, they are challenged to "solve the
! problem." Often a series of Icading questions may aid in focusing ;

.

the students on the "correct" problem. j

i The individuals or studl groups present their solutions in i
I class, subject to the probing, questioning, and challenging by the |
! leader and the other students. When possible, a "best" solution is '

identified. For historical events, the actual solutions are reviewed {
for comparison. When this is done it is important that the leader |

!

!

I I
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i

i

understand why specific actions were taken in the original event. |
:

The use of caso studies helps promote analytical skills and
the ability to think and reason clearly. Problems of varying types |

can be presented in a realistic setting. Tough issues can be .

cddressed in a relatively "safe" environment. This allows the testing [
of decisions without an abnormal fear of failure. The continuing |
exchange among the group members helps the individuals learn to ask ;

the right questions when faced with the actual situations in the ;

j future.

|

,

'

I Discussion .

!

DR. SALAS: Do you think that trainees should be tested? |
What is important to be remembered from a caso study? For example, -

| do students need to know the who and when, or just what happens so j
4 that it does not happen again? ;

.

j MR. FLYNN: The bottom line is that you are trying to keep !
the event from happening again, so that is what they need to know.a

The who and the why and the where are only there to help them got
j that message and koop that message. Also, a case study is going to +

be different depending on who you are trying to teach and what it is;

! that you are trying to teach them. The first step in developing a
|

case study is to decide why you want to tell the student about it. ;
'

; If you are going to talk TMI to operators, you are going to deliver a !

j different message than if you are talking to maintenance, or design, !
or plant engineering personnel. So you have to decido basically what |1

1 you are going to ask them first and then design the case study to j

] reinforce that material.
4

j MR. BCHANON: I have always been a strong advocate of case
: studies. I have found that it has an equal strength that goes over

into the part of literally determining whether or not that is a
procedural, a design, or a training fault. In the case of driving,

! through the concrete wall, I won't try to answer, but I think we have
! hold of something here that we really have failed to grasp in the ['

past, and that is a closed loop in evaluating some of the i
malfunctions of the plant, as to whether they were laid to design, !

procedure or training. We have a tendency to throw training at overy ;i

problem and that may be detrimental rather than constructive. j
:

! MR. FLYNN: I agree. I

I |
j MR. FEDAKO: Do you know of any educational institutions or !
i any other sources of training for trainers on case study methods? ;
1 ,

, 1

l !

i l

I f
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MR. FLYNN: I don't know who provides training for trainers
specifically on caso study methods. I know that Harvard Business
School uses caso studies extensively. Whether or not they have a

; trainer training course, I don't know.

) MS. FREERS: You said that one of the key factors is the
.

role of the leader. Have you identified any skills and knowledge
that person should have to be offective as a group leader?

:

MR. FLYNN: Not to the level that I suspect you intend by
your question. We have not gone through and done a job or task I

1

analysis,
i

j
,

|

,

[

r

i

l

l -
>

I

l

I :

i
'

:

, >

i

: i'
.I

;.
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TRAINING OF OJT INSTRUCTORS |
;\

| N. A. Wiggin, M. Ed. !

Training Manager [
New Hampshire Yankee '

Seabrook, New Hampshire, U.S.A. ;
!

|
Abstract |

!
'

i OJT (on-the-job) instructor training needs to include [
j caveral important elements. We need to provide OJT instructors with !

! the policies and procedures for conducting and documenting the !
] training; we need to acquaint them with performance objectives and j-
| train them to measure performance against these objectives; but most
) of all we need to teach them how to demonstrate a manipulative skill
; at the level of the objective, for this is the most likely single
i teaching method that the OJT instructor will use. This teaching
j skill consists of several discrete elements, all of which can be

taught and learned. Finally, the OJT instructor needs to know how to'

I create a job performance measure to assess the achievement of the
!

j learners. This paper describes such a training program. |

!
The first requirement for any instructor is to know the i

subject matter. Assuming that the instructor already has the subject i
I matter knowledge, let's look at a program for equipping the !

) instructor to teach others to perform tasks. t

i !
Somebody in the organization has to be able to develop (

i

} objectives from tasks. This is not necessarily the OJT instructor, i
j However, if someone else develops the written objectives, the OJT t

; instructor should be the subject matter expert. In this way, the OJT !
j instructor will be an active participant in the development of the '

: training activities,
a

Once the objectives are written, we write the job
parformance measure (performance checklist). It is easier to do this
immediately, because the objectives contain the criteria for !

i ovaluation. Our OJT instructor may enter the training cycle at this j
! point or earlier. Now that the objectives have been developed, and 1

! the means of measuring them is available, the OJT instructor will !
j nsed to develop the training activities. This is the activity where j
j the instructor training program needs to concentrate. Our program j

contains the following elements:
|

,

)
1 o OJT procedures
) o Developing learning activities from objectives (

o Demonstrating a manipulative skill 1

o Providing a practice !
o Performance testing !

I I
i !

} i
! 1
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,

We will not discuss procedures in this paper, as those will
vary from site to site. Some procedures for scheduling, conducting

! and documenting OJT will be necessary. Whatever these are, the
instructor will need to know them. The identification of items on

.

the task lists to be taught by OJT should have aircady taken place.'

Generally we will want to train in the plant only those tasks which
;

cannot be trained in the classroom or laboratory.'

:
i Choosing the Training Activity

)
Following a brief introductory session in which we explain.

I what constitutes OJT and which procedures govern the process, we l
' teach the OJT instructor how to determine the level of the objective |
'| he will be working with. In general, we are talking about

'

manipulative skills, i.e., psychomotor skills. Thus we teach the |
five levels of Bloom's taxonomy of psychomotor skills. The obvious !

purpose is that the teaching activity will be different, depending |

upon how the objective is written. j

j For example, if the trainee is learning any manipulative i
; skill, the objective might read like one of the following: ;

i '

1 o IMITATION. While observing the instructor, the trainee (
i will be able to repeat the skill, i
i i

i o MANIPULATION. Following written or oral instructions, i

the trainee will be able to perform the task. !
I

o PRECISION. Without written or oral instruction, the !
trainee will be able to perform the skill.

) o ARTICULATION. The trainee will be able to perform (
consistently a succession of skills to complete a task. (

i o NATURALIZATION. The trainee will be able to complete
| one or more skills automatically, with limited physical
i or montal exertion.

These are generic objectives. They are written to show the {
difference in the expected level of performance. At imitation level,,

we expect only that the trainee will be abic to watch someone else
and do the same things that the demonstrator is doing. This requires ;

j no understanding at all, only the ability to imitate. The next !
1 level, manipulation, requires the learner to be able to perform the |
j skill according to instruction, rather than observation. Keep in !

mind that this means that the learner executes certain manipulative j!

{ skills when told how to do so, or when reading instructions on how to }
do so. This is not to be confused with following the written :

i

l procedure. The difference is that procedures list the steps to be I

performed and the sequence; a learner who is performing at [
manipulation level will still need someone to explain how to execute j

|

[
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i

| a particular step, even though he roads it himscif. For example, the
! procedure may say, "Verify that the motor circuit is de-energized."
l The learner in this caso might not be abic to execute that stop |

without instruction on how to do-onergize the motor circuit. When !
the learner is able to perform at the precision icvol, he will be i

able to de-energize the circuit correctly without any additional help
from the original source.

L i

! At the articulation level, the learner will be able to !

! combine several skills consistently and smoothly to complete a task. l
{ Naturalization refers to the ability to do a task requiring one or

r

i more skills, without having to think much about it. Swimming, or 6

: riding a bicycle are exampics of some skills which many of us do at '

j this level. At our first attempts, however, we had difficulty even ,

j imitating another person. |
1 '

- Developing objectivos from the task requires the help of '

i someone trained in writing objectives. As mentioned earlier, the OJT |
J instructor does not really need to know how to do that. Here are two L
j of the tasks involved in the job of wiring a houses
i

) o TASK: Mount the electrical outlet box on the stud. [
i l
j o TASK Install the electrical outlet in the box.

|1

For the purpose of this OJT session, we will be teaching how
I to install the outlet in the box. The objectives, as the OJT I
I instructor roccives them, might be like these: ;

, i

J The trainee will be able to:
'

i
o State in his own words the requirements of the National

Electrical Code in reference to the installation of the
outlet in the box. .

: i

i o select the aporopriate tool for each phase of the task,
f

o strip the cable to remove the outer covering and.

insulation. I

,

) o Strip the wire to bare the correct length,

o Wrap each wire securely around the correct terminal,

i o Tighten the terminal screw sufficiently to prevent any
| movement of the wire on the terminal,

o Ground the outlet to the box as per the National
Electrical Code.

; -

|

!
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i

o Insert the wired outlet into the box without undue
strain of the terminal connections.

o Securo the outlet to the box.
,
s

The first two objectives are knowledge objectives, written
at the comprehension icvel. They are intended to be exactly the level
that the trainee will have to perform the job. We do not want the .,

i trainees to recite the code from memory: they could memorite the |

j words without any understanding whatever. We want understanding, so
we want to be abic to ask, "What are the code requirements on this

,

! stop?" In fact, that is exactly how we will measure this objectives i
i we will ask the trainees what the code says. ;

: 1

| The third objective is not written in language that will '

tell what level it is. We need to look at the taxonomy to get our
,

performance level. Do we want the trainees to simply imitate us as '

.,

we strip the cable to remove the outer covering and insulation? That
might be a reasonable first step, but ultimately we want the trainees

i to be able to de this entirely independent of us or any written ;

instruction, i.e., at the precision icvel. In fact, that is the same
~

level we want from all the remaining objectives. Each of these
'

objectives is one manipulative skill. Before we qualify our
trainees, we may require them to be able to do the last seven with4

' harmony and consistency, i.e., at the articulation icvel. What the
OJT instructor must do first is to determine what level of ,

'

performance is acceptable as a result of training he is going to
conduct. That decision will detcrmine what the training activities
are going to be. i

Following is a lesson plan in which I teach the instructor
|

how to demonstrate a manipulative skill. Figure 1 is a lesson
,

; presentation checklist, adapted from materials published by the
American Association of Vocational Instructional Materials.2 * In |

| this lesson, I would vary the activities to accommodate the level of r

; the objective. I have inserted explanations of that in the plan. ;
;

1 LESSON PLAN
,

s !
Job: Wiring an cicctrical outlet.

,

1

j Terminal objective students will be able to insert, prepare ends, ;

1 and correctly attach wires to a grounded outlet, meeting all
i standards of the National Electrical Code.
1

| !

Hamilton, J., et al. , "Demonstrate a Manipulative Skill",*

| American Association for Vocational Instructional Materials, Athens, i

| Georgia, 1977. !
,

e

.
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i Tools and Equipment Screwdriver, cable stripper, wire stripper, !

:. ncedle nose pliers, diagonal cutters, 6 foot measuring tape, 10 feet |

| of Romex cable, one piece of 414 wire one foot long. An electrical |
outlet mockup. 1

3 ,

4

{ Note to the instructor: Carry the tools in the leather tool carrier !
' supplied to all plant electricians. Check to !

see that all the tools are in good working I

! condition. I
i i

j I. Introduce the demonstration by explaining what is going to ,

. be demonstrated, how it relates to what the trainees already (
! know, and how it relates to future activities in the t

! workplace or classroom. ;

I f

II. Demonstrate the set of skillst (
Operation Key Points !

f
'

1. Strip the cable 1. With the cable entering :
'

i

j from the top of the box, 1
the length to be stripped j

'

will be at least six
i inches below the box. I
! I

i 2. Insert wire. (Have 2. Leave no paper inside the
trainees box. Explain the reason
imitate for the code.

I these steps .

i if conditions !
| permit) i
! i

| 3. Tighten screw for snug 3. Ask why this is
fit. important.;

| 4. Strip wire. 4. Be careful not *O al.w?
| the wira *iMn removing
'

the insulation.

5. Attach wire around the 5. Bend wire clockwise.
, screw. Black on brass, white on !

| white, green on ground. j

I

6. Fit receptacle in place. 6. Demonstrate the S-bend. j

!7. Install screws. 7. Remove the fiber washer
from each screw. Ask
students why this is
done.

|

|
1

- 331 -

|



_ _ _

III. Now that you have completed the first demonstration,
students need the opportunity to review and practico.
Depending on the number of students in the session, use one|

I of the following activities

I
o Have one student go through the entire process, while

you tell the other trainees what he is doing. If he I
'

needs help, ask another trainee to tell him what to do.
|

| o If there is opportunity for all the trainees to
| practico, let them all do it, but only so mcny as you

can observe and critique at a time.
1
'

o Have one trainee perform the steps while another
watches and describes each step. Then reverse the
roles. ;

In the event that there is only one of these jobs to do in
the plant, it may not be possible to provide practice. In that case, [
you need to record that the trainee has only observed the operation |
or that he has had only one practice, and is not ready to perform the

'

task unsupervised. The next time that this opportunity becomes
availabic, you can give the trainee more practice. |

This lesson plan contains the essential elements of a !
demonstration. The instructor should have met the criteria in Figure :
1. (q.v.)

Evaluation

The final stop in the training of the OJT instructor is the ;

creation of job performance measures. This does not have to be a !

complicated task, but it needs to be done, so that there is
consistency in the evaluation process, no matter who does the I
evaluating, Failure to do this will result in some OJT instructor !
being preferred over others because they "qualify" a trainee who does i
not perform as well as he should. The goal is well-trained and

j

qualified employees; we cannot afford to compromise that effort. ;

1

A job performance measure needs to list the steps that the ,

trainee is expected to perform during the evaluation phase, with any !

standards of performance that are required, e.g., "correct to within i

one millimeter", or "completed within 15 minutes", or "within .5%." !
The standard may also be "as prescribed by the manufacturer's |

qualification" etc. For the task just described in the lesson plan, j
here are some statements from the job performance measure. ;

i

!

!
,

'

| I
r

! 1
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;

t

The trainee performed as indicated on each of the following |
items:

Yes No Needs More .

Improvement |
.

1. Stripped the cable at least nine ,

inches L

1

2. Stripped wire bare 3/4" to 1:'
,

3. Wrapped wires clockwise around
correct terminals. |

i
4. Tightened screws sufficiently '

to prevent wire from being (
- twisted icose. [

l !

5. Made S-bend in wires before ,

pushing receptacle into the
I box.
I l

6. Removed fiber washer from box.
!

| 7. Securely mounted receptacle in ;

box. i

!

This is not all that should be included, but it is enough to
j eerve as a model. The OJT instructor may have to include an item '

concerning use of the approved procedure, or observance of some codes
or standards. ;

Summary f
I OJT instructors need first of all to know their own subject !

matters we do not include that in their training as an instructor. ;,

j Next they need to know the procedures in effect for conducting and ;

} documenting on-the-job training. The real task of these instructors i

- is to cor. duct an effective training session. We all know people who
} know their subject well but cannot communicate it to others. The

]
ebility to demonstrate a manipulative skill is a basic skill for an :

OJT instructor. We teach it by demonstrating it and observing the !

criteria listed in Figure 1. Our instructors also need to be able to f
recogni:e and state in their own words the level of performance |

| expected of the trainees as a result of the session. Then they need i
1 to know what it takes to bring the trainees up to that level.

'

1 Finally, they need to know how to use a job performance measure to
| evaluate the learners' progress. If we have people on our staff to

J write these, the OJT instructors may not have to do so. They will,
3 however, be valuable resource persons to help the instructional
1 technologists write objectives and criteria for measurements.
!
4

1
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i

|
1

!

FIGURE 1
Page 1 of 2-

i LESSON PRESENTATION CHECKLIST

j DIRECTIONS: Place an "X" in the NO,

1 PARTIAL, or FULL box to indicate that Name
j cach of the following performance
- components was not accomplished,
| partially accomplished, or fully Date

j accomplished. If, because of special
circumstances, a performance component !

was not applicable, or impossible to '
>

execute, place an "X" in the N/A box.4

,

Level of Performance |

| N/A No Partial Full i

) 1. All necessary *.cols, materials, f
: and visuals were organized and ,

1 at hand when the teacher (
l needed them. |

!

2. All tools, materials, supplies !

4 and visuals were in good
J condition.

