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VIEW FROM THE TOP

William 0. Parker, Jr.

ABSTRACT

This paper presents a manager's view of current train-
ing issues in the commercial nuclear power industry along
with discussion of their impact on day to day operations.
Major issues include limited sources of trainable personnel,
increasing regulations and the need for training program
optimization. Comments on possible solutions are included.
The paper concludes with a discussion of the Duke Power
Company approach to issues identified.

Since the last training symposium in Gatlinburg, the industry has

accumulated approximately 260 more unit years of experience in the

operation of nuclear stations. Thankfully, many of the problems dis-

cussed at the last meeting have been satisfactorily resolved. However,

some of the old ones still remain and several new and different ones

have apt)eared. Some of the more pressing training problems facing the

industry today include:

• The lack of a dependable and qualified source of trainable

personnel for new and existing nuclear facilities.

• Increasing regulatory involvement in pre-start and daily

operation of nuclear facilities.

• The need for more effective ways to maximize return on

dollars invested in training.

The discussion will focus on these major issues. Each will be

discussed in detail and the paper concluded with a brief description

of the Duke Power Company approach to some of the related problems.

Second only in importance to increasing regulatory involvement

is the lack of a dependable source of pre-trained personnel. Although

the schools in many regions have developed excellent capabilities for

providing the background training necessary for nuclear involvement,

most utilities still must either provide the necessary training them-

selves or depend heavily on ex-military personnel or employees from

other utilities. The problem seems to be more prevalent at the craft



level but also exists to a lesser extent at the engineer/professional

level.

A recent article in "Nuclear Report" from the Washington office of

A1;S commented on the dime future for the nuclear engineering curriculum

and its inability to attract capable high school students. The article

identified the negative influence of many high school teachers as having

a strong deterrent effect. The article painted an even darker picture

for the graduate program, pointing to reduced enrollment with the majority

of those enrolled begin foreign nationals. While it is true that each

nuclear station will not require large numbers of graduate nuclear engi-

neers, it is reasonable to assume that little progress beyond the present

state of the art may be expected without the contribution of these graduate

students to R&D efforts by equipment manufacturers and others providing

specialized service to the industry. Should this trend continue it may

he necessary for industry to provide additional scholarships or other

attractive incentives for students to continue through the graduate level.

In addition, industry must increase its efforts to instill a more positive

attitude in those secondary school teachers affecting the thinking of

potential nuclear engineering students during their formative years.

I believe that the local high school graduate represents the most

readily available and desirable source of personnel for generating station

requirements at the operator and technician level. Even though a sizable

training investment is necessary, the inherent work force stability more

than justifies the additional effort and expense. But for all of its

advantages, this source is not without its problems. Even those students

with the ability to learn the more difficult nuclear related subjects

often graduate from high school poorly prepared for an intensive industrial

training program. The permissive attitude of teachers and even some guid-

ance counselors coupled with apathetic parental attitudes have continued

to unrealistically de-emphasize the importance of mathematics, the sciences

and facility with the English language. Where social promotions are an

accepted practice in the schools, even the existence of a diploma may not

insure that the graduate can read, or do simple arithmetic operations.

These characteristics require the utility to eliminate major deficiencies



before continuting with other training.

The extent of the remedial program can be quite extensive especially

when trainees are low on the general intelligence component of selection

tests. This is strongly influenced by poor reading skills. It is esti-

mated that the time to provide basic training for high school graduates

in our service area is approximately 25% longer as a result of background

deficiencies in the basic skills. The overall time to train applicants

from this source is usually about twice as long as required for experi-

enced fossil station personnel or those with experience in the navy nuclear

program. Once background deficiencies are eliminated, the local high

school graduate usually completes formal training with reasonable success

and developes into a well qualified and productive employee.

Needless to say, applicants from this source must be carefully

screened to identify those with the ability to be trained in a reasonable

period of time. Obviously each utility must decide what is a reasonable

investment in terms of time and money. Development of tests to identify

ability at the desired level is an involved and expensive process, usually

requiring the services of a consultant familiar with the requirements of

applicable regulations and guidelines. The development of tests alone does

not close the file on this subject. Tests must be periodically revalidated

to insure that they are job related as required by law and the use of these

test continually monitored to insure that they are not contributing to

adverse impact on minority groups within the applicant population. This

within itself is a monumental bookkeeping task.

A recent issue of "Nations Business" estimated that the cost of regu-

lation for all industry in the United States is one hundred billion dollars

annually. Our industry certainly will continue to be burdened with a con-

siderable share of this additional expense. When one considers the addi-

tional initial employee expense alone, beginning with recruitment, testing,

background investigation, physical examinations, etc. and continuing with

often superflous and burdensome training requirements established by regu-

lations, it is easier to believe this twelve figure estimate. The increase

in staffing levels also contributes significantly to this amount.



Even those with unusual foresight could not have predicted the affect

of regulation on station and staff personnel. The Wash 1130 Report in

1973, estimated that over 25,000 employees, exclusive of headquarters staff,

would be required to operate the 180 units projected for 1982. This

estimate of about 140 per unit seemed high at the time. Yet today, the

staff of a three unit plant may approach six hundred people - about 200

employees per unit. The two unit plant staff has also increased propor-

tionately. Experience has shown that the industry was somewhat unrealistic

in its early estimates of station personnel. Before reaching more realis-

tic levels, some difficulty was experienced with detailed compliance with

existing regulations. This brought about even more regulatory input and

control.

During the early years of commercial nuclear plants it was desirable,

and even necessary, for the fledging industry to be given guidance in

training matters. But now most of the answers to the basic questions are

well known. In addition, adequate knowledge, experience and expertise to

solve most of our problems now exist in the power industry. I believe

that the industry is now far enough along the learning curve to make

intelligent decisions as to what, how and the. extent of training that is

necessary to insure the safety and health of the public.

I do not question the desirability of continued regulatory review

and audit, but seriously question the necessity for the training overkill

illustrated by recent regulations concerning security force training.

The sheer volume of paperwork associated with the new security training

program is astounding. The detailed descriptions of the elements, tasks

and measures as well as cross references and other requirements contained

in this bulk, suggest that the industry has no idea of what is necessary

to secure our facilities, much less how these guards should be trained,

their qualifications upon completion of training, or how they should be

deployed. Should it be necessary to delineate the training of a reactor

operator in such detail, it would take many years to develop the program

and qualify one operating crew.

In this instance, as well as others, industry input seems to have

been largely ignored. Even when industry input is solicited, the time



for review and comment is usually so short that intensive review and

comment is impossible without a crash program. Sven though such effort

may seem futile, it is necessary that we provide as much feedback as

possible to assist those developing the regulations to chooose the most

effective alternatives. Needless to say, it is indeed foolish to wait

for the regulation to be issued rather than come to grips with a problem

when it arises.

The Occupational Safety and Health Act is an excellent (xample of

what can happen when some reasonable solution to a problem is not pursued

with the nessary effort and resources. As you will recall, industry in

general was well aware of the requirements for an effective safety program

prior to OSHA, but for whatever reasons, allowed accident rates to con-

tinue to rise. When national statistics reached alarming proportions, the

regulators stepped in and developed a program for us, without consideration

of cost or other pertient factors, and made it the law of the land.

To conclude this topic, I believe that it is now appropriate and

desirable for the industry to assume a more active role in managing its

affairs. We have as much judgement and more experience that those

responsible for regulation and certainly are in a better position to insure

that necessary requirements are fulfilled. As long as the industry is

susceptible to a "divide and conquer" strategy it is reasonable to assume

that unnecessary requiremetns will continue.

With training already consuming as much as 15% of the manhours spent

in the nuclear station, and more predicted for the future, we must continue

to search for ways to optimize the entire training program. In addition to

more effective training methods, several other areas seem to offer oppor-

tunities for improvement. Two important areas include (1) the elimination

or reduction of peripheral material in trailing programs, and (2) more

definitive qualification standards for maintenance and other technicians.

I note from the program that a discussion of the subject "Nice to

Know" information will follow later in the day. Such peripheral material,

more often that not, does little to enhance the real effectiveness of the

craft training program, yet contributes significantly to increased training



time and other related expenses. Recently there seems to be a tendancy,

both on the part of trainers and the regulatory staff, to direct the

thrust of learning more toward the theoretical sr.de and less toward the

practical. Obviously it is necessary to provide adequate background

information to enable appropriate action in the variety of real work

situations, but, additional training for the sake of education is a

wasteful and unncessary practice. Money spent on unnecessary formal

training could be more productive if used to provide simulators, part

task trainers or other meaningful hands-on experiences directly related

to the work.

Closely related to the training program itself is the subject of

qualifications standards. Current standards for reactor operators are

well understood and most programs today develop and maintain operator

proficiency at a reasonable level. It is a realtively simple matter to

identify lack of operator training and its affect on plant operations.

The impact of poorly trained support personnel is much more difficult

to identify, yet may have an equal or greater affect on plant relia-

bility and production costs. I believe that the industry could best

help to improve its performance by a concerted effort to define appro-

priate industry training objectives for all other nuclear station sup-

port personnel. Such objectives should realistically establish the

desired terminal behavior of properly trained employees, thus enabling

each utility to develop and implement a training pgrogram effectively

accomplish its own objectives. This will require additional work on

the part of participating utilities but will be well worth the effort

and expense.

The following capsule descriptions of related training and

develpment components will serve to illustrate Duke Power Company's

approach to many of the issues identified:

1) Resource Planning - long range planning for new and replacement

personnel with a commitment Uc hire new trainees as needed to

complete formal training before initial plant assigment.



2) Initial Station Staff - planned transfer of experienced personnel

from existing stations tc provide a minimum experience base of

50%. Replacements for those transferred are taken from the basic

training program.

3) Prime Applicant Source - high school graudates from the general

area requiring replacements.

4) Selections Tests - development and use of validated entry level

tests for all classifications with provisions for ze-evalidation

and adverse impact monitoring.

5) Training Staff - a full time professional training staff reporting

to the Vice President of Steam Production. Centralized facilities

located near the geographic center of the service area.

6) Training Program - a centralized program providing basic training

for all entry level skills. Uniform formal training for generic

subjects and specific formal station training after initial

assignment. Advanced formal training for specific stations as

needed for higher level classifications.

7) On the Job Training (basic) - structured OJT for new trainees

after assignment to location. Training Task lists administered

by local supervision.

8) On the Job Training (advanced) - structured OJT for advanced

trainees after assignment to locations. Training Task lists

administered by local supervision.

9) New Station Staff Training - standardized formal training for

both experienced and non-experienced personnel. In house cold

license certification program for reactor operators. Special

vendor and other station specific requirements arranged by

staff group as needed.



10) Qualification Standards - tests and demonstrations based on Job

Analy.sis to indicate qualifications for each non-exempt classi-

fication. These tests and demonstrations are required in addition

to prescribed formal training. (To be implemented during 1979)

11) Special Subjects - commitment from department technical staff to

identify training requirements and to support in development and

implementation e£ training in their area of specialty.

12) Review aad Evaluation - review and evaluation of overall program

effectiveness by department technical staff. Ongoing internal

evaluation by training staff.

While these approaches may not be appropriate for everyone they have

been economical and effective for Duke Power Company's operations. I am

convinced that the industry has the knowledge and the experience to resolve

the remaining issues and in so doing to preserve the nuclear option.



THE IMPLICATIONS OP ANSI/AKS 3.1
197S ON THE NUCLEAR INDUSTRY

F. A. Palmer

ABSTRACT

This paper describes the revisions made to
ANSI Nl8.1-1971, "American National Standard -
Selection and Training of Nuclear Power Plant
Personnel" and the effect these revisions have on
staffing plans of utilities committed to the new
revision. ANSI rules require that all standards be
reviewed and updated periodically, and as a result
the ANS-3 Committee was charged with this responsi-
bility and started its work, in 1975. In order to
gain perspective for this effort, the circumstances
surrounding the development of the original standard
were reviewed and evaluated with respect to the
changes which had occurred in both the regulatory
area and plant design.

As a result of this effort, several changes
were made including:

1. Reorganization of the definition section
2. Changes in certain experience requirements
3. Increased credit allowance for certain experience
4. Provisions for use of apprentices
5. The addition of new positions and their experi-

ence requirements as a result of NRC required
Quality Assurance programs, couimitments to
regulatory guides and ANSI NI8.7-1976.

6. Improved guidance for "hot" and "cold" license
training

The financial impact of the additional experi-
ence requirements of this standard cannot be esti-
mated fairly since it will vary depending on the
licensee's source of personnel as well as the
participation of the operating plant staff in the
construction activities of the plant.
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The Committee review of the circumstances that existed

in 1971 indicated that the utility industry was embarking on

an unprecedented expansion into the commercial nuclear power

generation field based on the successful operating experience

of a relatively few nuclear plants of both BWR and PWR design.

Only 16 nuclear units were in service, however 96 additional

units had been announced. The availability of experienced

nuclear plant personnel to meet the needs of this expansion

program presented a challenge to the industry since existing

operating plants could not meet this demand. As a result,

consideration was given in ANSI 18.1 to personnel with experi-

ence gained at University reactors, government owned reactor

facilities, the Nuclear Navy ana fossil generating stations.

Personnel with this experience supplemented by nuclear power

plant training could be used to fulfill many of these new

demands, NI8.I-I97I5 developed on this basis, resulted in an

exceptionally good and practical standard, fully acceptable to

the AEC. During the four years in which N18.1-1971 was in

use, dramatic changes were occurring in the nuclear licensing

area; many new large nuclear stations were coming on line, and

increased public concern developed over new issues such as the

environmental impact of thermal pollution and land use as well

as releases of radioactive materials and the adequacy of core

cooling systems. As a result of these issues many new require-

ments were imposed on licensees and "backfitting" became a key

word in the industry. Quality Assurance programs and manda-
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tory environmental technical specifications were added to each

plant license. Technological advances in reactor core opera-

tions were developed to improve burn-up and reduce plant

investment in nuclear fuel to keep costr -own. As a result,

more sophisticated equipment was requireu to monitor core per-

formance measurements and tighter technical specification

limits were added. The knowledge needed by plant operating

and support personnel to manage and operate these plants had

grown by many orders of magnitude and the need for more train-

ing and "?rperience as well as the need for new job classifica-

tions was obvious. In the job market., more competition was

developing for the limited supply of experienced personnel

from the Nuclear Navy and other sources. As a result, new

sources of personnel had to be developed locally from existing

fossil plants, high schools., technical schools and

universities. In addition to this, the field experience with

N18.1 indicated that some clarification was needed for the use

of personnel in apprentice positions and definitions of

acceptable nuclear power plant experience. Expanded guidance

was also needed for employee qualifications, license training

and requalification programs and general employee training, in

order to meet new regulatory requirements, regulatory guides

and EEOC requirements.

The revised standard ANSI/ANS 3.1 1978 entitled

"American Standard for Selection and Training of Nuclear

Power Plant Personnel" was developed by the ANSI-3 Committee
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after serious consideration and inclusion of many industry

comments. In addition, all Nlo voting members' comments were

reviewed, appropriate changes made and all negative ballots

resolved as required by ANSI rules before this standard was

issued.

The Foreword in the new standard provides a brief summary

of changes made to certain sections. The sections containing

significant changes as well as the nature of the change are

described in the following paragraphs.

SECTION 2. DEFINITIONS

The first change made was in the Definition Section.

Definitions were rearranged in alphabetical order. A

"Nuclear Power Plant Experience" section was added to include

all experience requirements formerly included under old N18.1

Section 4.1. Since certain job classifications in the new

standard have increased experience requirements, the credit

allowed for license training programs Section 2(4) and on-the-

job training Section 2(5) was increased from one to two years

to take into consideration the additional training time needed

as a result of the increased sophistication and additional

systems, as well as the added technical specifications and

other regulatory requirements which must be learned by plant

personnel prior to receiving operator's licenses.

It is important to note that training programs a licensee

proposes for credit must be reviewed and accepted by the NRC.
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New definitions were also added for "off-site personnel"

and "owner organization".

SECTION 3.1 GENERAL

Section 3.1 "General" was modified to include a three

month limit on the time allowed for a position to be filled

temporarily by a person who does not meet the minimum require-

ments of a given position. The original provision was

included in N18.1 to cover circumstances of an emergency

nature in which a qualified person must be replaced. Use 01*

this provision requires documentation of the replacement

qualifications.

SECTION 3.2.4 OPERATORS - TECHNICIANS - MAINTENANCE PERSONNEL

This section has been expanded to allow the use of

apprentices qualified in particular skills since this was not

addressed in the original N18.1 Standard.

SECTION 4. QUALIFICATIONS

In Section 4 "Qualifications", appropriate subsections

contain an addition made to the sentence, "at the time of ini-

tial core loading or appointment to the position." The words

"whichever is later" were added to allow more time to accumu-

late credit toward meeting the specific qualifications.

SECTION 4.1 GENERAL

Section 4.1 now contains a reference to the ANS 3»4

Medical Certification Standard.
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In most cases throughout the qualifications section the

minimum experience requirement was changed to require such

experience at an operating >.A ilear power plant since this

represents the most desirable training area.

SECTION 4.2.4 TECHNICAL MANAGER

Section 4.2.4 "Technical Manager" was revised by changing

the "should" to "shall" for the eight years of experience; the

required nuclear power plant experience was increased from one

year to three years. These requirements were increased based

on the increased technical requirements imposed on nuclear

plants and the broad experience needed to supervise the varied

technical areas of his responsibility.

SECTION 4.3.1 SUPERVISORS REQUIRING NRC LICENSES

This section was revised by increasing the nuclear power

plant experience required from one year to two years and addi-

tionally requiring a licensed supervisor to have a minimum of

six months at the plant for which he seeks a license. These

changes were based on the need for increased training and

experience as a result of the increased technical requirements

and added systems installed in new plants.

SECTION 4.4.1 REACTOR ENGINEERING

The qualifications in Section 4.4.1, "Reactor Engineer-

ing", were increased from two years to four years due to the

significant changes that have taken place in the technical

aspects of core management, reduced thermal limits and sophis-

tication of equipment installed to measure core performance.
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However} credit of one year is now allowed for a masters

degree and one year credit is allowed for satisfactory comple-

tion of the reactor vendors nuclear engineering training

program.

SECTION 4.4.2 INSTRUMENTATION AND CONTROL

In Section 4.4.2 "Instrumentation and Control" the six

month minimum experience in nuclear instrumentation and con-

trol was increased to one yea.r and this experience must be at

an operating nuclear power plant. The number of instruments

in a modern 1000 MW plant h.ive at least doubled in number

compared to the 500-800 MW plants designed in the late 60's

and the technology of equipment design has changed primarily

from mechanical to electrical and electronic.

SECTION 4.4.3 CHEMISTRY AND RADIOCHEMISTRY

The experience requirement of Section 4.4.3 was changed

to require the one year experience at an operating nuclear

power plant and the title of this section was changed to

include both chemistry and radiochemistry.

SECTION 4.4.4 RADIATION PROTECTION

This section was revised to be consistent with Regulatory

Guide 1.8 with the exception that licensees with several

nuclear plants need only have one person in their organization

who meets the maximum requirement and then responsible indi-

viduals assigned to each plant need only meet the requirements

set forth in the original 18.1 Standard.
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SECTION 4.4.5 QUALITY ASSURANCE

This is a new job classification added due to the Quality

Assurance Programs now required by licensees. Requirements

for quality control personnel were not included in this revi-

sion due to the diversified nature in which Quality Assurance

is implemented throughout the industry.

SECTION 4.5 OPERATOR - TECHNICIAN - MAINTENANCE PERSONNEL

Provisions were added in this section for the use of

apprentices and individuals in training positions in perform-

ing work for which qualification has been demonstrated.

SECTION 4.5.1 OPERATORS

A requirement was added such that at least six months of

the nuclear experience shall be at the plant for which he

seeks a license unless his nuclear experience was acquired on

a similar unit. This provision was added to clarify the cir-

cumstances (1) in which a person licensed on one type of plant

is transferred to a licensed position in another plant or

(2) in which a qualified person is hired off the street to

fill a licensed position.

The paragraph in N18.1 describing interviews and examina-

tions as part of the selection process was omitted from the

new standard since EEOC regulations must be followed when

using certain examinations as a part of a job selection

process.
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SECTION 4.5.2 TECHNICIANS

The experience requirements were increased to three

years in order to be consistent with those of maintenance

personnel. Personnel in both classifications perform mainte-

nance and depending on work classifications in particular

organizations, personnel performing instrument maintenance

and calibrations may be classified as either maintenance

personnel or technicians.

SECTION 4.7 INDEPENDENT REVIEW PERSONNEL

This is a new classification action that was added to

be consistent with the requirements of NI8.7 1976. This sec-

tion describes qualification requirements for personnel per-

forming independent reviews of operating activities regardless

of the vype of review organization used. The requirements for

the Supervisor of the independent review organization are

essentially the same as those of the plant manager. Other

members of this group must, meet the qualifications of "Staff

Specialists".

SECTION 4.7.2 STAFF SPECIALISTS

This section replaces N18.1 Section 4.6.2. The section

has been expanded significantly to describe requirements for

specialists in such fields as metallurgy, non-destructive

testing and radiological safety. Requirements include credit

for advanced degrees as well as a provision for personnel

without degrees with broad practical experience.
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SECTION 5. TRAINING

This entire section was reworked and expanded to provide

additional guidance to meet today's requirements in the train-

ing area. The section now includes a description of appli-

cable military service experience.

An appendix has been provided giving an example of a

typical NRC approved reactor operator training program.

CONCLUSIONS

The personnel qualifications established for each posi-

tion in this standard are based primarily on the judgment of

the ANS-3 Subcommittee members and comments received from

throughout the industry, as is the case in most standards

development. Since requirements of this type are controver-

sial in nature, each issue was thoroughly discussed and

evaluated over a three year period in an effort to produce a

Standard which would meet the needs and requirements of both

the Licensee and the NRC.

The implications of ANSI/MS 3.1 1978 on the nuclear

industry cannot be estimated fairly since it will vary depend-

ing on ttie licensee's source of personnel as well as the par-

ticipa ion of the operating plant staff in the construction

activities of the plant. If the operating staff is hired in

time to write all the preoperational tests, start-up tests^

quality assurance procedures, and the operating and mainte-

nance procedures and then participate in initial equipment

construction tests, system flushing, instrument calibrations
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and the preoperational and start-up tests programs, they will

acquire most of the experience needed to meet this standard

and the financial impact may windup on the positive side of

the ledger. The time frame considered here is four years?

before fuel loading depending on the number of people hired

and the hiring rate.

Maintenance personnel can also be brought in early to

perform special machine shop work in support of construction

activities. A'll of these tasks can be integrated with the

training program requirements to keep overall costs down

while developing capable people for the operating plant

staff.

Local personnel sources should be developed on a time

schedule to meet individual organizational requirements.

Techniques used by various owner organizations are available

in papers given at training conferences such as this or

directly through contact with an organization experienced in

nuclear station start-up and operation.
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U.S. NUCLEAR REGULATORY COMMISSION
LICENSE EXAMINATION RESULTS UPDATE"

1975 - 1978

J. J. Hoi man

INTRODUCTION AND BACKGROUND

In the two previous Symposia on Training of Nuclear Facility Personnel,

we presented papers discussing the results of examinations admin-

istered at Nuclear Power Plants during the periods of 1960 - 1970

and 1971 - 1974. Descriptions were included of the requirements for

the issuance of licenses to operators and senior operators and the

the types of examinations administered, as well as the examination

results.

At the first Symposium in 1971, the data developed from a review of

over 1200 power reactor examinations administered between 1960 and

1970 were presented. Analysis of the results was based on type of

license examination administered, examination category, age of

applicant, training received, education, and previous nuclear ex-

perience.

At the 1975 Symposium, we discussed the results of the over 1000

power reactor examinations given in the period 1971 through 1974.

We did not look at age, experience, education or training but did

present percentages of pass versus fail, reasons for denial and average



21

category grades.

In this paper, the results of examinations administered in the period

1975 through 1978 are presented. The information is from 1789 power

reactor examinations and is presented again on a percentage of pass

versus fail and the reasons for denial. In addition, a comparison

is made with the data from the previous periods.

The results of a survey recently completed by the Operator Licensing

Branch is also presented. The question asked was, "For what various

reasons do licensed individuals not renew their licenses?" The

period covered was July 1, 1975 to September 30, 1978, and included

529 reactor operators and 351 senior reactor operators who let their

licenses expire.

Finally, this paper addresses the role of licensed operators in

personnel errors committed at nuclear power plants and discusses the

impact, or lack of it, the operator requalification programs have

had on the error rates.

LICENSE APPLICATIONS AND EXAMINATIONS

Each applicant for an operator or senior operator license submits to

the Commission a signed application containing the information required

by 10 CFR Part 55, Operators' Licenses. In addition, an authorized

representative of the facility licensee at the facility where the
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applicant seeks a license must certify that the applicant has a need for

the license, that he has successfully completed a training program

(supplying the details of such) and that he has learned to operate the

controls of the reactor in a safe and competent manner. A report of

medical examination of the applicant on a NRC form must also be submitted.

10 CFR Part 55.11 states that "an application for a license pursuant to

the regulations in this part will be approved if the Commission finds

that": among other things, "the applicant has passed a written examina-

tion and operating test as may be prescribed by the Commission to deter-

mine that he has learned to operate and, in the case of a senior operator,

to operate and to direct the licensed activities of licensed operators

in a competent and safe manner."

The written examination for reactor operator consists of seven categories

and generally requires six to eight hours to complete. Comprised mostly

of essay type questions with perhaps several sketches and calculations

required, the seven categories on the operator examination are:

a. Principles of Reactor Operation

b. Features of Facility Design

c. General Operating Characteristics

d. Instrumentation and Controls

e. Safety and Emergency Systems

f. Standard and Emergency Operating Procedures

g. Radiation Control and Safety
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The written examination administered for senior reactor operator consists

of the same seven categories administered to the reactor operator plus an

additional five categories. Approximately four to six hours are required

to complete the five senior categories, which are:

h. Reactor Theory

i. Radioactive Materials Handling, Disposal and Hazards

j. Specific Operating Characteristics

k. Fuel Handling and Core Parameters

1. Administrative Procedures, Controls and Limitations

Following the written examinations, the applicants are administered an

operating (oral) examination. The operating tests administered to appli-

cants for both types of licenses are generally similar in scope. What

sets the two apart, primarily, is that the senior operator candidate

is questioned much more closely on knowledge of administrative controls

and technical specifications and their bases. The senior operator is

also expected to display a greater knowledge of reactor theory and core

characteristics.

A typical operating examination for a reactor operator or senior reactor

operator license lasts approximately 4-6 hours. The examination includes

a discussion period, a tour of the plant and in-depth questioning of the

applicant's knowledge of the controls and instrumentation in the control

room. The scope of the operating examination is the same for both opera-

tor and senior operator applicants, except that the senior operator is

expected to answer questions as though he were the operator's supervisor.
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Three types of applications are received:

1. An application for an operator license. These applicants are normal-

ly administered a written examination and operating test.

2. An application for a senior operator license from an individual who

presently holds an operator license at the facility. These applicants

normally are administered only the five part senior written examina-

tion.

3. An application for a senior operator license from an individual who

does not hold an operator license at the facility. Normally, these

individuals are administered the seven part operator and five part

senior operator written examination and the operating test.

EXAMINATION RESULTS

The following discussion presents the results of examinations administered

at nuclear power plants to 852 operator applicants and 937 senior operator

applicants.

Tables 1 through 3 contain the examination results and reflect the aver-

age performance of all applicants during the period 1975 through 1978.

In the cases where denials were issued, the reasons for the denials are

given.
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The examination results indicate that of the 852 operator license appli-

cants, 754 (88.5%) were issued licenses and 98 (11.5%) were denied. Of

the 98 operator license applicants who were denied, 43 (43.9%) failed both

the written and the oral portions of the examination. Eighteen (18.4%)

failed the written portion only and 37 (37.7%) failed the oral portion

only.

Although not tabulated for this paper, average grades on the written exam-

inations followed the same trend noted in the two previous surveys. For

those who received a license, the average grade was approximately 80%.

For those who failed the written examination, the average grade was ap-

proximately 63%.

Of the 377 senior operator applicants who previously held reactor operator

licenses, Table 2 shows that 340 (90,2%) received licenses and 37 (9.8%)

were denied. Most upgrade senior operators are administered only the

senior written examination. Hence, of those denied, 31 (83.8%) failed

written only. Four (10.8%) failed both written and oral and 2 (5.4%)

failed the oral portion only. As is the case with operators, the average

grade of those who were licensed was approximately 80%.

There were 5o0 applications for senior operator from individuals not pre-

viously licensed. Table 3 shows that 497 (88.8%) were licensed and 63

(11.2%) were denied. Of the 63 who were denied, 22 (34.9%) failed both

the written and oral examinations. Ten (15.9%) failed the written exam-

ination only and 31 (49.2%) failed the oral portion only.
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It should be noted that 53 (84.1%) of these 63 applicants who were denied

failed the oral portion of the examination. One reason is that many are

staff engineers who are given inadequate time in the plant and control

room during the their training period.

It should also be noted that many senior applicants who are denied, meet

the qualifications and are issued a license for reactor operator.

COMPARISON WITH PREVIOUS SURVEYS

Comparing the results of the most recent examinations with the results

from the two previous surveys presents an encouraging picture. It appears

that even as the plants have grown in size and the controls and instru-

mentation have become more complex, the training programs have kept pace.

Table 4 presents historical data on operator applicants for the three per-

iods of interest. The success rate has grown from 83.4% for the 1960 -

1970 period to 88.5% for the 1975 - 1978 period.

Table 5 shows the reasons for denials by percent. It indicates an upward

trend in the number of denials based on the oral examination only.

Table 6 gives the data for senior operator applicants who held an oper-

ator's license at the time of application. Again, the trend indicated is

encouraging. No comparison data is presented on denial categories be-

cause they were not kept for the previous periods.
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Table 7 presents the data for senior operator applicants who were not

previously licensed. A 10% increase in overall success rate took place

between 1970 and 1978, evidence of the improvements that have occurred

in training programs and techniques.

Table 8, however, shows a disturbing shift in the reasons for failure.

From 32.4% in the 1960 - 1970 period, the latest period shows almost half

(49.2%) of those denied are passing the written examination but failing

the oral. Overall, 84.1% of the denials are based solely or in part on

the oral examinations. The NRC has made a conscientious effort over the

years to make the examinations more practical. It appears that in this

aspect, the training programs are not keeping up.

REASONS THAT LICENSES ARE ALLOWED TO EXPIRE

We, in the Operator Licensing Branch, have been very aware of the in-

creased rate at which applications have been received over the past few

years. One would think that this would result in greatly increasing

numbers of active licenses; yet, such is not the case. We keep records

of the total number of licenses in effect on a monthly basis and recog-

nize that the growth in that number is not keeping pace with the growth

in applications.

Consequently, we asked ourselves the following questions:

1. How many licenses expire in a given time period?
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2. For what reason are the licenses allowed to expire?

We chose July 1, 1975 to September 30, 1978 as the period of interest

and followed up on 529 reactor operators and 351 senior reactor opera-

tors who allowed their licenses to expire within that time frame. Tables

9 and 10 present the results of the survey.

Table 9 clearly shows that the majority of the reactor operators who let

their licenses expire do so because they have upgraded to senior operator.

That was expected.

One out of five of the operators remain with the utililty in some capac-

ity. In a utility with more than one nuclear plant, it is quite common

for an operator from one station to become a senior operator at another

station in the system, in which case his first license expires. In addi-

tion, it is not uncommon to find ex-operators in the chemistry, health

physics and instrumentation and control groups onsite.

The fact that just over 10% leave the utility, for jobs with other util-

ities, vendors or consulting firms, seems to indicate that this is not as

great a problem, at least at the operator level, as was expected.

The number of operators who leave the industry completely does not seem

extraordinary. However, we have no base line data to tell us whether

this number is increasing, as has been suggested, as a result of the

imposition of requalification programs, security programs or other
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additional administrative requirements. We expect to keep data in the

future to determine if trends are developing.

The picture changes significantly when looking at the senior operators

whose licenses expire. Table 10 shows us that one out of two licensed

senior operators will move to some other capacity with the utility. The

survey indicated that for the majority, three routes are taken. Many

are moved to a staff position not requiring a license. Others are trans-

ferred to the home office of the utility. For a utility with more than

one nuclear station, most are transferred to the new plants. Few return

to non-nuclear facilities.

Although the services of these highly trained individuals are not lost to

the utility, it does represent a challenge to keep the original station

staffed with qualified senior operators.

Of even more significance than the foregoing is the fact that for each

individual staying with the utility, one senior operator is leaving for

some other opportunity in the industry. By far, the majority of those

move to other utilities where the opportunity for advancement is perceived

to be greater or they move because of geographic desirability. The

vendors and consulting firms take their share. More than a few NRC employ-

ees are ex-senior operators.

If there is any importance to be placed on this, it is that the utilities

must recognize that a great many of the people they are training, they are
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doing so for someone else. Hence, future manpower projections need to

take this into account in order to prevent being undermanned at the senior

operator level.

LICENSED PERSONNEL ERROR

In June of 1974, six months after the imposition of the requirements for

operator requalification programs, we presented a paper at the annual ANS

meeting which discussed those programs. In it we said, among other things,

"We anticipate that through the implementation of operator requalification

programs, we will, over the next few years, see a significant decrease

both in the incidence and severity of abnormal occurrences associated

with operator error."

In order to determine if our expectations were being met, we began that

June to keep track of the number of Licensee Event Reports which assigned

personnel error ^s the cause. As best we could determine those involved

personnel who were licensed, we fully anticipated seeing a continued

downward trend in their error rate. Alas, such has not been the case.

There did, over the first several years, appear to be a slight improve-

ment in licensed personnel error rates. Averaged over each year from

1974, the percent of all event reports attributed to licensed operator

error declined from 6.5% to 5.15%. However, recently the trend seems to

have reversed itself.
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Figure 1, Percent of Licensee Event Reports, shows a bar graph of the

last six months of 1977 and the first eleven months of 1978. The appar-

ent reversal in trend early in 1978 is disturbing.

One explanation may be that around the end cf 1977, beginning of 1978

new reporting requirements went into effect requiring more specific

identification of the cause of the event. In the case of personnel errors,

subcodes were required to identify licensed operator versus non-licensed

personnel errors. Prior to that we had to guess whether licensed persons

were involved. It could be that we underestimated their involvement. Now

that the utility identifies the individuals involved, we may be getting

a truer picture.

Nonetheless, the Licensee Event Reports cannot be held up as evidence

that the requalification programs have been effective.

Since most of the errors assigned to licensed personnel involve violations

of administrative and procedural controls, it may be that requalirication

program emphasis may have to be shifted. We will continue to monitor this

in the future. We would welcome any comments or suggestions from the in-

dustry about ways to improve the requalification programs along these lines.

The overall rate of personnel error is too high. There is no justifica-

tion for complacency when almost one out of five reported events is caused

by human error. We believe increased emphasis should be placed on the

training and qualifications of non-licensed personnel in an attempt to
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to reduce the overall error rate. We trust you have corresponding

beliefs and will work with us to achieve those ends.
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TABLE 1

NRC EXAMINATION RESULTS

POWER REACTOR OPERATOR APPLICANTS

1975 - 1978

APPLICANTS

LICENSED

DENIED

NUMBER

852

754

98

100

88.5

11.5

DENIALS

NUMBER

TOTAL

FAILED WRITTEN

AND ORAL

FAILED WRITTEN ONLY

FAILED ORAL ONLY

98

43

18

37

100

43.9

18.4

37.7
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TABLE 2

NRC EXAMINATION RESULTS

POWER REACTOR SENIOR OPERATOR APPLICANTS

PREVIOUSLY LICENSED OPERATORS AT THE FACILITY

1975 - 1978

APPLICANTS

LICENSED

DENIED

NUMBER

377

340

37

100

90.2

9.8

DENIALS

TOTAL

FAILED WRITTEN

AND ORAL

FAILED WRITTEN ONLY

FAILED ORAL ONLY

NUMBER

37

4

31

100

10.8

83.8

5.4



35

TABLE 3

NRC EXAMINATION RESULTS

POWER REACTOR SENIOR OPERATOR APPLICANTS

INITIAL APPLICATION

1975 - 1978

APPLICANTS

LICENSED

DENIED

NUMBER

560

497

63

100

88.8

11.2

DENIALS

TOTAL

FAILED WRITTEN

AND ORAL

FAILED WRITTEN ONLY

FAILED ORAL ONLY

NUMBER

63

22

10

31

100

34.9

15.9

"•9.2



36

TABLE 4

NRC EXAMINATION RESULTS

OPERATOR APPLICANTS

COMPARISON DATA

APPLICANTS

LICENSED

DENIED

NUMBER

1960-1970

668

557

111

1971-1974

438

371

67

1975-1978

852

754

98

PERCENT

APPLICANTS

LICENSED

DENIED

100

83.4

16.6

100

84.8

15.2

100

88.5

11.5
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TABLE 5

NRC EXAMINATION RESULTS

OPERATOR APPLICANTS

COMPARISON DATA

DENIALS BY PERCENT

1960-1970 1971-1974 1975-1978

FAILED WRITTEN AND 26.1 50.8 43.9

ORAL

FAILED WRITTEN ONLY 46.9 16.3 18.4

FAILED ORAL ONLY 27.0 32.0 37.7
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TABLE 6

NRC EXAMINATION RESULTS

SENIOR OPERATOR APPLICANTS

PREVIOUSLY LICENSED OPERATORS

COMPARISON DATA

APPLICANTS

LICENSED

DENIED

NUMBER

1960-1970

196

174

22

1971-1974

154

130

24

1975-1978

377

340

37

PERCENT

APPLICANTS

LICENSED

DENIED

100

88.8

11.2

100

84.3

15.7

100

90.2

9.8
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TABLE 7

NRC EXAMINATION RESULTS

SENIOR OPERATOR APPLICANTS

INITIAL APPLICATIONS

COMPARISON DATA

APPLICANTS

LICENSED

DENIED

NUMBER

1960-1970

337

266

71

1971-1974

429

343

86

1975-1978

560

497

63

PERCENT

APPLICANTS

LICENSED

DENIED

100

78.9

21.1

100

80.1

19.9

100

88.8

11.2
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TABLE 8

NRC EXAMINATION RESULTS

SENIOR OPERATOR APPLICANTS

INITIAL APPLICATION

COMPARISON DATA

DENIALS BY PERCENT

1960-1970 1971-1974 1975-1978

FAILED WRITTEN AND 38.0 46.5 34.9

ORAL

FAILED WRITTEN ONLY 29.6 22.1 15.9

FAILED ORAL ONLY 32.4 31.4 49.2
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TABLE 9

REACTOR OPERATOR LICENSES WHICH EXPIRED

JULY 1, 1975 - SEPTEMBER 30, 1978

NUMBER %

1. TOTAL 529 100

2. STILL WITH UTILITY (NON-LICENSED CAPACITY 114 21.6

OR AT ANOTHER NUCLEAR FACILITY)

3. LEFT UTILITY (STILL IN INDUSTRY) 57 10.8

4. LEFT INDUSTRY 24 4.5

5. DECEASED 4 0.7

6. RETIRED 2 0.3

7. UPGRADED TO SENIOR OPERATOR 328 62.0



42

TABLE 10

SENIOR OPERATOR LICENSES WHICH EXPIRED

JULY 1, 1975 - SEPTEMBER 30, 1978

NUMBER %

1. TOTAL 351 100

2. STILL WITH UTILITY (NON-LICENSED CAPACITY 165 47.0

OR AT ANOTHER NUCLEAR FACILITY)

3. LEFT UTILITY (STILL IN INDUSTRY) 155 44.2

4. LEFT INDUSTRY 18 5.1

5. DECEASED 3 0.8

6. RETIRED 10 2.8
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TOTAL PERSONNEL ERROR

LICENSED PERSONNEL ERROR

J A S O N D J F M A M J J A S O N

FIGURE 1. PERCENT OF LICENSEE EVENT REPORTS
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DEVELOPING CONTROL ROOM OPERATOR
SELECTION PROCEDURES

Michael J. Bosshardt
David A. Bownas

ABSTRACT

PDRI is performing a two-year study to identify
the tasks performed and attributes required in electric
power generating plant operating jobs, and focusing on
the control room operator position. Approximately 65
investor-owned utilities are participating in the study.

We are beginning with detailed job analyses to
determine what tasks are performed by operators in
nuclear, hydroelectric, and fossil fuel plants, including
coal, gas, and oil fired steam plants, and internal
combustion and combined cycle units. We are also
identifying the abilities and attributes operator
candidates must possess in order to function effectively
throughout the operations career chain, eventually as
control room operators. These attributes include the
emotional characteristics stressed by the NRC. We are
developing or selecting paper-and-penci1 tests to
measure as many of these attributes as possible, and we
are asking people very familiar with power plant operations
to help estimate how much each such ability or attribute
contributes to several specific areas, components, or
dimensions of performance. The resulting matrix of
attribute-performance contributions will tell us how to
weigfu each test to predict both the individual component
performance, and the overall effectiveness of each
operator candidate.

Having developed this conceptual model of operator
performance and contributing abilities and attributes,
we will carry out an empirical validation study to
assess how accurately the test system actually predicts
performance. We will administer the experimental test
battery to approximately ^000 operators (including all
levels from apprentices to journeyman control room
operators) from all participating companies, and we
will compare test scores with measures of each operator's
performance to validate the tests.

We are developing or obtaining several performance
measures for each performance component, including
rating scales to be completed by operators' supervisors,
indices of training performance, and company information
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on attendance, tardiness, turnover, etc. Two major
performance measures are being developed by General
Physics Corporation. They are designing standardized
simulator exercises to be administered to approximately
200 operators and trainees from the participating
companies, so that standard, objective measures of
technical control room performance will be available
for this group. In addition, General Physics is
preparing a pool of technical knowledge test items
covering principles of electric generation and distribution,
steam/turbine systems, boiler operation, and atomic
theory and nuclear core operation. These test items
will be used to evaluate the initial or requalification
training performance of the 200 operators who will, be
utilizing General Physics' facilities. Appropriate
samples of the tests will also be administered to the
remaining operators in our validation sample to allow
us to evaluate their technical performance.

When all these attribute and performance measures
have been administered, we will compare the two sets of
data to determine which tests are more predictive of
operator performance. Finally, we will develop a
system user's package which (a) describes the project
and the methods used to validate the test system; (b)
provides materials and instructions for evaluating
specific operator positions to ascertain which combination
of tests is most appropriate for each setting; and (c)
gives instructions for obtaining, administering, scoring,
and interpreting the indicated battery of tests.

INTRODUCTION

PDRI is conducting a systematic program of research into the

selection of power plant operators. The increasing technological

complexity of the operator's job activities, and the concomitant

burgeoning costs of training and potential costs of failure on

the job, make such research imperative. Industry-wide research,

in addition to offering a sufficiently large sample of incumbent

operators to develop stable performance and test norms, presides

the opportunity to examine the impact of various "local conditions"

on the relationship between a selection test and performance.

Such local conditions including recruitment and training practices,
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technology, and company policies, must be considered before the

results of a validation study may be validly generalized to

plants or companies not included in the initial study. Thus, our

first proximal goal will be a thorough analysis of the operator's

job content and context in a variety of types of firms and

geographical locations.

Job performance is a complex variable, comprising many

different kinds of behavioral reactions to a variety of situations.

If a selection system is to be capable of accurately predicting

this multiplex construct, it must be based on an accurate measurement

of all the important aspect1, of proficiency. Thus, our second

intermediate research objective is to conceptualize as many

components of effectiveness as possible, and to measure each from

several vantage points to maximize predictive accuracy. These

include obtaining measures of performance in both formal and on-

the-job training, of proficiency in licensing or other examinations

administered by external agencies, of supervisors' perceptions of

job proficiency, of current technical job knowledge, and of

emotional factors or personal characteristics that can be shown

to contribute to job success.

The third intermediate goal is to develop brief, efficient

ways of evaluating individuals' potential for performance in each

of these areas. We are addressing this problem by selecting or

constructing objective measures of those knowledges, skills,

abilities, or other characteristics (KSAO's) which have a fair

probability of contributing to the various areas of proficiency.

These measures will be administered to samples of incumbents at

various leveis in the progression from applicant to journeyman

operator, and those measures which can be demonstrably linked to

performance in various of the criteria will be selected for

further consideration.

The ultimate research objective will be a total selection

system, which specifies the activities a company must take to
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identify applicants who possess the attributes required to learn

and perform competently given the existing pattern of local

conditions. The ideal will be an inexpensive and easily administered

system that obtains the maximum information about each candidate's

probable success in each facet of performance within the local

configuration of recruitment, training, and job demands. We have

designed the research project to meet the requirements of all

applicable government and professional standards for employee

selection procedures.

JOB ANALYSIS

To help coordinate the activities of the 66 participating

companies, PDRI is working through a national coordinator and

eight regional coordinators who oversee our progress and assist

in the event of problems. We are dealing primarily with one

company coordinator in each of the participating firms who is

responsible for arranging and coordinating all the manpower,

travel, and data collection activities within his or her company.

Literature Review

We began the project by reviewing published articles dealing

with power plant operator selection, and b> obtaining and reviewing

all the unpublished studies we could find. We also reviewed the

National Technical Information Service data base to identify

government-sponsored and military studies of relevant occupations,

although this yielded a meager catch. Finally, we are also

reviewing literature focusing on operator requirements in other

process or continuous flow industries. Several English research

groups have been investigating effectiveness in controlling

complex systems, and the kinds of skills that contribute to

success in controlling variable and interacting inputs to maintain""

a steady output level.

The results of this literature review will include suggestions

for innovative ways to quantify various facets of plant operator

effectiveness, potential sources of predictor measures likely to
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be related to performance, and a sound theoretical rationale for

developing hypotheses about predictor-criterion relationships.

The latter is, perhaps, the most valuable outcome for a construct-

validity-based selection system.

Site Visits and Company Descriptions

As the first step in studying power plant operator duties,

we obtained job descriptions for all plant operations positions,

and constructed a preliminary list of tasks performed by plant

operators in all the companies we are sampling. Next, we visited

two or more plants in each of ten of our larger companies.

During these visits, PDRI staff members performed six activities.

First, we observed operators in various kinds of plants in order

to form a general impression of the activities operators routinely

perform, and the conditions under which they work. Second, we

met with several operators and supervisors from different types

of plants to discuss the preliminary task list constructed from

the job descriptions. In these discussions we attempted to

eliminate incorrect or confusing terminology,, to split up hetero-

geneous task statements, and especially to identify important

tasks that were omitted from the preliminary list. Third, we

discussed some of the contextual factors which could affect job

ability requirements. These factors include geographic region,

company policies and practices (recruitment, training, supervision,

promotion), technological factors, shift schedule differences,

plant geographical remoteness and psychological isolation, and

other factors suggested by personnel specialists familiar with

the utility industry. Fourth, we discussed the KSAO's required

of operator applicants at the time of hire, and those developed

during training and apprenticeship. Fifth, we discussed different

types of operator failure, and the costs potentially associated

with each type, including training failure, failure to qualify

for required licenses, and inadequate job performance following

licensing and promotion. This information will form an incipient

rationale for the business necessity of rigorously screening
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operator candidates. Additional, more specific data focusing on

this problem wi11 be collected later. Finally, we met with

training personnel to discuss the types and scheduling of training

activities pursued by operator candidates.

Representatives from the remaining companies traveled to

Minneapolis in October and "^vember to discuss related issues.

These representatives typically included the company coordinators,

representatives of the training program, and plant managers with

direct experience in performing and supervising operator activities

in a variety of plant types.

Job Analysis Survey

FDRI iiced all this information to develop the following

materials:

. A checklist of specific tasks performed by operators in

various plants across all companies. This was used to

identify task similarities and differences across plant

types, across companies, and across geographical regions.

Tasks were rated for their frequency and criticality on the

job.

. A checklist or questionnaire which coordinators used to

describe the training, promotion, supervisory, and other

contextual practices characterizing their companies.

. A checklist of knowledges, skills, abilities, and other

characteristics potentially important for operator performance.

These inventories were mailed to approximately 2000 operators

including control room operators and lower-level operators from

each plant of each participating company.

The purpose of the job analysis survey is to determine what

activities control room operators perform on the job, what skills

are necessary to perform them, and how similar operator jobs are

across regions, companies, and types of plants. The ultimate

objective is either to conclude that all types of operators

require essentially the same types and levels of abilities
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(and hence, that the results of selection procedures developed

for this sample of plants are generalizable to operator positions

in other plants), or to identify those types or categories of

operator positions which are unique, and to develop procedures

for reliably determining to which type any new operator position

belongs. In short, we wish to identify the limits of the general-

izability of our validation results, so that the selection

system we develop can be applied both widely and appropriately to

facilities not included in our initial sample.

PERFORMANCE MEASUREMENT

One critical step in empirical validation is determining

which aspects of performance to measure. Global, overall performance

measures, although useful for many purposes, are especially

subject to measurement error, and provide no detailed information

about employee strong and weak points. It is preferable to

identify as many distinct aspects, components, or dimensions of

performance as possible, and to measure each of these dimensions

thoroughly and accurately. In the next step we will conduct a

series of workshops, interviews, and rating sessions to identify

the performance components which will define our criteria.

One set of criterion data will consist of supervisor ratings

of operators' proficiency in each criterion component. In order

to make these ratings as behaviorally based and as job related as

possible, we are developing "behaviorally anchored rating scales".

The rating scale for each performance component will include a

definition of the job behaviors that are to be considered in

evaluating an operator's proficiency, and the scale itself will

be illustrated by a series of examples of job behaviors that

operators have performed in the past which represent the entire

possible range of performance effectiveness. To construct these

scales, we will meet with groups of operators and supervisors

from different kinds of plants, and we will ask the groups to

write examples of things operators have done on the job that

represent inadequate, fully adequate, and superior levels of
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performance. After a series of validation ratings to eliminate

ambiguous and otherwise faulty examples, the remaining behaviors

will be ordered and arranged in rating scales to illustrate the

various possible effectiveness levels for each performance

component.

A subsequent series of workshops will be held to estimate

the potential costs associated with ineffective performance

levels. This information will be used to document the business

necessity of selecting plant operators who have the highest

probability of performing at the highest levels.

We will obtain several additional criterion measures, as

well as the supervisory ratings. First, where possible and with

the prior consent of the operators involved, we will obtain

copies of training course grades and test scores. For utilities

using standard training examinations developed by outside vendors,

we will be able to group and compare operators from a number of

companies. Second, we will obtain company information on absenteeism

and tardiness. Third, and perhaps most valuable, we will be

obtaining two types of criterion measures from General Physics

Corporation. In conjunction with their EPRI contract to develop

RWR, PWR, and fossil fuel simulators, General Physics has constructed

a set of standard simulator exercises which are being administered

to all operator trainees from companies participating in our

study that utilize General Physics' services at Soddy-Daisy. We

anticipate that about 200 operators from our sample will be

evaluated in the simulator by the spring of I98O. In addition,

General Physics is developing a written technical job knowledge

test, covering basic generating principles, thermal plant principles,

general nuclear theory, and specific PWR and BWR principles.

Test items will be chosen from this pool to be administered to

PWR, BWR, fossil fuel, and hydro plant operators during our major

data collection phase early in 1980.
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VALIDATION

Empirical validation is the process of evaluating selection

tests by collecting both test and performance data for a large

sample, and determining objectively how well the test scores

predict performance measures. In our study we hope to collect

predictor test scores and three types of performance data for

about 4000 current operators of various levels from entry-level

through control room operators. For 200 of these 4000 we will

have General Physics simulator scores. We will use this information

to identify which tests best predict various measures of operator

effectiveness, and to estimate how accurately the resulting test

battery will predict performance for new entry-level applicants.

The eventual result will be a packaged selection system including

(1) job analysis materials to evaluate the operator's job in any

given plant, and to determine which tests are most appropriate

for that job; (2) instructions for obtaining, administering, and

scoring the indicated tests; and (3) procedures for evaluating

the resulting test score distribution in terms of the likely

performance levels for each candidate, the possible range of

error in prediction, and an indication of the candidate's strong

and weak points, to allow for optimal placement and remedial

training.

PSYCHOLOGICAL SCREENING

One additional issue we will address is the problem of

screening nuclear plant operators for emotional stability. This

is an extremely difficult area, fraught with the dangers of

invasion of privacy, changes in operators' emotional state (for

better or for worse) throughout their careers, the impact of

occupational stress, and numerous other factors. There is even

some question about what factors the NRC will eventually decide

it wants and ?s willing to have evaluated. Pending the eventual

status of various of these contingencies, we are planning first

to enlist the aid of NRC personnel and operations managers from
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our nuclear-generating utilities to identify the ranges of

behaviors that are to be avoided. We will then meet with the

developers of some of the major psychological inventories being

used today to try to identify two score ranges across a variety

of tests. The first range will identify "normal" responders:

people who show no unusual or aberrant response patterns. The

other score range will identify candidates for further evaluation:

people who show some degree of unusual question responses, and

hence should be evaluated more intensively. The vast majority of

candidates will fall into the former group, and hence this two-

stage procedure should combine administrative and economic

feasibility for the utility company with a careful, thorough, and

fair evaluation for all candidates.

SCHEDULING

We began our project in June 1978, and are currently in the

process of analyzing our job analysis data. The entire job

analysis is scheduled for completion in fall of 1979, and the

empirical validation study should be finished by the end of I98O.

We hope and believe that this nationwide cooperative research

effort will represent an important advance toward more effective

selection and utilization of operating personnel in the electrical

generating industry.
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STRATEGIES FOR ORGANIZING TRAINING - CENTRALIZED OR DECENTRALIZED

Lawrence E. Kanous

ABSTRACT

Studies were conducted in The Detroit Fdison Company
for the purpose of determining effectiveness of training.
A systems approach from the corporate perspective was found
to be needed and worthwhile. At the conclusion of these
studies a decision was made to move in the direction of a
centralized vs decentralized organizational strategy for
training.

A fact which anyone who studies the electric utility business

quickly discovers is that it is a highly capital intensive enterprise.

Another fact, often overlooked, is that the business is also knowledge

and skill intensive as well, with higher ratios of jobs requiring

higher education and skill development per-capita than average.

A third fact is that, in terms of numbers of people employed,

the typical electric utility is best characterized as a small company.

Data from Moody's and Standard and Poors indicate that almost half of

the "top 100" companies have fewer than 3,000 employees. Perhaps

because of this, and their very wide geographical dispersion, there are

few public or privately owned training/education sources from which the

electric utility can hire people with the knowledge and skills required

for competent job performance. It is therefore necessary that thes

utility "train its own".

In the last couple of decades there has been a very significant

increase in the degree to which vhe operation of companies, the

performance of its employees, and from that, the effectiveness of the

training and development processes used by utilities to "train their

own" have been subject to scrutiny from agencies outside the companies.

We have seen more Management and Organizational Effectiveness Audits,
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Public Service Commission inquiries and mandated audits and, for those

involved with nuclear generation, audits by the Nuclear Regulatory

Commission. In addition, issues related to training and development

processes have been raised by other groups and agencies - OSHA, EEOC,

FOCC, EPA, NLRB, VA, BAT, Department of Buildings and Safety, etc.,

etc. All of these agencies suggest (requirej) systematic, orderly,

disciplined and documented training programs.

During this same period of time, the companies comprising the

industry have been characterized as strained financially due to the

effects of inflation, rising fuel and other costs, difficulty of

adjusting rates to reality, and the fact that incremental efficiencies

of generating equipment have been harder and more, costly to achieve.

It has been necessary to examine, very critically, the ways in which

companies "get the jobs done" and to find more cost effective processes

and procedures. In The Detroit Edison Company,employee training and

development processes and procedures were the subject of such a

critical examination. A basic premise of the study was that training

and development was to be examined and evaluated as a system rather

than as a collection of programs. The results of the "systems approach"

taken in this study allowed us to assess the relative merits of two

approaches to organization of training efforts: centralized and

decentralized.

It is useful to consider some of the factors or criteria upon which

the effectiveness of a training and development system can (should?)

be judged or evaluated irrespective of how it is organized. We

considered the following:

1. Cost effectiveness of delivery processes.

2. Cost effectiveness of design and development of new
programs or revisions to old ones.

3. Cost effectiveness of acquisition, maintenance, and
utilization of 1icensing-oriented facilities.

h. Ease of acquisition, development, maintenance, and
retention of qualified staff.

5. Ease of establishing means by which quality of output
is assured and controlled.
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6. Adaptability to changing needs.

7. Ability to discern, assess and incorporate appropriate
innovations in learning technology.

8. Effective utilization of staff, facilities and equipment.

9. Effective management, supervision and administration of
the system.

10. Reliable and consistent conformity to legal, regulatory,
company policy, labor-contractual and socio-political
goals and/or requirements.

11. Provision for job satisfaction and an appropriate career
path for properly motivated staff.

12. Effectiveness of methods cor assuring currency of staff
and materials.

13. Effectiveness of influencing other persons and organi-
zations whose work has an impact on the training and
development process, i.e., Equipment purchasing,
designers of new technical or administrative equip-
ment, systems and/or work procedures.

Ik. Effectiveness of liaison between other functions
which require Information from the training system,
i.e., Employment, Job and Position Evaluation, Wage
and Salary Administration, Organization Planning
and Development, Labor Relations, etc.

Consideration of this list perhaps makes our earlier remark that

we are concerned about the performance of training system(s) rather

than training programs more clear. This distinction and emphasis

we view as more than an exercise in semantics. It was found in our

studies to be crucial to a proper assessment of the strengths and

weaknesses of different strategies for organizing the training effort.

The value or "weighting" of these or any other criteria are relative

rather than absolute. Local circumstances will determine what weights

are appropriate as well as how they may be combined to produce an

overall "Figure of Mint". It is important that the evaluative criteria

be explicit, objective rather than impressionistic and, in our opinion,

be corporate based rather than individualistic. Our studies of training

effectiveness approached the problem in this way. As a result our

company moved, after 60 years of using an almost total decentralized

concept, to a more centralized one. We might therefore be considered
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biased toward centralization. We prefer to think that we moved to

centralization on the basis of careful, rational consideration of the

facts as we observed them and the consequences, for the company, of

those facts.

Let us turn now to what we found starting with staffing considerations.

It has been said that any organization, no matter what its form, is

only as good as the personnel who perform in it.

In a decentralized system trainers are typically recruited from

the ranks. They are journeyman performers of the tasks to be trained.

They usually have had no (and receive little) training in the skills

of or tne technologies of personnel development.

Often their assignment to training duties is considered temporary -

a "wiiy station" on the road to a supervisory or management position.

Sometimes persons are assigned to training duties as a result of

inability to perform adequately on the "firing lire". Such assignments

produced the old saw: "Those who can-do. Those who can't-teach."

Since no one would argue that this is proper, further comment is unnecessary.

On the plus side, training staff selected this way:

1. are usually intimately acquainted with the job tasks
and skills needed by the learners.

2. have a high degree of credibility with both learners
and the people the learners will work for and with.

3. are able to relate to the conditions (physical,
organizational, etc.) in which the learner will
use what s/he must learn.

k. may learn skills which are required or are useful
in other (non-training) positions.

On the negative side,

1. trainers are too often motivated in terms of their
own achievement and making sure that that is visible
rather than in terms of the achievement of trainees.

2. either turning over too frequently or being (or
feeling) "dead ended".
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3. tending to "accept" the work system (equipment,
procedures, organization, task allocations) of their
own plant, warehouse, department as "given" and
making few, if any, recommendations for improvement.
Often, if recommendations are made, they receive
scant attention since they are not perceived as
credible re such issues.

k. training staff tends to see its expertise (even
the technical content thereof) as being applicable
only to that organizational unit in which they grew
up and now work. Similarly, they tend not to see
expertise (and the products thereof) from outside
that boundary as applicable to their area. We
found a very strong NIH, NRH (not invented here,
not recognized here) phenomenon.

A centralized concept can address staffing questions differently

since its role and mission of development of trainees is primary.

1. Staff can be acquired who derive satisfaction
from the achievement of others. These achievers
will frequently attain levels of status and pay
well above that of those who trained them. For
the "right" kind of trainer, this is a source of
pride and sense of accomplishment rather than
demotivat ing.

2. Career paths, within the training organization, can
be developed which allow for growth, both pro-
fessional and economic, so that the staff does not
have to leave the profession to acquire desired
status and compensation.

3. Working as a part of an organization which focuses
on training for a variety of jobs in different
organizations allows regular opportunity to become
aware of communalities where they exist and alter-
native paths to common or similar objectives.

k. Since many of the skills which distinguish the
professional are applicable to many different
training problems, a centralized concept permits
better utilization.

5. A centralized function, by its very establishment
by the parent organization, is identified as having
certain responsibilities and capabilities. Because
of this other parts of the organization are likely
to seek counsel from and pay more attention to
counsel given by this staff than they are to that
given by an instructor not on that staff. This may
or may not be deserved. It does seem to be the case.



59

The centralized strategy has personnel problems inherent in it

which must be dealt with.

1. Credibility with the trainees and the organization(s)
which "sends" them must be established. It does not
naturally accrue.

2. A mechanism must be built in to insure that programs
and staff are kept up-to-date on changes which must
be reflected in programs.

3. Good communication links must be established to
insure that trainees are meeting the right objectives
and further so that their organization is kept informed
about their progress. In the decentralized strategy
such information passes almost informally over the
coffee cup or conference table. A decentralized
organization must invent ways and use them to pass
information.

k. The staff in a centralized system must be committed
to a "service orientation" in the fullest sense of
the phrase. The responsibiHty"for having trained
and qualified personnel in all the jobs belongs to
to the line organization where the trainees will
work. Developing a service commitment is a must;
it does not arise as naturally as in the decentralized
strategy.

5. The centralized strategy requires development of a
means for prioritizing its work. There are a great
many worthwhile activities which must compete for
the time and resources to get them done. The number
of tasks sometimes seems infinite; time and resources
are always limited. It is essential that a mechanism
be created wherein the people responsible for
identifying work needed to be done can participate
in the resource allocation process. As the priorities
shift the centralized staff must be flexible enough
and competent enough to move with them.

6. While the centralized organization often offers
higher paying (more desirable?) jobs to attract
qualified people to, it frequently requires a longer
time to get them filled.

I'd like to turn now to the cost effectiveness criteria. In de-

centralized systems these issues frequently are not addressed. It is

a rare trainer who can give, with any assurance, any indication of what

it costs to train a trainee, develop a course or program, revise an

existing one or how much ;he equipment and/or facilities are worth either

to acquire c: maintain. On the effectiveness side,if there is concern
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it is for how much time or effort is expended rather than how much

quality product is developed per unit time or dollar spent. Good data

are extremely difficult to come by. This comes about from two probable

causes.

1. The training costs are (seen as )a relatively small
proportion of the budget of the organization
supporting the service,, And,

2. There is an assumption (strongly held) that the more
time that trainees spend the better they are trained
or the more they know.

A centralized system cannot bury itself in a large parent. It is

a visible organizational entity. Except in very rare cases its budget,

facilities, etc., are subject to line item scrutiny and requires

frequent justification. On the effectiveness side of the equation

every client seems to pay greater attention and demands stronger proof

when "they did it" than he requires when "we did it".

From the corporate perspective from which our studies were conducted,

we observed that highly decentralized systems:

1. underutilized facilities.

2. underutilized staff.

3. underutilized equipment.

h. developed and used redundant programs and courses.

All of these to a greater degree than did centralized systems.

If one finds that important criteria are not of much concern to one

organizational strategy while for the other strategy does consistently

attend to them,then better results can be expected from the one which

does if another truism holds - i.e., "You get what you inspect not

what you expect".

On the issue of adaptability to changing needs, we found that

decentraiized systems were able to adapt better to changes at the level

of changed work processes, new equipment, etc., provided these were not

so radical as to require special or additional expertise on the part of

the trainers.,

Such systems tended to fare more poorly in adapting to changes which

are of greater significance to the corporation as a whole. Such changes
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as introduction of minorities and women into a historically Caucasian,

male work force, or utilizing trainee performance measures which will

withstand a court challenge, or providing definitive documentation

which properly describes actions taken in a labor-contractually required

arbitration proceeding.

Centralized systems seem to perform better on the latter types of

changes and as well, but more ponderously to the former.

The ideas and techniques of the discipline of Quality Control and

Assurance are newcomers to the scene in the electric utility industry.

Recognition of their value is growing as time passes and more experience

is gained. These ideas and techniques seem to me to be quite foreign

or: the training side of the house. Very few trainers or training managers

see these ideas and techniques having any relevance for the training

process itself. My belief is that as time passes this view will change.

At the time our studies were done we did not observe in any training

system in our company which devoted time and resources to formal QCsA

procedures applied to the training activity itself. There were programs

and "courses" being given to train engineers, technicians and others in

the principles and practices of this discipline.

In two programs, both of them training craft apprentices, there was

activity which might be classed as rudimentary QCSA. Both of the

programs were certified for veteran's benefits and hence were operating

under the guidelines of the Veteran's Administration for such programs.

One of them was overseen by a joint Union-Company Committee. In terms

of centralized or decentralized strategy,one of these programs I would

call weak centralized, the other more strongly centralized. Both had

been struggling with the central-decentral issue for a number of years.

Considering only the point of view of QC&A issues, the more strongly

centralized program seemed to be further along and doing the better job.

I am convinced that incorporation of these ideas and techniques will

be done with greater ease in centralized organizations rather than

decentralized ones.

Another criterion in our list had to do with the degree of reliability

and consistency with which the training system conforms to requirements
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and goals. On this issue centralized systems had a much superior track

record. My belief is that this is related to the fact that it is easier

to communicate what the standards, requirements and goals are to one

central function than it is to do the same to many groups. Further, it

is easier to hold that function accountable than it is for many. As

I mentioned at the beginning of this paper, I expect requirements and

goal setting to increase in the future and expect that this will force

consideration of organizational strategy into a position of greater

prominence and urgency.

In terms of the management, supervision and administration of the

system,our work did not show strong differences between the two strategies

with two exceptions. If you consider some of the topics addressed as

falling into the management area,then the centralized system was better.

On the administration side, especially on the issue of record

keeping and program documentation, the centralized systems were performing

better. Decentralized systems tended to regard records and documentation

as necessary evils upon which too little time was spent.

As noted earlier, two of our criteria dealt with interfaces between

organizations outside the training function whose work either significantly

affects that function or is affected by the performance of the training

function. Typically,there was little input from the training staff

vis a vis new work processes, equipment being designed and/or purchased.

Obviously these activities can have an enormous impact on the training

system. Sometimes wholly new training content and requirements are

introduced,while at the same time obsoleting large areas of skill and

knowledge existing in the work force. Organizations outside the utility

business have found it useful or even mandatory to require the partici-

pation of training experts very early in the design of new systems and

more or less continuously from them until the new system is brought

on-1ine.

Such participation at the least prevents the situation in which a

new piece of gear or procedure or whole system appears fully bought and

the training staff is required to "figure out" how to get the people

trained. When this occurs there is never sufficient lead time to develop
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and implement programs of training which are in fact required. At best,

such participation can help insure that the new systems are designed

with proper regard for the people who will be involved with them. It alsc

provides an opportunity for system designers and managers of that process

to become educated (a little) that training is a growth process not a

magical one and that time must be allotted in project schedules for its

accomplishment. My experience suggests that decentralized systems have

a much harder time getting their foot into this door; there are just too

many of them to get input from. Furthermore, (if they have been selected

as earlier indicated) their staff members will have difficulty in

establishing the credibility required to get on with the job.

Our observations indicate that many of the "other" functions which

need information from the training system experienced great difficulty

in getting it regularly and with the degree of consistency required.

They reported thai they had much greater success with what they called

"one-stop" service from the more centralized systems.

Finally, again related to their background and training, staff from

decentralized systems were poorly equipped to perform the function of

assessing the results of research on learning technology to determine

what if anything was relevant to their tasks. As a matter of fact, most

of them were (are?) blissfully ignorant that such work actually goes on.

Innovations were more often introduced on the basis of a catchy

advertising piece or the latest fad or gimmick. In my opinion, a

centralized system has more potential for adequately dealing with these

issues.

In conclusion, I believe strongly that in order to adequately solve

the kinds of problems which confront training today and will more so in

the future - changing trainee motivation, equal opportunity, women in

non-traditional jobs, technological growth and proliferation in its

application, continuing degradation in the quality of the trainees from

public education - a broad view of its role must be taken. Performance

against this broad view will be demanded. Provincialism simply will not

get the job done. Professionalism may.
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"NICE TO KNOW INFORMATION THAT HAS BECOME "NEED TO KNOW"

0. B. Robb

ABSTRACT

For years trainers have been asked to concern themselves only with
the information needed to perform a job and do it within safety require-
ments. In the radiation field, emphasis has also been placed on practi-
cal, "need-to-know" information. This must change. Due to recent ad-
verse publicity about radiation, workers need more facts to overcome
uncertainty or even fear of radiation. They need facts, not just to <to
the work safely, but to feel safe when they do the job correctly.

For the last year and a half, we've given the people in one depart-
ment at Pacific Northwest Laboratory considerably more information about
radiation than other departments normally receive. This department con-
sists of over 200 craft services people who frequently work in radiation
zones. So far, the extra training has shown a decrease in their fear of
radiation and their morale is higher.

INTRODUCTION

Management often seems to require maximum results with a minimum
amount of effort. Unfortunately, trainers have no bag of tricks to help
achieve this goal. Consequently, we take time to teach only need-to-
know information. Recent events, however, point to the need for a
change. An increase in the fear of radiation is appearing in our work-
ers. This apprehension comes from three causes:

First, the public has become more concerned with radiation. Recent
studies, such as the Mancuso Study, have raised doubts about the safety
of receiving any amount of radiation.

Second, sensationalism in the news has heightened this concern, be-
coming both a symptom and a cause of it. Problems are more newsworthy
than smooth operations. The number of accident-free days are seldom
reported, but many problems are. Radiation workers are influenced by
both public opinion and the news media.

The third cause is the natural fear we all have of the unknown;
and radiation is unfamiliar to most people.
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These fears result in problems that must be dealt with. We have done
so at Pacific Northwest Laboratory by providing more nice-to-know
information. This training program, the reasons for it, and the results
of a survey to determine its effectiveness are described below. Before
proceeding, however, I'll define three terms as we used them.

Need-to-know information is the practical and skills-oriented in-
formation a worker must have to do his job. Need-to-know information
could include the reasons for some actions, such as wearing protective
clothing to prevent contamination, but it would not include a descrip-
tion of contamination, nor how it can harm a person.
Examples: How to put on and take off protective clothing

How to use a survey meter
Nice-to-know information is not directly usable on the job; it is

not skills-oriented, but knowledge-oriented. This information increases
a worker's understanding of what he is working with, and why he does
work in certain ways. Nice-to-know information includes a description
of contamination and how it can cause damage to cells.
Examples: How radioactive atoms differ from stable atoms

Different types of radiation
How radiation interacts with tissue
The effects of different levels of radiation exposure on
human beings

TRAINING PROGRAM

At Pacific Northwest Laboratory, the management of the Craft
Services Department became especially concerned with staff work habits
in radiation zones. This department consists of about 200 workers in-
cluding carpenters, painters, janitors, pipefitters, plumbers, electri-
cians and instrument technicians. These people move from building to
building and work in many different radiation zones. Because of the
nature of the work, there is a high turnover rate. Not including tem-
porary hires, 70 new people were employed during the past year and a
half, which is more than one-third of the department's work force. With so
many new workers who had little or no radiation work experience, a
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large potential existed for safety problems. Normally, on-the-job

training with experienced workers is used to bring new hires up to

speed, but with so many new people this training method was neither

efficient, nor safe.

The effects of the concern about radiation became evident in this

large group of new hires:

• Workers were reluctant to work in radiation zones.

• They questioned what they were told to do in a zone.

• Some workers terminated.

• Others remained but were nervous.

• The safety of the exposure limits was questioned.

• Many questions came up about the Mancuso Study and the cancer

risk.

These effects added up to poor work habits and low morale.

At the time of this discovery, Crafts people received the standard

one-hour orientation given to all radiation workers. This course

met the minimum requirements for radiation safety training. It was

offered within two weeks of employment and covered mainly need-to-know

information which included how to wear protective clothing, dosimeter

badges, and how to do a personal survey. To improve work habits and

reduce the fear among the many new hires, we found we had to increase the

amount of training and address three areas:

• fear of radiation

• procedures for working with radiation

• radiation characteristics and effects.

Lack of knowledge about these last two items enhanced the fear. In

addition to the one-hour orientation, we started providing a three-hour

class for new hires. We offer it one to two months after employment

begins so the workers are familiar with their jobs. Then we can answer

questions about their work. The class is divided into three sections:

atomic physics, radiation, interactions, and units are covered in 50

minutes; biological effects are covered in 30-40 minutes; and procedures

are covered in 40 minutes. The rest of the time is spent answering

questions. The class provides much nice-to-know information.
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EFFECTIVENESS OF TRAINING PROGRAM

To determine the effectiveness of this class, we surveyed 70 new
hires - 39 responded. The survey covered mainly the workers' feelings
about radiation. Three questions from the survey fit together to re-
veal some interesting facts. We will discuss these and a few other
questions from the survey. The three questions that fit together were:
1. Howdidyou feel about working around radiation?
2. How did the class affect your feelings about working with radiation?
3. How long have you worked around radiation?

The first question covered a range of feelings, but all workers fit
into one of two categories: they were either "nervous or "at ease" around
radiation. Sixty-nine percent felt "at ease" and 31% felt "nervous" at the
time of the survey.

Table 1. Answers to Question 1, "How Did You
Feel About Working Around Radiation?"

Answer No. Workers (%)
At Ease 27 (69)
Nervous 12 (31)

Total 39 (100)

The second question asked workers if after the class they felt (1)
more comfortable and safe around radiation (2) more knowledgeable (3)
more worried, or (4) just the same. Eighty percent were favorably af-
fected, meaning they answered either more comfortable and safe, more
knowledgeable, or both. Most of these responded more comfortable (Table 2),

The third question dealt with the amount of time employees had
worked around radiation. Some interesting results were derived from the
answers to the first questions as compared with radiation work experi-
ence. We divided the workers into two groups: workers with less than
one years experience and workers with equal or more than one year's ex-
perience. (Hereafter, <1 year means inexperienced and * 1 year means ex-
perienced.)
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Table 2. Answers to Question 2 , "How Did the Class
Affect Your Feelings About Working with Radiation?"

Answer No. of Workers {%)
More Knowledgeable 10 (26)
More Comfortable 7 (18)
More Comfortable and - 54%w 80%

Knowledgeable 14 (36)-
Just the Same 8 (20)

Total 39 (100)

The first finding was that experienced workers were less fearful
of radiation. The people "at ease" had spent an average of 3.6 years
working with radiation. For the "nervous" workers, the average was 7
months.

Table 3. Concern About Radiation Versus Average Years Experience

Average No. of Years
Category of Radiation Work Experience

Nervous 7 months
< 1 yr (10 workers) 5.1 months
- 1 yr ( 2 worker) 1.5 years

At Ease 3.6 years

A second finding was that experienced workers were less affected
by the class than inexperienced workers. The attitudes of 68% of the
experienced people were changed favorably, while 90% of the inexperi-
enced workers' attitudes were favorably influenced (see last column
Table 4). As further evidence of this premise, all the "at ease"
workers who felt just the same before and after the class were very
experienced, having worked around radiation an average of seven years.
It appears new hires were most affected by the training (Table 5).

A third finding was that additional knowledge helped the inexperi-
ence workers feel more comfortable. Sixty percent of the inexperienced
workers responded both "more comfortable" and "more knowledgeable". Only
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16% of the experienced workers marked both. Apparently, the ex-
perienced, "at ease" workers already have enough knowledge to feel safe.
Their most prevalent answers were "more knowledgeable" or "just the
same" (see Table 4).

Table 4. Results Related to Length of
Time Persons Have Worked With Radiation

Length
of Time

< 1 yr

Choice*

More K
More C
More K
and C

Just the
Same

Total

More K
More C
More K
and C
Just the
Same

Total

Nervous TotalAt Ease
No. of Radia- No. of Radia- No. of Radiation
tion Workers tion Workers Workers (%)

•65%

100%

10

0

1

1

0

2

1

2

5

_2

10

8 (42)

3 (11) (
f 68

2 (16)J

_6 (31)

19

2 (10)"]
4 ( 2 0 ) /

{ 90%

12 (60)J

_2 (10)

20
*K = Knowledgeable and C = Comfortable

To determine which part of the class was most helpful (need-to-
know or nice-to-know information) we asked two questions: first, what
was remembered from the class and second, what information would be pre-
ferred in a retraining session. The results showed that both nice-to-know
and need-to-know information were equally important to the workers. How-
ever, the two respondents who said they were nervous before and after the
class specifically asked for more nice-to-know information.
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Table 5. Choice Versus Average Years of Radiation Experience

At Ease - Total 27 People

Choice
More Knowledgeable
More Comfortable
More Comfortable and

More Knowledgeable
Just the Same

No. of Workers
9
4

8
6

CONCLUSION

Average Years
Experience
1.7 years
1.8 years

5.4 months
7 years

From the results of our survey, we feel confident that the class

;is meeting existing needs of radiation workers. Over half of the
workers felt safer after the class and 80% felt safer or more knowledge-
able. Three-fourths of those who were nervous felt safer after the
class and most of the respondents requested an annual repeat of the
class.

Although concern and sometimes fear is present in our work-
ers, there are ways to overcome it. Providing workers with more
information, particularly what we call nice-to-know information, gives
them a basis from which to evaluate adverse publicity. With a basic
understanding of what radiation is and how to work with it, employees
not only do_ their work more safely, but they feel safe as well.
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STAFFING A TRAINING ORGANIZATION IN A

SINGLE UNIT NUCLEAR PLANT

J. M. Mau

ABSTRACT

Increased emphasis with total plant personnel training
must be considered to provide well-trained technicians,
maintenance personnel, engineers, and clerical support in
addition to plant operators.

This emphasis and management's commitment to meet these
objectives with limited resources and personnel from a single
unit nuclear facility will be discussed here. Items of
interest that are not unique, but should be shared by all
are:

1. Brief history of Rancho Seco's training organization.

2. Training philosophy; shifting emphasis from licensed
operator training to all station personnel training
and on-the-job training.

3. Training staff; background and desirable qualifi-
cations.

A. Use of contract personnel in training area past
and present.

5. Training problems.

6. Training objectives.

The task of defining training requirements for all personnel is

clearly delineated in several guides and documents including Sacramento

Municipal Utility District's Topographical Report Tl-76, "Operator

Training Program for NRC Hot License Candidates," and Administrative

Procedure 700, "Rancho Seco Personnel Training Program." How Rancho

Seco's training organization evolved from a designated training

coordinator to a fulltime training organization with its growing pains

to its present condition will be discussed here.
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HISTORY

SMUD is a very small nonprofit utility that made a decision to go

nuclear to provide for the energy needs of its customers and potential

growth.

Briefly and chronologically, staffing history for the training

organization and operating crew is:

Mid. 1969 - 6 Shift Supervisors and some engineers.

Jan. 1971 - Rest of cold license operating staff of Senior

Operators and Control Room Operators. Shift Super-

visor was designated as Training Coordinator (fulltime)

to set up a program of instruction to prepare all

cold license candidates for NRC license examination.

Aug. 1973 - Training Coordinator terminated to accept a position

outside the District. Another Shift Supervisor

replaced him. Emphasis was still on operator training.

Mid. 1976 - I was appointed as the second Training Coordinator,

one to continue license training and retraining

efforts and one to develop a nonlicense operator

training program with other collateral duties.

Jan. 1978 - Station Training Supervisor position was created with

overall responsibility for all station training and to

implement the Rancho Seco training program.

June 1978 - Acquired one Training Instructor.

Training organization growth shows:

Mid. 1969 - 6 Shift Supervisors and Engineers.

Jan. 1971 - Operating crew, Training Coordinator:

NRC license emphasis.

Mid. 1976 - Two Training Coordinators:

1. License Training,

2. Nonlicense training and other duties.

1977 - Training organization commitment.
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1978 - Training Supervisor.

June 1978 - Training Instructor:

Nonlicense.

INSTRUCTOR ACQUISITION

I was asked to put together a package to Personnel requesting two

instructors to help me meet the objectives of the training program soon

after I accepted the position of Training Supervisor. My request for

two instructors included Level I and Level II with salaries commensurate

with experience and knowledge. Level I was a lesser level, not requir-

ing knowledge for NRC license, but having a good background in all other

areas to carry out a training program to include health physics, fire

protection, systems and procedures, safety and safety procedures,

respiratory protection and nuclear power plant fundamentals—quite a

mouthful but he must be quite a knowledgeable person. A Level II

instructor should have sufficient knowledge and experience to hold, have

held or obtain an NRC license. This requirement would have taken into

account all of the Level I requirements with just a little added so that

he would have credibility in instructing Operators and Senior Operators.

Since these two levels required different experience and knowledge,

we asked for two different pay scales. With the request, the Personnel

Department performed a classification and pay review, but the review

was done on already existing non-nuclear training assignments within the

District and industry. The outcome of the salary review was substan-

tially different than suggested. As a result of this discrepancy and

after lengthy discussions, it was decided to fill these training

positions with lateral transfer opportunities.

In June, the positions were offered to two employees as lateral

transfer opportunities; one employee had extensive health physics back-

ground and another had previously held NRC senior operator license.

The Level I Instructor was released to training in early July and the

Level II Instructor has since terminated employment from the District.



TRAINING FACILITIES

Probably the biggest and perhaps the most important subject that

should be seriously considered by all is a training area. Rarcho Seco

has no one area that can be designated as a training area, only:

1. A make-shift warehouse storage room, initially used for the

cold licensing group, quite unsatisfactory because of an

inadequate heating and ventilation system, now used as an

electrical repair shop.

2. An Auxiliary Building conference room, adequate for occasional

training sessions of short duration or meetings, but poorly

located because it is directly two floors above the diesel

generator rooms. It seems like every time there is a training

session, the diesels must be tested for surveillance or some

other reason. The room is located directly across the hall

from the Control Room, which proves to be quite distracting

to the students because of the back-and-forth traffic through

the general area.

Any large (greater than 20) group of students places a great

strain on the heating and ventilation system. Seems like the

air conditioning goes out during the summer and the heating

system goes out during the winter.

Last, but not least, this room is also used as a lunchroom for

some of the Auxiliary Building personnel. It is unreasonable

to ask the workers to eat in the hot labs or always at their

desks, so this is a nice gathering place to pull tables

together, sit, eat and play a few games of cards. There are

always those who leave coffee cups, pop cans and sandwich bags

and who do not return the tables to classroom condition.

Classroom cleanup and preparation uses valuable training

time.
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3. An Administration Building conference room, very nice, ade-

quate ventilation for about 25 to 30 people, carpets, chalk-

board and screen. Again, this is a conference room, and

everyone and their sister haye a need for a conference room.

Even if it were reserved ahead of time, training could be

preempted because of more important conferences.

4. A construction building conference room, very small, may hold

10 people at the most, really just a large office, quite

unsatisfactory.

5. A contractor building, a temporary construction building that

is presently located outside the security fence, having one

large room that was used for the new power plant helpers

(entry lewl operators) orientation and during the recent

refueling outage to provide health physics and respiratory

training.

No furniture was available except some old broken chairs,

wooden benches and tables. We finally had to rent some good

tables and borrowed some chairs for the necessary training.

Because this building is outside the security fence and the

transient time to go through security back and forth plus the

distance, it is felt that this building is not a good place

to hold training sessions. But right now, it is the best

long-term training area choice because of remoteness, away

from traffic and plant noises.

If we look at the site plan as in Figure 1, we see little training

areas all over the place. The Training Division feels like a gypsy

group with no permanent home. Audio-r-visual equipment and other training

aids must be shuffled between buildings; instructors and trainees never

know where they are going to be. A new training-site document control-

lunchroom complex is slated for construction to begin July, 1979. This

• uilding will contain, for training purposes, two training rooms, office

^aces, individual study cubicles for private self-study, a storage room

tor audio-visual material and a library.
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What I'm trying to say is a training area should be planned so

that it:

1. Is capable of handling various-sized groups;

2. Is situated in an area to have the least possible distraction

from plant noises;

3. Has sufficient heating and ventilation for student comfort;

4. Can use visual aid effectively.

A planned training facility is necessary to provide a positive atmos-

phere that is conducive to learning.

TRAINING AIDS

Training aids, regardless of the type, must be used to their

maximum potential to provide the desired results. How an instructor

uses the training aids is a matter of technique and experience. With

limited monies and application, Rancho Seco has the following audio-

visual training equipment and would like to share our experience as

far as personal likes and dislikes.

Television

Rancho Seco initially purchased its own black and white television

camera and recording equipment to produce a library of instructional

material on lectures as they were presented during the initial t*old

license crash course review. Students from the local community college

specializing in communications taped the sessions as the lectures were

presented, but were not to interfere with the lectures. The lectures

were duplicated because of two different groups, with the idea to later

edit the tapes and make one good tape for further use. The tapes are

•still in their boxes, never edited, because it would be too much of a

job to accomplish this. Black and white television is not the most

enjoyable program to watch, especially one-hour lectures on the Rad

Waste System or Subcritical Multiplication. Producing one's own tape

without professional knowhow is not in the best interest of effective

teaching or learning.
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Since then we have purchased a 3/4-inch cassette color recorder-

playback unit. The attention span and effective training were greatly

improved. Video tapes are very effective training tools if done pro-

fessionally and in color. We have purchased several video tapes from

several vendors and always welcome new material that will make the

instructor's work easier and training more effective.

And yet, video tape presentations are not without drawbacks. The

biggest problem seems to be tapes with outdated material. Security,

fire protection, respiratory protection and health physics are just

some of the programs that are constantly changing.

Sound on Slide

We looked at various audio-visual formats that would be versatile,

easy to modify and easy to produce for overall training. 3M's Sound-

On-Slide system seems to best fit the requirements. We have produced

several in-house training programs very successfully including orienta-

tion programs for security, safety and radiation protection. In

addition, we have developed a comprehensive training package on health

physics and respiratory protection. Special training sessions are

also produced as the need arises, such as reactor building emergency

hatch operations, and others.

Others

Of course, we have other training aids and equipment such as

transparency makers and movie and slide projectors to help supplement

our training needs.

If we look once again where our training facilities are located,

we see the equipment is moved from building to building instead of

being centrally located—bad for equipment—hence the need for a train-

ing facility.
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USE OF CONTRACT PERSONNEL

Obviously, it is impossible for a utility such as SMUD to provide

total training in all areas as mandated.

Babcock and Wilcox Simulator

10 CFR 55 Appendix "A" on-the-job training requires licensed oper-

ators to manipulate controls or direct the activities of these manipu-

lations during the term of their licenses. SMUD uses the facilities

and controls of the Babcock and Wilcox simulator at Lynchburg for plant

evolutions that can be effectively used and without jeopardizing plant

operation.

General Physics Corporation

Initial training for the cold license group consisted of mostly

in-house instruction using instructors from the plant staff and some

outside academic studies at Sacramento State College. General Physics

Corporation was contracted to provide a fast-paced refresher course and

to audit written and oral exams just prior to NRC examinations.

The coordination, instruction and evaluation for the first and

second groups of "hot" license candidates were also performed by

Genera] Physics because SMUD did not have the personnel available for

a fulltime person to provide a meaningful and effective training pro-

gram.

The District currently has a contract with General Physics to

provide lesson plans, instructor notes and audio-visual training aids.

SMUD wanted to provide a uniform and indepth training program that

could be used as initial or refresher training for all station personnel.

SMUD felt that it would be more economical to contract this out rather

than do it in-house because of pure lack of manpower and facilities.

The District has also utilized General Physics to do a selection-

testing evaluation of NRC license candidates to minimize the training

expenditures for unsuccessful license candidates.
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Others

We have utilized other companies or facilities to supplement the

training in specialized areas either at the site or at other facilities,

such as:

1) General Telephone Company;

2) P & H Harnischfeger;

3) NUS Instructor Workshop;

4) Babcock and Wilcox, Lynchburg.

TRAINING CHALLENGES AND OBJECTIVES

SMUD has committed itself to providing a meaningful training

program to all station employees. In the past, most of the emphasis

was directed to licensed-operator training. The objectives for the

year 1979 are to expand the training and to provide system training to

other than licensed operators. This appears to be an easy task but, in

reality, not as easy as it appears. To provide the necessary and

adequate training, several factors must be overcome, such as furnishing:

•Instructors - that are enthusiastic and dedicated individuals, who

really enjoy teaching and getting up in front of groups. This

person should be able to recognize individual trainee needs and

apply various motivational techniques at various levels of know-

ledge so that students will feel like they are learning some<-*• Ing,

rather than being talked down to or over their heads.

•Training facility/area - Some area or facility that the Training

Division can call its own, planned and dedicated for the sole

purpose of training with adequate furniture and equipment.

•Training time commitments - Management must make a commitment to

provide training time for their employees and should require

employees to attend training sessions.

I have established two goals for 19795 to produce and implement

a training program for our support personnel, i.e., mechanics, instru-

ment and control technicians, electricians, and health physics

technicians, and to produce and provide a training program for
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nonlicensed operators—two formidable tasks, which can be accomplished

if instructors, facilities and training times can be committed.

CONCLUSION

It has been estimated that it costs a utility more than $100,000

for training to prepare a person for an NRC license. No costs have

been quoted for other than license training, yet lost revenue to a

utility runs about a quarter of a million dollars per day in down time.

It is very difficult to compare dollars gained directly as a result of

training.

Rancho Seco is trying to devote 10% of work time to training in

formal classroom lectures, on-the-job training or self-study. This

seems to be quite a lot considering the tremendous cost. Yet we feel

that our payback for this cost will be clearly demonstrated in fewer

reportable occurrences as a result of errors made through lack of full

appreciation of health physics, Technical Specifications system capa-

bilities and procedures. It should also improve our maintenance

performance and interactions between the various craft and support

groups through better understanding of purpose and functions of

systems and equipment.

SMUD is heading in the right direction toward placing more

emphasis on total station training. The problems of expending

personnel, time and priorities for training,rather than operations,

will always be with us. But until the time a fully-complemented train-

ing staff is acquired, adequate training facilities made available, and

time specifically set aside for training, we will continue to provide

training with priorities on mandated training first and other training

as best we can.
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EIGHT IS NOT ENOUGH

James H. Harris

ABSTRACT

Staffing of training department for a large nuclear
facility may be approached in three distinct steps:
1. Work Load; I. Manpower; 3. Justification. A combination
of these steps provide a global approach to meeting the
training department objectives and in turn a road map for
development of specific objectives, commitments necessary to
meot those objectives and sound advice in determing staff
size. "Successful training is expensive, unsuccessful
training is even more expensive."
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EIGHT IS NOT ENOUGH

James H. Harris

In September 1977, I had the opportunity to speak to a group of

BWR trainers about the establishment of the training facility at LaSalle

County Station. Among several items I mentioned the facility was designed

to accomodate eight (8) full time instructors.

Later I realized that nothing else I said had as much impact on my

audience as the fact we intended to have eight (8) full time instructors.

Many were stunned that the staff was so large. They were concerned of

the justification of such a large staff.

Today I will explain that "Eight Is Not Enough". The staffing of

the department will be explained in three (3) steps: 1. Work Load;

2. Manpower; 3. Justification. Work load is one way of saying what

training needs have to be addressed. Manpower is a composite of people

and resources required to meet our goals. Justification is little but

tallying up the Work Load and Manpower and budgeting the result.

There are hundreds of approaches to setting up a department. In

the beginning I chose a direct approach. What do I have to do; or

what's my responsibility? The Superintendent of LaSalle County was very

cooperative in this effort. "If any training is to be done at this

station, it's within your responsibility," I believe were his words.

Success was not really mea&ureable with the above approach so

alternatives had to be considered. Probably the second best tactic was

that of objectives; not entirely different from responsibility.

Using the objectives of a Company supervisor who spoke here in

Gatlinburg four years ago, the objectives of the training department

are:

"1. To provide sufficient and qualified personnel to operate

existing and future facilities.

2. To improve and maintain the level of compentency of

individuals who are licensed to operate our nuclear

facilities.
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3. To provide quality trained personnel to properly maintain

these facilities in a safe and efficient operating status."

While I love baseball, hot dogs and apple pie as much as the next

guy, there is not enough in these objectives to provide direction for

structuring a training department. The time is ripe for listing the

positions within the station organization to identify needs which will

specify the training department Work. Load.

Obviously, the first group of people to be trained are the operators.

Operator training is broken down into three distinct areas:

1. License Training

2. Requalification Training

3. Non-license Training

License training includes training of both supervisory and operat-

/ ing personnel not only to meet Government Regulation but provide con-

fidence for the people in their ability to operate. It is anticipated

that two license programs will be required each year providing a com-

bination of 16 SRO and RO licenses for attrition. The licensing program

is 26 weeks in length.

The requalification program is a continuous effort which provides

7 modules of training conducted over a 6 week rotation schedule, thusly

utilizing 42 weeks per year.

The non-license is for those operators who operate "in the plant,"

providing valve turning, backwashing, electrical switching, waste handling,

etc. Approximately 15 weeks of training is devoted to these people before

they are "on-the-job."

Experience dictates that attrition in these positions is higher than

others primarily due to a greater variety of jobs available to people in

the lower union positions. Thusly, it is necessary to conduct 3 classes

per year, at least in the foreseeable future.

The second major area of responsibility is Radiation-Chemistry

training. This too can be discussed in 3 general categories.



85

1. Rad-Chem Technicians

2. Super Positions

3. General Employee

The first group, Rad-Chem Technicians, receive approximately 16

weeks of training prior to certification by our Radiation-Chemistry

Supervisor at the plant. We anticipate 2 classes per year for replace-

ment training.

The Super positions are unique within our union organization. Senior

positions within the electrical, mechanical and instrument maintenance

groups are frequently called on for time keeping, with respect to radiation,

verification of dose rates and even job planning within a radiation area.

Resultantly, training must he provided commensurate with the responsibility

for the senior maintenance positions in the bargaining group as well as

their supervisors. The duration of this training is approximately 3

weeks and typically conducted 2 or 3 times per year.

General employee training in the area of radiation protection is

an on-going process. Initial training as well as annual requalification

is mandatory for all station employees. In addition, we train approx-

imately 1000 contractors per year at each of our nuclear stations.

Maintenance training is conducted in excess of 70% at a centralized

company owned facility. The additional 30% is handled by the training

department. This includes fire protection and Quality Assurance or

"N" stamp related activities. Total co-ordination of numerous vendors

who supply a variety of equipment from ball valves, locks, breakers to

elevators are also within the responsibility of the training department.

Miscellaneous other training ranging from System Description of Staff

personnel, technical training for engineers, supervisory training to

problem analysis programs are either conducted in whole, part or at least

co-ordinated through the training department.

Of course most items discussed at this point represent only major

instructional efforts. Almost daily the department is asked to provide

short sessions from "Precautions, Handling Acids and Caustics," Admin-

istrative or quality related procedures, Out-of-Service cards to union-

management relations.
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Having assessed the training needs at the station we looked more

specifically at the actual work load the training department must carry.

Included in this Work Load was classroom instruction and the difficult

as well as time consuming task of co-ordinating activities.

All of these things combined have to be translated into Manpower

so that the staffing of the training department can be analyzed. Let's

consider minimal classroom and co-ordination responsibilities.

RESPONSIBILITIES MAN-WEEKS/Year

1. Operator Training

a) License 52

b) Requalification 42

c) Non-license 45

2. Radiation-Chemistry Training

a) Rad-Chem Technicians 32

b) Super Training 9

c) General Employee 20

3. Maintenance Training and Co-ordination 50

4. Miscellaneous Training and Co-ordinating

Activities 100
350

A quick tabulation of the four major training requirements; Operations;

Radiation-Chemistry; Maintenance; Miscellaneous provides a minimum

Manpower requirement of 7 full time people in the training area.

We have identified needs for training at the station. These

actual needs have suggested a Work Load that has to be accomplished.

When we reviewed our work load, we began to establish Man Power require-

ments.

At this point we have a feel for the bare minimum of man-weeks work

that has to be accomplished. Our discussion of Manpower is not complete.

To justify the actual Manpower, we need to know the Work Load, Minimum

Manpower requirements, and we must look at the activities required to

support the day to day efforts of meeting our responsibilities.



87

Several sources are available for ratios of instructor time out of

the classroom/in the classroom. These ratios vary from 1/1 to 5/1. Thus

outside time includes class preparation, administration, exams (both

writing and grading), student evaluation and evaluation of course feed-

back. These figures do not reflect course development time which we all

realize will increase these figures dramatically.

If the smallest ratio of out of classroom/in the classroom was used,

the man weeks required to support the annual training discussed for

operations and Rad-Chem training alone would be 400 man weeks or eight

instructors.

In addition, a full time trainer/co-ordinator is assigned to the

maintenance training function at the station. His responsibilities

include training for approximately 130 mechanics, electricians, instrument

techs, and respective supervisorys in their specific trade.

Two instructors share the responsibility of miscellaneous training.

These activities range from system training for all staff personnel,

technical training for engineers, management training to NRC interface,

again, not necessarily does the training department conduct all of the

above training but involvement in determining objectives, development and

supervision are always present.

Simple addition shows eleven (11) people are needed to handle the

work load. Experience has proven that bodies do not make trainers.

Therefore we are continuously looking for potential trainers. Depending

on the area of responsibility, the development of new trainers takes 6 to

12 months before production can be expected.

Knowing that natural attrition, promotions, etc. occur, it is

reasonable to budget for twelve (12) instructors. While a few years ago

this would have been unheard of, this is a base bones budget and can be

expected to increase in years to come as Work Load changes.

Commonwealth Edison, as well as your company, realizes that training

is very expensive. This expense is best justified by John Gammuto, Manager

of Production Department Training, Commonwealth Edison, "Successful train-

ing programs are expensive, unsuccessful training programs are even raore

expensive."
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Early in the organization of the LaSalle staff we recognized there

were a wide range of training responsibilities. As these training needs

became more clearly defined, we identified the Work Load to be carried

by the training department.

As we began staffing to attack the Work Load our minimum Manpower

requirements fell into more distinct focus. When we began to justify

the resources we had to budget we found that "Eight is not Enough."

I am not saying that every training department in every utility

represented here should have eight (8), ten (10), or even twelve (12)

trainers, that depends on the specific Work Load involved. I am saying

without reservation that at LaSalle County Station "Eight is not Enough."
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TRAINING - A FOUR FACTOR FORMULA

S. T. Fleming

ABSTRACT

Connecticut Yankee is one of the oldest large nuclear
power stations in the United States. During our eleven
years of operation we have earned our place as world leader
in nuclear generation having generated more electricity
than any other single nuclear unit.

Training has always contributed to our success but our
present training department is playing a major role in main-
taining our excellent operating record.

In this paper I will discuss the evolution that has led
to our present training department and four factors I feel
are responsible for our success.

INTRODUCTION

Well trained employees are necessary for the safe efficient oper-

ation of electrical generating stations. Nuclear stations place even

greater demands on training due to nuclear safety considerations, reg-

ulatory requirements, and the high cost of replacement power.

There is no doubt that training has played an important role in

our operating success. However, the organisation of our present train-

ing department and careful attention to our four factor formula enables

training to contribute more than ever before.

A review of our training history illustrates the importance of a

formal training organization. For those of you who have been down this

road, I hope to provide some consolation and a lot of reinforcement.

For those starting out, I hope you will gain insight from our exper-

iences and find real encouragement in our results.
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CONNECTICUT YANKEE TRAINING HISTORY

Training originated in 1966, a cold license program under the guid-

ance of department supervisors. After commercial operation began in

January of 1968 training consisted of Radiation Protection, Emergency

Plan, and Hot License Programs. Department Supervisors coordinated

these programs and instructors were selected from station personnel.

Training continued in this fashion until the early seventies. With

ANSI standard 18.1 entitled "Selection and Training of Nuclear Power

Plant Personnel" and Appendix A to 10 CFR 55 entitled "Requalification

Programs for Licensed Operators..." training increased in scope.

Indoctrinations, Safety, Fire Protection, Security, Quality Assur-

ance, and Operator Requalification joined Emergency Plan and Radiation

Protection. Department supervisors continued to coordinate training and

station personnel still provided instruction.

Increased training however, was not the only responsibility that

was placing greater demands on supervisors time; refuelings, quality

assurance, plant design changes, new technical specifications, increased

reporting requirements were all having an impact. As a result training

suffered. \

In February of 197^ our first training coordinator was assigned

responsibility for the scheduling and docimentation of all employee

training. This was a definite improvement because it centralized

coordination. However, with instruction still being provided by station

personnel problems persisted.

Because training was only a small portion of the "Instructors"

responsibility they were unable to prepare properly for lectures.

Other responsibilities prevailed and often instructors were late, called

out of class, or did not show up at all. Many instructors simply did not

know how to instruct. As a result training was mediocre and employee

attitude toward training deteriorated.

On the otner hand our hot license program received a great deal of

the coordinators attention. A large portion of the instruction was
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provided by the training coordinator. The results were astounding!

Since 19TU all thirty-three license applicants have been granted oper-

ator licenses by the Nuclear Regulatory Commission. Compare this to the

period from 1968 to 1973 when twelve of thirty-three applicants were

denied licenses (See Figure l).

This is a significant achievement when you consider how much T.ore

difficult it has become to obtain a license. Quality assurance, new

safety systems, more technical specifications and more emergency pro-

cedures are only a few of the additional demands placed upon operators.

NRC examinations are more sophisticated and demand a. much greater depth

of knowledge from license applicants.

With the coordinators guidance and the overwhelming support of lic-

ensed operators, our operator hot license program improved significantly.

Licensed operators regularly volunteered to assist with lectures, pre-

pare exams, or drill the trainees. This support and the resulting

success was not only rewarding but pointed the way to further changes in

training.

The next important step was taken in 1975 when a training assistant

joined the training coordinator and the training department was formed.

At this time training programs were organized into four categories:

Comprehensive, Technical, Operator and Specialized. Comprehensive

training consists of general employee training while Technical is pro-

vided within each department. Operator training consists of hot license

and requalification programs. Specialized is training provided by

vendors (See Figure 2).

Our goal at that time was that the training department assume resp-

onsibility for instruction, as well as scheduling and documenting of all

Comprehensive and Operator training. We didn't know then that this was

impossible! Our 1978 manpower study indicates that 7,118 manhours per

year are required to attain this goal. A two man department has 3,600

manhours available (See Figure 3 ) .

To meet our training commitment Operator Requalification had to be

contracted and station personnel continued to provide Comprehensive
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training. Training department personnel were able to- provide virtually-

all instruction for the hot license program.

We struggled through 1975, 1976 and 1977 with hot license schools

each year and while training requirements were met employee attitude

toward training did not improve. Our two man training department was

not enough.

We realized our initial goal in 1978. With the addition of a third

member our training department provided all comprehensive and operator

instruction. We are now able to provide quality training for all emp-

loyees, not just hot license candidates, and are successfully changing

their attitude. Our instructors actually hear "thank you" at the end of

training sessions!

POUR FACTOR FORMULA

By careful attention to our four factor formula, I am confident we

can continue to improve. Scheduling, program content, instructor qual-

ifications, and training philosphy are the four factors I feel are the

key to successful training at a nuclear power plant.

Scheduling

Subtracting holidays, refueling and vacation weeks at Thanksgiving

and Christmas, our manpower study indicates 1,568 hours are available

annually for scheduling our training. Our present training programs re-

quire 1,^6^ hours (.See Figure k)

To insure orderly completion of our training with minimum impact on

plant operation, an annual training schedule is issued in December.

Additionally a schedule with details and changes is issued on a monthly

basis.

These schedules are important to our training department as well as

other departments. They allow department supervisors to plan attendance

of their personnel with minimum impact on plant operation. They allow us

to schedule instructors such that ample time is available for preparation.

The annual schedule insures that all training will be done without con-

flicting with refuelings, holidays, and the peak vacation periods around
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Thanksgiving and Christmas.

Before we started issuing our annual schedule, training constantly

conflicted with other meetings and routine plant operation. Now super-

visors plan around our training schedule, resulting in much "better

attendance.

Program Content

While it seems obvious that program convent is important, there are

several characteristics of our training that dictate special attention

in this area.

A major portion of our training is required by regulation and there-

for does not impact on employee advancement. Because of this, it is

difficult to generate a sincere interest in the training provided. The

attitude that "we have to do this so hurry up and let's <?;et it over with"

is hard to overcome. It can be overcome however^and program content is

important to this success.

Studies have shown that adults are reluctant learners unless they

can see immediate use for the training provided. Instructors must keep

this in mind when preparing for lectures. It is important to not include

any "fat" because the trainees recognize it and lose interest.

Another unique characteristic is that many programs are provided on

an annual basis. It is important that the instructor consider the needs

of new employees and veteran employees when preparing these lectures.

Even though the requirements are the came year after year, the same lect-

ure cannot be used year after year.

Perhaps the most challenging characteristic is the trainee cross-

section. Our instructors are faced with preparing lectures that will be

presented to licensed operators, building maintenance, clerical, engin-

eering and management personnel at the same time. Program content becoi ;

very important if all of these trainees are to gain from the training.



94

Instructor Qualifications

A small training department demands instructors that are as com-

fortable with fission and roentgen as they are with cardiopulmonary

resuscitation. They must be ready, willing, and able to shift from a

radiological indoctrination to reactor theory with ease.

Instructors must be effective communicators in the classroom. They

must create a positive learning environment, spend considerable time on

preparation, and present the same material in new and interesting ways

each year.

In order to accomplish these objectives with only a three member

staff, instructors must have a Senior Reactor Operator License, nuclear

power plant experience and teaching ability. In addition, our experience

has shown that instructors coming from within the ranks are more readily

accepted by station personnel.

Training Philosophy

A training department in the plant organization did not guarantee

successful training. Once the basic requirements of training personnel,

program content, and time were satisfied, philosophy determined the suc-

cess of our training effort.

The basis of our philosophy is service. Service to our employees.

We spend a great deal of time talking with all employees to ascertain

their needs. Their comments and complaints as well as regulatory requ-

irements are factored into the development of our training programs.

As a result we ai-e providing training that employees look forward

to and benefit from while satisfying regulatory requirements.



CONNECTICUT YANKEE
OPERATOR LICENSING HISTORY

YEAR

1966

1967

19S8

1969

1970

1971

1972

1973

197U*

1975

1976

1977

REACTOR

APPLICATIONS

9

-

6

-

5

3

k

2

2

3

k

k

OPERATOR

GRANTED

8

-

6

-

2

2

2

2

2

3

U

1+

LICENSE

DENIED

1

-

0

-

3

1

2

0

0

0

0

0

SENIOR REACTOR OPERATOR

APPLICATIONS

11

—

3

-

2

3

-

5

10 •

1

5

U

GRANTED

9

-

3

-

1

2

-

3

10

1

5

LICENSE

DENIED

2

-

0

-

1

1

-

2

0

0

0

0

Training Coordinator Assumed Responsibility

Figure 1
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CONNECTICUT YANKEE
TRAINING SUMMARY

COMPREHENSIVE

Indoctrinations

Emergency Plan

Radiological Health And Safety-

Industrial Health And Safety

Quality Assurance

Security

TECHNICAL

Departmental Training

Provided By Department

OPERATOR

Reactor Operator Hot License

Reactor Operator Regualification

SPECIALIZED

Departmental Training

Provided By Vendors

Figure 2
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CONNECTICUT YANKEE
1978 MANPOWER STUDY

TRAINING DEPARTMENT MANHOUR SUMMARY

Department Administration 266k Manhours

Comprehensive Training 1^92 Manhours

Technical Training 186 Manhours

Operator Training Hot License . . . 2k6h Manhours

Requal 873 Manhours

Total 7679 Manhours

Training Department Manhours Available

52 Weeks/Year

Less - 3 weeks vacation

- 1 week sick

- 3 weeks holiday and miscellaneous

hj weeks/man net :

weeks/year) x (kO hours/week) = 1800 manhours/year 1 man

3600 manhours/year 2 men

5̂ +00 manhours/year 3 men

Figure 3
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CONNECTICUT YANKEE
1978 MANPOWER STUDY

ANNUAL TRAINING HOURS SUMMARY

HOURS AVAILABLE:

Days Per Year 260 Days

Holidays 9 Days

Refueling UO Days

Thanksgiving Holiday Week 5 Days

Christmas/New Year Holiday Weeks 10 Days

Net Total 196 Days

1568 Hours/Year

HOURS SCHEDULED:

Comprehensive Training 1088 Hours

Technical Training ^8 Hours

Operator Training Hoc License 608 Hours

Requal 328 Hours

Net With Hot Lie. 2072 Hours

Net Without Hot Lie. Ih6h Hours

Figure h



99

DEVELOPMENT AND BENEFITS
OF REGIONAL TRAINING ASSOCIATIONS

C. L. Gilbert

R. L. Morris

ABSTRACT

The first regional nuclear training association
was formed in January of 1976. The organization,
called the New England Nuclear Training Association,
was formed in affiliation with the New England/Nuclear
Superintendents Association. The benefits of such an
organization include improved cor.minications and the
opportunity to confer regularly on related technical
and administrative problems common to all training
people.

Specific items presented include reports on Fire
Training Programs research, changes to license requal
programs and group meetings with guests from NRC.
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DEVELOPMENT AND BENEFITS
OF REGIONAL TRAINING ASSOCIATIONS

C. L. Gilbert

R. L. Morris

Introduction
Improving communications in our industry has often been the

subject of concern. As our industry expands, this goal increases
in its complexity. We may realize the importance of such a goal
but what steps are being taken to meet it?

Organization
Background.--The need to periodically confer on related

technical and administrative problems was discussed by a group
of Station Superintendents in the New England area. They formed
an organization called the New England Nuclear Superintendents
Association (NE/NSA). In the fall of 1975, the NE/NSA realized
the need to expand beyond periodic meetings of the Superintendents.
The NE/NSA proposed the idea of other group meetings which precipi-
tated Maintenance supervisors, Reactor Engineers, H.P. supervisors
etc., to form associations.

Development
The NE/NSA required that each group formed in affiliation should

abide by NE/NSA guidelines which included charter approval,, elected
officers and recorded minutes of meetings forwarded to all member
Superintendents.

NE/NSA Training Association

Organization.—The first NE/NSA Training Group meeting took place
at Indian Point Station, Buchanan, N.Y. on February 24, 1976. The
organization's first elected officers:

A. Chairman, Harrison Balfour, Pilgram Station
B. Vice-Chairman, George Bockhold, Indian Point
C. Secretary, Thomas Green, Connecticut Yankee
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Member Facilities:

1.
2.

3.

4.

5.

6.

7.

Maine Yankee
Millstone

Yankee Rowe

Indian Point

Conn. Yankee

Pi 1 gram

Vermont Yankee

The purpose of the association described in the group's charter

was to confer on training problems," objectives and programs as well

as related administrative problems.

The value of a meeting agenda should be emphasized. An agenda

should not limit reported items but insure that the minimum requested

reports are covered. An agenda should provide impetus for meeting

attendance and help insure success of the organization.

Specific emphasis for utility reports at each meeting was:

1. Licensee Event Reports, detail

2. Results :f audit inspections

3. Results of license examinations

4. New training developments, projects

5. Training problems

It was determined each meeting would have a theme mutually

agreed upon. This would require a committee report, utility reports

or invited guests to discuss special topics of concern.

Reports and Programs

Fire Training Programs.--The first item of concern was a mutual

interest in Fire Training programs. This resulted in utility reports

on training being done at each facility as well as a committee

formed to investigate area fire training resources. A subsequent

committee report resulted in training people from two facilities

attending the Fire Training School in Oswego, New York.
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This initial concern and findings have led to annual use of
the Instructor Training Program as well as a lasting communication
link with the school staff.

License Training Programs
Both initial training and retraining were high on the list of

priority discussion items, not only because of their specific
importance but that we sensed each facility was trying to reinvent
the wheel in their efforts to meet 10 CFR 55 requirements. Much
of this confusion was caused by code interpretation and we knew we
must attempt to clarify the problems. The interrelationship of OLB
and I&E to write or audit the cede in this t^ea resulted in inviting
spokesmen from each group to attend one of our Training Association
meetings.

Mr. D. Skovholt and Mr. J. Holman of Operator Licensing;
Mr. Ruhlman of I&E Region I were in attendance for what proved to be
one of the most productive meetings in the brief history of the group.
It gave us the opportunity to ask questions and discuss areas of
concern. This meeting laid the groundwork for future communications
an. program modifications to be realized throughout our industry.
More vividly we realized our role with these agencies was to work
together and provide better programs which would more reasonably
assure continued reactor operation and safety.

License Regualification Training
Many training programs, written to meet 10 CFR 55 appendix A,

required a number of lecture hours to be covered each year. This
was a quantitative approach to meet Appendix A requirements and did
by no means insure a successful program. Program objectives were
reanalyzed which resulted in widespread requalification program
changes. The Training Association could well hive been instrumental
in assisting this program reform. Some specific reform areas
included:



103

1. Programs that address performance objectives, quality
not quantity.

2. Performance evaluation.
3. Requal examination category correlation.
4. Annual examination administered in two or more

sessions spaced throughout the year.
5. Research results indicated lack of student availability

which resulted in formation of a training shift
at many facilities.

6. The concept of giving only one annual examination common
to RO & SRO's. An example of this application is a seven
part exam wit!) seven questions per section. The R.O.
would answer 1 thru 4 while the SRO would answer 4 thru 7
on each section.

Miscellaneous meeting topics
Other meeting agenda have focussed on Emergency Planning,

General Employee Training, Respiratory Programs and New Employee
Indoctrination programs.

General Employee Training
A new approach to General Employee Training is being pursued by

one member facility. This program will reduce training duplication
when workers travel from job to job at various nuclear stations.
Each worker shall be provided a pretest to determine specific
training needs then given modular video type programs for the evalu-
ated need areas. Further information on this program: Contact
R. Morris of Pi 1 gram Station, Boston Edison Company.