i,

J 3. The instructor introduced the
1

J demonstration with explanations
! of
j a. What was going to be demon- i

strated !
i; b. How it fit in with what the !

~~~
f; trainees aircady knew or had

I experienced,
c. How it fit in with future ;

i activities t

1 !

4. Each stop necessary to the opera- j.

j tion was demonstrated. j

5. Each step was explained as it was [
j demonstrated. r

1
I

i 6. The steps were presented in a |

logical order, i'

! f

i

:

1 i
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FIGURE 1 ,

Page 2 of 2 ;
.

LEVEL OF PERFORMANCE |

N/A NO PARTIAL FULL |
1

8. Safety practicos specific to the
operation were covered. |

:

9. The procedure used for the ;

operation was the one currently t

approved for use in the field. |
|

10. The steps were presented slowly |

|
enough that students did noc ;

'

miss key points.
;

i ;

! 11. tvery movement in the demonstra-
! tion was cicarly visible.
' i

l 12. If direction of movement was of i
I special importance, students !

j were positioned accordingly.

13. The instructor could be clearly
I heard.

>

1

i 14. The instructor performed the i

operation with case. |
1

>

15. "'he instructor set up standards |.

of workmanship by doing a good t

i thorough job. |

! L

l 16. The instructor encouraged ,

i questions. |

l i

j 17. The instructor asked key questions
|

; throughout to ensure that the
students understood the demonstra-

4 tion.
.

I 18. The instructor included some ,

! activity to summarize the steps
1 and key points.

'

19. The scope of the demonstration
, was suf ficiently limited that
! students could absorb it all.
4
!

i
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CHAIRMAN'S REMARKS

Mr. B. S. Magnusson
Sweden

The first presentation was by Mr. P. A. Tempsett from
Central Electricity Generating Board. The paper he presented was
about "An Integrated Initial Training Program for a CEGB Cperations
Engineer." The paper considers an overall training program for a
newly-appointed operations Engineer. The training program is
designed to equip the engineer with the skills and knowledge j
necessary to do his duties safely and effectively. The theoretical !
presentation is reinforced by using either simulation and/or }
practical e.xperience on site. In later stages, plant-specific i
simulators are incorporated into the training program. The trainee's j
performance is assessed throughout the program to provide feedback to }
the trainee, the trainers and station management.

The second paper was presented by Mr. M. C. Pate, Jr., from
Carolina Power and Light Company, USA. The paper presented was ,

entitled, "A Centrally Coordinated Maintenance Training and
Qualification Program for a Multi-Unit Utility." The program is f
based on a five-year, five-level training and qualification process. ;

It is given to nuclear plant mechanics, instrumentation and control |
technicians and electricians. The program consists of five icvels of r

generic training conducted at a central training facility, five |levels of site-specific training and five levels of emnicyee >

qualification based on a qualification card system. Tais centrally
coordinated program has obtained an INPO accreditation.

The third paper was presented by Mr. B. Cordier from
Elcetricito de France, France. The paper was given on the subject
"Computer-Assisted Training for Diagnostics and Incident
situations." The presentation shows where, in a training program,
one can use computer-assisted training. The presentation
demonstrated the computer-assisted training resources used, the
objectives, direction now taken and its growth prospects.

The fourth paper was presented by Mr. G. G. Seigler and Mr.
R. H. Adams, both from Virginia Power, Richmond, Virginia, USA. The
speech was entitled, "Virginia Power's Ccmputer-Based Interactive
Videodisc Trainingt A Prototype for the Future." Mr. Seigler
started the presentation by giving a theoretical background; then Mr.
Adams gave a practical presentation of the equipment they use. VP
has developed a system for ecmputer-based interactive videodisc
training. So far, they have developed two programs: "A Fire Team
Retraining" and a "General Employee Training". The company has also
developed a related program for conducting a videodisc tour of the
company's NPS. This system was demonstrated and it was very
interesting to see how it functioned.
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! The fifth paper was presented by Ms. Joe Palchinsky. The !
paper was written together with Mr. W. J. Waylett, Jr. Mr. Waylett j

'

. was not present at the meeting. Both authors are from Florida Power
| and Light company. The titic of the paper was "Development of a |
) Training Assurance Program." The FPL is developing a training .

j assurance program to track indicators of training performance and I
1 future trends. The ecmpany has been integrating the quality !

improvement program processes with systematic training processes and '

i

] the result has been an increased customer satisfaction with training i

j performance. !

| The sixth presented paper was presented by Mr. Joseph P. [
Flynn, Jr., from the Institute of Nuclear Power Cporations, Atlanta,J i

! Georgia. The paper was entitled, "Use of Case Studies in Training i

!

i Nuclear Plant Personnel." There has been some ineffectiveness, from
f the nuclear industry side, to learn frem previous events at other i
l plants. The industry has searched for effective methods to teach the i

lossens learned frem industry events. (
i

!,

The case study mothed can be a potential solution. By r

reviewing actual plant events in detail, trainees can be challenged |
with solving actual problems. To use the case studies in seminar or t

discussion format can help the trainees to compare their decision i
making processes and the results, with other trainees, the instructor <

and the personnel involved in the actual case study event. |,

:

|
The seventh and last paper was presented by Mr. N. A. Wiggin ,

from New Hampshire Yankee Seabrook. The titic of his presentation |
was "Training of CJT Instructors." OJT instructor training needs to
include several important elements. The industry needs to provide

j them with the policies and procedures for conducting and documenting -

f:
i the training. The industry needs to acquaint them with performance
j objectives and train them to measure performance against these

I

| objectives. Most of all the industry needs to teach them how to
demonstrate a manipulative skill at the level of objective. This is1

the most likely single teaching method the OJT instructor will use. .

IThe presentation showed in a very practical way how this could be
done. The most important point was the answer to three questions:
What, why and how -- in that order. ,

I |

The presentations and the papers during this session were |
Very excellently presented and most interesting. The audience put i

; many questions to the speaker. It was a pleasure to chair this j
excellent session, with expert help and support from my assistant,
Mrs. Roe.

!

l
i

!
:

|
1
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THE ROLE OF CHECK CPERATORS IN ACHIEVING
| OPERATIONAL EXCELLENCE AT VIRGINIA POWER'S NUCLEAR STATIONS
1

B. L. Shriver
T. M. Williams

1 W. L. Stewart
] Virginia Power

{ Richmond, Virginia, U.S.7..
t

Abstract
|
| Virginia Power has implemented a Check Operator Negram as a

part of its commitment to excellence in the operation of the North
i

Anna and Surry nuclear power stations. The Check operator Program j
utilizes highly qualified licensed personnel to independentl7 ,

evaluate the performance of licensed operators and senior operators !
during normal, abnormal and simulated emergency conditions. Emphasis

,

. is placed upon individual and team performance as well as the
| procedures and training which support the operators. The check |

operators report to line management to ensure that theiri '

I recommendations are implemented into the overall operations ;

philosophy of the power station. i

Introductioni

; :
5 Recognizing that its employees are the key to achieving |

] operational exec 11ence, Virginia Power has implemented several ,

j initiatives to involve its employees in improving the safety, |
cfficiency, and professionalism in the operation of its power I
stations. One of these initiatives is the implementation of a caeck '

} operator program at the North Anna and Surty Power Stations, !
i
'

i The Virginia Power check operator program utilizes highly i

{ qualified licensed operators to independently evaluate the
!

; performance of licensed operators and senior operators during normal, j
: abnormal and simulated emergency conditions. Emphasis is placed upon '

,

! individual and team performance as well as the procedures and !
training which support the operators. The check operators report to (;

line management to ensure that their recomendations are implemented !,

! into the overall operations philosophy of the power station, l

)

1 The check operator program is formally incorporated into |Virginia Power's Nuclear Operations Department by Policy Statement 1
J

) NODPS-0-07 and Nuclee,r operations Department Standard NODS-0-10 which !

are approved by the Vice President - Nuclear Operations. (
| f
: i

!
>

1 i
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*Selection and Training of Check Operators

One full time check operator has been appointed at each of
the two nuclear stations. These individuals were selected based on
their technical abilities, interpersonal skills and their
demonstrated commitment to excellence in all phases of station
operation. The check operators were selected from station personhel-
who:

o Hold an active Senior Reactor Operator License at the
power station which they will serve.

o Have served as an Assistants Shift Supsrvisor, or a
shift Supervisor, at the ydwer station f.or at,least 24

'months. '"
. .

it D,

Have successfully~ completed all [bjepsad' Ope)atorJo
Requalifica.ticn.Orogram (LORP) requ).rements Ulf.h
excellent perf or'mance for the prdvieus lear. "

y , *,%
o Have consistently received above average ratings on the

company pertormance appraisals.

Check operators.are selected by the Assistant Station
Managers (Operations and Maintenance) with concurrence of their
Station Manager and the Vice President - Nuclear Operations.* Thes,
check operators report to the Assistant Station Manager who also '

supervises the Superintendent - Operations.
A.

Following appointment, t'z check operators receive the
following training which is coorC194ted by Virginia Power's Power
Training Services Department.

,

o simulator Instructor Training covering simulator
training objectives, the use of simulator exercise p*
guides, and the use of performance evaluation
instruments. '

Plant Evaluator Trainint emphNsizing techniques for \o
in-plant observations, interviewing techniques, and
methods for presenting conc)Asions from in-plant
observations to those being wh.aluated and to
management. This training weg prodded by the
Institute for Nuclear Peger qperatuans for the first
check operators. ', A

o An overview of the dRC operat r licensing process,
including review of the NRC qxaminera standard.'

Thecheckoperatorsmaintainactish'NRClicenses. This
requires completion of all Licensed Operator Requalification Program'

'

- 341 -
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requirements. In addition, the check operators serve as a shift
superviser approximately one week per month te maintain a high degree
of operational proficiency.

Responsibilities of Check Operators

The overall responsibility of check operators is to improve
the performance of licensed personnel by identifying areas where
improvement is warranted and then working with the individuals and

,

management to implement corrective actions.
{

Specific activities directed toward the identification of
areas for improvement include:

o Administer annual operational evaluations of Reactor
Operators and Senior Reactor Operators. This
evaluation of the operator's performance during
simulated abnormal and emergency conditions utilizes
the control room simulators. This evaluation is
coordinated with that conducted by the training
department as a part of the Licensed Operator
R6 qualification Program,

o Conduct systematic in-plant observations and
evaluations of licensed personnel performance during
normal plant operation,

o Conduct in-plant observations and evaluations of
ilicensed personnel's performance during infrequent
|plant evolutions, e.g., reactor and plant startup. j
i

o Conduct independent operational evaluations of license
candidatea prior to their completion of the NRC license
examination.

The check operators have developed worksheets for guidance
and documentation of their simulator and in-plant observations. For
example, the in-plant checklist includes the following eight general
areas of evaluation:

o Conduct of the shift turnover,

Knowledge and use of operating procedures, includingo
abnormal and emergency procedures.

o Knewledge and use of administrative procedures and
Nuclear Operations Policy Statements and Standards.

o Knowledge and use of technical specifications,
o Taking and use of plant legs.
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l
,

i
|

,

|
| o Professionalism and efficiency in shift conduct.

~o communications with other shift members,

o Knowledge of plant status.
:

| This checklist is presently being revised to include ;

approximately forty specific items to be evaluated in the eight :

; general areas.

! While direct observation of the operator's performance is
i the predominate method of evaluation, the check operators also ask
j questions to determine the operators' understanding and ability to ;

f make judgments in cases where procedures do not provide specific ,

j guidance. t

t

i Once an observation has been completed, the check operator i
i discusses it with the individual. They jointly evaluate the root ;
I causes and possible solutions to any identified performance

.

deficiencies. In many cases, the deficiency is limited to the !
'

performance of a specific individual. In other cases the root cause
i has been found to be a result of inadequate procedures or incomplete
j implementation of company policies. !

) The evaluations are documented in written reports which are
'

reviewed with management. Particular emphasis has been placed on (

reviewing the results with the Superintendent - Operations and !
,

Superintendent - Nuclear Training.
|

;

Benefits
I !

The check operator program has been well received by both :

the licensed individuals and management. Licensed individuals !4

Lrespect the knowledge and insight of the check operators and
generally agree with their conclusions and recommendations. Specific

i benefits of the program cited by licensed operators and shift ;

supervisors include ;

) !

j o The objective, operational nature of the evaluations. j

;i

j o The use of the observations to provide specific, !
j positive recommendations for improving their :

j performance. |
3 ,

o The ability of the check operator to effect changes in I
,

} procedures or policy where they will improve !
'

j operations.

l
1 ,

!,

l
'

i

I
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Management is in general agreement with these conclusions.
Many recommendations made by the check operators have been
implemented. Examples of recommendations which have been implemented
include:

o A revision to the shift turnover logs to increase their
utilization in ensuring a complete professional
turnover. ;

l
,

o A revision to the abnormal procedure for restoration of
electrical supply system to clarify the recovery
process.

o Increased emphasis on the training of operators as a
shift team during simulator training sessions.

In summary, Virginia Power has implemented an effective
check operator program. The concept of having the check operator
emphasize peer evaluations has encouraged both the operators and
management to utilize it as a method of improving overall power
station operations. In addition to the evaluation of specific
operators, the check operators have made recommendations which have
improved the quality of team training during simulator sessions and
improvements in the procedures used to operate the power station.

Discussion i

MR. LATONE: It is apparently a self-audit function that you
are comparing against a standard. Is that correct?-

MR. SHRIVER: Yes, it is.q

8 MR. LATONE: How about the person you are driving to work
i with. Are you going to self-audit him? How do you handle that

situation?

MR. HENRY: It has been very well roccived by the operating
shifts and it was something we recognized when we set the program
up. In order to make this program work, we are going to have to be
able to divorce ourselves from past friendships and associations.
The way we started the program was that we came down and talked to
Bill Doonan, who was the head of the 727 check pilot program at Delta
Airlines, to find out how they were received by their peers when they
transitioned into that rating or check role. We found, in his case,
there was a fairly large animosity picked up when they came from the
position as a peer pilot to check pilot program. Page and I, in I
setting up our program, could not afford to have that animosity
develop. So the things that we recommend are fed back directly to
the individual at the time of appraisal or evaluation. The first

,

t

!
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person who sees the evaluation is the individual who was evaluated.
When that is donc, if he has questions about what the comments were,
they are cleared up with the individual before the report goes to
management. It has worked really well so far.

MR. BUDNICK: Has Virginia Power implemented the Human
| Performance Evaluation System (HPES)? If you have, what is your role

in relationship to the particular system?

MR. KEMP: Yes, we have and we have a separate person at
each station who is in charge of that program. We have day-to-day
communications with him, but we do not directly become involved with'

that program.

MR. GRANDAME: Could you give me an example of some of the
points of performance that you are checking these operators on?

MR. HENRY: When we set up the program, Page and I
developed, for the in-plant evaluations, an overall observation check
sheet that would be submitted to our bosses, the assistant station
managers. Each of us, independently, because of the difference in
station procedures, had developed several pages of individual areas
or expounded on those categories. For example, in the procedures
category, during an in-plant evaluation, we have a check sheet that
shows operator performance through routine annunciators, use of<

procedures through non-routine annunciators. The same thing with
operating procedures, routine and non-routine, and abnormal
procedures. In other words, a detailed report broke down categories
of how each operator was performing those functions that, though
routine, become old hat and, through habit, use of required !

background documents may stop. That forces the operator to remember ,

that procedure usage is something that is required for every
annunciator or condition that exists. We act as a QA constantly for
that individual and it has been very well roccived.

MR. KEMP: One thing we look for in procedures is to verify
that the operator completes all his precautions and limitations, his
initial conditions, that type of thing, for each procedure, and
verify when he receives an annunciator, especially annunciators he

.

does not get on a routine basis. He uses annunciator response to
'

ensure the correct action is taken, so he can respond, correct the
problem and return to normal operations.

MR. LONC: What fraction of your time do you spend in actual
administration of examinations, as compared to the other l
observations. The observations sound to me very similar to what our
quality assurance department operations monitors do. Can you compare
the two activities?
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MR. HENRY: The program was set up and the major job
function for each check operator was in plant evaluations. To keep

; ourselves current and to maintain peer acceptance, Page and I stand
at least five days per month of in-plant time as shift supervisors,,

1 divorced from the observation process, again, as one of the group
being forced to make the decisions. With the LORP requirements, it
ends up that we are right now spending about 15-17 days a month

; either on shift as a supervisor or evaluating people on shift as
check operators. So we have a significant commitment at times. When
we are in plant evaluations, we are there from nine to ten hours a t
day to observe both pre-watch and post-watch turnovers. I know .

Virginia Power's QA department takes pictures of all those processes, i

I
| but they are not there continuously throughout the whole shift cycle,

Iwatching everything that the individual does during the whole day, to
get a better background. j

i MR. FEDAKO: I am not familiar with the pilot check
) program. It sounds like they are doing something very similar. Who

,

'

provides, or how do you factor in a key way to check on the -

checkers? In other words, what recourse does a person have if he i

does not agree with you? )

MR. HENRY: As I said, each report is reviewed by the
individual before we turn it in. He knows that that report goes to

'

the assistant station manager and I have not yet had one where there ,

was vehement disagreement with what I reported. But as in all '

processes, the doors are open to each manager. I would be more than
happy, at that time, to meet with the individual and management to .

'
talk about the observation. It has not yet happened to me, but that
door is always open.

.

f

MR. LANGE: Has the program been in place long enough for |
you to measure the effectiveness of what you are doing?

|
| MR. KEMP: The program started in May of last year, so it (

has been about a year since we initiated the program. There are no :

real factors that you can put on paper in most cases to verify that [the program has been a total success. But we have had quite a few
|,

j areas where we have made improvements. For instance, during one of i

the yearly evaluations, we noticed that the operators were having l
4

| problems with electrical procedures when they had a fault in
electrical power, in trying to go through a procedure and restore !

!

! their power to return to normal operation. We made recommendations |
to station management to improve these procedures quickly since |

| electrical power failures are more likely to happen than any other |
; type of accident. Through our recommendations this procedure was

,

j corrected and improved greatly. So in those areas, we have seen i
l improvement, but it is hard to put on paper. !

i.

MR. HANLEY: Do you evaluate people who are in a position fabove the position that you hold? How does that work out in terms of ;
3

; i
|

[
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evaluating people who are shift superintendents, if you do that, or
shift foremen, versus reactor operators?

MR. HENRY: We have had two license classes at Surry go up
since the check operator position was created. Each of those classes
has had at least one manager candidate who, by your definition, is in
a position higher than the one I hold. Both of those candidates were
failed by the check operator on evaluations and management backed up
that evaluation.

MR. HANLEY: Not being directly involved in operations all
of the time, that obviously takes some of the staffing away from the
plant. Does that cause staffing difficulties in the operations
department? Have you staffed specifically for the check operator
program?

MR. HENRY: License numbers at Surry were more than
sufficient to support it. North Anna had fewer licenses available.

MR. KEMP: When the position was created, it did put a
burden on operations, with the loss of an SRO from the role of shift
supervisor. Since that time, though, we have been able to re-staff
with licensed SRO's to the point where we have three SRO's por
shift. So it is not a problem now.

MR. SHRIVER: I want to close by noting that we have, in
fact, seen improvements in both operator performance, in
recommendations for team performance, in support documents, such as
AP-10, the Electrical Abnormal Procedure that Page mentioned. I
think it was interesting, considering_the dinner discussion last
night about the shuttle disaster, to note some of the root causes that
were mentioned. The speaker listed seven. There are four of them
that relate to what our check operators are doing. First, there was
a lack of attention to engineering detail. In our case the

,

1

; relationship may be the operations detail. That is one of the things
we are doing with check operators, to get back and look at the detaili

of how we operate our plants. Second, he talked about the formality
of communications being a problem. One specific area that our check
operators evaluate routinely is the formality and effectiveness of
communications in the operations group. The speaker mentioned the
lack of compliance with procedures, and both check operators
mentioned that was one of the specific criteria they look at, to be
sure that the procedures are used as they are intended to be used. '

Lastly, there was a lack of offective communications with senior '

management. The check operators do report to high level management
in the station, to provide that bridge between the operators and the |

,

higher levels of management. '

So we believe that this program is effective, and we believe
wa will be able to demonstrate that more in the future. ,

;

|
4
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i

Abstract |
|

The French electricity producer, Electricit6 de France l

(EDF), and the Safety Authorities have developed, each of his own, a
{procedure for analyzing the operating incidents. One of the major

lessons of their analysis was the importance of incidents due to
human error and, among them, to deficiencies in the training of the'

operators. It is, in consequence, particularly important to improve-

the quality of these programs and one of the major concerns is how to
take into account the lessons of operation experience. Our purpose
is aimed at describing how this is now done.

Introduction

Operation incidents on PWR plants are mainly taken into
account for operator training purposes through the organization of
feedback of experience lessons implemented at the nuclear and fossil
generation service of EDF on one hand, and the safety authorities on
the other hand. The goal of such an organization consists in
detecting, analyzing and learning lessons of incidents on PWR plans,
in France and abroad; all that aimed at taking all the adequate
measures for preventing other similar incidents, improving the safety
knowledge of the operators.

For this purpose, it is quite important to pay special
attention to events where, directly or indirectly, the operator is
involved and, in consequence, to the training of these operators.
After presenting some elements which can give an idea, in general, of
the relationship betwoon operation events and operator training, we
are going to study more in detail the implemented organization for

,

the feedback of experience lessons on operator training.
|

Training and Operation Ev3nts

Statistical analysis. In fact, it may be quito difficult to
determine precisely how an incident due to one (or several) human
errors may be linked to lacks in operator training. If it is
sometimes easy to reach this conclusion, one may understand that, in
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the general case, an error cannot be explained only by the fact that I
the instructors have not insisted enough on some crucial point during ;
the training sessions.

.

;

The analysis of the annual balances of plant operation !
realized by the specialists of the DAF (Divison Analyse du -

Fonctionnement, of the Nuclear and Fossile Generation Service) show !
that percentages may be quite different according to the type of !:

events taken into account. After a first "rough" classification
~

,

which attributed almost half of the human errors to training
problems, a more refined classification led to the following results, ;a

concerning scrams due to human errors. (one may note that the sum of, ,

; percentages may be greater than 100 because one error can have more :
than one cause.) !

! Table 1. Repartition of error causes

] for the PWR 1984 and 1985 incidents. :
i *

Cause 1983 1984 ,

) Task complexity 31% 40%
,.

Workstation design 22% 25% l4

I
Working time 4% 12% !

Work organization 4% 25% j
,

Procedure (presentation) 22% 3%;

t

Procedure (technical contents) 4% 12% >

] i

| Training 8% 13%

|
Competence 11% 7%

t
Procedure violation 20% 20% ;

1 -

These statistics concern j
i

) o 108 events (112 human failures) in 1983, it means a bit !

| more than 50% of the scrams -

| o 142 ovents (145 human failures) in 1984, it means a bit
less than 60% of the scrams "

1

I In both cases, the number of the scrams due to training
i problems is approximately 7% or 8% of the total. These numbers can
I ba considered as "minimal," taking into account the probable link of :

,

{ "training" problems (in the table) with "competence" or "task
j complexity."

i
I
1
:
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We may also pay attention to some data belonging to an
information collection program realized in 1982 and 1983 by the DAF
and INPO. We should, in any case, use this information very
cautiously, according to the fact that just a few events occurred on
a French plant (Dampierre 3-4) and that also all these events did not
lead to a so-called "significant incident." The following table
shows the histogram of "experience in the nuclear field" and
"experience in the position" of the agents who performed the error.

Table 2. Experience of the agents performing errors
1

Years Experience in the Experience in the ;

nuclear field position (
1

1 year 2% 26%

1 to 5 years 42% 66%

5 to 10 years 34% 8%
1

10 years 22%

We noticed in addition that 53% of the analyzed events have
had similar "antecedents"; this shows the importance of the diffusion
of experience lessons.

Example of incidents. We are going to present here two
incidents for which taking into account the experience lessons seems
to be especially important.

Incident at Tricastin 1 on 3/2/83

During the raising of the upper internal structures, at the ,
'

plant shutdown, the operators noticed that, at about 11 p.m. on
3/2/83, as the lower face of the upper plate of the upper internal
structures was about 170 cm over the pool floor, the N7 and N9
assemblics remained attached to their control rods. .

The raising was immediately stopped and the operators got
confirmation, by videocamera, that the assemblics remained
connected. A corrective intervention was then planned for the next
day in the evening. !

This incident, whose potential consequence on the fuel could i
have been significant, is mainly due to two errors during the
raising:

,

o bad transcription of the operations on the intervention
documents .

;
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'

j o bad utilization of the checking procedure by endoscope; ,

the checking was executed after each individual task '

'

and not at the end, when no assembly should remain
still attached. The lack of this final check did not .

' allow detection of the omission. |
i t

i But, is seems, for our purposes, especially worthy to note f
that similar incidents had cccurred already at the Bugey (July, 1981) ;

and Fessenheim (March, 1979) plants. In fact, the incident report ;
,

mentions that, when the operators at Tricastin realized the,

situation, they contacted these two plants. But this information
about the past incidents should clearly have been made before this

i operation, in order to make them attentive to the risk of such
,

interventions and to the necessity of following strictly the ;
'

procedure. |

! i
We may also notice that a similar incident occurred at the '

j Paluel 2 (1300 MW) plant on 8/6/85. This fact shows that experience !
i lessons should be correctly learned in all the different types of PWR
'

plants and also in the company in charge of this type of intervention ;
i (Framatome).
I T

i Incident at Dampierre 3 on 10/10/84 |

| At hot standby, the alarm "low injection rate at the RCP
(primary circuit) 3PO seal" appeared. The operators realized ;

'
immediately that this alarm was due to the low voltage on the LDA i

(analog control 30V power system) circuit, and in consequence one of |
the two rectifiers of this circuit was immediately actuated. '

,
.

In fact, the voltage decrease on the LDA was due to a wrong
connection of the rectifiers during the plant shutdown and, in L
consequence, to the unloading of the battery. It actuated the LDA |

alarm but, during more than three hours, the operators did not '

! perform any action because they thought that this alarm was activated |
! for a less serious situation. In fact, this alarm can be activated ,

in seven different cases. The situation was rapidly recovered after ;

tho rectifier was activated.
'

This incident shows:

o a lack of rigor in carrying out connections during
plant shutdowns.

o an insufficiency of the knowledge of the agents of the
risk linked to the "regrouped alarms." We may notice
that this incident occurred six months after the Bugey
5 incident (5/14/84) where a similar situation took
place..
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Feedback of Experience Lessons

In the case of an incident involving human errors, the depth
to which the incident is analyzed obviously depends on its actual or
potential seriousness.

Electricit6 de France:
o All incidents give way to a brief analysis conducted by

Electricite de France. A fairly short official report
is then drawn up, listing the main features of the
incident in a standardized form. Such documents are
mainly used for statistical purposes, providing
material for an annual report.

o If the incident is sufficiently serious, this analysis
may be supplemented by a site visit. The license and
the representative of Electricite de France central
services then carry out a detailed study of the
incident. They complete a much more precise|

questionnaire giving a very detailed picture of the
incident from all angles (personnel concerned,
circumstances and causes of the incident). The
questionnaire is then used for far more extensive

; statistical work than mentioned in the above
paragraph. It is also sent to the INPO in order to
enter the data in the "international" nuclear incident
data base maintained by this body.

o In the case of major incident, the central services of
Electricite de France conducts a thorough formal

1 analysis describing the entire sequence of events
i relating to the incident, then establishing the tree of

human failure and the tree of causes to gain a more
comprehensive picture of all the deficiencies revealed,

I by the incident. In the analysis report, if possibic,
a link should be drawn betwoon the causes and the
different "human factor" measures taken or planned and i

the opportunity taken to submit new proposals for ;
action. i

IPSN (Protection and Nuclear Safety Institute)
i

o Furthermore, in France a list of ten standard critoria
defining the significance of an incident has been drawn|

1 up. If the incident meets one of the criteria, the I
!licensco must inform the safety Authorities, although

i it may do so for any other incidents. |
) i

l '

l

|
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As soon as the telex from the licensee is received, a [
file on the incident is opened. An analysis is then h

-carried out on the basis of the data in the telex, the ;

significant incident report drafted at the power plant
and, where applicable, the analysis report prepared by |
the central services of Electricite de France (see |

| immediately preceding item). This information may be !
| supplemented by site visits to gain a better idea of r

i the features of the incident. f

!

o significant incidents involving human errors are t

entered in the IPSN data bank with a view to- |
identifying links with similar incidents for any (

| generic studies. On the basis of the conclusions of t

j these studies and analyses of major incidents
|

! recommendations are made to the licensee. These f

: recommendations may be aimed at.the training of the i

j agents. '

The Influence of Experience Lessons on Operator Training i

j In the training centers. The training centers use the
,

! analysis documents for the constitution of an incident library on a r

2 simulator. The instructor may use this library for illustrating
'

i their purposes. In particular, one of the two one-week simulator
i recycling stages consists of a collection of such incidents proposed .

! to the operators. Furthermore, analysts of the operation analysis !

e division (DAF) act as instructors in the "improving safety during [
! operation" stage. They may present in detail some recent significant
' incidents.
i !

| In the computer-aided teaching program (CAT) Some
['incidents, which seem to have a particular pedagogic intertst, have

] been incorporated in the CAT library (See Appendix A). i

4 :

} We may notice that, due to the fact that the utilization of I
t this CAT system is facultative, we have to pay special attention tot i
i :

o the case of utilization, according to the variety of i
psychological situations of the agents who may wish to j

j use it (night working, workload, etc.).
||
,

* o the correspondence of the CAT library with the present i

; concern on the operation teams in general; the I
: modernization of this library seems highly important
{ for this purpose.
!

: On-site training. The experience foodback is taken into
j account by two different ways in the on-site training programs:

|
1

1
j - 3s3 -
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on one hand, it is possible to determine a number ofo
subjects to which attention of the agents must be
regularl'y drawni" electric circuits, confinement,~ ~

control-rod operation. 'These points are covered during
special presentations (one-half day or more).
In addition, some incidents, which present special io
pedagogic interest, may also be treated in a specific
session. We may just notice that the preparation of
such presentations requires a pedagogical effort from !

the ISR (Safety Radioprotection Engineer) or shift I

|supervisors in charge of such training activities.
We may add two important comments:

.

In general, this kind of training was much better io
carried out for the operation. staff than for the ,

maintenance staff. Even taking into account the
diversity of competence, and consequently of training :

j concerns, linked to the maintenance activity, this
,

situation should be substantially improved through the ,

effort carried out by the Nuclear and Fossil Generation
1

! Service for the training of maintenance staff.

o In addition, even for the operation agents, the number
of incidents presented in such training programs'

remains quite low (less than five per year) and, in
consequence, an effort has to be made. This effort is
one of the main means to avoid the occurrence of
similar incidents (regrouped alarm treatment and
connection errors which led to the saftey injection ;

tank dump, etc.).

Beyond these training activities, we have to mentiono
here a lot of actions carried out in order to improve !'

j the receptivity of the staff to the experience
i lessons. For example, we may notice: -

1

o The existence of a periodic bulletin "it happened !i

on the plants" (7000 exemplaires), |
:

o The transmission to the plants of the incident i

reports, statistical analysis and generic studies t

realized by the control services of EDF,
'

I4

o The existence of a data processing "event file"
where all operation events are registered. By ;'

consulting this file, one can quite quickly obtain !

a good idea of the qualitati,ve or quantitative
; importance of a given type of operation problem.,

l
4

i
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Conclusion

The effort realized for the transmission to the agents of
the experience lessons is, in general, quite comprehensive. It
includes the transmission of detailed reports on incidents, a very
large diffusion of an information bulletin, the maintenance of
incident files on simulators and in the CAT program.

This effort has nevertheless to be fntensified for the
'

maintenance staff and it is also very important to increase the
number of incidents presented on-site to the agents, in order to |
improve their preparation to the various operation situations they
may encounter,

l

| Even if the speficity of every working situation has to be
taken into account, the main goal of this effort consist in giving to
the agents the motivation for respecting a few "good operational
pracctices" in any case. The respect of these basic principles
should allow prevention of a substantial percentage of the actual
operation incidents.

,

Appendix A: INCIDENTS OF THE CAT LIBRARY

Module Bugey Safety Injection on high steam rate + P12

Module Condenser presence of raw water in the condenser

Module Ginna rupture of steam generator tube

Module Incidrri switch between intermediate cooling circuit
ways

Module Niveau GV scram by steam generator level protection

Module PPE seals of primary pumps

Module Robinson non-isolating of the pressurizer let down
| systems

Module Ste Lucie closure of the principal steam circuit
,

1 Module TEG release of gaseous effluents

Module ZION loose part in the steam generators

Module consignation padlocking of charging pumps
i

Module incid get use of turbine bypass
1

Modulo Vidangegv steam generator dump situations

Module Incelec loss of electric power systems.
j
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a

4

;

b Discussion'

i
'

MR. BOHANON: This relates back to yesterday's discussion
about case studies and things of that nature. I noted in your first

,

table (Table 1) that there seems to be in "procedures and competence" l-

-a' drop in the basic causes, yet all the rest of them are much higher |
'

than the year before. Not to be critical, what actions are there in
,

1986 and 1987 to rectify some of these increases?

i MR. CERNES: In general, we have at EDF a human factors
division which is in charge of defining actions, for instance, the

;

i method of identification. All important facts can be. carried out :

from the analysis of the accidents and for corrections, in order to |
"

decrease the rate of such substantive errors.
:

MR. BOHANON: The reason I pursued the subject was the fact I

that, so many times, we try to address training as the basic cause. [
,

; When your particular group does its analysis, I wondered how strong ;

their recommendations could be and how much action transpired and how ;*

rapidly, when it came to be a design factor or human factor type of |
situation, versus training. It is a little like designing around a j
problem, when you try to do training to correct a problem that is !

really an engineering problem. ,
,

I

MR. CERNES: Yes, it is known that training cannot be the !

universal solution. Even intensifying training and taking some {
'

action, the problem almost always remains linked with the motivation IJ
'

and awareness of the agents to the several risks, and that is not
casy to accomplish. |

1 |
1 l

I I

I

!

!-

*
I<

i

'
e

i i
! t

I
i

i f
4 !
1 !

i

!
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CLOSING THE LOOP: USING THE EMERGENCY PREPAREDNESS ,

EXERCISE FOR SELF-EVALUATION AND PERFORMANCE ENHANCEMENT
'

J. D. Jamison
'

| M. P. Moeller
G. F. Martin !t

( Pacific Northwest Laboratory |

! Rjchland, Washington, U.S.A. !

| I
i

Abstract :
r

| Large scale reactor emergency drills and exercises provide |
an unequaled opportunity to identify weaknesses in personnel ;:

performance and in emergency preparedness programs. Experience '

indicates that certain factors are associated with consistently. ;,

exceptional response capabilities, while other factors are linked to '
i

continuing mediocre performance. This paper discusses the emergency |
preparedness exercise as an element of the training process and i

j examines some of the factors that contribute to success. |
1 ,

j ' Introduction |

The U.S. Code of Federal Regulations (CFR), Title 10, Part !
4 50.47 (10 CFR 50.47) and Part 50, Appendix E, require that each :

nuclear power reactor licensee "... exercise at least annually the,

emergency plan for each site at which it has one or more power ;

j reactors licensed for operation." These exercises may vary in scale
'

and complexity from one year to the next depending on the level of
| participation by off-site (state and local government) agencies.

,

Appendix E also states that, "All training, including exercises, t,

1 shall provide for formal critiques in order to identify weak areas
! that need corrections. Any weaknesses that are identified shall be i

corrected." (Reference 1) !
I l

U.S. Nuclear Regulatory Commission (NRC) inspectors observe i
cach licensee exercise and evaluate the performance, including the

!'i obility of the licensee organization to critique its own performance,
J identify weaknesses, and follow through with corrective action. In |
! addition, inspectors periodically visit licensee sites to assess the |

| condition of the licensco's Emergency Preparedness (EP) Program by ;
auditing records, interviewing staff, and reviewing the status of '

corrective actions. Since 1980, Pacific Northwest Laboratory (PNL)
,

ctaff members have assisted the NRC in evaluating licenseo exercises
: and conducting inspections of EP programs.

;

j The purpose of this paper is to discuss the various parts of i

the emergency preparedness exorcise cycle and examine _the factors i
4

that contribute to success in the area of self-evaluation and
performanco enhancement.

4

i
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The contents of this paper reflect only the opinions of the
authors and do not represent any official NRC position or judgment.

The Purposes of Emergency preparedness Exercises

The purposes of the periodic emergency preparedness i
exercises, summarized from 10 CFR 50 Appendix E, Section IV.F., can '

be stated as follows:

o To test the adequacy of emergency response plans, l
procedures, equipment, communications, facilities, and j
the interactions with off-site (state and local

I government) agencies

'

o To provide staff with training and experience in
emergency response procedures and operations.

Licensees often perceive these purposes differently and
instead approach the exercise as if the central purpose were to
provide the opportunity for federal agencies to evaluate the
emergency response capability of the licensco and the off-site
agencies, i.e., to demonstrate the capability for the benefit of
outside observers.

This perspective and the resulting approach to exercises can
have a negative impact on the licensee's ability to achieve the
purposes set forth in 10 CFR 50 Appendix E. If the exercise cycle is
instead viewed as an element of the overall emergency preparedness
training process, it can be conducted in such a way as to make the '

process better serve its intended purpose, i.e., to test the various
parts of the response process and to train the staff to perform their
duties, thereby improving the level of preparedness.

The Exercise Cycle
7

A sequence of activities occurs throughout the year leading -

up to the annual emergency preparedness exercise at a licensed
reactor site. Somewhat simplified, this sequence consists of seven

'

steps:
;>

o develop objectives for the exercise based on,
,

; regulations, on-site needs, and off-site agency needs,
t

I o prepare an exercise scenario to fulfill the objectives.
,

o select exercise controllers and evaluators, provide,

them with appropriate training and exercise evaluation
'

guidance.

o conduct the exercise and evaluate performance.,

|
'

i
j
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4

o analyze exercise performance, identify trends and
deficiencies, determine the root causes and appropriate
corrective actions.

o plan and implement solutions.

o develop exercise objectives to test the effectiveness
of program changes.

;

This sequence repeats itself in a cycle with a nominal
pariod of one year. However certain types of deficiencies may lend ithemselves to correction and demonstration only once every two years,
when state and local governments participate fully in the exercise.

4

Each step in the sequence will be examined to discuss some
of the factors that determine how effectively a licensee uses the
exercise cycle to improve the level of emergency preparedness.

Develop objectives. The objectivos are the framework for
the scenario events. They should:

o be specific
<

o include measurable quantities or specific observables
that facilitate evaluation and review

o include a description of an adequate or acceptable
level of response

o recognize and incorporate the objectives of
participating off-s'.to organizations

o address the requirements of 10 CFR 50, Appendix E,
Section IV.F.

o test elements of the emergency response plan and
organization according to the time schedulo presented
in 10 CFR 50, Appendix E, Section IV.F

'

1
. o address the pertinent guidance and critoria of
'

NUREG-0654 (Referenco 2) !

o stress elements of the emergency response plan and ;

organization that have been identified as needing '
;

improvement

o stress elements of the emergency responso plan that
have been changed significantly since the last
exercise.

,
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o include a list of player response actions that will be
demonstrated and not simulated

o include a list of player response actions that may be
simulated.

From the standpoint of performance improvement, several of
the above features are prominent.

The inclusion of performance criteria in the statement of an
exercise objective can be a powerful tool for forcing the feedbsck

i loop to close. Developing objectives for an exercise is the first
i step toward ensuring that a real, measurable performance improvement

has been achieved. If, for example, during the previous exercise the
staff were ursble to fully activate their Technical Support Center>

(TSC) within a reasonabic time, a good statement of the objective
,'

might include the time requirements for reaching various stages of
activation.

Objectives should focus the exercise action on general areas
,

of weakness noted during the last exercise. One general area (such
as field monitoring or in-plant radiation surveys) might have been
the origin of one or more specific deficiency items identified for
follow-up action, or it may simply not have been exercised or
evaluated adequately.

Probably the most fundamental self-improvement step in
developing objectives is to include the successful demonstration of

,

|,

'

aspects of the plan, procedures, organization, equipment, or
facilities that were noted as deficient in past exercises and that
have since been modified. If, for example, the inability of

. technical support staff to correctly estimate core damage had
I resulted in impicmentation of a new core damage assessment procedure,

then an objective for the next exercise should be to assess the
r

effectiveness of the new procedure and the ability of the staff to
use it correctly. Any emergency response procedure that has
undergone substantial revision since the last exercise should !

probably be the subject of a specific objective.
'

,

Finally, in developing exercise objectives, planners should
'

i take advantage of the unique training value that can be derived from
;

the exercise. During a major exercise, staff members may be given i,

J
the opportunity to perform operations that are infrequent, for which l

i their classroom training may not have fully prepared them. Some '

| activitics, such as taking post-accident coolant samples, are nearly
j always sirtlated rather than performed. Likewise, actual use of

,

respiratory protection devices or full protective clothing is oftens '

i simulated, making the operations requiring their use unrealistically
easy. Simulation is eften done in exercises to save time or to

,

minimize cost and radiation exposures. Almost invariably, when a'

!1

!
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'

licensee chooses to perform fully rather than to simulate certain ,.

infrequent actions, valuable lessons are learned and a great deal of t

valuable training is realized. Planners should ensure that [

infrequent operations simulated in previous exercises are carefully '

considered for actual performance to maximize the training value and |
; alls the most accurate evaluation of capability.

'

Prepare Scenario. The scenario is the script for the i

exercise. It consists of a hypothetical sequence of events described |j
' with data tables, computer printouts, and messages that are given to !

the players to simulate the information that they would receive from |
| sources such as plant instruments, alarms, and first-hand observation

['4

1 of events. The scenario should cause the players to respond in such
a way that the objective, i.e., demonstration of specific ;

capabilities, are met (Reference 3).
;

The manner in which the scenario is constructed to fulfill [
the objectives can determine the degree to which the exerciso serves t

to improve performance of the emergency-response personnel. j
Scenarios frequently follow predictable patterns year after year !

because the planners focus on demonstration. Planners can easily |
i;nprove both the demonstration and learning aspects of the exercise |

'

by constructing the scenario so that it forces the staff to be |

creative and innovative in their approach to problem solving. One ,

t

such approach is to rapidly escalate the accident severity rather
than allow the players to get one set of plant conditions firmly in i

mind before presenting them with indications of a worsening i

situation. Forcing an evacuation or relocation of one of the on-site i

emergency response facilities, or failing a key communication link or !
computer are other means of prompting creative problem solving by the !
players. ,

>

I

Scenarios can also be constructed so that more than one i

player participates at each position in the response organization. i

!Having only one major annual exercise of limited duration (typically
six to ten hours) means that usually only one team of players is !

!involved. Planners can increase participation by structuring the
l scenario to include a partial or complete shift turnover or rotation i

! to give alternates some time in their assigned positions. Key !

players can also be taken out of action before the exercise, giving |
an alternate an opportunity to play. Finally, multiple opportunities i

can be provided in a single scenario for different staff members to ;
;

l perform infrequent operations, such as taking post-accident coolant
! samples. This gives evaluators a broader look at that particular

capability and provides the learning experience to more players.

Select and Train Controllers and Evaluators. The role of
the controller is to control the scenario flow by injecting messages
and providing data to players as requested or at specified times.
Controllers also guard against player actions that would adversely
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affect the plant or the flow of the exercise. Controllers must be
technically competent in the areas to which they are assigned. At
times they are required to interpret data, respond to player
requests, make up additional data, or provide reasonable explanations
for why corrective actions simulated by the players did not work.

The evaluator's role is to observe and evaluate the players'
response to the scenario. These individuals must also be technically ;

competent in the area of observation. Frequently, a single person i

carries out both the controller and evaluator roles in a given
location. Licensees often choose personnel who do not have positions
in the emergency response organization to be evaluators. Individuals i

from corporate health physics, quality assurance and training, as i

well as contractor personnel are frequently used as controllers
and/or evaluators. Several potential problems arise from this I

practice that may degrade the quality of the resulting exercise
evaluation and critique. These include evaluator competenco and
evaluator instruction problems.

!

Evaluatcrs who do not have a regular position in the ;
cmergency response organization may not ht"e an adequate t

understanding of the duties and responsibilities that they are l
'

assigned to evaluate. Consequently, those individuals may lack the
insight and first-hand knowledge required to evaluate the |
appropriateness of player actions and decisions or to identify the !

root cause of poor performance rather than merely noting the
symptoms. These individuals may rely heavily on evaluation
checklists provided by the planners. By their nature, these ,

checklists emphasize observable symptoms rather than root causes. |

In contrast, the ideal evaluator is an experienced person
selected from within the emergency response organization. !

Experience and knowledge of the activitics being evaluated provide
i

insights that might otherwise be missed, especially when these i

activitics are technical. An example of this would be assigning the
primary, more experienced, Radiological Assessment Coordinator as the
lead controller / evaluator for the Radiological Assessment function ;

while one of his alternatos fills the position during the oxorciso. t

The reverse can also work woll; however, thoro may be an inhoront |
; problem in this practico. In inany plant organizations, the primary I

'

designee for a given position may have as alternate a person who isi

his subordinate in the normal line organization. Expecting the j
'

) subordinate to objectively evaluate and criticize his manager's
,

i performance may not be realistic. The practico of using personnel !
; with recont experience in an emergency response role who may now bc ,

functioning entirely outside the site emergency responso organization !I

(e.g. on corporate staff, as trainers or lino managers) can bo ;
offective.

,

;

Licenscos frequently fail to provide controllcr/ovaluators !
with adequato instructions and training on how to perform oither of !<

! L

4
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their assigned functions. A one- to two-hour controller meeting to
review the scenario before the exercise is generally devoted to the
exercise control issues. These discussions often fail to provide
specific criteria for evaluators to use in verifying that past
deficiencies or weaknesses have been corrected. To ensure that
maximum training value and performance improvement are derived from

.

cach exercise cycle, evaluators must be conditioned to provide a
1 totally objective and critical evaluation of the performance of their

'
co-workers. The self-congratulatory, "everything-went-really-well"
ovaluation sometimes seen in licensee self-critiques is not I

productive. i

Conduct and Evaluate Exercise. Most licensees conduct brief L

'
critiques with the players in each facility immediately following the

t exercise. The purpose of these superficial critiques is to
; acknowledge superior performance, boost morale, and give the players
; a sense of how they performed.

It is important that licensco controllers and evaluators ii

then meet privately to discuss their observations and to compile
t

j comments. This step of the performance evaluation process is !

sometimes omitted or not effectively completed because of timo '

I pressures. This omission is a serious mistake. Evaluators need time |
to discuss and reflect on what they saw and heard and to listen to |;

: the other evaluators state their observations before they can all ;

fully appreciate the overall quality of the exercise performance.'

This verbal exchange, not only of the discrFce deficiency items but ;
to general observations of what occurred in each facility and when it,

occurred, is essential to the evaluator's understanding of how the ,

1 actions individually observed fit within the overall picture of the ;
exercise. Frequently, items that were overlooked entirely by an ,

ovaluator in one location will be called to mind by the discussion of '

. ovents that occurred in another location. This can lead the
I ovaluator team as a group to recognito improper performance, poor
! communications, misicading procedures, and other deficiencies that

they might have missed individually. Similarly, a minor but i

) inappropriate decision or action by one player may, with input from
: other evaluators, be recogni:ed as a symptom of a more significant
i ganoric problem, such as a faulty proceduro or the failure (or
| inability) to communicato adequatoly with others in the response !

organization.i

!

After the evaluators have hold a discussion and reached a |,

l consensus on the specific findings and the areas of exceptional !

performance (good and bad), they should present the evaluation to tho >

players and management in an atmosphere that encourages player i

input. The players' perspectivo on performance may bo quite
different from (and more correct than) that of the evaluators. An i

j open, objective exchange betwoon players and evaluators and the uso |
! of former players in evaluator positions can prevent the development i

!
;j i
J

l

$

- 363 - !

- - _ - - - _ - - - - - - - - - - - - - - - - - ------ --- _I:



_ _ _ . -. - _
_ _ _ ___ - - _ -

,

of antagonism, particularly if the positive as well as negative
features of the exercise performance are discussed in front of
licenseo management.

Analyze Deficiencies and Weaknesses. This step in the'

i sequence is frequently overlooked by licensee EP staff. After an
exercise and its critique are completed, the staff compiles a list of'

exercise weaknesses and deficiencies that includes items identified
by both licensee and NRC evaluators. Depending on the skill of the

I evaluators and the quality of post-exercise critiques, these items ,

iwill be of varying degrees of usefulness in planning corrective>

1 actions. The EP Coordinator, who will normally be responsible for
resolving the items, must rely on other functional components within

,

the licensee organization to accomplish much of the corrective ''

; actic n. The objective of the analysis process is to determine which
items on the list are basic problems and which are merely symptoms of,

basic problems. This distinction must be made to determine the
appropriate corrective action and to aesign responsibility to the
proper functional component of the licensee organization. For
example, a typical exercise weakness might be stated as follows: ,

"Notification of state and local authorities was not accomplished |
within 15 minutes of declaration of an Alert." This item will |'

normally be tracked as an exercise weakness until the licensee ;
demonstrates in his next exercise that notifications can be made *

I within 15 minutes. However, the corrective action required to [
resolve the weakness may be one of several, depending on the root |

cause of the observed deficiency. Several possibilities are !

illustrated in Table I. |
} .

[Table I. Possible Root causes of a Specific Deficiency and
*

,

Corresponding Corrective Action

,

Functional Groups with |
Root cause Pettible Corrective Action Primary Respoetibility i2

Porto.. eel error * Remedial training for the individual Training ,j

involved (
!

]
= Change persoenel antigerents [P, Operations

j inadecuate organtiation - Antign additional person as comunia Operations, EP !
or staffing level cator,,

Redefine responsibilities of entsting EP, Operations i' -
'

staff positions'

|*
'Dr..evp and conduct additional train * Trainingleadetwate training of *
,

4

j the staf f responsible i nt, for staf f on actification proce*
I for notifications dwret
I
;

Revise procedures to speed up notifl* LPProcedwral deficiency a

t cation process

Repair, procure or upgr ade comunic a* Plant Engineering,Equip *ent deficiency *
' tient equipment Maintenance

Hold coordination reeting or trainteg Public Relations,Error by offsite agencies -

i settien for offsite agency staff Training
i

!
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1

4

4

Each possible corrective action listed in Table I entails;

some training activity, whether it be remedial training for a
' poorly-performing individual, initial training for staff with

newly-assigned duties, familiarization of plant staff with revised
procedures or modified communications equipment, or indoctrination
for off-site agency personnel so they can better understand the
notification procedures and messages.

*

Plan and Implement Solutions. The analysis discussed in the
previous section indicates the exportise and resources necessary to j

j develop solutions to the identified deficiencies. The nature of the ;

colutions will determine the type of implementation required. To :4

; successfully accomplish this part of the cycle, the EP Coordinator !
!

| (EPC) must often rely on the exportise and resources of other
j functional elements within the licensee organization. This is often

,

; the weakest link in the chain and the most likely to prevent !

| improvement from occurring.
, ,

I The responsibility for emergency preparedness is found at a |
variety of different levels in licensee organizations. The functional i
level of EP within the organization often reflects management's '

commitment to EP. In addition, this level determinos the working
relationsh3p between the EPC and the functional elements upon which

!.
he must often depend. This means that the EPC can be in the position [
of searching for support as either a superior, a peer, or a [

1 subordinate, with the predictablo results.

'Another organizational feature that affects the success of
| this phase in the sequence is the relationship of a licensee's

corporate EP and plant EP elements. Many utilities have separate ;4

1 corporate and plant emergency planners. Because the emergency
response process involves resources and exportisc from both plant and >

corporate or.nnizations, formulating and implementing solutions to ;

{ deficiencies that cross this boundary can prove difficult. i

! ;

i once solutions to the deficiencios have boon developed, they
! must bo implemented to fulfill the next step in closing the loop. |'
| Implomontation is a two-stop process. The first stop is to bring i

about the indicated change. This could be a chango in the plan, a |
'

proceduro, equipment, the organization, or any other element of the I

j omergency preparedness program. The second step is the training 1

gequired as a result of the chango. Some changes require little or |

no training while others requiro extensive training or retraining.
Although one of the last and most important stops in closing the
loop, it is often inadequately done because changes are not completed
until late in the cycle and little time is left to develop and
conduct the necessary training before the next annual exercise or
majer inspection.

|

|
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Two key plant functional groups that can consistently
onhance the effectiveness of the EP Coordinator in the implementation
phase of the cycle arc Quality Assurance (QA) and Training. A
strong, independent QA organization can be an extremely valuable ally
to tha EPC by tracking the status of deficiencies and corrective
actions. With QA to focus attention on license-related issues, the
EPC can sometimes obtain management support for needs that might
otherwise be viewed as minor.

Likewise, a responsive centralized training organization
that prepares, schedules, and conducts all plant training, maintains
records, and accomplishes the interface for training of corporate
staff can help maintain a more consistent training effort throughout ,

the cycle and relieve the EPC of a major administrative burden. j

Develop Objectives for Next Exercise. The cycle is
complete. If properly completed, the objectives for the next
exercise will include the demonstration and proof testing of any
significant change implemented in the EP program since the previous

,

exercise. The successful demonstration of the modified procedure, i

equipment, facility, or organization should be the final requirement
for clearing a significant weakness or deficiency item from the
tracking system.

Summary and Conclusions

clearly, the intent of current federal regulations is that
exercises play an integral part in the overall training process for
maintaining cmergency preparedness. The intent la not simply a
yearly demonstration of the response capability. This subtle
difference in emphasis and perspective can have a major offect on the
process of scif-evaluatien and performance enhancement at each step
in the exerciso cycle. Structuring the cycle to yield maximum
training value and constructive foodback to improve the response
process produces a qualitative improvement in the state of emergency
preparedness that results in a superior demonstration of capability.
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Discussion

QUESTION: I would like to take one exception to your
presentation. You inferred that you have to do a drill annually. In ;

our experience, we have found that to maintain the performance of
] paople, particularly since we have a number of teams, at Con Edison

wa conduct at least a quarterly drill similar in content, using the
concepts that you described here. We plan a year in advance and-

schedule our teams. It becomes a sacred thing and we hold to the
dates. The people are not allowed to go on vacation or some of the
other things, just so we can exerciso those teams. We use ;

cross-training of the teams, where one team evaluates another team.
That way we maximize the feedback loops in some of the mechanisms.
While I generally agroo with what you said, I don't beleieve anyone
can maintain proficiency on a yearly basis. I believe it is i

'

i nocessary on a quarterly or even more frequent basis.
4 I

1 MR. JAMISON: I agree. I do not propose than an annual i
exercise is sufficient. I only said it was the minimum requirement ;

that thero be an exerciso annually. In fact, certain parts of the
process, as you noted, must be exercised more often to maintain

!
proficiency. i

! MR. BOHANON: With the advent of so many replica or !

plant-reference simulators, what is your view of going to a |;

| real-time, live type of exerciso, using simulators in conjunction
with the EOF and TSC's and all, even to the point where you couple to !

<

J the off site? ;

; MR. JAMISON: I have soon a number of those. They can bc |' very offective. They can be very well dono. The only malfunction I i

hevo seen was where the simulator crashed and there was no backup set
i of data. Scenarios for simulator-driven exercises often include a
j skoloton set of data such that if there is a simulator malfunction,
j the exerciso play can be continued. In fact, I have seen that done '

once or twico when the simulator malfunctioned. The malfunction was |
| transparent to overyone outsido the control room, because the t
' controllers carried on with the hard copy data, i

The only drawback I soo is that the communications links in
i

the simulator room are often not the samo, e.g., tolophone numbers
cro not the samo. Thorofore, communications back and forth into the

,plant and outsido the plant have to be simulated, or they have to :

dosignato alternativo phone numbers just for the exerciso. They |

probably do not have an ENS line in the simulator. Almost |
invariably, they will not have the same degree of physical proximity i

to the technical support conter and to the rest of the plant. When
! movement of the peoplo from in-plant locations to the control room is
i rcquired in the course of the exorciso, the timing is off, because

the person has to go either to the real control room and communicate'

with the simulator crew by telephone, or he may have to walk across
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,

the read outside the fence to the training building where the
simulator is located. This difference in timing should be considered
in creating the exercise scenario.

MR. BRUNo: The aspects of training in the conduct of this
annual drill or exercise -- how do you conduct an evaluation of
training objectives at the same time you are conducting an evaluation
of drill objectives, and put them all together in critiques? We have

; had a difficult time doing that kind of thing.

MR. JAMISON: I can only say that, from my position, I do
not evaluate the learning objectives. As members of the NRC
observation team, we often don't see those. We only see the exercise-

performance objectivos that the licensee has put up for himself to
,

: meet.
|

MR. BRUNO: That is my question. How can we do training if
we don't have the objectives stated that we are going to evaluate
against in the scenario -- the learning objectives?

i"

MR. JAMISON: I am not sure that I have a good answer for
that question. You evaluate the performance. The performance should ,

speak for the adequacy of the training, and you have to design the '

scenario such that it elicits the desired performance.

J

}

i

i

<

; ;

;
1

I

4

a i

1 i
) '

i :
; -

i !
J !
: +

k

i

!
'

f- 368 -

-

-- __ -. _ _ _ - - . - - _ _ . . - _ - - . - - - , _ , - - - - . _ . - . - _ = _ - _ - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _

s
' '

-3

2
.

'Q ' L.
'

, , . . . i.

IMPROVING OPERATOR TRAINNG AND PERFORMANCE s

THROUGH SIMULATOR CBSSRVATIONS
,\
'

J. P. Flynn
Institute of Nuclear Power Operations

U.S.A. '

''s,

Abstract j' , \g g

This paper describes the mett.6 7 and results of' INPO
observations of simulator training for~T,Ycensed operators. It
discusses the history of ,the obautvaticn program to the present.
Effective methods for conducting and documenting simulator
observations are discussed. The motheds used to analyze the
observations is also discussed.

,'
,

\ )s
,

The major conclusion of the analysis is that oppdytunities I

exist for impr;ovemcWt' d.%the use of emergency operating procedures.
Teamwork, coramunication, and simulator instructor skills are alto
areas where improvement could be made.

Improving Operator Training and '7Performance Through Simulator Observations '
.

T.NPO has been doing simulator training observations since
1983. These observations are an integral part of our pisnt evalCation
process. I would like to share with you some of the histery,of this
process; the methods of conducting, documcating, and anal):ing tJe
observations; and some of the conclusions we have drawn.

3 ,

History

Since1983,wehaveconductedabovb140 observations.'

We
decided early on that we wantted to observe licensed operator '

raqualification if poscible so my comments apply to just that --
ob.servation of licensed operators as they perfer/J on the simulator
during requalification. We Look at licensed stl.tt teams because they
are a sample of the operators currently on shift and we assume their
parformance is representative,

We also teali:cd very early that t'st best,way to improve
operator perf ormance was to improve the quA11Cy oi creising. Thequality of training is, therefore, car focal point dacing these
observations.

Methodology
'

A typical observation team consists of the followings
o The training evaluator. The training evaluator is the

lead person. He is an experienced "trainer" with
simulator training and evaluation experience.
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o The operations evaluator. The operations evaluator is
an experienced operator himself.

o The peer evaluator. The peer evaluator is a currently
licensed senior reactor operator (SRO) working in an
on-shift capacity, such as shift supervisor, at a plant
similar to the one being observed.

,

With over 100 operating plants, and all of them at least'

slightly different, we knew that people at INPO could not possibly
stay technically current on every plant. The peer evaluator is,
therefore, the one who brings current technical knowledge of the
specific plant to the observation team.,

,

so, now that we have a team, what do we do next? Prior to
the observation (while we are still at INPO), members of our Plan
Analysis Department review emergency operating procedures from the
plant to be observed. The results of this review are documented and
used by the observation team in preparation for the trip.

I Prior to the trip, the observation team also reviews ,

'applicable operating experience information from the plant, the
exercise guides used for training on emergency operating procedures,

,

j the plant operating procedures, and the plant EOP's.

! Once at the simulator, the actual observation begins. The
observation is normally conducted over a two-day period and includes
observations of Lt least two simulator training sessions, observation
of related classroom training, interviews with simulator staff
' personnel, and review of simulator training administration. We also
select some of the scenarios to be run so that we get an opportunitys

j to really see how well the operators can use the omorgency operating
procedures during complex scenarios.a

|

While the training evaluator is mostly concerned with the
training process as coordinated by the simulator instructor, the
operations evaluator and the SRO peer evaluator will concentrate on
operator performance. The entire team looks at how closely the,

' aimulator models the plant.

It is important to note that the actual observation of
training on the simulator is done by the entire team. All team

' .

members take notes and compare notes later.

Documentationc
.

The results of the observations are then documented by the'' '''
-

I tcain in a written set of field notes called an observation. The
observation contains relevant facts that reflect what was actually

w
\

\

d ,,

'
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l

cecn and heard. In order to promote improvement in simulator |
training, the observations usually highlight only the problem areas.

'The written observation includes the following information:
:

i

j o number of hours of simulator training observed

j o number of hours of associated classroom training
observed

l o type of training, e.g., requal, upgrade, initial
1

o number of control room teams observed

o number and type of personnel on each team observed,
e.g., SRO, RO, staff

;

| o number of instructors
o key points observed

The written observation is mainly a listing of the problems :
,

! that were observed by the observation team. At the end of the
,

written observation, conclusions are drawn that reference the ;
'

i different items in the observation that led us to these conclusions. '

I

Analysis

i
1 After the observation is written, the items in it are i
'

categorized to allow analysis. Major categories include the [
following*

'

I
i o technical knowledge of instructors
! o instructional skills f

o exercise guides |
o conduct of training '

o associated classroom ;

o simulator fidelity I
o simulator configuration control ;

o operator knowledge and skills
o procedures
o teamwork i

o diagnostic abilities of operators |

This categorization is independently checked, differences |
resolved, and the results are entered into a PC data base. ;

I

Conclusions [

This data base is then periodically analyzed. The major
,

conclusions that we have drawn based on analysis of data through 1986 ,

cro as follows: !
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j In general, simulator training is improving, but this
important tool can still be used more effectively at many utilities.

Needed improvements fall into the following four
categories: operator performance, instructor skills, exercisc
guides, and simulator fidelity. The following is a summary of

,
' activities that you need to do to make these improvements:

; operator Performance
!

; o Work with the operators to identify areas where they
: have difficulty using the emergency operating ,

| procedures (EOP). Use this information to upgrade ;

EOP's or improve operator training as necessary. ,

i
'

'

| o Improve teamwork and diagnostic training for the
control room teams. ;'

o Assist the operators in becoming more familiar with the [,

emergency plan. i

i

o Improve communication among members of the operating
;

Crew.

o Emphasize the need for using procedures, especially ,

annunciator response and emergency procedures. |
t

] Instructor Skills i

; o Train simulator instructors to detect and correct
operator problems in the areas of teamwork and !

: diagnostics.
! :

o Improve the operator critiques performed by simulator' '

I instructors. I

I o Ensure that a realistic control room atmosphere is
j maintained in the simulator. [

i
'

] o Improve instructor abilities to use simulator training |

; features such as freeze, backtrack, and snapshot. |
4

:

i o Ensure that simulator instructors fully understand
j plant systems and processes, procedures, policies, and
| administrative requirements. ;
; i

1 o Teach simulator instructors the proper method for
|

| conducting pre-exercise brief. They need to "set the ,

stage" for the exercise, but should not tell the ti

i students what malfunctions to expect. ;

t

l
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t

Exercise Guides |

i
'

o Upgrade exercise guides to include adequate details to e

assist simulator instructors, especially instructors j
. who have relatively little previous operating or !

{ instructing experience. (
) Simulator Fidelity
a

j o Ensure that your simulators model critical functions
such as two-phase flow. |

o Review your simulator configuration control process to
ensure that modifications to the plant are installed in i

the simulator in a timely manner. 1

If you were to accept and implement these recommendations, f
your simulator training would certainly be improved. And, as a i

;

result, the bottom line -- operator performance -- would also be I)

improved. ;

Discussion

l MR. DEWAR: I believe our simulators are fairly well i

,' advanced in terms of evaluating individual performance, but what we j
are struggling with is evaluating team performance. Could you give

| me some indications or some of the factors you look at that are |
related to team performance in the simulator as opposed to individual :
performance?

1 MR. FLYNN: We try to performance base our observations. We !
! look for problems that result in something happening that should not i

happen. When we see something happen that should not happen, we look (
; bsck and try to determine if it resulted because of a lack of e

'
i communication between the team members, or a lack of understanding of
; the roles team members are supposed to play. We have a good practice |
; that deals with teamwork and diagnostics, and we are in the process

of revising it. This is not an easy question, which I am sure that '
i

| you realize. It is extremely difficult to set standards in these !
creas so that your instructors have something to focus on. Our,

! guideline on simulator training also addresses the area of team j

i
performance. {

!

MR. TADYCH: I got the impression from what you said that {

the focus is on the EoP's. Should we be looking at evaluating i
operating teams during more routine types of plant activities? The
EOP's are a rather degraded kind of condition. Should we intend to
do any evaluations during routine operations or more minor types of ;

casualties? i

i

I
:

!
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!

MR. FLYNN: Our focus, at least for the short term, will
continue to be on the use of the emergency operating procedures. The
reason we are looking at those specifically is that, in our
observations, we have seen a number of problems with people being
oble to use them. We have seen enough problems that we feel we
should focus on EOP's right now. I don't know the answer to the
other question -- should we be training on the other things, the
non-cmergency things? To train on the routine stuff in a simulator
would take an awful lot of simulator time. That is something we will
have to address once we have the problems with the EOP's and the
uscability resolved.

i MR. GRANDAME: You made reference to the fact that usually
you will observe two simulator sessions. What type of sessions are'

] you observing? Are they training sessions? Testing sessions? Are
, you looking at the instructor's abilities?
3

l
MR. FLYNN: Right now we usually look at whatever is'

scheduled. We would like to look at both training and evaluation;

j sessiens. We like to get a look at a training exercise, where the
j instructor interfaces with the students and interjects himself into t

I
the process and trains them. We also like to see sessions where the ;

j instructor stands back a little bit and evaluates student
'

performance. If we can get those two, that is what we much prefer.+

,

' |

MR. HANLEY: The operators obviously get a lot of i
examinations. That is, within the facility we give at least five :
evaluations and re-quals a year. The NRC comes in and gives

4.