Communications
Licensee Event Reports.—Perhaps the single most important ex-

ample of communications improvement has come in this area. We
have long realized the importance of learning from mistakes. We
can correct similar conditions that have led to problems at other
facilities. Original compilation and sorting of lists were cumbersome
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and difficult to scan if there was a specific PWR or BWR interest.

Concerns by Training people led to the monthly LER summaries
being sorted such that it is now much easier for each facility to
review. Until the summer of 1977, requesting further information
on a specific LER would have been difficult. Now lines of communica-
tions exist directly to the Office of Management Information and
Program Control. This agency has also assisted by providing a
mailing list which can be used to start a search for further detail
on * specific report.

The NE/NSA Training Group requires a report of LERS at each
meeting: Three days after an inadvertent critical during shutdown
margin testing our members knew the details. At our next scheduled
meeting, they were able to review strip charts and discuss in detail
the lessons to be learned.

Summary
Growth.--The NE/NSA Training Group has grown from seven facili-

ties to nine with addition of PASNY and Public Service of New
Hampshire. The number of training people has increased two and one-

/"half times to a total of 30 people.

Success
Guests from other utilities agree the NE/NSA Training Group is a

success and have expressed their intentions to start similar associa-
tions.

Goals attained

We feel the goals to improve communications among Training people
in New England and to confer on related technical and administrative
problems have been realized. As a group, we address and mutually
present solutions to training problems.

The benefits of such a group should not be so localized. We in
the NE/NSA Training Group encourage all utilities to investigate the
possible formation of such a group in other regional locations.
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ONTARIO HYDRO'S NUCLEAR TRAINING PROGRAM

G.R. Howey

ABSTRACT

An account is given of the nuclear training program
for the development of the staff needed to operate Ontario
Hydro's nuclear facilities. Five general categories of
personnel are being developed: (1) Supervisors: professional
engineers and scientists responsible for operation, mainten-
ance and administrative supervision, rotated periodically to
increase their versatility; (2) Operators: five levels of
qualification depending on the requirements of the job; (3)
Control Technicians: five le 'els of qualifications, respon-
sible for maintenance of all instruments, control equipment
and electrical equipment; (4) Mechanical Maintainers; various
levels and combinations of skills (welding, machining, fit-
ting, etc.), responsible for all maintenance of mechanical
equipment; (5) Technicians, such as nuclear, chemical,
radiation, etc: responsible for providing technical assist-
ance. In addition to these general categories, some special-
ists are required, such as chemists, health physics officers,
etc.

INTRODUCTION

Ontario Hydro is a provincial utility supplying 90% of the elec-

tricity needs of the Province of Ontario. The needs are met from a mix

of hydraulic generation (6000 MWE), thermal generation (11,600 MWE) and

nuclear generation (5200 MWE). A further fc400 MWE of nuclear electric

generation is under construction.

The utility designs, constructs and operates its generating

facilities.

A Nuclear Generation Division in the utility is responsible to

commission, operate, maintain and fuel present and future nuclear stations

and heavy water plants. Table 1 outlines present facilities in the

Division in operation and those under construction.
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Table 1: Facilities

Status

Operating

Under
Construction

Name

NPD NGS

Douglas Point NGS

Pickering NGS-A

Heavy Water Plant A

*Oil Fired Steam tlant

**Waste Management Facilities

Bruce NGS-A

*Bulk Steam System
(Attached to Bruce NGS-A)

Pickering hGS-B

Bruce NGS-B

Darlington NGS

Heavy Water Plant B

Size

22.0 MWE

200 MWE

4 x 500 MWE

100 kg/h

1,000,000 kg/h

4 x 750 MWE

3,000,000 kg/h

4 x 500 MWE

4 x 750 MWE

4 x 850 MWE

100 kg/h

In-Service
Date

1962

1968

1971-1973

1973

1973

1971-on

1977-1979

1977

1981-1983

1983-1985

1985-1998

1980

*An oil-fired steam plant supplies backup steam to heavy water plant-A.
With an additional heavy water plant steam is supplied from Bruce NGS-A
through a bulk steam system (65" steam main) to plant -A and to B when
in service.

**The waste management facilities are designed not only to handle all
radioactive waste from the Bruce site but those also from Pickering
and includes incinerators, tile holes and other forms to hold wastes.

All of the nuclear stations mentioned above use units of the *CANDU-PHW

concept which employ heavy water moderator, horizontal pressure tubes and

pressurized heavy water for heat transport. Although features of the

stations are different, they all use natural uranium oxide fuel and have

on-power bi-directional fuelling.

The heavy water plants use the H2O-D2O-H2S temperature dependent

exchange process to extract D2O from Lake Huron.

*CANDU - Canadian deuterium uranium
PHW - Pressurized heavy water
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ORGANIZATION OF THE NUCLEAR DIVISION

The direction, co-ordination and control of the 'operations' of the

division is by a Director. The general make-up of the division is shown

in Figure 1. Each department or station is headed by a manager. This

paper will deal only with the Nuclear Training Department 3 its activities.

NUCLEAR TRAINING DEPARTMENT

The department is responsible for manpower planning, hiring, train-

ing and development of various categories of staff.

It is made up of three facilities; a Nuclear Training Centra (NTC)

at Rolphton, Ontario, situated beside NPD-NGS, Pickering Satellite

Training Centre (PSTC) located near Toronto and beside Pickering NGS and

Bruce Satellite Training Centre (BSTC) located on the 2300 acre energy

t̂ -i at Bruce near Port Elgin and Kincardine, Ontario.

The department controls 70 houses, 50 apartments and 110 hotel rooms

in Deep River and vicinity. It is able to house single or married trainees

with fatnilies with little difficulty.

MANPOWER PLANNING AND STAFFING

Ten year manpower and staffing plans are prepared each year by the

Training Department, based on thirteen year forecasts prepared each year

by each station and department. Each forecast stipulates the positions

to be filled and the number of qualified persons to carry out the planned

work loads at each location. The training department, using various

forecasting models, takes into account training requirements, lead times,

attrition, etc, as well as future manpower needs for new facilities to

convert these forecasts into manpower staffing and hiring plans which

also are used by each department for budgetary purposes.

HIRING PRACTICE

The bulk of the Nuclear Generation Division personnel, with the

exception of clerical and service staff are hired directly by the Nuclear

Training Department selection staff. Table 2 identifies the kinds of

staff hired and the prerequisite level of education and experience needed.
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CENTRAL
NUCLEAR
SERVICES

DEPARTMENT

DIRECTOR

NUCLEAR
TRAINING

DEPARTMENT

- I DIRECTORATE STAFF

RADIOACTIVITY
MANAGEMENT A
ENVIRONMENTAL
PROTECTION
DEPARTMENT

BRUCE
NUCLEAR
POWER
DEVELOPMENT

PICKERING
NCS

NPO NGS j ~ DARLINGTON 1

BNPD
SERVICES
DEPARTMENT

COMMON
SERVICES

DOUGLAS PT
NGS

BRUCE NGS
A

|~BRUCI NGS "j
I ? I

WASTE STCAM PLANT
MANAGEMENT 6ULK STEAM SYSTEMS

BHWP

TT"f

, , i
t Under Construction

In Service

NUCLEAR GENERATION DIVISION ORGANIZATION

Figure 1
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TABLE 2

EDUCATION AND EXPERIENCE REQUIRED AT TIME OF HIRING

Class of
Personnel

Nuclear
Operator

Chemical
Operator

Steam
Operator

Shift
Control
Technician

Shift
Mechanical
Maintainer

Education
(minimum)

Secondary School
5-year stream

Secondary School
4-year stream

Secondary School
4-year stream

Secondary School
5-year stream plus
apprenticeship in
either process
instrumentation,
electronics or
electricity

Secondary School
4-year stream plus
apprenticeship in
either welding,
machining, pipe-
fitting or
mechanical fitting

Years of
Industrial
Experience
(minimum)

2-4 years
0 - 3 years

6 - 8 years

4 - 6 years
2 - 4 years

0 - 2 years

2 - 4 years

0 - 2 years

4 - 6 years

0 - 1 years

4 - 6 years

0 - 1 years

Position
Offered

Assistant Operator
Trainee Operator

Senior Chemical
Operator
Chemical Operator
Assistant Chemical
Operator

Trainee Operator

Assistant Steam
Operator
Trainee Operator

Assistant Shift
Control Technician
Trainee (needs no
apprenticeship)

Shift Mechanical
Maintainer Improver

Learner (needs no
apprenticeship)

Nuclear
Technician

Shift
Chemical
Technician

Radiation
Control
Technician

Profes-
sional

Technologist
Certificate

Secondary School

Technologist
Certificate

University Degree
preferably

0

2

0

0

4
2

- 2

- 4

- 2

- 2

- 6
- 4

years

years

years

years

years
years

Nuclear Technician
Trainee

Assistant Shift
Chemical Technician

Trainee

Radiation Control
Technician Trainee

Technical Supervisor
Assistant Technical

Engineering or
Honours Science 0 - 2 years

Supervisor
Junior Engineer
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Very few persons with relevant nuclear-thermal background exper-

ience are available in Canada; therefore, the division's employment

practice is to hire the bulk of the people identified in Table 2 as pool

or manpower development staff. A typical station staff chart is shown

in Figure 2. It is from this pool of development staff that personnel

eventually come, moving up through the organization to fill control room

operator, shift supervisor positions, etc.

Pre-employment tests, developed through Hydro's Personnel Branch

are used extensively in the selection of non-university degree personnel.

Professional positions are offered only to individuals who possess a

university degree in mechanicalr electrical, chemical or metallurgical

engineering, engineering, physics or honors science in physics or chemistry.

AUTHORIZATION REQUIREMENTS

Several kinds of personnel in a nuclear station are authorized by

the Atomic Energy Control Board of Canada (a Federal Agency). These are

the control room operator, shift operating supervisor and shift supervisor.

In addition, commissioning superintendents, the start-up engineers for

new stations, must also bo authorized. Approval from the Board must also

be gained for appointment of personnel to the production manager and

station manager positions. Before authorization the employee must

successfully pass six Atomic Energy Control Board examinations, complete

the Nuclear Generation Division's training requirements for the position

as well as having the appropriate on-the-job experience.

TRAINING PROGRAM

Qualification levels have been established by the division for most

positions in it. These range from level four for the assistant operator,

assistant control technician, mechanical maintainer improver, etc, to

level 1A for the superintendents such as technical, planning and commission-

ing. The assistant technical supervisor has level two qualification for

his position, the starting position for most professional staff with some

relevant experience.
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The Nuclear Generation Division Training Program for station or

plant personnel specifies the courses at each level and the proficiency

in the course from each of the following subjects:

Management

Science Fundamentals

Equipment and System Principles

Skills (Operator, Control and Mechanical Maintenance)

Specific Stations Systems

Specific Station Equipment, Systems Field Training and Check-outs

Safety and Radiation Protection Training

Table 3 shows the courses that make up the five qualification

levels. By selecting a number of courses from the level four for example,

a training program for the assistant operator can be specified. By use

of this modular concept a training program suitable for various levels of

jobs in a station or plant can be devised. Each person is required to

be qualified for the position he holds.

Each course has a number of lessons associated with it. Each

lesson is approximately equal in length to what might be covered in a one

hour lecture. Each lesson is followed by an assignment. After a course,

which might be anywhere from 10 to 40 hours of lectures, is completed and

the assignments marked, the trainee sits an examination or check-out of

which the pass mark is 80. Three course failures results in the trainee

being terminated.

While each course has a number of lessons associated with it, it is

not imperative that each trainee cover all the lessons in a course. By

varying the number he is to take, it is possible to have a course common

for the training of more than one type of person. For instance, the

Mathematics at level four (course 421, Table 3) has 30 lessons in it.

The shift mechanical maintainer learner or improver has only to cover 15

of these lessons whereas the trainee operator has to cover the 30 lessons.
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Over 1500 lessons make up the various courses. All have been

prepared by the Nuclear Training Centre staff. Published books are

mainly used for reference material only. Increasing use is made of slides

and taped presentation/ made up by the training department staff.

RADIATION PROTECTION TRAINING

Basic radiation protection training is required for all personnel

who work in the radioactive zones of a nuclear station and is carried out

by the Health Physics Department of the Health and Safety Division of

Ontario Hydro. Training staff of the Health Physics Department are located

at the Nuclear Training Centre and at each nuclear location. Training in

station radiation procedures at each location is carried out at the loca-

tion by a radiation control supervisor and radiati<-.i control technicians.

These activities do not come under control of the Nuclear Training

Department.
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TABLE 3

QUALIFICATION REQUIREMENTS

SUBJECT COURSE NUMBERS-

GENERAL Level 1A

Indoctrination

MANAGEMENT

Adminis tration

Organization
Standing Instructions
Pert Scheduling
Operating Policies & Principles
Instructional Techniques
Problem Solving
Management by Objectives

SCIENCE FUNDAMENTALS

General
Mathematics
Mechanics
Fluid Mechanics
Chemistry
Heat S Thermodynamics
Electricity (Operator)
Electricity (Control Technician)
Electronics
Nuclear Theory
Materials
Economics

EQUIPMENT S SYSTEMS PRINCIPLES

Mechanical Equipment
Electrical Equipment
Instruments
Computers
Site
Buildings & Structures
Reactor Boiler & Auxiliaries
Turbine Generators
Electrical Systems
Instrumentation & Control
Common Processes

400 200

411
412

214
215
216

113
114

117
1A18

420
421
422
423
424
425
426
426.1
426.2
427
428

321
322
323
324
325
326
326.1
326.2
327

221 121
222 I 122
223
224
225
226
226.1
226.2
227
223
229

L 123
124
125
126
126.1

127
128
129

1A21

1A24
1A25

1A27
1A28

430.1
430.2
430.3
430.4
431
432
433
434
435

437 :

330.1
330.2
330.3
330.4

333
334
335
336

230.1
230.2
230.3
230.4

233
234
235
236

130.1
130.2
130.3

131
132
133
134
135
136

1A30 .1

1A34

1A36
1A37
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TABLE 3
(Continued)

QUALIFICATION REQUIREMENTS

SUBJECT COURSE NUMBERS

SKILLS

Mechanical
Fitting Practice
Machine Practice
Machine Component
Machine Installation
Pipe Fitting
Welding
Rigging
Electrical
Electronic
I ns triimentation

Operational

STATION SYSTEMS S FIELD CHECK-OUTS

General
Site
Buildings & Structures
Reactor Boiler & Auxiliaries
Turbine Generators
Electrical Systems
Instrumentation & Control
Common Processes

PROTECTION TRAINING

Radiation Protection
Chemical Protection
Thermal Protection
Electrical Protection
Mechanical Protection
Fire Protection
Hydro Safety & Protection Code
First Aid

441
441.1
441.2
441.3
441.4
441.5
441.6
441.7
442.1
442.2
443
444
445

450
451
452
453
454
455
456
457

341.1
341.2
341.3
341.4
341.5
341.6

342.1
342.2
343
344
345

350
351
352
353
354
355
356
357

250
251
252
253
254
255
256
257

150
151
152
153
154
155
156
157

481.1
482
483
484
485
486
487
488

382

386

281



116

NUCLEAR TRAINING CENTRES

The Nuclear Training Centre (NTC) at Rolphton is the control centre

of the division's training program. It }:•. -. an area of 70,000 square feet

of classrooms, workshops or training shops and offices. It can handle up

to 400 trainees at a time. It had a modest beginning in 1962 when it was

housed in a construction building located close to NPD-NGS. It has expanded

since then to its present size in three successive additions, the last

being completed in late 1978. It was located close to NPD so use could be

made of it for in-plant training and in the early days for the training of

control room operators and shift supervisors, particularly, because of its

size which permitted shutdown and startup without large cost penalties.

The bulk of all the *trainees hired into the Nuclear Generation

Division report to NTC for initial training; this also includes a period

of four weeks of training at NPD on general operation and working procedures

in a nuclear generating station.

A decision was made in 1976 to have NTC concentrate on initial

training only, with advanced training to be carried out at satellite

training centres rather than to hold all training at NTC; these satellite

training centres are located at large energy centres such as Bruce and

Pickering. This decision was based on factors such as the travel distance

between Bruce and NTC of 370 miles and Pickering and NTC of 250 miles, the

time required to travel, living expenses and disruption of the trainee's

social life for periodic return to NTC for advanced training. Additional

factors influencing the decision in favour of satellites were that know-

ledgeable training deliverers were more readily available and that the

satellite centres could more effectively reflect the needs of the nearby

plants or stations.

The activities of the Nuclear Training Centre, as well as those

of the satellite centres, are under direct control of an Assistant Manager,

who reports to the Manager of the Nuclear Training Department, also at the

*Chemical operators and steam operators report directly to their respect-

ive work locations on being hired and undergo training in in-house

facilities or at the Bruce Satellite Training Centre.
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Centre. The Assistant Manager is assisted by training superintendents at

each location as well as training officers, instructors, etc. These

activities involve lesson preparation and revision, lesson plans, class-

room instruction, skills; instruction in the shops, setting and marking of

assignments and examinations. Instructors who have trade backgrounds are

used exclusively to give shop skills training. Training officers have

university degrees, are used to give classroom lectures, prepare lesson

material, etc.

The manpower group at the Centre involved with hiring, staffing

plans and maintenance of all the di/ision's employees' training records,

report to the Manager.

The Bruce Satellite Training Centre has an area of 57,000 square

feet of classrooms, work shops and offices. It is involved in the train-

ing of over 2600 nuclear personnel.

The Pickering Satellite Training Centre at Pickering has an area

of 41,000 square feet of classrooms, workshops and offices. It also

contains a simulator modelled on a Pickering NGS unit. This simulator is

used primarily to train and ratrain the licensed staff for Pickering NGS-A

and will be adapted or added to for use in training future staff for

Pickering NGS-B. It seems to be of only limited use for training and

retraining licensed staff for the Bruce and Darlington stations. New

simulators are being considered for these but probable delivery of them

is between 1983-1985.

The Pickering Satellite Training Centre will, when Darlington NGS

is staffed, look after advanced training for it and Pickering. Over 1600

nuclear personnel will be involved.

TRAINING KEQUIREMENTS

Each trainee spends between five and nine months at the Centre

at Rolphton, depending largely on the amount of skills training required.

Lectures run about five hours per day, the remainder of the time being

spent on assignments or self study. Skills training is carried out in

three-week packages in all-day sessions. The following outlines the

training for various classes of trainees at NTC:
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CLASS OF TRAINEE TRAINING COURSES
(See Table 3)

PRACTICAL

TRAINING
OR SHOPS

Trainee Operator
Assistant Operator

Control Technician
Trainee

Assistant Control Tech.

Mechanical Maintainer
Trainee

Improver

Junior Engineer
Asst. Technical Supvr.

Nuclear Technician

Science Fundamentals
Equipment & System Principles
Operational Skills (Operators only)
Protection Training (level 4)

Similar to above except for
Operational Skills plus
Electrical, Electronic,
Instrumentation,

skills training (level 4)

Similar to that for operator
except courses on Computers,
Electricity and Electronics,
plus Fitting, Pipefitting,
Welding, Machining skills
training (level 4)

Courses at level 2 in Nuclear
Theory, Chemistry, Materials,
Economics
All level 4, 3,2 courses in
Equipment & System Principles
Protection Training, Management
Courses

Similar to the operator courses

4 Weeks at
NPD GS

4 Weeks at
NPD GS
plus

25 Weeks at
NTC

4 Weeks at
NPD GS
plus

25 Weeks at
NTC

4 Weeks at
NPD GS

4 Weeks at
NPD GS

On completion of the training at NTC, the employee is transferred

to nuclear generating station or heavy water plant where he will continue

his training in station or plant systems, complete the field check-outs

(where applicable) and gain work experience through job assignments over

the next 15 - 18 months.

At the end of 24 months, providing the trainee has completed all

his training and has satisfactory personal attributes in the following:
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1. willingness to learn and be trained,

2. ability to communicate,

3. proper attitude to safety,

4. ability to apply knowledges and reason logically,

5. aggressiveness and co-operation,

6. inspires trust and confidence in others,

7. emotional control and stability,

8. leadership (where applicable),

he will be promoted to the first level position of assistant operator,

assistant technical supervisor, etc, provided of course he started at the

trainee level. If he started at the assistant level, because of some

previous experience, he will have formally qualified for the position into

which he was hired.

At the end of another 24 months, the assistant will begin training

for the next higher level position by taking the package of courses

designated for the position from those listed in Table 3 under Level 3.

When a job opening occurs he will be promoted into it, provided he is

qualified. Therefore, through qualification and job opening an employee

can progress along a career path for the job classification he is in.

While the training requirements are described very simply, there is

a significant amount of training and development carried out at each

station or heavy water plant through that location's own training staff.

Personnel are frequently rotated through a variety of jobs to gain overall

wide experience. One underlying feature of this rotation is that every

professional person, where possible., gains station experience by having

to spend some time on shift operation. About thirty percent of these

qualify and act as a shift supervisor in full charge of a nuclear station

for a period of up to two years.

Further, to staff each rew location, experienced staff are equitably

selected from each location tu form the basic commissioning staff at the

new location. Additional staff are supplied from the pool staff hired by

NTC on six months to two years lead time.
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It is from the ranks of these personnel that station managers,

commissioning superintendents, technical superintendents, etc. are

selected.

This program of developing selected professional personnel through

a station or plant shift position causes some discontinuity in operations

with the frequency of changes. However, out of the 5 shift supervisor

positions always 2 - 3 are filled by personnel promoted from the rank of

shift operating supervisor and control room operator and their movement

out of the position of shift supervisor is very infrequent.

OUTSIDE TRAINING

The Nuclear Training Department has been involved over many years

providing training to outside organizations interested in, or using the

pressure-tube type of reactor, heavy water cooled and moderated and

using natural uranium oxide as fuel.

Trainees from foreign countries such as India, Sweden, Germany,

Pakistan, Japan, Argentina and Korea have used our facilities. Our

facilities have been used also by personnel from other Canadian utilities.

The training staff has, in addition, provided in-house training to

generation design and construction staff in Ontario Hydro on nuclear

theory and reactor technology.
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RESEARCH REACTOR TRAINING

EFFECTIVE-EDUCATIONAL-ECONOMICAL

W. E. Wilson
Washington State University

R. L. Graham
Washington Public Power Supply System

ABSTRACT

Low-power research and test reactors have been used
extensively to provide inexperienced operators their initial
hands-on reactor startup experience. Utilities typically
have a choice of several facilities from which to select a
Research Reactor Training (RRT) Program. The programs
offered may vary from a two-day, ten-startup abbreviated
course to a comprehensive and intensive scope of practical
and theoretical training lasting several weeks. This paper
describes the six-day RRT Program conducted for the Washing-
ton Public Power Supply System by Washington State University.
The program described herein meets the following prescribed
objectives:

1. Provides, like any RRT Program, the required
number of startup manipulations.

2. Provides the students adequate involvement in
reactor experiments and associated data collec-
tion and data reduction to enhance success in
future educational endeavors involving reactor
theory. These experiments are not normally
offered in abbreviated programs.

3. Encourages peak performances from the students
by establishing a short program duration.

4. Conforms to budgetary constraints by minimizing
travel and lodging expenses.
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INTRODUCTION

In late 1973 Washington Public Power Supply System (WPPSS) and

Washington State University (WSU) commenced planning a Research Reactor

Training Program (RRT) to be conducted in 1975. The RRT program was to

be structured and implemented to meet the following objectives, not

necessarily listed in the order of their importance:

1) to provide operational and visual reinforcement of reactor concepts

taught in previous courses,

2) to afford the trainee the opportunity to operate a reactor under the

supervision and the constraints imposed by N.R.C. regulations. The

operational experience was to include 10 reactor startups as well as

numerous other operations involving the manipulation of the reactor

controls,

3) to afford the trainee the experience of taking a simulated NRC-type

oral operational and x/ritten reactor operator examination, and

4) to conduct a program within a two-week time frame for a class of 8

trainees and to schedule successive courses with at least a one-week

break between courses.

The course was to be broken down into units and a detailed syllabus

was to be written for each unit. The written material for each unit for

the proposed RRT course was prepared by WSU during 1974 and 1975.

The inevitable slippage in the construction schedule for WPPSS

WNP-2 necessitated the postponing of the RRT course to coincide with the

WPPSS hiring plan. The very rapid growth of WPPSS caused an upward mi-

gration of personnel within the company as well as the infusion of new

people with different experience and new ideas. Accordingly, in Novem-

ber of 1977, a major modification to the initial RT.T program was pro-

posed by WPPSS and after minor alterations was agreed upon by WSU. This

modification reduced the course duration to 6 days and limited the class

size to 4 students. Additionally, a 3-day RRT Preparatory Course, to be

conducted at WPPSS by WPPSS training personnel, was proposed. This pre-

paratory course was intended to bridge the gap between nuclear power

plants and research reactors and to prepare the students with what would

occur during the RRT course. The pre-RRT course and RRT course program
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sequence was conducted twice during the month of July in 1978.

This paper describes the "Initially Planned RRT Program," the "As

Conducted RRT Program," and a possible "Future RRT Program" incorpor-

ating improvements based on past experience.

THE INITIALLY PLANNED RRT PROGRAM

The initially planned RRT program consisted of 15 instructional

units scheduled to be taught in a 10-day period commencing on Monday oi

one week and ending on Friday of the second week. Days 1 through 6 cor-

respond to Monday through Saturday of the first week and days 6 through

10 correspond to Tuesday through Friday of the second week. No classes

were scheduled for Monday of the second week to provide time for the WSU

reactor staff to unload the core. Over the major portion of the program,

the 8 students were to be divided into two groups of 4 students, desig-

nated as A and B.

The time scheduling of the RRT program was to be divided into two

sessions of two hours each in the mornings and two similar sessions in

the afternoons. During a typical session one group of students would be

involved with reactor related units at the reactor console with one WSU

instructor while the other group was involved with other studies under

the supervision of a second WSU instructor at another location in the

facility. At the end of each of the typical two hour sessions, the

groups switched. During the "Control Rod Calibration" and the "Approach

to Critical" units, however, the entire class of 8 students was at the

reactor console at one time. No formal instruction was scheduled during

the afternoon of the 6th day and for Monday of the second week to allow

the WSU staff time to unload the TRIGA reactor core in preparation for

the "Approach to Critical by Fuel Loading" unit. Actually, the 10 day

program became a 9-1/2 day program as far as the students were con-

cerned.

A detailed schedule for the 10 day program is shown in Table 1. xhe

student time distribution for the program is shown in Table 2. This pro-

gram was planned to meet the needs of WPPSS under the assumption that

approximately 16 cold license candidates for WPPSS Unit #2 (WNP-2) would
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require Research Reactor Training. However, as the starting date of

WNP-2 began to be fixed and as the acquisition of operational personnel

for WNP-2 progressed, it became apparent that a maximum of only 12 oper-

ators would require RRT. Even more in evidence was the fact that the

entire RRT program with as many course sequences as necessary would have

to be conducted within a 4 week period. This time constraint was dic-

tated by a number of factors including 1) the WPPSS hiring plan, 2) the

scheduling of the WNP-2 Basic Nuclear Training Course tc be taught at

WPPSS personnel, and 3) scheduling for simulator training. These sched-

uling circumstances led to the development of a 6 day RRT program.

THE "AS-CONDUCTrD RRT PROGRAM"

The detailed schedule for the "As Conducted RRT Program" is shown

in Table 3 and the student time distribution for the program is shown in

Table 4. This shortened RRT program was developed to meet the previously

mentioned scheduling constraints but also proved to b'. more than just a

workable alternative. The 6-day program, while offering fewer laboratory-

type experiments, did have other offsetting advantages. Most significant

is the fact that, though the overall course was shortened, each student

received more "hands on" reactor control time. The increased reactor time

amounted to a 70% increase in the ratio of student reactor hours to total

course hours over the 10 day program. This increase was accomplished pri-

marily by the reduction of the size of each class from 8 students to 4

students.

The 6-day course was more attractive to WPPSS from a budgetary stand-

point since the shortened program provided all the required reactor train-

ing in a relatively short period of time. Obviously the overall costs to ~

WPPSS for the RRT program included the salaries being paid to the train-

ees. From a training viewpoint, the 6-day course was nearly comparable

to its proposed predecessor in content yet superior because of the in-

creased "hands on" reactor time and a two-to-one student to instructor

ratio. The only disadvantage was the elimination of some educational non-

reactor experiments.
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In late 1977 WPPSS planning and hiring had progressed to the point

where 8 WNP-2 operators were identified who would require the RRT pro-

gram training in order to meet N.R.C. licensing requirements. In this

situation, either the initial 10-day program or two 6-day programs would

have met the scheduling restraints. The 6-day program option was pur-

sued, however, based on the aforementioned advantages plus the fact that

this option also provided WSU with more flexibility in meeting other

reactor utilization commitments. Accordingly, two 6-day programs were

scheduled and presented in July of 1978 with a one-week break between

successive programs.

A few weeks prior to the RRT course, members of the WPPSS training

staff made a site visit to the WSU facility. During this visit the

final details of the RRT program were discussed and the WPPSS training

staff was given a short familiarization tour of the WSU TRIGA reactor

facility. Detailed information on the facility including slides and an

RRT manual were provided to thu WPPSS training staff to assist them in

conducting the pre-RRT course. Just prior to the first RRT course,

WPPSS conducted a 3-day RRT preparatory course at WNP-2. The course

covered a detailed description of the WSU TRIGA reactor and an outline

of the units to be covered in the RRT course. Thus this course famili-

arized the students with the WSU TRIGA facility and highlighted the core

construction and characteristics as well as the RRT units and facility

operating procedures. It is the consensus of opinion of both WPPSS and

WSU that the pre-RRT course is an essential adjunct to an RRT course.

This course helps the student make the transition from a lengthy class-

room study of nuclear power plants to the real world of a research reactor.

The instruction was geared to translate familiar power reactor terminology,

characteristics, and procedures to the comparable research reactor termi-

nology, characteristics, and procedures; the concept obviously being

an attempt to minimize any possible confusion to the student and to

maximize the learning efficiency of the RRT program.

A second somewhat unusual procedure agreed upon by WPPSS and WSU

was the inclusion of a WPPSS training instructor as a 5th member of each

class as an observer. The observer was not to participate in the
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training but was only to stand on the sidelines to offer assistance when

called upon. In the event that a question arose in relating a particle

research parameter, procedure, etc., back to a power reactor, the WPPSS

instructor was available during non-class hours to help out the WPPSS

trainees with study and review aspects of the RRT program.

All 8 of the WNP-2 reactor operator trainees who participated in

the WSU RRT program performed at least 10 reactor startups and 6 power

level changes, and received satisfactory grades on the simulated N.R.C.-

type Reactor Operator's oral and written examination. The average grade

on the written exam was 91.5%. Each participant was given a certificate

of completion for the course as shown in the appendix of this paper. At

the end of each 6-day program a critique was conducted to identify weak-

nesses and to provide student feedback for suggested improvements.

The only significant criticism was that the breadth of material

covered in the allotted time was somewhat mind boggling to the students.

The detailed syllabus for each unit provided to each student did indeed

instruct him as to exactly what he was to do, what data (if any) was to

be recorded, and what calculations (i.r any) were to be made. However,

it turned out that the fast pace of the 6-day RRT program did not pro-

vide sufficient time for a detailed consideration of the whys and where-

fores of all aspects of each unit. Furthermore, the transition back and

forth between specific reactor relatee units to non-reactor related units

in a shcrt time frame was a hardship on some of the trainees. All in all

the program in some respects resembled a two ring circus with two WSU

senior instructors acting as ring masters for a number of junior WSU

instructors and for the four students. In other words, it was a chore

to insure that each unit was completed in its allotted time. Accordingly,

the obvious necessary improvements to the 6-day RRT program calls for

the elimination of certain non-reactor related units. Specifically, the

Radiation Shielding and Radiation Monitoring units should be deleted and

replaced with additional time to prepare for and consider the results of

specific reactor related units.
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FUTURE RRT PROGRAMS

In light of the success and acceptance of the two 6-day RRT programs

conducted by WSU for WPPSS, it is reasonable to assume that any future

Research Reactor Training Programs at WSU would be based upon a 6-day

format with the noted improvements incorporated. Such a course is illus-

trated and analyzed in Tables 5 and 6.

By eliminating the non-reactor related experiments from the program,

more concentration could be placed on the reactor-related exercises. The

non-reactor related experiments, if desired or required, could be con-

ducted on-site by WPPSS, by university or by consultant training personnel.

SUMMARY

WPPSS and WSU agree that 6-day Research Reactor Training Programs

are preferable to either extended programs involving more students or

abbreviated programs which concentrate only on reactor startups.

The primary objectives of Research Reactor Training is for each stu-

dent to perform a minimum of 10 reactor startups. WPPSS and WSU believe,

however, that the Research Reactor Training Program should alsc be used to

demonstrate and reinforce the concepts presented during Basic Nuclear

Training. To enhance the benefits of these experiments, fmple preparation

and review time should be provided. This time allotment can best be

assured by eliminating "filler" material which often detracts from the

reactor-related exercises and which could be conducted at a more appro-

priate time.

The 6-day program is attractive to WPPSS because it meets and exceeds

the minimum requirements, is educationally productive and is economically

justifiable.

The 6-day program is favored by WSU since it provides more sched-

uling flexibility, places less strain on the operating staff due to work-

ing with smaller groups of students and allows more reactor usage.

The 10-day program, in all likelihood, could only be scheduled at

WSU during the summer months, whereas the 6-day program, if necessary,
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could be accommodated during the school year in addition to the summer

months. In this respect, the shorter program increases the compatibility

between the WPPSS hiring plan and the WPPSS training plan. Operators

hired too late to participate in a given Phase I Training Program (Basic

Nuclear Training plus RRT), would not have to wait a year or more in

order to complete Phase I training. This aspect increases the economic

advantage of the 6-day program.

This paper has discussed only three different RRT Programs. Numer-

ous other formats have been used in the past, and many more will prob-

ably be used in the future. The specific objectives of RRT Programs may

vary significantly with each user, and the programs offered by research

or test reactor facilities may also be vastly different. It is hoped

that the experience gained will help in developing Research Reactor

Training Programs which are truly effective, educational, and economical.
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TABLE 1: INITIALLY PLANNED RRT PROGRAM

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Day 8

Day 9

Day 10

a.m.

Facility Introduction (A)

Radiation Monitoring Lab (B)

Precritical Checks & Startup (Al)

Reactor Experiments Preview (A2)

Radioactivity Measurement Lab (B)

Reactor Experiments Preview (Al)

Precritical Checks & Startup (A2)

Radiation Shielding Lab (B)

Student Startups (A)

Reactor Effluent Activity Lab (B)

Rod Worth Calibration Exp. (A, B)

Student Startups (A)

Fuel Loading Experiment (A, B)

Student Startups (A)

Review Rod Worth Cal. Exp. (B)

Student Startups (A)

Review for Simulated NRC Exam (B)

Simulated Written NRC Exams (A)

(B1-1) Oral/Operating Exams (B)
(Bl-2)

(B2-1)
(B2-2

p.m.

Radiation Monitoring Lab (A)

Facility Introduction (B)

Radioactivity Measurement Lab (A)

Precritical Checks & Startup (B1)

Reactor Experiments Preview (B2)

Radiation Shielding Lab (A)

Reactor Experiments Preview (Bl)

Precritical Checks & Startup (B2)

Reactor Effluent Activity Lab (A)

Student Startups (B,'

Flux Mapping/Poison Effects (A, B)

Student Startups (B)

Fuel Loading Experiment (A, B)

Review Rod Worth Cal. Exp. (A)

Student Startups (B)

Review for Simulated NRC Exam (A)

Student .Startups (B)

(A1-1)
(Al-2)

(A2-1)
Oral/Operating Exams (A) (A2-2)
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TABLE 2: STUDENT TIME DISTRIBUTION - 10 DAY PROGRAM

Segment

Facility Introduction

Radiation Monitoring Lab

Precritical Checks & Startups

Preview Reactor Experiments

Radioactivity Measurement Lab

Radiation Shielding Lab

Student Startups

Reactor tffluent Activity Lab

Rod Worth Calibration Experiment

Flux Mapping & Poison Effects

Fuel Loading Experiment

Review Rod Worth Calibration Exp.

Review for Simulated NRC Exams

Simulated Written NRC Exams

Oral S Operating Exams

TOTALS

Class/Study
Hours

2

4

2

2

2

4

4

4

_

24

Lab
Hours

4

2

2

2

2

2

14

Rx Hours/
Group

2

16

4

4

8

4

38

Rx Hours/
Student

1.0

4.0

0.5

0.5

1.0

1.0

8.0

GRAND TOTAL 76 Hours or 9.5 Days



TABLE 3: "AS CONDUCTED11 RRT PROGRAM

a.m.

Day 1 Facility Introduction (A, B)

Day 2
Student Startups (A) Rad. Monitoring (A)

Rad. Monitoring (B) Student Startups (B)

Day 3 Fuel Loading Experiment (A, B)

Day 4 Rod Worth Calibration Experiment (A, B)

Day 5 Flux Mapping & Poison Effects Exp. (A, B)

(Al)
Day 6 (A2)

(Bl
Oral & Operating Exams (A, B (B2)

p.m.

Precrit./Startup (A) Rad. Monitoring (A)

Rad. Monitoring (B) Precrit./Startup iB)

Student Startups (A) Preview Rx Exp. (A)

Preview Rx Exp. (B) Student Startups (B)

Fuel Loading Experiment (A, B)

Rad. Shielding (A) Review RW Exp. (A)

Review RW Exp. (B) Rad. Shielding (B)

Student Startups (A) Rad_. Shielding (A)

Rad. Shielding (B) Student Startups (B)

Simulated Written NRC Examinations (A, B)



TABLE 4: STUDENT TIME DISTRIBUTION - 6 DAY PROGRAM

Segment

Facility Introduction

Precritical Checks & Startups

Radiation Monitoring Lab

Preview Reactor Experiments

Radiation Shielding Lab

Student Startups

Fuel Loading Experiment

Rod Worth Calibration Experiment

Review Rod Worth Calibration Exp.

Flux Mapping & Poison Effects

Oral & Operating Exams

Simulated Written NRC Exams

TOTALS

Class/Study
Hours

2

2

2

2

4

12

Lab
Hours

4

1

2

2

9

Rx Hours/
Group

1

6

8

4

4

4

27

Rx Hours/
Student

0.5

3.0

2.0

1.0

1.0

1.0

8.5

GRAND TOTAL 48 Hours or 6 Days



TABLE 5: FUTURE RRT PROGRAMS

Day 1

Day 2

Day 3

Day 4

a.m.

Facility Introduction (A, B)

Fuel Loading Experiment (A, B)

Precrit./Startup (A) Preview RW Exp. (A)

Preview RW Exp. (B) Precrit./Startup (B)

Student Startups (A) Review RW Exp. (A)

Review RW Exp. (B) Student Startups (B)

Day 5 Flux Mapping & Poison Effects Exp. (A, B)

(AT)
(A2)

ML
Day 6

Preview Fuel Loading Experiment (A, B)

Fuel Loading Experiment (A, B)

Rod Worth Calibration Experiment (A, B)

Preview Flux Exp.(A) Student Startups (A)

Student Startups (B) Preview Flux Exp. (B)

Review Flux Exp. (A) Student Startups (A)

Student Startups (B) Review Flux Exp. (A)

Simulated NRC Written Examinations (A, B)

u>

Oral & Operating Exams (A, B) (B2)



8

1

6

2.0

0.5

3.0

TABLE 6: STUDENT TIME DISTRIBUTION - FUTURE PROGRAMS

Class/Study Lab Rx Hours/ Rx Hours/
Segment Hours Hours Group Student

Facility Introduction 4

Preview Fuel Loading Experiment 4

Fuel Loading Experiment

Precritical Checks & Startups 1

Student Startups

Preview Rod Worth Calibration Exp. 2

Rod Worth Calibration Experiment 4 1.0

Review Rod Worth Calibration Exp. 2

Preview Flux Mapping Experiment 2

Flux Mapping & Poison Effects 4 1.0

Review Flux Mapping Experiment 2

Oral & Operating Exams 4 1.0

Simulated Written NRC Exams _4_

TOTAL HOURS 16 5 27 8.5

GRAND TOTAL 48 Hours or 6 Days
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TABLE 7: COMPARISON OF 6-DAY AND 10-DAY PROGRAMS

Item

Training

Total Number of Students

Total Training Time, man-days

University Staff Time, man-days

Reactor Training Time, hours

Reactor Time per Student, hours

Logistics

Total Travel Time, man-hours

Automobile Usage, vehicle-days

Lodging Accommodations, man-days

Total Number of meals

6-Day
Program

8

48

36

68

8.5

10-Day
Program

8

76

33

64

8.0

48

24

48

144

96

30

80

240



CERTIFICATE OF COMPLETION

Research Reactor Training Course
Washington State University
Nuclear Radiation Center

Pullman, Washington

im

*wr

/n Recognition for Successfully jQxwpjjjIfitjngjtft&-Research Reactor Training Program
at Washington State UniversifyrLeQr'ffifigJtQ^Opei&tefM 1 Megawatt TRIG A Re-
actor Located at the Nuclear Aa<s[iptj<iti 'Center,',Performing 10 Startups and 6
Power Level Changes, and Successfully Passing a Simulated N.R.C. type Reactor
Operator's Oral and Written Examination.

DATE:.
Associat* Director

Raactor Supervisor
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A MULTI-IMAGE SCREENING TECHNIQUE APPLIED TO
A GENERAL ORIENTATION TRAINING PROGRAM

B. K. Hajek A. D. Evans
T. 0. Campbell J. M. Hickey

ABSTRACT

A general orientation and training program is a pre-
requisite for personnel to have unescorted access to various site
locations at a nuclear power plant. Such a program should not
only meet the requirements of the Nuclear Regulatory Commission,
but it should do so in an efficient and effective manner for
large and small groups of personnel. It should also provide for
the rapid integration of new personnel into the plant operating
staff. This is a difficult task because of the diversity in
background of personnel receiving the program.

A new general orientation and training program is being
developed for the Toledo Edison Company to be used at the Davis-
Besse Nuclear Power Station. The program is presented in a multi-
image and stereo sound format that has the unique capability to
present the magnitude and scale of the plant, to arouse and
maintain the interest of the viewer, and to instill in him a
feeling of importance and pride about his job.. Satisfactory
completion of the program by individuals is assessed and certified
by a machine scored test that is administered as an integral
part of the presentation.

The program introduces personnel to the site through six
separate but related segments including,

1. Plant Introduction,
2. Plant Security,
3. Radiation Safety,
4. Industrial Safety,
5. Quality Assurance, and
6. Emergency Plans.

Nearly 1,000 color visuals are used to present the required
material in a manner that also gives the viewer a comprehensive
introduction to the plant layout.
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General Orientation Training (GOT) provides new personnel at a
nuclear power station site with an introduction to approved plant oper-
ations, hazards, and procedures. GOT derives its basis from a regula-
tory point of view in FSAR requirements. From a plant operations point
of view, it derives its basis in management's concerned interest in
personnel safety, and also from management's desire to have the plant
0:1 line as much as possible. Properly orientated personnel will be
able to work more effectively to minimize the occurrence of outages,
and to shorten outages when they do occur.

At the Davis-Besse Nuclear Power Station (DBNPS), the legal require-
ment for GOT is translated and interpreted through administrative pro-
cedures AD 1828.00, "Personnel Training Program," and AD 1828.03,
"General Orientation Training." These procedures detail the scope and
purpose of GOT, methods for examining personnel, and record keeping
systems. They require GOT be given to all personnel prior to allowing
tham unescorted access within protected and vital areas of the station.
This includes full time DBNPS personnel, personnel from other Toledo
Edison facilities, and both full and part time personnel from other
employers.

INCREASING PRODUCTIVITY

Beyond satisfying the legal requirement, however, a much more
important benefit will accrue to the utility from a comprehensive and
well-designed training program. This benefit is the productivity
gained when each new person can be quickly integrated into the work
force. This necessitates having a new employee understand and appreci-
ate administrative requirements, safety requirements, and station
security.

For a person to be integrated into the work force, he must be able
to work safely within the plant and within the guidelines of certain
plant procedures. He should at least have a minimal understanding of
the unique character of a nuclear power plant environment, an appreci-
ation for its enormity, and a sense of pride or privilege in working there.
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Pre-conceived fears or misunderstandings should be eliminated, or at
least minimized. Yet, the real, and often simple hazards that may exist
in any industrial environment should be appreciated.

He should realize the special importance of quality work, and he
should understand how to work within the quality assurance program of
the plant.

He should also be fully aware of the plant security program, how to
interact with the installed security equipment, and he should know which
areas of the plant may be off limits to him or others, and why they are
off limits. This understanding will result in fewer unintentional
security ^reaches, less guard response to false alarms, and hence,
greater alertness of the guard force.

PRESENTATION REQUIREMENTS

A good GOT program wilI present all the necessary information to
assure a high degree of understanding and enthusiasm in each employee.
At Davis-Besse, a single program is used to meet the needs of all per-
sonnel. Doing this effectively means meating the needs of several
diverse groups. These will include crjfts personnel who may be on site
permanently, or perhaps only for a short time, or perhaps who will only
make periodic plant visits; clerical staff who may never leave the
office areas; janitorial crews who may never work near radioactive
materials; the plant operations staff; the security force; and of course,
the plant technical and engineering staff. In addition to these per-
sonnel , many of the utility's executive staff from the "downtown offices"
will view the GOT program.

The effective program will also be versatile and flexible. GOT at
Davis-Besse needs to be shown to both large groups and small groups. In
addition, it may occasionally be shown off site, thus requiring porta-
bility.

GOT must also maintain the interest of all the participants. The
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element of GOT discussed in this paper is presented in a half-day
session, lasting about three-and-a-half hours. To maintain interest for
this long period, the material presented should be informative to each
person, and the content must be of special interest to each viewer
several times during the presentation.

Finally, since the safe and cost-effective operation of the plant
depends on the quality of each employee's knowledge of the plant, a
good GOT program will be designed to assure retention of the information
presented. As a corollary to this, it should also assure that each
employee who takes GOT will pass the written examinations given during
the presentations.

PROGRAM CONTENT

General Orientation Training at the Davis-Besse Nuclear Power
Station is divided into six sections. Each section covers a primary
procedural or safety concern. But in each section, topics from other
sections are frequently mentioned in passing. This is to provide a
reinforcing of specific, important materiel, and to give the overall
program an added amount of continuity. The major topics are presented
in modules which, in order of presentation, are:

1. Plant overview and introduction
2. Plant Serurity
3. Radiation Safety
4. Industrial Safety
5. Quality Assurance/Quality Control
6. Emergency Plan.

One of the objectives of this program is to help the new employee
feel comfortable in the plant. We do this by using plant tours in each
module to present the material. The order of presentation was chosen
to facilitate this technique. After an introduction which includes
exterior plant views, the program moves into a security module which
begins by taking the employee through the main guard house, probably
the only place on-site where he has already been. The idea of the plant
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tour continues through every module, always showing an overview, or
perspective of an area before zeroing in on specific details.

Plant Overview and Introduction

This is a special section designed to build enthusiasm in the
individual. Its purpose is to make the employee proud to be on-site,
and to instill in him a keen sense of responsibility for the quality of
his work. The plant's place in the community is highlighted. The fact
that the plant is nuclear, and the significance of this, is introduced.
But the importance of the power produced is highlighted.

Plant Security

Procedures for entering and leaving the plant are emphasized because
tin's is where most employees interact with security, and where aggra-
vating delays can occur. Entry into interior secured areas is also
covered, as well as escorting of visitors, the plant badge system, and
use of plant communication systems.

Radiation Safety

Fundamentals of radiation protection and their bases are presented,
and 10CFR19 requirements are met. The emphasis here is on material for
people who normally won't be working in radiation areas, or who will be
in those areas only with escorts. An additional program covers specific
operational procedures.

Industrial Safety

The employee's personal responsibility for his and his co-workers'
safety is emphasized here. OSHA requirements are also discussed. Plant
communications systems are again covered, and emergency responses and
the plant work order systems are only mentioned. A large number of
examples are presented.
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Quality Assurance/Quality Control

Beyond the basic definitions and bases, the procedures to follow to
assure quality of work, and adherence to the work order system are
emphasized. The employee's responsibility and position in the QA/QC
organization is clarified through numerous examples.

Emergency Plan

Responses to emergency signals and local emergencies or accidents
are detailed and demonstrated. The importance of maintaining
communications is emphasized. Use of fire extinguishers is demonstrated.

PRESENTATION PARAMETERS AND FORMAT

The media format chosen had to reach the diverse audience described,
hold their attention for almost four hours of instruction, and achieve a
high level of mastery by all learners. A multi-image format can do
these things.

Multi-imagery presents a large screen area to command the attention
of the audience. A juxtaposition of numerous images within a given
area can be used to further control attention. Additionally, the pace
of visual changes can vary from very slow to that simulating motion.

There have been numerous research studies that have assessed the
effectiveness of multi-image presentations and have compared this
effectiveness with the single screen slide, film or television image1'2.
Multi-image programs have been demonstrated to be superior to the other
formats in achieving affective learning; this is, in modifying attitudes
and feelings. Furthermore, research results also indicate multi-image
is at least as effective as the other formats in facilitating cognitive
learning. These positive results are generally attributed to: a large
screen area, the ability to vary tempo, the ability to compare and
contrast within the image area, the ability to sequentially reveal pro-
cedures for skill learning and to the ability to repeatedly display
examples to establish concepts.
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The present training facility at DBNPS uses a room approximately

30' by 40' with a nine foot ceiling. A three to one screen <"atio is a

desirable format for this space and will be effective in the future

training facility as well. Two, 35-mm slides, side by side, will fill

this screen area,or any number of small images can be juxtaposed within

the area.

The projection system incorporates a stereo tape drive, a digital

control device, multiple rate fader controls, and twelve slide projectors.

Despite the seeming complexity of this system it is based upon highly

reliable components and can run for hundreds of hours without failure.

The GOT program is assembled to use the full capacity of all 12

slide trays on the projectors and thus does not require changes during

the program. Other features, such as automatic repositioning to

start after a presentation, allow pushbutton operation by an instructor.

PRODUCTION TECHNIQUE AND SCHEDULE

Responsibility for production is shared by two inter-disciplinary

service organizations at The Ohio State University. Coordination cf

on-site activities, content development, and script writing is the

responsibility of the staff at the Nuclear Reactor Laboratory (NRL).

The Teaching Aids Laboratory is responsible for the evaluation and

testing, for visualization of the scripts, photography, graphics, and

assembly.

Since the TAL staff had little familiarity with nuclear power plants,

the first step in the development process was to have them take the

existing GOT program. This would be necessary anyway so that camera

crews could perform their function on-site.

The old scripts were then reviewed in detail and new goals and

learning objectives were developed through meetings and discussions with

plant personnel from each specialty area covered, the training staff,

and a representative from public relations.
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From the treatment, the scriptwriters produced final scripts, or
script outlines, from which storyboarding and production follow.

The scripts are recorded in a studio at The Ohio State University
by a professional narrator. On-site recordings and music is then mixed
into the final tape by the TAL staff. The tape is then programmed to
cue the slide changes and accomplish the desired effect of dissolves
and fade rates.

The projection equipment will be installed and tested at the
DBNPS by OSU personnel. The final step will be to train the Davis-Besse
personnel in the operation of the equipment, and the use of tests and
evaluation procedures for the program.
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FFTF IMPLEMENTATION OF TRAINING REQUIREMENTS
FOR GOVERNMENT AND COMMERCIALLY OWNED FACILITIES

A. D. Gadeken - HEDL
R. D. Izatt - FFTFPO/DOE
J. C. Wiborg - 1JPDL

ABSTRACT

The Fast Flux Test Facility (FFTF) is a liquid metal cooled,
fast flux reactor plant. It is owned by the Department of
Energy (DOE) and is operated by the Hanford Engineering De-
velopment Laboratory (HEDL) under a DOE contract with West-
inghouss Hanford Company. The FFTF is presently undergoing
acceptance testing of sodium systems in preparation for ini-
tial criticality in August 1979. It will be used to test
fuels and materials, to develop associated components and to
gain operating experience for future LMFBR's.

The FFTF Training Program is a specific example of how train-
ing guidelines provided by NRC can be implemented in
principle in a DOE owned reactor. The DOE requirements for
government owned facilities and the NRC requirements for
commercially owned facilities are compared to components of
the FFTF Training program. These components will be de-
scribed, actual status provided and evaluated as to meeting
requirements. "Cold Plant Qualification" (equivalent to NRC
Cold Plant Licensing) is the next major milestone for FFTF
Operator training. Additional requirements or constraints
such as operator time utilization, recruiting and turnover,
plant availability and startup testing greatly affect the
ability to meet this milestone. These constraints and re-
quirements and the resulting compromises will be evaluated
relative to meeting DOE requirements.
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INTRODUCTION

The Fast Flux Test Facility (FFTF) is a liquid metal cooled, 400 megawatt
fast flux reactor plant. It is owned by the Department of Energy (DOE)
and is operated by Westinghouse Hanford Company under contract with DOE.
The FFTF is presently undergoing acceptance testing of sodium systems in
preparation for initial criticality in August, 1979. It will be used to
test fuels and materials to develop associated components and to gain
operating experience for future LMFBR's.

The FFTF Training Program is a specific example of how training require-
ments for government owned facilities can be implemented in a DOE owned
reactor. The DOE requirements for government owned facilities are
compared to components of the FFTF Training Program. These components
will be described, actual status provided and evaluated as to meeting
requirements. Cold Plant Qualification is the next major milestone for
FFTF Operator training. Additional requirements or constraints such as
operator time utilization, recruiting and turnover, plant availability
and startup testing greatly affect the ability to meet this milestone.
These constraints and requirements and the resulting compromises will be
evaluated relative to meeting DOE requirements.

Training requirements for FFTF operators are based upon requirements of
DOE Manual Appendix 8401 II, Immediate Action Directive (IAD) 8401-6 and
other draft and proposed DOE manuals. Appendix 8401 II, May 7, 1965
suggests factors which Field Office Managers should consider in deter-
mining the adequacy of selection, training and certification programs'for
operators and supervisors of DOE owned reactors. IAD 8401-6, April 'd'd,
1970, establishes the requirements for reactor operator and supervisor
retraining, reexamination and requalification programs. Other draft DOE
proposals set forth the DOE required qualification ot reactor staff and
establish requirements in the areas of selection, training, examination
and certification of Operations personnel. Although these other draft
DOE manuals are yet to be approved, the FFTF Operator Training Program is
designed to be in compliance with the proposals.
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SELECTION CRITERIA

Requirement

Candidates for reactor operator and supervisor training should possess
high school diplomas and college degrees, respectively, with satisfactory
achievement in technical courses. Experience and education may be sub-
stituted, •interchangeably, as apwopviate.

FFTF Implementation

The FFTF Training Plan requires that technician (reactor operator) candi-
dates have a high school diploma or equivalent and at least two years of
college or equivalent.

Candidates are divided into two categories: experienced by virtue of
actual power reactor operation and non-experienced. Approximately half
of the technicians have 6 to 8 years prior reactor experience from the
military which is deemed appropriate experience to substitute for the two
years of college education. The past four years of experience in re-
cruiting and training of non-experienced candidates has further refined
our selection criteria to require college level courses in math up to
calculus and physical science courses. For the first class consisting of
12 non-experienced candidates in 1975, college level math and physical
science was not required. The high attrition rate (8 of 12) in that
class is thought to be due, in part, to lack of academic preparation.
Since the incorporation of the math and physical science requirement in
1976, only 4 of 63 non-experienced have dropped out of the program due to
academic problems.

The FFTF Training Plan requires that all Operations Engineers (super-
visor) will have a minimum of four years of nuclear plant experience. A
maximum of two years of this experience can be fulfilled by academic or
related technical training on a one-for-one basis. The recruiting of
Operations Engineers has been directed at degreed (B.S.) in engineering
or scientific areas. With only one exception, all Operations Engineer
candidates have had Bachelor degrees.

The following matrix demonstrates the effectiveness of meeting this
requirement.

High School Diploma 2 yrs College Experience^1)
Reactor Operators 128 of f28 63 of 128 65 of 128

College Deqrees(^) Experience
Supervisors 51 of 52 1 of 52

Note: (1) Of the 65 experienced reactor operator candidates, about
half also have two years of college.

(2) Cf the 51 supervisor candidates over half also have reactor
operating experience.
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Recently, six of the high performance, experienced reactor technicians
were qualif ied as Operations Engineers. They are non-degreed but have
over 8 years reactor operator experience.

Requirement

Contractor management shall specify the demands on health, coordination,
and manual dexterity required to perform both routine and emergency
fund ions. A health examination shall be given to establish the
candidate's fitness to perform his vrovosed job tasks.

FFTF Implementation

The Hanford Environmental Health Foundation (HEHF) is the contractor
established to perform health appraisals of all Westinghouse Hanford
Company employes. Discussions with the HEHF physicians and psychologists
were conducted to determine what medical examinations were appropriate to
meet the above specification. The discussion included a tour of the FFTF
and presentation of operator responsibilities.

In mid 1978, KEHF recommended and Westinghouse Hanford Company then
established the requirements for FFTF operators. The requirements do
meet NRC Regulatory Guide 1.134, dated September 1977 and ANSI Standard
N546-1976. After the successful completion of the annual or initial
health appraisal, a certificate from HEHF is placed in operator's per-
sonnel file. It is planned that all operators and supervisors will be
certified by HEHF prior to cold plant certification.