evaluations and INPO comes in and observes the evaluations, which
adds additional stress on the operator. What is the effect on the |

i operator of all these examinations? Is too much positive? What is
,

enough? Has that becn looked at at all?
l l
j MR. FLYNN: We have not done any formal analysis, if that is ;

the type of thing you are looking for. It is certainly something '

) that we talk about every time we make any change in the program. How
j is this going to affect the operator? Having come from an operating ;

background myself, I am certainly aware of what those people go '

! through. The bottom line is that there is no way to determine the !
1 effectiveness of training unless you look at the product, and the |
1 product is operators, mechanics, whoever you are looking at. If !

J there is a better way, I would love to hear about it. We have not !

!'
been able to figure it out. You have to look at the individual and !
determine if he learned what he was taught. |

4

MR. STICKNEY: The situation we are in is that we have [
assessments and evaluations, training and examinations. I don't
think it is clear to the operators, and sometimes the trainers, just !

>

| what mode we are in. The utilities use the simulator primarily as a >

; training device. The people who come in and look at us from the i

! ,

1
J
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i

'
outside want to see more essessment and evaluation, and the NRC uses
the simulator as an examination device. If you look at the !

utilities' prioritics, the simulator should be used primarily for '

training. I think we are starting to skew to the unusual event
.

situation a littic bit too much from what routinely those people are
| trying to learn and practice. We need to go back to simple basics !

'

; again. You have to learn to dribble before you are ready to play

i scrimmage. I think we need to re-evaluate and be very careful that i

]
we separate what we are trying to accomplish with each of those. ;

1

j MR. FLYNN: That is very true.
,

! i

| MS. PALCHINSKY: It socms that you have quite a systematic ,

i process of three peopic going out, observing what is happening in |

| simulator training, and you are able to make some judgments about

i what the problems are, using your expertise to extract the problems
1 and list them. I wonder if you, at INPO, have any plans to go out

and observe and document what is working as well? |
!

MR. FLYNN: As part of the observation process, for !
simulator observations as well as any observation that is conducted
during a plant evaluation, we identify what we call "good

; practices." If we see something during the observation that is
j particularly good, we do document that as a good practico. One thing
j I did not say was that the results of these observations are ;

documented in the plant evaluation report, if there is a finding and !
'

I also if there is a good practico. Those good practices are
l transmitted on NETWORK periodically. Beyond that, if we have
i something that falls between good practice and normal, we have that

,

1 information back at INPO. If peopic are interested in a particular -

| aspect of simulator training, give me a call and we can see who does !

j that particular aspect well and got that information to you. |

! L

| MR. VANDEWALLE: During your evaluations, do you also
'

evaluate simulator fidelity? If you do, how?i

MR. FLYNN: We try to evaluate simulator fidelity. It is
not a very sophisticated evaluation. During the scenarios we look |
for the kinds of things that are supposed to happen and see if they
do happen. If we have time and availability of the machine, we have
a "quick and dirty" check list that we run that can identify some ;

common problems. We do not perform a formal check. When we leave, ;

if we don't say anything about simulator fidelity, don't construe
,

that to mean your machine was great on fidelity, because we just ;

don't look that closely,

i
:

I

!
l

!
t
t
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SELECTION - FACTORS AND INFLUENCES ON TRAINING |

R. J. Bruno
'

A. P. Mascitti
Wisconsin Electric Power Company

; Milwaukee, Wisconsin ;

| !

Abstract;

4

Personnel performance is certainly the goal of training !
,

programs and the impact of personnel performance on plant performance
indicators is well known. This presentation discusses the selection
of personnel prior to training and emphasizes the need for selection !

! criteria to include aptitude intelligence, mechanical ability, work
ethic, and emotional stability. Selected data is presented from

: Point Beach that supports a rigorous selection and screening program ;

i to ensure training successfully prepared these personnel for job '

; assignments. '

I

| Selection of personnel is one of the most, if not the most,
,

. critical aspects of management. For if selection is properly donc, '

j training will be easier, errors will be fewer, efficiency will be i

higher, and management problems will be lessened. At WE, we have!
;

! long been an advocate of careful selection of personnel. Currently, i

| the selection process uses two validated examinations, as well as
other screenir.g criteria in the selection process. These t

: examinations are validated by EEI and I am sure are familiar to some i

of you, the POSS and MAST.
'

! The POSS is used to select power plant operators. It has
j been in use since 1981. Since that time, we also engaged in a second f

project for power plant Maintenance workers, resulting in a test |

)| battery called MAST. The tests used for Maintenance are almost !

) identical to those used for Operations. As I go through an
l explanation of the POSS battery, I will point out the similarities !

and differences between the POSS and MAST tests. POSS, like MAST, ,

can be used to select personnel for nuclear, fossil, and hydro power :

plants. [

l
] The operators' tests (POSS) is comprised of threc ;

; components: aptitude index, experience index, and personnel index. !

j The first component is comprised of five aptitudes: reading >

comprehension, spatial relations, mechanical concepts, mathematical !

I usage, and perceptual speed and accuracy. The first test in the i

| aptitude component is a test of reading comprehension. This test !

! measures a person's ability to read and understand the type of '

{ material found in power plant training manuals. The reading I
comprehension test consists of five reading passages, each followed fi

I by several multiple choice questions about the passage. I

!!

!
! !
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The examinee is instructed to read the passage and answer |
the questions by choosing among a number of multiple alternatives. ;
This test not only measures a person's recall of specific facts j

presented in the material, but also evaluates a person's ability to '

apply a technical or scientific concept whic.h is explained in the i
material. This test is very similar to the type of task a now |t

| cmployee encounters in training. In fact, the reading passages are ;

actual subject content taken from power plant training manuals, !
including material on instrumentation, measurement, and physical and ;

machanical principles. This test is included in both the operations i;

(POSS) and Maintenance (MAST) test batteries. }
, i
i The second test, spatial relations, measures the ability of !'

an individual to visualize the proper assembled form of an object. J
This test has 20 problems. At the beginning of each problem is a :

picture showing the component of an object. Each component part is |,

marked to show how the object is to be assembled. This is followed4 .

.I by five pictures showing five different ways the parts could be i
; assembled. The examinee must determine which form the object would |
j take if it were properly assembled. !
1 |
| The spatial relations test is a crucial measure of an !

applicant's mechanical ability, since many mechanically related tasks '

j require individuals to follow instructions in assembling and I
,

i disassembling parts of machinery, tools, etc. Spatial relations is |
| also important for employees who must understand the inner workings j

q of a system - to read instruments and gauges and conceptually i

. visualize what is happening in the system. This test is used in both .

the POSS and MAST batteries. {
l The third test, called mechanical concepts, is also a :
i measure of mechanical comprehension. This test measures the ability !

|
of an examince to understand mechanical principles. Each item j
contains a picterial description of a mechanical situation, followed (i

by a question and three possible answers. The test is intended to I
,

measure the ability of a person to perceive and understand the
relationship of physical forces and mechanical elements in practical
situations. The test was constructed based on analysin of the tasksi

j performed on the job. The pictures deal with gears, levers, pulley
; systems, valves, centrifugal force, water flow, gravity, pressurized
! air, etc. The tect has 44 problems. Tests of mechanical !

! comprehension have a long and very successful history when used for i
selection for manual jobs. Previous research has shown that manual
workers who have a good understanding of mechanical principles have |

fewer accidents and are less prone to error. The mechanical concepts
'

test is used in both the POSS and MAST batteries.

| The next test, mathematical usage, measures skill in solving
j and manipulating mathematical relationships. There are three

]

j

u
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sections covering formula conversion problems, algebra problems, and
story problems. The mathematical usage test was developed based on
an analysis of the job duties and training material. Therefore, it
measures the level of mathematical aptitude required to complete
training successfully and effectively function on the job. The test
contains 46 multiple choice items. The maintenance battery also
includes a math test.

The last test in the aptitude series is a perceptual speed
and accuracy test. It measures speed and accuracy in reading tables
and graphs. the first part contains a table of numbers which is used
to answer 60 multiple choice items. Part 2 contains a graph which is
used to answer 24 multiple choice items. This test is not used in
the maintenance battery.

This series of aptitude tests measures the important
abilities that are needed to perform power plant work. They measure
an individual's capability to learn the technical aspects of
Operations and Maintenance work. Therefore, they can be used for
applicants who have previous power plant experience, and they are
particularly useful in selecting among applicants who do not have
prior power plant experience.

'The aptitude tests focus heavily on mechanical comprehension
and spatial relations. The research validation found that these
abilities are the most significant requisites of successful
performance for Operating and Maintenance personnel.

The next component of the POSS is the previous experience
questionnaire. It contains 92 questions related to a candidate's
previous experience in school, work, and recreational situations.
The questionnaire covers educational achievement and previous work
and recreational activities. A candidate's answers to the experience
questionnaire are scored according to a number of scales that measure
past patterns of overall effectiveness in areas of vocational
interest, work orientation, stability, and tendencies towards
potential weaknesses in coping with stress.

The third component of the POSS is called the personnel
questionnaire. It consists of 139 statements requiring true or false
answers. Applicants indicate whether they agree or disagree with
statements that describe an opinion or personal circumstance. The
personnel questionnaire measures aspects of temperament found to be
related to emotional stability.

I should note that the personnel questionnaire did not
statistically validate for the nuclear jobs. This is probably due to
the fact that nuclear plant personnel participating in this research
study were already closely screened for emotional stability. The
personnel questionnaire is still administered to nuclear applicants
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'

for the purpose of research to determine its actual effectiveness in
ongoing selection. Many utilities use an additional test which is i

not part of the EEI battery (such as the MMPI) to measure emotional r,
'

; etability. There is no time limit for the experience questionnaire
: or the personnel questionnaire.

The Maintenance battery (MAST) also has an additional I
component to the aptitude tests. It is called the background and

,

opinion questionnaire. The background and opinion questionnaire for '

maintenance is similar to the experience and personnel index for
Operations. It measures personal characteristics which were shown to

,

j be related to effective power plant maintenance work. It is an
untimed test which takes approximately 30 to 45 minutes to -

,

i administer.

For both the POSS and the MAST, composite scores are
calculated for each component and for the overall test battery.
Thus, the tests provide a measure of ability (or aptitude), and a |,

- separate measure of adaptability. A candidate's standing on the
aptitude index is interpreted as a measure of a person's mental i

abilities that are important to learn power plant work and to
effectively function on the job.

Candidates with high aptitude scores should be expected tot

understand mechanical principles, comprehend written materials, use
and understand mathematical relationships, and perceive details

1 quickly and accurately.
1

The experience and personnel questionnaire for the plant
] operator battery and the background and opinion questionnaire for the ,

i maintenance battery provide an account of a person's history and
j personal characteristics. The scoring of these questionnaires is |

based upon the relevant history and personal characteristics that |
'

| wore found in successful power plant workers. Whereas the aptitude ;

: tests measure the ability of a candidate to learn and perform the |

| technical aspects of the job, the experience and background i

; questionnaires measure the personal characteristics of the candidate
j to determine whether the person can effectively adapt to the job j

j domands of power plant work. |

!|

! The POSS project was initiated in mid-1978 and was completed I
in September of 1981. the project was sponsored by the Edison j
Electric Institute. The research was conducted by very prominent
industrial psychologists and Personnel Decisions Research Institute. |
A total of 70 investor-owned electric utility companies participated ;

in the project representing fossil, nuclear, and hydro power plants. i

Research information was obtained and analyzed from
thousands of company officials, supervisors, and plant operations |
personnel working in hundreds of plants. A battery of experimental !
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j

! tests and measures of performance were collected for 3,400
: operators. Statistical analyses revealed that the POSS tests
j significantly correlated with performance. This validity was found

] for all race / gender groups. Thus the POSS tests are valid for
minorities and females. We obtained similar findings for the MAST.
Our experience with the POSS tests has been very favorable.

WE first started to use the POSS tests at the same time wei

went to a new program of seiceting and training entry-level operating
personnel from the local community. These individuals had no,

! knowledge or experience in a nuclear plant facility, some were right
] out of high school. The POSS tests identified a group of candidates

who were abic to successfully complete a rigorous power plant
training pr'ogram. We found that these candidates had exceptionally !i

j high aptitude, primarily in the area of mechanical comprehension, and I
,

they adapted well to plant work. :

: i

| The purpose of all of this is to, as best we can, ensure a l
I high probability of success in our new employees. Recently, we |
! filled a new class of operator trainees. The process was similar to '

j that used in the past. In all, over 700 applicants responded to
local advertisements for the positions. After surveying their
applications, about 150 were given POSS. !

I About 50 of these were scheduled for further evaluation that
1 includes a medical examination, alcohol / drug screening, MMPI, and an |
j assessment interview. Only about 20 of these are recommended and

|
; cent to the plant for further interviews. At the plant, the '

i prospective employees are typically interviewed by at least three of !

| the followingt
|

Plant Manager Superintendent - Operations [
; General Superintendent Superintendent - Training !

1 l
4 From these 20, the final selections are made. Our results

have been good, only one employee has been released during his j,

j probationary period. Others have transferred into other job |
J

opportunities within the plant.
|

4 isimilar processes are used for non-Operations candidates. i
Radiation control operators are selected on the basis of intelligence !
tests, mathematical / logical reasoning, and mechanical comprehension. |

> |

Management positions are selected using the Wexler '

intelligence test, and aptitude tests for supervisory performance i

that includes reading speed and perception, verbal reasoning, numeric,

J reasoning, and language skills. Additional mechanical comprehension
j tests are given to engineers or technicians as appropriate.
!
j As a trainer, I like to think of training as an "operator,"

,

| - 380 -
i

,

I i



_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ________

i

|i
i

I i
i t

4 i

! in the mathematical sense, that can (in concert with supervision, job
1 aids, motivation, etc.) produce desirable job perfo*mance on the part i

of the trainee. t

i

But training and these other factors cannot function without |i

I the trainee in possession of a matrix of factors on which to work. |

) For examplet L

l f
i (TRAINING) + (SELECTION FACTORS) (PERFORMANCE) [=

'

1

I !
'

} It is the selection process that must assure that the chosen
set of desirable characteristics is present so that training can' t

fulfill its intended function. [

! !

Discussion [

! MR. FEDAKO: Do you take people into your Point Beach power f
j plant as transfers from within the remainder of your cicctric !

i utility? If so, how do you handle transfers?
i

| MR. BRUNO: Almost all entry level peopic who come into the ;

|
plant are people from the outside. We have transfers inside the t

power plant, from HP to maintenance jobs, for example. There have'

been cases of engineering and professional / management personnel
.

moving from our corporate nuclear engineering office to the plant and
J from the plant to our corporate office.

| MR. LONG: Have you looked for or seen any correlation
betwoon the scores and the performance in either training or
on-the-job? Do the peopic who get the highest scores turn out to be
the best students? Do you see that kind of correlation? |

|

MR. BRUNO: We have seen the correlation between the people |
who did well in the screening process, from these test batteries, and
the on-the-job performance. Our personnel office has looked into
supervisory evaluations from on-the-job performance to make this
evaluation.

|
MR. LONG: What cut-off score do you use for POSS and MAST? i

What is the bottom score for selection? j

MR. BRUNO: Aptitude Index is 11; Experience Index, los and
Personnel Index, 9.
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DETERMINATION OF THE SIMULATOR NEECS FOR THE
BELGIAN NUCLEAR POWER PLANTS

J. Canart
! Intercom S.A.
l Tihange (Belgium)
I
| E. Selleslagh
l EBES N.V.

Doel (Belgium)

Abstract

Belgium has seven nuclear units in operation on two sites
(Doe): twin units 1 and 2: 2 x 400 MW(e) Westinghouse 2 loop, unit
3: 900 MW(e) Framatome and unit 4: 1000 MW(c) Westinghouse, both 3
loop; Tihange units 1 and 2: 900 MW(e) Framatome, unit 3: 1000
MW(e) Westinghouse, all 3 loop, operated by two different utilities
employing operators speaking different languages. The OL's for the I

four latter units, dated in the '80's, and the ten-yearly revision of i

the 3 older units' OL, require a simulator in Belgium before ar
' certain deadline. It was decided in common to build two full-scope :

simulators (Doel 4 and Tihange 2), enlarged to include training on !

Doel 3 and Tihange 3 bunker systems, and a partial scope simulator i

for Doel 1-2; an existing compact simulator for Tihange 1 continues I

to be used for various purposes. The rationale is explained in
detail.

Introduction !

f

The availability of a full-scope simulator in Belgium before |
a certain deadline was made compulsory by the operating licenses of
Deci 3, Tihange 2, Doci 4 and Tihange 3. On the other hand, during i

the ten-yearly revision of the operating licenses of Coel 1-2 and !

Tihange 1, the authorities requested that the operating utilities [include the use of a simulator in the scope of the operating i

personnel training. |
|

Hence, the problem was as follows: should a "hybrid" i

simulator be built for the whole of the nuclear plants, or should the !
principle of representativity be applied in an absolute fashion, so ;

as to provide e. full-scope, plant-specific, simulator per unit, i.e., i

seven simulators? :

The present paper describes the results of the studies that
led to the following solution:

I

o Building two full-scope simulators, representing Doel 4 !

and Tihange 2, respectively I

,

- 382 -

|
_ _ - _ - _



- _ _ - _

.

.

o Building a partial-scope simulator, representing the
Doel 1-2 units, which are quite different from the
units Doel 3 or 4.

o The use of a compact simulator, in service for a number
of years at the Tihange site.

Option chosen for the 900/1000 MW(c) units (Doel 3-4, Tihange 2-3)

The operating utilitics have conducted, in collaboration
with the architect-engineers, an evaluation process aimed at reaching
on acceptable solution to the simulator problem. This solution was
etudied within the framework of a coherent training plan for the
various Belgian units. The line of thinking consists of building two
full-scope simulators, representing one unit of Deci and one unit of
Tihange, respectively, and adding the hardware and software needed to
allow them t' cover the peculiarities of the other unit on the same
site.

The feasibility of this solution was the object of a
detailed study, during which the significant differences between Doel
3 and 4 on the one hand, and between Tihange 2 and 3 on the other
hand, were analyzed. This study gave rise to the following general
conclusions:

o The choice of a reference plant of the Framatome type
(Tihange 2, Deci 3) and another one of the Westinghouse
type (Tihange 3, Doel 4) makes it possible to cover all
the peculiar functions of the Belgian plants.

o The control room technology of the Doel and Tihange
units led to the decision to build two simu.ators.

o Apart from the protection system against external
accidents ("bunker"), the significant differences
between the units on the same site are few in number,
from a training standpoint.

o In view of the importance attributed to a specific
training in the bunker functions, each simulator will
be equipped with two bunker control rooms, and the
appropriate software will be different.

Hence, for Doel, a bunker control room of the Deci 3 type
will be added to the Doel 4 simulator. The corresponding software
will make the Doel 4 systems act according to the Doel 3 bunker
philosophy. For Tihange, a bunker control room of the Tihange 3 type
will be added to the Tihange 2 simulator. The corresponding software
will make the Tihange 2 systems act according to the Tihange bunker
philosophy.
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i Option chosen for the Doel 1 and 2 units

) Introduction. For the Doel site, the choice of unit 4 (1000
! MW(c) - 3 loops) as the reference unit for the full-scope simulator
I certainly allows an adequate training of the Doel 3 personnel, in
j view of the similarity of the units 3 and 4. However, this training

function is not sufficiently specific for the operators of units 1

| and 2.

! As a matter of fact, the Doel 1 and 2 units have not only a
| different number of loops (2 at Dec1 1-2, versus 3 at Doel 3-4) and
] safety trains (2 at Doel 1-2, versus 3 at Doel 3-4), but in addition,
j they contain a number of peculiarities that make them a model of

their own. In particular, the twin-unit character should be pointed
out: a series of auxiliary systems are common to the two units, more
specifically a part of the systems that are fundamental for personnel
training.

3

)
i It is understood that, right from the beginning, the

full-scope simulator (Doel 4) will be used as much as possible. The,

! problem is now to determine the scope of simulation of the specific
| Doel 1-2 simulator, i.e., the list of training items for which the
i Doel 4 simulator is not entirely satisfactory. The main idea was to
I consider that the critical training aspects are contered around the
! accident procedures that allow response to accident situations ,

i described in the Safety Analysis Report for the units under i

i consideration. So, it is definitely training the operators in the i
1 use of these procedures that has to be assured. For this reason, the l

analysis is based mainly on the study of the accident procedures, |
thus leading to the definition of the scope of simulation. ;

i i

j Part of the training that could be done on the Doel 4 !
4 full-scope sim .ator. In principle this simulator can be used }

adequately for all maneuvers, linked directly to the normal operation i

modes of the unit, from cold shutdown, all primary pumps stopped, !
systems not vented, up to full power operation, and conversely, from i

i. this state to cold shutdown, as well as for normal operational !

| transients and for operation at various power levels. f

! !
I certain reactions to these incident situations can also be :

I learned usefully on the full-scope simulator, namely: I
i !

l o class 2 incidents, and more specifically, the incident
1 situations on the systems used in normal operation
| (primary system, Cycs, balance of plant), such as, I

] e.g.: |
. ,

o isolation of the charge / discharge line I
I

! o charge / discharge leaks e

i !
I i

1
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o malfunction of the pressurizer spray or heaters

o opening of a pressurizer relief vale :

o incidents on the balance of plant (loss of normal
feedwater, total loss of load and/or turbine trip, r

loss of condensor vacuum, etc.)

o all incidents linked to the instrumentation and i

control systems of the control rods (since the i

simulation of the core physics is simplified) {
o incidents linked to the nuclear instrumentation f
o loss of external electric power supplies (in [

detail) :,

! i

j o uncontrolled boric acid dilution i

i t

; o partial loss of reactor coolant flow. ;

I i

}
'

o Certain Class 3 accidents (low frequency accidents)

j such as:

| o uncontrolled extraction of one control rod at
j power !

i
o total loss of reactor coolant flow

1 o spurious opening of a pressuri:cr safety valve. !
1

!
! Because of the peculiarities of the Doel 1 and 2 units, t

j cortain incident situations cannot be experienced adequately on the i
j Dool 4 simulator, however. This is specifically the case fort ;
t :

j o loss of compressed air !
l ;

!| o loss of a power supply (power or instrumentation and

j control) f
o cold overpressurization incidents

} This is equally so for small and medium LOCA's or small and
j medium steam line breaks which cause the start of the safeguard
! systems. In addition, it appears that certain modes of normal

]
operation can only be learned on a specific Doel 1-2 simulator. This
is the case, e.g., for the operation of conditioning the shutdowni

! cooling system during a cold shutdown maneuver. We will see further
j on to what extent a reasonabic scope of simulation of the Doel 1-2

1
i
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simulator would allow us to cover an additional number of interesting
i situations.

Training on the plant-specific Doel 1-2 simulator. So, the
, main purpose of this simulator is to train the operators in
! post-accident situations leading to the safety injection signal, and
i during which the operator has to perform a series of maneuvers that
| are specific to Dec1 1 and 2 and that cannot be found in the other
; units (because of the twin-unit character, and because quite a number
! of medium-term maneuvers are not automatic, such as initiation of the
i recirculation phase). The simulator must be capable of a simulation

of the post-accident phase, including the long-term recirculation
phase. All the safeguard systems will equally be simulated.

I It is obvious that the simulation of the AC power supplies
I (external and diesel generator) appears as essential, the load
| pick-up after accidents in particular. The primary pump seal (
j injection function is of a particular importance from a safety point

of view, especially after the small LOCA, SLB of SGTR type accidents, i'

during which primary pump seal cooling has to be assured in order to4

! avoid even more degraded conditions. This is not to say that the :

whole seal injection system has to be simulated (which can be learned
| on the full-scope simulator), but an "on-off" simulation of the flow |

j may be sufficient (for the post-accident phase).
r

| Given the essential role played by this system, it appears |

| preferable to simulate it completely for Doel 1-2, rather than trying !
to limit it to a few particular functions. The situation of the :'

shutdown cooling system (SC) is similar to that of the chemical and |

volume control system (CV). For the same reason, the whole of the i

system's functions will be simulated for Doel 1'2. This will offer !

the advantage of allowing training in normal operation modes of the t

SC system (conditioning at temperature and pressure - residual heat L

! removal) that are peculiar for Doel 1 and 2, and that are of prime r

{ importance for correct operation during the startup and shutdown i

phases of the units. In these operational modes, the CV system i
equally plays a far from negligibic role (pressuri:ation of the SC !
system - primary pressure control under solid conditions). }

I

The simulation of the safeguard systems, compicmented by
j that of the whole of the SC and CV systems, allows covering, in !

addition to the previously mentioned accidents:'
i

! l

I o the small break LOCA i
) !

} o the small SLB (scope of BOP simulation to be defined)
!

o the loss of ecmpressed air ("on-off" simulation of the ;

distribution network, with simulation of the !

! consequences on other operational systems) !

!
4

,
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i

!

o the conditioning of the reactor coolant system (RC)
during the cold shutdown maneuver.

!

| Option chosen for the Tihange 1 unit i

For a number of years, the Tihange site has had a so-called ;

"ccmpact" simulator; its control room is limited to a console ;

combined with a vertical synoptic panel. The number of systems !

cimulated is rather small, but this simulator compares favorably with
the larger ones because of numerous important characteristics: ;

o numerical technology, with real time response ;

o use of physics formulation'

! i

o use of an instructor's control desk (causation of (l

i breakdowns, role of the auxiliary operator) !
l !

'

4 o initialization
!

o possibility of frecting the parameter evolution

o accelerated and slow-motion modes'

o restitution of a sequence

o resumption of an exercise at a given point.

| The "compact" simulator does not represent a fictitious
plant, but definitely an existing unit (Surry 1, in the USA) for

3

which the supplier (EAI) built a full-scope simulator that functions'

J to the satisfaction of the operating utility. It has been subjected

) to a number of modifications in order to increase the similarity with
j the Tihange 1 unit.
;

! Since it does not represent a complete unit, especially due
) to the absence of certain functions, and the non-existence of a i

control room, a simulator of this type mainly serves fort |

1 o the basic training of new operators, including staff,
either as a complement te basic training courses, or as
a demonstration of general operating procedures

o the demonstration, for all personnel, of the
functioning of a PWR units this aims at a better
integration of all persons in the actual plant

o preparing the operators for full-scope simulator
sessions, by studying the essential functions in a

;

|
.

4
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.

i sufficiently thorough fashion so as to improve the
benefits from the full-scopo simulator courses

o retraining the operators, in support of basic courses,
4

in general normal and accident procedurcs, and by'

| studying particular operating modes.

Because of the similaritics betwoon units 1 and 2, the
choice of unit 2 as the reference unit for the full-scope

Determination of the Simulator Needs
for the Belgian Nuc1 car Power Plants

i
| Characteristic Simulator Data j

DOEL 4 TIHANGE 2 DOEL 1-2 !

i

Totally simulated systems 58 53 17 !;

|

Partially simulated systems 25 22 7 !
1-

*

I Represented systems 28 22 --

1

j Non-simulatd systems 24 46 2

l -

j Specific incidents simulated 331 420 162
,

1
'

| Generic incidents (nr of categories) 10 10 10 |
! i

j Initial conditions 26* 26 20* !

} f
'

Digital inputs 5887 5700 1421 !

: ':

Digital outputs 16640 10800 3894*

) !

I Analog inputs 0 6 38

)
; Analog outputs 2522 2000 648 |
1 i

,

Computer 4x 4x 2x e
! GOULD 32/67 GOULD 32/67 GOULD 32/67 j

!
Spare capacity 20% 20% 20% |

|i

| * contractual (will be extended during operation) f
3 r
J

,

i |
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! i
!

'

|

|

i
'

makes it possible to perform a major part of the unit 1 operators' .4

| training on it. A more refined analysis of the differences has !

idsntified a certain number of characteristics which require either1

i en adaptation of the full-scope simulator, or an extension of the
j "compact" simulator's capabilities. The Tihange unit 1 operators' !

; training program will include the use of the compact simulator and a [
preliminary training before the full-scope simulator sessions, and |

will be complemented by a controlled program on the full-scope |

cimulator. !
3

i'

,

! Planning

The contracts for these simulators were signed in February .*

1985, and the starting dates of operational use are spread over the i;

year 1988. At present, December 1986, the control room panels of the {,

j Doel 3-04 simulator are already at the supplier's workshops; the i

building site was opened in August 1986. The request for a building !

pormit for the Tihange site was filed very recently. The modelling (
otudies are advancing satisfactorily.

|
) !

!
O Discussion
i
'

MR. BOHANNON: I noted that you stated that the simulator
would have post-accident phase capabilities. Does this include

;l uncovering the core and any slight damage to the core? }
,

}
'

MR. CANART: Yes, indeed. We are going to have a simplified !
model for the core. It is only a one-point model for the neutron j

l cetivity of the core. :

! l

)
|

! i
;

.

! !

l |
i i

! I

;

i
,

|

1
l

|

!
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EVALUATING PERFORMANCE MEASURES
TO DETERMINE TRAINING EFFECTIVENESS

A. S. Feiza
Program Developer

R. W. Klemm
Program Development Administrator

Commonwealth Edison Company
Chicago, Illinois

Abstract

This study responded to the Utility Industry's need to
relate training benefits with corporate objectives -- generating
megawatts safely and efficiently. Trained and non-trained employees
from nuclear and fossil generating stations were rated by their
supervisors on six performance skills themes. Results favored the
trained group in all cases. Summary statistics and additional
variables were discussed. |

)

Background t

The relationship between training and performance has long f
been an issue that has defied objective research (Reference 1). [

Commonwealth Edison Company (CECO), as well as other utilities, have !

a need to know "how" to relate training benefits with the overall I

corporate mission generating megawatts efficiently and safely. t

I

An article in the February 1987 issue of the "Training and i
Development Journal" best expressed the changing role of trainers. |

This article states, "... that instead of training and developing i
others in the time-honored way, many more of you will be involved in !
managing training better, accounting for it better, and finding ways s
to do it better. You will, in short, be doing work that supports and :
cdvances a critical business function" (Reference 2). !

!

This research was conceived and dedicated to helping the !
Ceco training organization become a more integral part of the |
corporate business. It was hoped that the process of doing this ;

research would heighten the awareness of management and trainers to |

the fact that the training function does, and will continue to, i

improve employee performance, and contribute in a significant way to I

overall corporate objectives. |

Methodology

The target population for this study was nuclear and fossil
generating station employees who directly impacted the production of !

electricity. The target sample (n=150) included: instrument, '

mechanical, and electrical maintenance personnels control room

i
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operators; engineers, radiation chemists, and other technical i

specialists; and equipment operators and attendants. Training i
,

records from each participating station were used to identifyt ,

j cmployees who roccived more task-specific training than their !
: counterparts. The quantity of training received was the criterion
! used to form the "trained" and "non-trained" research groups.

[j specifically, "non-trained" employees completed less than 50% of ;

. required courses, and "trained" employees completed 80-100% of f
! required courses. This method excluded the "annual-type" training i
! courses. :

I

Data collection was conducted at each participating [
] generating station. Two methods were used to select participants.

'

1 First, convenience sampling which included all available personnel.
] Those subjects were asked by their supervisors to complete the survey L

i instruments. Subjects were randomly selected from the convenience |
'

sampic, and then assigned to either trained or non-trained research i

groups based on training records. Second, specific sampling which [
included participants identifioG by the researchers through training }
records. These subjects were randomly selected from training records |i

j prior to data collection, j
, ,

| All participants were asked to complete a series of three
| questionnaires. The immediate supervisor of each participant was |

asked to rate their subordinate using the performance skills
instrument. Instruments relating to each participant, those |
completed by the employee and their respective supervisor, were >

otopled together to form a packet. Each packet was coded either [
"trained group," or "non-trained group." All names and identifying |

'

markings were removed from these packe*,s to maintain anonymity. '

| I

| Throughout this project, only the researchers knew the group !
status of each participant. Selection biases (Reference 3), |
Hawthorne and "halo" effects (Reference 4), and other threats to j
internal validity (Reference 5) were minimized by the randomized,

[
single-blind, selection process (Reference 6).

[
t

Instrumentation
i

| A total of four instruments were utilized by this study. |
j Three instruments were administered to the generating station i

personnel. These instruments will be highlighted more specifically I
i

l in a follow-up study of employee learning profiles. These included a l
dcmographic form, a learning style profile, and a motivational stylc
profile. The focal instrument, a performance skills rating form, was
administered to supervisory personnel. This instrument was designed
to elicit supervisory performance ratings for each participant.

The demographic questionnaire included age categories,
gender, current and past job classifications, and years spent in
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| [

I |

| current and past job classifications. [
i !

} The Icarning style profile (Reference 7) was designed as a i

self-analysis tool for identifying four basic styles through which |,

1 the mind roccivos and processes cognitive information. These styles !

! are Concrete Random (CR), Concrete Sequential (CS), Abstract Random f
I

i (AR), and Abstract Sequential (AS). Each style is charcterized by

i learning, environmental, and interactional preferences for the !

i learner (sco Table 1). Learning Style preferences among generating !

I station personnel may provide valuable insights for training
departments. Internal consistency coefficients (Reference 8) ranged'

?
from 0.89 to 0.92 for each learning style. Test-rotest coefficients

} ranged from 0.85 to 0.88 for each learning style. Construct validity i

j coefficients ranged from 0.55 to 0.76.

I r

t

TABLE I: LEARNING STYLE THEMES |

Relationship Relationship f
^

1
Style Environment to Instructor to Student

,

;I
{
J (CS) low tolerance traditional ordered j

for distraction subordinate

(AR) high tolerance "guide" role collegial

(AS) low tolerance expert minimal

(CR) stimulus-rich instruction varied
"guide" rolo

,

!

The motivating traits inst'.ument (Reference 9) was designed
to identify motivational preferences. Each item represents a ,

different motivating need-state (Reference 10). Internal consistency
coefficients for each of three motivational clusters ranged from 0.61
to 0.74 (see Table II). Cluster one represented self-esteem needs
coupled with affiliative and self-protective needs. Cluster two
represented job security and orderliness needs. Cluster threc
represented ambition and creativity needs coupled with respect for.

authority and regulations.

|
TABLE II: MOTIVATIONAL THEMES RELIABILITY COEFFICIENTS

Theme Coefficient Alpha,

ractor one 0.7420

ractor Two 0.7063

Factor Three 0.6176
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The performance skills questionnaire was designed to elicit
1 parformance ratings of plant personnel from their immediato

|
| cupervisors. Six performance skills themes were identified by

subject matter exports from the generating stations, Program
j Davolopment, and literature review (Reference 11). These performance [
j themos are

!,

I o concentration and awareness of hazards '

| o handling stress and pressure in job tasks
1

o experience and background skills ;>

o resourcefulness and problem-solving approaches to
job-related tasks ,

i. responsibility tor equipment and procedures 'o
o manuni dexterity. !{

; ;

Fivo items were written for each performance theme. The items were I
written to provide a difficulty range for each performance theme.

1

] For examplo, item el was the simplest skill for the category; item e5 i

: was the most difficult skill for the category. A one (low)-to-ten
4 (high) Likert scale was chosen to rato each item. The one-to-ten !

| ccale conforms to traditional, "base ten" rtting norms, and i

counteracts any response biases from the customary one-to-fivo scale !,

j used by the company. ;

! (
Internal consistency coefficients ranged from 0.93 to 0.97

'
!

for each performance theme (see Tabic III). These high reliability
estimates also support content validity issues. That is, the items
cppear to be irtorpreted alike by both subject-inatter experts t

'

designing the instrument and station supervisors utilizing the
'

, instrument. The internal consistency coefficient for the total

! instrument was 0.74. This indicates that separate subscores i

: representing each of the six performance themes is more appropriate |
than an overall, total score.

|
~

TABLE III: PERFORMANCE SKILLS RELI ABILITY COEFFICIENTS
j Theme Coefficient Alpha |

| 8

|
i Concentration / Hazards 0.9353

Stress / Pressure 0.9455

Experience / Background 0.9654 |

Resourcefulness / Problem Solving 0.9442

Responsibility for Equipment, etc. 0.9587

Manual Dexterity 0.9688
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i

I

:

Data Analysis

. Data Analysis consisted of three major parts. Part onc
| catablished internal consistency through Cronbach alpha statistics

(Reference 12). Factor analysis of the Performance Skills and4

Motivational Traits instruments were used to establich fewer,
! manageabic, item clusters. These item clusters were interpreted and

named according to the underlying thematic content. Principal
.

1 components extraction with varimax rotation was used for these
l analyses (Reference 13). Factors with eigen-values greater than 1.00
j were retained. Part two provides summary statistics and breakdown

] tables for important variables. Part three provides inferential
statistics resonding to the research questions. Discriminanti

| analysis (Reference 14) determined differences in predictor vartables
between employees classified by the criterion variable.

j

| Factor analysis (Reference 15) was performed on the i

,

i Performance Skills instrument. The results indicated a one-factor i

! instrument: Factor 1 (eigen-value - 22.16), Factor 2 (eigen-value -
; 1.34). The one-factor solution was discarded for two reasons, j

l First, factor analysis was more sensitive to global ratings from '

| supervisors. Supervisors were suspected of applying a global image ;

I of each partifipant toward the instrument. The one-factor solution
'

! represents the one-factor rating system applied by the respondents, i

J Second, the reliability analysis demonstrated that all six i

] performance skills themes were appropriate to use as separate ;

i measures.
1

i The Motivational Profile was subjected to data reduction
! using principal-components factor analysis with varimax rotation. A i

i three-factor solution was retained for interpretation. Factor one :
(eigen-value - 3.63) represented self-esteem needs coupled with !
affiliative and self-protective needs. Factor two (eigen-value - t

2.58) represented job security and orderliness needs. Factor three ,

i (eigen-value - 1.96) represented ambition and creativity needs !
coupled with respect for authority and regulations. |

} A variety of descriptive statistics were calculated for the
overall sample, "trained" group, and "non-trained" group. Important I
variables and statistics will be highlighted. f

I of the 150 participants, 76 represented the "trained" group, I
I and 74 represented the "non-trained" group. Males comprised 98% of ,

the participants. Job Classifications were summarized as follows: ;

- maintenance (52%), operators (8%), EO/EA (11%), health physicist I

l (2%), all others (17%), and missing (10%). The average value for

] Years in Current Job was 5.1 years. The predominant learning style |
was concrete sequential (74%). j

i .

'

] The following statistics were computed for the "trained"

|
status group. The average age-range was 30-39 years old (35%). The !

]

I
1 :
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cverage value for Years in Current Job was 5.7 years. The average
score on the Performance Skills form was 210 out of 300 possibic
points.

The following statistics were computed for the "non-trained"
otatus group. The average age-range was 30-39 years-old (50%). The
average value for Years in Current Job wad 4.6 years. The average >

score on the Performance Skills form was 165 out of 300 possible
points.

A stepwise discriminant analysis program (Reference 16) was
computed to detect differences between the "trained" and
"non-trained" groups from among the six Performance Skills
variables. The Performance Skills variables must meet or exceed a
significance level of 0.05 (alpha = 0.05) to qualify as

,

. discriminating variables. A test for the appropriateness of .

'
multivariate normality was demonstrated by Box's M statistic
(Reference 17). The value for M was 2.3120, and not significant
indicating that the discriminant analysis was appropriate given those
data.

!
All six Performance Skills variables discriminated i

Isignificantly between the "trained" and "non-trained" groups (p less
'

than .001). In all cases, the mean value for the "trained" group
oxceeded the mean value for the "non-trained" group. A
classification program was performed to predict one's group !4

I membership (trained versus non-trained) given the raw scores from all
.

i six Performance Skills themes. Training group status was correctly :

i predicted in 78% of the cases. Non-training group status was i

l correctly predicted in 72% of the cases. (correct predictions of 50%
! would be expected by random guessing, or chance.)

1
: Specific results for each Performance skills Theme are shown
i in Table IV. The results are expressed in percentages for group

cverages and group difference scores.

I TABLE IV: PERFORMANCE SKILLS PERCENTILES AND SUMMARY !

Performance Non-trained Trained Percentage i

Skills Increase |
I

) 1. Aware / Hazards 56.6 72.8 16.2% !
i 2. Stress / Pressures 53.8 67.2 13.4% !
! 3. Experience 57.0 72.6 15.6\ j

4. Problem-solving 53.6 67.6 14.0% |
! 5. Responsibility 55.0 69.4 14.4%
J 6. Manual Dexterity 54.4 70.4 16.0%

overall 55.1 70.0 14.9%

Median Age Level 35.0 35.0
J Years in Current Job 4.6 5,7
;

I
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;
a

|
l

summary;

i

Implications for further research indicate that training
does have a quantifiabic affect on job performance. The following

.

questions -- "Were the results consistent with expectations?"; "Is'

I there enough improvement?"; and, "How much are we saving, or are we
j spending too much?" -- can only be answered in the context of this
1 study.

Expectations were optimistic, that is, we expected positive
results from our training. How much? That was not an issue given

j the newness of our "performance-based" training efforts over the past
two-and-one-half years. To better understand the questions of
expectation and adequate improvement one has to know where the
standard, or baseline exists. We now knew where Ceco's baseline
exists, and subsequent improvement or effectiveness measures may be !

'
developed from this point.

! The question of "bottom-line" dollars is an implication that
builds upon the results of this research. The next step, or phase !

two of the project, is to incorporate these data and methodology into
|research designed to correlate human performance (as impacted by ,

j training) with plant performance. The corresponding correlations ;

should yield bottom-line data regarding cost-effectiveness and :
'

training programs.
t
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) Discussion
b

MR. LONG: You mentioned that the trained group had a greater
experience than the untrained group, by an average of a year more in
their current jobs. How can you be sure that the difference in testi

results are not attributable to that extra year's experience rather
than the training?

NR. FEIZA: We looked at two job classifications -- the
current job position and the past job position. It is quite possible
that a trainee could have spent 15 years as a B man before having
moved to an A man level, where he spent five years. So he may have a
lot more experience than meets the eye at first glance.,

N :
This is one way to look at that situation. The second is

that training involves time, so it is no small wonder that one would'
,

need to spend more time in the current job to gain those credits or
thoso numbers of courses. Again, from the very beginning, we looked ,

at quantity of training, so we expected there would be an increase in
,

time and nambers of courses in favor of the trained group.'
g
.i\

To answer your question more directly, you could look at the
'

non-trained personnel a year from now, when they would have the extra
year's experience, and see if they had attained the same performance
level or had met the same increase as did their trained
counterparts.

'

MR. DEWAR: What determined whether people ended up in the-

trained or non-trained group? Is there some performance measure that
was used to put them in the trained group to begin with.

MR. FEIZA: Actually we are looking at two dimensions here.

<
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one is the group membership, trained or non-trained. The second is !

that we look at the performance measures. For the first, we merely
had to identify whether the person had training or not, what kind,
the quantity of courses completed and the discipline. Then, after
that definition step, we looked at performance measures and said,
okay, if you are in this group you are trained, if you are in that
group you are not trained.

MR. DE VREY: You said that the non-trained completed less
than 50% of the required courses. Did they fail to complete the same
courses?

MR. FEIZA: Yes, that is correct. The training matrix would
'list trainees in rows, and in the columns would be the required

courses. We purposely excluded the annual re~ qualification or
re-training courses, like nuclear fundamentals or fire brigade or

' things like that. We focused on the core curriculum that trainees
would be involved in. Yes, those are the same courses for both
groups.,

MS. PALCHINSKY: Did you, in your performance skills form,
ask the supervisors to rate or evaluate the ncn-trained individuals
on skills for which they had not yet been trained?

MR. FEIZA: No, the form was generic enough to merely look
at the very basic, generic job descriptors -- writing abilit1,
background skills, perfectionism, accuracy, attention to detail and

;

so on. It was very generic and could apply to a non-trained employee '

-- even a general college student.

!

.
;

! |

|

| |
i |

| 1

| |
|

|
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A MODEL FOR BEHAVIOR OBSERVATION TRAINING PROGRAMS

Philip E. Berghausen, Jr.
Behaviordyne Psychological Corporation

Palo Alto, California
U.S.A.

Abstract

Continued behavior observation is mandated by ANSI /ANS 3.3.
This paper presents a model for behavior observation training that is
in accordance with this standard and the recommendations contained in
U.S. NRC publications. The model includes seventeen major topics or
activities. Ten of these are discussed: Protesting of supervisor's
knowledge of behavior observation requirements, explanation of the
goals of behavior observation programs, why behavior observation
training programs are needed (legal and psychological issues), early
indicators of emotional instability, use of videotaped interviews to
demonstrate significant psychopathology, practice recording
behaviors, what to do when unusual behaviors are observed, supervisor
rationalizations for noncompliance, when to be especially vigilant,
and prevention of emotional instability.

Behavior (or behavioral) observation programs are mandated
for all nuclear power plants in the U. S. by ANSI /ANS 3.3 (1982)
(Reference 1) section 5.4.5.6.f. which states:

"Continued Observation. A continued observation program
shall be established and administered by or under the
direction of owner organization. Supervisory personnel
instructed to recognize unusual behavior shall observe
employees for performance of job-related duties, attendance,
and attitude toward work and fellow employees. When unusual
behavior of a person granted unescorted access is observed,
it shall be reported to plant management for evaluation and
appropriate action. Supervisory personnel responsibic for
providing of continued observation may be employed by the
owner organization or by a contract or vendor organization.

For several years, Behaviordyne has conducted behavior
observation training and has consulted to companies which have
elected to conduct their own training. Two documents available
through the U.S. Nuclear Regulatory Commission have been particularly
valuable in the design of the training we provide or recommend:
Nuclear Reliability Program for the Nuclear Jndustry (Reference 2)
and Standard Format and Content Guide for Access Authorization Plans
for Nuclear Power Plants (reference 3). We have found the following
topics and activities important to include as part of the training:
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1 Protesting of supervisors' knowledge of behavior
observation requirements and of signs of emotional
instability

2 Presentation and explanation of the goals of behavior
observation programs in general

3 Presentation and explanation of the goals of the
training program

4 Explanation of how the training goals will be achieved

5 Why behavior observation training programs are needed:
legal and psychological issues

6 What kinds of problems might be caused by an
emotionally unstable person

7 Empirical data: problems that have been caused by
emotionally unstable persons

8 What is meant by "emotional instability"

9 What are early indicators of emotional instability that
a supervisor might be able to observe

10 What do very unstable people look like

11 Practice in observing and recording behaviors that
reflect emotional instability

,

12 What to do when evidence of possible instability is
observed

13 Common excuses given by supervisors for not intervening
when there is evidence to suggest the presence of

| emotional instability
:

| 14 When to be especially vigilant for signs of emotional

! instability

l l

15 What the supervisor can do to prevent adverse
psychological reactions in employees

16 Posttesting

17 Evaluation of training
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some of these topics and activities merit special comment in
this paper. Pretesting (Item 1) serves to demonstrate to supervisors
what kinds of information they do not have that they may need. It
can serve to motivate closer attention to the training and can be an
indicator to the trainers of topics that may need to be emphasized.
And, when compared to posttesting, it can serve as a training
evaluation instrument.

Regarding the goals of behavior observation programs (Item
2), it is important to emphasize that a primary goal is to detect any
emotional instability, including a change in ability to make good
judgments, before there is any significant decrement in job
performance. Supervisors are likely to be more familiar with the
personnel department dictum that states that no disciplinary action
(such as suspension or mandatory referral to an employee assistance
program) can be taken until there is documented decrement in job
performance. Behavior observation programs are not punitive in
intent or action and, as a result, are not subject to this dictum.
Behavior observation programs exist because decrements in performance
in nuclear settings are potentially so costly that they must be
prevented, not simply rectified.

Behavior observation programs are needed (Item 5) not simply
because they are mandated but because they make good sense from a
psychological point of view. A person's mental health varies over
time. The initial psychological screening for emotional instability,
which is conducted via testing and interviewing and which occurs at
most nuclear plants prior to the granting of unescorted access,
merely establishes an acceptable baseline for each employee. The
screening cannot guarantee that each employee will continue to
function at the level observed during this initial screening.
Indcod, empirical data regarding the onset and natural history of
psychopathology clearly indicates that a small, but not
insignificant, number of employees will deteriorate from this
observed level. Behavior observation programs provide the only
practical means for detecting such deterioration so that appropriate
action can be taken to prevent adverse consequences.

Supervisors need to be taught which specific behaviors are
associated with emotional instability (Item 9). Given the relatively
low rate of occurrence of emotional instability, many supervisors
never will have had prior opportunity to observe the first signs of
deteriorating functioning and will, as a consequence, have
littic or no knowledge of them. The problem is complicated further
by the fact that substance abuse is the most likely cause of
emotional instability in the workplace. Many of the substances
currently being abused by younger employees have never been
experienced, directly or indirectly, by their older supervisors.
Even the astute supervisor who knows the signs of masked alcohol
abuse is likely to be totally oblivious to those of cocaine
dependence -- unless he or she receives specific training.
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Showing supervisors videotapes of persons manifesting severe
psychological disturbance (Item 10) may seem to be unnecessary or ill
advised given the NRC's admonition that diagnosis is to be left to
qualified personnel and that the behavior observation training is not
intended to turn supervisors into clinicians. However, it is our
belief that showing these videotapes is of considerable value, value
that can be realized without misleading supervisors regarding their
proper role in the behavior observation process. The tapes serve to
validate the very existence of behavior observation programs.
Supervisors often are unaware that formerly high functioning persons
are subject to such severe pathology, severe pathology with obvious
potential for substantial negative impact on job performance and the
safety of a nuclear plant. Observing severe psychopathology also

1helps supervisors to understand why certain observable signs are
important because they can observe their relationship to specific
disorders. The disorders that we have chosen to illustrate via
videotape are alcohol abuse, depression, mania, and dementia. These
appear to be the most likely problems to occur once an employee has
passed the initial psychological screening. While viewing the
videotapes, the supervisors are asked to use NRC-generated checklists
to see which behaviors they can identify that may have been early
indicators of the onset of severe disorder (Item 11).

Supervisors have told us consistently that behavior
observation training needs to be highly practical in its
orientation. As a result, the training needs to be site-specific.
Supervisors want to know exactly what to do when they observe ,

behavior change that may be indicative of emotional instability (Item i
'12). They want to know whom to call and what that person will do. A

flow chart listing names and telephone extensions of persons to
contact, along with indications of what actions will occur as a
function of various possible findings, seems to help considerably to
satisfy this desire for practicality. Supervisors favor flow charts
with a minimum of administrative layers: They prefer to speak,

| directly with the person who will handle their employees.
Supervisors aise need instruction regarding how to confront the i

employee who is manifesting problem behaviors. Wo encourage them to:

| o schedule a private interview
| o begin the interview by providing clear structure
l (indicating that the supervisor wants to be able to
! state his/her observations in entirety before the
i employee responds and that the employee will, in turn,
I be given ample opportunity to speak)

o be specific regarding what has been observed, what
action will be taken by the supervisor, and what action

;

is expected of the employee ;

o avoid argument, threat, irrelevancies, moralizing, and '

diagnosing
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Supervisors often are reluctant participants in behavior
observation programs (Item 13). Their reservations need to be
addressed before compliance with the program will become likely. 1

Examples of statements of reservation that we hear most commonly
are: "The employee is my friend." "I don't want to punish someone I

who already has enough problems." "I don't want her to lose her i
;

I
| job." "Time will correct the problem." "They may be a little odd,

but they aren't really dangerous. I've never heard of emotional
instability causing any problems at nuclear plants." "I can't
confront them when they know I have problems of my own." "The ,

psychologist said he was okay when he was screened six months ago." |
"

2 "Nothing would help them anyway. Shrinks are quacks." "They'd never .

be able to afford to get help."t ,

The trainer needs to be prepared with responses to these
statements. For example, it is helpful to remind supervisors that
friends help friends, they do not ignore their problems. Behavior
observation programs are not punitive in orientation. The company's ;

emphasis will be on rehabilitation, not on dismissal. Although some '

,

problems get better with the passage of time, most get worse. '

Furthermore, even with problems that do improve with time, much
Ldamage can be done before the improvement occurs. Nuclear plants

have had problems. It is not possible to know how many of these were |4

tcaused wholly or partially by emotional instability. Emotional
i instability can lead to unintentional errors, "honest mistakes."
| Sabotage is not the only concern. True, everyone has some problem or
j another, but some kinds of problems pose risks to a nuclear plant

,

; while others do not. It is important to make a referral to someone
,

who can distinguish between the two kinds. Initial psychological !

screening only establishes an acceptabic baseline. A person's
,

psychological health can chango substantially in as little as sin !

Imonths. Psychological treatment is not always effective, but many
problems have a very favorable prognosis if appropriate treatment is :
received promptly. Most health insurance policies provide at least i
some mental health coverage. Low-fee clinics exist in most areas.

4

: Cost does not need to be a barrier to adequate treatment. Mental -

health services are not reserved for the wealthy.<

Supervisors have many priorities other than their role in !4

behavior observation. They cannot be optimally vigilant at all !
times. As a result, it is helpful for them to know when to increase !

. their vigilance (Item 14). They should increase their vigilance when ['
a specific employee is known to be experiencing significant stressors |

| in his/her life. It is helpful to give supervisors lists of common !

; significant stressors. When reviewing these lists, supervisors often |

] are surprised to discover that pleasant events can be as stressful as !

: unpleasant ones (Reference 4), and that the impact of many small j
j stressors can sum to equal that of a single, large stressor ;

j (Reference 5).
i !
i ,

r
i

i
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The most successful behavior observation programs seek to
provent emotional instability -- not just detect it (Item 15).
Supervisors can have a very positive influence upon the mental health
of their employees. They can titrate demands, recognizing that
understimulation can be as burdensome as overstimulation. They can
encourage employees to be realistic in the goals that they not for
themselves. They can focus more on successes than on failures, on
good efforts more than on good outcomes. They can delegate
effectively and help their employees to do to the same. And, they
can set a good example by taking time for recreation and for friends.

The scope of the behavior observation program that we have
described may seem overly ambitious. But, it has been our experience
that everything that we have described is essential and can be
covered adequately in as little as eight hours, preferably in two
four-hour sessions on successive days. The pace necessarily is fast,
but this helps to keep supervisors from feeling that their time has
been wasted. Feeling that their time has been well spent may be the
best single contributor to a positive response to the entire behavior
observation program.
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Discussion

MR. SWAM: One of the things you did not address was how you
felt about recurring training for supervisors in behavior
observation.

DR. BERGHAUSEN: Does a training course like this have to be
repeated? I think it does. The problem is so much the fact that
these are very low frequency occurences and the lower the frequency
of occurence that you want somebody to be able to deal with, the more
often the program should be repeated. Ultimately there must be a
compromise. I don't think that most companics would be willing to l

devote the time necessary to keep behavior observation skills at an
'

optimum level. In other words, to be able to koop the supervisor
capable of getting the same kind of score on post-testing of plus or 1

minus five poicentage points, to be abit to got that over the course |
of a year, day in and day out, probably would require booster
training perhaps quarterly. What I am saying is that quarterly
training may be necessary to koop things at at optimal level. But I
think that probably is unrealistic. At a more realistic level,
annual or biennial (every other year) booster training is probably
what is more reasonable.

MR. BOHANON: Do you feel that simulator ovaluations could
possibly be used to impose certain structured stress on the operator
and, in turn, obtain observations in terms of behavior under high
stress conditions?

DR. BERGHAUSEN: Yes, and I think that is an excellent
idea. The closer the behavioral observation can be related to
stressful work times, the better indication you have of the person's
overall function. If simulator training is a high stress time, if
problems are going to develop, they are more likely to show there.

MR. HYMAN: If the intent of the program is not to be
punitive in nature, but it is being performed by the same supervisors

, who evaluate those people, how do you train the supervisors to
separate their behavioral observations from their performancol

i appraisals of the same employco?
t

] DR. BERGHAUSEN: I don't know whether we do that
'

adequately. That is cortainly a concern. But our hope is that
the dimensions that are being checked off on the checklist that we
present are dimensions that are quite different from the dimensions
that are being rated as far as on-the-job performance goes. The
goal of a program like this is to make these observations before
there is a decrement in job performance and I think that that further
separates the relationship betwoon what is observed in terms of

> behavioral change, and what the job performanco evaluation is going
to be like.
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I am not sure that our attempts to foster this separation
are totally adequate, but they are a step in the right direction.

I did not get a question with regard to empirical data. We [
'

don't have a lot at this point, but there is some forthcoming. I am l

going to be chairing a paper session at the upcoming meeting of the :

American Nuclear Society. The session is on the topic of "issues in
j emotional stability screening." There are three papers that are '|

coming out of TVA that are all excellent. One or two of them willa
'

deal with the issue of frequencies with which behavior observation i
has detected problems, how many people have needed to have their !
unescorted access privilege revoked, and what kinds of problems
provoked the revocation.

Finally, I would invite any comments about experiences with f
behavioral observation programs here, at future meetings, or in

| correspondence. I

l

i

.

5

.

:

,

!

I

t

i

1

|

|

|
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CHAIRMAN'S REMARKS

Dr. M. Gomolinski
France

J

The main part of this session was devoted to evaluation of
training programs. It is interesting to note use of several methods.

Virginia Power has developed a check operator program that
utilizes highly qualified licensed personnel to independently ,

evaluate the parformance of licensed operators and senior operators i

during normal, abnormal and simulated emergency conditions.

In France, the operating experience has shown some
connections between human errors during incidents and lack of

7

training. Conversely, improvements in the training programs are ;

resulting from operating feedback.
4

Pacific Northwest Laboratory uses large scale reactor
emergency drills and exercises to identify weaknesses in personnel
performanco and emergency preparedness programs. But, success in
using that observation to implement training to improve performance
varies greatly from one facility to another.

,

INPO uses observations of simulator training for licensed'

operators. The major conclusien of these observations is that i

opportunities exist. for improvement in the use of emergency operating
'

procedures. Teamwork, communication and simulator instructor skills
,

are also areas where improvements could be mado.

In the semo scope, ncntion can be made of the Commonwealth |
Edison presentation of trained and non-trained employces on the samo !

six performance skills themes. Results favored the trained group in !

all casos.
-

Scicction of personnel: Wisconsin Electric Power emphasized
the need of selection critoria to include aptitudo intelligence, +

mechanical ability, work othic and emotional stability. Sciccted data :

has boon presented from Point Beach that support a vigorous selection
,

j and screening program to ensure training successfully preparcs the
personnel for job assignments.

Behaviordync Psychological Company presented a model for
behavior observation training program, for managers and supervisors,,

to learn to select and respond appropriately to changes in on-the-job
performance and judgment before there is any substantial overall
decrease in job performanco. :;

1 !

In the Belgium presentation, the evaluation concerns in '

fact the determination of the simulator needs which are at the origin
of the decision to build two full scopo and one partial scopo
simulators.

I r
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AN APPROACH TO TEAM SKILLS TRAINING

J. L. Koontz
M. L. Roe

U. S. Nuclear Regulatory Commission
Washington, D. C.

C. D. Gaddy
General Physics Corporation |

Columbia, Maryland

Abstract

The U. S. commercial nuclear power industry has recognized
the importance of team skills in control room operation. The desire
to combine training of team interaction skills, like communications, ;

,

with technical knowledge of reactor operations requires a unique
,

approach to training.
,

An NRC-sponsored study identified a five-phase approach to
'

team skills training designed to be consistent with the systems
approach to training currently endorsed by the NRC Policy Statement
on Training and Qualification.

This paper describes an approach to team skills training ,
'

with emphasis on the nuclear power plant control room crew.

An Approach to Team Skills Training

The ability of team members to coordinate their actions to
achieve task objectives involves team interactions such as
information exchange among team members, group problem solving, and
giving and receiving task assignments. Such team interactions arei

1 especially critical to effective team performance under conditions
requiring a great deal of interdependence among team members and
during unpredictable situations such as abnormal or emergency events :

in the nuclear power plant (NPP) control room. This paper describes'

en approach for designing, conducting, and evaluating team skills !

training for nuclear power plant control room crews. This approach i

to team skills training, identified as a result of an NRC-sponsored
,

j ctudy, is designed to be consistent with the systems approach to :

training currently endorsed by the NRC. A systems approach to '

) training, as currently implemented by the military and by U.S.
i utilities, involves the deliberate, orderly process of analysis,

J design, and development of performance-based training programs and
1 their systematic implementation, evaluation, and revision to ensure ,

'
continued effectiveness.

!i

2

'
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Background

The commercial aviation industry has successfully integrated
team skills training into cockpit crew training. The aviation
industry has recognized that breakdowns in cockpit crew performance
have contributed to airplane accidents. Technical as well as team
nkills are provided in training that focuses on interpersonal
communications with high fidelity flight task simulations. Although
recognized by the military and aerospace industry as an important
component of training, team training is still the focus of research
and development to improve understanding and application of team
skills.

! Team Skills

Both team skills and technical skills are used by the
control room team of shift supervisor (SS), senior reactor operator

,

(SRO), reactor operator (RO), and shift technical advisor (STA) in
the U.S. control room. The control room team is often supported by ;

auxiliary operators, chemistry and instrumentation and control *

technicians and others.

Team skills are the interactions among team members that are
required to successfully complete a team task. Trainers and
researchers describe two levels of team skills generic and
operational team skills. Generic team skills may be exhibited in all -

types of team tasks. These are whole sets of techniques or
,

strategies for achieving effective team interactions. Five generic
team skills have been identified by team training researchers and !

,

practitionerst effective communication, feedback, effective
influence, conflict resolution, and leadership. >

Effective communication is critical to team task
interactions since all team skills rely on communication. Effective

'

communication involves rtrategies for informing, directing, asking,
cnswering, receiving, and authorizing.

Feedback is important in helping team members determine the )oppropriateness and effectiveness of their actions. Feedback is
; especially important in rapidly changing task conditions where direct i

equipment or instrument response information is not available to all
I m:mbers of the team. Performance feedback or critique is important
'

for verification of the actions of individual team members.
i

Effective influence refers to the skills of individual team
members in expressing their views to other team members or persuading
th:m that a certain action should be taken. It involves asking the

, qu0stions needed to get additional information as well as

( cscortiveness in stating or defending a position (i.e., inquiry and
i

cdvocacy). In the control room, effective influence is important in
,

1

|
1
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situations involving joint decision making and problem solving which
4

are aided by team members who can effectively ask questions, obtain
additional information, and state their opinions.

Conflict resolution is an important generic team skill which

] involves techniques for addressing and resolving conflicts. Skilled
conflict resolution focuses on the problem and achieves a solution;

I acceptable to everyone.
.1
'

Leadership skills, which are especially important for
control room supervisory personnel, involve achieving the proper
balance between concern for team members and concern for task
performance. Management styles need to be adaptable to different

'

task conditions and team members.
|

Besides those generic team skills which are needed for
, ,

effective team performance, operational team skills focus on the' '

| interactions that take place between team members performing specific [

] tasks. operational team skills are situation-specific interaction ;

; requirements involving information exchange, information evaluation,
task assignment, performance direction, performance feedback, i

i coordination, strategy development, problem solving, and decision l

; making in the context of control room operations. Operational team
; skills are identifiable using task analysis information for specific

team skills.-

,

q Approach for Team Training

| The NRC developed and published a sampic approach to team i

training that incorporates the already-mentioned information about !
*

| generic and operational team skills with a systems approach to ;
; training which is used to train technical knowledge, skills, and

.

abilitics (KSA's). This approach provides team members with generic !
; team skills and involves specific practico or applied training that
| transfers these skills to the control room application.
.

! United Airlines has implemented a similar approach in their
,

| cockpit crew training where crews have the opportunity, following
I'I classroom training, to apply their skills in practicing realistic

| team tasks. This basic training is offered once to each cockpit crew [
j member with subsequent refresher training. Roscarch has shown that
i generic team skills training alone is not sufficient to ensure

transfer of thoso skills to the task-specific operational context |
(Campbell and Dunnette, 1968). ;

i l

1 To design and implement a systematic team training program,
i team skill objectives must be identified for training at both the
i generic and operational team skill levels. Those objectives must !
'

then be used to design and implomont basic generic team skills |
training in the form of familiarization and practice training. The (
basic team skills training program should be designed to

i
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;

!o focus on transferring generic team skills to
operational team skills applications; !

!

o include all members of the control room team;

| o integrate self-study, classroom presentation, and role i

playing or practice exercises.
'

!

Next, team task training should be provided in an :
| operational context to provide an opportunity to apply teams skills |

and technical skills together in the performance of control room j
tasks, with emphasis on team skills practice. Selection of tasks for ;

j practice of team skills should be determined by task interaction |
i requiremento including the criticality and complexity of team '

interactions involved. Team interactions during emergency tasks i
'

! involving unpredictable or rapidly changing actions are particularly !
'

important. Tasks involving more complex team member interactions !

such as frequent communications are good choices for providing team i
training. The aviation industry as well as the nuclear power

; industry emphasizes realism in team training scenarios. {
1 :

| Several practical matters can enhance the effectiveness of
1 team skills training. Practitioners recommend the use of instructor .

! guides to facilitato conduct and evaluation of team skills training |
exorcises or simulations. Periodic repetition of training will :;

' increase long-term repetition of team skills (Dyer, 1984). i

jInstructors should be knowledgeable and experienced in team skills
'

i

training and should facilitato exchange of performance feedback and
critique. Participation of the entiro control room crew, not just

! the supervisors, in team training is recommended. ;

Team training, like other performance-based training !<

: programs, should be evaluated at two levels. Trainees' team skills !

j acquisition should be evaluated in much the samo manner as technical !
; skills, with evaluation critoria based on team skills training
j cbjectives. The use of critique checklists or exercise guidos

,

|
; facilitato this type of objectivo performance evaluation of trainees' )
i team skills. i

! !
! The effectivonoss of the team training program should also '

I be regularly evaluated. On-tho-job performance evaluations

| addressing adequacy of team skills should be used to identify
1 observed weaknesses in control room team performance with
I implications for team training program improvements.
I
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Discussion

MR. LONG: It seems to me that there is one fundamental,

j concern that you have not addressed. In fact, each shift team is
different, at least in our utility. That is one thing we are trying
to address right now, to try to understand what the appropriate team
relationship should be, and try to get those standardized because
each shift supervisor decides for himself how his team is going to
function.

<

) MS. ROE: In a way that depends on the leader of the team to
: adapt to different styles. I think if everyone has been given the

training on the generic and operational team skills, they should be,

able to effectively communicate, which to me is the basic-

1 requirement. I think it is up to the leader to be able to integrate
; all of this, which is a big responsibility. Did that answer the

question?

1 MR. LONG: I guess in a way it was more of a comment than a |

question. We all have to be aware that there really are great i
'

differences in the way each shift functions. We have examples, as I ,

suspect every utility here does, of problems occurring as a result of
a substitute crew member being with a normal shift complement. That I
substitute's behavior is quito different in a particular transient. I
If the shift supervisor is not alert to that, a lot of trouble can !
occur because they are working at cross purposes. -

MS. ROE: I agree with you.
[,

;

'

,

,

;

!