Requirement

The contractor's selection program should include personal interviews and
careful revi&w of the candidates employment history and may include
appropriate physical and apitude tests.

FFTF Implementation

Westinghouse Hanford Company employment practices require management
interviews, as well as reference, prior employment and education investi-
gation as part of the selection process. The appropriate physical and
aptitude tests are part of the pre-employment health appraisal discussed
above and its successful completion is a condition of employment.

As demonstrated by the hiring of over 180 operators and supervisors,
Westinghouse Hanford Company has considerable experience in hiring opera-
tors. The selection process uses the following activities to finally
hire a candidate: screening, interviewing, site tour, personnel rela-
tions interview, reference and education checks, security checks, and
health appraisal. The FFTF Training Manager is responsible for the
recruiting of operators.



149

The screening process is done in several ways. The resumes submitted by
applicants are reviewed by the Training Manager to identify qualified
applicants. This amounted tc over 1,000 resumes in 1978. The applicants
that meet minimum qualifications are then interviewed by phone to check
availability, interest, and recheck qualifications. If everything is
positive, the candidate is invited in for an on-site interview.

Another method of screening is the conduct of off-site interviews in the
Northwest's major cities. After a week of advertising, a recruiting
center is established for face-to-face interviews. This has been very
effective in producing non-experienced candidates. Screening interviews
are also conducted at off-site locations through personnel agencies and
this has been a good source of experienced candidates.

The on-site interview is a requirement and is the most important part of
the process. FFTF Operations uses at least two managers to evaluate each
candidate. At least one manager is operations experienced. A tour of
FFTF is provided to not only give a candidate a view of his/her work
environment, but to demonstrate to non-experienced candidates what opera-
tor responsibilities actually are. The ability of the candidate to
understand technical concepts, system interrelationship, and physical
mobility can also be evaluated during the site tour.

The primary purpose of the personnel relations interview is to make a
final check of interest. If a candidate meets all other criteria, he/she
will succeed in the program and stay with it only if there is a high
degree of interest. The exit interview is conducted by the Personnel
Relations employment specialist away from the FFTF site after the on-site
interview. This exit interview also provides an independent assessment
of the candidate by a skilled specialist in Personnel Relations.

After the on-site interview and all people involved in the interviewing
process agree an offer should be made and management approvals are
obtained, a detailed check of references and education is conducted by
Personnel Relations' specialists. If everything still checks out, an
offer is made contingent on health appraisal and security requirements
being met.

The process is long, complicated and is specifically designed to ensure
only high quality operators are selected. Because the quality is high,
the success of the FFTF Project, and more importantly, the safe operation
of FFTF is greatly enhanced.
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TRAINING

Requirement

The qualification of personnel shall be documented in a form amenable to
internal and external audit.

FFTF Implementation

Each trainee completes detailed qualification cards which include the
following requirements:

a. Oral checkouts on the theoretical background.
b. Oral checkouts on each plant system.
c. Oral checkouts on selected plant system procedures and reactor

procedures.
d. Performance of selected plant procedures (normal, infrequent,

recovery and emergency procedures).

Each watchstation at FFTF has a separate qualification card which con-
sists of an outline of the requirements and provides a signature space to
indicate the fulfillment of each requirement. The qualification card is
thus a record of qualification for the trainee.

Watchstation qualification cards are organized according to the following
format:

Area Authorized Signature
A. Prerequisites Training Manager
B. Theory Qualified Operator*
C. Operating Station Basics Qualified Operator*
D. Specific Component Knowledge Qualified Operator*
E. Equipment Operation Qualified Operator*
F. System Operating Procedures Qualified Operator*
G. Plant Operating Procedures Qualified Operator*
H. Recommended for Qualification Qualified Operator*
I. Final Written Examination Training Manager
J. Final Oral Examination Shift Operations Manager
K. Certification of Qualification Shift Operations Manager

*Operator must be qualified on the watchstation concerned.

In addition to watchstations, the FFTF Qualification program includes
three qualification levels.
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1. Operation Technician

An individual completing this qualification may be assigned to
any roving watchstation outside the control room having com-
pleted all watchstation and Operations Technician level qualifi-
cation requirements. He/she can also be assigned as lead watch-
stander on those watchstations where more than one watchstander
is required.

2. Reactor Technician

An individual completing this qualification may be assigned to
any of the reactor operating watchstations inside and outside
the control room with the exception of the supervisory
watchstation.

3. Operations Engineer

An individual completing this qualification may be assigned to
any watchstation including the supervisory watchstations called
the Chief Operator and Refueling Engineer.

The following table identifies the watchstations which personnel will be
assigned during normal operations. To adequately staff these positions
and provide on crew training time for replacement operator training, each
crew will consist of 21 personnel.

POSITION

Shift Operations Manager
Operations Engineer

Control Room
Chief Operator
Reactor Operator
Closed Loop Systems Operator
DHX Operator
Control Room Auxiliaries Operator

Outside Control Room
Containment Operator
Service Systems Operator
Heat Transport Systems Operator
Refueling Personnel

Relief Operator
Trai nees

NUMBER ASSIGNED
1
1

1
1
1
1
1

2
3
4
2
1
2

TOTAL 21
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Qualification level cards (Operations Technician, Reactor Technician and
Operations Engineer) are organized according to the following format:

Area Authorized Signature

A. Prerequisites Training Manager
B. Overall System Knowledge Qualified Operator*
C. Required Operating Stations Training Manager
D. Recommendation for Qualification Shift Operations Manager
E. Final Written Examination Training Manager
F. Final Oral Examination Operations Manager
G. Certification of Qualification Operations Manager

•Operator must be qualified at the level concerned.

In addition to the qualification card, a qualification guide is provided
which closely parallels the qualification card in format and stipulates
the requirements and level of knowledge for each signature. The qualifi-
cation guide helps ensure the same minimum level of competence for all
operators who qualify.

The format of the qualification card does provide an easily auditable
form. Internal audits are conducted by Training Staff personnel at the
time of the written examination and periodic internal audits are con-
ducted by other groups. External audits are periodically conducted by
DOE.

Requirement

Principles of reactor operation, features of facility design, general
operating characteristics, instruments and controls, safety and emergency
systems, standard and emergency operating procedures, and radition
control and safety are the categories that shall be covered.

Training topics shall include but not be limited to physics and
chemistry; core, primary and auxiliary system design; operating char-
acteristics and limitations; control mechanism and instrumentation;
safety reserve and emergency systems; shielding; engineered safeguards;
operating and abnormal conditions; radiological and emergency procedures;
radiation monitoring systems and survey equipment; radiological safety
principles; effects of experiments; technical specification limits and
requirement; fuel handling; and manipulation of reactivity controls.
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FFTF Implementation

Classroom training is provided all trainees. The approximate in-class
durations are as follows:

Subject

Mathematics
Reactor Physics
Electricity and Electronics
Radiological Controls
Industrial Safety
Sodium Technology
Reactor Safety
Heat Transfer and Fluid Flow
FFTF Systems

First Class
All Engineers

24
57
10
18
10
37
26
10

107

299 hours

Subsequent Classes
Engineers and Technicians

36
58
37
18
12
19
14
20

120

334 hours

The above courses were presented over a 20 week period. This resulted in
a pace of about 4 hours a day in class with remainder devoted to study,
examinations and examination review. Each topic was covered by written
exams and an overall written examination was given at the end of the
course.

The comparison below shows how each of the required topics are covered by
FFTF academic training.

Requirement Topic FFTF Topic

Principles of Reactor Operation Reactor Physics
Features of Facility Design FFTF Systems
General Operating Characteristics Reactor Physics, FFTF Systems

Instruments and Controls FFf?tSystemsand e l e c t r o n i c s »
Safety and Emergency Systems FFTF Systems-Reactor Safety
Standard and Emergency Operating Procedures FFTF Systems - Reactor Safety
Radiation Control and Safety Radiation Control

Industrial Safety
Physics Reactor Physics
Chemistry Sodium Technology
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Requirement Topic

Core, Primary and Auxiliary System Design
Operating Characteristics and Limitations
Control Mechanism and Instrumentation
Safety Reserve and Emergency Systems
Shielding
Engineered Safeguards
Operating and Abnormal conditions
Radiological and Emergency Procedures
Radiation Monitoring Systems and

Survey Equipment
Radiological Safety Principles
Effects of Experiments
Technical Specifications Limits

and Requirements
Fuel Handling
Manipulation of Reactivity Controls

FFTF Topic

FFTF Systems
Reactor Physics-FFTF Systems
FFTF Systems
Reactor Safety - FFTF Systems
Radiplogical Controls
Reactor Safety
FFTF Systems
Radiological Controls
FFTF Systems - Radiological
Controls
Radiological Controls
Reactor Physics
Reactor Safety - FFTF Systems

FFTF Systems - Reactor Physics
Reactor Physics

Replacement Operators are being provided with the above training divided
into two 9 week periods. The initial period covers operations technician
topics and the second period covers reactor technician and Operations
Engineer topics.

Requirement

The reactor supervisor training program shall include the categories and
topics specified above, but with increased depth to reflect the added
responsibilities of the supervisor. In addition, emphasis shall be
placed on design and operating limitations; bases for technical specifi-
cations; radiation hazards; reactivity effects during experimental and
maintenance activities; fuel handling, structure, burnup and reactivity
worth; alterations in core configuration; and administrative
responsibilities, controls and procedures.

FFTF Implementation

The first training class was directed at the supervisor level operator
with increased depth in all areas. The subsequent classes were similar
to the first but the treatment of theoretical courses was less math-
ematically rigorous. Graduate engineers in subsequent classes complete a
mathematically oriented supplement which is identical to that presented
in the first class.
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The qualification cards and qualification guides for the supervisory
positions (OE) includes theory checkouts on the following topics:

1. Fast Reactor Physics
a. Reactor Kinetics
b. Reactivity Changes and Reactor Dynamics
c. Reactor Experiments
d. Reactor Control

2. Heat Transfer and Fluid Flow
3. Sodium Safety
4. Radiological Controls

a. Radioactive Material Handling
b. Radioactive Waste Management

5. Reactor Safety
a. Accident Assessment
b. Operator Responsibilities
c. Emergency Plan
d. Criticality Safety

6. Overall Fuel Cycle
7. Overall Irradiations Test Program
8. Detailed Core and Vessel Construction
9. Detailed Core Component Construction

a. Fuel Assemblies
b. Control Assemblies
c. Reflector Assemblies
d. Test Assemblies
e. Closed Loop In Reactor Assemblies

10. Industrial Safety
a. Hoist and Crane Safety
b. Oxygen Deficient Atmosphere
c. Accident Analysis and Reporting

The Chief Operator card requires checkouts on the plant procedures. This
includes discussion of design and operating limitations and bases for
technical specifications.

Requirement

The program shall include on-the-joh training for operators and super-
visors to assure their familiarity with all aspects of reactor opera-
tions. Where construction precludes on-the-job training, practical
experience at similar reactors, training on simulators, and other appro-
priate training are acceptable.

On The Job training should include:



156

<a. Location, function and operating char-
acteristics of all facility components
important to safety.

b. Reactor startup and shutdown.
c. Reactor console and control room mani-

pulations.
d. Reactor and auxiliary equipment operation.
e. Instrumentation.
f. Safety system testing and operation.
g. Reactor maintenance and fueling operations,
h. Operation of experimental facilities.
i. Radiation protection practices.

FFTF Implementation

The FFTF Qualification card requires actual performance of normal
evolutions under supervision of qualified operators. Where the evolution
cannot be performed, the evolution is simulated and actions walked
through under supervision of a qualified watchstander. In addition, a
prescribed number of training watches are also called for on the qualifi-
cation card. The qualification cards when completed thus assure that
operators are familiar with all aspects of the watchstation.

During the construction and startup of FFTF, many of the normal evolu-
tions are precluded by incomplete systems and a cadre of qualified
operators were not available. The initial FFTF Qualification program was
separated into Qualification for Sodium Fill and FFTF Cold Plant
Qualification.

The emphasis of sodium fill qualification is sodium characteristics and
operation of sodium and auxiliary systems. Those qualification card
requirements pertaining to sodium fill were specified in writing. Each
operator was then given tho qualification cards and worked to complete
sodium fill qualification using the cards and the required sodium fill
signature list. Since there was not a cadre of qualified operators,
"system experts" were used to sign the qualification cards. Personnel
are assigned one or more systems to learn in detail those areas.
Certification as "system expert" occurs after completion of an oral board
examination. The evaluation board consists of two members of Operations
Management and the cognizant design engineers of the system. A list of
certified system experts is maintained. At least one system expert per
crew is desired for all shift coverage.

Practical experience at EBR-II and HTSF were used to gain sodium opera-
ting experience for selected members of the operating staff. At EBR-II,
the trainees were assigned to rotating crews and completed training cards
patterned after EBR-II qualification cards. Four areas were covered:
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1. Coolant Systems
2. Reactor Control Console
3. Fuel Handling
4. Maintenance

24 members of the first training class and selected members of the second and
third training class participated at EBR-II. Although this experience has
been greatly diluted (only 12 members of the operating crews with EBR-II
experience remain due to attrition), the experience was extremely
valuable in the preparation of operating and administrative procedures.
The majority of the initial system experts were EBR-II experienced which
also provided an increased experience level to the qualification
program. With availability of hands on experience at FFTF and at the
FFTF Operator Training Simulator, these off-site programs were
discontinued in 1977.

The High Temperature Sodium Facility (HTSF) was used to provide sodium
experience by direct loan of operators for two year assignments and a
formal training program for selected members of the first training class.

The FFTF Operator Training Simulator provided valuable training for all
Operations Engineers and Reactor Technicians qualifying for sodium fill.
This training consisted of 72 hours actual simulator time with emphasis
on operating characteristics, instrumentation, control of the plant and
procedures. This initial training also included reactor startups and
shutdowns, response to casualty conditions, and several simulator
examinations.

The Sodium Fill qualifaction phase is now over. Sodium fill commenced
July 1978 and a few words are appropriate in retrospect of the sodium
fill qualification process. Several factors greatly affected the
eventual implementation of the program. The first factor is attrition.
The initial plan called for four classes to provide 105 operators.
However, the initial plan was based on an initial criticality date in
1975. The attrition is shown by the fact that over 180 hirees started
the classes since 1974 and we started our eighth class this month. Some
of the attrition was planned as the support staffs were established.
Promotions are inevitable if recruiting is effective in getting top
people and it is as shown by the fact that 23 personnel have been
promoted since 1974. 42 people who have lefc the crews are still with
the FFTF Project so the training and experience gained in the operator
training program is still being utilized for the good of FFTF. The
lesson learned here is that excessive attrition should be expected if
plant delays are encountered.

The second factor is demands on operator time. As can be seen in Figure
1, the demands are varying and much dependent on construction completion
of systems. In 1975 thru 1977, procedures and qualification were major
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time consumers. In 1977 to 1978, the testing and site support require-
ments ramped up rapidly while procedure preparation and qualification
ramped down. This is to be expected, but the graph points out that the
demands on the operator time did not leave excess time and the buildup of
operators was appropriately timed.

Cold Plant Qualification builds on the Sodium Fill Qualification and
emphasizes principles of reactor operation, the performance of evolutions
and procedures that could not be performed before initial sodium fill,
and control room training in the Operator Training Simulator. Refresher
courses in radiation safety and criticality control are being provided
prior to the fuel load. Control room operators and supervisors will
receive additional simulator training which emphasizes the procedures to
be used on the FFTF fuel load and approach to criticality. The next
section will go into detail about the final certification process for
cold plant qualification.

Requirement

The reactor operators training shall be sufficiently comprehensive to
cover all areas which are applicable to the candidates job
description.;.

FFTF Implementation

The FFTF Qualification card was written from the start to cover most of
the normal, infrequent and off-normal conditions encountered by the
watchstander. The qualification card is directly applicable to all areas
of the candidate's job description. The overall training program
described above support the qualification requirements by virtue of a
comprehensive academic class which is the base for a detailed "hands-on"
training in each of the areas designated on the qualification program.
The estimated hours to qualify at the different levels are:

Operating Technician 800 manhours
Reactor Technician (Reactor Operator) 1100 manhours
Operating Engineer (Supervisor) 1300 manhours

These are approximate hours and do not include classroom time of over 300
manhours.
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CERTIFICATION

Requirement

Written procedures for certification by management of qualified reactor
operators and supervisors shall be developed and implemented. Certifi-
cation shall be made either by senior line management or by a committee
designated by management.

FFTF Implementation

This is being accomplished for initial certification of operators with
the Colri Plant Qualification Plan. The plan describes the Cold Plant
qualification examination sequence (i.e., certification examinations to
be administered prior to the initial fuel loading and startup). The Cold
Plant qualification requirements are particularly stringent as a result
of the plant's complexity and uniqueness. Only certified persons shall
operate the reactor or operate auxiliary systems which significantly
affect reactor safety (this shall not exclude operation by trainees or
other designated persons under the supervision of a qualified operator).

Certification shall be made by the manager of FFTF Testing and Operations
or the manager of Operations based on the recommendation of a board con-
vened to examine the individual orally and to monitor the operational
examination performed at the Operations Training Simulator (OTS). The
board composition for the two levels is:

1) Supervisor Certification
• The Manager of Testing and Operations (for Shift Operations

Managers boards only) or Operations Manager
» An FFTF Project Manager
» A qualified cross-crew Shift Operations Manager (except for

Shift Operations Managers boards)

2) Reactor Operator
• The Manager of FFTF Operations
• A qualified cross-crew Shift Operations Manager
• A qualified cross-crew Operations Engineer or an Operations

Services Engineer

Requirement

Neither reactor operators nor supervisors may be certified by his/her
immediate supervisor.

A line manager or supervisor may administer the examination if the con-
tractor does not have expertise from which to draw. However, if the
employe who administers the examination is also to be certified or
recertified, he shall not be examined by those persons whom he examines
nor can examine himself.
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FFTF Implementation

The immediate Shift Operations Manager recommends, but does not certify
an operator or supervisor. Upon completion of all prerequisites, the
Training Manage^ informs the FFTF Testing and Operations Manager or the
FFTF Operations Manager and recommends the certification of the
operator. The FFTF Testing and Operations Manager is responsible for
certifying Shift Operations Managers. The Operations Manager is
responsible for certifying all others. If the appropriate manager
concurs with the findings of all examinations and all recomnendations, he
endorses the accompanying letter, certifying the operator as qualified.
Oral examination boards for final certification include appropriate
managers from other groups as discussed above. OTS Training Engineers
administer portions of the operational examination and the written
examination.

Requirement

Certification should be based on successful completion of written, oral,
and manipulative examinations in subjects covered in the Training Program
Description.

FFTF Implementation

Written, Oral and Operational Examinations are required for certification
of reactor operators. Both written and oral examinations are a part of
the training program discussed earlier.

The operational examination to be administered at the OTS provides
determination of the qualification of a Reactor Technician to perform
control room reactor operations. An in-plant walkthrough is not required
because all control room operators must have previously qualified on all
watchstations outside the control room.

Requirement

Certification shall be made only after assuring that all the require-
ments of training and examinations (including written, operating, oral
and medical) have been satisfied and management has assured that the
reactor operator and supervisor are capable of performing satisfactorily
all of the functions of the assigned tasks.

FFTF Implementation

The training requirements established for certification as an operator at
the Fast Flux Test Facility include successful completion of a combina-
tion of academic, Operations Training Simulator, and experience require-
ments as established in the FFTF Training Plan. These requirements are
appropriate to the level of qualification.
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All operators must receive and satisfy the criteria of a medical examina-
tion that is given by HEHF to reveal health problems that could interfere
with operating assignments.

The operator demonstrates completion of in-plant qualification at the
appropriate level by completion of Qualification Cards. Verification is
performed by the operator's Shift Operations Manager. For Shift Opera-
tions Managers, the verification is performed by the Operations Manager.

The Shift Operations Manager determines to his satisfaction that an
operator is qualified and capable of safely operating all systems appro-
priate to his qualification goal prior to recommending that operator for
written, operational and oral examinations.

The successful completion of all operational, written, and oral examina-
tions is a prerequisite for certification. Certification is made only
after assuring that all the requirements of training and the examinations
have been satisfied and management has assured that the operator is
capable of performing satisfactorily all of the functions of the opera-
tor's appropriate level. The certification is valid for a period of two
years.

Requirements

The documentation for each candidate shall include:
a) Education, experience, employment history, and health evaluation.
b) Training programs completed.
c) Records of written examinations consisting of the candidates answers

and examiners evaluation.
d) Records of oral and operational demonstration examinations including

either a listing of the basic questions asked and tasks performed or
a general summary of each area covered, an evaluation of the opera-
tor's/supervisor's response and a general summary of oral examination
by the examiner which includes but is not limited to an evaluation of
the knowledge, ability, and performance of the operator/supervisor.

e) Records of initial certification and the most recent recertification
with dates and approval signatures.

FFTF Implementation

The documentation for personnel qualif ied for operation of the Fast Flux
Test Faci l i ty is maintained in a form amenable to internal and external
audit. A l l records related direct ly to quali f ication are maintained for
a period of at least ten years. Records include:
• Education, experience, employment history, the HEHF health evaluation

and appraisals of performance.
• Training program completion records including lesson plans, video-

tape summaries, examination, and class standings.
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Records of written examinations consisting of the candidate's answers
and the examiner's evaluation for all prerequisite qualification
examinations.
Records of oral and operational examinations including:
a. either a listing or the basic questions asked on tasks performed

or a general summary of each area covered,
b. an evaluation of the operator's response, and
c. a general summary of the oral examination by the examiner which

includes but is not limited to an evaluation of the knowledge,
ability, and performance of the operator.

Records of certification in the form of the FFTF Operations Check-
sheet requiring concurrence of the Shift Operations Manager, the
examining board chairman, the Training Manager and approval by the
Operations Manager or Testing and Operations Manager. The
certification date is determined by the approval date.
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REQUALIFICATION

Requirement

A retraining program shall be established to provide training on changes
to plant procedures, areas in which the candidate shows deficiency, areas
in which the candidate is not routinely exposed and other areas necessary
to keep the operator/supervisor proficient. The retraining program shall
include:
a) Continuous refresher training
b) In-depth retraining at least annually in abnormal plant procedures

and emergencies
c) Immediate retraining in identifiable weak areas

FFTF Implementation

The FFTF requaiification program is designed so that an operator remains
qualified on his most senior qualification level and also maintains
proficiency on stations encompassed by that qualification level. The
requalification program defines the requalification requirements for each
qualification level and the manner in which these requirements are met
and evaluated. It includes an annual written examination, a preplanned
lecture series, reactivity control manipulations, system operation,
demonstration of applicable procedures, cognizance of changes to facility
design, and review of infrequent and recovery procedures. For those
operating stations involved in Control Room operation, substantial use of
the OTS will be made.

A preplanned lecture series has been established to review seldom used
but safety related procedures, systems and basic fundamentals to help
insure that operator proficiency is maintained. The general topics
covered in this lecture series are:
1. Theory and Principles of Reactor Operations
2. General and Specific Plant Operating Characteristics
3. Plant Instrumentation and Control Systems
4. Plant Protection Systems
5. Engineered Safety Systems
6. Normal, Infrequent and Recovery Operating Procedures
7. Radiation Control and Safety
8. Technical Specifications

The program consists of 64 hours of lecture divided amongst the eight
topics. Each topic is administered in two portions. The f i r s t is a
general discussion of the subject, and the second considers the specific
application to FFTF systems or problems. An example as applied to theory
of reactor operation would be:
General: Discussion of the f ission process, neutron mult ipl ication
process and react iv i ty insertion mechanisms.
Specific: Discussion of FFTF react iv i ty coefficients, reactor
kinet ics, dynamics and inherent safety concepts.
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Supervisors and Reactor Operations are required to attend both portions
of each topic (unless exempted by previous examination) while a balance
of plant operator is required to attend only the general portion.

The eight topics which make up the lecture series are grouped into four
groups of two. Following the completion of each group, an examination of
about two hours duration is administered. Thus, over a span of one year,
all topics are presented and four examinations are given. Each
individual examination is divided into a general and specific part for
each topic and thus can be given to all personnel involved in the lecture
series.

If an operator receives a failing grade on the examination for any topic,
he is considered to be uncertified and must review the material and be
reexamined until he can achieve a passing grade on the reexamination. A
remedial program is established to ensure timely review and coverage of
all necessary material.

Requirement

The contractor's operator and supervisor training and examination system
shall provide for:
a) Training on a continuous basis
b) Refresher training prior to examination
c) Sufficient company time for training
d) Reexamination at least annually in all procedures for handling

abnormal plant conditions and emergencies, and biennial reexamination
on all other subjects.

e) Retraining and reexamination in any other weak areas discovered.

FFTF Implementation

A long term schedule has been developed and is being computerized to
allow periodic flagging and review of training requirements. This will
not only be utilized to monitor Reactor Operations requirements, but also
Hanford Engineering Development Laboratory requirements for periodic
safety meetings, emergency equipment training, emergency response team
training and others.

Refresher Training is provided by the preplanned lecture series.

A five crew rotation has been established to ensure adequate time is
available for training. The rotation has a period of 35 days, and a crew
would have four days available from each 35 for training purposes.

The requirement for annual and biennial reexamination is covered by
utilizing quarterly examinations. This method ensures an annual
examination on recovery and emergency procedures.
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Remedial action in identified weak areas consists of a formal review by
the individual's Shift Operations Manager, followed by the establishment
of a formal remedial program. This program requires concurrence of the
Training Manager and must be completed before the individual is allowed
to repeat any examinations.

Requirement

The reexamination shall include written, oral and operational testing
(the time between examinations on each category is not greater than two
years on the average and the maximum time interval between qualification
on any category does not exceed 27 months).

FFTF Implementation

In order to evaluate an individual for requalification, several tools are
used.
1. The annual written examination series discussed in the previous

section in conjunction with the lecture series is administered.
2. Periodic short written or oral examinations on procedures and design

changes are administered while on shift by the Operations Engineer
and reported to the Training Manager.

3. Periodic OTS refresher training provides for the evaluation of the
operator's performance and competency. The report documents drills
performed and includes an evaluation of the operator's action.

4. A semi-annual operator proficiency evaluation by Operation's
Management on performance of watchstanding abilities.

An operator will be disqualified for failure to satisfactorily complete
any of the above.

Requirement

The contractor has the following options:
a) Giving one examination biennially which covers all topics.
b) Giving examinations on selected topics throughout the two year

period.
c) In lieu of training prior to examinations, give a comprehensive

examination prior to retraining (written and oral) in each category,
as well as an operational examination, to determine weak areas in
which the operator/ supervisor shall be retrained and retested.

FFTF Implementation

The four examinations administered during a year are collectively con-
sidered to be the annual and biennial examinations required. Admini-
stering the annual examination in four parts has several advantages:
1. Operators with academic deficiencies are identified earlier and can

be given special help.
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2. Scheduling two hour examinations for shift personnel is easier than
scheduling an eight hour examination.

3. The operator is much more capable of studying effectively for several
short examinations than for one long examination.

This method helps minimize the probability that an operator will have an
unsatisfactory examination performance which reduces the need to remove
operators from watchstanding responsibilities and helps to provide a
consistent level of understanding of all operators.

The results of the examination series are used to evaluate the effect-
iveness of the series, plan the next years series, and identify any
operators who may be exempted from the next lecture series. If an
operator receives a grade of greater than 90% on the examination for any
topic, he is exempted from the next year's lecture on that topic. How-
ever, he must take the next years examination en that topic. As long as
he scores above 90% he will continue to be exenrated from mandatory
lecture attendance.

Requirement

Examination - Written, operational, and oral examinations shall be pre-
pared and administered by the contractor to satisfactorily demonstrate
the required knowledge of reactor operators and supervisors. These
examinations shall include questions on all categories listed above. DOE
shall concur in tlie type, depth, and breadth of the examinations for
initial certification. Administration of examinations of reactor opera-
tors and supervisors shall be by those personnel sufficiently knowledge-
able to ascertain candidate deficiencies. The examination contents,
administration, and evaluation of the examination shall be reviewed by
personnel other than the candidate or his immediate supervisor.

FFTF Implementation

Examinations will satisfactorily demonstrate the required knowledge for
FFTF Operations. The content of these examinations and their administra-
tion has been discussed in the previous section. DOE concurrence was
obtained for Sodium Fill Qualification and will be for Cold and Hot Plant
Certification. Examination administrators are selected because of
extensive qualifications or capabilities in a specific area, or, for
management personnel, because of significant program familiarity. Shift
Operations members of boards (including Shift Operations Managers) must
be certified prior to acting as a board member. Training engineers have
an aggregate of seven years of simulator experience including partici-
pation in NRC examination administration.
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Examinations are reviewed for content and administration by the FFTF
Training Manager. The evaluation for oral, written and operational
examinations is prepared by members of the appropriate board or of the
Training Staff and reviewed by the Training Manager who is not an
immediate supervisior for the candidates. It is again reviewed by the
Operations Manager (or Testing ar.d Operations Manager for Shift Opera-
tions Managers reporting to the Operations Manager) prior to
certification.

Requirement

The candidate shall not be allowed to function as a certified operator/
supervisor if he has not completed all of the regualification program
within two years of the previous certification. If a certified operator
fails a required portion of a recertification examination or shows
serious deficiencies which indicate he may operate in an unsafe manner,
then he is to be considered uncertified even though the time of his
previous certification has not expired. In addition, the recertification
of previously certified operators/supervisors shall be based on:
a) Operating records and experiences during the past certification

period.
b) Successful completion of appropriate portions of the retraining and

retesting program.
c) Review by and concurrence of designated official(s) independent of

the facility management.
d) Experience. If an operator or supervisor has been away from reactor

operations for a period of up to 12 months, selected retraining and
oral and/or written and operative examinations shall be given as
deemed necessary. However, if the absence is greater than 12 months,
appropriate comprehensive written, oral, and operating examinations
(as required of initial qualifying candidates) shall be given to
determine weak areas. Retraining and retesting shall be required in
areas of weakness.

FFTF Implementation

The requalification requirements as previously discussed include a formal
lecture program and a reexamination series to be completed annually. In
addition, the requalification program requires performance of specific
evolutions. The on-the-job portion of the requalification program is to
ensure that all operators maintain their operating proficiency on plant
equipment and stay abreast of design or procedure changes. On a regular
basis, operators must demonstrate their:
1. Skill with Reactivity Control Systems
2. Understanding of the operation of equipment according to procedure
3. Cognizance of facility design changes and procedure changes
4. Review of infrequent and recovery procedures
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To ensure that all supervisors and operators maintain their skill in
manipulating reactivity control systems, it is required that each
operator perform a minimum of five reactivity manipulations every year.
Supervisors can meet this requirement by a combination of actual perfor-
mance and direction of manipulation as long as he actually performs at
least three manipulations. This reactivity control experience may be
performed on the actual Reactor Control Panel during normal operation, on
the OTS during training sessions, or by using fuel transfer equipment to
move fuel drivers or control rods within the core during refueling.

The specific reactivity manipulations which satisfy this requirement
include:
1. Startup from refueling conditions to power standby
2. Power ascent from power standby to power state
3. Power descent to hot standby
4. Cool down from hot standby
5. Power change greater than 10% of full power
6. Removal of fuel assembly from the core lattice
7. Insertion of fuel assembly into the core lattice
8. Removal of control rod assembly from the core lattice
9. Insertion of control rod assembly into the core lattice
10. Removal of a test assembly from the core lattice
11. Insertion of a test assembly into the core lattice

The operator must perform a variety of these manipulations and in
satisfying the reactivity manipulation requirement can only count one of
each toward the five manipulations per year.

In addition to being used to help satisfy the reactivity manipulation
requirement, the OTS is used for extensive operator simulation
retraining. The retraining consists of normal reactor evolutions.

As the OTS is operated throughout the various normal operating routines,
infrequent and recovery conditions are initiated without prior warning.
In this manner, the operators are exposed to actual plant operating
conditions and allowed to react to several sets of abnormal situations.

The intent of this training is to provide the operator with substantial
experience in nonequilibrium and casualty events during approximately 50
hours of simulation yearly. This gives the best possible assurance that
he maintains his proficiency in executing all infrequent and normal FFTF
operating procedures.

Operators must demonstrate their understanding of the operation of
equipment according to procedure. This is accomplished by requiring that
an operator periodically be assigned as the operator on all operating
stations which he immediately supervises. To prevent an operator from
being away from any station for a prolonged period, he normally operates
each station at least once every six months. Also, all qualified Reactor
Operators, In-Vessel Fuel Handlers, Supervisors and Refueling Engineers
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are evaluated during the performance of their duties at least once every
six months. This evaluation is conducted by the Operations Manager,
Shift Operations Manager, or Training Manager for the Chief Operator and
Refueling Engineer and by the Shift Operations Manager, Operations
Engineer or Training Manager for the Reactor Operator and Refueling
Technician.

Acceptable methods for performing this evaluation include observation:
1) during actual operation for at least a four hour period, or
2) during a simulated walkthrough of the procedural steps required to

operate the pertinent equipment.

Requa'lif ication requires concurrence of the Training Manager and an FFTF
Project Manager not reporting to the Testing and Operations Manager. In
the event that an operator or supervisor has not operated for a period of
up to 12 months, then all missed examinations, OTS training and on-the-
job training must be made up. In addition the Shift Operations Manager,
with the concurrence of the Training Manager, will prepare a remedial
program to provide assurance that safe operating is not compromised. An
operator/supervisor who has not been involved in operations for a period
in excess of one year will be required to requalify.

Failure of any written examination, serious misperformance of any evolu-
tion, or failure of any OTS examination shall result in lapsing of
certification. Certification shall not be restored until a remedial
program is completed.

Conclusion

The FFTF is unusual in that no comparable facility exists and thus no
existing training package can be easily modified to meet Operator
Training needs. This has resulted in the evolution of an in-house
training program and has brought out the accompanying development pains.
Identification of the applicable requirements and surveying established
programs to build an experience base of acceptable solutions is vital to
establishment of a viable training program. The FFTF Training Program is
designed to be in compliance with the present DOE requirements and to be
in compliance with presently proposed DOE manuals when they are imple-
mented; and provides a sample of an acceptable program for others to
utilize in their program development.
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THE ARGONAUT TYPE REACTOR FOR THE BEST
POSSIBLE PHASE la TRAINING OF NUCLEAR PLANT OPERATORS

J. D. Weaver
C. E. Ashbaugh

ABSTRACT

The Argonaut type reactor is an excellent training tool for
the training of Electric Utility Nuclear Plant Operators. The
training advantages of this type of reactor can best be seen by
comparing its design characteristics to a typical large pressurized
water reactor and other research/training reactors. Many of the
design features of typical research/training reactors not necessary
for reactor operator training are explained. Some minor modifi-
cations of the Argonaut at UCLA would prove valuable and are under
consideration. A complete one week Phase la training program
proposal hao been made by UCLA to selected utilities and a summary
of this program is presented.

ADVANTAGES OF THE ARGONAUT FOR TRAINING

The Argonaut type reactor is one of the.best research training

reactors available for the Phase la training of PWR operators.

Phase la training utilizes a low-power research or training reactor

to demonstrate reactor properties and is used in conjunction with

or Immediately following Phase I of operator training. The simi-

larities of design between a PWR and the Argonaut can be seen by

comparing the Argonaut against the other types of training reactors

(Table 1). The Argonaut reactor referenced in this text is the

reactor located at UCLA's Nuclear Energy Laboratory. A few of the

most graphic similarities between the Argonaut and a typical PWR

are listed below:

- Primary coolant flows up around clad fuel assemblies;

The four control elements in the Argonaut are inserted ver-

tically as are the control rods in a PWR. A typical PWR uses

four rod groups, three of which are fully withdrawn with one



Table 1. Reactor Plant Design Characteristics of a
Typical PWR and Common Training Reactors

Fuel Type

Fuel Configuration

Enrichment

Moderator

Reflector

Control Element
Conf ig;v i-ion

Primary Coolant

Primary Flow

Secondary Heat
Sink

Power

TYPICAL PWR

U0- Pellet
Zircalloy Clad

Rods

1.5 to 3%

K20

H20

Vertical
Rods

H20

Forced Centrific^l
Pumped

Steam
Generator

3000 MWt

UCLA

ARGONAUT1'2

U-Al
Al Clad

Plates

93%

H20

Graphite

4 Vertical Cd
on Blade

H20

Forced Centrifical
Pumped

Water Cooled
Secondary Heat
Exchanger

100 KW

ATOMICS INTER-

NATIONAL L-88

Water Solution
Uranyl Sulfate

Solution with
Water

93%

H20

Graphite

4 Horizontal
Rods

NA

Forced

Refrigeration
Unit

3 KW

POOL TYPE

PULSTAR

U02 Pellet
Zircalloy Clad

Rods

4%

H20

Water, Graphite
or Beryllium

6 Vertical
Rods

H20

Natural
Convection

NA

Up to
5000 KW

TRIGA3

U-ZrH
Al or SS Clad

Plates or Rods

20-93%

U-Zr
Hydride

Graphite

3 to 5
Vertical Rods

H20

Natural
Convection

NA

Up to
2000 KW

172
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used for reactivity control. The Argonaut withdraws three rods to

44% and uses a fourth regulating rod for reactivity control.

The Argonaut is one of the few types of training reactors to

use forced primary coolant flow. A centrifugal pump is used

on the Argonaut and a PWR. Pool-type training reactors use

natural convection cooling.

The heat exchanger on the Argonaut using secondary water

cooling is similar in characteristics to a PWR steam generator

using feedwater.

The UCLA Argonaut has an excellent primary and in-core temper-

ature monitoring system. A heat balance and computation of the

reactor thermal power output is easily obtained. On a natural

circulation Pulstar or TRIGA reactor, coolant mixing does not

permit an accurate measurement of the water temperature entering

the reactor core.

The reactor console for the UCLA Argonaut offers all of the

required instrumentation to make it similar in function to a large

PWR (LPWR). The basic indicators available on an LPWR control

panel are presently installed on the Argonaut console. The response

of the Argonaut reactor to changes in Control rod position is very

similar to the response of an LPWR.

Some training reactors require that the startup neutron,

source be removed before the flux level in the reactor becomes

great enough to cause source burnout. This step in the routine

startup procedure can become burdensome. The Argonaut at UCLA has

a radium - beryllium startup source which can remain in the reactor

at all power levels.

Many universities have their research/training reactors

located away from the main campus for safety reasons. This can

impose hardships on visiting students for such things as eating

facilities, lodging, and transportation. The Nuclear Energy Lab in

the center of the UCLA campus is not subject to these inconveniences.
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REACTOR DESIGN FEATURES NOT REQUIRED

The following design features are incorporated into many types

of research/training reactors. These features are sometimes

utilized for reactor operator training, but their value is ques-

tionable. The UCLA Argonaut does not have these features, and the

following paragraphs will clarify why UCLA can offer excellent

Phase la training without these features.

Pulse Operation

The pulse mode of operation is utilized for isotope production,

reactor kinetics investigation, and to study objects in an extreme

radiation environment. Reactivity greater than one dollar is

inserted and the reactor goes prompt critical. Power is turned

around by the prompt negative temperature coefficient which is

inherent in the fuel elements. This mode of operation can be used

by a reactor operator trainee to calculate and verify reactor

response when prompt critical. This instruction would be of

little practical value to an LPWR operator because prompt criti-

cality is not possible with an LPWR.

Square Wave Operation

This mode of operation is built into some research/training

reactors to satisfy the need of research facilities for repro-

ducible neutron exposures. A power increase from some power level

less than 1 KW to a power on the order of hundreds of KW's is

achievable in a very short period of time. A transient control rod

is used to inject a predetermined amount of reactivity. When the

reactor power reaches the desired level, an automatic control

system maintains power until a scram completes the square wave.

This mode of operation is not directly applicable to commercial

power reactors and would not be advantage in a Phase la training

course.
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Moveable Fuel Assemblies

The fuel assemblies in a pool-type reactor can be repositioned

or removed relatively easily compared to an Argonaut reactor. Easy

fuel insertion allows for a critical mass experiment where the core

is constructed starting from approximately one-half of the critical

mass. As fuel assemblies are inserted, criticality is predicted by

studying the subcritical multiplication within the core. Univer-

sities have performed this experiment in their Phase la training

programs, claiming the following:

1) experience in operation of fuel handling equipment,

2) exposure to underwater optical illusions encountered when

refueling a PWR,

3) familiarity with fuel accountability procedures, and

4) appreciation of disciplined procedures and communications.

The overall value of this experiment could be questioned in that it

takes approximately one complete day to perform. PWR plant operators

would not perform initial criticality calculations in the course of

their normal duties. Quite frequently PWR plant operators do not

perform the task of fuel handling at all because the reactor vendors

furnish trained crews for refueling.

Increased Reactor Power

An upgrading in the power level of the UCLA reactor would

result in a greater neutron flux for activation purposes. ...le

advantages of this modification for training purposes are minimal.

Observable phenomena would not necessarily be more evident if the

power output were raised from its present 100 KW to 500 KW or

1000 KW, as is currently being investigated.

Steam Plant Simulator

A few universities have given consideration to coupling steam

plant simulators to the control consoles of their reactors. A

simulator coupled to an operating reactor would not have the

valuable training provision for "freezing" evolutions or altering
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reactor's uniform water void coefficient of -25c/% void. Ideal gas

relationships would permit computation of the percent void knowing

the physical state of the nitrogen rpon injection. A constant

pressure regulator on a nitrogen bottle would be the source of gas.

A flow meter and an electric solertoid valve would be monitored and

controlled from the reactor control panel. The gas would pass

through the core and be vented to the atmosphere vi^ the dump tank.

Moveab.le In-Core Detector System

In-core instrumentation systems are used at power plants to

confirm core power distributions. This capability may be achieved

on the UCLA reactor by utilizing the vertical access holes. A

miniature fission chamber with drive assembly and battery supply

would be used to map the vertical flux distribution. Flux depression

could be mapped as the control rods are driven in. This flux

depression demonstrated at UCLA would show the PWR operator the

importance of keeping a uniform flux profile in the core by boron

addition to the primary coolant. This flux monitoring system would

allow the operator to analyze flux perturbations caused by control

rod movements, filling the vertical access holes with borated

water, heating the water in a vertical access hole, etc.

Removeable Neutron Source

Although the neutron source does not require removal in the

Argonaut, it would be advantageous to remove this source of neutrons

while at power. This removal would allow for differentiation

between the effects of fission neutrons and source neutrons.

Response characteristics of the reactor could be slightly altered

by the placement of the neutron source in the core. A sensitivity

study of the nuclear instrumentation would be required to determine

if the effect of source neutrons can be readily detected, and at

which power levels. The Argonaut reactor's Technical Specifications

require a source only during reactor startup.
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Reactor Console Changes

A remodeling or updating of the Argonaut reactor control

console would not be warranted if only for the purpose of con-

ducting a Phase la reactor operator training program. All of the

necessary instrumentation is presently available for the Argonaut

console to closely resemble an actual LPWR reactor control panel.

Improved reliability could be achieved by installing solid state

components and more modern instrumentation, but the functional

capabilities of the console would remain essentially the same.

Graduate students could be utilized to design and install the

equipment. Figure I shows the relative complexity of the Argonaut

console. A console overly simplified would not model an LPWR

control console.

If an upgrading of the reactor control console were under-

taken, some controls and instrumentation would be made to more

closely resemble the control panel of a typical LPWR. The four rod

control buttons would be replaced with a single rod control switch

and a rod selector switch. The rod heights would be displayed on a

digital readout as would the reactor power. An audible means would

be provided to monitor the neutron flux level in the core.

Some minor changes to the console would allow for easier

understanding by the student operator. For separation of functions,

the major sections of the console would be labeled. The normal

operating positions and the test positions of all switches used in

the Pre-Startup Check-Off would be more clearly marked. This would

assist the operator in positioning switches during and after each

step of the check-off. The "normal" and "test" readings would also

be clearly marked on the face of each gauge.

Procedures And Administrative Changes

The following changes will be made to bring the operating

practices of the NEL more closely in line with those of a com-

mercial reactor plant. The UCLA reactor startup procedure will be
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modified to include calculation of an Estimated Critical Position

(ECP). Power reactors require this step to ensure that criticality

is achieved within an anticipated band of rod positions. The

present procedures simply require that criticality be reached

between 20 percent and 40 percent on Rod #4.

Utility operators are accustomed to thinking of reactivity in

units of pcm (percent milli). The rod worth charts for the UCLA

reactor are graduated in dollars. The charts will be modified to

include pcm units.

Because the Servo Demand switch on the UCLA reactor console

has no counterpart on an LPWR control panel, this switch will be

fully explained to the student operator. The Rabbit system will

also be explained in depth.

The primary and secondary flow diagrams will be modified to

use standardized symbols commonly understood by utility plant

operators for system components.

PHASE la TRAINING PROGRAM AT UCLA

A Phase la Reactor Operator Training Program has been recently

offered to selected electric utilities. The program takes the form

of a Training Handbook of Experiments which will be handed to the

two to four student operators as they walk through the door for a

one-week training course. This handbook will be used for the

entire week. Selected sections of the program handbook has been

sent to electric utilities as an indication of the training available

at UCLA for reactor operators.

This Training Course has been offered to electric utilities to

fulfill needs in five different areas:

1. Offered as a means to meet the NRC cold licensing require-

ments. There is a requirement for cold licensees to have

manipulated the controls of any nuclear reactor throughout

ten completed startups.
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2. Offered as a "refresher" course immediately before the

NRC licensing examinations. Typical questions from past

NRC oral examinations are asked of the operators. This

builds confidence in answering oral questions when

face-to-face with an NRC examiner at the console.

3. Offered as a means to achieve the best possible quality

training.

4. Offered as a means for requalifying licensed operators to

achieve their ten reactivity changes.

5. Offered as a general background training course for

engineers who will not be licensed reactor operators.

The training period for a nuclear plant operator tends to be

a frustrating, unsettling transitional period. There is the

additional lack of reality for the subject matter of a training

course if the operator's nuclear plant is still in the construction

stages. Because nuclear subject matter is removed from common

experience, operators need to physically participate in reactor

operations. This physical participation would take place at UCLA

after the subject matter is learned in the classroom as well as

possible to prevent additional frustration.

The training offered by UCLA concentrates on operating techniques

and the interpretation of instrument response, not the measurement

of parameters such as Fermi Age for which the operator has little

practical use. Theory is balanced with application with operators

being taught to analyze situations logically.

The instructor is suited to teaching reactor operations to a

class with a formal education level of a high school graduate.

The development of concepts is kept reasonably qualitative, and

concepts are not based entirely upon mathematical derivations. The

class will typically not have a uniform mathematical or physical

science background. Most university faculty express their thoughts

in graphical representations and the students do not always readily

understand these techniques. This fact is recognized at UCLA. The
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concepts presented relate to a reactor operator in a power plant

environment. Individual tutoring is expected. The aptitude of the

student would govern his pace and ultimately the number of startups

he actually performs.

INTRODUCTION EXCERPTED FROM THE UCLA

REACTOR OPERATOR TRAINING COURSE HANDBOOK

The theory of nuclear reactor fundamentals is a difficult

subject to fully understand while sitting in a classroom. To fully

comprehend the subject, a method is needed to make this theory

"visible". That method can be the UCLA reactor. "Hands on" experience

is by far the best way to understand the fundamentals of reactor

behavior. Reactor behavior is easily studied on the UCLA Argonaut

reactor because it is not subject to complicating factors such az

electric load changes, high temperatures and pressures, etc. as is

a modern day nuclear power reactor.

By this stage in your training you, the student, have completed

the classroom portion of your Phase I training that covers nuclear

theory, mathematics, etc. Only a brief review of these concepts

will be given in the classroom o£ the Nuclear Energy Laboratory

(NEL) before the reactor is used to graphically demonstrate these

concepts. The notes for these classroom lectures are contained in

the Operator Training Course Handout Book. The Handout Book

contains other supplementary information for this training course.

The basic areas that this one week training course will

emphasize are:

Reactor operating techniques and interpretation of

instrument response,

- The proper use of written procedures,

- The importance of the startup source,

- The approach to criticality,

- The reactor's response to the effects of control rods and

other sources of reactivity addition,
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- Operational safety.

The experiments to be conducted are as follows:

1. Power Recorder Traces

2. Subcritical Multiplication and Reactor Response

3. Control Rod Calibration

4. Reactivity Insertion and Reactor Kinetics

5. Temperature Coefficients

6. Reduction in Primary Coolant Flow and Loca Simulation

7. Power Calibration and Flux Tilt

8. Recovery Startup from Reactor Scram at Full Power

9. Power Range Operations and Xenon Effects

Wherever possible, all experiments will utilize standard

calculations (i.e. rod position, period, etc.) to predict instrument

response and then verify that these predictions are accurate. This

course is particularly useful to the operator because many questions

on the NRC written and oral examinations can be answered through

the understanding of concepts demonstrated in the reactor experiments.

This course also serves the function of fulfilling the NRC Cold

Licensing requirements for ten reactor startups. Records will be

kept of the startups for each operator. These records will be

forwarded to the operator's supervisor at the end of the course.

During the last day of the training course, a one to two hour

written examination will be given which contains typical questions

on reactor fundamentals asked by NRC examiners. The graded results

of this examination will also be forwarded to the operator's super-

visor.

This book is intended to serve as a guide and workbook for

reactor experiments. The SRO is free to allow students to perform

evolutions at the operating panel as the student may request. The

student should feel free to ask questions and to use the chalkboard

at the operating panel for computations. Informal exchange of

ideas tends to benefit all students. The student is also encouraged

to discuss different ways of perceiving phenomena or problems. No

one particular way of teaching or expressing a concept is necessarily
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the best way to get the concept across to all operators. Feel free

to question and discuss!
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ARCHITECT/ENGINEER TRAINING FOR NUCLEAR POWER PLANTS

H. D. Hickman

ABSTRACT

This paper describes the many facets of training

available to Architect/Engineer (A/E) personnel

of the Stone & Webster Engineering Corporation

involved in nuclear power plant site activities

during the construction and startup phase. The

term training, as used in this paper, denotes

the broadest usage and encompasses continuing

education schooling, and other learning methods.

Training normally begins with academic schooling,

followed by the general orientation training of

personnel in all Departments, Divisions, and

disciplines. From here we move to the training

of personnel responsible for startup and testing

activities„ This is a narrower scope of activi-

ties, but one requiring much greater depth of

expertise.

CORPORATE WIDE TRAINING

Academic Schooling

Most of the academic schooling undertaken by A/E personnel fall into one

of the three degree programs described in the following subsections.

However, colleges also provide seminars and other specialized schooling

to keep engineers abreast of new technology. An example of this was the

"Waterhammer in Nuclear Piping and Circulating Water System" course

given last year by the Georgia Institute of Technology.
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Undergraduate-Associate Degree

Employees participating in programs for associate degrees usually have

received prior specialized instruction while on active duty in the

U. S. Armed Forces. This degree is usually in one of the technical

fields and provides greater depth of knowledge to the individual on

subjects with which he already has a working knowledge.

One advantage to this type degree program is its availability in many

widely scattered campuses. This results in a high probability of this

type college being within commuting distance of a nuclear power plant

location. However, this advantage in many cases is nullified by the

lack of reciprocity between educational institutions for earned

credits.

Bachelor of Science Degree

All personnel are encouraged to obtain a Bachelor of Science degree, if

they do not already possess one. Personnel who enroll in such programs

usually have extensive technical trpining and experience. Therefore,

the required courses to obtain the requisite credits for graduation are

mostly of a theoretical or broadening nature. The paucity of educational

institutions offering evening courses that qualify for credits toward a

full Bachelor of Science degree presents a difficult obstacle for candi-

dates working at power plant sites. Therefore, only test engineers with

long-term assignments located in metropolitan areas such as Boston or

New York City have the opportunity to participate in such programs.

Graduate Degree

A number of persons, having obtained a Bachelor of Science degree prior

to their first full time employment, pursue graduate studie' These

studies usually are of a lesser technical engineering natur^ ""he

emphasis is on subjects needed in a future supervisory or managerial

role. These subjects include accounting, financing and budgeting,

supervisory problems, planning, and scheduling.
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Licensing

Personnel are encouraged to obtain licenses of a technical nature which

indicate certain aspects of engineering ability. As in any good startup

organization some personnel have obtained Senior Reactor Operator

licenses. Other licenses include ASME Boiler and Pressure Vessel

Inspector, Stationary Engineer, and Marine Engineer.

Certifications granted by the U- S. Armed Forces, such as Chief Reactor

Operator, Watch Supervisor, and Test Supervisor, are usually obtained

prior to employment with an A/E. The experience and training required

in preparation for this type of license are not within the scope of

training for A/E engineers.

Support is given in acquiring the registration of Professional Engineers

granted by the individual states.

Engineer-in-Training (E.I.T.)

In preparation for the E.I.T. test. Stone & Webster sponsors North-

eastern University courses for personnel located in Boston. These

classes are given at Stone & Webster's facilities for the convenience

of the trainees. Usually, a sufficient number of community colleges

and other education facilities provide similar training for engineers

located at construction sites, although the attendance at such educa-

tional facilities is less convenient. At plant locations where

facilities are inadequate and a sufficient number of employees are

interested, Stone & Webster provides classroom instruction at the site.

Professional Engineer Registration

Preparation for the Professional Engineer's examination may include

classroom study at local community colleges, correspondence courses,

and'homestudy. Although desirable, it is not a legal or contractual

requirement for startup and test engineers to be registered as

Professional Engineers. It is Stone & Webster's policy to have at

least one registered Professional Engineer in the startup organization

at every nuclear power plant site. Currently 4.3 percent of the test

and startup personnel are either certified Professional Engineers
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or E.I.T.s. Of course, other functional groups within Stone & Webster

such as the Site Engineering Office, are also staffed by Professional

Engineers.

Correspondence Courses

The disadvantage of periodic transfer of personnel from one nuclear

power plant site to another, relative to educational opportunities,

can be partially overcome by correspondence courses. With proper

prior approval of an engineering college, certain courses may be

accredited toward a degree. Some correspondence courses are taken

to fulfill the reeds for a specific technical skill. Other courses

are an integral part of a planned educational program for the indi-

vidual, as developed by the educational institute providing the

courses. Such programs may culminate in the granting of an Associate

Degree.

A/E Conducted Classes

The Stone & Webster Continuing Education Department provides classes

in response to corporate needs. These classes are developed and

instruction provided by experienced individuals who have achieved

recognition and prominence in their fields and have demonstrated

teaching skill. Programs are of three fundamental types:

- Core courses, which provide participants with a common

body of knowledge useful in functional, managerial, and

administrative responsibilities. The core courses pro-

vide a foundation level of recognition, understanding,

and acceptance of subject matter upon which to build

functioning proficiency.

- Specialty courses, seminars, and workshops at multiple

levels, in which the necessary knowledge and application

skills are developed for functioning proficiency.

- Team project educational sessions in which participants

not only acquire functioning skills but also experience

the personal and interdiscipline teamwork necessary for
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attainment of project objectives.

In most cases, the educational method is participative and includes the

use of involvement learning techniques. Duration for the approximately

200 courses runs from a 2-hour informal presentation to twenty-one

2-hour sessions.

Examples of courses for site construction personnel are:

1. Construction Workshop: Helping Others Lf>m

2. Welding and Pipe Erection

3. Field Construction General Job Procedures: A series of

presentations that include:

Preconstruction Planning, Electrical Work,

Purchasing, Cost Control, Accounting, Labor

Relations, Safety, Jobsite Engineering,

Scheduling, Turbine Generator Erection,

and Equipment

Examples of courses for engineering personnel are:

1. Seismic Qualification of Equipment

2. Power Plant Electrical Engineering

3. Reliability Engineering and Fault Tree Analysis

4. Structural Design Aspects of Nuclear Power Plants

Examples of courses for startup personnel are:

1. Control of Urgent Changes to Drawing and Specifications

and Initiation of Information Requests

2. Field Testing of Hydraulic Turbines

3. Standard Nuclear Test Program: A series of presentations

that include:

Preparation, Review, Approval, and Control of

Project Test Program Directives; Preparation,

Review, Approval, and Control of Test Procedures;

Installation, Completion, and Test Release; Work

Control During Test and Startup; Tagging and Tag

Control; and Equipment Testing
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Manufacturti-s' Schools

The schools of equipment manufacturers are an important segment in the

training of A/E personnel. The offered training programs are reviewed

yearly and monies budgeted for attendance of selected personnel. These

classes are given at the A/E office, the power plant site, or the

manufacturer's shop. Desired training aids and number and location of

trainees determine the course presentation location.

Examples of equipment manufacturers whose training programs have been

attended recently by the startup and test engineers are:

1. The Foxboro Company

2. IRD Mechanalysis, Incorporated

3. Colt Industries

4.. Limitorque Corporation

5. Taylor Instrument Companies

NUCLEAR POWER PLANT SITE TRAINING

All Site Personnel

General Safety

The Safety Supervisor is responsible for the administration of the site

safety program which includes providing for and supervising safety

training on the job; supervising the first aid services; and super-

vising and training the site fire brigade.