j
:

! r

|

i
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TRAINING OF CONTROL ROOM CREWS IN PLANT DISTURBANCE DIAGNOSIS
A METHODOLOGICAL FRAMEWORK

|

| Jan Hedegard
For the Swedish Nuclear Power Inspectorate !

Stockholm, Sweden i
,

l

i
'

The purpose of this paper is to outline and describe the
| background considerations when developing training in diagnostic '

scorch for nuclear power station control room crews. The four main
factors in these considerations are discussed: human information

,

! processing, diagnostic scarch, crew coordination during the
! diagnostic search, and finally training and teaching methods.
j Together, they constitute the cornerstones for the theoretical :

: foundation of the diagnostic search training. ;

i

The methodological framework in this paper was tested in '

practical circumstances during October and November 1986, involving !
; control room crews at a Swedish PWR nuclear power station. A report [

of the findings during this test will be issued later this year. ;
'

;

! Purpose of this Paper

This paper is mainly about what happens after the initial !
phases of a certain training administration are carried out, i.e.,
after the different need analyses are completed and the design and
development work is on its way to the point where the practical
training methods are considered (Reference 6): !

!
1<

. ANALYSIS DESIGN DEVEIMPRE IMPLEME! CATION EVALUATIOt1-

* Knowledge * Objectives * Instructor's * Practical * Result evalu-
* Skill * Training Guide application ation, ,

j *Perfortnance prograrme * Training * Revision '

structure material
* Methods * Audio-visual 1

! aids |

1
!

During these phases the intended training program is outlined,
J constructed and adjusted to fit its purposes. This consists mainly
a of determining the following factors (Reference 2):

l
'

)

|
4

|
'

|
4

i
I
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,

>

,

_F.a_ctor,_ _ Content ;5

objectives Description of goals which should have been achieved after the i

traing is completed. 'Ihese goals are stated in operational terms i
,

defining the terminal goal behaviour of the operators. I
;

i Target Definition of participants in the training and description of |

'.

group the participant background knowledge, attitudes to training and !

individual differences which will have influence on the train- i

ing. I
Training Definition of practical and economical ecnditions of the train- !
conditions ing such as cost, locality, equipment and other aspects.j

Instructor / Description of instructor requirements and their corresponding i

instructors performnce criteria in order to get a base for selection of
suitable instreutors. I

) Training Description of training content derived frcm the objectives and
: content goals cescribed above.

f'1

; Training Description of training methods to be used during the training. 4

; methods The selection of these methods is made by analysing the taxo- |
i (incl. nemical level of the content and chosing training methods accor- |

! AV aids) dingly.
.

!
4

i It is the latter factor which is of special interest in this
paper. It includes a number of important questions, such as the4

|
following?

| o How to teach the operators to utilize the principles of
diagnostic search, i.e., content and diagnostic search

j preceduros.
1

; o How to teach the operators to cooperato and coordinate
; their actions during disturbed system states while
j carrying out diagnostic scarch.
4

o How should audio-visual aids in general and a full
scopo simulator in particular be used in order to

i optimize the training outcome as far as crew
coordination and diagnostic search are concerned?

, For the instructors involved in the diagnostic search
I training, it is a matter of how to "transfer" their knowledge and
i skill about crew coordination during diagnostic search in such a way
I that the operators will understand and in the future use them in real
l life situations. Based on this and the questions above the purpose

of this paper can be summed up as follows:

i

1
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To outline and describe the main background' factors of
a method of training nuclear power station control room
crews in plant disturbance diagnosis.

This paper will focus on the factors which have influence on the
choice of training and teaching methods in practical terms, i.e., at

a "classroom level."

Main Factors Involved in Training of Diagnostic Search

A great number of contributing factors can be isolated, the
most important of which are the ones directly influencing the crew
members' practical application of diagnostic search principles. The
figure below contains the main factors discussed in this paper as
well as the main areas in which the factors are studied:

Cognitive Problem Group psy- Learning psycho-
_ totals 1(_Ploce sse_a_, solving chology_ _ _ logy &_ Did_ac_ tics _,

Hanin int- piagnos. Ctcw cocpc- T.taining and teach- T.taluting Cf

f 0'thttiCn tic tation and ing mCthCd4 CCnttCl \CCF

picce s s- 4 scatch + cocidinatiC# + (paragraph 6 below) etcw4 ing

<ng (para- (Paragragh diagnc st<,c

(paragraph graph 4 5 below) 4 catch

3 below) M1cyA
--

The basic principle behind the figure is that facts, skills
and attitudes from all four main areas have to be considered when
arranging diagnostic search training for control room crews ... and
not only considered but also used in the training. Below, each
factor will be briefly discussed in order to form a methodological
framework for diagnostic scarch training involving control room
Crews.

Human Information Processing >

The reason behind the necessity of a human information
;

processing model when constructing diagnostic scarch training is at
least twofold. First, the model is indispensable as a guiding tool
when the diagnostic scarch sequence and the diagnostic rules to bc |
used in the training are produced. Secondly, it is a very useful i

iinstrument when considering the different parts involved in the
training as far as content and sequence are concerned. The model
will then indicate what is necessary to include in the various

|

|
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lectures, etc. and in which order these lectures and their respective
content should be presented to the participating crews.

The model chosen and used here is based on the notion of
condition-action pairs called productions (Reference 1). The
condition part of the production specifies a certain set of data
whereas the action part described what to do in the situation. The
basic idea is that human beings have acquired "rules" (= productions)
from learning and experience and when a practical situation is to be
handled the information in that situation is compared to the
condition part of the production. If there is a correspondence
between the situation information and the condition stated in the
production, the action part will give direction as to how to act in
that particular situation. The model is illustrated as follovs:

I DECLARATIVE ApplicationQI PRODUCTICU-m ORY MDDRY
Storage /

s

\ N Match
\ / Execution

RetrMva}
N FORKI?U ..-

' > MDORY C

Encodingp Perforrances
I \/

OUTSIDE PCRLD

The working memory is the contral unit of the model. It
handles active information from the outside world as well as
retrieved data from the declarative memory and converts productions
from the production memory into performance commands. The
declarative memory contains long-term stored information which is
retrieved and used by the working memory when needed in a practical
situation. The production memory holds productions, the condition
part of which is compared to active information about the outside
world in the working memory. A practical situation is treated by the
use of different processes as shown in the figure above.

o The encoding process converts the perecived information
about the outside world into cognitive units. The
information is represented in three ways
o Temporal strings which preserves from a sequential

point of view, e.g., position of words in a
sentonce, etc.
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a

o spatial image which specified configural
information, e.g., shape and size.

i o Abstract proposition which relates to the semantic
.

'

and conceptual relations of the information.
1

The coded information is deposited into the working ;

memory as cognitive units in an active state but of
'

| fairly short duration.
1

'

'
i o The storage process consists of remodelling the active
; but transient cognitive units into long-term memory ;

traces in the declarative memory. This is for instance ra

i done when the same information occurs many times which ,

increases the probability that it will become a
permanent trace. The information is stored in its
represented form, i.e., cognitive units. These units'

,

'| could be thought of as nodes with interconnecting links .

which could be parts of more ecmplex hierarchical
structures, such as sentences etc. i

L

1 o The retrieval process transfers stored information in |

]
the declarative memory to the working memory.

| o During the matching process the content of productions |
is compared to coded information from the environment. !
While during the retrieval process the representation
of data is of no importance, the matching of retrieved ,

I information is highly dependent on representation type. ;

This is natural because of the different nature of the
treatment during the various processes.

+,

i o The execution process deposits the action part of the
j match production into the working memory. The
-

production could be expressed as "17-THEN" relationst
,

J IF when approaching a railway crossing, the red
; light signni is flashing and the

,

<

| level-crossing gate is closed
,

{ THEN slow down and stop the car x yards from the ;

; gate. |
.

o The performance process converts the action part of the '

! production into commands in the working memory which (
j results in reaction or behavior.

;

j As the production selection is based on matching, criteria \
for how a certain production is chosen play a vital role in the !
model. Production selection is made according to five so-called )
"Conflict Resolution Principles", i.e., solving the conflict of !
competing productions. j.

i

|

|

1
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!

j

l

o First, the degree of match states that the production,
: the condition part of which resembles the compared
j information in the working memory the most, will be
1 chosen.
'

o second, production strength by which the strongest
production is chosen.

I o Third, data refractoriness is based on the notion that ,

f the same data cannot serve in two patterns at the same' l

! time, once picked a production cannot apply again
which prevents a certain production being used over and1

) over again, thus avoiding getting into fruitless loops
.

j without a stop. .{
'

o Fourth, the principle of specificity will be applied

| when two productions match the same data but the
condition part of one of the productions is more

,

j specific than the other.

o Fifth, goal dominance which states that when a specific I
goal is determined, productions that refer to this goal :1

are preferred to other productions not linked to the !

goal.

! When an operator is experiencing or learning partially or .[
: completely new things without having access to for instance, r

instructions, the operator has to interpret a lot of information and :,

use a great number of matched productions. This is done in small4

steps in a montally controlled process which could in more
i complicated situations contain productions involving variables. |

; Hence, only one production at the time can bo proc:essed. This serial
,

j processing is time consuming and puts a lot of strain on the working ;

i memory as much data and many productions have to be kept activated .

1
there simultaneously. The demand on the working memory is especially [

j cminent when abstract propositions are processed as their !

1 hierarchical structuros arc more complicated. When the operator is |
j getting botter acquainted with the situation, the information !
j processing will becorre more and more automated due to two knowledge i
i compilation processes, called composition and proceduralization. The !

I former process means that a sequence of productions could be i
I transformed to one single production when the sequence is used a j
| number of times. The latter process builds versions of the i
I productions that no longer require information to be retrieved from i

j the declarativo memory into the working memory. When the processing i

is automated the production matching can become ;.arallel and !
therefore speeded up with less strain put on the working memsry. |

1 L

; Activation of information could be initiated in three ways: !

| I
i )
1
1 l
: i
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o First, stimuli from the outside world could be a source
of activation.

o Second, executed productions builds structures that
could constitute reasons for activation'

o Third, activation could occur as a result of
productions focusing on goal structures present in the'

working memory.
t

Additional relevant information is retrieved by means of
activation spreading from the original sources to affiliated nodes in

! the notwerk. The main spreading mechanism is association and a picco
.

of information will becomo active to the degree it is related to the

j original activation source.

.

Diagnostic search
i
j When an unplanned change or a disturbance has occurred the

operator's task is to find its origin, rectify it and avert its
3

possible consequences. The operator will thereforo perform a search
within the affected system in order to locato and identify the'

disturbanco. As the search is done by considering signs and symptoms
1

, of faulty components or disturbed functions, this is called the
'

I "diagnostic search." The scarch is carried out according to a
I personal montal plan for how to perform it. Studies of these plans

show that there are patterns which could be grouped together in more
general "search strategies" depending on the qualitative criteria of
the scarch (Referenco 17). Search strategies are tactical plans

1 guiding the operator during his fault finding activity.. The active
1 parts in a search strategy are the diagnostic rules, i.e., personal

"internal mental directives" how to proceed during the scarch. the !
nature of these diagnostic rules vary according to two aspects: '

'
o General or specific diagnostic rules :

The rule could either give very specific
directivos how to solve a probicm which means in :
practico that the rule has to be perfectly i,

'

! adjusted to the type of system that rule is
! applied. On the other hand the rulo could only
: stato how to proceed in general terms which makes
j the rulo applicabic to many different types of

,

j systems.

i o Algorithmic or heuristic diagnostic rules |
| Algorithms could be defined as "rules which either |

J produce a solution to the disturbance problem or
i terminate the scarch at a defined failure point"
) (Reference 9). This means that when a set of
I algorithms is applied during a diagnostic scarch,
'

the cause of the disturbance is always found or

;

i
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the search is finished at a predetermined point.
But there are of course numerouc occasions when an
applied tactic will not result in solving the
problem at every attempt. The applied tactic is
here more a "rule of thumb" and acts like a

| guideline how to solve the problem without
guaranteeing that its application will
automatically lead to the solution of the
disturbanco. This kind of guideline is called a
heuristic rule. It has no problem-solving
characteristics in itself but leads the operator
to discover methods how to find the disturbance
cause. In sum, this means that algorithmic rules
are means of reproductive activity whereas
heuristic rules refer to productive actions of the
operator (Reference 16).

When combining the two aspects, four different types of
diagnostic rules and their corresponding applications could be -

i discerned:
i "

SPECIFIC GEtEFAL

AI40RITIC Operational instructions al gu Wei m s,
,

Specifir: rethod-finding General guidelines for dis-
| HEURISTIC rules turbance and system state

diaanosis
|

L

r

This paper concerns the diagncstic rules included in the
general guidelines for disturbanco cause and system state diagnosis.
These rules should be scen as an important and useful complement to

i the operational instructions used by the oporators. In principle,
| general heuristic rules apply only if the operational instructions

cre non-existent or do not give intended results. Or, to quoto a ,

German scientist, "houristics is the science of finding solutions to f

prob 1 cms whenover thoro are no algorithms" (Reference 10). The i

diagnostic rules are used during the operator's problem solving
cetivity (Reference 18), hero called diagnostic scarch sequence

!
,

|
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EVALUATIOti
(with reference to aoals)

-

(consequences, efficiency)|g
I17FERPRETATIOti TASK DEFItIITIO:1IDE!TIIFICATIO!i

~(systen state) (celection of appro-
priate action)

i i

OBSERVATIOti PPOCEDUPI FDPKJLATIOt1
(data collection) (action sequence plan-

nino)

ACTIVATIO|i | EXECUTIOti
(detect;on of need (of action cequence)
for data process-

no
c.._

Each of the cight squarcs in the figure constitutes a
diagnostic phase. In accordance with the production system theory
(described in paragraph 3 above) the diagnostic rules consist of an
informative aspect as well as a procedural aspect which correspond to
the condition and action parts of the production respectively.

I ni?dTSTIC PFA"

Data Diagnostic
O n;tsunits

Data 0 0 6 00 00 0 O
taleselemnts ,

I!iFOPMATIVE ASPECT PROCEDUPE ASPECT

When applying diagnostic rules the operator must know how to
use the rule, which is stated in the procedural aspect, and have
sufficient technical and system knowledge to be abic to impicment the
rule correctly. The latter is provided by data cicmonts of tbc
informativo aspect. |

.

Crew cooperation and coordination during diagnostic scarch
|

With few exceptions disturbances requiring heuristic
diagnostic rules are tackled by the control room crew members as a ,

igroup, i.e., the disturbance solution is a result of a' joint effort
by the crew. Thus, group dynamics phenomena and other related issues

1
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have to be considered when arranging training for crews in diagnostic
search.

Three factors determine the performance of the crew during,
for instance, diagnostic scarch (Reference 19):

o Task demands which include the requirements put on the
crew when carrying out the system state diagnosis, the
latter diffcrs depending ons ;

o Task type, i.e., whether the crew members can !
carry out sub-tasks within the diagnostic scarch |

at the same timo (divisible task type) or the crew
members are not able to do so (unitary task type).

o Performance critorion, i.e., whether the
diagnostic task requires maximum output during a
certain period (maximizing) in order to find the
only solution or the crew has to find the best
solution because there are either a number of
acceptable solutions or a correct solution is not
known (optimizing).

,

o Use of resources, i.e., whether the crew are able
to use their combined resources freely
(discretionary) or the crew is not able to do so
(constrained situation).

o Group resources consist of the combined knowledge,
skill, attitudes and physical aids of the crew members
which are availablo during the diagnostic scarch,

o Group processes are the means of utilizing group
resources when trying to satisfy the goals of the
diagnostic scarch, i.e., the way the crew members use
their resources from an overall productivity point of
view.

An important group process aspect is how the shift
supervisor influences and stocrs the crew members during normal and
disturbed system states. This could be expressed using a continuum
representing the participation of the supervisor during the
diagnostic scarch (Reference 11):

1 2 3 4 5

001 DECISIOt1 GCi DECISIQ1 PRIOR Cu1SUL- JOIffr-DECISIQ1 DELEGATIQ1

| WIT 1KX77 EL WhH EXPLANA- TATIQ1 Pl#ItG
PIW4ATIQ1 TIQ1
The super- The super. The super- Joint decision The super-
visor ece- visor' explain vicor decides which my or visor will
pletely on afterwards on his own my not tw over- not overrule
his own but after con- ruitd by the joint deci-

sultation supervisor sions
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In Swedish nuclear power stations the joint decision making4

is most frequently used when the crews are encountering previously
inexperienced disturbance. The specialized task functions of the
operators are, brought together and coordinated by the shift
supervisor om both formal and informal grounds. In essence this
means that no supervisor "has the last word" in a formal background
if there are any differences of opinion among the crew members. On
all occasiins, though, the crew members are entitled and encouraged
to discuss the situation in a very informal way and this regardless
of whether the supervisor later has to make a formal decision or not.
The underlying idea is of course to generate as much information as
possible in order to look at the problem from all its aspects.
According to some researchers this informal discussion method could
sometimes contradict its purpose (Reference 13). As a consequence of
"Group-think" incorrect decisions are made because the formal goals
of making high-quality decisions are replaced by the informal goal of
consensus. This could make the crew members less open-minded and
create stereotype ways of tackling problems as well as putting group
pressure on individual crew members in cases of different opinions. .

'

Different opinions will be the result of different values i

among the crew members but could also be the consequence of various
,

! ways of working the problem over. As this involves differences in !
'

mental processing and could substitute productive problem-solving
ef forts with less f ruitful intra crew arguntentation, it is known as
cognitive conflict. An explanation of cognitive conflict is probably ;

|
best done by using the "Lens model" (Reference 5) and an example:

1
i

i TASK SYSTD4 CCC11TIVE SYSTEM
',7 ' . ._... ^ %._1

Cperator's Cue 1 Reactor o--- .

ach:everent ~ ~~ O 3
Cue 2 %,- operator~

|-
Criterion Q-- k# # '

x. Agreerent

Superv r's '' Shift super-

am-t s~ a y1sc,.u a
;

" ~ ~ ~' ' '- Judg ents !
,

l !

| |

t
,

!
!

as --
.

I
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In the model the criterion is the goal variable that the
operator and supervisor are trying to assess by judging its value,
etc. This is done by means of cues used by both the operator and the
supervisor. The correlation between the true value of the criterion
and the judgments is a measure of the operator's and the supervisor's
achievements. If the method of assessing the cues is very different
for the crew members, the degree of agreement will cbviously be
smaller compared to two crew members using roughly the same
assessment method.

Applied to diagnostic search, these cognitive differences
,

between the crew members are due to numerous factors in complicated
' relations to each other, one way of trying to decrease the
! differences in order to avoid cognitive conflicts,is to explicitly
! train the crew members together in diagnostic search. Even though

there are a number of difficulties involved in such a training
(Reference 4) proper arrangements should guarantee the crew ai

profitable outcome.

The issue of communication between the crew members during a
diagnostic search is of vital interest when training crew cooperation
and coordination. This is especially so during the observation and
identification phases of the diagnostic scarch sequence as relevant4

data has to be generated and considered in order to form a base for'

diagnosing the present system state. In his role of being officially
responsible for the coordination of the crew member actions, thei

'

shift supervisor could optimi:e the first phases of the diagnostic
scarch by finding the fine balance between encouraging information

j generation and directing the crew members' ettention. Both those
aspects have their obvious assets but could also be disastrous to the'

; outcome if not carried out correctly.

! 1Training and Teaching Methods '

Learning has been defined (Reference 7) as "... a change in
j human disposition or capability which can be retained ... and often

is an increased capability for some type of performance." Training
is the means by which these changes in dispositions or behavior are
obtained. In the context of diagnostic search, the purpose of the
training could be expressed as follows:

I To teach and exercise individual crew members concerning the
nature and application of diagnostic scarch as well as the
role of the individual member in the crew during diagnostici

j scarch.
.

| This paper is only concerned with general heuristic
i diagnostic rules, the extraction of which is made from interview and
j observation data involving experienced crew members who have

successfully managed to diagnose and counteract disturbances. The
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individual crew members' ways of tackling the disturbances are put
together to form rules based on common behav.ior patterns. Thus, the
rules are not immediate tools for solving the disturbance problem but
constitute a method which will increase the probability of finding
the relevant symptoms and functions which will reveal the disturbance
cause. As a consequence, the crew members are taught the diagnostic
gulos and their application together in order to safeguard a similar
interpretation of the rules within the crew. The use of the rules
requires a similar (if not identical) technique for all crew members
when going through the diagnostic scarch sequence. As this technique
was not commonly used among the crew members before the training, an
adjustment is necessary for some or all of the crew members. This
adjustment brings us to the prirciples behind the methods used in
diagnostic scarch training.

If the operator has not previously internalized the
diagnostic search method, adjustments to this method are required at
two occasions:

o During the diagnostic search training in order to
understand and profit from the training

o During the operator's normal work at the power station
when encountering disturbance for real.

Depending on training content and the operator's present
sets of productions concerning diagnostic scarch, two types of
changes (Reference 20) and adjustments are possible. Below, these
types are shown together with their corresponding training methods
(Reference 12) and similar concepts in learning psychology (Reference
15):

fANUSW?rr]
-

ASSIMILATIO1 - TYPE I CHA?CE ACCGOODATIO3 - TYPE II CHA!CE \
#[escription:D Adjustrent which reans Description: Adjusttrent which required
changes In the hierarchical production ra]or De nges of the hierarchical pro-
structures but not to the extent that duction structures to such an extent
these are reforced. that these are reformed.
_ change results: 'Ibe operator has exten- _ change _ result s: The operator has re-
ded his range of knowledge and produc- structured and incorporated new produc-
tions which improves the present way he tions, the consequences of which are
is performing the diagnostic search, changes of the present search proce-

dure in favour of the rethod introducec
,

during the training.'

Training _retho_dsi a) Facts presenta- Tra_ining_retho_dsi Confrontative train- ;

tion when the purpose only is to roke ing which derives its nare from the l

the operator qualitatively better while "confrontation" of new conflicting in-
t

| using the present diagnostic rethcd. forration with the existing production
b) Adaptive training rethod when cer- structures. The new inforration is de- i'

'

tain parts of the search behaviour are liberately presented to the operator
to be changed. in such a way that their production

structure cannot assiellate the infor-
ration. | |
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It is obvious that the training content consists of parts
which require different cognitive processing, partly because of the
structure but partly also because the training goals specify
different processing. For exampic, the retention of stress symptoms
(which are given during the diagnostic training) activates long term
memory traces in the declarative memory while an analysis of the
relationships between completely new paramotors will require a much
more complicated production system activity. Thus, the various types
of required cognitive processing must be mirrored in the training in
terms of time allocation and teaching methods. The various parts of
the training content can be analyzed by means of a "cognitive
taxonomy" (Reference 3) which will give indications of which teaching
mothc4 to use. The taxonomy is not strictly hierarchical but in many
casc. T higher level in the taxonomy requires a satisfied lower
lov'

EVALUATION (Judg ent in terms of internal evidence; judgment
in terrs of external criteria)

SYtTIHESIS (Production of a unique comunication; production of
a plan or proposed set of operations; derivation of
a set of abstract relations) .

ANALYSIS (Analysis of elements; analysis of relationships; analy-
sis of organisational principles)

APPLICATION (The use of abstractions, in the form of ideas and rules
of procedures or generalised rethods etc, in particular;

! and concrete situations)
COMPPIHENSION (Understanding in the sense of being able to know what is

being comunicated. It includes translation, interpreta-

| tion and extrapolation)

E!W LEDGE (Fnowledge of specifics such as terminology and facts; knowledge
| of ways and reans of dealing with specifics such as conventions,

trends and sequences, classification and categories, criteria
1

and rethodology; Krowledge of the universals and abstractions'

; 2n a field such as principles and generalisations, theories and |
etrum or M I

|

The practical use of instructions and algoritbnic diagnostic
rules is most often done on the three lower levels of the taxoncmy.
due to the fact that these rules always have the intended effect,

1 productions will rapidly be formed and retained when needed which
will equally rapidly make the production processing automated. A
practical situation necessitating the use of general heuristic
diagnostic rules will include the entire taxonomy and especially the

: three upper levels. When presenting this to crew members who have
'

internali:cd the heuristic diagnostic rules, a confrontative training
| method is required. The principal steps of this methods are shown
i below

'
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a. Teaching .n b. Practical c. Group discussion d. Teaching :n

diagnost:c application about how the crew I shift supervisor'

search methods of the d;ag- should cooperate coordinat;on

nostic search techniques
Lecture-type + + Group discussion , - - - - - - - - - -

sess;on w;th sewence with the instruc- Lecture-type

all crew rem- Sinulator tor as "roderator" session w;th all

bers tocether session crew rembers
-

h. Exper:ence 9. Practical f. Experience e. Practical
discuss;on application discussion application of

d; agnostic search--------.------. --

Evaluat;cn and Simulator Evaluation and, e. and supervisor ,
group d;scus- session group discussion coordination

| s;on - - - - - - - .

S;mulator

mm on

Before the training starts the instructor will lay down a
"psychological contract" together with the crew members concerning
amcng other things integrity issues (if for instance video is used)
and "rules" on how criticism should be given and received, etc. The
latter issue is particularly important as it will pave the way to
de-briefings as free from prestige as possible. Behavior changes
will otherwise be blocked by defensive considerations and arguing. '

During each simulator session the instructor is constantly
pointing out the different phenomena which are vital in tne
diagnostic search sequence and rule application. If the crew
members, and especially the shift supervisor, are uncertain in terms
of crew comunication the simulated transient is "f ro::en" and the
uncertainty discussed and cleared out. After step d in figure 12

t above, the crew has access to all information needed in order to act
according to the diagnostic search sequence. From a learning point
of view this means that the necessary productions for the sequence
are aircady formed and it is now a matter of strengthening the
productions to such an extent that they will become "dominant" over

1earlier productions which are not applicable any more.

In principic, the teaching methods are chosen according to
the "rule of thumb" laid down more than forty years ago (Reference
8): Exa ples:

; Abstract 'CRD Words g;ven v;a books er,

A SW33LS lect ur es .

PICTSI D;agrars, raps, m;m.cs etc.

"The fut ther SYP3DLS

j dom towards pICTJI & SCCD V:,deo, film etc.
i the base of syy33Ls i

FIPPC7JGD FIALITl Models, s;ri.at;on etc.
t e b.

Concret [ REALITi k Sess.ons ;n real s;tual.ons.
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A Practical Application

|
The considerations, forming the methodological framework of

| diagnostic search training, have been applied in practical
circumstances involving Swedish PWR control room crews in October and

! November 1986. The training program consisted of four days
; diagnostic search lecturing and practicing (see figure 12 above) at

the nuclear power station crew training center (KSU) in Studsvik. In'

this training the facts and findings mentioned earlier in this paper
were incorporated and put together to form a practical training
course in diagnostic search. Thus, the desirable productions and
production hierarchies were defined concerning crev member
coordination and cooperation as well as shifts defined concerning
crew members coordination and cooperation as well as shift supervisor
behavior during the search. Twelve general heuristic diagnostic
rules were used in the course and practically implemented during
sessions in the full scope simulator. The reactions of the |

'
| participating crews were very favorable towards the course and it was

strongly recommended that all control room staff (and possibly
including technicians allocated to the control room crew) should
participate in diagnostic search courses on a regular basis. A full |

'

description of the diagnostic search training will be available in a
report which will be issued within a couple of months.

l
.
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Abstract

Team Training at San Onofre Nuclear Generating Station '

(SONGS) Units 2 and 3 has been developed to enhance the performance
of station operations personnel. The FACT Training Program
(Formality, Attention to Detail, Consistency and Team Effort) is the
common denominator for operations team training. |

|

'

Compliance with good operating practices is enhanced by
operators working as a team toward the same goal, using the same
language, practicing the same operating and communication skills,
possessing a clear understanding of individual roles and"

responsibilities of team members and practicing attention to detail<

in every task. These elements of effective teamwork are emphasized
by the processes and criteria used in the Pre-License Operator
Training Program at SONGS.

q

|!

Introduction
.)

Southern California Edison's (SCE) San Onofre Nuclear
Generating Station (SONGS), located in San Clemente, California, is a I

three-unit station. Unit 1 is a Westinghouse plant which originally
went on line in 1968. Units 2/3 are Combustion Engineering
designed plants and achieved commercial operation in 1983 and 1984
respectively. This paper will present the origin and development of

| the San Onofre Operation's Team Training Program and its integration
; into operator pre-license training.
I

! Background

Operator professionalism has been a concern to San Onofre
Nuclear Generating Station's management, the Nuclear Regulatory
Commission (NRC), and the Institute of Nuclear Power Operations
(INPO) for the past four years. Retired Admiral Wilkinson, Past
President of INPO, stated in an address to the NRC in 1982 the
"managers and supervisors at all levels need to be more involved in,

: the details of operation ... Managers ought to take more plant tours
I and conduct more inspections to better assess plant conditions and
i performance of plant staff ... Some supervisors appear to be

reluctant to actually train, observe, coach, and correct their

1
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personnel ... Communications among operators, craft personnel, and '

eupervisors are sometimes too casual resulting in confusion in
terminology and operational errors. Some stations are too relaxed in
their use of and adherence to established procedures. shift

1

i turnovers sometimes are too informal. Certain stations need a -

| greater emphasis on professionalism in carrying out routino
l activitics. (Reference 1)

|(
Those observations were lator supported by then NRC

Commissioner Victor Gilinsky when he stated "good performance depends
on an operator's sense of professional prido and dignity ... Utility

'

management has ... shared in discouraging professionalism."
,

(Raforence 2) SONG's management perceived these concerns as a unique'

'

challenge which they planned to actively pursue and correct in order
j to enhance the NAC's perception of nuclear plant operator
; professionalism at SONGS.

Among the factors affecting this perception is the concept
of procedural compliance. SONGS's management believes thatt ;

o Strict procedural compliance is a prercquisite for i

operating a nuclear power plant;

, o operators must acclimate themselves to this reality -

1 continuously for the duration of their work experience;

o Management has the responsibility of ensuring that this
j task is accomplished consistently and continuously;

;

1

o Management also has the responsibility of providing thei

,

J resources and stance which would be supportive of this :

operating standard.
|

To gain a perspective about the characteristics of operating |
a nucicar power plant with compliance as a frame of mind, in 1983 :
SONGS' operations Management initiated research and observation !

,

! efforts using a variety of previously established resources. These i

included, but were not limited to:'

o NRC's Systematic Assessment of Licensee Performance]
j (SALP);

o SCE's Action Plan for Improvement of the Operation of
San Onofre Nuclear Generating Station, Units 2 and 3;

l o Results of Plant Operation's Personnel Review

] Committee's Conclusions and Recommendations;
a

o INPO Site Incident Reports for 1981 and 1982:

}
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i

! I

I
1

i

o Edison Electric Institute's Nuclear Plant Operator
Reduced Task List; j

I
~

o Simulator and Control room observations using INPO's i

; Good Practice - Conduct of Operations.
|

Hypothesis :
,

; SONGG' management now had the tools to define the concerns ,

j raised by NRC and INPO and establish how they related to San Onofre. [

]
It was assumed that since operators: >-

o Were initially evaluated and tested for job aptitude !i
! and prerequisite knowledge via the Power Operations [

Selection System (POSS Test); and ;

!

j o Were trained for technical skills and knowledges which !

I were supposed to translate into desirable operator ;

4 behaviors; then ;

o They would possess those characteristics and behaviors !

: that would ensure good operating practices upon !

: completion of their training. i

! I
| However, the manner in which the operator's tasks were to be |

1 performed was not necessarily defined. Therefore, the need was
clearly indicated to define, in behavioral terms, those

i characteristics and behaviors in which operators needed to be trained
*

for the performance of their tasks to ensure the safe, officient, and
compliance-oriented operation of a nucicar power plant.

Management analy:cd those behaviors which were discovered to
cause non-compliance and non-professionalism and established their

,' converse behaviors. The compliance-oriented and professional l
operator behaviors were identified as i

|
; o Vigilance

o Attention to detail
o Analytical thinking
o Teamwork
o Decision making

i o cotsistency
I o Communications
I o Formality
1 o Leadership.

These behaviors were translated into a program which would emphasize
Formality, Attention To Detail, Consistency and Team Effort, or as it
has become known at San Onofre - FACT.'

v

1
:
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.i

i
;

t

&

Program Goal

The FACT progrmn goal was established to achieve the desired
professional and compliance-oriented behaviors. The program's
objectives were established tot

1

) o obtain concurrence on a standard of performance
expected during various modes of control roomI

operation;

o Ensure a consistency of operating practices;

o Ensure a consistency betwoon simulator training and |
! control room practices;
|

! o Establish definable performance criteria which support
,

Formality, Attention to Detail, Consistency and Team
Effort (FACT). ;;

Program Design
f

, The program is designed with the understanding that FACT
j training would provide the common denominator for influencing a -

,

; change in operators' behaviors and subsequently change the attitude
1 of operation's personnel. This would provide clear and uniform
] standards of acceptable performance. There are two courses in the

training program which consists of lesson plans supporting the
desirable operator skills / behaviors and the implementation of these

4
' skills:

Io FACT for Supervisors

) Performance Management
Decision Making t

Action Planning f)

f o FACT - Operational Effectiveness
j Control Room Communications !
1 Operational Problem Solving
j Tailboarding

4

Annunciator Response '

;

! Written Communications |
Procedure Use - Normal, Abnormal, Emergency

'
4

I Plant Monitoring i

| Plant Manipulations
i

The operator training instructors roccive our regular
instructor training, all segments of FACT and training in
facilitative skills which are the instructional methodology of the
entire FACT training program. The instructor training program

3

cmphasi:est;

!

4
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o The rationale for the training so that the operator
will have a clear picture of the importance of these
skills. This increases the operator's motivation to
learn and use the new skills on the job;

o That these are not really new skills but ones that
ensure all operators approach their job from the same i

'

fundamental icvel;
,

; o That these skills are developed from the attributes an
experienced operator gains over considerable time by'

| trial and errors

o The responsibility of the instructor for ensuring that
the principios and models of FACT are reinforced in all
phases of training..

j i

The Operation's Supervisors are trained in both courses of i

the program - FACT for Supervisors and FACT for Operational |

Effectiveness. Supervisors are asked to provide review and comment |
of the material presented in the scenarios, role plays, examples or I

'
caso studies. A pocket guide is provided during their training
listing the critical steps for the desirable behaviors identified to
help them make the transition from the classroom to the plant / job. t

| They use and reinforce the models from both courses in their daily |

1 work. Supervisors also provide feedback to the Nuclear Training }

J Division on the application of the models in the workplace.
'

s .

|
Lesson Design I

i

i Each lesson within each course was developed in a systematic

j and consistent manner which includedt

: o correct behavioral model, or critical steps; |
o Realistic video tape or examples of the model;
o Practice modules based on the models

i o Behavioral checklists;
o Prescribed feedback strategies.;

] By structuring each lesson in a uniform manner, we attempted to
; ensure consistency of lesson implementation, feedback and
j reinforcement of the behaviors desired.

Program Implementation
|

In the initial implementation of the FACT Program, all
; Senior Reactor Operators (SRO's) of the three units at San Onofre
: were trained in two separate groups. These groups included Shift

| Superintendents, Control Room Supervisors, Shift Technical Advisors,
!
a

- 436 -
!

\
.

_



_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

1

L

4

i

I Instructors, Training Administrators, and Plant Management. An |
outgrowth of this heterogencous grouping provided for consistency and
cohesion in applying the FACT principles among the different units.
These training sessions provided for a commitment to the program by3

bringing the station policy makers together to develop a common t

Standard for Good Operating Practicos. This standard became the ;i

foundation of FACT Program behavioral checklists and would bc |
j continuously reinforced by management through individual operator and '

j shift performance appraisals. Operation's management believed that
an individual's attitudes and/or beliefs are more amenable to change;

. if the correct behaviors are reinforced and if the individual knows
: that strict accountability will be expected. The on-shift management

,

was assigned the responsibility for this reinforcement. !
-

An important side benefit from the FACT Program's
I implementation was that in many instances this was the first time ,

i that many of the people from Unit 1 (Westinghouse) had the '

, opportunity to communicate on a common ground with those from Units
j 2/3 (Combustion Engineering) since they were now able to share common

,

|
experiences and areas of concern. t

I Other licensed operators, non-licensed operators and
.

non-supervisory shift personnel were then trained in the FACT for :
*

; Operational Effectiveness during their normal shift requalification
! period with their shift management in attendance. The program's
i content was presented and initially practiced in the classroom.

| Further practico was provided during the simulator portion of their i

requalification training when instructors and shift management worked4

as a team to reinforce the desirable FACT behaviors,
t

,

d

Parallel License Candidate Evaluation '

The Pro-License Review Phase of operator training at San
i Onofre is a nine-month period of training prior to the NRC license |
| cxams. It consists of a review of all previous Systems and |

Fundamentals Training, an Introduction to Integrated Plant i
'

| Operations, and Initial Simulator Training for licenso candidates in !; small teams. :

,

During the initial implementation of the FACT program for
the licensed operators and supervisors, it was perceived that the
license candidatos in the Units 2/3 Pro-License Review Phase of
training being conducted at that time were also experiencing problems
in communications and assertiveness. A training analyst was asked to
perform an analysis of the Pre-License group's operating behaviors
and team interactions and provide alternatives for solutions to these
candidates' problems. This analysis included:

|
|
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|
,

!

:

o Observation of simulator training;

o Identifying issues portaining to communications,

Q
assertiveness, power or influence, etc.;

.

| o Analysis of the Simulator audit examination results;

o Correlation of INPO's Systematic Approach to Simulator
Malfunction / Scenarios to the Standards of Good
Operating Practices developed by the SRO's during FACT
training.

! Based on this analysis, two instruments to assess candidate
performance and identify operating and team interaction deficiencies'

were develop d. |

The first instrument developed was a Simulator Observation i; checklist, a behavioral checklist, based on the Standards of Good '

,

i Operating Practices. This Likert-type scale can be used to determine
the areas of strength or weakness as they relate to the FACT critical
steps. The instrument is structured such that a particular area of !

!
concentration can be observed and assessed - Communications Process, I

'

Cooperation and Team Interaction, Roles and Responsibilities, Task<

Process and Decision Making / Problem Solving,

i The second instrument developed is a Control Room j
i Communications Observation analysis tool by which a team's ;

communication's patterns can be plotted during a given period of *

time. Analysis consists of providing the quantity, types, and people 1

I involved in all communication activities. This type of information !

] can provide data to diagnose the status of power and influence in the
I group since there is a direct correlation between frequency,

direction, type, and amount of talk to power and influence. When an |

q individual knows he has influenced others, he tends to act like a i
'

- person who has more powers he talks with more confidence to more
.

people. (Reference 3) Analysis of the functional relationship I

between the Control Operator (CO) in charge and the Assistant Control [
| Operators (ACO) can occur using this communications instrument. Both i

| of these instruments were pilot tested with this Pre-License group. [
,

1 Another aid to assess operational performance was the use of |

: the video cassette recording system that was introduced during the '

j simulator portion of this training period. Since this was the first I

1 time that this type of equipment or process was being used in i
j operator training, it had to be presented in a non-threatening >

1 manner. The following guidelines were implemented: ,

f
i o First, the equipment was made available for the team's j

: use and review if they chose to use it; i
!
'

: o Second, it was not to be considered a tool for the
evaluation of the team by others; j

I
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!

1

o And third, it was recommended they review the recording
immediately following a simulator session for prompt
feedback and for the team's own self evaluation,J

critique and analysis,

i Some groups viewed the tapes in private and discussed their actions i

j or perceived problems. |
i After the NRC examinations were administered to this pilot .

i group, FACT program foodback was obtained using these three methods: .

1
i o The Pro-Licenso program's participants were interviewed |
| using a structured questionnaire;

,

) '

o Recommendations from the training analyst were !
'synthesized and documented;

o Instructors provided feedback and recommendations for
change. !

A more formalized FACT Program for Pro-Licenso candidates resulted.

1
J Units 2/3 Pro-License Team Training
4

!
1 The initial introduction of team training as a process is t

formally presented during the Initial Simulator Training in our (
i

Pro-License Review Phase of Training. As stated previously, this ;a

; phase of training consists of coursework which reviews theory, |
systems training, administrative requirements, and introduces ,

J integrated plant operations in the classroom and simulator to preparc ;
l candidates for NRC licensing. Prior to the candidates' initial !

simulator training, a classroom briefing is hold which:
:

?

i o Reviews the FACT models and skills; !

j o Provides the Team Training Criteria Checklist; I

! o Provides an overview of the Team Training Process;
I o Delineates roles and responsibilitics.

The FACT criteria is provided to cach student in the form of handouts
which include: !

Standards of Good Operating Practices as developed byo
shift management during the initial FACT
impicmentation;

I o Station order - Control Room Formality which describes
| the fundamentals of good communications;

o Site Directive - Formality and Attention to Detail
which defines station policy regarding formality and

i
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1

|

!
"

) attention to detail in all activities and assigns
responsibility for ensuring the implementation by !

personnel;
i :

o Team Training criteria Checklist; !
'

4 ,

j o control Room Communications observation Analysis. E

i !

] Simulator observations, observations of plant walk-throughs
: and observations of audit exams are the primary responsibility of the ,

| Team Training Coordinator. These include three instructional methods ;

j which are hierarchicalt |

|'
o coaching / Feedbacks |

o observation / Feedback i

o Evaluation / Feedback.'

t

i i

! The simulator Instructor and Team Training Coordinator work |

| cooperatively during the simulator training to reinforce task and
! team behaviors. The simulator Instructor functions as a technical
! authority providing task input and the Team Training coordinator
! concentrates primarily on the team's interaction and group !

| processes. Both individuals have the responsibility for providing !

; feedback relating to FACT skills ar.d their implementation during

]
simulator scenarios to the ricense candidates. [

>

j Initially, the Team Training Ccordinator conducts !
{ observations of each team. The purpose of these initial |
j observations are tot !
( P

o Build a level of trust with the operators; L

i I
o Identify individual team members' styles, values, I

assertiveness, influence, and communication patterns;
o Gain an overall perspective of team norms, interaction

| and dynamics;

o Identify areas of strength and/or weakness in
individual and team behaviors or the implementation of
FACT skills. |

.

, This type of observation is usually completed in a random manner
j during the early courses of the training phase.

During the later stages of the license candidates' training,
the Team Training Coordinator observes and provides feedback to thei

i

I
candidates immediately following their practice plant walk-throughs
and simulator exams. This process involves the Coordinator's acting
as a silent observer during these sessions. Discretely taken notes

1
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;

I

I
provide the basis for the foodback. The feedback is a narrative I
description of what occurred in behavioral terms. Comments on j
mannerisms and behaviors that could be adversely interpreted by '

facility and/or NRC examiners are provided. Alternative behaviors i
j cre suggested and demonstrated. For example, the emphasis of eye !
1 contact when communicating demonstrates the candidate's confidence. !
| These types of observations enable the Coordinator to provide further ;

i coaching and training in the areas of non-verbal communication, i

; assertiveness and command presence, i
;

During simulator training, coaching is used as the primary !
'

J instructional method. Coaching involves the instructor directing the !

I students through a series of exercises designed to familiarize them !
j with the equipment and topics they will learn. Coaching is often !
3 considered a less formal type of instruction and therefore less ,

threatening than traditional instruction. This helps to establish a i
rapport betwoon students and their instructor (coach) which aids the i

:

1 learning process and reduces student apprehension. Coaching is used |
! primarily in teaching Abnormal Operating Instructions (AOI's), ;

Emergency Operating Instructions (EOI's), Response to Minor *

! Malfunctions on the simulator, and Practice Scenarios combining all
'

i operational requirements. Feedback is given primarily at the
; conclusion of each scenario. We have found that providing feedback i

during a scenario causes confusion and detracts from the technical i
knowledge and learning experience required. |,

t

j Team Evaluation f
Evaluation and feedback to team members primarily takes f

i place following the Practice Scenarios. The Team Training Critoria t

I in used by both the Team Training Coordinator and the Technical !
I Instructor. Feedback is also provided to the Cognizant Training |

Administrator on team dynamics and individual skills and/or knowledge '

; by both the Instructor and coordinator. l

! A video cassette recording system is used in the simulator
; regularly with the Team Training Criteria and Communication's t

i Observation Analysis instruments to provide viable feedback end t'
evaluation. Informal comments or notes by the Team Training i
coordinater are made in conjunction with the tape and instruments. |
Many of the candidates take the tapes home to view them in the quiet j,

| and privacy of their own home. A coincidental fallout of this |

| cxperience is that the license candidate's families become involved |
|

in the viewing of the tape which helps them to better understand the |
operator's job. The families are then generally more supportive of 1

the time and energy required by the license candidates to prepare for !

NRC licensing.
|

The Video Cassette Recorder is one of the most effective 1

!feedback mechanisms available and powerfully reinforces all the other
feedback processes. It can be used at any time as needed or

|
,
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|

desired. It can be used both openly and covertly depending on the .

timing of the training and the needs of the group. It has boon found-

that open use of the recorder at the beginning of the simulator |
*

1 training provides a foundation of trust for team members. Early in [
! the training or with new team members, license candidates are usually i

more comfortable viewing or critiquing the tapo privately. As the j
{ teams evolve, the use of the VCR develops group trust and respect for i
j individual styles, capabilitics, knowledges and expertise. [
1 Non-verbal behaviors are noted and brought to the team member's

|
| attention. There is no denying the behavior when the candidate can

|
1 see it for himself/herself. These non-verbal behaviors can include ;

! body stance, board position, tone and pitch of the voice, manner in [
; which something is said, i.e., use of "weak" words, etc. This !

subjective type of foodback can be the most threatening for the team<

members and presents the greatest challenge for the Team Training
Coordinator.

,

The organisation and structure of the teams has been a t

concern of the training administration during the past several years. [
Traditionally, license candidates were trained and evaluated in fixed !
groups. That practice is changing in an effort to attain consistency |

| among all the license candidates. Now, teams are trained as an "

entity during the initial phase of simulator training, and as the
training evolves into more sophisticated operational aspects (EOI's,
AOI's, NRC practico Scenarios), the license candidates are rotated I
auong all groups. This ensures consistency of behaviors across all I

candidates, focuses on the task rather than personalitics, and
prevents the development of "group think" (Reference 4) whereby all,

'

members tend to think alike.

Prob 1cm solving strategies are encouraged so that the l
candidates themselves can introduce changes within their groups which
would caable them to work together more effectively. As the group
progresses through the training, the simulator instructor is asked to
complete the checklist and provide feedback. This strategy is used !
to ensure consistency between the instructor and Team Training

,
coordinator.

,

I

A variety of other Human Resources Development Instruments
and strategies are available as required. These are The Team
Orientation and Behavior Inventory (TOBI), Leader Effectiveness and
Adaptability Description (LEAD), The Systematic Multi-Level
Observation of Groups (SYMLOG), The Keirscy Temperament Sorter,
Stress Management, Progressive Relaxation Techniques, Neuro
Linguistic Programming, etc. All of those strategies are geared

j toward the needs of the group or team members.

I
'

!
'

I
i
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) Program Evaluation |
1 L

| The FACT Program and Pro-License Simulator Training are ,

) ovaluated by analyzing the number of Site Incident Reports (S!R) and ;

Licensco Event Reports (LER), On-Shift Observations or operators, and ;

Requalification simulator Observations. The number of SIR's and i
2 LER's have decreased since 1985 when those programs were initially !
I implemented. The offect of the implementing FACT training during the i

! Pro-License Review phase of training is believed to have contributed '

to this reduction in incident reports. Operations training
instructors are performing on-shift evaluations using the Team t

3 Training Criteria and providing feedback to Site and Training !
i Management. Using the Team Training Critoria, the Team Training i

j Coordinator will be observing and evaluating shift teams during the !
1 1987 Roqualification Training Program on the simulator. The results !

{ of these efforts will be used to revise the existing FACT programs to I
; enhance Supervisory and Operational Effectiveness. ;

! i
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TEAM BUILDING AND DIAGNOSTIC TRAINING

S. Bulmer
Nuclear Training Services
General Electric Company

Morris, Illinois

Abstract

While developing a commercial training program to improve
teamwork in control room crews, Genocal 21ectric's Nuclear Training

' raditional training methodsServices made an important discovery. T
for developing teamwork ahd enhancing diagnostics capabilities are
incomplete. Traditional methods generally help, but fail to fulfill
the long-term needs of most teams. Teamwork has been treated as a
short-term periornance problem. Traditional diagnostic training
suffers from a similar problem. Too often, it covers only the basic
principles of decision-making, ignoring the development of expert
diagnostic capabilities. In response to this discovery, we have ;

developed comprehensive training in Team Building and Diagnostics. [
t

The Problem j

The nuclear power industry faces constant evaluation of the
;

line between maximum operating officiency and maximum practical I

safety. There are times during the operating cycle of a nuclear [
plant when it is necessary to suspend operation to resolve a

.

potential safety matter. A growing number of studies and reports !
indicate that the key in minimizing this trade-off is the quality of !
teamwork exhibited by nuclear plant personnel. [

!

The ability of utilities to operate nucicar power plants |

safely while minimizing the number of unplanned shutdowns t

depends, to a significant degree, on the ability of nuclear
power plant personnel to perform in a team environment.
(Reference 1) i

About one-half of the nuclear industry's significant events :
in 1983 and 1984 were attributed to human performance *

problems of station personnel. (Reference 2) |r

There is . . . a recognized need f or focused team skills
training because poor team skills have been observed to

[
cause poor team performance even when individual team

[members are known to have adequate technical knowledge. !

(Reference 3) i

!

Haman performance problems were classified by the Institute I

f
of Nucicar Power Operations (INPO) into three broad areas: the

s
!

I
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l |
interface between individuals and plant equipment, the interface

| between individuals and procedures, and the interface betwoon |

| individuals. The data provided by INPO does not distinguish between I

; the three interfaces, but makes clear that training to resolve human ;

j performance problems must improve both diagnostics abilities and |teamwork,
; i

i i

; our Discovery :

|

| Shortly after GE began teaching teamwork and diagnostic !
'

training an important discovery was made -- the traditional
approaches for improving teamwork and diagnostics were incomplete. -

9
our trial training programs did improve team performance. The!

J difficulty came in the transition back to the job. No matter how
4 much improvement took place during training we could not reliably
} predict improvement in Job performance.

} After a significant amount of introspection we were able to ;4

i identify the problems we were facing, our efforts at improving !
! teamwork were failing for the same reason so many management and !

I

{ supervisory programs fail to produce the desired results. Even
1 though the trainee Icarned a new set of behaviors, there was nothing
f in the work environment to encourage or reinforce using the new ;

1 behaviors, or as we now reali:c, if the team culture will not ;

j support change, change does not take place. (Reference 4) So, i

3 effective teamwork requires training that focuses on both team skills i

i and building an accepting team culture. Indeed, the development of !

effective organi:ational culture has been labeled the prime i"

management role. (Reference 5) !

| In diagnostic skills training we found an even more
perplexing problem. Simply developing an "accepting team culture" l

was not enough, our initial approach had been to teach a proven
problem solving process. Our process involved nine steps that led

t

; trainees through problem identification, determination of cause, and
; implementation of a solution. We reinforced the process with
j practice exercises and critiqued trainee performance. Even if the

team culture was accepting, often the trainees were not. Frequently,
trainees did not believe the process would be effective on the job.

r r

our first reaction was to add more examples of how the !I

process would work. Few were impressed. We next attempted to refine !
the process, fluctuating from streamlining to beefing-it-up. It was i

during one of these cycles that we realized that the barrier was |
bigger than we were. Almost all of our trainees had had prior
training in problem solving. In fact, most had completed the
training prior to the studies that indicated that more training was
needed. In short, they assumed our approach would fail because they
had already seen it fail.
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; At that point we realized that the content of our training
; program had to be radically changed. At the center of that change

was a fundamental distinction; diagnostics are not problem-solving'

processes, they are trouble-shooting tools. In addition to teaching
! our trainees a process for effective diagnosis, we needed to give
1 them tailored diagnostic tools that would work reliably. Our
j response took us outside the realm of industrial training. We found
; our answer in professional training programs, specifically legal and
i medical, where diagnostics are recognized to as a process, but as
! discrete cognitive skills.
I

our Response

I The GE response was to train control roem crews to build
functional team cultures and diagnostic algorithms. We still teach
team skills and ensure that each crew understands the principles of

; problem solving, but those topics are covered more in the form of
; remediation.
I

l Team building. We start with team building because
j that is the foundation for the diagnostic process. Until the crew
' understands how to build a functional team culture and is committed
| to doing so, teaching new behaviors accomplishes little.(Reference 6) i

{
<

! We teach teambuilding in three separate lessons. First, we !
j address team tasks. (Reference 7) This is primarily an introduction !
j to the concept of teamwork. Our goal at this point is to establish i

| the contextual boundarios that will surround the following lessons. !
Currently, we focus on four general tasks:

|

o strategic development - developing and executino a
comprehensive plan i

i
) o task assignment evolving an assignment process that !

-

1 is thorough and accepted by the team membership !l i
{ o decision-making - using all the team's resources to {
1 make decisions that support the strategic plan (
) i

o Coordination - executing team activities in a smooth I

and effective manner.

The next lesson is the heart of the training program. Team ,

culture is explored at the icvel of corporate cultures and then !
brought down to the level of team cultures. Research indicates that
the only true cultures are team cultures, developed at the level of
individual working units. (Reference 8) To illustrate the process we !
explore the bricks and morte,r used to build a team culture. To begin
the team's assessment of their working culture, we examine the mortar

I

1 !

i i
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; that holds the team together -- the team's value system. We then !
explore the process that shapes the value syctem, sorting out '

i dysfunctional values and promoting functional ones. Finally, we look !
j at the bricks that the mortar binds together -- team members. We |
: found that it is necessary to emphasize personality differences but i

I to discourage decision making based upon personality. |
,

; The third lesson deals with team skills. These are the L

skills necessary to sustain a strong functional culture while !
'

i acccmplishing the team tasks. Throughout the individual skill ;

j development units, we found that it was necessary to incorporate !

j exercises that both illustrated the team skills and allowed trainees ;

i to practice. Practice exercises that did not illustrate the |
f differences between individual and team skills proved to be of little [

|
value. The problem seemed to be that few of our trainees could

;

differentiate between the two different types of skills.

} The first skill unit is team communication. Specifically, (
) we focus on the critical differences between individual and team i
' communication. Our research indicates that team communication is (

more than a lot of individuals communicating at the same time. We ;
teach our trainees how to recognize situationally implied messages, '

to promote unsolicited foodback, and to monitor communication betwoon |other team members. Most importantly, we teach them that there is a
| subtic shifting responsibility as you move from individual to team
! communications. In addition to team communication, we look at the

nonverbal communication of team leaders, both appointed and
,

emerging. We have found that effective nonverbal communication is a !
critical leadership skill (reference 9) that all team members need to
understand.

The next skill unit is team decision making. The content of
: this unit is another GE discovery. Early on we used an exercise from
| NASA that was intended to show the superior quality of group

decisions over individual decisions. Unfortunately, the exercise did
not always work. Rather than scrap the exercise, we looked for
differences that could explain why it worked sometimes and failed |
other times, our discovery was that there are two ways that groups :

arrive at decisions. Some groups have members arrive at individual l
decisions and then they negotiate the group's position. Other groups ;

arrive at genuine collective decisions, with no negotiations
involved. The key difference is that, in the negotiated decisions,
each individual makes decisions based on personal information. The
groups that make collective decisions share personal information,
before any decisions are made, creating a team data base. The result
is that team decisions are based on a collective data base, instead
of being the negotiated compromise betwoon partially-informed
individual decisions.
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| The third skill unit is poor reinforcement. Pocr |
| reinforcement is needed for offective team building, but cannot be s

differentiated as an individual or team skill. While the content is !'

) no difforent than what we would includo in a supervisory skills
course, the difference is in the application. Positive reinforecmont ,

of the worth and contributions of team members is so important that !

all team members must participate. In fact, we have discovered casos ;

,

where reinforcement from a peer was more powerful than reinforcement |

|
from a supervisor. So, we teach our trainees that reinforcement of <

other team members is as much of a peer's responsibility as it is a fg

j supervisor's.

I The final skill unit covers confliet resolution. Again, |'

this is not a unique "team" skill. Rather, it is a necessary skill !
for offective teamwork. We strongly believe that a team must be made [

4 up of a diverse mix of individuals to ensure that the skills and >

knowledges needed for effective diagnostics are present in the team. I'

Divarsity, however, is a breeding ground for conflict. Differences

j in individuals mean differences in opinion, differences in approach,
and differences in attitude. Effective conflict resolution prevents i

) the negativo side of diversity from outweighing the positive !
qualitics. We teach our trainees that the best way to resolve !

i

conflict is to take an assertive position. We help them assess their I

acilitics to be assertive, and we help them make any needed
corrections.

At the cenclusion of the last skill unit, the trainees
participate in a group exorcise that requires that they complete all |
four team tasks and use all four team skills. They are evaluated
using the teamwork rating scale attached to this paper. This rating
scale can also be used during simulator training or on the job to
assess the teamwork of an operating crew.

Diagnostics. Our approach to improving diagnostics is to !

! teach the construction and use of diagnostic algorithms -- similar to |
i troubleshooting charts. Our adoption of this process was based on '

i the express feedback of trainees during our early trial programs.
1 Early processes generally improved either accuracy or speed at the
j cxpense of the other. The development and use of diagnostic
] algorithms improves both the accuracy and speed of diagnosing cause.

' In structuring the unit on diagnostics we had to ensure
'

several key objectives were accomplished. First, and most important,
we had to convince the trainees that this was a useful process,

j second, we needed to ensure that the trainees had sufficient
- knowledge. Third, the trainees had to learn the process well enough
I to perform as a group. Finally, trainees needed to practice using
| the process and using the resulting products. These objectives were

accomplished with a performance pretest, instruction on developing
diagnostic algorithms, practice developing algorithms, and validation
exercises.

1
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I The performanco pretest consists of what some individuals f

)|
refer to as a drill. The instructor gives the traineos a set of (
plant conditions, some symptoms of possible problems and then answers !

' trainee questions. The trainees are limited to asking questions that |can be answered yes or no. At any time the trainees are allowed to j
identify the problem and its causes. If a trainne answer is correct *

1 the test ends. If the trainee is wrong the test continues, j
! Throughout the test a running total is kept of both time an the '

| number of questions asked. If possible, the specific questions asked !
j are also recorded. !

l i

| Following the pretest, the trainces roccive instruction in !

the development of diagnostic algorithms. We believe that it is [
critical for the trainees to develop the algorithms. Proponents of :

' "expert systems" advocate the delivery of completed algorithms. We !
oppose thi.: position. The only way to ensure that the traineo

|
i

i understands the algorithm well enough to use it is for him to develop ,

i it. (Reference 10) This does not preclude the instructor gently r

guiding the creation of the traineos' product, but it does preclude !
canned algorithms. To aid students we have developed a job aid that ;

i guides them through the development process. Our model is the second |
attachment to this paper. !

|Next comes practico exercists. Trainees are given an jl initial set of conditions and symptoms and the instructor then leads ,

them through the development medel. Initial attempts at development |
require a significant amount of instructor guidance. However, '

4
trainees usually require no more than two guided practico sessions

t before the group can function independently.

Following each development exercise are validation
exercises. The validation exercises are conducted in the same manner f
as the pretest, except that the trainees now have a completed iI

'

algorithm. The validation exercisos accomplish two goals. First,
they make sure that the traince's algorithm is valid. Second, they
demonstrate the effectiveness of the process to the trainees.

d The Results |

|
Preliminary results show successes in both areas. The I

impact of the team building module will be the most difficult to !

; evaluate Currently, we are limited to fcedback from the fcw plants
! that provided the training to their crews early in 1986. These are

the only plants that have had the time necessary to make any
'

significant changes. In this group many plants report that they have
,

made changes in the team cultures of the crews and believe that it I

has been beneficial. |
i

!

I
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With the diagnostics module, two different kinds of results
are expected. In the short term, the comparison between the protests
and the validation exercises has demonstrated increased process
efficiency. In the long term, improved diagnostics should result in
increased plant availability for two reasons. First, as crew
diagnostics improve they should recognize and diagnose problems
before they require a plant shutdown, second, improved problem
diagnosis should lead to increased anticipation, so crews will
recognize potential problems and correct them before they become
serious.

In any event this two-pronged approach to crew training,
improving team culture and using diagnostic algorithms, should
substantially reduce human performance problems by improving crew
performance in all three interface.

Other Applications

As an adjunct to this program we are also exploring the use
of algorithms to accelerate task analysis, improve learning of
systems function and interface, develop job performance aids and
teach emergency operatitig procedures. In all four areas we believe
that algorithimization will produce positive results.

We have also expanded our work in team building to include a
course for managers. The crews that attended the base course had
always claimed management should attend, and management asked for the
course. Team Building for Managers is a more intense look at the
process of fostering team and organizational cultures. Like Team
Building and Diagnostics, it too is based on a discovery. The key
discovery for the managers, is that management does not create
cultures rather it works with the culture that already exists.
Cultures require time to change. Effective managers who realize that
are patient enough to wait to see the results of their actions.

As important as it was to discover that control rocm teams
needed more than training focused only on team skills, we suspect
that we have uncovered just the tip of the iceberg. Viewing working
units as discrete cultures and using algorithms to capture and
improve work processes may be only the first of the "new age skills"
(Reference 11) that must be addressed in industrial training.

|

|
1
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Discussion

DR. PERSENSKY: How doos the diagnostic training reinforce,
if it does reinforce, the symptom-based EOP's, as opposed to the
event-based EOP's.

MR. BULMER: It is really very similar. In both cases you
are dealing with symptoms. With an EOP, you are dealing with
symptoms to determine an immediate action. Once the immediate
actions have been taken, you have essentially taken care of the
emergency. Then you shift to look for cause on the basis of the
symptoms. So the algorithms that we are developing supplement what
individuals are already dealing with. We are not reverting to
classifying events.
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EXPERIENCES AND SOLUTIONS
WITH AN INTEGRATED MODULAR APPROACH TO NUCLEAR

EMERGENCY PREPAREDNESS AND RESPONSE TRAINING PROBLEMS

R. K. Liang, L. S. Weiss, and E. J. Michael
Stone & Webster Engineering Corporatin i

U.S.A.

Abstract

Increasing public concern with nuclear safety after TMI
and an escalated level of licensing requirements regarding nuclear
emergency preparedness have presented unique challenges to the U.S.
utilities in expeditiously setting up offective training programs.
This paper summarizes the generic aspects of these challenges,
identifies the causes, and describes solutions derived from
experiences at several nuclear power stations in the application of
an Integrated Modular Approach to emergency response training.
Also described are features of the critical design and
implementation elements in this approach, the use of Job Analysis,
Test Banks, Qual-Card System, and a Graduated Instruction and
Practice Scheme, and the factors that have a significant impact on
the schedules and effectiveness of training.

,

Introduction

Experiences since the TMI accident and the recent
Chernobyl accident continue to demonstrate the need for nuclear
emergency response preparedness. In the United States, such need
has been judicially emphasized by regulatory requirements regarding
emergency planning (EP) and training to provide capabilities in, or
to establish, the following (1),[2),[3):

Emergency Plan-

Emergency Responso Organization- ,

Emergency Response Facilities-

Accident Classification and Emergency Action Levels-

Emergency Communications and Notifications-

Inplant Accident Mitigation and corrective Actions-

On"site Operational and Technical Support-

On-site Personnel Protection and Accountability-

Off-site Response and Support Coordination-

Public Protective Action Recommendation and-

Implementation
Radiological Assessment and Environmental-

Surveillance
Emergency Recovery-

Demonstration of Overall Accident Management andj -

Public Protection capabilities through Drills
and Exercises

- 455 -
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The increase in the scope of regulatory requirements for
emergency response preparedness and an increasingly vocal public
apprehension of severe nuclear accidents have created unique
problems and challenges for emergency planning and training
groups. Furthermore, nuclear station, utility corporate, and
non-utility (off-site) agencies must be capable of successfully
responding to any level of declared emergencies and must
demonstrate that capability biennially, in part or whole, through'

federally observed exercises. This requirement puts demands on the
training program to be highly integrated and effective, and to meet ,

tight schedules. The ability to mobilize plant and corporate |
resources, and non-utility off-site parties, in training e.nd j
exercises often becomes the decisive factor in obtaining or
maintaining an operating license.

This paper presents a portion of Stone & Webster
Engineering Corporation's experience as a consultant in working
with US utilities to establish effective on-site (4,5,6) EP
training programs. Emphasis is placed on the design and
implementation of an integrated Modular Approach to EP training of
station personnel, which approach has been applied successfully in
a number of operating and near-term-operating-licensee (NTOL)
cases. This approach can substantially improve EP training design
and implementation, especially in the NTOL case, in terms of r

meeting schedules and avoiding costly and unproductive paths.

Overview of Tra',cing's Role in an EP Program

An overview of the major elements involved in an EP
program is presented to highlight the potential problems and
challenges in establishing a working EP training program. Although
there are many forms and classification schemes through which to
express the contents of an EP Program, these elements can be
summarized generically into the following categories:

Planning-

Training-

Exercise-

Facilities-

Technical Support-

Document Production and Control-

QA/QC-

Major tasks in each of these EP program elements are given
in Table 1. EP Training takes its mission assignments and

- schedules from Planning, with system approaches (e.g., hardware and
software choices for dose assessment) defined. Training must
deliver results that will enable the Exercise to meet the final
goal: passing the annual graded exercise, within the schedule. To
implement their tasks, both Planning and Training must rely on the

- 456 -
,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



I

Table 1. Emergency Planning
Program Elements and Tasks

Progr.im Element Major Tasks or Support Activities

1. Planning a. Overall planning and coordination of EP related budget,
manpower, schedules, comrsitments , system approaches,
exercises, logistics, etc.

b. Development and updating responsibilities for EP related
software, including: plans, procedures, organizations,
etc.

c. Corporate / Plant /Off-site liaison; licensing and public
affairs interfaces; management briefing.

2. Training a. EP Overview and Indoctrination prograra,
b. Prepare lesson plans, mini-scenarios, tests, and other

training aids, for field and classroom use.
c. Develop and qualify instructors.
d. Secure training facilities and equipment.'

e. Develop training matrix and schedule; conduct classes,
evaluate results and keep records,

f. Coordinate specialty group drills,
g. Maintain a library of EP training references.