All personnel newly assigned to the site receive safety orientation

which include the following subjects:

1. Safety Organization of the Project and Individual Responsibilities

2. Purpose and Membership of the Safety Committees on the Project*

3. Emergency Evacuation Plan and Bomb Threat Procedure

U. Safety Rules

5. Personnel Protection Equipment

6. Fall Prevention

*This is a revolving membership as an additional method of safety

training.
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7. Barricades, Handrails, and Hole Covers

8. Excavation Safety

9. Fire Prevention Practices

10. Housekeeping Requirements

11. Ladder and Scaffold Safety

12. Danger tags, lock, and other job tags

13. Severe Potential Hazards of Confined Space Work and Elevated

Work

14. The Client's Safety Requirement Applicable to Construction

Work

15. Reporting of All Safety Deficiencies for Correction

16. Instructions on Hurricanes, Thunderstorms, Tornadoes, or

Other Hazards Peculiar to the Site

The following additional safety subjects are given to selected site

personnel:

1. Foreman and General Foreman Training

2. Proper Methods of Rigging

3. Safety Responsibilities - Management, Project Supervision

Including Foremen and General Foremen

4.. Power Activated Tools

5. Proper Techniques of Erecting Scaffold

6. Proper Use of Portable Fire Extinguishers

7. Supervisor Training

8. Safety Supervisor Training

First Aid

On nuclear power plant sites, a number of employees have instructor's

certification to teach first aid. All site personnel are solicited to

receive this training and become members of the first aid team. This

is a volunteer activity, available for all site employees. Adequate

numbers of personnel have always had sufficient interest to enroll and

complete this training such that a good sized team is developed. The

first aid training program is repeated a number of times with frequency

based on the number of interested personnel and turnover of employees.
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Radiological Safety

Under the management of the Corporate Radiological Safety Officer, a

Basic Radiological Safety Training course is administered. Implemen-

tation and scheduling at the site are the responsibility of the Site

Radiological Safety Officer. This course covers the fundamentals of

radiological safety and is specifically designed for individuals not

extensively experienced with work in radiation restricted areas. The

course is not intended to, and does not, fulfill the nuclear facility

licensee's obligation to inform each individual frequenting any of its

radiation hazard areas of the specific hazards associated with the

area. The utility's Station Health Physics Department provides the

training required to fulfill this obligation.

The Corporate Radiological Safety Officer is also responsible for the

administration of Radiography Safety Training and instruction is given

to all site personnel involved with this activity.

Quality Assurance

The Quality Assurance Department has a large number of "canned" courses

which cover both technical and nontechnical aspects of quality assurance.

Sample course titles that represent the material available in the

technical area are:

1. Electrical Grounding

2. ASME Section III, Div. 1

3. The Relationshipj Effectivity, and Applicability of Codes and

Standards as Related to Nuclear Power Plant Project Structures,

Systems, and Equipment

A. Stainless Steel Protection

5• Blasting

6. Principles of Quality Concrete

Because quality assurance impacts all project personnel in some way

during construction and startup, Quality Assurance Department courses

are open to persons other than those within the Quality Assurance

Department.
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Project Administration

After each nuclear power plant project is established, it develops a

unique way of doing business. This results from a combination of

factors: i.e., physical location, political subdivision location,

owner, contract, and subcontract agreements, finances, regulatory

requirements, codes, and standards. Reading lists of applicable

administrative procedures are compiled to train personnel assigned

to the project. These lists include procedures unique to that

project and to that specific site. Where experience indicates that

instruction of a more comprehensive nature is required to convey the

information in the procedure, presentations in the form of lectures

are developed on the subject and given to personnel. Examples of

this type of Project Administrative Procedure are Control of Urgently

Needed Changes to Drawings and Specifications and Nonconformance and

Disposition Reports.

Security

Instructions relative to plant site security fall into one of two

categories. The first category is training needed to perform work

during most of the construction phase and the second is training needed

to perform work after the security systems required for nuclear safety

are in operation. The former instructions include automobile passes,

material searches, site personnel I.D. requirements, the different

procedures for shift work or other off-hours work activities, and

storage requirements for sensitive or confidential information. The

latter category covers the purpose of the high degree of security,

security classification of areas, and use of magnetic sensitive cards

for area access.

Site Construction Personnel

The headquarters training group, which reports directly to construction

management, is responsible for the development of all generic training

programs, the coordination of interproject, interdepartmental, and

operations center training and training resources, and providing

technical direction to sites including assistance to sites in their
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implementation. This group provides standards by which site training

programs are to be organized and developed.

At the jobsite, a construction training supervisor's responsibility-

includes the coordination of all site construction training activities,

identification of training needs, program development, conducting a

complete evaluation of training, and documenting all pertinent

activities.

Force Account Contracts

Training at the jobsite is directed toward two different audiences:

supervisory (non-manual) training and craft (manual) training. Train-

ing focuses on all job requirements governing the performance of complex

ani/or quality-sensitive tasks. By corporate definition, all tasks

sufficiently important to require a written procedure are complex and/or

quality-sensitive.. This training is conducted via either formal or

informal sessions. Formal sessions utilize classrooms wherein the

sessions have been preplanned as to time, place, attendees, tubject,

instructor's guide, visual aids, and training aid material. The in-

formal sessions encompass training given in, or contiguous to, the

production work areas, such as toolbox sessions and on-the-job

training.

The objectives of supervisory training are, in addition to providing

personnel with sufficient knowledge of all job requirements governing

the performance of complex or quality-sensitive tasks, to provide an

understanding of the operation and utilization of Stone & Webster's

Construction Management Systems, and to improve overall management

skills. An inventory of courses for formal programs addresses such

topics as Weld Material Control, Field Purchase Requisitioning Guide-

lines, and Labor Relations. These courses are presented in any of

three formats; lecture, "canned" (sound with slide, videotape); and

demonstration. Along with developing their own programs, each site

modifies the corporate generic programs to include any requirements

unique to the jobsite. Most of the programs are oriented toward

procedural training with an emphasis placed on the rationale behind
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the stringent quality requirements existing in today's nuclear

construction.

Once the needs are identified and material development begun, training

is scheduled on both a long and short-terra basis. A long-term schedule

of training activities is developed and issued by the training super-

visor biannually. This long-term schedule is based on input from

construction supervision reflecting their anticipated training needs

which, in turn, is based on a comprehensive planning network of logic

and schedule for construction activities. The function of this long-

term schedule is to allow for the timely development of training

materials and to assure training of sufficient personnel prior to their

involvement with the associated complex and/or quality-sensitive tasks.

A short-term schedule is also issued by the training supervisor to

inform all those involved of the who, what, when, and where of all

training activities conducted on site during a particular month.

Audits of the entire site construction training program are conducted

by Headquarters personnel on a regular basis to assure compliance

with Corporate standards and to assure that the stated objectives are

being met.

Construction Management Contracts

Construction training is generally conducted in a manner similar to the

training program just described for the force account contracts. The

chief differences exist in the delineation of responsibilities to the

various contractors. Stone & Webster requires that each contractor and

subcontractor involved in the construction of the plant establish a

program of construction training to prepare their employees for the

proper performance of complex or quality-sensitive tasks.

These programs of construction training are clearly defined and sub-

mitted to Stone & Webster management for approval prior to the

contractor/subcontractor's involvement in the production work.
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Site Quality Assurance Personnel

An extensive program of indoctrination, qualification, and certifica-

tion of QA/QC personnel is conducted to conform to NRC, ASME, and

ANSI requirements.

Site training for Quality Assurance personnel, beyond general

corporate or site orientation programs, is provided for two basic

purposes. First, to allow maintenance and upgrading of personnel

in specific QA/QC skills. These training sessions commonly consist

of specific presentations/demonstrations of required inspector

skills, for example:

1. Inspection of Electrical Termination

2. Slump Testing (Concrete)

3. Sieve Tests (Concrete)

4.. Anchor Bolt Inspection

5- Visual Inspection of Pipe Felds

When qualified personnel are certified, a second more rigorous type

of training occurs. This type training occurs in areas such as

nondestructive examination and auditing. Typical courses in these

areas are:

1 . Radiographic Testing - Castings

2. Radiographic Testing - Weldments

3. Magnetic Particle Testing

.+. Penetrant Testing

5. Ultrasonic Testing

6. Auditor/Surveyor Course

For the above, a variety of presentation and media approaches are

used such as video-tape, sound-on-slide, and live presentations.

Startup and Test Personnel

7o supplement the training described under the heading of Corporate

Wide Training and All Site Personnel, startup and test persnnel

receive additional training and participate in a formal qualification

program.
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Training

Maximum utilization is made of training programs by other onsite organiza-

tions and attendance is scheduled on a need-to-know basis. For example,

plant system specialists present lectures to reactor operation trainees.

Startup and test engineers vho are assigned those systems are scheduled

for attendance. In addition to the equipment manufacturers' site train-

ing courses heretofore mentioned, manufacturers' representatives give

informal training to selected startup engineers at the applicable equip-

ment location.

Qualification

The corporate qualification program is administered by the Advisory Opera-

tions Division of the Engineering Department. The first formal qualifi-

cations of test personnel took place in August 1974.. By the end of that

year the qualification program was fully developed. A major revision was

made in 1976 when the program was issued as one of the Corporate Standard
«

Test Program Directives. In December of that year, the program was

reviewed relative to the training requirements of ASME Section III, Div. 1

for test personnel. No revision was needed to fulfill those additional

training requirements.

Program Development.—Formal qualification program was established for

compliance with NRC Regulatory Guide 1.53 - August 1973 titled "Qualifica-

tion of Nuclear Power Plant Inspection, Examination, and Testing Person-

nel" and ANSI N45.2.6-1973 "Qualifications of Inspection, Examination and

Testing Personnel for Nuclear Power Plants."

At that time, a thorough review of the current and future needs for train-

ing and evaluation of training was conducted. The results of this review

indicated the need for the following features to be incorporated into the

program:

1. Qualifications go beyond the minimum legal requirements imposed
by regulatory agencies.

2. The program encompasses fossil and hydro power plants as well as
nuclear plants.
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.3. The program is an integral part of the individual's career development.

A. Examinations are developed to provide objective standards for

personnel evaluation.

5. Examinations are designed to cause "cramming" to be of little or

no significance.

Initial certifications presented a problem as no requirements or

recommendations for starting the qualification process were contained

in the standards requiring the program. At Stone & Webster, two indi-

viduals, each having more than 30 y.ars power plant experience of which

over 17 years were .specifically related to nuclear power plants, were

interviewed by the Vice Presidents of the Engineering and Quality Assur-

ance Departments. Based upon that dialogue and thedr resumes, these

tvo Vice Presiaents signed the original certifications needed to commence

the program. All subsequent certifications are traceable back to those

originals.

Classification of Certification. -The Program indicated the same

degree of education and experience requirements as ANSI N45«2.6-1973

but with the following exception. For certification to Levels I and II,

an education equivalent to a high school graduate is permitted.

The requirement that "the specific technical abilities of the person

being certified should be related to the specific assigned tasks, e.g.,

electrical inspections, concrete inspection, etc" (Regulatory Guide

1.58-1973, Section C.3) played a significant part in the decision to

certify test personnel by discipline. The types of talent required by

an A./E to meet the needs for startup and testing fall into four classi-

fications: electrical, instrumentation, mechanical, and systems. The

electrical skills required to properly check, energize, and test trans-

formers and motor control centers are the same for fossil, hydro, and

nuclear power plants. The instrumentation skills required to properly

bench-calibrate, field-check, loop-check, energize, and test instruments

are the same for fossil, hydro, and nuclear peer plants. The same

analogy applies to mechanical skills for pump alignment, hydrotesting,

velocity flushing, initial operations, and performance testing. Startup

and test personnel usually have had academic education followed by
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working experience in one of these three disciplines. While continuing

to gain more in-deptn experience within their respective disciplines

they commence to broaden their talents into complementary disciplines

required for complete integrated system testing. Based upon this

progression, a prerequisite to qualifying in the systems discipline is

the equivalent level certification in one of the other disciplines:

electrical, instrumentation, or mechanical.

Examiners.—The Chief Engineer of Advisory Operations Division

designates those certified Level III Test Personnel who are authorized

to administer the examinations. The authorization remains effective as

long as the individual maintains a valid Level III Certification of

Qualification in the named discipline(s), unless revoked by the Chief

Engineer. A minimum of two examiners for each discipline are designated

to insure adequate availability for examinations.

Education and Experience.—^A detailed resume of each individual

covering academic education, technical training, licenses, registra-

tions, technical society membership, publications, and detailed work

experience are included in the individual file folder cf all certified

test personnel. The educational requirements and the job experience-as

prerequisites for the examination are the same as those for ANSI N4.5.2.6-

1973 and therefore will not be repeated in this text.

Physical Capabilities. —-Test personnel are required to meet vision

requirements ooth as a prerequisite to consideration for training,

qualification, and certification and as a continuing requirement. An

eye examination is performed by a professional optometrist or other

person appropriately qualified such as a site nurse. The main objective

of the vision examination is to identify individuals with vision problems

that would prevent them from performing tasks demanding good vision.

Such identification is not meant to be a disqualifying mechanism from all

testing functions. A record of each examination result, is entered on a

Record of Eye Examination and retained in the individual's file.
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Visual acuity (natural or corrected) is verified such that the candidate

is capable of reading J-1 letters on standard Jaeger's test type chart

for near-vision or equivalent test type. The acuity is for monocular as

well as binocular vision. Color vision for test personnel is checked

utilizing Ishihara color plates or equivalent test type.

The visual acuity portion of the examination is repeated annually. The

color vision also required annual confirmation in the original certifi-

cation program but has since been discontinued due to the lifetime

characteristic of this capability.

Required Reading.—A reading list index is distributed to test and

startup personnel in the Advisory Operations Division as well as technical

libraries in Boston, Cherry Hill, and Denver. The index indicates arti-

cles, codes, procedures, £.nd other documentation, either as a complete

publication or as an excerpt, that are useful for startup and testing.

A matrix is incorporated into the index that divides the list into

required reading for certification and background reading for reference

or for broadening one's knovdedge. The required reading is subdivided

into the twelve categories under columns for Level I, II, and III

classification of the four disciplines: mechanical, instrumentation,

electrical, and systems. The listing is sorted under the following

headings:

1. Stone & Webster Documents

Corporate (includes applicable Quality Assurance Directives)

Engineering Department

Construction Department

2. ANSI Standards

3. National Fire Protection Association

4. IEEE Standards

5. ASME Codes

6. Code of Federal Registration

7. NRC Regulatory Guides
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Written Examination.—An open book examination is administered to

each candidate by a certified examiner to verify the candidate's

familiarity with industrial codes and testing requirements as well as

theoretical knowledge of the discipline. Questions for the written

examination are selected from a bank of questions maintained by an

Advisory Operations Assistant Chief Engineer. The bank is organized by

level and discipline. The questions are randomly selected from various

subject areas to provide diversity on subsequent examinations. The

bank is reviewed and updated periodically by Advisory Operations Division

staff personnel to ensure that the questions are current and relevant.

Questions are assigned a weighted value, with a total of 100 points for

each examination. Upon completion and grading, the examiner reviews in

detail the answers with the candidate. The examination is then filed in

the individual's personnel folder. Should the candidate fail the examina-

tion (passing grade of 70 percent), he is placed on a review program and

a re-examination may be administered no sooner than one month later. The

review program consists of a review of those areas in which the examina-

tion and subsequent interview revealed a weakness.

Oral Examination.—An oral examination is administered to each

candidate by a certified examiner. The minimum areas required to be

covered for each discipline during the examination are listed on a

Record of Oral Examination (see Figure 1). An evaluation of the

candidate's level of knowledge in each of the areas is indicated. Any

weak areas revealed are discussed in detail and are strengthened by the

examiner's instruction and recommended reading on the subject.

Project Indoctrination.—Upon assignment of certified test personnel

to a specific project, indoctrination by the Lead Engineer includes

completion of a list of required reading on technical and administrative

subjects that are unique to the project. A Record of Indoctrination

Briefing which covers areas of briefing and the list of completed

reading are submitted by the Lead Engineer for inclusion in the

individual's file.
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Recertification.—Each individaul performing testing functions on a

nuclear power plant shall be recertified every 2 years. Recertification

is granted if the individual has satisfactorily:

1. Passed the job performance evaluation or had a written or oral

examination.

?.. Maintained a valid annual visual acuity examination record.

3- Completed a required reading list which consists of all addi-

tions and updated revisions to the Reading List Index since

the date of the previous certification.

Site Engineering Office Personnel

Programs to indoctrinate and train Site Engineering Office

personnel are conducted at each jobsite to conform to Engineering

Assurance procedure requirements, industrial codes and standards,

the PSAR/FSAR, and site-related procedures and documents. Personnel

assigned to sites have usually been assigned to the applicable

project at the A/E office and their work activity on site is

generally in their prior assigned disciplines. Lectures on the

applicability and usage of engineering guidelines, standards, and

procedures applicable to their work responsibilities ond used on

that jobsite are given by experienced personnel.
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SUMMARY

A/E employee training at Stone & Webster for nuclear power plants can and

does draw upon many sources for education from both inside and outside

the Corporation. Career development is a planned mix o^ hese opportuni-

ties for learning, enhanced by Corporate recognition ana .ployee

upgrading through promotion and salary rewards. Training for work

activities at power plant sites has been intensified in recent years

with more formal programs of supervisory, technical, and craft training

administered by the Construction, Engineering, and Quality Assurance

Departments.

Test and startup personnel have available to them all the courses provided

within the A/E training program and are further subjected to a very

specific certification program to ensure the achievement and maintenance

of needed skills.

Stone & Webster has found the A/E's investment in training to be returned

many times over. While certain training measures are required by

regulation, the primary reason for training is to improve the proficiency

of our professional staff to serve the "needs of industry.
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FIGURE NO. 1

STONE & WEBSTER ENGINEERING CORPORATION
ADVISORY OPERATIONS DIVISION
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First Aid
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Metallurgy
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Test Procedures

Plant Instrumentation

Integrated Plant
Operations

Certified Examiner
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EXPERIENCE WITH PERSONNEL TRAINING
A CONSTRUCTORS VIEW

A. A. Eck

ABSTRACT

Effectively implemented training programs are a reflection
of positive management attitudes. The Training Engineer or
responsible training organization that has responsibility for
the development and implementation of training must have the
support from all levels of management.

Training requirements for qualification and certification
purposes shall be clearly defined. These requirements are
outlined in customer approved procedures relative to the
discipline involved. A major concern of the training organiza-
tion at the begining of the construction phase of a nulcear
facility is the need to perform a capability accessment,
comparing the availability of qualified personnel versus the
scope of work to be performed. Training may be administered
in various formats such as on-the-job training, class-room-
training, seminars, lectures and work shop sessions. The key
to continued success in the construction phase of sophisticated
fossil and nuclear fueled power plants is in having highly
trained and qualified individuals maintaining the technical
skills required for successful performance of their daily
activities.

EXPERIENCE WITH PERSONNEL TRAINING
A CONSTRUCTORS VIEW

Training is the key to continued success in the construction phase
of nuclear power plants. The success of a Quality Assurance program
depends on the knowledge and cooperation of each individual worker.

Properly trained personnel are more efficient, therefore reducing
the number of individuals required. Properly trained personnel don't



206

cause problems, they prevent them. Improperly trained personnel un-

knowlingly accept defective material and in some cases may reject

material that is of an acceptable quality. The acceptance of defec-

tive material and allowing fabrication or construction to continue will

usually add to the repair cost once a defect is discovered at a later

stage of production. The primary purpose for properly trained personnel

is to assure correct installations for the protection of the general

public, workers, the utilities and company.

Training Organization

In order to assure effective training, a clerly identified group

within the organization must have responsibility and authority for the

training program. Although the accomplishments of training may be the

results of delegating the development of various aspects of the program

to a task force, it must be the responsibility of one group to monitor

these activities and assure that they are effectively implemented.

Training Program Plan

It is advisable to prepare specific procedures that can serve as

a master plan and control documents for administration of the train-

ing program. These procedures or set of documents shall be developed

describing particular events that are essential for proper implementa-

tion.

The program plan should incompass the following as a minimum:

Define the objective

Identify the training requirements

Establish priorities

Perform capability assessment

Implement training program or plan

Monitor effectiveness and follow-up
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Define the Objectives

Eacn procedure shall identify the objective of the training disci-
pline or activity it covers. In the Pullman Power Products system we
have procedures outlining the philosophies in the following areas:

Control and Administration of Examination, Qualification and Certi-
fication of Non-Destructive Examination of Level III Personnel.--

All personnel engaged in NDE Level III activities shall be qualified and
certified in accordance with the requirements of this written procedure,
which meet the requirements of SNT-TC-1A and its supplements for the
NDE disciplines employed by the company.

Personnel considered for Certification of Level III in NDE shall
have sufficient education, training and experience to ensure an under-
standing of the principles, specifications and existing codes of those
areas of NDE in which they are considered for certification. All NDE
Level III personnel shall be certified through testing.

Non-Destructive Examination Personnel Control and Administration
of Training, Examination, Qualification and Certification, Level
I & II Personnel.—In the process of being qualified and certified

to the initial certified qualification level of the company, personnel
are considered trainees. Trainees work along with certified NDE person-
nel and are not permitted to conduct independently any test, interpret
any test results or write reports of test results.

An NDE Level I individual is qualified to perform calibration and
examination functions according to written instructions and to record
the results. He is responsible to a certified Level II or NDE Level
III individual for the proper performance of the applicable NDE method.

An NDE Level II individual is qualified to calibrate equipment,
perform NDE tests in specific methods for which he is certified, plus
interpret and evaluate examination results. A Level II individual is
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qualified to exercise assigned responsibility for on-the-job training
of trainees and Level I personnel. ;

Inspection and Testing Personnel, Control and Administration of
Training Examination, Qualification and Certification.--Personnel

engaged in Quality Assurance Engineering (QAE) activities shall be
qualified and certified on the basis of sufficient education, training
and experience to ensure understanding of the principles and procedures
of those areas of QAE functions in which they are considered for certi-
fication. The QAE functions include Code Compliance Verification,
Material Document Examination, Non Conformance Control, Procurement
Document Control, Process Document Examination, Records Management
and Training Administration.

Training must foster the realization that statements such as, "We
have done it this way for the past ten years", or "We have always been
quality orientated" will no longer satisfy the intense requirements in
the nuclear power generating area where quality, reliability and safety
are paramount issues of public concern.

Qualification of Quality Assurance Program Audit Personnel.—
Auditors shall not have any direct responsibility for performance of
the activities being audited. Audit team members will be selected on
the basis of education, special abilities, training and prior experience
in the activity being audited. A Certified Lead Auditor shall be
appointed team leader. He shall be responsible for orientation of the
team, coordination, preparation and issuance of the audit report.

Auditors shall have, or be given, appropriate training or orien-
tation to develop their competence for performing required audits.
Auditor training, indoctrination and qualification shall provide a
working knowledge of governing documents, standards and procedures.
On-the-job training under the direct supervision of a Lead Auditor
shall be in the form of planning, reporting and follow up by participation
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in two (2) audits as an Auditor-in-Training.

Lead Auditors shall be qualified in accordance with the recommen-
dations of ANSI/ASME N45.2.23. An examination shall be given to all
auditors, prior to their certification as Lead Auditor. An Audit
Team Leader shall be trained, qualified and certified, and have
performed at least five (5) audits in the past three (3) years to be
qualified as a Team Leader.

Qualified Auditors and Lead Auditors shall maintain their pro-
ficiency by regular and active participation in the audit process and
shall perform at least one (1) audit annually.

Auditor Qualification shall be evaluated on an annual basis for
proficiency and participation. These evaluations shall be documented.

Lead Auditors who fail to maintain their proficiency for two (2)
years or more shall be requalified by retraining, reexamination and
participation as an auditor in at least one (1) nuclear Quality
Assurance Audit.

The overall Quality Assurance program is audited periodically and
systematically in order to provide objective evidence of compliance with
requirements set forth in codes, standards, company quality-related
procedures, specifications and plans.

Identify Training Requirements

Each procedure shall identify the training requirements necessary
to qualify and certify personnel to specific levels of qualification.
It shall clearly define the necessary time of experience plus hours of
class room training that are necessary for qualification and certifi-
cation. In some instance you may qualify an individual based on experi-
ence alone. It is important that each training requirement that must
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be addressed is clearly defined and understood by each individual.

Establish Priorities

At the start-up of the construction phase of a nuclear facility

definite priorities need to be established. There should be a capability

accessment made comparing the availability of qualified personnel versus

the scope of work to be performed:

Work currently being accomplished.

Could work be accomplished with current capabilities.

Need trained personnel before work may be accomplished.

Require significant additional trained personnel before

work may be accomplished.

Once the needs are identified a plan of action needs to be put

in motion to assure that all required activities are covered with

trained and qualified personnel.

Implement The Training Program

Each of Pullman Power Products Nuclear Facilities is staffed with

a Training Officer. He is responsible for the coordination and imple-

mentation of all training activities at that facility. It is not

necessary that he be the expert in each specific category where train-

ing is required but must have as his aids key responsible qualified

personnel to assist in administration of training. It is extremely

important that there is documented evidence for all training sessions

conducted. The best implemented training programs will have little or

no validity unless you support each training session with adequate

records.

Monitor Effectiveness and Foilow-Up

In accordance with the written practice or procedure developed for
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implementation of the various disciplines of training the functional
competence of each individual must be evaluated and documented. It
may not be necessary to retrain an individual in a specific NDE or
Inspection discipline, for recertification purposes, if the individual's
performance is monitored periodically and evidence of this functional
competence is added to the individuals personnel files.

Re-certification may also be achieved by retesting the individual.
In the case of. an NDE individual certified in accordance with the
recommendation of ASNT-TC-1A re-certification is required once every
three years. Inspection and Testing personnel shall be recertified at
least once every two years.

Topic Areas For Training

An effectively implemented training program shall define areas
where training is required and essential.

Administrative training
Technical training
Quality assurance personnel
Quality control personnel
OSHA

Administrative Training

Training begins with responsible upper level management personnel
being made aware of current nuclear requirements so that selection of
management in the field can be evaluated in favor of factors such as
experience and past performance.

With upper management support, training becomes an integral phase
of the construction schedule, perhaps more important than any other
construction activity.
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Since construction activities on a nuclear power plant span a

number of years, the training program must be implemented throughout

that period to accomodate the level of perst . lei turnover, the

introduction of new construction activities, and the ever changing

codes, standards and policies. A construction contractor must be

capable of demonstrating its expertise in both training and construction.

One cannot function adequatley without the other and meet the current

requirement necessary for sophisticated Fossil and Nuclear Fueled

Power Plant consturction.

Technical Training

In this category we may also include Quality Control Personnel for

the administration of tehcnical training. Any individual who is in-

volved in performing a quality related activity especially the

technician performing Nondestructive Examinations and inspection of

Welding shall be suitably trained, qualified and certified for the

function performed.

When we consider implementing Technical Requirements it is under-

stood as those responsibilities and activities which are governed by

written instructions and procedures. These may include Quality

Assurance, Quality Control, Inspection, Testing, Nondestructive

Examination, Visual Examination, Calibration, Auditing, Cleaning,

Handling and Storage.

The Quality Assurance Personnel or Quality Engineering Personnel

shall be familiar with Codes, Standards, Contract Specifications and

Regulatory Guides. Personnel engaged in quality engineering activities

shall be qualified and certified.

The ultimate goal in selection and training of personnel is to

produce individuals capable of examining documents and records relating

to materials, components, welds, final products or quality assurance
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systems to a degree of proficiency compatible with that necessary to
satisfy the requirements of the ASME Boiler and Pressure Vessel Code,
Section III, Division 1, Nuclear Power Plant Components, Code of
Federal Regulations, 10CFR50 Appendix "B", Quality Assurance criteria
for Nuclear Power Plants and Fuel Processing Plants and ANSI N45.2,
Quality Assurance Program Requirements for Nuclear Facilities.

Occupational Safety and Health Administration, (OSHA)

Quite obviously when we talk aboi;t training for the construction
phase of nuclear power planes we must consider conformance to safety
standards in order to reduce to the fullest measure the number of
potential injuries in construction.

We accept our responsibility for safety under the government
regulations. Safety is like Quality Assurance, it is everybody's
business and responsibility. The safety training is implemented by
periodic "Tool Box Sessions", conducted by the General Foreman with
prepared Construction Safety Hand books. These booklets define the
basic construction safety rules that shall be followed. The training
is conducted in an atmosphere that instils pride in the worker,
helping in the prevention of injuries with a Safety Goal, "A Safe
Work Place for Safe Workers".

Training Program Design

Man power requirements
Types of training aids
Training program description

Man Power Requirements

The number of Craft, Quality Assurance, Quality Control, Engineer-
ing, Supervisory, Inspection and Test Personnel may vary depending on
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the construction of a single Unit or the simultaneous construction of
Multi Units.

The construction of Multi Units may require several hundred craft
personnel and approximately seventy (70) people working in a Supervisor,
QA/QC function..

There are a large number of trainees that require a formal stand-
arized training program implemented to assure reliability.

Types of Training Used

Training may be implemented in various formats complementing each
other. On-the-job training constitutes a valuable phase of training
when the individual is supervised properly and has an opportunity to
work with a qualified individual. On-the-job participation allows the
worker first hand experience through actual performance of processes,
test, examinations and inspections. An important phase of this train-
ing fringes around the review of plans, instructions and procedures by
a qualified individual.

Class room training sessions are also an integral part of the
implementation of training. Class room training sessions are supple-
mented with the use of professionally prepared audio vvsual aids.
Video Tapes are used as an effective training technique for various
categories of personnel responsible for the construction phase of
nuclear power plants. Each video tape is supported with a profession-
ally prepared Instructor's Guide and Trainee's Pamphlet. The recommen-
dation for the proper sequence of presentation of the training is outlined
in the Instructor's Guide with recommendations for supplemental informa-
tion to be prepared for proper implementation.

The prepared Trainee's Pamphlet will allow the trainee to give
full attention to the Video Tape presentation without the need to take
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notes. The Trainee's Pamphlet is a permenant issue so the individual
will have for future reference.

Seminars and Workshops conducted by key Pullman Power Products
personnel and outside professional training consultants is an
effective method of training for QA Managers, QA Engineers, Chief
Engineers, Quality Control and Supervisory type personnel.

Training Program Description

The training program is described in Mini Training Segments or
Mini Instructor's Lesson Plans. The video tape presentations are
divided into brief, precise outlines of an approximate ten (10)
minutes duration each segment.

The information is presented defining the Objectives, Key Points,
Class Room Exercises and Questions.

Objectives identify what the trainee should gain from each seg-
ment as presented.

Key Points which are an outline of the material presented and
guides the instructor in preparing follow-up information.

Class Room Exercises which describe specific materials or
activities needed to supplement the training.

Questions are used to determine the effectiveness and an evaluation
of the segment presented.

The Instructor's Lesson Plans are prepared mini segments that
address each of the 10CFR50 Appendix "B" criteria. There may be
several Lesson Plans developed to address each of the eighteen (18)
criteria.
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Program Verification

Certification Requirements
Verification of Certification Requirements

Certification Requirements

Certification of personnel is a written testimony of an individual
qualification in a specific inspection, examination, test or weld
function. Each person who verifies conformance of work activities to
quality requirements shall be certified as being qualified to perform
the assigned work.

Verification of Certification Requirements

As an example in the area of welding, in order for a welder to
become qualified, a welding operator shall have prepared test assemblies
which have passed +he applicable mechanical tests or radiography
examination as described in an approved procedure.

In the case of an NDE Technician, he shall be certified on the
basis of passing visual and proficiency examinations. Re-Certification
is required once every three (3) years. Certifications are not
transferable.

For Inspection and Testing personnel an individual may be
certified based on education and years of experience or by a combination of
education, experience, training and proficiency testing including meeting
the physical requirements. Inspection and testing personnel shall be
re-certified at least once every two (2) years.

A typical Certification Record shall include the Company Name,
Person Certified, Activity Qualified to perform, Level of Certification,
Effective Period of Certification, Companies Authorized Signature and
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Basis for Certification.

Constructors Experience With Training Program

Employee Acceptance
Measurable Effectiveness

Employee Acceptance

The attitude created within the trainee is extremely important
if the results are to be successful. The training is conducted in an
atmosphere where we impress upon the individual that Quality is
everybody's responsibility and has the support of all levels of
management. The point is emphasized that each individual not only
has the freedom to report potential problem areas or defects but has
a moral obligation to do so. This type of attitude has made it
possible for problem areas to be evaluated and corrected in their
infancy stage rather than ignore and magnify the problem creating
significant problems some time later in the construction sequence.

Measurable Effectiveness

The concept of Video Tapes as training aids has been reviewed with
various utility groups, Architectural Engineering Organizations, NRC
and ASME auditing and survey groups. The remarks in each review were
of a complementary nature, supporting Pullman Power Products approach
to training.

The actual use and involvement of Pullman Power Products Craft
and Supervisory personnel in the development of the video portions of
the tapes has influenced their interest and has made them more recep-
tive to the implementation of the training. A measure of effectiveness
is a measure of the positive attitude you are able to create and maintain
with your personnel. Let them realize that they have a unique part in
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the program. Emphasize the fact that the key to Pullman Power Products

continued success in the fabrication and construction of sophisticated

fossil and nuclear fueled power plants is in having highly trained

and qualified individuals maintaining the technical skills required

for successful performance of their jobs.
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TRAINING OF NUCLEAR POWER PLANT ENGINEERS
FOR INITIAL TESTING ACTIVITIES

A. D. Harrington

ABSTRACT

The training of nuclear power plant non-licensed
personnel has clearly become a necessity and not a luxury.
Proposed Regulatory Guide 1.8 Draft #1 (Rev. 2) is
proposing for the first time the establishment of a
minimum training requirement for engineers acting in an
initial test coordination function. This expansion into
an heretofore relatively unregulated training realm »
recognizes the technological sophistication which the
job entails and the seeming lack of attention which it
has received in the past. Total reliance in on-the-job
training in any area is rapidly becoming a thing of the
past. In the area of initial-test engineer training,
formal instruction is surely an investment which will
bring returns not only economically but also in
increased safety and proficiency.

Prior to examining the training needs of a particular group, it

would, no doubt, be advisable to define the constituency of the

target group. NRC Reg. Guide 1.68 "Initial Test Programs for Water-

Cooled Reactor Power Plants" defines the various phases of an initial

test program as follows:

.Pre-operational testing consists of those tests conducted
prior to fuel loading to demonstrate, to the extent practi-
cable, the capability of structures, systems, and components
to meet performance requirements and to satisfy design criteria.

.Initial startup testing consists of those test activities per-
formed during and following fuel loading. These activities
include fuel loading, pre-critical tests, initial criticality,
low-power tests, and power ascension tests that confirm the
design bases and demonstrate, to the extent practicable, that
the plant will operate in accordance with design and is capable
of responding as designed to anticipated transients and pos-
tulated accidents as specified in the safety analysis report.
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To accomplish these transitional, steps, owner organizations are set
2

up in various ways. Figure 1 shows the structure of a typical startup

program which may involve a division of responsibilities in a number of

ways. Construction activities may be accomplished by an in-house

department or may be contracted to an outside source. Where one owner

subcontracts engineering work, another may not. Where some owner

organizations are project management oriented, others are operations

oriented. In every case, however, the operating organization must

become deeply involved in the transition between phase I, construction

and prerequisite testing activities, and phase II, pre-operational and

startup testing activities. It is this transitional point and there-

after through commercial operation which is the focal point for this

discussion.

While it is not the objective of this paper to discuss the

organization, staffing, or mechanics of conducting a startup program,

it is essential to understand that virtually every startup situation

will be somewhat different and, as a consequence, each training program

will have to be tailored to the particular interfaces involved. As the

startup organizational responsibilities vary, the points of emphasis

in training should also vary. Where individual qualifications vary,

the depth of administrative procedures and training on these procedures
3

may also vary.

To further define the target group, it may be looked at broadly

as encompassing roughly the 30% or so of the nuclear plant operating

staff who are graduate engineers or who possess comparable experience

and training and are serving in an engineering capacity. Of these,

some may be much more directly involved in startup testing activities

than others. In particular, the performance engineering, reactor

engineering, and/or test engineering portions of the technical services

group constitute the core of the initial testing organization. Other

engineering personnel from the operating, maintenance, and other tech-

nical services functions will, more than likely, be called upon to

perform test coordination functions. Of this entire group, as many as

30-40% may be graduate nuclear engineers. The remainder are normally
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graduates in other engineering disciplines. The average nuclear

experience*, however, may be onl" two to three years and formal nuclear

training for other than graduate nuclear engineers, if not received on

the job, is likely to be non-existent.

ANSI/ANS-3.1-1978 states that "nuclear power plant personnel

shall have a combination of education, experience, health and skills

commensurate with their functional level of responsibility which pro-

vides reasonable assurance that decisions and actions during normal

and abnormal conditions will be such that the plant is operated in

a safe and efficient manner." Further, it specifies that for

supervisors not requiring NRC licenses, the minimum qualifications at

the time of initial core loading or appointment to the position shall

be a high school diploma or equivalent and four years of experience

in the craft or discipline supervised. The qualifications for

the reactor engineering group head or other professional--technical

leaders are appropriately more stringent.

No doubt recognizing the short-comings of regulatory guidance

and industry practice in this area, proposed Reg. Guide 1.8, Draft #1

(Rev. 2) has, only recently, addressed more specifically, the

qualifications of individuals that direct or supervise the conduct

of individual pre-operatlonal or startup tests. In addition to

specifying that such persons possess a Bachelor's Degree in

engineering or the physical sciences (or the equivalent) and one or

two years of applicable power plant experience,** the guide specifies

*Does not include time spent in school or in training.
**The Reg. Guide Draft specifically states one year of experience

for a person directing or supervising the conduct of individual
pre-operational tests and two years for startup tests (with at
least one of two years being applicable nuclear power plant
experience).
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for the first time that at least three (3) months of that experience

should be "indoctrination/training in nuclear power plant systems

and component operation in a nuclear plant that is substantially

similar in design to the type at which the individual will perform

the function". This paper wholeheartedly supports such a program

and will suggest what topics should be included.

The primary objections, if any, by an owner organization to

implementing a startup engineer indoctrination program would be

primarily economic. However, other inertial factors may also come

into play. Feelings such as "we have never done that in the past" or

"we pay engineers the way we do because they're already supposed

to know that stuff" are liable to be encountered. It is a matter

of experience, however, that shortages or deficiencies in training

do not show up in a direct manner. Instead, they may surface in the

form of schedule slippages, cost overruns, licensing delays,

unscheduled plant outages, and many other costly complications.

With a 1 percent improvement in capacity factor potentially equating

to millions of dollars in increased revenues, investment in well-

trained people, although difficult to translate into tangible terms,

should certainly accrue ample benefits in the future. Availability

or capacity factors alone, however, ignore the additional fact that

the vast majority of future managers will rise from the engineering

ranks, making such investment produce the additional yield of

added strength in the company's future.

Having broadly examined the target group and the organizational

and regulatory atmosphere in which they operate, one can now, hope-

fully, look with more perspective at the specific training needs.

Regulatory Guide 1.68 establishes one of the primary objectives of a

suitable initial test program as "to thoroughly familiarize the

plant operating and technical staff with the operation of the

facility." This may also be extracted from the 10CFR50, Appendix B,

Criterion II (and ANSI/ANS 3.1) requirement to "provide for

indoctrination and training of personnel performing activities

affecting quality as necessary to assure that suitable proficiency
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is achieved and maintained." Providing for such proficiency, how-

ever, requires a further analysis of the specific tasks for which a

test engineer may be responsible.

Although Regulatory Guide 1.68 requires many initial tests to

be done under the jurisdiction of a Senior Reactor Operator Licensee,

the fact remains that the test engineer (coordinator) holds first-

line responsibility for the safe, orderly, and expeditious completion

of the test at hand. Determinations which they may be making in the

course of initial testing include the following:

1) In general, that systems, structures, and components
will operate in accordance with design.

2) That the response of the systems to major plant
transients such as scrams and turbine trips compares
favorably with specified acceptance criteria.

3) That deficiencies relating to design and construction
are identified and subsequently corrected.

4) Proper functioning of instrumentation and controls,
permissive and prohibit interlockss and equipment
protective devices whose malfunction or premature
actuation may unnecessarily shut down or defeat the
operation of systems or equipment.

5) That system vibration, expansion, and restraint
characteristics are acceptable,

6) Proper blending, uniform mixing, sampling adequacy,
analytical techniques, functioning of alarms, etc.

7) Verification of response time and setpoints including
sensors and associated hardware, redundancy, electrical
independence, combinations of logic, calibration and
operability.

8) Functional operability of systems and components used
to process, store, and release or control the release
of radioactive liquid, gaseous and solid wastes.

9) Satisfaction of Technical Specifications, verification
of shutdown margin, control rod speeds, and position
indication, leak rates, flows, neutron flux and incore
monitors.
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10) Confirmation of the design and assumptions used in the
safety analyses for the facility and that the integrated
dynamic response of the facility is in accordance with
design for various plant events.

Granted that any individual engineer deals principally within his

area of expertise, nevertheless, any system test must involve inter-

action with numerous other disciplines, systems and components.

In order to function proficiently within this framework, a test

engineer must have a firm grasp on a multitude of impinging factors.

To meet the intent of regulatory guides and standards, i.e. develop-

ment of qualified, technically competent professionals, a

recommended training program must encompass a broad spectrum of

inter-related topics.

To begin with, all test engineers must participate in the

training programs usually lumped together under the category of

general employee training. This includes training for all employees

to one degree or another in such topics as fundamental health physics,

security plans, emergency plans, industrial safety, fire protection,

first-aid, and the quality assurance program. The QA/QC interface

and two other topics often found under the general employee training

heading, basic systems and job related procedures and instructions,

will be elaborated on further in the discussion.

The need for extensive systems training should be obvious from

the discussion above. This training should provide for a broad

systems overview with emphasis on the interrelationships and inter-

actions between the various systems. As previous education and

experience should have provided a sound basis in fundamental concepts,

little time should be necessary in this area with the probable

exception of reactor theory, safety analyses and protection principles.

Concentra ed training in the specific system to be tested should

follow with the goal to be a thorough understanding of the objectives

of the test procedure and the impact of the test on other operating

systems. The specific systems to be covered would vary from station

to station, but should follow the pre-determined initial testing

program requirements. 10CFR, Appendix A, "General Design Criteria
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for Nuclear Power Plants" provides an excellent guideline around which

in formulate a systems training program. Appendices J and K may also
#•

be appropriate.

The exact method of obtaining this training will naturally vary

from one organization to another. This would normally be dictated

by the number of nuclear units the owner has on the line, internal

staff employment procedures, existing training and promotion practices

and the sources of experienced manpower available to the owner. In

any case, however, it should be noted that as per ANSI/ANS-3.1-1^78

"observation of others performing functions shall not be considered

acceptable experience"* in meeting the intent of the qualification-?

and training requirements. Suffice it to say, that observation or

on-the-job training alone is not the most viable alternative and may

not be acceptable at all.

Other potential means of achieving the desired proficiency

with plant systems which likely will be available to the owner

organization may include:

1) Assignment to shift work for cross-training purposes.

2) Procedure writing and participation in initial
system checkout.

3) Participation in system boundary identification for
hydro-testing or system turnover from the construction
organization.

4) Research or training reactor assignments, university
programs, and/or technical school training programs.

5) On-the-job training at a similar operating station.

6) In-house classroom and/or simulator training (may be
integrated with existing operator or other programs).

7) Self-study and/or programmed instruction.

8) Formal vendor training programs.

The second, less obvious, major area of training needs is that

of training in the related administrative controls, codes and
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standards. Training in these areas is all too frequently left to the

school of hard knocks. The objective of training in this area is,

naturally, to prepare the individual and establish acceptable pro-

ficiency for dealing with the numerous cross-disciplinary adminis-

trative requirements with which he will come in contact.

One fundamental source document in this area is the Eighteen

Criteria of 10CFR50, Appendix B. Specific familiarization with the

requirements of these criteria is essential for an understanding of

the basis for many methods of conducting business. In addition,

general employee training should provide familiarization with the

owner's QA/QC organizational set-up. The QA/QC interface, however,

is only one of many in which the initial test engineer must be

indoctrinated. Other areas in which training should be provided may

be examined along similar organizational lines.

In working with the operations group, the initial test engineer

must be thoroughly familiar with the necessity of keeping the shift

supervisor and control room personnel informed of his system testing

activities. He must be able to communicate effectively the desired

pre-requisite system and overall plant conditions and the requirements

for determining system acceptability. He must, further, be familiar

with the system turnover procedure from the construction organization

to the operating organization in order to identify system control

boundaries and to understand when and how deviation reports should be

submitted and resolved. Additionally, the starcup testing engineer

must have a complete understanding of the tagging and lockout procedure.

In the maintenance area, the procedures for safety-related

materials procurement and control, the calibration and control of

measuring and test equipment, and the station work request sysi°m

should be adequately covered.

The principles of radiation protection come into play more in

the startup testing phase than the pre-operational testing phase,

however, the entire initial testing period is an excellent time

for correcting violations or for making improvements in design-related
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ALARA* features. More extensive training in these concepts along with

the associated administrative procedures and limitations should be

included. Similarly, chemistry control principles, sampling require-

ments, and environmental practices and procedures should also be

covered.

Falling more directly in the area of administration are such

topics as document control; procedure changes review and approval

requirements; and verification of source documents for test procedures.

Test documentation itself, station modification procedures and design

change authorizations are other areas which should be covered in

detail.

On a broader scale, initial test engineers should be indoc-

trinated in the station FSAR and Technical Specifications, Adminis-

trative Policy Manuals, and specific Station Directives such as

those covering control of interfacing individuals, housekeeping,

fire protection and combustible materials control.

Depending on the startup organization, additional training may

be necessary in such areas as the transfer of systems from craft

groups to the systems startup group, ASME code requirements, interfacing

with authorized nuclear inspectors, and inservice inspection require-

ments.

In summary, we have evaluated the existing and proposed

regulatory standards relating to the training and qualifications of

initial test engineers. We have taken a brief look at typical

organizational arrangements and the job requirements of initial

test engineers. And finally, we have outlined several potential topics

which may be included in a suitable initial test engineer training

program.

*As Low As Reasonably Achievable exposure concept.
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In conclusion, to meet the regulatory intent of developing

qualified, technically competent people, a suitable training program

should provide the individual with the tools necessary to meet the

requirements of the job. And, although newly hired engineers may

fully possess the background and skills necessary to progress at a

rapid pace, they, like any other entrant into a new technology,

require some investment in order to obtain the desired return. In

particular, where commitment to nuclear power is heavy and the

growth and advancement of qualified personnel is rapid, succinct

training programs take on added importance.
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THE TRAINING OF PERSONNEL FOR THE
STEAM GENERATOR PROJECT: SURRY, VIRGINIA

S. K. Robertson, P.E.

ABSTRACT

When the Virginia Electric and Power Company (Vepco)

arrived at their decision to replace the nuclear steam

generators in Surry Units 1 and 2, they also decided to try

a new approach to personnel training. In order to quickly

and efficiently accomplish their first major nuclear plant

outage without unnecessary personnel radiation exposure,

they determined that an effective and efficient training

program must be instituted. Vepco chose to allow training

to be a major part in the development of the overall outage

program, permitting it to lead rather than follow. The

underlying criteria for this unique training approach as

well as its actual development and implementation will be

discussed in the body of this text.
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HISTORY OF THE STEAM GENERATOR PROJECT

Steam Generator Problems

The phenomenon of tube denting within PWR Steam Generators was not

unique to the Vepco Surry Units 1 and 2; but it did, FTowever, require

additional repairs and inspections above those normally associated with

plant maintenance. This, coupled with the fact that station maintenance

personnel radiological exposures continued to increase as a direct result

of steam generator related problems, necessitated that a more permanent

solution be found. For Vepco that solution was the replacement of the

six (6) steam generators.

The Project Organization

The anticipated duration of the project, as well as the manning level

required to support the work, would be far greater than the normal station

maintenance organization could be expected to provide. Vepco's major con-

cern would still be the operation of the remaining unit not under repair.

For this reason another group from within the organization was chosen to

lead the replacement project. The Power Station Engineering & Construc-

tion (PSE&C) Division, whose primary duty was to manage all new plant

engineering end construction activities, would provide the nucleus for

this particular project. They would interface with the plant's operations

personnel to fulfill all the regulations and requirements unique to an

operating plant, including the radiological aspects.

Since a very large amount of engineering had to be accomplished

within a relatively short period of time, it was decided that this task

would be undertaken by the original plant architects and engineers,

utilizing the engineering "package" concept.

From the project's start, Vepco knew that the manpower requirements

could never be fulfilled from within the company. The philosophy employed

was that the Steam Generator Replacement Project (SGRP) would be a self-

sufficient organization capable of subcontracting portions (packages) of

the work to those companies most qualified to do them. Vepco would act

as its own general contractor in this endeavor.



232

Personnel Training Goals

Vepco has always realized the importance and profitability of a

thorough and effective training program. With the proper training,

personnel productivity should go up and personnel exposure come down.

A commitment was then made that the training organization would be

formed with the arrival of the first people at the Surry, Virginia, site.

This initial training organization nucleus would be actively involved in

all the conceptual planning, the basic engineering, and preliminary pro-

curement. It would help in the formulation of policy and be the single

greatest contribution to the development of the project as a whole.

At each step in the evolutional process, training would be there to

review, comment, and even redirect, if necessary, the effort. In short,

there would be no element of the project plan which did not receive the

careful attention of the training organization.

The culmination of this intimate involvement with the total project

would be the ease with which very large quantities of personnel could be

quickly and efficiently processed, trained, and deployed on the job.

The Training Organization

As has been previously mentioned, Vepco was now to act as its own

general contractor, subcontracting work elements to various qualified

companies. This arrangement, however, presented some additional diffi-

culties to the training emphasis in that most companies prefer to adminis-

ter their own training program. In order to minimize any potential delay

to the training effort that contractual problems might have, Vepco chose

to anticipate the needs of each subcontractor and commenced the development

and procurement process itself.

The organization providing all of these services consisted of the

Special Projects Coordinator and a member from each of the various disci-

plines involved (i.e. mechanical, electrical, welding, and civil), plus

representatives of the Health Physics Department from the Surry Power

Station. All other additions to the training program by participating

companies had to be approved by Vepco. In no instance would there ever

be allowed a less than adequate training program for this project.



233

Responsibilities

SGRP training was charged with providing sufficient personnel, properly

qualified, to meet each operations scheduled need date. This placed a grave

responsibility on the training organization. It would have to anticipate

potential change to scheduled work as well as recognize problems or poten-

tial problem areas that could arise from the dozen or so contractors on

site. The material flow into the project must also be closely monitored to

provide early warning signs of work priorities that must result in resche-

duling. Training must always be sufficiently ahead of the work to prevent

the bottlenecking of the project if priorities are suddenly changed, but

not so far ahead as to have a large number of qualified personnel sitting

idle.

Functional Operations

Planning

Having been involved from the conceptual phase of the SGRP, the

original outage schedule was derived from time studies developed by train-

ing personnel at the network activity level. Manning levels derived were

based upon spacial limitations and thereby dictated activity durations.

Once the manning resources were leveled, the total length of the outage

schedule was identified.

Exposure Estimates

Having a tentative outage schedule based upon known manning levels

permitted the training organization to evaluate personnel exposures and

craft turnover rates. Comprehensive radiological survey maps were pre-

pared by Health Physics. Those surveys were appraised against the known

quantity of work to be accomplished in each area. Having isolated these

unknowns, individual network activities could be assigned a job exposure

value. The total of these individual job values equated to the project

exposure estimate. Where there was high exposures indicated, training

undertook to provide personnel shielding to further reduce those values.

Engineering

All engineering and safety related procedures were carefully reviewed

to eliminate potential sources of human error or misunderstanding. Where

anticipated problem areas occurred, the procedure was suitably modified
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to allow one or more contingency operations to be performed.

Purchasing

As material and equipment requirements were defined by engineering,

training ensured that additional quantities were ordered to support any

forseeable training needs.

Facilities

Believing that the better the training aids and facilities available

for the project, the better the quality of training that could be provided,

Vepco attempted to be both innovative and diverse. The initial orientation

series given all site personnel covering health physics, safety, and security

were videotaped presentations. There were additional films covering the

working of the SGR Project, including a complete steam generator changeout

sequence of operations.

Portable videotape equipment was made available to follow each opera-

tion within the plant. Its purpose was twofold. First, a historical record

was created and secondly, all problem areas encountered were available to

be studied and solutions proposed prior to the relief crews entering the

plant.

Mockups were available to simulate all the major components upon which

personnel would be working. This included a full size mockup of the steam

generator channel head with all of its associated reactor coolant pipe.

Currently, training ensures that each subcontractor is keeping abreast

of the outage schedule. He must supply a training schedule based upon the

project's needs: initially, an overall presentation and then a shorter

range three (3) week schedule. On these schedules the contractor is required

to specify the manning levels and Surry site facilities he plans to utilize.

Detailed procedural training is commenced only when his program has Vepco's

approval. At least one (1) week in advance of each job the contractor must

supply a list of qualified personnel and the applicable records indicating

each has successfully completed the training. Individual exposure records

have been computerized and are provided daily by Vepco to each contractor to

keep him advised of his manpower situation. This provides early warning

signs of problem areas. As each activities job exposure value is approached,
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it is evaluated against remaining work to see if it will be exceeded. If

this possibility exists, Vepco will conduct an investigation into the area

to ascertain why the problem exists. Vepco will take action on the basis

of its findings to eliminate the source of the problem up to and including

the removal of companies who perform less than satisfactorily.

Conclusion

In conslusion, Vepco has chosen a positive approach to personnel train-

ing, the result being a higher degree of productivity than has been pre-

virv sly experienced and a job exposure value as low as reasonably achievable.
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NUCLEAR POWER PLANT MAINTENANCE TRAINING

W. J. Schmidt

This paper was not available at tiire of printing but will be

available at the meeting.

*Industrial Training Corporation
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EFFECTIVE MECHANIC TRAINING

Ronald E. Burdge

The paper explores the need for the training of mechanics and the
increased interest within the utility industry of placing a similar
importance on this training as it has traditionally placed on operator
training. The paper will then address effective approaches and techniques.
The presentation of fundamental mechanical maintenance concepts and their
practical application will be discussed, including the use of supporting
video programs. The importance of follow-up practical shop exercise
which reinforces classroom instruction will be stressed, drawing from
practical utility experience. Utilizing success in training as a measure
of eligibility for advancement will also be discussed as well as the
interface between training and the company bargaining unit. The emphasis
throughout the paper will be the benefit of a balanced, integrated
mechanic training program, coupling maintenance concepts with practical
experience.

BACKGROUND

Good morning, ladies and gentlemen, it is a pleasure to talk to

you this morning on a subject that is getting more and more attention

in the nuclear and utility industry today, the training of maintenance

personnel, especially mechanics. The need for such training becomes

quite apparent as one talks to utility managers across the country.

They relate a very sobering picture of the changing manpower situation.

The skilled mechanics of World War II era are retiring and their off-the-

street replacements are often ill-prepared to take their places. Fewer

and fewer have the technical training provided by the military service

or other industries, and in some instances, it is found some cannot even

read or write on a high school level. The pressure to hire and train

minorities through Affirmative Action programs places additional demands

on the utility training system.

On the other hand, the pressure to have better trained personnel

within utilities continues to increase. The Nuclear Regulatory Commission

is broadening its focus from the singular emphasis on operator training

to an increasing interest in general employee and technician training.

Public Service Commissions, spurred on by so called "Public Interest

Groups," are becoming less and less tolerant of mistakes and evidence

of improperly trained personnel. In this regard, more efficient

operation is becoming more and more expected of utilities as proof that

the interests of rate payers are being properly protected.



Across the nation, we note that utilities are moving to meet this

challenge of providing adequate training, especially in regard to

mechanical maintenance personnel. Operator training was, of course, the

first area to receive significant emphasis, primarily instigated by the

NRC licensing process. Utilities found that this formal training had

practical benefits beyond obtaining operator licenses and formal operator

training has bsen introduced on a large scale in fossil units, even

though there were no federal regulations mandating such action. Similar

attention began to be given to the non-licensed operators in nuclear

plants as well.

While operator training was getting wide acceptance, formal

maintenance training seemed to receive little attention, except at a few,

usually the larger, utilities. In fact, maintenance personnel, particular-

ly mechanics, seemed to be often considered "poor cousins" and sometimes

became a drmping ground for unsuccessful operator candidates. Yet slowly

but surely there has h?en a realization that just as proper maintenance

is as important to power plant success as proper operations, so is the

training of mechanics as important as the training of operators, especially

considering how poorly prepared new hirees are to assume their maintenance

ducies. Evidence of this trend toward maintenance training can be seen

within our own company. In the past six months over 30 utilities have

purchased maintenance training materials and services, and the number is

growing every day. Other organizations offering similar services are

experiencing the same demand for maintenance training programs.

Not only is management moving toward more formalized training in the

mechanical maintenance area, but more often than not, they are being

encouraged by the bargaining unit. The welfare and security of the

individual worker is enhanced by skills training, and this fact is well

recognized by union officials. Controversy is usually limited to those

cases where the union is ignored in the planning of the training program

and where it is perceived that", the programs are being used to undermine

union interests, such as the seniority ŝ 'stem. The programs that run

smoothest and appear to be the most effective are those in which the union

has been fully consulted and plays a significant role in the planning

process.
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TRAINING TECHNIQUES

Although there is this general trend toward increased mechanic

training, the programs at utilities are as varied as the utilities them-

selves. There are the well established formal training programs, such as

exists at Commonwealth Edison, and at the other end of the spectrum, the

informal, unstructured, on-the-job training approach that remains at many

small utilities. Between these two extremes is a growing assortment of

programs tailored to meet the specific needs of the utility involved. I

would like to explore with you, some of the techniques utilized in these

programs and analyze their strengths and weaknesses.

Before I do, though, let's briefly discuss the objective of any

mechanical maintenance skills training. The objective of a maintenance

training program must be to train people to perform various skilled tasks

without detailed supervision. If any training program does not meet this

objective, then it is, at best incomplete and, at worst, a waste of the

employee's time and the utility's money. Each of the techniques I am

going to discuss must be analyzed from this point of view. I have con-

cluded that no one technique is usually adequate alone, but rather a

combination of techniques is needed to best suit a particular utility's

situation, taking into account organizational structure, trainee educa-

tional levels, union/management relationships, etc.

The first technique that I would like to discuss is the time-honored,

on-the-job training approach. This has been traditionally the most widely

accepted type of training in the utility industry. It has a number of

good points and bad points. The good point is that there is no better

way to teach a skill than by doing it. Unfortunately, this technique is

very difficult to administer and to control. Most stations that use an

"on-the-job1' training program, take a new hire off-the-street and send

that person out with an experienced mechanic. After some period of time,

the new hire is considered experienced and takes on more and more

responsibility.

There are a number of pitfalls to this approach. First, it's very

difficult to conduct uniform training for all new hires with this technique.

It depends very heavily on the individual discretion of each experienced
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mechanic. It depends upon the area in which work is being conducted

during the person's training ^nd it depends upon the person's willingness

and ability to learn. There are a number of other drawbacks. For instance,

an incorrect procedure may be taught over and over again. Also, no basic

understanding is conveyed by this method. It is strictly hands-on

instruction. This can provide quite a Mndicap in the trainee's fully

understanding his job.

One could conclude that on-the-job training may be effective in

achieving the basic objective of skills training. However, it is diffi-

cult to administer, difficult to measure, and very difficult to assure

the quality of training of each student. With a decreasing pool of

experienced mechanics within utilities, exclusive dependence on this

technique appears to be less and less justified.

A number of utilities have turned to the use of packaged text-type

training programs to augment on-the-job training. I would like to discuss

this technique for a moment. These programs are offered by a number of

vendors. They typically include a programmed learning text and a course

coordinator guide and are usually designed so that the student can

utilize the program with little or no interface with the course coordina-

tor. You will note that I refer to the person as course coordinator and

not an instructor because the program learning format removes a great

deal of the requirements for an instructor. This approach is inexpensive

to implement. It requires almost no staff time to conduct the program

and the students can work at their own rate and, in some situations, on

their own time.

I have seen materials of this type that are of high quality and

obviously a significant amount of time had been invested in researching,

organizing, and producing these texts. The careful wording and formating

of these texts are, of course, absolutely mandatory if the trainee is

going to be capable of learning on his own, as planned. There are, however,

quite a number of negative characteristics about this type of learning.

First of all, the material is effective mostly for highly motivated people,

generally the type of person that is eventually promoted to a supervisory

position. Unfortunately there are not enough of these personnel to go

around. Second, the material is, by its very nature, very general, and
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while it may apply to a typical power station, it cannot be specific.

Third, hands-on skills cannot be learned exclusively from a book,

therefore, this technique alone will not meet the basic training objective.

However, this material can be quite useful as a reference library,

especially for the motivated employee who wants to progress on his own.

The third technique I would like to discuss is live classroom

instruction, the type that is found in colleges and high schools. We

are probably most familiar with this type of training because it comes

directly from our background. It also has strengths, but has some very

serious shortcomings as well. The instructor himself can, of course, be

a great strength. He can present material that is specific for the plant

and thus make the training more relevant. He can make the material

interesting and hold the students' attention and he can develop a program

that provides the right balance of theory and actual skills training. Of

great importance is the fact that the instructor can provide the feedback

that's necessary to detect and correct a student's problems.

Unfortunately, there are potential problems with this approach. First

of all, everything that an instructor can do to make a class go well, he

can do wrong and make the class go very badly. Therefore, it's very

conditional as to whether or not this technique can meet our training

objective. It can, if run properly. Another problem is, of course,

that it requires considerable money to properly prepare lessons, train

the instructor, and commit his time to teaching. Much of this investment

is lost if the instructor leaves the company or is transferred to a new

assignment. Nevertheless, a good live instruction program can be very

effective if it includes practical, hands-on instruction in maintenance

skills.

As an NUS representative, I know you would not expect me to omit the

training system used by our company. The training system is the integra-

tion of a classroom instructor, a classroom workbook, and a videotaped

presentation. The advantage of the NUS training system is the fact that

for a one time investment, you can be assured of a consistent, high

quality presentation. Additionally, the system is an advantage for the

trainee with poor reading skills. Furthermore, videotape can go a long

way towards meeting the hands-on skills training objective by demonstrating
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mechanic skills on videotape. The shop can virtually be brought into the

classroom. This approach saves the instructor considerable time, allowing

him to concentrate on specific plant-related material and for assisting

individual trainees, rather than having to devote significant time to

preparing and presenting generic material.

The drawback, of course, is that an instructor is still needed to

give the trainees the individual attention that is often required for

success. Furthermore, videotapes normally cannot be taken home for

individual study, and they are no substitute for practical exercises in

which the trainee actually performs maintenance routines.

BALANCED APPROACH

Actually, we at NUS advocate a balanced approach using a combination of

the techniques discussed. We believe that if any skills training program

is to be adequate, it must include practical exercises, such as overhaul-

ing pumps, repacking valves, etc. In fact, we estimate that typically

50% to 60% of a maintenance program should be devoted to these "shop

exercises." This element can be conducted by an instructor, or through

an on-the-job training program.

For shop exercises to be effective, considerable planning is

required by the instructor, otherwise this crucial training element will

be ineffectual. The instructor must ensure there are adequate components

(valves, pumps, etc.) available so that each trainee gets to actually do

the practical exercise. Additionally, there must be a high enough teacher

student ratio to ensure the trainees' activities are adequately super-

vised, otherwise the objective of learning correct maintenance procedures

may not be achieved.

In order for the trainees to be properly prepared for the practical

exercises, the maintenance techniques need to be explained and demonstrated.

These items can be done through videotape or live instruction. Workbooks

are used to augment and reinforce the learning process and they have the

added advantage of being convenient to take home for additional study and

for future reference.

The emphasis, so far in the discussion, has been on practical skills.

A certain minimum understanding of basic principles is required if the
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mechanic is to be really qualified to perform his job. In designing our

own program, we walked a fine line between that which is useful and that

which is extraneous and could easily "turn off" a trainee. For instance,

a trainee should understand what causes cavitation in a centrifugal pump.

However, there is little practical reason to teach him net positive

suction head calculations. We have found that videotape is especially

effective at providing a practical understanding of such principles

through video techniques such as animation and graphics.

Teaching maintenance principles and skills may not be effective if

the trainees have an inadequate basic education. We have found many

utilities nrjst provide remedial education, particularly in elementary

mathematics, if the trainees are to be successful in a mechanical

maintenance course. Knowledge of fractions and decimals is an absolute

necessity for mechanics who must ultimately be capable of carrying out

tasks, such as coupling alignment, pump overhaul, etc. A decision as to

whether or not such remedial education is necessary, of course, depends

on how successfully a utility can recruit personnel with these educational

skills. Unfortunately, more and more utilities are learning that such

knowledge in a new employee cannot be assumed.

TRAINING PROGRAM CONTENT

As the techniques used in maintenance training programs vary, so do

the topics. There is considerable difference between utilities as to

work requirements for a mechanic. These requirements vary from station

to station, from union contract to union contract, etc. At one station,

a mechanic is not allowed to touch welding equipment; at another station,

mechanics do all of the welding. In some utilities, training is tied to

grade levels with training given in segments prior to advancement. At

other stations, all the formal training is given shortly after hiring.

Hence, any viable training program must carefully consider the technical

range of the job requirements and the skill needs for each grade level.

Speaking of grade levels, a growing number of utilities are using

success in training as a prerequisite for promotion. This procedure often

solves a dilemma for the union as well as management in regard to having
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a fair method of establishing a criteria for promotion. Union officials

recognize that the promotion of an unqualified person creates problems

for them as well as for the company when other union members have to

compensate for individual incompetence. If success in training

is used as the promotion criteria, it must be job-related. This correla-

tion usually requires content review and a job evaluation by an industrial

psychologist familiar with power plant activities. Otherwise a promotion

program based on training success is subject to legal challenge. Of

course, complete documentation of such a review and of individual trainee

performance is a must.

In designing our own maintenance program, we talked to eight differ-

ent utilities to confirm our analysis of maintenance training needs. As

the result of this analysis, we developed material in the following

general areas:

A. Industrial Safety

B. Basic Tool Use (Hand Tools, Measuring Tools, etc.)

C. Component Maintenance Techniques (i.e. Pump and Valve overhaul)

D. Orientation in Specialized Techniques (i.e. Welding & Non-Destruc-

tive Testing)

E. Troubleshooting Approaches

F. Maintenance Practises (i.e. Blueprint Reading, Tagging

Procedures, etc.)

I would like to dwell a moment on item A, Industrial Safety. We found

that all successful courses stress safety not only as a subject worthy of

addressing separately, but also as an integral part of every mechanical

maintenance topic from proper respiratory protection when lagging pipes

to fire safety when welding. We concluded that we should take the same

approach in our own program.

In reviewing the overall contents of our own program, we still

cannot say that we have designed a typical training program because

as previously mentioned, I do not think there is such a thing. In fact,

we became quickly convinced that our materials had to be capable of being

integrated into many types of programs, if they were to be useful to

improve maintenance operations.

But the important fact is that utilities, both big and small, are
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realizing the importance of maintenance training, and I believe the pay-

off will be substantial. Such programswill, of course, enhance the Image

of the utility in the eyes of such oversight organizations as the NRC and

State Regulatory Commission. But the real value lies in improved plant

performance. With the cost of a nuclear unit outage at one quarter to

one half million dollars a day, utilities recognize that they cannot

afford to have an inefficient, untrained maintenance force. At these

costs, it is being recognized that a few thousand dollars invested in

training is a small premium to pay for the added insurance of a well

trained maintenance force.
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ABSTRACT

BWR Services has implemented a five-phase program to

increase plant availability and capacity factor in

operating BWR's. One phase of this program is

establishing a maintenance training program on

NSSS equipment; the scope encompasses maintenance

on both mechanical equipment and electrical control

and instrumentation equipment. The program utilizes

actual product line equipment for practical "Hands-on"

training. A total of 23 formal courses will be in

place by the end of 1979. The General Electric Company

is making a multimillion dollar investment in facilities

to support this training. These facilities include

1) a building housing a Main Steam Isolation Valve

(MSIV), two recirculation flow control valves, a

Safety/Relief Valve (SRV), a Control Rod Drive (CRD)

and Hydraulic Control Unit (HCU), 2) a full scale

mockup of a BWR/6 vessel, fuel pool and refueling

floor, 3) an undervessel mockup of a BWR/6 and

4) a laboratory containing process controls, nuclear

instrumentation, rod drive and other control systems

for all product lines.
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BWR SERVICES

MAINTENANCE TRAINING PROGRAM

Objective of the Program

Basis for the Program

Courses

Facilities
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BWR SERVICES

SERVICE IMPROVEMENT PROGRAM

Objective

Increase plant availability and capacity factor

Implementation

Availability engineers

Plant retrofits

AMPS

Materials Services

Maintenance Training Program
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PLANT PERFORMANCE

ALL DOMESTIC BWR'S

(AMPS study)

7£ 76 77 78*

Availability 66 69 73 80

Capacity Factor 46 54 60 69

*First three quarters of 1978
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DOMESTIC PLANT PERFORMANCE

FORCED OUTAGE RATES

1975 - 1978

(AMPS study)

Forced Outage Rate (NSSS Related)

Recirculation Pump Seal Failure

Main Steam

Relief Valves

MSIV

Neutron Monitoring

Control Rod Drives

Feedwater Control

•luman Error

50%

4%

10%

4%

5%

Jg%

13%

12%
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MAINTENANCE TRAINING PROGRAM

Objective

Practical "Hands On" Training Utilzing

Actual Plant Equipment

Priorities

Based on AMP's Study

Feedwater Control

Rel ief Valves

Recirc Pump Seals

MSIVs

Neutron Monitoring

CRD

Refueling Tasks

Human Error



MECHANICAL MAINTENANCE TRAINING COURSES

1977

CRD Maintenance

CRD Diagnostics

NSS Equipment Installation

MG Set Maintenance

1978 1979

Target Rock Maintenance

Outage Observation

Recirc Pump Seal

CRD Removal

Refuel Tool Familiarization

MSIV Maintenance

TIP Maintenance

Refuel Bridge

Inclined Fuel Transfer System



CONTROL & INSTRUMENTATION MAINTENANCE TRAINING

1977 1978 1979
Nuclear Instrumentation
Process Inst. & Control
Reactor Manual Control (RPIS)
On-Site Nuclear Instrumentation
On-Site Process C&I

Reactor Manual Control
(RDCS)

Rod Control & Information
(RCIS)

Recirc Loop Controls (2)
Solid State RPS
Solid State Pressure Control
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MAINTENANCE TRAINING FACILITIES

BWP Services Training Facility

Vessel S Refuel Floor Mockups

Valve Test Facility

Main Steam Isolation Valve (A&M)

Recirc Flow Control Valves

Fisher

Haninol Da hi

Control Rod Drive (CRD)

Hydraulic Control Unit (HCU)

Target Rock SRV

Undervcr.: -.1 Mocf up

BUR fl CRD Removal S Installation

In-Core Removal 8 Installation

C&l Facility

Process

Nuclear

Rod Drive Control

Control Systems



Figure 1 NUCLEAR INSTRUMENTATION

The Laboratory is equipped with operational equipment to allow t e s t i n g , alignment and trouble-
shooting of BUR product line instruments w-th various types of t e s t ' e q u i p m e n t .



F i g u r e 2 . N U C L E A R I N S T R U M E N T A T I O N

T h e L a b o r a t o r y is e q u i p p e d w i t h o p e r a t i o n a l e q u i p m t n t ri; a l l o w tosti-iq, a 1 iqnnic-nt jtici t r o u b l e
s h o o t i n g o f BWR p r o d u c t l i n e i n s t r u m e r t s w i t h v < ^ v i u s t v o e s or' test e a u i p m e n t .





Figure 4. MAINIENANCE TRAINING FACILITIES

A variety of equipment used to train personnel in the maintenance of BWR nuclear steam supply
mechanical equipment, including: Main Steam Isolation Valves, Flow Control Valves, Safety
Relief Valves, Control Rod Drives (CRD) and CRD Removal.



Figure 5. MAINTENANCE TRAINING FACILIIIES

A variety of equipment used to train personnel in the maintenance of BWR nuclear steam supply
mechanical equipment, including: Main Steam Isolation Valves, Flow Control Valves, Safety
Relief Valves, Control Rod Drives (CRD) and CRD Removal.
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Figure 8. MAINTENANCE TRAINING FACILITIES

A variety of equipment used to train personnel in the maintenance of BWR nuclear steam supply
mechanical equipment, including: Main Steam Isolation Valves, Flow Control Valves, Safety
Relief Valves, Control Rod Drives (CRD) and CRD Removal.
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I

Figure 9. MAINTENANCE TRAINING FACILITIES

A variety of equipment used to train personnel in the maintenance of BWR
nuclear steam supply mechanical equipment, including: Main Steam Isolation
Valves, Flow Control Valves, Safety Relief Valves, Control Rod Drives (CRD)
and CRD Removal.
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Figure 10, PROCESS INSTRUMENTATION AND CONTROL

A laboratory to train Supervisors and Technicians in the theorv and application of process
instrumentation and contro"! System comrncnly used in the BUR Nuclear Steam Supply.
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NSS VENDOR TRAINING .AND CERTIFICATION
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BY

W. H. SPANGLER
BABCOCK & WILCOX COMPANY

NUCLEAR POKER GENERATION DIVISION
LYNCHBURG, VIRGINIA
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Personnel qualification standards continue to be imposed upon the

nuclear industry which take away some of the freedoms previously avail-

able in assignment of personnel. Examples of these are:

• Security Requirements - NUREG 0220, ANSI N18.17, Reg. Guide 1.17.

• Qualification of Inspection Examination and Testing Personnel for

Construction Phase of Nuclear Power Plants — ANSI N45.2.6, Reg.

Guide 1.58.

• Requirements for Special Physical Examinations — NUREG 0041, Reg.

Guide 8.15.

• Standard for Selection and Training of Nuclear Power Plant

Personnel - ANSI/ANS-3.1-1978.

No longer can an individual be handed an instruction manual and

directed to start up a system or piece of equipment. No longer can an

individual be assigned to a position of responsibility without a well

documented justification. Each person assigned duties associated with

a nuclear plant must be fully qualified for those tasks he is to per-

form either by formal educational background, experience, specialized

training or some combination of these. Additionally, it must be docu-

mented that the person is knowledgeable of Quality Assurance require-

ments, is physically and psychologically fit and is not a security

risk. As a vendor supplying field service personnel who assist in

plant startup, maintenance and operation of Nuclear Steam Supply

Systems, B&W has developed programs which meet the applicable require-

ments to train and document the capability and performance of those

persons subject to field assignments.

Field Service personnel have various duties and responsibilities

depending upon their particular assignment. The overall objectives of

the training and certification programs is to provide a broad base of

capable, competent service personnel who support both startup and

operating plants. Training and certification programs are arranged to

relate directly to duties and responsibilities of the assigned tasks.

Some typical general duties of a fieid service engineer are shoTm on

Table 1.
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Table 1. Field Service Engineer Duties & Responsibilities

• Provide advice to utility personnel concerning the pro-

per operation, maintenance and installation of vendor-

supplied equipment.

• Monitor and report results of initial startups, testing,

operation or maintenance activities.

• Investigate and coordinate resolution of equipment pro-

blems with appropriate Engineering organization.

• Monitor and provide advice concerning repair efforts or

Field Change installation.

• Accumulate data and document results of tests or speci-

fied evolutions.

• Review and comment on utility-prepared testing, operating

and maintenance documentation.

• Provide adequate documentation of activities.
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Where possible, new personnel for potential field service assign-

ments are those who have a significant amount of training and knowledge

associated with the startup, operation and repair of nuclear power

plants. To be effective and qualifiable as a field service engineer,

the individual must have a good knowledge of overall plant design and

operation and also be especially expert in the area of the particular

assignment (i.e., Instrumentation and Control, Reactor Physics, Mech-

anical Equipment). Aggressiveness, without being obnoxious, is also a

desirable trait. It is also highly desirable that field service per-

sonnel already familiar with Quality Assurance and Licensing require-

ments of the industry to reduce the training necessary before they can

be fully functional in their work assignment.

Field service personnel are recruited from several areas. A major

source has been the military nuclear power programs. Senior enlisted

personnel with a strong background in maintenance and overhaul of

equipment have been very valuable to B&W operations. Ex-enlisted

personnel who have completed their college education after release

from service are a most desirable source because of their practical

experience in addition to their academic training. The remainder of

the Service Staff has come from B&W Engineering Department, licensed

Senior Reactor Operators from the B&W training organization or utility

operations, field service engineers from other vendors, AE's, B&W

employees who have worked in assignments other than field engineering

(including those from subsidiaries), military nuclear trained officers,

and college engineering graduates without previous field experience.

Of course, those individuals with previous field service experience

on B&W plants are immediately productive because of previous experience

and training and certification requirements are minimal. Each selection

and assignment to a specific task is made such that the person already

has the bet't possible background and training for that task.
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Certain training and certification is required of all personnel.

This training is summarized in Table 2. New Employee Orientation and

Indoctrination is provided by the Personnel Department in group ses-

sions covering Division policies, procedures, standards and regulations.

This course is given to each new employee within six months after the

start of employment. As part of the new employee indoctrination, the

Manager, Quality Assurance, provides training on the Nuclear Power

Generation Division (NPGD) QA Program and the sources of QA require-

ments such as ASME Code, Appendix B to 10CFR50, ANSI Standards, Regu-

latory Guides, and Corporate and Division policies. In addition to

formal orientation sessions, Personnel provides a personal orientation

for each new employee concerning Company rules and regulations.

Job performance training is provided by the individual's manager

to the extent necessary for the employee to achieve a level of pro-

ficiency satisfactory to meet the job requirements. All such training

is documented on standard forms and filed in the employee personnel

file. An example of the documentation form is shown as Figure 1.

Other than specialized training which will be discussed later, this

training may be subdivides as follows:

1. Initial Job Training

Each manager provides new employees in his/her organization with an

indoctrination to the organization and the employee's job responsi-

bilities and interface. Sufficient training is provided to new

employees to assure understanding of applicable policies and regu-

lations and to achieve proficiency in the use of procedures and

operating instructions necessary to perform his/her job activity.

This training must be completed within 90 days of the date the

employee joins the organization.

2. On-Going Training

Each manager also provides to all affected employees training con-

cerning new or revised procedures which do not impact the QA pro-

gram, organizational changes or other significant changes affecting

the employee's job duties and proficiencies.
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Table 2. Standard Training

1. New Employee Orientation and Indoctrination

2. Quality Assurance (QA) Orientation

3. Job Performance Training

a. Initial Job Training

b. On-Going Training

c. QA Program Presentations

d. Procedural Training (Procedures Impacting

QA Program)
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3. QA Program Presentations

The Manager of Quality Assurance conducts periodic QA training

sessions for NPGD personnel performing quality-related activities.

These sessions are conducted as necessary for personnel affected

by significant changes and at least every three years for all NPGD

employees performing quality-related work.

4. Procedural Training (Procedures Impacting QA Program)

The Manager, Policies, Systems and Procedures, conducts training

sessions to affected managers for procedures resulting from new

systems and major revisions to existing systems impacting the QA

program= Each manager then provides training to personnel report-

ing to him/her for procedures and applicable operating instructions

impacting the QA program. Managers conduct this training within 30

days of the document release date, except that 60 days is allowed

for completion of the training of personnel on field assignment.

Prior to field assignment, other training and certification is

required. Some utilities have required certification of testing

and staff augmentation personnel in accordance with ANSI N45.2.6,

Qualification of Inspection, Examination or Testing Personnel for

the Construction Phase of Nuclear Power Plants, or ANSI/ANS-3.1

Selection and Training of Nuclear Power Plant Personnel. Though

field service engineers meet or exceed the requirements of the

standard, requirements that these qualifications be documented

have only recently been invoked. When certification is required,

the manager directly responsible for the individual who is being

considered for or assigned to the position reviews and rates the

individual's qualification in accordance with the definitions

provided below. The individual is rated and qualified based on

education, experience and performance. There are three levels

defined for inspection and testing and six staff augmentation

qualifications. An individual may be qualified for more than one

position and also be qualified at a level for more than one area

at a testing and inspection level.
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Table 3. Inspection and Testing

/ Level

Function Performed _I 1L III

Approve inspection and test procedures X

Implement inspection and test procedures X

Evaluate inspection and test results X

Reporting of inspection and test X

results
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Table 4. Definitions

Level I — An individual who has the experience or training in the per-

formance of the inspections and tests that are required to be performed.

He/She is familiar with the tools and equipment to be employed and has

demonstrated proficiency in their use. He/She is familiar with

inspection and measuring equipment calibration and control methods and

is capable of verifying that the equipment is in proper condition for

use.

Level II — An individual who has experience and training in the per-

formance of required inspections and tests and in the organization and

evaluation of the results of the inspections and tests. He/She is

capable of supervising or maintaining surveillance over the inspections

and tests performed by oth-rs and of calibrating or establishing validi-

ty of calibration of inspections and measuring equipment. He/She has

demonstrated proficiency in planning and setting up tests and shall be

capable of determining the validity of tests results.

Level III — An individual who has had broad experience and formal train-

ing in the performance of inspections and tests and shall be educated

through formal courses of study in the principles and techniques of the

inspections and tests that are to be performed. He/She is capable of

planning and supervising inspections and tests, reviewing and approving

procedures, and evaluating the adequacy of activities to accomplish ob-

jectives. He/She is capable of organizing and reporting results and of

certifying the validity of results.

Qualifications

To qualify an individual at a level for Inspection and Testing Functions,

the performance of the individual must be SATISFACTORY as determined from

the immediately preceding performance evaluation and the individual must

meet the minimum education and experience requirements. The minimum

qualification requirements are:
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Table 5

Level I — High school graduate, plus one year of experience in quality

assurance, including testing or inspection (or both'1 of equivalent con-

struction and installation activities.

Level II — Either graduate of a four-year accredited engineering or,

science college or university plus two years of experience in quality

assurance related to testing or inspection (or both) of equivalent con-

struction and installation activities.

or

High school graduate, plus four years of experience in testing, in-

spection or operation of power plants, nuclear plants, heavy industrial,

or other similar equipment or facilities.

Level III — Either graduate of a four-year accredited engineering or

science college or university, plus five years of experience in quality

assurance related to testing, inspection or operation of equivalent

manufacturing, construction or installation activities. At least two

years of this experience should be associated with nuclear facilities;

or if not, the individual shall have training sufficient to acquaint

him/her thoroughly with the safety aspects of a nuclear facility.

or

High school graduate, plus ten years of experience in general quality

assurance or engineering of equivalent manufacturing, construction or

installation activities. Five years of this experience is required in

quality assurance related to testing or inspection (or both) of equiva-

lent manufacturing, construction or installation activities or operation.

At least two years of this experience should be associated with nuclear

facilities; or if not, the individual shall have training sufficient to

acquaint him/her thoroughly with the safety aspects of a nuclear

facility.
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TABLE 6

STAFF AUGMENTATION QUALIFICATIONS

1. Reactor Engineering

Bachelor degree in Engineering or the Physical Sciences and five

years' experience or a graduate degree and four years' experience.

The experience shall be in reactor physics, core measurements, core

heat transfer or core physics testing including any combination of

the areas. Three of these years shall be nuclear power plant

experience.

2. Instrumentation and Control

Five years' experience in instrumentation and control including one

year in nuclear instrumentation and control at an operating nuclear

power plant. A minimum of two years of the five years should be in

related technical training with a maximuir of four years of the five

may be fulfilled by related technical or academic training.

3. Chemistry and Radiochem:Lstry

Five years' experience in chemistry of which one year shall be in

radiochemistry at an operating nuclear power plant. A minimum of

two years of this five years' experience should be related technical

training. A maximum of tour years of this five years' experience may

be fulfilled by related technical or academic training.

4. Radiation Protection

Bachelor degree or equivalent in science or engineering, including

formal training in radiation protection. At least five years'

experience in applied radiation protection, three years of which shall

be in a nuclear facility dealing with radiological problems similar to

those encountered in nuclear power plants.

5. Quality Assurance

Three years' experience of a broad nature in nuclear power operation.

He/She shall have a minimum of two years of technical training or

equivalent.
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6. Technical Support-Engineer in Charge

Bachelor degree in Engineering or Physical Sciences and three years'

professional experience in nuclear service, nuclear plant operation

or nuclear engineering.

CERTIFICATION

The applicable manager certifies individuals who report directly by

completing a Qualification Level Certification form (Figure 2) and placing

it in the individual's personnel records (Original in the Personnel Office

file and copy in the working file maintained by the department). The

assignment of level is based on the evaluation of the individual's educa-

tion and experience as shown in the personnel records. The period of

certification does not exceed two years. A review of certification is

completed at each annual performance appraisal. Recertification at a

higher level or other position may be accomplished at any time based on

training and performance or additional experience. A form similar to the

Individual Experience Record (Figure 3) is maintained in the individual's

personnel records.

Prior to field assignment, documentation of a physical examination is

required to certify that the individual meets all physical demands of the

job. Field service engineers also receive on an annual basis a complete

radiation physical which includes an EKG, pulmonary functional test and

hearing test. When required for certification to meet ANSI Standards or

for special assignments such as eddy-current inspection, visual acuity

(to be capable of reading the J-l letters of the Jaeger's test) and color

vision are certified.

Radiation exposure document on AEC Form 4 is provided to the utility

also. Physical examination certification forms similar to Figures 4 and

5 are maintained in the employee's personnel file and supplied to the

utility when requested.

B&W has established a program to provide for the investigation and

certification of NPGD personnel subject to field service assignments to

reasonably ensure that these persons are reliable. This program is

intended to meet the requirements of ANSI 18.17 1973, Industrial Security
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for Nuclear Power Plants. The standard requires that personnel granted

unescorted access to commercial nuclear power plants be screened by their

employers to reasonably ensure the owner of the power plant that such

personnel a**e reliable and trustworthy and will not through deliberate

actions damage or degrade the safety aspects of the nuclear power plant.

This program has been instituted for personnel working at plants where

the standard has been invoked by the utility. Actions are being taken

to certify the reliability of as many field service engineers as

practicable to have a large pool of available manpower meeting current

and anticipated requirements. The procedure for screening and certifi-

cation is as follows:

1. The individual's manager explains the necessity for the program and

obtains a written release (Figure 6) for the Company to obtain infor-

mation concerning his/her background.

2. A records verification is conducted to verify length of service with

B&W. For those employed by B&W for greater than three years a check

of personnel records for adverse material is the minimum required

background screening used to satisfy ANSI N18.17. Those individuals

employed by B&W for less than three years complete a Personal Security

Questionnaire (Form AEC-1 Part 1) (Figure 7) which is submitted to

obtain a DOE LX security clearance. Where time does not permit obtain-

ing the DOE clearance before site assignment of the individual, a full-

field background investigation by an investigative service is sub-

stituted. One company providing such a service is EQUIFAX SERVICES in

Richmond, Virginia. In anticipation of new federal requirements for

background investigations in lieu of the records check, DOE clearances

have been or are being obtained for all Babcock & Wilcox service ana

other engineering and technical personnel who are frequently assigned

to field work.

3. A personnel behavioral evaluation (Thurstone Temperament Schedule or

similar) is administered to all field service personnel. Those per-

sons performing marginally on the behavioral evaluation test are test-

ed and evaluated further by a clinical psychologist to document their

suitability for assignment.
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4. All the information obtained and information contained in the indivi-

dual's personnel file are evaluated for evidence of abnormal behavior

which would make the individual suspect as to trustworthiness or

reliability. If ,fhere is no evidence to the contrary, a reliability

clearance certification (Figure 8) is placed in the individual's

personnel record.

5. When requested, a certification letter (Figure 9) is supplied to the

nuclear power plant giving the individual's name and social security

number and stating that he/she has been screened in accordance with

the B&W reliability program.

Many field service personnel are available for assignment imme-

diately after the standard indoctrination and certification. Others

require varying degrees of training due to their assignment requiring

specialized skills, lack of background experience, or a need to upgrade

their qualifications to a higher lavel. In some cases, assignment to a

field service team in a training status is appropriate; in others a more

formal course of instruction fulfills the training needs.

At the time of each annual personnel performance appraisal, each

manager reviews the training and development needs of the individual. At

least two specific training needs are mutually identified and documented

(Figure 10) for Personnel Department planning and scheduling. Several

formalized courses are presented by B&W using Company instructors and

outside organizations. Some of these courses are particularly applicable

to field service engineer duties and responsibilities. Examples are:

1. Problem Solving and Decision Making, R. W. Briggs & Associates,

presents methods for establishing priorities, decision making,

potential problem solving and situational analysis.

2. Nuclear Power Operations, Nuclear Training Center Faculty, simulator

and classroom training for NSSS systems, power operations, abnormal

operations and plant maneuvering.

3. Contract Law and Product Liability, D. M. Senhens, University of

Akron, covers legal aspects of sales, contract formation and per-

formance aspects, product liabilities and warranties.
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4. Technical Writing, S. G. Mybeck, Consultant, measuring reading

difficulty, organizing informational material, improving dicta-

tion, building a fog-free vocabulary, report and letter writing.

Field assignment is frequently the only way minimum service require-

ments for certification to a higher level or a particular job may be ful-

filled. An individual who requires basic training or familiarization with

the specific B&W application of his previous experience is assigned to a

site startup team or a refueling service team in a training capacity until

he/she has obtained sufficient training to meet minimum requirements to

be fully functional at a certain level. Sometimes this training is

obtained during one continuous assignment at a site in the startup phase

or in continuous assignment during a refueling/maintenance outage. For

other individuals this period of training consists of several short-term

visits to different sites accompanying specialists assigned to very

specialized work. Reactor coolant pump seal repair or replacement and

fuel handling equipment checkout are two areas where training of this

nature is particularly valuable.

B&W has developed several video tape cassettes of 15-20 minutes dura-

tion each which are being used to satisfy specific training needs of

field service personnel. Tapes are produced by the corporate communica-

tion center in Barberton, Ohio. One tape is being used to provide basic

health physics orientation to those individuals who havt. not previously

received such training. A tape to provide training in general personnel

safety around nuclear plants is in production. Two training tapes pro-

vide QA orientation and refresher training. Five video tapes describing

the Integrated Control System along with five tapes describing the NSSS

transient response to certain abnormal conditions are also bein? used to

train field service personnel. Tapes describing other NSSS s; '(•• 's are

being produced. Video tape training is particularly useful when training

personnel on long-term field assignments. Time and money can be saved

when a video tape training session is used at the site to provide train-

ing of a quality normally available only at the home office. Video tape

presentations of utility training sessions on health physics procedures

have been given at NPGD headquarters for large groups of field service

engineers. This minimizes the workload on utility training staffs and
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minimizes the time required from the engineers reporting to the site

until they are able to start work. Training of this nature has provan

to be especially useful during peak manpower demand periods such as

refueling outages.

The wide variety of field service assignments being filled requires

that some personnel receive highly specialized training for a particular

job or skill requirement. Special training courses using experts

available at other B&W Divisions or Subsidiaries are frequently utilized.

Some of this training is actually performed at the reactor sites. TabJe

7 shows some examples of this specialized training which has been

recently conducted for field service personnel.

In summary, B&W has developed training and certification programs to

ensure that each field service engineer exceeds the minimum required

physical, psychological and knowledge qualification standards and is able

to document appropriate certifications. Attempts are made to recruit

personnel who already possess as much background, training, education and

certification as possible. Each individual receives certain standard

basic training and certification. Additional training is performed at

B&W routine developmental training courses, via video tape presentations,

through actual on-site experience and by specialized training by experts

within B&W 01 outside companies.
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Table 4. Inspection and Testing
Level Definitions

Level I

• Experienced or trained in performance of inspections/tests to be
performed.

• Familiar with tools and equipment to be employed.

• Demonstrated proficiency in tool use.

• Familiar with inspection and measuring equipment calibration
and control methods.

• Capable of verifying that equipment is in proper condition for use.

Level II

• Experienced or trained in performance of inspections/tests to be
performed.

• Experienced or trained in organization and evaluation of the
results of inspections/tests.

• Capable of supervising or maintaining surveillance over inspections/
tests performed by others.

• Capable of calibrating or establishing validity of calibration of
inspection and measuring equipment.

• Demonstrated proficiency in planning and setting up tests.

• Capable of determining validity of test results.

Level III

• Has broad experience and formal training in performance of
inspections/tests.

• Educated through formal courses of study in principles and
techniques of inspections/tests to be performed.

• Capable of planning and supervising inspections/tests.

• Capable of reviewing and approving procedures.

• Capable of evaluating adequacy of activities to accomplish
objectives.

• Capable of organizing and reporting results.

• Capable of certifying validity of results.
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Table 5. Inspection and Testing Qualification
Requirements

Level I

• High school graduate

• Cne yefcr experience in QA including testing or inspection (or both)
of equivalent construction and installation activities.

Level II

• Graduate of four-year accredited engineering or science college or
university.

• Two years' experience in QA related to testing or inspection (or
both) of equivalent construction and installation activities.

or

• High school graduate

• Four-year experience in testing, inspection or operation of power
plants, nuclear plant, heavy industrial or other similar equipment
or facilities.

Level III

• Graduate of four-year accredited engineering or science collage or
university.

• Five years' experience in QA related to testing, inspection or
operation of equivalent manufacturing construction or installation
activities.

» At least two of experience years associated with nuclear facilities
or sufficient training to acquaint him/her thoroughly with safety
aspects of a nuclear facility.

or

• High school graduate

• Ten years' experience in general QA or engineering of equivalent
manufacturing, construction or installation activities.

• Five of the above ten years' experience in QA related to testing or
inspection (or both) of equivalent manufacturing, construction or
installation activities or operation.

• At least two of experience years associated with nuclear facilities
or sufficient training to acquaint him/her thoroughly with safety
aspects of a nuclear facility. X \
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Table 6. Staff Augmentation Qualification

Reactor Engineering

• Bachelor degree in Engineering or Physical Sciences

• Five years' experience (three of which are nuclear power plant
experience) in reactor physics, core measurements, core heat
transfer or core physics testing or any combination.

or

• Graduate degree in Engineering or Physical Sciences

• Four years' experience as described above

Instrumentation and Control (I&C)

• Five years' experience in I&C including one year nuclear I&C at an
operating nuclear power plant.

• Between two and four of the five years in related technical or
academic training.

Chemistry and Radiochemistry

• Five years' experience in chemistry including one year of radio-
chemistry at an operating nuclear power plant.

• Between two and four of the five years in related technical or
academic training.

Radiation Protection

• Bachelor degree in Engineering or Physical Sciences

• Five years' experience in applied radiation protection (three of
which are in a nuclear facility dealing with radiological pro-
blems similar to those encountered in nuclear powor plants).

Quality Assurance

• Three years' experience of a broad nature in nuclear power operation

• Two years of technical training or equivalent.

Technical Support — Engineer in Charge

• Bachelor degree in Engineering or Physical Science

• Three years' professional experience in nuclear services, nuclear
plant operation or nuclear engineering.
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Table 7. Specialized Training

B&W Construction Company, Copley, Ohio

• Operation of Profilometer for Measuring OTSG Tube Defects

• Eddy Current Equipment Operation

• Remote TV Camera Operation

• OTSG Orifice Plate Rotation

Bailey Control Company, Wickliffe, Ohio

• Integrated Control System

• 855 Computer System

• Non-Nuclear Instrumentation System

Diamond Power Specialty Company, Lancaster, Ohio

• Assembly/Disassembly of Control Rod Drive Mechanisms

Nuclear Equipment Division, Mt. Vernon, Indiana

• New Surveillance Specimen Handling Tool Operation

Pouer Generation Group Headquarters, Barberton, Ohio

• Radioactive Material Packaging, Shipment, Documentation

Lynchburg Research Center, Lynchburg, Virginia

• OTSG Tube Plugging

o OTSG Tube Cutting and Removal

• OTSG Tube Sleeving

• Failed Fuel Detection System (sipping)

Project Software and Development, Inc., Cambridge, Massachusetts

• PROJECT/2 Automated Scheduling System

Spectral Dynamics Company, San Diego, California

• Machinery Vibration Analysis

B&W Operating Reactor Sites

• New Surveillance Specimen Handling Tool Operation

• Underwater Video Equipment Operation

• Reactor Diagnostics, Data Processing and Vibration Monitoring

• Snubber Testing and Maintenance
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FIGURE 1

BWNP-200I2A-I (1-77)

T H E B A B C O C K & W I L C O X C O M P A N Y

P E R S D N M E L T R A I N I N G R E P O R T

TRAINING CONDUCTED FOR

n NEK CMPLOYEC ORIENTATION
U AHD INDOCTRINATION

D I N I T I A L JOB TRAIN ING

SU8JECI
MATTER

EMPLOYEF/UHlT/SECTiON

D ON-GOING JOB I R A I N I N 6

Q I'A PRJGRAM TRAINING

: I L E REFERENCE 2G6I

DATE

PROCEDURE TRAINING
LJ REL. NO.(See II Below)-
D OTHER(Specify)

I I PROCEDURES

I Tl TLE

APPLICABLE TO
ORGANISATION
YES NO

TRAIN IN
REQUIRE

YES NO

FOHH AND IRAININO COMPLEIFI'

N A M I (f>pi- o r Pi i n t )

SIGNATURt

SECTION/UNIT

DATE

COMPLETED FORM IS TO BE FORWARDED TO MANAGER. PERSONNEL DEVELOPMENT AND TRAINING
SEE REVERSE SIDE FOR TRAINING SESSION ATTENDEES
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FIGURE 2

BABCOX & WILCOX

QUALIFICATION LEVEL CERTIFICATION

NAME

ACTIVITIES QUALIFIED TO PERFORM

LEVEL OF CERTIFICATION

PERIOD OF CERTIFICATION FROM TO

(NOT TO EXCEED TWO YEARS)

CERTIFIER POSITION

SIGNATURE

BASIS FOR CERTIFICATION

EDUCATION

APPLICABLE EXPERIENCE YEARS
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FIGURE 3

NAME

INDIVIDUAL EXPERIENCE RECORD

ASSIGNMENT PERIOD COMMENT

Test Engineer March, 1976 — October 1976 Developed procedures for chemi-
Crystal River cal control of reactivity.
Unit III

Concluded test of primary and
secondary including:

1. Flush of decay heat
2. Functional test of core

flood
3. Flush of condensate
4. Turbine throttle valve

operability

Reactor Per- Oct.
formance Engi-
neer Crystal
River Unit III

1976 - May 1977

Wrote test result report for
core flood system operability.

Reviewed fuel load procedure
and made recommendation for
changes which were accepted
by owner.

Conducted fuel receipt inspec-
tion.

On-shift physics engineer to
assist owner with initial cri-
tical ity and physics tests.
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FIGURE 4

THE BABCOCK £ WILCOX COMPANY
NUCLEAR POWER GENERATION DIVISION

Old Forest Road
Lynchburg, Virginia

PHYSICAL EXAMINATION
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Is Applicant

Temperature

Head

Eyes
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Heart
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Genitalia

Spine

Extremities:
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Knees

Skin
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Overweiqht

Type of Physical

Address

Color of Eyes Color of Hair Complexion

Underweiqht Frail Robust

Respiration Pulse Blood Pressure

Vision R.

Canals

Mouth

Size

Shape

Defomiit ies

of Joints

Neck * Thyroid

L. With Glasses, If Worn R. L.

Drums Hearinq R. L.

Teeth Throat

Lunqs

Murmurs Rhythm

Liver Spleen Kidneys Masses

Inquinal Rinq

Acute Disease Varicocele Hydrocele

Posture Mobility

Missinq Members

Hands Wrists

Shoulders Ankles

Hips

Lymphat ics

(COMPLETE OTHER SIDE)
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FIGURE 4-a

LABORATORY CHEST X-RAY

URINALYSIS: SP. GR. ALBUMIN

HEMOGLOBIN:

SEROLOGY:

SUGAR

W.B.C. DIFF.

RECOMMENDATIONS:

WORK HEALTH CLASSIFICATION

Qualified For Any Position_

Qualified For Any Position, But Has Minor Defects

Unqualified For Position Applied For

Reason:

Comment:

DATE M.D.
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FIGURE 5

RICHARD D. GILES, M. D. L. M. HOWARD, JR., M. D.
NEPHROLOGY AND INTERNAL MEDICINE INTERNAL MEDICINE

1939 THOMSON DRIVE LYNCHBURG, VA 21501 PHONE: 528-1054

BABCOCi: 8 WILCOX RESPIRATORY PHYSICAL LABORATORY REPORT

NAME: SOCIAL SECURITY NO...

LABORATORY
A. URINALVSIS:

SPECIFIC GRAVITY.
PROTEIN
GLUCOSE
MICROSCOPIC

B. CBS
HEHATOCRIT
WBC
DIFF
ESR

C. CHEMISTRY SCREEN ABNORMALITIES
SHA 12 is adequate

D. SEROLOGY - VDRL

E. CHEST X-RAY

F. ELECTROCARDIOGRAM

G. PULMONARY FUNCTION TEST

WORK HEALTH CLASSIFICATION
A. QUALIFIED FOR ANY POSITION
B. QUALIFIED BUT WITH DEFECTS
C. QUALIFIED FOR RESPIRATORY USE_
COMMENTS:

DATE: _N. I. I
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FIGURE 6 FORM 1

RELEASE TO OBTAIN PERSONNEL INFORMATION

1 hereby authorize the Babcock & Wilcox Company and its author zed agents
to investigate my background for the purpose of determining my reliability
for access to commercial nuclear power plants. The information which is
voluntarily provided by me may be used in an investigation of my past
activities and attitudes. The failure to provide information may make it
impossible for an investigation to be completed with a reasonable assur-
ance of determining my reliability. I understand that this investigation
and the evaluation of the results does not affect my employment with
Babcock & Wilcox; however, it may affect certain work assignments.

This investigation may involve the contact of neighbors, social and reli-
gious associates, and fellow club and association members. Also included
may be the verification of credit standing, education, residence present
and past, and arrest record if any.

The results of this investigation will be filed in the Company's indivi-
dual personnel folder in the Personnel Office and will be available for
review by appointment with an authorized member of the Personnel Office
Staff at any time after its completion.

EMPLOYEE DATE

WITNESSED
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FIGURE 7-a

Form OOE-I (Pjrt t)
[ 1 O - 7 7 |

Exception 10 SUnrard Form 16
Apt-ovea by O.M.B. 7-7 3

U.S. DEPARTMENT Or KNl.RGV
Waibinflon, D.C 2058S

PERSONNEL SECURITY QUESTIONNAIRE

Farm Apprutrd
OM. I 38-RO1BS

INSTRUCTIONS FORM DOE-t HAS TWO PARTS. ALL SECTIONS OF BOTH /'ARTS MUST BE COMPLETED. UNLESS BOTH PARTS
ARE COMPLETELY AND PROPERLY EXECUTED, THE FORM WILL NOT BE ACCEPTED. Before any entries are made, familiarize
yourself with all questions. Do not sign without first reading the instructions and certification Jf the end of the form, TYPE OR PRINT A LL
ANSWERS. If more spare is required. e>uer in item 17 on the back of this form or attach additional sheets and indicate the item numbers to
which the answers apply. Questions which do not apply should be marked "None.".

NAME rLtwf. r'int. M,ddl*/

. AtL OTHER NAMES iInclude maiden
marrioget, and dale* that nome-M wert u

4. DESCRIPTION

.- SECURITY NO. 6. BIRTH
DATE

7. BIRTHPLACE (City, County, State, and Country*

City and Statw)

V Put an " X " In Appropriate Bos:

Sinile Q Married • Widow<er> D Divorced D

(Dofe A Place of Dtvorct(t)^

9. ALL OTHER RESIDENCES FOR PAST IS YEARS DATES 10. CITIZENSHIP: V.S. Q Alien D

1) By Birth Q
A. If U.S. Citizen, indicate whether:

<3> By NaluialUatiop D
2) Derivative •

Certification No.

1) Alirn Regislration No.

Allen Rctistratlon No.

Crrtification No.

(2) Present Citizenship

14) Port of Entry

II. MILITARY SERVICE fftuf or Prtunl)

EMPLOYMENT (List A LlT employment dates im hiding present employment and ALL dares and addresses when unemployed, if*
employments required IJOF security clearance or access authorization, indicate this fact after the name of the company or organisation which
requested the clearance. Give name or names under which employed if different from name now used.)

fWhrrr rmploytdt Superviwr'i Nunt
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FIGURE 7-b

13. FOREIGN COUNTRIES VISITED <Esc»u*tV€ of Military Service and U.S. Government Official Travel)
Q«M K'lumH VS\

14. EDUCATION (Alt School* Above Elementary)

'•*• RELATIVES fparrntt, tlepparcnU, (otter partntt. tpnutr. divorced tpousr or tpnuiti. childrtn. ttepchildren. brothtrt. tttWi, Utpbrothen. Mtepttiten. half brothtrt

alien or if you marry mbitQitrnl to the execution of tnn questionnaire, if will be neeeuary that data concerning your #pout« be fuwnithed on Form ERDA -3S4 t
Countrr "• Biith

6. REFERENCES (Name Three Pcrtont, Not Relative* or Employers, Who Are Well Acquainted With You,.
Name in Full

CERTIFICATION

I have read all of the above questions. 1 certify that the information furnished in answer to these questions is correct and complete to the best
o/ my knowledge and belief and I understand that it is of greet importance in the consideration of my eligibility for security clearance or access
authorization. 1 make this ste ement to the U.S. Department of Energy with the understanding that it will be used by the Department in
carrying out its duty to protect the security of the energy R&D project, and with knowledge that any false statement or omission of materiel
fact may be sufficient cause for refection of my application or dismissal after employment; further, that any false statement herein may be
punished as a felony under Section tOOt, Title 18. U.S. Code.

(Utuat Signature of Pergon Filling Out Questionnaire) tSitn Original Only) tDate and Hlace Where Signed/

TO BF. FILLED OUT BV AtiKNCY OR FIRM EMPLOYING
KIEF DESCRIPTION OF DUT\ES(Descriptinn thould not Reveal Classified Information) NAME OK AGENCY OR FIRM

Signature and fittf of Official Requeuing Clearance or Acceu AuthorUatiun)

VILL PERSON HAVK ACCESS TO:

RESTRICTED DATA Yes Q No D

EXCLUSION AREA Yr* D No D
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FIGURE 7-c

1'I.KASE - Rrfon M«»i»|| «n} Enlrlm o» Thin Sidr: ( l l f c ™ » «inl Rr«ir«« Carbon P«|»r. (2) Rrvrrw ihr

Orrirr of r>i|jir» (i.r. Copf Our Fntnt Sidr (Ori||inal) to lie Copy Onr Rr»rr*c Side Al*o. rlr.^

17. AIIDITMINAI. SPACE FOR FlUNISH^G INFORMATION IN ITEMS I TO 16. (ItidUMt Urm number, u ir«i>« a n

Item No.

• mpply.) •
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FIGURE 8

TO:

FROM: Manager Personnel Department

SUBJ: Personnel Reliability Screening of

REF.: NPGD Procedure

Subject individual's performance, employment, associations, and attitudes

have been investigated and evaluated with respect to reliability for being

given unescorted access to a commercial nuclear power plant in accordance

with reference procedure. Based on this investigation and evaluation,

the Company judges the individual to be reliable and suitable for the

granting of unescorted access to a commercial nuclear power plant.

PERSONNEL MANAGER
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FIGURE 9

Babcock&Wilcox Power Generation Group

• .0. Box 1260, Lynchburg, Va. 24505

.=p"one: (804)384-5111

Mr. J. Ed Smith
Duke Power Company
Oconee Nuclear Station
P.O. Box 1175
Seneca, SC 29678

Dear Mr. Smith:

It is requested that the below listed personnel be granted unescorted access
to Oconee Nuclear Station for the purpose of performing assigned services.

Each individual has been evaluated for reliability in accordance with the
applicable Company procedures that included a review of tht individual's
personnel records and completion of the "Thurstone Temperament Schedule"
psychological examination. For those individuals that have been employed
by the Company for less than three years, an evaluation of personnel
references, previous employment, educational background and/or arrest
records was used.

In the Company's opinion, these individuals have shown no indication of
emotional instability and are considered reliable with respect to being
granted unescorted access to a commercial nuclear power plant.

Name Social Security # Date of Employment

The Babcock & WHcox Company / Established 1867
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FIGURE 10

TRAINING & DEVELOPMENT NEEDS

MARK NEED PRIORITY: Select a maximum of two needs =md mark identification number in the

boxes provided at the bottom of this form.

A. Management Functions

PLANNING & ORGANIZING

201 Budgeting/Cost Control
202 Work Planning/Scheduli rig/Time Management
203 Pert & CPM
204 Product Planning & Dt-'ve lopment
205 Contract Administration
206 Sales Training
207 Strategic Planning/Managing Change

CONTROL

208 Information Systems Concepts
209 Profit 6- Cash Flow Management
210 Basic Finance & Acctg for Non-Financial Mgrs
211 Basic EDP for Non-EDP Managers
212 Government Accounting
213 Contract Law t> Product Liability
214 Government Contracts
215 Project Minagement
216 Risk Management

EMPLOYMENT f> INDUSTRIAL RELATIONS

217 Selection/Intervlowing Techniques
218 Union M;tn.i£cment Relations
219 EEO

LEADERSHIP, BASIC

220 Basic Supervisory Skills
221 Goal Setting
222 Performance Appr.iisal Review
223 Supervision of Minorities/Females

LEADERSHIP, INTERMEDIATE

224 Conflict Resolution
225 Employee Relations/Counsel ing/Di scipline
226 Career Counseling
22? Problem Solving f, Decision Making

LEADERSHIP, ADVANCED

228 Movivation/Team Building
229 Assertive Management
230 Communications Styles & Strategies
231 Corporate Management
232 Advance Leadership Styles
233 Negotiating Skills

B. INDIVIDUAL IMPROVEMENT SKILLS

234 Introduction to Business
235 Business Math
236 Business Economics
237 Shorthand, Technical - Basic
238 Shorthand, Technical — Review
239 Shorthand, Business - Basic
240 Shorthand, Business - Review
241 English Review
242 Effective Meetings
243 Effective Listening Skills

COMMUNICATIONS, WRITTEN

244 Technical Wri t ing
245 Business Wri t ing
246 Proposal Wri t ing

COMMUNICATIONS, ORAL

247 Basic Publ ic Speaking
248 Technical Presentations
249 Sales/PR Presentations

250 Personal Career Development
251 Transactional Analysis/Human Relations
252 Reading Improvement
253 PGG Products
254 Secretarial Skills Development
255 Time Management

C. Manufacturing & Production

256 Engineering Standards
257 Electronics
258 Numerical Control
259 Road ing Engineering Drawings
260 Quality Engineering Technology
261 Quality Assurance Auditing
262 Plant & Facilities
263 Safety
264 NDT Training
265 Introduction to Metrics
266 Geometric Tolerancing
267 Metrics for Engineers
268 Metrology
269 Value Analysis

D. Engineering

270 Nuclear Steam Systems Fami]iarization
271 Basic Boiler Technology
272 Applied Mechanics
273 Structural Design
274 Heat Transfer
275 Seismic Control
276 Reliability Engineering
277 Semiconductors
278 Metallurgy
279 Instrumentation & Controls
280 Professional Engineer Refresher
281 Statistics
282 Fracture Analysis
283 ASME Codes
284 Fue1 Management
?<Sb Microprocessors t* Minicomputers

286 Other

(List any training needs not listed above.)

EMPLOYEE

Social Security No.

TRAINING NEEDS: 1st Priority I I

2nd Priority I I



311

ON-SITE TRAINING FOR NUCLEAR POWER

PLaNT INSTRUMENT MAINTENANCE

Larry E. Davis

ABSTRACT

To develop an effective training program
for nuclear power plant instrument maintenance
technicians is a challenging and rewarding

/ endeavor. What follows is the culmination of
the efforts of many individuals, including
management, union, and vendors, to fabricate
this necessary type of technical training
for the sixteen Commonwealth Edison gen-
erating plants. The development stages and
the three phases of the on-site training
program will be discussed as well as the
observed results of this training effort.

Background

Early in 1973, the initial version of the present instrument

maintenance training program began at Commonwealth Edison. This paper

addresses the development and implementation of this highly specialised

and constantly changing area of power plant maintenance training, the

control and instrument technicians' training.

Although many things account for a significant amount of outage

time, equipment and maintenance needs account for the largest share of

downtime. Effective maintenance training programs do improve perform-

ance and availability and are therefore cost effective. The inherent

complexity of maintenance in our modern-day plants and the rising cost .

of each day of outage justifies an effective training program.
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Initially, a survey of the training needs within the generating

stations' maintenance departments was conducted. The most urgent need

was determined to be the beginner or helper class-.fication and this

became the starting point for the ensuing task analysis study. A broad

survey of station supervisory and employee personnel was conducted waich

identified the day to day tasks performed by the individual control and

instrument technician. Once the task analysis was completed, the next

step was to list the behavior oriented objectives that met the needs

identified in the study. These behavior objectives also provided a

means of measuring the effectiveness of instructional methods and the

learning experience of the participants. After the task analysis and

list of objectives were established, the work of writing lesson plans

began.

The lesson plans were written according to the topics listed in the

needs analysis and the stated objectives. This insured that the subject

matter of the training programs was relevant to the actual on the job

tasks performed by the trainees. Most of the training manuals and learn-

ing aids used in the program were developed in-house, thus providing

completely "tailor made" programs.

The following training program is the I. & C. Training Program

for the Braidwood Nuclear Station and is indicative of the training

programs taught at other Commonwealth Edison plants. It is divided into

three distinct phases: '

Phase I The first phase of instruction will provide the

technician trainees with a common baseline of know-
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ledge required to successfully complete phases II &

III. Phase I is taught on-site at each of our six-

teen individual generating stations. Course content

may include basic mathematics, basic electrical theory,

general power plant systems, blueprint reading and

soldering techniques. The content, extent, and length

of training of these preparatory courses is based upon

individual needs and prior experience of the trainee in

order to minimize unnecessary training.