3. Exercise a. Full-scale exercise planning and coordination.
b. Scenario development, submittal, revision, production,

and distribution.
c. Exercise logistics; referee, controller and obse rve r

briefing and assignments.
d. Conduct of full-scale exercises; critique and sum.aary

report of findings, etc.

4 Facilities a. Specification, procurement, installation, distribution,
maintenance, and inventory of all EP-related equipment,
systems and facilities that are not assigned to any
other departments,

b. Maps, status boards, plans, procedures, drawings, and
other office supplies for emergency uses,

c. Emergency vehicles; aerial transportation and su rveil-
lance coordination.

d. Setup and maintenance of EP physical facilities.
e. Miscellaneous logistics for training and exercise uses.

5. Technical a. Plant operations; plant systems and engineering.
Support b. Environmental and Meteorology.

c. HP/ Chemistry dose assessment; post accident saapling of
plant data; radiation protection.

d. Core physics and fuel related calculations,
e. Licensing,

j f. Corporate coernunicatior. and public af f airs.
i. g. Simulator training.

! h. Medical, fire fighting and security support,

6. Document 4. Vord processing and document production.
Production b. Maintenance and updating of a central master file of

| and Control current versions of all EP related plans, manuals,
i procedures, and forms, etc.

c. Issuing, receiving, distribution and filing, of all
correspondence and cosasunica t ion s ; overall program
record management responsibility.

7. QA/QC 4. QA/QC audit; check compliance with relevant corporate
policies and guidelines,

b. Interface with NRC and INPO QA audits.

l
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support of Facilities, Technical Support, and Document Production
and Control, with each subject to the audit of QA/QC to assure
program quality and enforcement. The effects of various feedback
and interaction between program elements and participants, while
not shown in Table 1, can be as complicated and as significant in
determining the appropriate course as is the initial licensing
program.

Generic Challenges in EP Training

EP training presents unique challenges because of its:

Scope - Multifaceted:
,

on site and off site, the plant and corporate management, j
the utility and the public, and the local, state and federal
governments are all elements involved in an EP response. The
orchestration of all of these parties to produce a unified response !

to a simulated or actual nuclear plant emergency is directed by a ,

utility emergency response organization according to scores of
plant, procedures, manuals, guidelines, agreements, and commitments j,
(software). These in turn dictate the use by the participants of a ;

multitude of emergency equipment and facilities (hardware) in a
|

pre-planned fashion, each linked by a network of emergency or
augmented communication systems.

The vital role that Training plays here is to set the EP
mechanism into motion: to involve every participant identified by
planning in the running of the emergency software on the emergency
hardware in an organized way and as pre-planned, such that the end
result fulfills the utility's responsibilities for preparedness. i

Training activates the participants by proper indoctrination
through classroom and field practicos, entering each one into the !
emergency response network and linking them coherently according to
Planning Exercise tests all the "links" and "goars" until the
"machinery," or the emergency response organization, fe' fills the

;

corporate commitment and applicable Federal requirements. [
t

The scope of training necessary to achieve these goals, on |
site and off site, is significant. '

Broadth - Multidisciplines: !
.

i A large cross-section of the utility's plant and corporate f; organizations is involved: preparedness must be addressed by every <

' '
discipline, and emergency response preparedness cannot be
considered complete if even one such element is missing.

!

I
2 t

1

1
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|Target - Multileveled:

Preparedness for response to credible types of accident
scenarios requires the direct involvement of a majority of the
plant and corporate levels of personnel. The teams of
administrative assistants, technicians, operators, engineers,
supervisors, p} ant managers, and corporate staff and executives !

must be trained and qualified in, various response roles as
identifi~ed in the emergency plan, covering all shifts and hours.

Schedule - Invariably tight: ;

Because of annual training exercise requirements and other
commitments, training for complete on-site response preparedness

| usually musc be accomplished in less than one year. For extremely
,

'

pressing cases, as for some NTOL's, it could be demanded that
everything be ready in 8 to 10 months. Tight schedule is usually

; the most visible and serious problem presented to the training
group -- because of the extensive work to be done in almost everyi

aspect of the EP program. In the NTOL case, training also must'

compete with other pre-operational activities for the available
time of key personnel.-

Such problems, however, may not be equally visible to
management, whose limited knowledge and experience in meeting EP

,

requirements often result in little patience for long schedules and (

extensive programs. Unfortunately, persuading' management by way of :
inadequate performance in a full-scale graded exercise is not an |
approach that training departments can af ford to take. r

!
Method - Necessarily diverse: |

1

To cover the objectives of EP training, it is seldom
'

possible to limit the training methods to conventional4

classroom-type instruction. The vast scope of the training, the
,

multidisciplined and multileveled composition of trainees, and the ;
unique way by which EP is to be integrally evaluated all call for '

the use of a diverse combination of training techniques and ;:

formats. These techniques and formats must be prepared and
i delivered separately. For example, lesson plans and audiovisual

aids are needed for classroom sessions, while scenarios, data
: sheets and emergency kits are required for field exercises and most
d drills. The extent of coordination and the number of instructors

involved also vary from one format to another, with some best
served by a team approach. Such variety and diversity in training
techniques and formats pose further challenge in the area of
training program design.

:
I
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Evaluation - Unique and stressful:

Even before an exercise, various corporate QA, INPO, and
NRC audits, inspection tours, and fact-finding interviews may be r

conducted as a part of the total evaluation process. The
full'- scale exercise receives much added attention, being observed ,

and critiqued by major federal teams, which are well-staffed with
trained observers. Within 48 hours, the public will have a chance :

to hear the regulatory agencies' preliminary comments and
deficiency findings on the exercise, well beforc the utility has a ?

chance to develop a response. The news media also can participate
in the exercise. Observations and records of critical acts and

i performances that are important to the federal decisions are -

| sometimes subject to verification and different interpretations, !

J and must be quickly reviewed, clarified, or contested. All these !
2 actors contribute to making the evaluation a particularly unique j
and stress-laden event. r

!

Consequence - Costly and critical: |

The consequence of inadequate performance could be
significant and costly. Remedial exercises may have to be
scheduled and conducted to demonstrate correction of deficiencies; ;

fines may be imposed; licensing activities or approvals may be
delayed; and, in the most extreme case, a show cause order for
shutdown may be issued. In any event, training will have to be at
work again to assist in correcting personnel performance
inadequacies.

Since the early 1980's, training at most U.S. nuclear
sites has undergone considerable changes (7). Not only has
training acquired a larger and more important role in the-

qualification and upgrading of plant personnel, but the'

better-trained personnel have provided much constructive feedback
(during and after training), further impacting training and even
the basic design, operation, and maintenance of plants. The use of
site-specific simulators, ultra-modern computer-based and videodisc.

: presentations, and various innovative heuristic and behavioral
techniques, plus the additional audit, inspection, and

j accreditation requirements from INPO and the NRC have all ensured
it is no longer an "invisible trade" with negligible manpower and

1,
budget noods. Along with this trend, of course, is the over
increasing need to measure the cost effectiveness of a training

] program to justify the prudence of expenditures. Consequently, the
j tasks of training and the tests of the results have been analyzed,

defined, and conducted in increasing detail and rigor.i

| The training department that has gone through this
i evolution caused by the collective effect of the factors given
l above is quite different from that of several years ago. One of

the new challenges for the EP training program developer is getting

i

i
4
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the existing training department involved to accept both its much
~

wider current role and the need for an integrated training program.

Specific Problems from Experiences

Problem of initial assessment for program design inputs:

For cases where an EP program must be totally revamped or'
,

newly created, proper assessment of what has been done and how
well, and what needs to be done and when, is essential. Accurate |

| initial scoping that covers the status of both on-site and off-site
! capabilities and the associated constraints, often is difficult but !

necessary. It is necessary for the development of a realistic ''

schedule and also necessary when obtaining management approval of
resources needed to meet this schedule. Without a clear and
thorough initial assessment, a training program could be designed
with little reserve capability to deal with the certain, but;

unforeseen, adverse events that potentially can distrupt the4

implementation schedule. :

Problem of off-site influences on schedules: ;

P

The exact balancing of matching resources with schedules
to achieve the desired goals does not always work for EP planning
and training, because of the non-technical and other off-site
emotional and political factors involved. Certain off-site
conditions may have an interlocking ef fect on the available on-site ,

options for hardware and software choices in the areas of |
communications, prompt notification, and off-site surveillance. ;

| On-site training may be impeded if decision-making requires extra
,

meetings and lengthy coordination steps. The many changes and -

interim positions, may result in delays or the need for retraining |
and re-drilling. These off-site conditions, including i

participation and cooperation in the total effort, are not always |

| within the utility's control because of the factors cited above,
l
'

The potential delays in schedule that these off-site
interfaces may cause are sometimes beyond the utility's control and

,

ability to remedy. Such potential trouble areas should be '

'

identified as early as possible to guide the program design in
seeking an aggressive, early initiatives to resolve the problems or
to strattgically bypass the problem. Only then can training be set
in motion, based on a relatively firm framework. Adequate
consultation and planning based on experienced design input advice

,

at this stage is critical.'
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Other problems and considerations in on-site training design and
implementation:

Who in the emergency response organization must be-

trained? In what aspects of the emergency response
must the person be trained and to what extent?

How many persons must be trained for this position?-

When in the sequence of training must this be-

accomplished?

How does the planner and trainer keep track of who-

has received training and the adequacy of that,

training?

How will turnover and change of assignments of-

personnel be accommodated?

How will the impact of changes in system approach,-

emergency response organization, and leadership
be accommodated?

What impact will result from changes in plans,-

procedures, action levels, set points, or and
other required emergency response software?
What software is incomplete or unavailable?

What impact on schedule will result from delays-

in delivery, modification, or changeover of
emergency systems, equipment, or any other
emergency response hardware or facility items?

- What special provisions are necessary in scheduling
of management and union personnel, and what is the
availability of key station personnel for training
and related support?

Are training and test materials accurate, consistent,-

balanced, and updated; is the organization prepared
for the prucessing of feedback?

How will the need for retraining and requalification-

be tracked; how will personnel be notified, and what
record keeping is necessary?

Does the training program have adequate management,-

staff, and logistic support?

What special provision must be made to provide for-

the development end qualification of training staff?
Is the workload reasonable enough to preclude
burnout?
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What are the deficiencies in the existing training
program that have been previously identified by '

various QA audits; what is the status or
resolution for each?

An Integrated Modular Approach to EP Training

To provide a basis for tackling these problems and
challenges, an Integrated Modular Approach to the design and
implementation of emergency preparedness and response training has
been created and refined through caso experiences,

i The integrated component recognizes the broad facets of an
EP training program and the unique method by which it is evaluated,'

while the modular component deals with the dynamic environment from
which program design inputs and support activities are determined.
The modular approach provides the flexibility and the diversity
that the program implementation requires because of its
multidiscipline, multiformat, and multilevel nature while the
integrated approach is necessary to accomplish EP training program
initiation and to conclude the final phase while the program is
delivered in modules in the middle.

The integrated design approach minimizes the potential of
a chaotic program implementation by considering the maximum number
of input parameters and constraints affecting the modules as can be
identified at the onset of EP training development. Typical input
parameters include overall schedules, plant status, off-site
geopolitical inputs, corporate philosophy, and the emergency
organizations, divisions of responsibilities, response protocols,
system approaches, backup alternatives, manpower and resource
allocations, and EP-related licensing commitments.

Within the framework established be these integrating or
connecting elements, the program is developed and built in modules
that can be as varied and flexibic as desired to meet the
individual functional or personnel group training requirements. An
important realization from our experience is that the sooner this
framework is set up, the faster the modules can be completed - and
the firmer the framework, the fewer the revisions of the modules,
and hence the quicker and smoother the program implementation. It
pays to carefully cast the input parameters and constraints in the
beginning to be as realistic and complete as possible to ensure
individual modules are relatively invulnerable to changes that
occur during the course of implementation.,

: On the other hand, even the most well thought out and
planned program design cannot guarantee to have provisions for all
contingencies. Through experience, a variety of generic
contingency elements may be adapted as program implementation aids
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to specific site situations. Use of these, and a careful layout of
the initial framework and the modules, help create a more officient
program that is able to meet schedules with less manpower and
budget requirements, and with fewer repetitive or unnecessary,
unproductive efforts.

Typical steps in the design of an EP training program
using this Integrated Modular Approach are identified and discussed
below:

Framework Steps -
Obtain Mangagement Support-

Identify on-site /off-site Status and Constraints-

Define Training Goals-

Match Overall Schedule and Resource Requirements-

Perform Job Analysis and Define Training Modules-

and Submodules
Develop Training Matrix-

Identify Personnel to bc Trained-

Establish Qual-Card System and Evaluation Standards-
i

iModule Development SSteps -
.

Develop and Qualify Instructors and Teams-

Estabish a Graduated School of Instruction and' -

i Practice
Develop Lesson Plans, Handouts, and Audio-Visual Aids |

-
,

Prepare Study Plans and Table-Top Simulation Events i-

Set up Test Bank, Procedures for Evaluation and-

Security
Schedule Classes and Drills-

Conduct Classes, Table-Tops, and Drills-

Process Training Homework, Feedback, and Suggestions-

Integrating Stops - !

Review Exercise Deficiencies and Take Corrective-

Actions
Program QA/QC, Progress Monitoring; INPO/NRC-

! Interfaces

Sot up the framework for identification of individual modulos and
program design: :

The "Framcwork Steps" above are aimed at setting up the "

: initial framework for developing the modules. Obtaining management
support is a prercquisite to the fast and officient development and<

implomontation of a successful program, because of the broad
,

spectrum of personnel, disciplines, and resources required. As
'

presented earlier, it is then vital to develop an accurato
assessment of the initial constraints and their status of both
on-sito and off-sito aspects of the EP program. If certain |

1
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off-site or nontechnical elements seem to take more time than the
schedule would allow for their resolution, it is often advisable to
set an early cut-off date for making decisions, to include or
exclude such efforts or events, and to save the demonstration of
those portions of the emergency plan for the next, or a separate,
exercise. Under present regulations, certain possibilities exist
while other options are moot.

Similarly, if major systems or parts thereof are not
likely to be ready by the anticipated exercise date because of
foreseeable circumstances that are beyond the utility's control,
then they should be subject to the same include-exclude decision.
The purpose of an early decision is to avoid those last-minute
communications and scope changes, which could seriously affect the
on-site organizational performance and training progress,
especially for cases where the schedule is tight and the luxury of
retraining to accommodate changes is absent.

After the primary training goals are defined, drafts of
schedules and required support estimate can be presented to
corporate management, refined, and then approved. Changes should
be expected and contingencies allowed where possible, with
alternativos and their costs includes.

To answer the question raised earlier about who, what,
when, and how of on-site training, a Job Analysis is used in
conjunction with the Site Emergency Plan and the training goals and
schedules just completed. For NTOL and cases where EP programs are
being extensively revised, Job Analysis serves to bridge the gap
between what is written in the Emergency Plan and what the plant
managers and supervisors would like to have based on their own
experience. Such analysis also covers details that are not usually
given in the Emergency Plan but which may be important to good
performance.

Job Analysis first sorts out the major functional blocks
in the Emergency organization section of the Emergency Plan, and
uses a combination of discussions, interviews, and inter-
departmental exchanges among the EP planning, training staff, the
plant supervisors, and the site emergency response managers, to
develop a description of each of the jobs assigned to the block
under that supervisor or manager. As examples, the description
would include the number of HP/ Rad-Chem technicians required to
cover the Post-Accident Sampling System, and the qualification and
responsibilities of each person in the Dose Assessment Team at the
EOF.

Guidelines for sorting out the functional blocks depend on
the utility's philosophy in the response approach and the station's
division of responsibilities. An examination of the station's
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| Emergency Plan Implementation Procedures (EPIP) and the on-site
Emergency organization will confirm the functions assigned to each
group. Each of the five traditional main categories of emergency
response elements --

Command and Control-

Accident Assessment-

Notification and Communications-

Protective Actions and Recommendations-

Corrective and Support Activities-

-- can be subdivided into approximately ten functional areas. One
such sample breakdown is given in Table 2.

Table 2. Example of Emergency Response
Breakdown into Functional Areas.

1. Emergency direction and control
2. Plant operations
3. Corrective actions and repair
4. Technical support
5. Radiological accident assessment off site
6. On site radiation protection
7. Administrative support
8. Communications
9. Public affairs

i 10. Security

An alphabetical function code is assigned to each position
according to its functional area. Next, a unique numerical staff
code is given that identifies the individual and the level of the
position in that functional group. For example, the responsible
manager is given a staff code "1." These codos may be accompanied
by other codes for the position, such as an operation location codo

j and an availability time code, thus making the organization chart
of greater uso. Examples of the codes applied to an ALERT level of
emergency organization are given in Tabic 3 and in Figures 1 and 2.

With a simplo code system like this, all positions within
emergency responso organization can be sorted and processed casily
on a database system. The principal use of this information is to
aid the development of the Training Matrix, which is described
later in this section.

; Job Analysis is a top-down process that provides the key
i norsonnel an opportunity to define the job descriptions in their
; groups, given the group's responsibilitics. Each supervisory lovel

person is confronted with similar questions regarding the kind of
staff, how many persons, each to do what, that they need to

)
'
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Table 3. Emergency Response Organization Code Key

FUNCTION CODE OPER ATION LOCATICM AVAILAgluTY TlWE

A EWERGENCY OIRECTION CR CONTROL ROOM OS . ON SHIFT
AND CONTROL

OSC OPERATION SUPPORT 30 30 MINUTE
8 PL ANT OPER ATIONS CENTER

60 60 MINUTE
C CORRECTIVE ACTIONS TSC TECHNCAL SUPPORT

AND REPAIR CENTER NA NON APPLICA8LE

D TECHN> CAL SUPPORT CP CONTROL POINT

E RADIOLOGICAL ACCIDENT EOF EWER 0ENCY OPERATIONS
ASSESSWENT OFFSITE F ACILITY

F ONSITE MAD 4ATION GH GUARD MuuSF.
PRO T E C TION

ON OTHER ONSITE
G ADWiNISTR ATIVE SuspORT

HQ H E ADOU ARTE RS
H COWWVNIC Af TON S

ENC EWERGENCY NEW5
i PUBLIC AFF AIRS CENTER

J SECURITY

Figure 1. On-Shift Emergency Response Organization
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Figure 2.

ALERT EMERGENCY AUGMENT
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;

accomplish the assigned mission be their superiors or as required
in the Emergency Plan. The staffing decision process repeats at :

the next level of supervisors. |

Through this process, each supervisor in the organization ,

is given the authority and responsibility (with accountability), to i
define the composition of his or her staff, and thus is allowed a i
more or less "personalized" style of leadership that has the !

!benefits of the group leader's own knowledge and experience of how
to do the job best in the plant environment. Such freedom to f
individualize a group's composition is, of course, subject to the

'

limits set by the Emergency Plan, unless the potential benefit is j

. commensurate with the difficulties in revising the Plan commitments ;

| and that occurs. I

i

The use of Job Analysis results in a more reliable, and :

workable, functional definition of the emergency organization that !

is likely to only infrequently require change in job descriptions ;

or in the structure of the organization. By allowing supervisors'
,

t to participate in the design and confirmation process, the need to |
; fine tune the organization has already been greatly reduced. The !
'

direct benefit goes to Training: a Training Matrix can be [
constructed and finalized much sooner and is less likely to be >

changed in the future, once completed. ,

!
iThe Job Analysis effort provides the job description for

;
' each position in the emergency organization and thereby forms the

basis of training and qualification requirements. With
qualification requirements defined, training modules within each !

functional area can be defined. A companion analysis of the entire ;

; spectrum of emergency response protocols and procedures is
performed to facilitate a layout of the training modules. i

specialty subjects within a functional area are identified, and
} sub-modules defined to provide the appropriate training of

,

personnel in these subjects. ,,

| Each module contains a number of "courses" whose
: presentation format may be decided later by the instructor or team

i
of instructors who are assigned to cover it. Formats can include |,

! classroom, field practice, drills, or combinations thereof, i

| depending on the nature of the subject and the background of the '

; trainees.
;

1 The EPIP's should be consulted to make sure that every
"

emergency procedure to be used in particular functional area is
included in the module or sub-modules, and the position responsible

T 9or the execution of a particular EPIP is indeed included in that
functional area. This process checks the completeness of the
EPIP's and tests the consistency of the Job Analysis descriptions.

; Missing procedures or positions can easily be identified through
: this process, and remedial actions taken promptly to avoid later
; impact on schedules.

i |
: i

) 469 --

!.
E

-----3--y,w-- ~ , . - --,-c--.-- - , - . - , - , - - . . , , , , , , , , , ,,
- , _ _ . . ,- _,y v,,,-,-. -.y , . , . , , , ,- , , - ---m-. - , - - - - - . - ,,



_- _ _ _ _ __ . _ _ _ _ _ __ _ _ . _ - . _ _ __ _ . _ _ _ _. ___

.

:

i

When the training modules and courses are defined for each
functional area, and the qualification requirements are determined,
the Training Matrix can be developed. The Training Matrix provides
a correlation of the positions to train and the.. training courses'

j required. A computerized process is used to provide the first
; draft, which takes the function code and the staff level code
| output by the Job Analysis for.each position, and matches them with

4 those attached to the modules and courses that cover the same"

.# functional area. A joint review of the draf t by the supervisors
and the EP training staff will decide if modification is needed to

| avoid over- or under training. i

i

i The final task in this initiation phase is to fill the )
positions with the names of individuals to be trained. Beside !

fulfilling tbo minimal number as required by regulations, station
and corporate manpower commitment, turnover rate at that level, and

,

the availability of personnel for EP training in that particular
-; category, also should be considered in determining the number of

persons to be trained for that position. !
!,

j To keep track of who has received what training and the i
scores or adequacy of the person's training, a Qual-card system '

(i.e., Qualification Card system) is used. In this system, a*

qualification card, in duplicate, is maintained by the EP
,

j department and Personnel Department for each of.the individuals ;

named for the emergency response organization. The card is !
maintained to reflect the individual's emergency response position, ;

4

qualification and training courses required versus completed, and t

the associated dates and scores. The EP copy is signed off by the |
responsible instructor after each training with the attendance e

record and performance scores, including the kooping.of records for I

| drills and field practices. An updated copy is periodically !
forwarded to the Personnel Department for the reference of the

4 "hopartment which assigns the individual.
!

The Qual-Card system is one answer to the problem of |
-

tracking training results and retraining needs. The version of the i4

courso and the performance evaluation test used are retained |

| together with the datos, so that it can easily'bo decided whether {
retraining is required when major changes or revisions in the |;

; subject occur later. Its use also provides flexibility in !

i scheduling multiple sessions on the same subject with different
dates for the trainens to select, so that each could attend a

j session with minimal conflicts. This has been found to be an !
; effective scheme for managerial trainees and union personnel, who |

| either constantly face a shortage of time or are under contract ;
rules such that they cannot be required to attend training on datos ;

1 set by management. ;

I
: t
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For QA audits, the Qual-Card System provides a basis for ,

validating the training program; for planning and management, it i
serves as a monitor of training progress by offering statistics on
percentage of training completed versus scheduled to be completed.

Lastly, a standard of evaluation must be established for
all training formats to be used. For classroom instruction, it is

,

usually the passing score on the written test; for field and drill
formats, it can be a "Satisfactory" or "Unsatisfactory" critorion.
Such evaluation standards may be reviewed and approved by the ,

'

existing Training Department, with reference to existing standards

Module Development Steps. Using the Training Matrix and /
the defined training modules, a team training plan with divided "

responsibilitics is formulated. The modules are further
differentiated into sub-modules of manageable sizes to deal with
different specialty areas or different group requirements. Each ,

can then separately concentrate on the materials that the
particular functional group needs to know. The following is an
example:

Functional Block: Protective Actions
Training Module: Protective Action Recommendation (PAR)
Functional Areas: - Emergency Directions and Control !

- Plant Operations
- Radiological Accident Assessment

(Off Site)

The result is the division of the training module PAR into !

three sub-modules: one for emergency management personnel, who have
the undelegatable responsibility of officially notifying off-site
agencies of the utility's PAR; one for the control room operators
and shift supervisors (plant operations), who, in the highly
unlikely and hypothetical case of a General Emergency situation
rapidly developing before the augmented response organization can
take over, must face the duty of off-site PAR datormination and

,

notification within 15 minutes of the declaration of that General4

i |
gd IEmergency; and lastly, one for the Dose Assessment group, which

usually is charged with the responsibility of calculating off-site '

doso projections and making recommendations of PAR's to the
response manager.

[
,

! !
'

Each of those throo functional groups has a different
; background and is charged with different aspects of the subject
i function. The instructors are also different they will have como j

from the teams that cover Emergency Direction and control, ;
Operations, and Dose Assessment, respectively.i

!
Instructors are ti.e key to training quality. Initially,

EP training group members, senior staff members of the plant who
also are knowledgable of EP requirements, of consultants may bc

.

used to develop a coro team. The EP training manager should review

1
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the educational background and professional experience of these
core members, who in most cases also are given the task of
developing the lesson plans and are responsible for the strategy of
delivering the training modules. Reception of EP training by the
general plant staff depends to a largo extent on their reactions to
the quality of the training, which comes directly from those'

instructor teams.

In a tight schedule situation with little or no prior EP'

program established on site, the number of people to be trained
within the given time limit may be largo. Workload on the training
staff may even include non-training dutics such as in Exercise or
Technical Support areas. Under such circumstances, total workload
control should be considered in training assignments, to avoid ;

instructor burnout. Team training is a good solution with the |
'

added benefit of having at least some backup in case of personnel
turnover.

For most NTOL cases, it is not unusual that training
materials must be developed at the same time that emergency plans,
responso organization, equipment and procedures are undergoing
rapid revisions or changos. Experience shows that overall network
changes and the resultant retraining required can be minimized, if
development and finalization of a set of core technical emergency |
procedures are prioritized, and their frozen versions mado '

available for training at a reasonably early stage. Experienco 2

indicates that all software for the graded exercise should be
available and frozen at least two to three weeks before the
exercise date. Changes made after that would make it very
difficult for training to be consistent unless the changes are
minor and few.

Notification and Communication modules must be developed1
,

at the earliest stago possible to allow for software variances and
hardware changes, which arc often beyond the utility's solo control !

and are first identified during training. Scheduling mur.t also
consider the fact that emergency response organization and
proceduro developments, training (including off site), and traineo
feedback often form a strong and unavoidable dynamic cycle in the,

presence of off-site influences. Such influences may bring about
.| changes that are not expected by the on-site teams.

Modules can also be designed to have abbreviated and
detailed versions to suit the multi-level trainco compositions.

1 For certain groups, especially managerial, an introductory or
,

'

i overview type of instruction often is adequate.

!
; The preparer of test materials for each module must

address the problem of security and adequacy. Test questions must
not be known to trainees before the exam oven though the courso has
to offered more than once to differont members in the same group.

:

J

e
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Or, in the case of retraining, a fair evaluation must be obtained
of achieved level of understanding after the second attendance. >

A common solution is to set up a Test Bank that contains a
'

pool of test questions, large enough to develop many test |
questionnaires without excessive repetition. A computerized Test -

Bank is designed that will draw and print a questionnaire using a (
simple random number generator. The generated random number is

. used to draw pre-numbered questions from the Bank. The pool can be i
l partitioned so that certain fixed, key questions will always be !

!drawn into the questionnaire, but appearing in a different order
cach time. To assure quality, all test material, as well as lesson
plans and answer shoots, go through poor review. Depending on the

! size of the class, more than one test form may be used in the same |

| class to further assure the validity of the test. Security i
provisions are applied during drafting of the test material, as

,

j well as on the retrieval process from the Test Bank. |

For each module, guided by schedule and other hardware
constraints, instruction methods are selected and a Graduated
Instruction and Practice Scheme is implemented. For example, the |

following (except the last two) may be employed within a modulo: L

o self-study plans
o Computor-based studies |
o Classroom instruction
o Simulator instruction
o Table-top exercises r

o Team drills and group drills (o Facility drills
o Partial or full-scale dress rehearsals !

Temn drills involvo dif ferent teams for regular shif t,
night shift, and backup teams to any shift. Group drills are for,

1 different functional groups, such as Health Physics (HP),
l Operations, Maintenanco, and Communicators. Facility drills

involve one or more of the cmorgency responso, such as control room
i

(CR), operations support conter (OSC), technical support contor
i

(TSC), off-sito cmorgency responso facility (ERF), and various
j off-sito, non-utility-operated emergency contors, etc. Specialty
; group drills, such as those conducted by fire, medical and security

groups, are also necessary.
,

j Proceduros also are established to process the foodback
~

and courso evaluation of each session. These are solicited on
! standard forms collected at the end of each session. Review of
'

those forms by the principal trainer is mandated to assure that no
, reasonabic comments of constructivo suggestions will escape the
i proper management attention for consideration. This also sorves to
1 complement the top-down process of organizational definition by the

Job Analysis approach.

I

.
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!

l Integrating Steps. The ultimate means by which to

: integrate the results of all the modular training in a full-scale
! exercise. The primary measure of the success or failure of the
'j training program, from a licensing point of view, lies in the

outcome of the graded exercise. However, full-scale practice

) exercises often provide valuable information to the EP program, for
its supposedly less perfect status. Deficiencies found at this

,

stage can be used to strengthen the weak links in all aspects of '
'

the EP program, including the modules in the training program. Any
findings that reflect inadequacies in personnel training,
shortcomings in software and hardware readiness, or leadership in |

'

the organization, should be used positively. In addition,
corporate OA, NRC or INPO pre-exercise audits also can supply
useful indications directed toward improvement.'

Conclusions |

Nucicar emergency preparedness and response planning has |
'met with increasing regulatory requirements and continued public

attention since the TMI accident. Challenges in setting up !'

offective on-site training programs to achieve the required level |
.

of EP performance can be met with an Integrated Modular Approach to j

j training. This approach is designed to deal with the significant t

i scope, tight schedule, dynamic input environment, and the (
multi-discipline, multi-level nature of EP training challenges. [>

t

The role of training in an EP program has been examined. i

specific problems in on-site training design and implementation [
from caso experiences are presented, solutions to these problems -

j
with Job Analysis, Qual-card System, and other features in the !

i

Integrated Modular Approach are described. Design and
impicmentation steps of this approach have been presented and ;

discussed. |

'
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Chairman's Summary

Mr. M. Hada
Japan

The session dealt with the diagnostics relating nuclear
power plant operations and team training techniques. There were
five speakers in this session. The presentations given were:

1

o An Approach to Team Skills Training j
4 M. L. Roe, U.S. Nuclear Regulatory Commission

o Training of Control Room Crews in Plant Disturbance 1

Diagnostics -- A Methodological Framework .

'

Jan Hedegard, Swedish Nuclear Power Inspectorate

I o Pro-License Team Training at San Onofre
! Nuclear Generating Stations

Mark Hyman, Southern Calif ornia Edison
i

o Team Building and Diagnostic Training'

S. Bulmer, General Electric Company

o Experiences and Solutions of Nuclear Emergency i

Preparedness and Response Training Problems
~

with an Integrated Modular Approach
R, K. Liang, Stone and Webster Company

Mrs. Roe introduced an approach to team skills training
Lwith emphasis on the NPP control room crew. Mr. Hedegard

introduced an outline of methods used for training of control room
crews in the Swedish PWR plants last year. He also displayed and i

explained a method to select airline pilots on the same basis as
the selection of NPP operators. Mr. Hyman reported team training
methodology applied in the San Onofre Nuclear Generating Station.
Mr. Bulmer mentioned the fact that the traditional training methods

,

are incomplete for developing teamwork and enhancing diagnostic
capabilities and a new method developed at GE was introduced. Mr. !
Liang introduced a methodology for omorgency response and ;

preparedness training especially developed and evaluated by Stone ;

and Webster. 1

All papers were interesting and valuable. However, the ,

) chairman would like to stress the necessity of developing human !

relations before starting team training. Methodology, itself, is a
rather theoretical and well-defined technology, but there still is
ample space in which human factors could play an important role.

I
i Integrating such human factors into the methodology is one of the
; necessary factors which is not well discussed and surveyed.
i

i

1
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i

It was also observed that professional specialists or
organizations on nuclear training are actively working. They '

understand theories, methodologies and other basic techniques for
training. In the current Japanese situation, basic training or
common training, including simulators, is being conducted by the

3

Training Centers, but still the formation of teams and team
training of a shift, as a unit, is an important field where
utilities should take the initiative. The expertise ofi

! professional personnel or organizations should be well utilized in
l the utility programs. The chairman looks forward to further
'

rsports on the results of actual utilization of methodologies on
the actual nuclear power plant crew training. l

.
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