Phase II The second phase of the control and instrument

technician training is conducted at a new, centrally

located Shorewood Training Center in Shorewood, Illinois.

The center has over 16,000 sq. ft. v. xch includes class-

room and shop facilities for instrument maintenance,

electrical maintenance, mechanical maintenance, and

welding program activities. The new facility has provided

the benefits of a consolidation of staffing and equipment

from our previously located satellite facilities. Addi-

tional benefits are that the center is located in an

area that provides better living accommodations for live-

in students. Also, the cost of travel and overtime is

substantially reduced for those students living within

driving range of the facility.

This phase of the Control and Instrumentation Program

consists of two courses. Controls and Instrumentation I,
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Pneumatic Fundamentals, is a 9 week course designed to

provide the employee with the basic knowledge of pneumatic

equipment. It also provides practical experience in the

performance of job related skills in the Instrument Main-

tenance area. Upon completion of this course, the employee

will be able to maintain typical pneumatic system compo-

nents and use related test equipment.

Our Control and Instrumentation II is a 9 week course.

This course is designed to provide specific knowledge and

skills to maintain all process and control instrumentation

found in the Nuclear Steam Supply System (NSSS) with ap-

plicability to the balance of plant systems as well as

fossil power plant instrumentation application. On-the-

job proficiency is enhanced through the use of a func-

tional pneumatic control loop complete with flow, temper-

ature, and pressure instruments and solid state simulators

supplied from Westinghouse and General Electric for the key

NSSS systems.

Upon completion of this course, the employee can

maintain typical analog and digital systems and apply the

related test equipment.

Each week of instruction is completed with an ob-

jective quiz on the materials covered that week. The

program is structured on the Gestalt Theory of Learning,

that is the recycling of the same information during the
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entire course of studies. At first level, major parts

of the "whole" are defined. At the second level, the

parts are detailed and related to each other. On the

third level, more details are given, and finally, the

loop is closed and all the details are related back to

the whole system. Throughout tve learning process in

Controls & Instrumentation, every opportunity is given

to the trainee to implement and study instrument hard-

ware which is related to theory.

The trainees do not complete the course require-

ments until they are capable of troubleshooting, re-

pairing a faulty instrument or analyzing a process fault

with an established criteria.

Phase III The final phase of training taught at the individ-

ual generating stations contains three modules of at

least seven weeks duration. The first module is a one

week Scaling and Calculation Module, which teaches the

technician the process by which information from the

Precautions and Limitations Setpoint Study, as found in

the Final Safety Analysis Report, is implemented into the

electronics of the system. The specific training in-

cludes the mathematics necessary to do the calculations,

reasoning behind the control system equations- incor-

poration of the calculations into the electronics and a

basic explanation of the control circuits. The objec-
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tive of this module is to make the technician familiar

with scaling and scaling techniques so he can work know-

ledgeably in setting up and maintaining the control cir-

cuits.

The second module is a 6 week course that contains

specific reactor and control instrumentation systems.

Specific emphasis is placed on those systems directly

involved with the nuclear reactor for monitoring, con-

trol and protective functions. Initially the systems are

taught from a general functional viewpoint, the block

diagram of each system is then covered and finally, the

specific system electronics are discussed. The functions

of calibration, testing, maintenance, and troubleshooting

of the systems are also discussed. The objective of this

module is to make the technician familiar with the systems

so that he can maintain these systems.

The final module can be conducted on or off-site and

skills training on an "as needed" basis. Again, the

course content and the required training time is consis-

tent with the needs of the individuals.

The scheduling of an effective, formalized training program offers

tangible, intangible, and long-range benefits. With the present period

of growth, governmental controls, skyrocketing expenditures, and changes

in the composition of the work force, it becomes a must to provide

training programs to meet the needs of plant personnel and plant man-
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agers. According to those involved, the benefits of this training pro-

gram are proof of its effectiveness. Supervisors have stated that they

are witnessing the following characteristics in the new I. & C. Tech-

nician:

A clear understanding of what is expected of

each worker.

A better attitude toward one's duties.

An increase in motivation to do a better job, and

knowledge of the skills to perform the job more

safely and efficiently.

One of the requirements of successful training programs is that

they provide a continous flow of qualified people to fill the needs of

our plant facilities. This training program has done that and much, much

more.

In summary, the best training program is only as good as the

people who administer it. In the words of Thomas £uison, "Remember,

nothing that's good works by itself, just to please you, you've got to

make the damn thing work".
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INSTRUMENT AND CONTROL TECHNICIAN TRAINING FOR
THE DAVIS-BESSE NUCLEAR POWER STATION

R. W. Bailey, B. K. Hajek
The Ohio State University Nuclear Reactor Laboratory

J. M. Hickey, Training Supervisor
Toledo Edison Company, Davis-Besse Nuclear Power Station

ABSTRACT

A program is described that is designed to provide elec-
tronics training to the Instrument and Control Technicians
(I & C) at the Davis-Besse Nuclear Power Station (DBNPS).
This program will become the electronics curriculum of a 4.5
year apprentice program.

The program development followed two distinct phases.
Phase One was devoted to developing an outline for the
course based on the need for specific instruction. Phase
Two consists of developing and producing the modules defined
in Phase One.

During Phase One, 72 specific teaching modules were
identified and several others were defined as probable. Also
during Phase One, the course format was established. The
course is divided into five main groups: (1) introductory
units; (2) introduction to systems; (3) plant systems; (4)
applications; and (5) future possibilities Each of the five
groups is divided into a number of units. Each unit then^is
further divided into modules.

The modules are the basic instructional components and
were designed to be atonomous and self-administered by using
a programmed text type of format. This format includes text
material, learner exercises, and progress checks. In addi-
tion, each module has a list of test questions which can be
administered to determine competency. Along with the text
only type of modules, modules that feature laboratory
participation are also included. The modules, taught around
laboratory equipment, are developed employing the same equip-
ment that the trainees will be using on the job. In addition
to this equipment, specialized control system training equip-
ment will be employed to teach control system theory.
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INTRODUCTION

Purpose

The purpose of this paper is to describe an Instrument and Control
Technician Training (I & C) Course being developed for the Davis-Besse
Nuclear Power Station (DBNPS). The course will become the electronics
curriculum of a 4.5 year apprentice program.

/
Program Justification

When a large nuclear unit is unavailable due to an outage, the
cost of replacement power is quite expensive. Latest estimates vary
from $250,000 to $500,000 per day. If the critical path items for the
outage involve instruments and controls, it is imperative that the
I & C Technicians are properly trained in the trouble shooting and repair
of the system, so that the plant may be returned to service as expedi-
tiously as possible.

Training of Instrument & Control Technicians is a continuing effort
throughout the life of the plant, therefore training materials uniquely
developed for this purpose insures independence of instructional material
companies. These unique programs, properly designed, also permit revis-
ions to be made to the training materials without affecting the total
training program.

General Description

The I S C program development has followed two distinct phases.
The first phase was devoted to studying the existing instructional
material and the plant systems to determine a course outline. Phase
two, currently in progress, involves the development and production of
the instructional material defined in phase one.

This paper will present the course design objectives including
plant, student, and instructor considerations. In addition, the program
development methodology will be outlined including course format, and
course production.
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COURSE DESIGN OBJECTIVES

General Design Criteria

The instrument and control technician training course development

was a cooperative effort by DBNPS training personnel and The Ohio State

University Nuclear Reactor Laboratory (NRL) staff.

Course material is being designed in a modular format to permit the

students to work on and master individual subjects with the idea that

subject endpoints f.re precise progress indicators. This allows students

to have a sense of achievement on which they can build as they progress

through the course. There is a difference to the student to be able to

say: "I've completed 15 modules," instead of: "Oh, I am about 20%

finished with the I & C course material."

The design of the course also includes flexibility with regard to

adding or deleting material, since it is anticipated that several hundred

persons will use the program over a 40 year period. During this time,

equipment will be added, manufacturers will change, and hopefully tech-

nology will improve.

An additional design criterion was to provide a competency eval-

uation that could be employed along with other non-academic indicators

of progress to measure the student's mastery of the material.

Student Considerations

There are two primary considerations which were addressed. The first

is that of the students background; the second is the competency level

that the student must acheive to be effective on the job.

In general, persons entering the program will come from three

different backgrounds:

(1) Military,

(2) Vocational school, and

(3) No formal training beyond high school, but with high aptitude

and desire.

The program is designed to accommodate individuals from these back-

grounds by providing the necessary, in depth, academic materials along
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with some additional remedial reference material to supplement weakness
in the student's background.

The second main student consideration is that of a required comp-
tency level. To be specific, the people in this program will be the
first line of trouble shooters and repair-responsible individuals.

Concurrent with the student's participation in the academic program,
he will be receiving plant system hardware experience under the super-
vision of the shop foreman.

Instructor Considerations

One desirable feature of this program is the flexibility that is
allowed in employing instructors of varied backgrounds.

Program consistency is assured by the completeness and presentation
of the instructional material and by the minimal interaction of individ-
ual modules.

These features permit the selection of instructors from either
internal plant people, like I & C engineers, or from outside consulting
fi rms.

In addition, the same instructional completeness is acheived using
many instructors during the program. Instructors with particular
interests and competency can be employed in their speciality areas, with-
out losing overall program continuity. No single instructor needs to be
used throughout the course, even within a given subject area.

Because of the self-study nature of this program, instructors
themselves have the opportunity to use the modules as review material
in their interest areas.

DEVELOPMENT

Course Format

Course format was derived during the first phase of the program.

Groups

It is divided into five main groups:
(1) Introductory Units,
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(2) Introduction to Systems, .
(3) Plant Systems,
(4) Applications, and
(5) Future Possibilities.

Units

Each of the five groups is divided into a number of units. For
example, the Group No. 1, Introductory Units, is divided into five units:

(1) General Introduction,
(2) Mathematics,
(3) Reading Schematic Diagrams,
(4) Elementary Electronics, and
(5) Measuring Instruments.

Modules

Each of the units is further divided into modules. The modules are
the basic instructional components and were designed to be as atonomous
as possible. This feature permits the insertion of new modules and the
discarding of outdated material with relative ease over the 40 year
anticipated plant lifetime. The module format includes text material,
learner exercises, progress checks, and tests.

Laboratory Modules

Along with the text only type modules, modules that feature labora-
tory experiments are also included. Both specialized control system
training equipment and conventional plant diagnostic equipment are
employed in the laboratory instruction.

Learner Exercises

Learner exercises are distributed throughout each module. They are
supplied to the student with answers, and are used as a teaching tool to
reinforce, by question, the student's knowledge shortly after studying
the text material.
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Progress Checks

Progress Checks are identical in form to the Tests except that the
answers are provided in the module. The purpose of the Progress Checks
is to enable the student to evaluate himself prior to taking a compre-
hensive competency examination.

Tests

The Tests are administered as the competency examination over the
entire module. Many questions are prepared for the Test so that a
variety of examinations may be constructed by choosing a group of
questions. All of the Test questions have complete line-by-line solutions
to assure a uniformity in grading that is independent of the instructor.
The test questions and solutions are provided only to the instructors.
In fact, by design, enough questions are presented to permit their
eventual inclusion into a computer managed instruction (CMI) program.

Appearance

Considerable attention was given to appearance of the printed ma-
terial. The effort was expended to assure an attractive, easily
identifiable, unique product, that was distingushable from the myriad
of other printed materials located at the plant. It has been observed
that materials are better received, better taken care of, and studied
if they are well presented. In some vague fashion, they are held in
higher regard by the students than materials which look less presentable.

Course Production

Organization

The overall organization set up to produce the modules for the
I & C course consists of:

(1) A Project Manager,
(2) A Technical Editor,
(3) Two Technical Writers,
(4) Three Content Supervisors,
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(5) Up to six Content Writers,
(6) One or more Graphic Artist(s),
(7) One or more Photographers, and
(8) A Compositor.

Fig. No. 1 shows the flow through the organization and indicates the
interaction of the individuals.

In addition to the above mentioned personnel, the DBNPS Training
Supervisor is instrumental in the program development. The liberal use
of consultants from other units at OSU in tha areas of:

(1) Instructional Aids,
(2) Communications, and
(3) Graphical Presentations,

assures an accurate, complete, and presentable product.

Project Manager

The project manager is a person qualified in the areas of machine
control systems* technical writing, and personnel management.

Technical Editor

The Technical Editor is in a critical position because he must
direct the initial material outlines through the techncial writers and
coordinate the writing effort. He then must be the final reviewer for
completeness and correctness.

Technical Writers

Two technical writers are employed to research and establish
course outlines. They are under the direction of the Technical Editor,
and supply material to the content supervisors and writers.

Writers and Content Supervisors

The Technical Writers are generally graduate research associates in
the mechanical, electrical, and nuclear engineering fields. This permits
a unique closeness of student to material contact that produces both a
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quality teaching module and a better prepared graduate engineering
student. The close contact with their respective content supervisors,
who are taken from the faculty ranks, assures accuracy and clarity in
the final material.

Others

Graphic Artists are employed to turn the writer's sketches into
printable form. Photographers are utilized where specific equipment
photographs are needed for clarity. Finally, a compositor is used to
coordinate the type setting, figure insertion and plate making so that
the final modules may be printed.
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* Figure List

Drawing No. Caption

1 Course Production Organization
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A COURSE IN

FIRE PROTECTION TRAINING FOR

NUCLEAR POWER PLANT PERSONNEL

K. L. Walker E. F. Bates

J. D. Randall

ABSTRACT

Proposed Regulatory Guide 1.120, entitled "Fire Pro-
tection Guidelines for Nuclear Power Plants", provides
detailed requirements for the overall fire protection
programs at nuclear power plant Sites in the United
States. An essential element in such a program in the
training of plant fire brigade personnel is the use of
proper firefighting techniques and equipment. The Texas
A&M,University Nuclear Science Center (NSC) in conjunction
with the Fire Protection Training Division of the Texas
Engineering Extension Service has developed a one-week
course to meet this training need.

The program emphasizes hands-on exercises. This is
extremely important to buiid confidence for the fire
brigade member who probably has had no previous ex-
perience in this area. There are also several hours of
classroom instruction designed to give the students a
basic understanding of the principles involved. The
exercises are live fire situations created at the
numerous simulation areas available at the Division's
Firemen Training Field. These include cable tray, debris,
and structural firee ; industrial hose and nozzles; ex-
tinguisher applications; and bieathing apparatus use
under real conditions. A section is included on
evaluation and direction of firefighting, as well as
fire prevention techniques. Control of radioactive
contamination in firefighting is also covered.

The course is designed for up to 18 students with
all protective clothing provided. Fire instructors
are certified by the State of Texas, and registered
nuclear engineers and certified health physicists
supervise the radiological safety exercises. The first
course was conducted during the week of January 8-12
1979.
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HISTORY

Following the Browns Ferry Fire of 1975, a study organized by the

Nuclear Regulatory Commission (NRC) concluded that measures should be

instituted to significantly decrease the frequency and severity of

fires at all nuclear power plants under USNRC jurisdiction. This led

to the development of proposed Regulatory Guide 1.120 entitled "Fire

Protection Guidelines for Nuclear Power Plants".

One of the major requirements of a plant's fire protection pro-

gram under the Regulatory Guide's "defense in depth" concept is the

organization and training of fire brigades for the site. Throughout

various publications on the subject, phrases such as "properly trained

personnel" are abundant. In order to comply with the intent of the

regulation with regard to establishing a group of individuals suffi-

ciently competent in firefighting skills, some practical firefighting

experience is essential.

During early 1978, the staff at the Texas A&M University Nuclear

Science Center (NSC) research reactor began investigation of possible

firefighting training for its operations personnel. Realizing the

industry need in this area, engineers and health physicists from the

Center started working with the Fire Protection Training Division of

the Texas Engineering Extension Service to establish a specifically

tailored program which could be offered to nuclear utilities nation-

wide. The result is a one-week course which utilizes the extensive

staff and facilities available at the Division's Firemen Training

Field, with the expertise and services of the NSC allowing special

emphasis on a nuclear reactor environment. The first such course was

held the week of January 8-12, 1979.

COURSE OBJECTIVES

This program is designed to offer hands-on firefighting training

for the individuals at a nuclear plant who could be called upon to

place their lives in danger in a fire situation. For persons inex-

perienced in such a crisis, especially in enclosed areas, this can be
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so terrifying as to render them useless or even dangerous to other

brigade members. Lectures and demonstrations concerning firefighting

equipment are extremely valuable, but until an individual has actually

used this equipment, it is very difficult to obtain a proper appre-

ciation for what it can and cannot accomplish.

Another complication of special concern to the nuclear power

plant firefighter is the fact that radioactive contamination may be

present at a fire scene. Fire loadings are generally low in areas

containing radioactive materials, and the majority of the fires en-

countered will not involve contamination. However, there are situa-

tions, especially during maintenance periods, when the possibility

of such fires increases. Unless the fire brigade is familiar with

the problems of contaminated clothing, equipment, and surroundings in

a fire situation, confusion and excitement could lead to the spread

of contamination resulting in more expense than the fire itself.

The course objective, then, is not only for the student to gain

knowledge of firefighting techniques and equipment in the classroom,

but to create confidence and an appreciation for teamwork through

exposure to realistic fire emergencies simulating the special problems

of nuclear power reactors. Sufficient discussion of fire prevention

planning and automatic systems is included to complete the overall

picture of an effective fire protection program. While this objective

will not transform a reactor operator into a professional firefighter,

it will greatly enhance the brigade member's ability to confidently

and effectively attack fires with a minimum chance of personal injury.

TRAINING FACILITIES

Fire Protection and Control

The Fire Protection Training Division of the Texas Engineering

Extension Service has a group of certified instructors with over 370

staff-years of firefighting and teaching experience. Schools are

conducted year round for thousands of firefighters from all over the

world, and these courses are unquestionably the standard for fire

protection and safety training nationwide. The Division has the skill



331

necessary to develop programs wherever the need may arise in industry.

For example, training is currently available in such specialized areas

as oil spill control, liquified natural gas control, and marine fire-

fighting. It is in such an innovative atmosphere that this course

has been developed.

Most field exercises will be held at the 60-acre Brayton Firemen

Training Field. This facility, which is valued in excess of six

million dollars, is equipped with numerous field simulations built to

reflect a wide variety of fire situations. A three story building

constructed completely of firebrick, for example, is available for

realistic structural firefighting experience. Teaching aids are

constructed for fighting pressurized gas fires, spill fires, and ele-

vated fires. Industrial foam equipment is on site, as are the major

types of fire extinguishers for practice in techniques of applying

these agents. Also, the Division has all of the protective clothing

needed for the course, as well as breathing apparatus facilities.

Radiological Safety

Located adjacent to the field is the Texas A&M Nuclear Science

Center (NSC), housing a 1 Mw research reactor. Professional nuclear

engineers and health physicists from the Center work closely with the

fireman training staff, teaching the radiological safety section and

performing overall course coordination. With the NSC staff's ex-

perience in the nuclear area and consultation with utilities, the pro-

gram can evolve rapidly toward the specialized type of course needed.

The NSC facility has a classroom for lectures and controlled areas

for exercises in identification of radiation fields and contamination

control techniques. Also, the Center is used for production of the

radioactive material necessary for a realistic simulation of radio-

logical safety problems associated with fires in contaminated areas.
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COURSE CONTENT

Outline

Session 1. —Chemistry of fire; Classifications of fires;

Principles of extinguishment; Fire prevention a^.i inspection.

This is a classroom session designed to familiarize the novice

firefighter with these concepts prior to actual application. A film

is included.

Session 2. —Breathing apparatus and protective equipment: use

and maintenance with practical exercise.

Protective equipment and breathing apparatus use are first demon-

strated by the instructor with the aid of a film. The students must

then wear full equipment through a dark, smoke filled maze several

times. This is designed to insure that the equipment fits and

functions properly and the student does not panic in such a situation.

All major brands of breathing apparatus are available.

Session 3. —Sprinkler systems: purpose, types, and demon-

stration.

These systems are discussed and demonstrated using a sprinkler

facility specially designed for this purpose.

Tuesday

Session 1. —Portable extinguishers: types, extinguishing

agents, practical exercise.

The basics of fire extinguishers are discussed, including appli-

cation techniques, maintenance, and potential problems. The student

then has the opportunity to practice on several fires.

Session 2. —Halon, CCL, and dry chemical systems: purpose,

types, and demonstration.

These systems are covered using demonstration boards.
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Session 3. —Industrial fire hose, nozzles, water systems;

Practical exercise on LP gas fire.

Design and use of hose and nozzles are covered including types of

nozzle streams, hose team coordination, and water application tech-

niques. The students apply this to pressurized propane fires.

Wednesday

Session 1. —Structural firefighting: practical exercise.

Interior firefighting fundamentals are covered in the classroom

with the aid of a film. A practical application of multi-level

structure firefighting (class A fire) with breathing apparatus and

hose handling provides a realistic exercise.

Session 2. —Hazardous materials and closed containers: film and

lecture.

Session 3. —Practical exercise: large oil pit fire, elevated

spill fire, pump flange fire.

Thesa exercises promote the course objectives of knowledge, con-

fidence, and teamwork. The student also obtains some experience in

various types of class B fires.

Thursday

Session 1. —Industrial foams: types, effectiveness, application

technique, practical exercise.

Using a film and lecture, the student is familiarized with

mechanical foam concentrates, foam generation, and proportioning

equipment. Ihe class fights a large class B fire with protein foam

for experience.

Session 2. —Practical exercise: cable tray fire in enclosed

area.

A cable tray constructed in a hard-to-reach area gives the

students experience in small, non-ventilated spaces as well as over-

head fires in a cable tray. Rubber strips soaked in diesel fuel are
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used to simulate burning insulation. Electrical (class C) fire-

fighting problems are discussed, but no live electricity is used in

this exercise.

Session 3. —Protection of firefighters from radiation hazards;

Radiation detection and measurement in fire situations; Firefighting

equipment and contamination control; Practical exercise, NSC.

A lecture and film are presented describing the particular prob-

lems associated with radiation and contamination in firefighting. In

a controlled exercise, students identify a medium level radiation

source and post radiation areas, comparing the responses of ion

chambers and Geiger meters. Each class member practices the tech-

niques for surveying and removing contaminated equipment and pre-

venting the spread of contamination. A knowledge of basic radiation

safety is desirable.

Friday

Session 1. —Fire in contaminated area: response exercise.

This session is designed as a practical final examination.

Student brigade teams must respond as in an emergency, entering a non-

ventilated room with full gear and extinguishing a class A fire using

water. The instructor does not accompany them. This area is also

contaminated with a short-lived radioisotope, and students must exit

the fire area to a previously established "hot-line" for checkout and

equipment removal with the aid of other class members. Equipment is

bagged and areas posted for subsequent arrival of health physics

specialists. Personnel who become contaminated must go through

appropriate decontamination procedures. This exercise is designed to

encompass all of the course objectives.

Session 2. —Final examination; Course critique

The students take a written final examination designed to satisfy

the instructors that they have understood the principles and tech-

niques presented. Each individual is asked to critique the course so

that future courses can be improved.
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Discussion

Course Organization

The class size is limited to 18 individuals. This allows a

reasonable cost per student while maintaining a good student-to-

instructor ratio. The desire is to simulate actual conditions which

the firefighter might face, therefore small, three man teams are

formed. Each person has the opportunity to function as team leader

several times. Instructors always accompany the teams or are

immediately available in case of emergencies. The students should be

in good physical condition with no health or respiratory problems.

Instruction starts with firefighting fundamentals and progresses

fairly rapidly. This is commensurate with the high level of learning

ability of the individuals who will be attending the course. The

course curriculum is flexible to accommodate individual utility

requirements. Certificates are issued upon satisfactory completion

of the program, and a notebook containing class materials is provided

for the student to keep.

Future Plans

Based upon feedback from the initial course, several areas are

being improved or more strongly emphasized. The cable tray simulation

will be expanded to include multi-levels, long vertical sections, and

possibly dust covers. Interior class B fires will be stressed more

heavily, including switchgear and transformers with flammable

lubricating fluids. An energized grid is planned for demonstration

purposes, also. There will be more emphasis on structural fires,

however the larger outdoor fires will remain an integral part of the

course for confidence as well as technique. Hydrogen may be obtained

for use in one of the LP gas fires to point out the special problems

involved with this substance.

This program will continue to be directed toward the inexperi-

enced firefighter with some basic knowledge of fire protection aud

radiation safety. In future sessions, command and evaluation will be

stressed more heavily, as well as communication between the brigade
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and the rest of the plant during emergency situations. We «trongly

feel at this point that all of those who will be required to fight

fires should have a minimum of the training described here.

A separate course is being planned to teach fire brigade command,

with a pre-requisite being some practical firefighting experience.

This will be directed toward brigade leaders, stressing evaluation,

coordination, and techniques for staging drills and practice sessions.

We cannot stress enough, however, our feeling that for the safety of

the brigade members and plant, each team must train with fires of

the magnitude and type which they are likely to encounter.

CONCLUSION

The development of this course has proceeded with the philosophy

of designing a program which presents the type of training utilities

desire. In order to do this, a great deal of constructive feedback

is necessary. The initial course resulted in many valuable

suggestions for improvement; however, the participants, who were

experienced fire protection and safety engineers, felt the program

was quite close to the type of training needed. Texas A&M has a

national reputation for excellence in both academic and industrial

training. With the help of the nuclear community, this program can

only add to that reputation.
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FIRE FIGHTING TRAINING

J. Hickey — Toledo Edison

Paper not available for publication.
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NUCLEAR SECURITY GUARD TRAINING

D. A. Moul
NUSAC, Incorporated

ABSTRACT

In the period from 1975 through 1977 significant attend
tion was drawn to inadequacies in the effective utilization
of security force personnel for licensees transporting spe-
cial nuclear material, using and possessing such material,
and operating commercial reactors. The culmination of
studies commissioned by ERDA and the NRC was the publication
of a security force upgrade rule which was published on
August 23, 1978. The rule requires more stringent selection,
qualification, and training than that which had been in
effect under previous regulatory guidance. Extensive litera-
ture and the use of NRC sponsored workshops are implementa-
tion tools that are available to assist licensees in imple-
menting the complicated program that has job analysis as its
basis. Detailed training and qualification plans are re-
quired under the rule. Performance oriented testing is the
focal point of the program, which it is hoped will assure
that security personnel can perform their assigned tasks.
Effective use of available resources, costs, reexamination of
traditional methods of furnishing security services and legal
concerns are key issues that must be addressed in effective
program implementation. Early commitment of resources and
interchange of information among licensees are critical to
successful development and implementation.
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BACKGROUND AND GENESIS OF THE RULE

In 1975, one of the conclusions of the security agency study-'- was

that the creation of a federal guard force for maintaining security in

the nuclear industry would not result in a higher degree of guard effec-

tiveness than that which could be achieved by properly trained, qualified

and NRC certified private guards. In 1976, a joint ERDA-NRC task force

was formed to propose a plan of action for improving controls and protec-

tion of nuclear materials at NRC licensed fuel cycle facilities. The

task force report included conclusions and recommendations concerning

the role of security guards in the physical protection of special nuclear

materials. In 1977, the GAO published its report, "Security at Nuclear

Power Plants - At Best, Inadequate," which was generally negative with

respect to the effectiveness of security guards and their utilization

at nuclear reactors and had as one of its recommendations the upgrading

of security forces. The publication of the GAO Report generated Congres-

sional concern and created additional pressure on the NRC to upgrade the

effectiveness of security guards at nuclear facilities.

As a result of the above reports and other considerations that

indicated upgrading of security personnel was required, the NRC deter-

mined that qualification and training requirements for security personnel

employed at licensed nuclear facilities should be upgraded through public

rule making. On July 5, 1977, the NRC published proposed amendments to

10 CFR Part 73 to impose more stringent qualification, training, and

equipment requirements on security personnel used to protect against

theft of special nuclear materials and industrial sabotage of nuclear

facilities or shipments. After public comment, the final rule was pub-

lished on August 23, 19785 with an effective date of October 23, 1978.
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REGULATORY REQUIREMENTS

General

The regulatory requirements regarding security personnel qualifi-

cation, training, and equipment requirements are found in the following

paragraphs of 10 CFR Part 73:6 73.2(t) through (*»). 73.30(d) and (e),

73.50(a)(4), 73.50(h) and 73.55(b)(4). General criteria for security

personnel are found in Appendix B to 10 CFR Part 73.

The rules define additional categories of security personnel and

require all licensees who transport, use or possess specified quantities

of special nuclear materials or who operate commercial power reactors

to submit training and qualification plans and train, equip and qualify

their security personnel in accordance with Appendix B to 10 CFR Part 73.

Annual requalification is also required.

Specific Requirements*

Suitability

Prior to employment in the security organization of a licensee,

an individual must have a high school diploma or pass an equivalent

performance examination designed to measure job related skills required

to perform security duties. The individual must also have no felony

convictions involving use of a weapon or that reflect on his/her reli-

ability. If the individual is to serve in an armed capacity, the age

of 21 must be attained prior to employment.

Physical and Mental Qualifications

Security personnel shall have no physical weaknesses or abnormal-

ities that would adversely affect their performance of security duties,

they must be capable of exercising good judgment, implementing instruc-

tions and exercising communications skills. Armed individuals and

*The requirements of Appendix B, 10 CFR Part 73 are summarized in this
Paper. For more detailed enumeration of the criteria, attention is
directed to the appropriate rule making identified herein.
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central alarm station operators must additionally pass a physical exami-

nation and be determined to have no emotional instability that would

interfere with effective job performance. Armed personnel muct meet

minimum standards with respect to vision, hearing, have no medical

history of epilepsy, diabetes, addiction or debilitating injury which

interferes with the performance of assigned duties.

Physical Fitness Qualifications

Armed personnel must pass job related physical fitness qualifica-

tion programs.

Physical Requalificacion

At least every twelve months central alarm station operators must

meet the physical requirements. At least every twelve months armed

personnel must meet the visual, hearing and physical fitness requirements.

Training and Qualification

All security personnel who perform security related tasks (with

the exception of security management personnel) must demonstrate

knowledge, skill and ability for the tasks they must perform in accor-

dance with the licensee training and qualification plan. One hundred

subject areas are indicated in Appendix B for consideration by licensees,

but licensee training programs may be based on site specific criteria

that are necessary to implement physical security and safeguards contin-

gency plans. At least once every twelve months, security personnel must

be requalified to perform their assigned tasks and duties.

Weapons Training and Qualification

Armed personnel must undergo training in subjects related to the

use of their assigned weapons and must have passing scores on nationally

recognized weapons qualification courses for the weapons thej will use

(handgun, semi-automatic rifle and/or shotgun). Requalification is

required at least every twelve months.

Documentation

All aspects of the training and qualification program must be docu-

mented and are subject to inspection.



342

Contract Security Personnel

Contract security personnel are required to meet the same suitabil-

ity, physical, mental and training qualifications indicated above.

Training and weapons qualification requirements must be documented and

attested by licensee security supervision.

Equipment

Minimum requirements for weapons, ammunition and basic load are

specified. Items of personal equipment are specified for fixed site

and transportation personnel. Minimum standards for escort vehicles

are indicated. NRC interpretation is that the equipment lists are

intended as guidance and are subject to site specific needs.

Implementation Schedule*

For Licensees Transporting Special Nuclear Materials

Training =ind qualification plans must be submitted by 120 days

after the rule became effective. Submitted plans must indicate how

licensees will qualify all armed escorts within two years after the

effective date of the rule or within two years after the submitted plan

is approved, whichever is later. The plans must be followed after 180

days from the date the rule became effective or 60 days after the sub-

mitted plan is approved by the NRC, whichever is later.

For Licensees Subject to 10CFR73.50

Requirements are the same as for licensees transporting special

nuclear materials.

For Operating Reactors Subject to 10CFR73.55

Training and qualification plans must be submitted by 300 days after

the rule became effective. Submitted plans must indicate how all secur-

ity personnel will be qualified within two years after the rule became

effective or within two years after a submitted plan is approved, which-

ever is later. Plans must be followed after 500 days from the effective

date of the rule or 60 days after a submitted plan is approved by the

NRC.

*Effective date of the rule is October 23, 1978.
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For Applicants Seeking an Operating License for a Commercial Reactor

If the FSAR was submitted prior to the effective date of the rule,

training and qualification plans are due August 18, 1979. If the FSAR

is submitted after October 23, 1978, but prior to August 18, 1979, plans

should be submitted by August 18, 1979 or 300 days prior to the fuel

loading date, whichever is later. All personnel must be trained in

accordance with the submitted plans 18 months after NRC approval. If

the FSAR is submitted after August 18, 1979, the training and qualifica-

tion plan should be submitted with the FSAR, and security personnel must

be trained prior to fuel loading in accordance with the plan.

For Applicants Seeking a Construction Permit for a Commercial Reactor

A commitment to Appendix B, 10 CFR Part 73 and an outline of the

training program must be submitted with the PSAR/Application.

IMPLEMENTATION GUIDANCE

To assist licensees in developing their security personnel

training and qualification plans, the NRC has published a series of

guidance documents and has been conducting regional three-day workshops.

The documents referenced are:

1. NUREG-0219, "Nuclear Security Personnel for Power Plants:

Content and Review Procedures for a Security Training and Qualifica-

tion Program," Office of Nuclear Reactor Regulation, U.S. Nuclear Regu-

latory Commission, Washington, D.C. 20555, July 1978. This document

outlines the NRC acceptance criteria for plans developed for use pri-

marily by licensees operating commercial reactors. It details for users

the job analysis that must be conducted to assure all critical security

responsibilities are included in the training and qualification plan

and a sample plan is included.

2. NUREG-0464, "Site Security Personnel Training Manual," U.S.

Nuclear Regulatory Commission, Washington, D.C. 20555, November 1978.

This document consists of four volumes of generic lesson plans ana

student instructional materials that are designed to assist licensees

at fixed sites in implementing their training and qualification plans.
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The materials provide a reference source for users, but site specific

concerns must be integrated, particularly in the legal area and where

detailed site security operating procedures are involved.

3. NUREG-0465, "Transportation Security Personnel Training

Manual," U.S. Nuclear Regulatory Commission, Washington, D.C. 20555,

November 1978. This document also consists of four volumes and is

designed to assist licensees who transport special nuclear material.

Comments made above concerning NUREG-0464 are also applicable.

4. Regulatory Guide 5.52, "Standard Format and Content for the

Physical Protection Section of a License Application (For Facilities

Other Than Nuclear Power Plants)," Revised Chapter 4, "Security Organi-

zation," and Chapter 18, "Security Personnel," U.S. Nuclear Regulatory

Commission, Washington, D.C., July, 1978. Outlines the considerations

that must be addressed in security plans for licensees who use or possess

specified quantities of special nuclear materials (other than commer-

cial reactors).

Licensees who are developing training programs to comply with

Appendix B to 10 CFR Part 73 should utilize these documents and the

references that are cited therein. However, it must be recognized that

development of individual licensee plans is dependent upon specific

licensee requirements as indicated in approved set urity plans and safe-

guards contingency plans. Training programs must have as their founda-

tion the commitments made in those documents. Therefore, when used by

licensees, the generic data contained in the guidance documents must be

modified suitably to accommodate individual licensee situations.

IMPLEMENTATION PROBLEMS

Strain on the Capacity of Licensee Staffs and Costs

Dependent on the resources available to licensees, there may be a

strain on in-house staffs to develop and implement the prescribed

training program. Due to the need for detailed and complicated analysis

that must be accomplished to develop a training a*id qualification plan

and a supporting training program, many licensees are faced with the
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decision of increasing their staffs or relying on outside sources.

This generally applies where there is minimal or no available capability

on licensee staffs.

Attendant with the above problem is the cost factor. Whether in-

house or contractor resources are utilized for development and implemen-

tation, costs will increase over those currently required for existing

training programs. Initial costs for program development are uncertain,

but could average approximately $300,000. Additional annual costs are

likely to exceed at least $100,000 per year, but this is a tenuous

estimate at present, with no experience base available from which to

quote. In addition to the costs of development and implementation,

security personnel are likely to be paid at higher wages than they are

presently receiving. This increases annual operating costs. Generally,

the more highly trained an individual, the more it costs to retain him.

If security personnel cannot be retained and turnover reduced, the

training costs for new recruits will further increase costs.

The problem is not capable of being resolved in a manner that will

not result in increased costs. The solution appears to rest on effec-

tive utilization of resources to minimize cost increases. For most

licensees, at least one full-time training specialist with skills in

security or law enforcement, training and regulatory requirements will

be necessary. This may apply whether there is a choice to use in-house

or contractor resources since oversight of contractors is necessary and

many contractors will be as inexperienced in program implementation as

the licensees. It would also behoove licensees to take necessary steps

to reduce security force turnover, since the greater the turnover the

greater the recurring training costs. Again, this also applies to

whether the licensee is using proprietary or contract security personnel.

Higher wages, better benefits, increased job satisfaction and improving

upward mobility are s~me means of reducing turnover in security forces.

It is apparent that most solutions to efficient program development and

implementation also require additional expenditures of funds.
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Impact on Decision to Use Proprietary
or Contract Security Forces

Many licensees are making detailed studies of the impact of the

training programs on whether or not the use of contractors whc furnish

security services is any longer the most efficient and cost effective

way to supply security personnel. At a minimum, this has an impact on

who actuall" does the training as opposed to who furnishes the personnel.

For example, some licensees have taken the position that contracting for

security personnel is still the most cost effective manner in which to

obtain security personnel, but due to increased costs in training, in-

house personnel are being used to train the security forces. At present,

the cost environment is uncertain, pending approval of licensee training

programs, and the most effective solution cannot definitively be stated.

Licensees considering whether or not to use proprietary or contractor

furnished security forces should make detailed cost analyses of the

problem prior to reaching a decision. In addition to cost, other fac-

tors such as administrative efficiency and impact on operations must be

considered.

Legal Problems

hajor legal problems concern the employment suitability and quali-

fication criteria of the rule. Felony convictions and access to criminal

records, minimum age of armed personnel, and equal employment opportunity

are key issues.

. Many licensees have indicated that state or local privacy laws

make it difficult to obtain data on past arrest and conviction records

of applicants for security positions. The problem of assuring there are

reliable individuals on licensee security forces is difficult to resolve

in those areas that have restrictive laws. If the proposed "R" and "U"

clearance rule becomes effective, some of the problems in this area of

concern may be alleviated. In some areas, professional organizations

who conduct background investigations have indicated the ability to

obtain the necessary information. Liaison with local law enforcement
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agencies is also a limited solution. However, this, problem, as some

of the other legal problems, must consider compliance with state and

local laws. If state and local laws hinder licensees, the appropriate

mechanism to utilize is an exemption request to the NRC.

The use of felony convictions as a yardstick for qualification

under the new fule has also presented some licensees with a problem.

The key is that any felony convict, sns that are used to exclude an

individual from being employed as a security guard must, have a bearing

on the individual's reliability. As with privacy laws and the need

for licensee access to conviction records, the use of felony convictions

as a yardstick for reliability should be addressed in a manner that the

licensee complies with state and local law. Individual licensees should

arrive at a solution and present it to the NRC since case-by-case review

will be utilized by the NRC to arrive at an appropriate accommodation.

Whtther or not the 21 years of age requirement for armed personnel

is a viable requirement for qualification will depend on forthcoming

NRC guidance documentation. In some states, police officers may be 18

years of age. So, the question is why can't armed security personnel

for the nuclear industry also be 18 years of age to qualify for employ-

ment? Again, the local situation of each licensee must be examined.

The use of an exemption from the rule may be an available mechanism in

appropriate cases. By the time this paper is presented, the NRC may

have already reached a compromise position.

Most fears that the new program will not meet equal employment

opportunity guidelines should be allayed by the job* related orientation

of the guidance published in NUREG-0219, which requires job analysis to

develop valid tests. The NRC staff position is that assurance must be

provided that individual security fofce personnel can perform the tasks

required of the job. How this is achieved depends on licensee programs.

The programs, however, must be job related. For further guidance see

29 CFR Part 1607,"Employee Selection Guidelines," November 1976. See also
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a series of Supreme Court and lower court decisions that begin with

Griggs v. Duke Power Company, 401 U.S. 424 (1971) and in particular

Washington v. Davis, 426 U.S. 229 (1976).

CONCLUSION

There is a demonstrated need for security force upgrading. The

rule as promulgated requires stringent qualification and training cri-

teria to be applied in licensee programs. Considerable resources must

be expended to meet the requirements and many of the inherent problem

areas will not be resolved until a later period, probably after submis-

sion of plans to the NRC and subsequent review. The approach that

should be taken for most effective implementation is to devote resources

early in program development and utilize the knowledge gained by inter-

face with the NRC and other licensees to maximum benefit as implementa-

tion progresses. Maximum interchange with others in the industry as to

how they are proceeding toward full compliance is a requisite to effec-

tive allocation of resources. The training and qualification program is

not a cure-all for past problems. As is the case with other areas of

regulatory compliance, rigorous follow-up is required, if the quality

of security forces is to be made more effective.
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INDIVIDUALIZED STUDY HEALTH PHYSICS TRAINING MODULES

Walter E. Carey

Alan D. Evans

Terry 0. Campbell

ABSTRACT

Instruction in the use of radiation and in handling
radioactive materials is frequently a difficult task be-
cause of the diversity in academic background and expe-
rience of workers. Under these conditions, the weakness
of group instruction is that it must be aimed at the
slowest student if mastery of the material is required
of all learners. Conversely, the strength of individualized
study modules is that the quicker student can move more
rapidly while the slower student may continue to review the
material, take self-checking tests, and obtain guidance from
an instructor until mastery is achieved.

At the present time five health physics, individualized
study modules are nearing completion. The titles of these
modules are:

1. The Nature of Radiation and Its Interaction
with Matter

2. Detection of Radiation and Assay of Radioactivity
3. Biological Effects of Radiation
4. Physical Safeguards
5. Waste Disposal and Decontamination

Each module consists of a slide and audio tape synchronized
program which is accompanied by student directions, objec-
tives, a self quiz and a test.

Production of these modules is spanning eighteen months
and involves a content consultant and scriptwriter, an
instructional developer and a production director. Develop-
ment includes storyboarding, content review, production,
field testing, evaluation and revision. Pre- and post-tests
have indicated significant increases in learning.
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INTRODUCTION

Development of self-instruction modules dealing with the principles
of radiation protection was initiated as part of a Local Course Improve-
ment project funded, in part, by the National Science Foundation. Major
goals of the project were to provide uniformity of instruction, baseline
competency for undergraduate students who would be using sources of
radiation in courses, and an opportunity for the instructors of a variety
of courses dealing with some aspect of radiation or radioactivity to pre-
sent the basics common to all such courses in a self-study format so that
formal lecture periods could be utilized to cover material unique to each
course.

As preliminary development has progressed, discussion with persons
who have reviewed some of the material produced early in the project
suggested that, with some modification to account for differences in
both prior education and current needs, the material and the format
may well be useful to other groups, including personnel training programs.

INITIAL CONCEPTS

Several basic concepts have guided the development of the five
instructional modules. The first of these concepts is that of mastery
of information. Whenever training is to be conducted in any aspect of
safety, a high degree of comprehension and retention is necessary. An
accepted method for accomplishing both of these goals is through re-
petition of presentation. A self-instruction program, with periodic
evaluation of progress, is an efficient method of presentation since it
allows repetition until the desired degree of mastery is achieved for
each participating individual. Participants who achieve the desired
level quickly, may proceed to subsequent study units without loss of time
waiting for other individuals to attain a comparable level. Retention
may be checked by repeated re-testing.
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Since the teaching modules to be developed were to be utilized by

instructors for a diversity of courses, flexibility was another key con-

cept. Our approach to accomplishing this was to consolidate the most

basic material essential to all other topics into an introductory module

and apportion specialized subjects into subsequent, individual study

units. Thus any of the specialized subjects to be covered (i.e. somatic

effects of radiation, gas-filled radiation detectors, shielding, etc.)

could be covered with only two modules: the introductory module and

whichever module contained the subject of interest. On the other hand,

complete coverage could be provided if all modules were presented.

The module topics that were finally adopted are: The Nature of

Radiation and Its Interaction with Matter, Detection of Radiation and

Assay of Radioactivity, Biological Effects of Radiation, Physical

Safeguards, and Waste Disposal and Decontamination. Various sub-topics

are included within these major study units. For example, currently

accepted dose limits and personnel monitoring are included in the

Biological Effects module. Area and environmental monitoring are in-

cluded in the Physical Safeguards module.

Each study unit is divided into parts such that the running time of

each is between 20 and 30 minutes. This provides a series of single

presentation sessions consistent with an average attention span and

convenient for use in a 45 minute class period. If several segments

are used together in a concentrated study period, they may be inter-

spersed with presentations by an instructor, discussion or demonstration

sessions, problem solving exercises, etc.

The format chosen for presenting these units is narration on a tape

cassette synchronized with a set of 2 X 2 slides loaded into a rotary

slide magazine. This format has several advantages. It has relatively

low unit capital costs, approximately $500.00 for a basic tape player/

slide projector/viewing screen combination. It can also be easily

adapted to individual study use in a variety of situations including

individual study carrels in a large study/training center or set up on a

coffee table in a living room. It can be used with medium-sized groups
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in classroom situations or easily adapted for use in large facilities
as part of a multi-image, or even multi-media, presentation. In its most
basic form, the format is very portable. The equipment and instructional
material can be easily and economically shipped so that individual self-
instruction can be conducted at great distances from a formal training
center. Finally, the format lends itself to ease of program modifica-
tion when new information must be added or obsolete material deleted.

The basic instructional material represented by the audio tape and
slide set is not sufficient, by itself, to produce totally satisfactory
learning in most groups. The, at least periodic, interaction with an
instructor is imperative. Another key factor is provision of hard copy
to reinforce the audio-visual presentation. Such material may include
study guides, reference lists, problem-solving exercises, and self-
administered/self -graded quizzes.

DEVELOPMENT PROCESS

The first step in the process of developing instructional materials
is to assemble the team of individuals who will accomplish the diverse
tasks required for development and production. The precise composition
of such a team depends on the resources available to the organization
undertaking the development effort. At The Ohio State University,
expertise is available in virtually any area of interest.

The primary team for the project being described consists of a
content expert from the Nuclear Engineering faculty, an instructional
developer, and a production director, the latter two from the Teaching
Aids Laboratory. Numerous support personnel, including artists and a
photographer, are also involved in the project.

Several approaches to the development process have been tried as
the project has progressed. These have included visits to various
laboratories where lecture sessions and equipment demonstration by the
content expert were presented to other team members. Lectures in a
classroom setting and conference room discussions including students
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were also attempted as methods for determining content of various study

units. One such session was videotaped for later review. As a result

of these various experimental efforts, a technique has evolved that

may serve as a guide for subsequent development efforts.

The first step for each study unit is production of a detailed

topical outline by the content expert. A series of lectures are then

presented, in a classroom setting, to the rest of the team plus support

personnel and interested students. Large sheets of newsprint are sub-

stituted for the traditional blackboard. These are used later by the

content expert to develop a script and by the production director to

develop the illustrations which will be made into slides.

After the classroom sessions have brought the material to be included

in the- module into focus, the content expert writes a draft script in con-

ventional narrative form. Simultaneously, the production director creates

a series of sketches to illustrate the information to be presented.

The instructional developer and production director then break the

script into individual concept segments and match the illustrations to

these segments. From this effort, a "storyboard" is assembled. The

storyboard is an 8% X 11, loose-leaf notebook consisting of the indi-

vidual concept script segments with their associated illustrations on

facing pages. A series of storyboard review conferences, involving

the entire team, are then held. As a result of these conferences, re-

visions to the storyboard are made.

Copies of the revised storyboard are then circulated to interested

faculty and students for review and comment. Suggestions are incorporated

into a final version of the storyboard. Subsequently, an audio tape is

produced from the script portion and full-color illustrations are drawn

or photographed to be used for 2 X 2 slide production. A programmed

cassette tape and slide tray comprise a draft version of the self-

instruction module.
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The next step is crucial. Draft versions of a module are used with
classes and results of their use are reported by the instructors. These
results, along with comments and criticisms from both students and in-
structors are used in a final revision of the module.

Ancillary, hard-copy material may be produced as the development
of the module proceeds. In the current project, the bulk of such
material will be produced when final revision of the slide/tape units
is accomplished.

RESULTS

The final worth of any product is its ability to perform its intended
function. As indicated earlier, part, of the development process is field
evaluation of draft versions of the self-instruction modules. So far,
the Detection of Radiation module has been field tested with three
classes and the Nature of Radiation (Introductory) module has been field
tested with one class.

The first field test was conducted in a course entitled "Radiation
Measurements in Aquatic Environments". The course was being presented
at the F. T. Stone Laboratory, a field station owned and operated by
The Ohio State University on Gibraltar Island in Put-in-Bay harbor
(western Lake Erie).

There were five students in the class, three graduate students in
the biological sciences and two fourth-year undergraduates in natural
resources. They were given a pre-test the first day of class, although
they were not informed that it was a pre-test. The test was billed as
a "diagnostic examination" that would not be used in determining a
course grade. The test format was "fill-in-the-blanks", and included
two questions, out of 32, that required numerical solutions.

After a few introductory lectures which contained material that
would subsequently be incorporated into the "Nature of Radiation" module,
the self-instruction materials were made available to the students for
use at their convenience. Random observation by the instructor indicated
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that the self-study units were in fairly constant use during independent

study times. Supporting textbooks were available on the reference

shelves in the classroom but there were no formal lectures on the sub-

ject and no specific reading assignments were made. However, the

students were using simple radiation measuring instruments in laboratory

exercises during this time.

A post-test was given ten days after the pre-test was administered.

It was identical to the pre-test, although the students had only been

told that the format would be similar. This test was given as one of

several midterms scheduled throughout the duration of the course.

The mean score on the pre-test was 26%. The mean score on the

post-test was 93%. The range of scores on the pre-test was from 14% to

40% while the range of scores on the post-test was from 88" to 100%.

The second evaluation was conducted on the University's main campus

with a course entitled "Radiological Safety". Thirty students were

enrolled in the course. Ten of these were graduate students, some be-

ginning a Masters degree program in Nuclear Engineering and others from

the biological and health sciences. Eleven students were undergraduate

Mechanical Engineering students in a Nuclear Engineering option program,

and seven students were undergraduate physics majors. They were given

a diagnostic examination consisting of 22 questions, ten of which dealt

with subjects covered by the Detection of Radiation module. These same

ten questions, in a narrative response/numerical solution format, were

repeated in the first midterm. No lectures were presented on this

subject and there were no specific reading assignments, although a

chapter in the textbook for f.he course did cover much of the information

in the self-study module. The module was available in the University's

Listening Center for use by the students at their convenience.

The mean score for the class in the pre-test was 26%. The mean

score in the post-test was 82%. The range of the pre-test scores was

from 10% to 60%. The range for the post-test was from 55% to 100%,
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Both the Nature of Radiation (Introductory) and Detection of

Radiation modules were presented in the third class evaluation. This

evaluation was performed with a course entitled "Introduction to

Nuclear Engineering". There were 25 students enrolled in the course,

most of whom were undergraduate engineering students. Mechanical

Engineering students in the Nuclear Engineering option program and

Welding Engineering students made up the majority of the class. Three

of the students had previously taken the Radiological Safety course and

had used the Detection of Radiation module.

Again, the modules were available in the main campus Listening

Center, but they were also presented to the whole class during regularly

scheduled classroom periods. There were no live lectures presented on

the subject. As before, a pre-test and post-test were presented,

comprising portions of a diagnostic examination and a midterm. The

test format was multiple choice. Excluding the three students who had

previously used the Detection of Radiation module, the mean score on

the pre-test was 11% with a range of 0% to 30%. The mean score on

the post-test was 90% with a range of 70% to 100%. It is interesting

to note that the three students who had used the Detection of Radiation

module the previous quarter scored 60%, 90%, and 90%, respectively, on

the pre-test. This is an indication of some measure of retention over

an approximate three month period.

Although the number of variables in both testing procedures and

methods of presentation of the slide/tape units make a definitive

assessment impossible, the results with the draft versions are very

promising. It seems likely that the original project goals will be

met. Effective use of the material, perhaps in some modified form,

by other groups will be a subject of further study.
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TRAINING THE PROFESSIONAL HEALTH PHYSICIST

Charles Kent

ABSTRACT

For nineteen years, Oak Ridge Associated Universities,
a prime contractor for the Department of Energy, has conducted
health physics training courses for both the government and
the private nuclear industry. The courses are designed to
provide participants with hands-on, practical experience
which is directly applicable to their particular radiation
protection problems. Our program of intensive laboratory-
oriented courses are taught at the graduate level and stress
the theoretical as well as the practical aspects of radiation
protection. Since the first course in I960, 427 employees
of state and federal agencies, universities, medical insti-
tutions, nuclear power companies, and other industries have
attended these programs. These courses are primarily taught
by our staff of four certified health physicists. The
specializations of other ORAU staff members participating
in the programs include radiochemistry, radiation biology,
physics, and environmental assessment. Health physicists
and other specialists from the three Union Carbide Nuclear
Division plants in Oak Ridge also teach in these courses.
All of our courses are conducted in the Professional Training
complex which contains approximately 25,000 square feet of
classroom and laboratory space and houses over 2.5 million
dollars worth of instrumentation. The unique combination
of program design, highly qualified and experienced staff,
and excellent facilities result in graduates who understand
the fundamental principles of radiation physics, nuclear-
instrumentation, and radiation protection and are capable
of immediately assuming a responsible role in any radiation
protection program. A detailed review of our health physics
training capabilities is presented with an emphasis on pro-
grams designed for the nuclear power industry.

*
Health Physics Training Coordinator
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Introduction

Oak Ridge Associated Universities Professional Training (formerly
Special Training) has conducted short courses relating to the use of
radioactive materials since 1948. Courses in health physics, radiation
safety, nuclear medicine, radiation emergency response, environmental
assessment, and radionuclide methodology have been presented to over
10,000 scientists, engineers, and physicians from academic institutions,
industry, research laboratories, and government agencies. Each pro-
gram has been specifically designed to meet the needs of the particular
group involved. Three of our programs for the professional health
physicist are described in this paper.

The training programs are conducted in ORAU's Professional Training
complex which consists of approximately 25,000 square feet of space,
two-thirds of which is devoted to laboratory space. There are radio-
chemistry, radiation biology, nuclear medicine, ecology, X-ray
fluorescence, neutron activation analysis, radiation physics, and
dosimetry labs; two large counting rooms; and several general purpose
labs used for special projects and experiments. The equipment avail-
able for use in the laboratories consists of 12 to 15 each of geiger
counters, multichannel analyzers, and survey instruments of several
types. There are generally three to six units of somewhat more
specialized equipment such as proportional counters, liquid scintil-
lation counters, air samplers of various types, thermoluminescent
dosimetry systems and particle spectrometry systems. High-resolution
Ge(Li) gamma spectrometry systems, X-ray fluorescence systems, a 20-

252

milligram Cf neutron activation analysis facility and specialized
environmental analysis equipment are also available. Irradiation
facilities and equipment and the REAC/TS facility (a specialized
radiation emergency facility) at the ORAU Medical and Health Sciences
Division and reactors, accelerators, and similar, facilities at the
Oak Ridge National Laboratory are used in the courses.
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Health Physics and Radiation Protection Training

Since 1960, Professional Training (PT) has annually conducted a

course specifically designed to train professional health physicists

for agreement states. This ten-week program entitled "Health Physics

and Radiation Protection," is funded by the Nuclear Regulatory Commis-

sion, Office of State Programs. Participants selected for this program

are working in health physics and have at least a bachelor's degree in

science or engineering. The emphasis of this intensive course wnich

consists of about 400 hours of scheduled activities during the ten-

week period is on the practical aspects of health physics; however, an

adequate theoretical examination of course topics is presented. To date,

a total of 411 health physicists have been trained in this program, many

of whom currently hold responsible positions within state and federal

agencies, private industry, and universities. Figure 1 indicates the

geographical distribution of past participants.

Today's industry-oriented health physics training courses are an

outgrowth of this well-established program.

Applied Health Physics

In May of 1977, we first conducted a program specifically designed

to meet industry's needs for health physics training at the professional

level. A listing of partiri^ants by affiliation is provided in Table 2.

This course, "Applied Health Physics," is five weeks in duration and

also generally taught at the graduate level. The program consists of

lectures and laboratory exercises which cover not only the theoretical

aspects of selected topics but also practical applications of these basic

principles. The program is extremely intense and includes 200 hours

of scheduled classroom and field activities. A detailed summary of

course content and emphasis is provided in Table 1. The program is

demanding both of the participants and the staff, yet the staff is

available for special assistance and discussion with individuals or

small groups. It is through this close contact and personal attention
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that we can be assured that each participant is getting the most out
of the program. For acceptance into the program, applicants must have
at least a bachelor's degree in a physical or biological science or
substantial health physics experience. The successful participant
graduates from the program having both a thorough understanding of the
fundamental principles of radiation physics instrumentation and health
physics, as well as considerable practical experience gained in laboratory
and field exercises.

After beginning with an intensive review of the basic principles
of atomic and nuclear physics, radioactivity, and radiation inter-
actions with matter, the program quickly progresses to the theory of
gas detection, i.e. GM counters, proportional counters, and ionization
chambers. The lecture material on radiation physics is followed with
closely coordinated laboratory exercises designed to provide first-
hand observation and the practical implications of such phenomena as
backscatter, self-absorption, and range of beta particles. Likewise,
the basic instrumentation lectures are fol"lowed by lab exercises which
provide experience in the use of equipment, familiarity with operating
characteristics and potential counting and analysis problems. As the
lectures and experiments on nuclear instrumentation progress to more
sophisticated equipment and analysis techniques, other topical tracts
which were introduced earlier in the program progress to a more advanced
and detailed stage. For example, during the first week of the program
a general biology review is presented. Thus a unified understanding
of biological systems is used as a foundation for discussions of the
general biological effects of radiation. Continuation of this tract
includes lectures and experiments, where appropriate, on the acute,
chronic and genetic effects of radiation. Once the participants under-
stand the effect of radiation exposure and the mechanisms for damage,
the groundwork has been laid for a detailed discussion of radiation
protection guides. Extension of this tract leads to the basic
radiation protection principles and dosimetry. In an orderly manner,
the discussion of radiation dosimetry begins with a general con-
sideration of the goals and applications of dosimetry and then moves
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to specific discussions of various dosimetry systems such as chemical,
film, glass, and thermoluminescense. Lectures on these systems cover
the theoretical considerations and practical applications of each.
Again closely coordinated laboratory exercises provide participants
with a better understanding of these techniques, their advantages and
limitations, and practical experience in their use.

Sessions dealing with internal dosimetry follow. The internal
dose equations, sources of biological data, and physical characteristics
of radionuclides are discussed. Problem sessions which teach the
various techniques of dose calculation include solving realistic pro-
blems. Bioassay and whole-body counting techniques are discussed and
data from bioassay analysis performed by participants are used to
calculate internal doses.

In this same manner, starting from the basic principles, topics
such as shielding, facility design, survey instruments, and environ-
mental analysis are fully developed. Special topics such as trans-
portation, licensing, and waste disposal are presented in the later
weeks of the course.

One very important area of training, emergency response, is dealt
with in the fourth and fifth weeks. Treatment of this topic begins
with lectures on emergency planning, emergency procedures, special
instrumentation, and a review of radiation accidents. The participants
are organized into emergency teams, assigned equipment and emergency
supplies, and informed that during the remainder of the course they
may be called on at any time to respond to an emergency drill. The
drills conducted in the course are designed to be as realistic as
possible and may include radiation contamination and radiation sources,
fire, simulated personal injury, and interaction with other agencies
such as fire and police departments, civil defense, the news media,
medical personnel, and the general public. Generally, two or more
emergency drills are conducted in each course. The drills will vary
greatly with regards to the level of radiation hazard and involvement
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of other personnel. Examples of situations presented to the teams
are a radiography incident; an irradiator source stuck in the ON
position; a laboratory accident involving spill of radioactive material
and personal injury; a transportation incident involving damaged, con-
taminated or missing radioactive material; a transportation accident
involving several vehicles, radioactive sources and solutions, personal
injury, and interactions with other responding agencies. These
realistic drills provide invaluable experience in organization and
emergency procedures should the participant ever be called on to
respond to a radiation accident.

Other important aspects of the course are the weekly problem
sessions and quizzes. These give the participants an opportunity to
apply the principles and techniques discussed in the classroom and
demonstrated in the laboratory. They serve the individual as a means
of self-evaluation and the PT staff as an indicator of strengths and
weaknesses.

Advanced Short Courses

In addition to the longer health physics training courses already
described, a series of shorter, advanced programs on special topics are
being planned. The first of these, which is scheduled in the current
calendar year, is "Internal Dosimetry for Fixed Nuclear Facilities".
This program is one week in length and will stress the newer techniques
for calculating internal doses for workers and assessing population
doses for routine releases. The program will be presented at an
advanced level; therefore, participation will be restricted to
applicants with appropriate experience and training.

The course begins with a brief review of radiation physics and
sources of biologic and radionuclide data. An introductory lecture
onmeterology is followed by a lecture on atmospheric dispersion and
application of mathematical models to predict radionuclide concentra-
tion as the result of atmospheric releases. Similarly, an intro-
ductory lecture on limnology is followed by a lecture on dispersion
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of liquid effluents.

The dose equations, biologic retention functions and human models
are discussed and followed by newer, more advanced dose assessment
techniques. Throughout the program lectures are closely coordinated
with problem sessions which demonstrate and provide experience in
dealing with the various aspects of internal dose assessment. A review
of pertinent Nuclear Regulatory Guides is included and their require-
ments are applied in problem sessions which follow. Through these
detailed reviews and the application of the principles in realistic
problem sessions, participants will be greatly assisted in meeting
regulatory requirements and in protecting workers and the general
public.

Future plans for this program area include courses in advanced
spectrometry, liquid scintillation counting, and bioassay. These
courses, as all of our courses, will be applications-oriented and
serve to enhance and complement the overall training program for the
Professional Health Physicist.

Summary

Oak Ridge Associated Universities has nineteen years of ex-
perience in the training of health physicists. This experience,
together with our facilities, equipment, and highly qualified staff,
provides us with the capability to assist the expanding nuclear
industry by training a significant number of the professional-level
health physicists which will be required. Our training programs are
unique as they incorporate a balanced blend of theory and practice.
Graduates from our programs have both an understanding of the funda-
mentals of radiation physics, instrumentation, and radiation protect-
ion, and experience which will enable them to move responsibly into
any radiation protection program.
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Table 1 SUMMARY OF COURSE CONTENT

SUBJECTS

Radiation Physics

Computation Techniques

Radiation Detection
& Measurement

Radiation Protection
& Control

Radiation Biology

Admin. Health Physics

Problem Session & Quiz

Dosimetry

Environmental Assessment

LECTURE
HOURS

17.5

3.5

18.5

13.5

7.5

11.0

10.0

6.0

LAB & FIELD
TRAINING

12.5

7.5

35.0

10.0

2.5

32.5

7.5

5.0

TOTAL

TOTALS

30.0

11.0

53.5

23.5

10.0

11.0

32.5

17.5

11.0

200
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Table 2 DISTRIBUTION OF COURSE PARTICIPANTS

ORGANIZATION

Department of Defense
State & Federal Agencies
Nuclear Power Industry
Universities & Medical

Facilities
Other

PERCENT OF
ENROLLMENT

31
11
39

8

11

ACTUAL NUMBER
OF PARTICIPANTS

11
4
14

3

4
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SIMULATOR OVERVIEW

J. D. Eckard, Jr.

ABSTRACT

The development of powerplant operator training
simulators is traced by reviewing trends and innovations
that have appeared in operational devices. Emphasis is on
full-scope, real-time simulators which offer a control room
environment nearly indistinguishable from that of some
specific plant. Problems that have arisen in the develop-
ment are highlighted. Characteristics of future operator
training simulators are suggested.

INTRODUCTION

The past decade spans the short history of full-scale

powerplant simulators. Their potential for training was

recognized. The first pioneering units were built and used.

The intervening years saw steady development of simulators,

successful integration into operator training programs, and

recognition by licensing authorities. Today there are over

a dozen units in daily use in operator training and retraining

programs in the United States. There are about the same

number of full-scope units in the rest of the Free World,

most of these built in the United States.

This paper reviews the developments in powerplant

operator training simulators. An attempt is made to put the

past decade of simulator development in perspective, to

indicate the highlights in simulator technology, to show

problems that have been encountered in most simulator

projects, to trace trends in simulator features and costs,

and to predict the future of simulators.
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The emphasis is on full-scope, real-time operator

training simulators. Several reduced scope devices have

been planned, but no encouragement (in the form of credit

towards experience requirements) has been received from

licensing authorities for anything but full-scope, plant-

specific devices. A market exists in classroom training

devices, but these have been more used in the fossil than in

the nuclear area.

SIMULATION AND SIMULATORS

Simulation is simply making one device or machine behave

or appear in some aspects as another device, machine, or

system. The simulator is the former device, and the real or

actual machine or system is the latter. The usual reason for

simulation is to substitute for a real system in order to keep

it free to do its job, or to prevent damaging it, or because

it is inaccessible.

A computer and its printout or display can simulate some

real system, and indeed this is our deterministic approach

for designing or understanding physical and engineered

systems. The purpose for the simulations and simulators

discussed in this paper, however, is operator training, and

a considerable narrowing of what we mean by simulation must

be made. We are only concerned with simulation of engineered

devices, principally highly complex ones which must be safely

and economically operated. Such devices include powerplants

(nuclear, fossil, and others), transportation vehicles and

systems (aircraft, spacecraft, maritime, and railroad),

defense and weapons systems (detection, identification,

delivery systems), and industrial processes (refining,

chemical syntheses). The most important limitation in scope

of simulation here is that the results or outputs of the

simulation as well as simulation inputs be made at a
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man-machine interface where an operator interacts with the

system. In our case, it is a powerplant control room.

Figure 1 is usefuJ for understanding the various types

of simulators. On the ordinate is a qualitative measure of

the fidelity of simulation, or equivalently of the detail of

the calculations performed in a simulation. The abscissa is

a qualitative measure of the scope of the simulation, ranging

from an isolated physical phenomenon to subsystems, to

logical systems, to several systems, and finally to all

systems of a plant combined. A dashed horizontal line has

been drawn to indicate that there is some level of calcula-

tional or simulation accuracy above which it is necessary to

be in order to perform adequate design. The "Design

Calculations" area is found mostly above this line. It is

limited from above by a heavy line drawn to show that a

given computer, even the fastest, has limitations which make

some complex calculations impractical within a given time

period. The line slopes downward to the right because a

fixed computational resource is being called on to simulate

more and more systems in the total simulation. We would find

high resolution reactor core spatial power distribution design

calculations at the point marked "A." These literally run for

hours on the largest, fastest computers. The Loss of Coolant

Accident (LOCA) calculation requires coupling of most of the

nuclear steam supply system systems including (in a PWR) the

core, the pressure vessel with its upper and lower plena,

downcomer, steam separators, the outlet nozzles and piping,

the pressurizer, the steam generators, primary coolant pumps,

emergency primary water injection systems, pipe valves, and

so forth. Calculation of a few real-time seconds for these

systems requires hours of computer time; but, since more

systems are taken into account than in just the reactor core

calculation, the resources available for calculation of each

system are reduced. The point marked "B" in Figure 1 might
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represent this type of calculation. In fact, these calcula-

tions are also performed in the area marked "C" where accuracy

is marginal in order to permit simulation of a more complete

set of interacting systems.

The lower heavy line in Figure 1 separates the simula-

tions that can be run in real-time (or faster) from those

that require more time to calculate than the time required

in the real system for the processes to occur. Operator

training simulators lie in the area under this line.

There is an interesting region marked "D" in Figure 1.

This represents simulators of relatively full scope, but non-

real-time which might be used for marginal design work.

Many terms have been used to specify various degrees

of simulator completeness and accuracy. "Part-task"

simulators usually deal with only one or a few major, closely

interacting systems. Examplet would be a powerplant

generator synchronizer simulator, or a ship loading and

balance simulator, or a radar system simulator. All of these

are systems in a larger collection of systems. Useful,

albeit partial training is possible on the isolated systems.

Another class of simulators known as "Basic Principles

Simulators" usually includes most important systems in a

total system, but each is simulated in a rather crude

approximation. Textbook formulas are typically used rather

than the actual design of a specific real-world system.

Hence, the "basic principles" name. Their main use is as

introductory educational devices rather than as actual

operator training devices.

The most useful operator training devices are the "full-

scope" simulators. They contain simulations of all
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significant real plant systems so that the operator/trainee

is placed in an environment that is practically indistinguish-

able from the actual device environment. The level of

simulation of each system can be increased by using faster

or multiple computers. This effectively raises the real-

time line of Figure 1; however, there are economic penalties

to increased computer capacity, and accuracy beyond a certain

level is not detectable on control room instruments or not

meaningful for operator training.

THE FULL-SCOPE NPPS

Figure 2 shows the components in a Nuclear Powerplant

Simulator (NPPS). They are 1) the Simulated Control Room

with which the trainee interacts; 2) the Instructor's Console

where the instructor controls the operation of the simulator;

3) the Input/Output (I/O) Controller which collects for the

computer the digital and analog information from the control

panels and distributes information back to the panels; and

4) the Computer(s) and Peripherals.

Within the computer, all systems are represented by

programs based on plant-specific data. These programs run

and interact with each other as the systems in the actual

plant, through interfaces. In addition to the system models,

there are additional computer programs which give such

simulators their great flexibility and usefulness. Standard

training features include simulator freeze/restart; fast time

and slow time; several hundred malfunctions for individual,

concurrent, or programmed insertion; several dozen initial-

ization states for instant setup; snapshots for additional

initialization states; replay of some time interval including

all trainee actions; panel switch and light checking; and

trainee performance monitoring.
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MILESTONES

Table 1 presents some of the more important milestones

and highlights that have accompanied various simulators. If

one simulator is to be singled out as pace-setting, it should

perhaps be the Con Edison Indian Point No. 2 simulator. Many

bold steps were taken with this simulator that were subse-

quently part of most modern simulators.

PROBLEMS

The development of operator training simulators has not

been without problems. Some of the more persistent and

troublesome ones have been as follows.

Data Release from Vendors

Some NSSS vendors have been reluctant to release proprietary

design data to simulator vendors. This problem has been

mostly resolved through data arrangements with NSSS vendors,

through actual design daLa generation by the simulator

vendors, and through use of actual plant operating data.

Data Collection and Management

The discipline of organizing powerplant data for transmission

to a simulator vendor has often resulted in a revamping and

modernization of data cataloging and storage by the simulator

customer. This has required considerable manpower.

Tolerances and Acceptance Criteria

When is a simulation accurate enough for operator training?

This is a very complex question to answer, but it has to be

answered for acceptance of each simulator. An ANS Working
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Table 1. Simulator Milestones

INSTALLATION
YEAR

1968

1969

1972

1972

1973

1977

1977

1980

MILESTONE

First full-scale BWR
powerplant simulator

First full-scale PWR
powerplant simulator;
programmed drills and
proficiency monitoring

First full-scale fossil
powerplant simulator

SIMULATOR (OWNER)

Dresden (GE)

Rancho Seco (B&W)

Cardinal (AEP)

Use of multiple computers Zion (W)

First simulator sold to
a utility; first NPPS
without NSSS vendor aid;
CRT instructor's station;
high speed switch check;
distributed multiplexed
I/O; multiuser debug facil-
ity; remote simulator
modifications through
telecommunications link

Use of modular control
room consoles

Use of instructor's
console with color
graphics

Indian Point
(Con Edison)

Biblis (Kraftwerks-
schule)

Shearon Harris
(CP&L)

Handheld, wireless
instructor's terminal

Seabrook (Pub. Serv.
Co. of N.H.)
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Group is addressing this question with the intent of

establishing a standard.

Rapport Between Simulator Buyer's and Vendor's Staffs

Especially in the earlier days, simulator vendors had

considerable difficulty in overcoming a distrust on the part

of utility engineering staff personnel.

Long Hardware Delivery Times

Recently, delivery times for vital powerplant and simulator

components have stretched out to as much as a year. Meters,

controllers, etc. are among the components.

Acceptance Testing

Like nuclear powerplants and fossil powerplants, their

simulators are complex devices. Initial one month acceptance

times have stretched out to four months and even longer. This

has had a definite effect on costs, as discussed in the next

section.

Follow-on Unit Differences

Except in a very few cases, the simulator vendors have not

been able to develop a standard BWR, PWR, or fossil unit and

resell it making only minor modifications. This was achieved

in aircraft simulation; however, in powerplant simulation, the

simulator is very much determined by the control room panels

and consoles. These are very individualistic constructs, each

utility having its own desires and requirements. Therefore,

little "learning" has been seen in the form of powerplant

simulator cost reductions.
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TRENDS

Some trends that are apparent from the short history of

the powerplant simulator are traced here.

Cost

Figure 3 shows how simulator costs have generally increased.

This increase is attributable to increased sophistication,

inflation, and early underestimation of total cost. The

first two are to be expected. The last was learned the hard

way by every simulator manufacturer. On the early units of

each manufacturer, the engineering component of the total cost

was probably underestimated by about a factor of two. That

is, about twice the expected cost was required to design the

computer software, debug it, and put the simulator success-

fully through acceptance. Many early units ended up with

additional computers in order to handle increased loads and

provide the guaranteed spare memory and time. Compounding

this underestimation, it was not uncommon to bid subsequent

units assuming some sort of "learning curve" such as that in

Figure 6, where the initial cost "A" is reduced to some

level "B" after a few units have been built. In fact, the

learning curve turned out to be more like that going from

"A" to "C."

I/O Count

Historically in the simulator industry, the number of digital

and analog inputs and outputs has been a very good indicator

of complexity and thus cost for a simulator. Figure 4 shows

how I/O counts have trended. After a peak in 1976 with TVA's

Brown's Ferry simulator, the I/O count has taken a significant

downward trend. The cause of this is the introduction of the

CRT display, both in the instructor's station and in the
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control room panels. The CRT can displace many discrete I/O

channels with a single higher speed data channel. The possi-

bility of having many tableaux that can be called up on the

CRT can vastly complicate simulator programs while not

increasing I/O count. Figure 5 shows the range of costs per

1000 I/O channels. The early units had a fairly constant

value, but introduction of the CRT caused part of the range

to increase above this value. There was some decrease below

the initial value caused by true follow-on units very similar

to previous units where existing models and learning could

be exploited.

Computers and Languages

The early simulators frequently employed special purpose

computers and assembly language programming. Almost all now,

however, use general purpose machines. The 16-bit mini-

computers were popular for a while, but increasing simulator

buyer pressure to obtain programming predominantly in FORTRAN

and to obtain non-simulator computer capabilities has brought

the 32-bit computer into favor. FORTRAN coding has permitted

savings in the large software engineering component of the

cost with only modest computer cost increases. The computer

complex on some of the recent machines is formidable and a

far cry from the earlier days when great effort was expended

in efficient assembly language programming. Even so, the

cost of the computers has remained under 10% of the total

simulator cost.

Features

It is apparent that there is good communication among

simulator users because each new simulator incorporate? the

features andt capabilities of the previous ones and adds new
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ones to these. More malfunctions, more imaginative instruc-

tor's stations, and more sophisticated simulator checkout

facilities are being added to each new unit.

EXPECTED DEVELOPMENTS

Perhaps the greatest single influence on simulators

as well as on powerplant control room design will be the

CRT display. Already we are seeing definite moves away from

individual switches, meters, dials, lights, etc. in control

room design. It is not too bold to expect eventual complete

control of a powerplant frpm one or a few high density displays

such as CRT's. As this occurs, simulators must follow, and

the control room hardware component of simulators will

decrease even more. This might have an effect on the

simulator market. Heretofore, the current simulator vendors

have had an edge in their ability to create special hardware

to handle many thousand I/O channels. But as their product

becomes more and more "software," or computer programs, it is

likely to open up the market to engineering and software

organizations.

One of the uses of simulators will be to test out new

CRT displays and control schemes before they are committed

to an actual plant. Process computer programs can also be

so tested in advance. If NSSS vendors' standard control rooms

are accepted, then the NSSS and fossil plant vendors will

probably become more involved in simulator-like devices for

just such testing. Thus, it might be expected that these

vendors might also move more into supplying end users with

simulators.

The technology upon which present day simulators are

based will prolpably start penetrating control room design.

Not only the CRT, but such techniques as multiplexing control
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room controls and displays will prouably be seen. As control

room and simulator technologies move closer together, the

differences between simulated and actual control rooms will

vanish. Whether it is a simulator or a control room will

depend on whether it is "plugged in" to a plant or a

simulation computer.

Finally, further out in time, we might see growth of

plant control (vis-a-vis plant monitoring) by computer. The

simulation computer would be permitted to send control

signals back into the plant rather than simply to the control

room.

FINAL COMMENT

Simulator technology has proven itself able to meet the

demands of operator training for powerplants, although at a

somewhat higher cost than originally anticipated. Simulators

remain justifiable economically, and their place seems

assured. Figure 7 shows the numbers of simulators delivered

by U.S. simulator manufacturers over the past decade and

planned over the next few years. Whether we shall see

growth or decline in simulator use is problematic at this

point in time. Overall, if the nuclear industry malaise

persists, powerplant simulator use will not grow, except

perhaps somewhat in the fossil area. If the technical and

policital questions on nuclear power are resolved, then

significant growth can be expected. Finally, if an FAA-type

requirement issues from NRC mandating simulator use, then

powerplant simulators will be commonplace.
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SIMULATOR UTILIZATION FOR COMPANY-WIDE TRAINING

B.W. Deist

ABSTRACT

The use of simulators for training nuclear power

plant personnel began with the General Electric BWR

Simulator at Morris, Illinois in 1969. Since that time,

the use of simulators and the scope of training involv-

ing simulators has broadened considerably. Simulators

were first utilized primarily for the initial training

of candidates for cold license examinations and the use

has expanded to include the training of potentially all

personnel associated with a Nuclear Project. The pur-

pose of this paper is to describe the use of simulators

by the Power Authority of the State of New York.

The paper outlines the Authority's training philos-

ophy regarding the application of simulators for train-

ing purposes and provides an insight into the way the

simulators can become a functional part of an overall

training program. Included in the paper are descrip-

tions of various programs either developed or being

considered by the Authority for training purposes. The

emphasis is in the uses of simulators, development of

programs, program implementation, and problem areas in

simulator training.

APPLICATION OF SIMULATOR TRAINING

To the best of my knowledge, no statistics have yet

been developed to substantiate any claims that simulator

training makes a better Operator, Senior Operator, or

Engineer. In fact, there can be instances where simula-

tor exposure can, in fact, be detrimental to personnel,

creating bad operating habits and/or techniques.
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Considerable care must be exercised in the application

of simulator training to preclude the possibility of

these detrimental effects. Despite the lack of statis-

tics, hovever, I feel that the use of simulator

training is widely accepted as the most efficient

method of training nuclear personnel.

Training is normally used to correct a problem or

to insure that problems never occur. In many cases,

the correction or elimination of these problems is ob-

servable and measurable. Increased productivity,

decreased rejections of damaged material, or perhaps

improvement in allowable tolerances are used to measure

the effectiveness of training. Unfortunately, in our

particular industry, such information is not so easy to

obtain. In the nuclear industry, we train our person-

nel to the level of proficiency required of them in

their job performance despite the fact that this level

of proficiency sometimes is ill defined and unmeasur-

able. In reality, we establish our training to satisfy

what we call "needs". These needs manifest themselves

over various levels of personnel qualifications. They

range from the need for the most basic information to

the need to establish the highest possible level of

expertise. Assuming that no one is, in fact, perfect,

that no one has yet reached the highest level of exper-

tise of reactor operation and engineering, it follows

that a demonstrated need for simulator training can be

established for any group or groups of people associ-

ated with reactor operation. To this end, simulators

can be used in an attempt to insure the highest level

of knowledge and proficiency is obtained and maintained

by personnel.
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It is the philosophy of the Authority that person-

nel can be trained and retrained without the use of

simulators. However, our experience has shown that the

availability of simulators represents a training system

that should not be ignored.

The Power Authority has used several simulators in

the training of personnel. We have carried out train-

ing programs at the General Electric Company BWR

Simulator at Morris, Illinois, the Westinghouse Elec-

tric Corporation PWR Simulator at Zion, Illinois, the

TVA BWR Simulator at Chattanooga, Tennessee, and the

Consolidated Edison PWR Simulator at Buchanan, New

York. Future applications will probably include the

B&W PWR Simulator at Lynchburg, Tennessee and the TVA

PWR Simulator at Chattanooga also. Although these

simulators range from extremely "foreign" to almost

plant specific, the Power Authority has been able to

accomplish a significant amount of training at each

location through the use of well thought out and pre-

pared training programs. The application of these sim-

ulators in training is simply predicated on the idea

that safe system operations require personnel to have

hands on exposure and an effective means to maintain

proficiency. In addition, non-operational type person-

nel function better in their assigned tasks when they

understand the importance of system operations and the

complexities of system interactions. Although not

required to use simulators for training, the Authority

has elected to use them as an integral part of company-

wide training conducted for nuclear personnel, both

licensed and non-licensed.

As mentioned before, it is not tne intent to es-

tablish simulator training as a requirement.



It is, however, the intent of the Authority to use the

most effective means available to maximize the qualifi-

cations of personnel in all possible areas.

SIMULATOR PROGRAM DEVELOPMENT

One of :the major problems of our industry is that

training programs are generally constructed to meet a

regulatory requirement rather than a specific need

based upon the individuals being trained. Unfortu-

nately, as a general rule, satisfying the regulatory re-

quirement is all that is done. This, of course,

provides us with legally qualified personnel that may or

may not be, in fact, fully trained based on their indi-

vidual needs. The objective of any training should be

to satisfy a specific required need and not simply

regulatory requirements. It is obvious that we should

not have people spending valuable time in a classroom or

simulator merely because of a paper requirement.

It is the close scrutiny and evaluation of specific

training needs that separate and qualify simulator

training programs. The simulator training system, when

properly operated, can provide unique solutions for

training objectives. In this regard, simulator programs

can be viewed as two particular types—rigid and flexi-

ble. There are, in fact, several rigid programs that

have been established with the approval of the Nuclear

Regulatory Commission. These programs are normally con-

sidered sacred and are, of course, left untouched.

Among these are the Cold License Programs and the Hot

License Programs. These programs are generally offered

as an "off-the-shelf" item by the simulator training

vendors and, as such, allow for very little modification

or creativity on the part of training personnel.
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It is in the flexible areas of Requalification Training,

Introductory or Fundamentals type of training and other

special programs that the need for training can really

be used to shape specific training programs.

Simulator requirements in programs allowing modifi-

cation are determined by a review of the students quali-

fications, experience, and performance by his supervisor

and representatives of the Project Training Department.

Although this review is presently being done informally,

the development of a formal system is currently being

developed by the Authority Training Staff. The informa-

tion available for this review is obtained from the

individuals training record and the results of oral and

written evaluations. At the present time, no pretest is

administered. As a result of the review, a list of

training specifications is drawn up.

Once the training specifications are determined,

representatives from the Power Authority and the

simulator vendor meet to discuss these specifications

and to establish detailed objectives in regards to

satisfying them. At that time, a training outline is

constructed which is used by both the student and the

instructor during the training. This outline defines

the minimum objectives and requirements that are to be

met during the subsequent training. In addition to the

outline, the methods by which the objectives are to be

obtained, the paper work required to document the

training and the criteria for successful completion of

the training are established.

The development of simulator programs is closely

coupled with the type of simulator used.



390

Although the ideal situation would be to perform all

training on a plant specific simulator, it is quite pos-

sible to use a foreign simulator if the proper objec-

tives, methods, and procedures are established and

closely followed.

The utility training staff must be fully aware of

the capabilities and limitations of the simulator. They

should initiate periodic visits to the simulator to

insure they're kept abreast of the modifications and

revisions to the hardware .-'.nd software used at the

training center. They must be certain that the estab-

lished training objectives and methods are capable of

being met by the machine.

Particular care must also be used in the selection

of a simulator instructor. He should be thoroughly

versed in plant operations. He should have leadership

qualities and a grasp of the theoretical aspect of nu-

clear power. He should meet all of the eligibility re-

quirements for a Senior Reactor Operator and should

either be licensed at the Senior Reactor Operator level

or as a minimum, have an approved certification at the

Senior Reactor Operator level. This is particularly

important for training programs for requalification of

operators. Operators attending simulators for requali-

fication training are prone to distrust an inexperienced

instructor. Most licensed operators are highly quali-

fied and they naturally resent any attempt to use

inexperienced or non-qualified individuals as instruc-

tors.

The instructor must be capable of using the simula-

tor to its fullest potenti?il. A simulator is a training

devise, and although it is a training devise composed of
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complex systems duplicating the controls of a Nuclear

Power Plant, when reduced to its common denominator, it

is still nothing more than a training aid. It is up to

the trainer himself to insure that the maximum benefit

is realized from it.

The utility should insure that the vendors'

instructors are familiar with the plant facilities,

particularly the control room and the control room pro-

cedures. Ideally, the designated instructor will visit

the utilities' plant to observe plant operation and dis-

cuss the scheduled training with appropriate personnel.

He should insure that up-to-date information, in the form

of standing orders, procedures, etc. are made available

in the simulator control room for use during training.

He should make time available during this site visit to

indoctrinate those trainees to the simulator control

room that have not yet seen it. Particular emphasis

must be placed on a control r«om layout comparison

between the simulator and the plant.

At the present time, there are four (4) basic

flexible programs for simulator training either in use

or being considered by the Authority. These are:

1) Requalification Training for Licensed

Personnel

2) Replacement Training for License Candidates

3) Training for Non-Licensed Personnel

(Technicians)

4) Supervisory/Professional Operations

Orientation.

Training at future projects such as the Greene

County Project will be essentially the same with the

addition of a Cold License program.
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SIMULATOR PROGRAM DESCRIPTION

Requalification Training For Licensed Personnel

The organization of the Authority Nuclear Plants

presently indicates a potential for up to 31 NRC li-

censes. This assumes all the department heads, some

assirtants, the normal operating staff, as well as

others.

Of this possible group of 31, there are 18 licenses

in the actual operating group (reactor operators, se-

nior reactor operators, and shift supervisors). These

individuals comprise a group that must participate fully

in a requalification program meeting the requirements of

Appendix A of CFR 55. The rest are identified as indi-

: vials who maintain operator or senior operator

-•.•rises for backup license capability and better under-

• ending of the plant relative to their responsibili-

es. They must participate in the requalification

:-•: -Xj-ram "except to the extent that their normal duties

••-•roclude the need for specific retraining in particular

areas."

The Authority Requalification Program is annual

based on an annual examination. (The FSAR requirements

are stated as a two-year program which allows signifi-

cant room for modification).

The Operator Requalification Program is designed

for experienced operators. The Program helps fulfill

the requirements of Appendix A to 10 CFR 55 without dis-

ruption of plant operation and routine.
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Simulator operations are planned to assure continued

competence and ability of the operator to property re-

spond to plant conditions and evolutions which are

frequently experienced during normal plant operations.

Additionally, simulator manipulations may fulfill the

regulatory requirement for a minimum number of reactivi-

ty changes in support of an application for renewal of

an operator's license. Students attending this course

hold a current NRC license. Class size is three or four

students and the program length is three to five days,

depending on the specific objectives.

In order to provide meaningful and effective

training, the Authority has customized the course con-

tent to the .equirements of the specific project.

Additional plant experience, procedures, system and

procedure modifications are factored into the program as

required. The program consists exclusively of simulator

operations with each operator receiving extensive hands-

on training.

The structure of the program was developed assuming

a six-section, rotating shift schedule, with specific

daytime shifts designated for training. The program was

developed for the primary operating crew. Backup

license holders participate as rauch as possible, with

minimum participation defined on an individual basis.

The number of license holders and the extent of

training requires a significant overall program involv-

ing the plant, classroom training, and simulator

training. The training involving the plant and the

classroom training is accomplished using our own staff

at the site.
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There are a variety of possible six-section rotat-

ing schedules. The system presently used results in a

four day training period every six weeks. Assuming a

fifty week year, this make.3 the operators available for

training 8 cycles per year or approximately 32 days.

One of these cycles is reserved for simulator training.

Replacement Training For Licensed Operators

The overall Authority replacement training program

was developed in accordance with Appendix F NUREG-0094.

Appendix F permits broad use of the utilities judgment

in the development of replacement programs within speci-

fied limits. Parts of the Appendix are quite specific

in regard to simulator training requiring that the li-

censed candidate satisfactorily complete a one-week

simulator training course followed by a demonstration of

manipulative skills i.e., simulated reactor startup. To

date, the Authority has used 3 simulators for hot

license certifications. All three used an off-the-shelf

rigid program for hot license certifications developed

by the vendors. All three used the potential operators

home plant procedures to maximize the effectiveness of

the simulator program. The Authority augments these

off-the-shelf programs through the use of pre-simulator

courses designed to introduce the candidate to the sim-

ulator as well as provide additional operating experi-

ence. These preparatory courses are developed on a case

by case basis and are based on the candidates need ior

additional training as determined by his training record

and experience.

Additional use of £te-~sTmulator in relationship to

hot license training is through the administration of

practice examinations.
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These mock examinations are either performed by the

simulator vendor or by the Authority's training staff

and are in addition to the NRC required exam analysis.

These practice sessions are again based on the desire to

thoroughly indoctrinate the candidate to the simulator

itself. Experience has shown that even the most experi-

enced operator becomes apprehensive when forced to

undergo an operation on the simulator. Even the most

plant specific simulator will have some minute differ-

ences. These differences are quite often magnified by

the nervousness of the candidate and are frequently

"blown out of proportion" resulting in poor performance

during the examination. By use of the present simulator

preparation and practice examinations, we have reduced

the anxieties of the candidates and increased his self-

conficence to operate the simulator.

The preparation and examination phases vary in

length, based on the individual needs of the students.

Training For Non-Licensed Personnel

Present plans within the Authority call for a

training program for non-licensed operators on the Nu-

clear Steam Supply System and its auxiliaries. This

training would be designed to improve the qualifica-

tions of the technicians and to establish better

communications between the operating and maintenance

personnel. Included in this training program will bel a

simulator training session which shall include reactor

startups, operation, and shut down. In addition, simu-

lated surveillance procedures will be performed. Plans

also are for the exposure of the technicians to casual-

ty and emergency events. It is assumed that with this

type of training, the technicians will be better
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prepared to perform their primary job function. It is a

generally accepted fact that operators are trained in

the principles of control and instrumentation and under-

stand more about the function of the technician than

vice versa.

Of course, I am discussing the use of nuclear power

plant simulators and not the use of equipment mock ups

or other simulators currently being used by some utili-

ties in the maintenance training area. The Authority is

presently considering the use of these training aids as

wall. The issue here, of course, is the indoctrination

of non-operators, maintenance, and technical personnel

into the operation of the power plant itself. Although

this training program is currently being developed, I

personally feel quite strongly that the relationship

between operators and non-operators should be one of mu-

tual respect and understanding. By exposing the non-

operator to the complex life of the operator, I hope to

promote this.

It is anticipated that this program will be one to

two weeks in length.

Supervisory/Professional Operations Orientation

Management and professional personnel are trained

using introductory classroom programs at the corporate

headquarters or plant site and followed by operations

training ac the simulators. The purpose of this simula-

tor training is to provide uniform exposure to the

Nuclear Steam Supply System. The intent is to broaden

the scope of the management staff and engineering

personnel.



397

Experience to date has lead me to the conclusion

that the average management/professional employee is

hampered by an extremely narrow view point in regard to

nuclear plant operation. Quite frequently an organiza-

tion is comprised of "system experts" with well-defined

areas of expertise- This narrow view point rc:>\ricts

internal operation and limits the growth potential of

many employees. In many cases, operational experience

leads to increased responsibility and manpower develop-

ment.

The supervisory and professional simulator training

program normally consists of 5 days of plant operation

at a simulator. To date, we have used two basic pro-

grams: one consisting of all simulator training and the

other consisting of 50% simulator training and 50° class

room training.

At the present time, we are evaluating both appli-

cations to determine if they suit our needs. However,

I personally feel that we will continue using both types

of programs depending upon the types of individuals

selected to this type of training.

PROBLEMS

Although I have included problems as a topic of

discussion, I must admit that to date, the Authority has

seen very few, if any. I: appears that those events

that could be classified as problems are normally merely

administrative in nature and not specifically related to

the use of the simulator.

I will admit that some difficulties arise when not

using a plant specific simulator for training. Using a

foreign simulator requires in some cases an undesirable
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amount of preparation time and when used for operator

replacement training, the foreign simulator carries with

it the possibility of failure on the part of the

operating candidate due to the unfamiliarity with the

simulator controls.

Another difficulty associated with simulator

training is associated with the desire on the part of

the training personnel to make simulator training

beneficial. This entails significant amount of record

keeping, review, and extremely close coordination

between the operator, his supervisor and the training

staff. Of course, all of this hard work is necessary to

continue justifying the simulator as a training devise.

Some problems traditionally arise whenever person-

nel are requested to travel away from home to attend

training sessions. Although this should not in itself

be considered a simulator training problem, I mention it

here because without thorough preparation on the part of

the training staff to make the training beneficial, a

drop in trainee interest and morale will most certainly

occur. As a general rule, most people do not like to

leave their families. If the simulator training ses-

sions deteriorate into something with no real purpose or

goal, then the entire effort would be wasted.

In closing, I would like to say that the simulator

programs of the Authority have provided a firm founda-

tion for training, improved job performance, and most

important of all, increased safety and plant availabi-

lity. As our experience in this area grows, we are

certain that the benefits gained will grow as well.
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SO YOU THINK YOU NEED A SIMULATOR?

Ronald M. Maslo, PE
Roberta Kessler
Neil J. MacArthur

Electronic Associates, Inc. West Long Branch, NJ

ABSTRACT

Procuring a power plant simulator can be a long and tedious pro-
cess. The many details involved require close and constant supervision
by the end user. This paper outlines the various items to be considered.
Procedures and recommendation are presented from both the Utility and
Vendor's point of view.

Decision of Purchase

Training of ^var plant operators is, by no means, an incidental task

to any functioning utility. Requirements placed on the Training group

vary depending on whether operators must be initially trained for plant

start-up or for regular operation in an operating plant, be they new oper-

ators or experienced operators requiring re-training. Whatever the case,

the training manager must keep in mind that his job is to provide experi-

ence to trainees and yet maintain high plant efficiency, fast start-ups,

reduce downtime and still keep his training costs low. As a manager, one

must weigh combinations of the above heavily and carefully choose the

approach which will suit the specific requirements of his utility.

Typical considerations in start-up are the provision of total

familiarity of the plant, before the fact, as well as design and oper-

ating procedures development ahead of time. Thorough knowledge of spe-

cific plant information helps in the avoidance of delays in start-up,

which, on the bottom line, represents proper use of the capital
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investment as well as personnel costs. In today's environment, it is

not hard to calculate delay costs at $100,000 per day for a plant cost-

ing $750 to $],000 million. In the case of an operating plant, the

training manager is charged with insuring that operators, through om-

prehensive knowledge of plant system operations, maneuver the plant more

efficiently and yet maintain design operating conditions with reduced

downtime. Reduction of downtime, measured in tenths of percents, con-

tribute significant savings in cost of operations.

Efficient use of fuel measured in the o-der of one percent per day

can contribute savings on the order of $2,000 per day.

As mentioned, the bottom line for the training manager is to achieve

the above with minimum costs to his budget. Consider the requirement of

conduction of re-training, say, for 20 reactor operators for re-qualifi-

cation, every two years. The operating test portion for re-qualification,

as spelled out by government regulation, could require plant output re-

duction of about one day per year. For a 1,000 MW plant, its loss of

generation could cost the operating utility upwards of $750,OuO. Com-

pounding re-qualification training costs in the requirement of initial

training of operators. Their "hands on" the panel requirement during

p: t-:-licensing training cannot be economically justified, if an actual

plant is used.

All of the above indicates to the training manager that some alter-

native method of providing a control room atmosphere and capability is

required. The obvious solution is the existence of a training simulator.

In summary, the training manager can itemize his responsibilities

to determine his functional needs and justify acquisition of a simulation
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facility as:

a. Initial training of cold license candidates.

b. Refresher training of cold license candidates.

c. Training of hot license candidates.

d. Licensing examinations.

e. Re-qualification training.

f. Replacement candidate training.

g. Check out of operating and emergency procedures.

h. Decrease the elapsed time between fuel loading and full

power operation.

i. Training of other than operator personnel.

j. Increased operator reliability.

Recognition requirements for a majority of the above items indicates

needed consideration of acquisition of a power plant training simulator.

Specifying the Simulator

Simulators provide many dynamic inovations to the training ?.nd re-

training of power plant operators. Since the size, complexity and costs

of plants have risen, the operator trainee will be expected to cover the

plant operations thoroughly and efficiently.

The use of a simulator will prove to aid in the above needs. This

will shorten the training process, thus requiring less cost to the util-

ity.

Classroom lectures and the overall general orientations are still

necessary. It is expected that the basics—mathematics, physics, chem-

istry, reactor physics, health physics, etc. must be covered prior to the

use of the simulator. The significant importance based on the use of
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demonstrations with respect to the operator's own visual perception will

lead to enhance the entire training program. Additionally, it is an

asset to have the instructor lecture during preliminary simulator usage.

The availability of a full-time instructor rather than part-time plant

operators as instructors is more efficient for plant operation. This

means the operators will not be interrupted in their own work while the

new trainees have the advantage of the full attention of the instructor.

The use of a simulator provides additional necessary confidence to a

trainee. It gives each trainee a greater amount of time with "hands-on"

experience. This undoubtedly will lead to providing quicker and a more

complete knowledge of the plant.

The simulator should have the capability of providing for a number

of Initial Conditions to be set up by the instructor. These consist of

a number of plant operating states required to initialize the computer

model. Typical examples include:

1. Cold Shutdown

2. Hot Standby

3. 100% Power

4. 90% Power

5. 50% Power

These Initial Conditions should be expandable and/or modifiable

easily by the instructor. The conditions provide a flexible atmosphere

at the plant simulator, unattainable at the actual plant. It is a costly

proposition to causa a live plant to be able to be shut down or start

up, at will, frequently with the various conditions needed to be effective

in training. A trainee has, at the simulator, this advantage. The
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simulator can handle many other Initial Conditions that may not be common

to daily use on the plant. The effectiveness of training then is far

greater with the use of the simulator.

Simulators, in use today, provide the instructor with a number of

aids to help in the thorough training of the student operator.

There should be a "RUN/FREEZE" pushbutton. This capability enables

the simulator to be in the "FREEZE" mode whenever necessary. It suspends

the plant's action at any designated point. If, for example, the in-

structor wishes to point out a specific reacti'on, the. system can easily

be "FROZEN." Effectively, this provides the ability to stop All action.

Then, at any transient point, the system is simply put into "FREEZE" for

an analysis. On the actual plant, everything can only be analyzed as

hindsight. Dyanmics on the simulator are resumed in "RUN" mode.

A "SNAPSHOT" capability allows the instructor to take a status pic-

ture of the simulator. Data on all parameters and variables is stored in

a record on disc. The "SNAPSHOT" can then be used to generate new initial

conditions.

"RECALL" allows the operator the ability to bring the Initial Condi-

tions back to the simulator as needed. The "IC Number" is selected and

then the "RECALL" pushbutton is depressed. When this is complete, the

system is then put into "RUN" and the simulator begins with the newly

loaded "IC."

BACKTRACK provides the instructor with the ability to back up a

specified period of time and retry the same exercise. In the case where

a student simply does not understand what has been done, the instructor

has the capability to allow the trainee to redo the same exercise as
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many times as necessary for learning. "BACKTRACK" provides the student

the capability to re-work a given set of conditions.

"REPLAY" allows a trainee to initiate and then review a prior simu-

lation. Upon completion of the "REPLAY," the simulation will continue

from where it was when "REPLAY" was requested.

This capability allows tha instructor to "REPLAY".a given simulation

so that a live analysis of past actions can be made. Though nothing can

be changed or corrected in "REPLAY," the trainees are given the opportun-

ity to fully analyze the simulation. Both "REPLAY" and "BACKTRACK" pro-

vide the instructor with two very powerful tools. They give the trainees

analysis capability that would prove impossible on the real plant. The

trainee can learn a great deal from reviewing his own actions.

"CRY WOLF" and "OVERRIDE" are used for much the same type of situa-

tions. "OVERRIDE" gives the instructor the control over "control panel

instrumentation" via Digital Inputs, Digital Outputs and the Analog

Signals; "CRY WOLF" has control over the Annunciators. These controls

can be used to check inputs and outputs. However, they give the instruc-

tor the power to set a panel input while the system is running. This may

override some expected warning the student has been depending upon. Some-

times a student becomes dependent on an alarm rather than system under-

standing. In this way, the instructor can break the "lazy" trainee of bad

habits.

The "Monitored Variable Parameters" capability gives the instructor

a list of parameters to be viewed on the CRT. This program can be put

into a continuous updating mode to provide a constant up-to-date monitor-

ing of any of the system variables and parameters. In this way, the
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instructor can manipulate the devices and see the actual changes on the

CRT that are not displayed on the panels.

The "TRAINING PERFORMANCE PROGRAM" (TPP) and the "TRAINING PERFORM-

ANCE REVIEW" work together as aids to the instructor. ™ computer

records performance data throughout a lesson. This allrtfs the instrctor

to observe the trainee while the actual performance is recorded on tape.

In the case where an instructor might be reviewing t!e same lesson with

several trainees, TPP would help analyze how efficient a trainee is be-

coming with respect to a fellow student.

At the end of any given group of lessons, the instructor can then

make hard copies of the entire performance.

Another key feature is the "COMPUTER AIDED EXERCISE." CAE allows

the instructor to program a complete exercise and feed it into the com-

puter. Each drill will then be stored on the disc. Programming in this

way allows the instructor to provide pre-programmed drills for execution

at any given time. This drill might include such items as:

1. Bring in a specific Initial Condition.

2. Select the 20 variables for monitoring.

3. Set malfunctions at various points.

4. Run through a prescribed Operational Pi-ocedure.

Another desirable aid is to give either the trainee or instructor

availability to any variable on the system. It is possible to change any

parameter or variable value and to display the changes. All work is

visible on the CRT. It is also possible to give a hard copy while the

work is being performed. A desired feature is to provide a graphic cap-

ability with output on the CRT, line printer or strip-chart recorder, at
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the option of the instructor.

Pre-programmed malfunctions should be initialized and displayed at

the instructor's console. A time lapse feature that allows malfunctions

to be scheduled is a valuable training feature. These emergency or ab-

normal conditions are important features to the simulator. The instructor

can call on a wide range of malfunctions for training and thus give the

trainee experience with the possible abnormalities of a plant.

Since it might be hazardous to test these malfunctions on the actual

plant, a simulator is the only possible way to achieve their implementa-

tion and observe the results. The simulator should accommodate a large

number of malfunctions, typically over 200. Their purpose is for the

trainee tc analyze, determine the effects to the system and co use proper

procedures for correction. A malfunction does not actually destroy any

process model, but merely complements the model to provide actual dynamics.

The opportunity to deal with these malfunctions provides training other-

wise unavailable, since malfunctions on the actual plant are unattainable

during the normal required operating conditions. The active malfunction

effectively reflects the variable changes. Thus, the normal procedures

are necessary to follow for a recovery.

Other pushbuttons desired are "DIAGNOSTICS," "START-UP" and "SHUT-

DOWN." "DIAGNOSTICS" allows the operator to quickly check all lights,

switches and potentiometers on the control panels. In this way, a scan

can easily be made as to hardware failures (i.e., lights burned out) ov.

the simulator.

"START-UP" and "SHUTDOWN" are master controls. The simulator "START-

UP" procedure is simply initiated by the push of this button. Likewise,
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the reverse is true for the "SHUTDOWN." The simulator must have the

capability to be run by instructors who are not computer systems' analysts.

With the wide range of instructor aids, it is possible for the

trainee to have a very thorough "hands-on" experience. The confidence

and experience should prove to make more effective operators.

Selecting a Vendor

Once the decision has been made to acquire a training simulator,

the training manager is faced with the responsibility of selecting a

source of supply for the hardware, software and support necessary to

generate a facility to fulfill his training needs. Two alternatives

arise almost immediately. Can the facility be designed, developed and

installed internally within the resources company, or must the utility

go to an outside vendor for all or part of the system. In a majority of

cases, a utility is required to seek outside help in the development of

the training facility. What usually results is an integrated team effort

of both the utility and the vendor, since neither possesses the qualifi-

cations and resources to handle the entire project. Key to the success

of any simulator installation is a solid dedication of both parties to

contribute fully to the completion of the project. Usually the utility

looks to the vendor to provide computer hardware and operating systems

software, control panels, linkage between the control panels, mathemati-

cal modelling of the plant's dynamics, software implementation of the

plant models, instructors, training of simulator personnel and initial

maintenance. The vendor relies on the utility to supply current informa-

tion on plant operating data, as well as appro"ed operating procedures.

A successful system vendor must possess a number of characteristics
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that qualifies it in the power plant simulator industry.

First and foremost is the quality of the people on staff. Since

the development of a simulator duplicating the actual control room of a

power plant requires expertise in many disciplines, a vendor must possess

a technical and management staff familiar with a spectrum of disciplines.

However, the homogenous simulation requirement factor is the link that

binds together the various disciplines into a successful team. Skills

required can be listed as follows:

1. System analysts, whose task is to understand and define all

aspects of an operating plant's dynamics and control in

terms of mathematical equations based on fundamentals of

science and engineering. The final simulation is only

as good as the models ultimately implemented.

2. System programmers, whose responsibility is to implement

the mathematical equations in universal FORTRAN language

on single or multiple digital computer consoles so that

their solution, in real time, stimulates the control

panels identically to the actual plant.

3. Computer hardware engineers select the proper computer

system to handle specific simulation requirements.

4. Electrical and electronic engineers design the linkage

equipment that insures proper communication between

the control panels and the computer complex.

5. Operations engineers familiar with actual plant dynamics

and able to communicate with utility operations and

training personnel to insure proper and complete operation
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of plant systems being simulated.

6. Training specialists knowledgeable in the philosophy and

phychology of training environment.

7. Maintenance personnel familiar with the design and opera-

tions of the computer systems, linkage, control panels

and instrumentation.

8. Management personnel on the program and corporate level

sensitive to the needs and complexities of the training

requirement. Skilled management is required to insure

successful project completion usually according to tight

schedules and delivery dates. It is their responsibility

to provide training capability to the utility in a timely

manner so as not to hinder plant operation schedules.

Consideration of a vendor must involve analysis of past history of

accomplishment in the provision of similar simulation systems. A dis-

tinct learning curve evolves through numerous project completions and an

experienced vendor offers the utility the following capabilities:

1. Preparation of thorough technical and cost effective price

proposals that do not lend themselves to future hidden sur-

prises to the utility.

2. Development and production of the most sophisticated

simulators through the use of the most advanced technol-

ogy available.

3. Meets production schedules on time.

4. Works closely with the utility on a continuing basis to

insure needs are met.
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5. Maintains quality control in software and hardware to

produce systems with uptime reliability.

6. Services the completed simulator with both on-site and

on-call field service engineers.

7. Trains the utility personnel to operate, modify and

maintain all simulator hardware and software.

As mentioned previously, the vendor relies on the utility to supply

data usually unique to a specific plant. The qualified vendor, based on

past experience, will possess generic data common to a class of plants.

However, specific data pertaining to the utility aids in insuring

realism to the trainee. The primary information usually requested by

a vendor to form the data base includes:

1. Plant flow diagrams for all mechanical and fluid systems.

2. Instrument lists.

3. Plant logic and/or basic wiring diagrams.

k. Control diagrams for analog devices.

5. Value performance characteristics.

6. Alarm and safety equipment setpoints and time constants.

7. Piping and instrument diagrams for all systems.

8. Vlant electrical distribution drawings.

9. Plant system descriptions and detailed operating

procedures.

10. Steady state heat balancer.

11. Pump and fan data.

12. Plant initialization data for various operating condi-

tions.
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The above data, when available during the specification and bidding

process, aids in the vendor generation of a more accurate quotation.

During the modelling, implementation and testing phases, its use gener-

ates a more realistic plant simulation.

Supervising the Project

Selecting Personnel for the Project Team

The selection of personnel for the purchaser's team could probably

be singled out as one of the most important elements of a project of

this nature. The optimum would be to have an "expert" in several of the

many different disciplines that could be involved in a complex project

such as a simulator, but here the optimum could very well prove not to

be cost effective and next to impossible to get approved by a budgetary-

minded manager in this day and time of austerity programs.

The alternative to the optimum would be the selection of a small

team of personnel with emphasis toward principally two major areas—

plant operations and digital computers. Consideration should be given

to looking for those individuals that may not necessarily be "the

experts," but those that possess the ability to use efficiently the many

resources available within the purchaser's organization.

To maintain continuity and an effective liason between the pur-

chaser and the selected vendor, consideration should be given towards

selecting a project manager or team leader at the beginning of the pro-

ject who will be able to follow it from development of a specification,

to final on-site acceptance. He should be a capable leader and an indi-

vidual who can make decisions.
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Scheduling and Timetables

The purchase of a simulator will necessitate that a vast number of

documents trade nands between the purchaser and the vendor. First, the

purchaser will be required to transmit the necessary information upon

which the simulator's design will be based. The vendor, in turn, will

devalop a multitude of ducuments that will require the purchaser's review

and/or approval at various stages of the project. Often times, many of

these documents will show up on the project schedules as critical path

items.

It is imperative that both the purchaser and the vendor establish

rigid schedules and timetables and adhere to them such that costly pro-

gram delays are avoided.

Dealing with the Vendor

An important element to any project is the working relationship be-

tween the purchaser and the vendor. Joint development of schedules will

be required. Program reviews can be anticipated. Interaction of per-

sonnel at a worker level is expected at various stages of the project.

Consideration to ali these aspects should be given.

Acceptance Testing for Accuracy

The requirements for accuracy of a simulator for use in nuclear

operator trai. ing and requalification programs are contained in standards

prepared by the American Nuclear Society and applicable government regu-

lations.

The development of an acceptance test plan and procedures WJ.11 be

required such that it can be demonstrated that the simulator does, in

fact, adhere to accuracy requirements, whether those specific to the
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purchaser's own specifications or applicable government regulations.

Development of these plans and procedures should be a joint effort

of the purchaser and the vendor.

The purchaser may elect to scheduling additional personnel other

than the project team to witness or participate in the acceptance test-

ing.

After Installation

Training the Training Team to Use the Simulator

1R most all cases, the purchaser will elect to purchase courses of

instruction offered as options by the vendor as part of the procurement

of the simulator. The length of the course and depth of detail can be

varied to suit the needs of the initial training staff, but still will

be just the "tip of the iceberg" with respect to establishing a peak and

efficient training team.

Consideration must be given to further training of the instructors,

so that they can obtain maximum use of a wide variety of aids provided

with the simulator. Practice sessions may be required for total famil-

iarity with all of the features available, so that the insertion of

training problems or malfunctions becomes second nature to the instructor.

Dry runs may be required for the instructors with respect to giving

examinations of which the simulator could be a part (i.e., reactor

start-ups).

Effective training can only be accomplished by a training staff

that itself is a highly trained and efficient organization.

Maintenance and Reliability—Hardware and Software

The simulator should be treated no differently than any other system
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with respect to preventative maintenance and maintenance techniques.

To maintain the simulator as a highly efficient "well oiled machine"

requires that consideration must be given toward establishing preventa-

tive maintenance procedures- A selected allotment of spare parts should

be on hand and the necessary tools and test equipment should be readily

available. Systematic use of vendor supplied diagnostic programs should

be employed for routine surveillance of the computer operating system

and software support systems.

Qualifying Prospective Students

The general physical and educational prerequisites for prospective

trainees in reactor operator training programs are contained in applic-

able federal regulations. Assuming that the basic prerequisites have

been satisfied, consideration should be given toward using the simulator

as an additional extension of the screening and qualification process.

Currently, the cost of training programs per individual is running

in the tens-of-thousands of dollars and the use of the simulator could

be used as a tool in the screening process. Cost effective training

could be demonstrated via improved pass/fail rations of perspective

students.

Non-Training Simulator Uses

Non-training simulator uses are only limited by the imagination and

resourcefulness of the users.

Consideration should be given toward use of the simulator for some

of the following areas: procedure development and check out, problem

investigation, recreation of actual plant malfunctions or equipment

failures with respect to the process systems, and, last but not least,

public, relations.
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MEETING THE TRAINING NEEDS THROUGH

SIMULATION WITH PLATO COMPUTER
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J.M. Thorson, Jr. - Control Data Education Company

D. Hodges - Nuclear Associates International

ABSTRACT

The Control Data PLATO^ Computer Based Education (CBE) system
can provide the training required for high technology subjects
such as nuclear reactor operations for both licensed and non-
licensed personnel. The PLATO system also has simulation
capability that strongly enhances the teaching of nuclear
power plant operational concepts. PLATO training techniques
facilitate the management and control of the educational
process for the instructor, provide feedback to the
instructor regarding the student's progress and retention of
knowledge, and allow the student to proceed at his own pace.
The graphics and simulation capability available with PLATO
provides the student with the benefit of receiving "hands on"
training experience.

The application of the PLATO simulation capability toward
specific training needs could, in conjunction with a properly
developed training program, increase the quality of reactor
operator training both in the classroom and during full scale
simulator training sessions. Additionally, applications exist
for the use of simulation techniques as a tool to provide
reactor control system and operations familiarization for non-
licensed operations support personnel as well as a tool to
provide increased operational effectiveness through pre-
maneuver simulation.

This paper presents a review of the application of computers
to training, the desirable characteristics of this training
medium, and the training techniques used in the PLATO system.
The design requirements of a PLATO - based PWR training
package are discussed along with a presentation of the PLATO -
based Pressurized Water Reactor simulation. Finally, a review
of specific PLATO applications currently available or under
development is presented with the major emphasis being given
to reactor operator training programs.
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INTRODUCTION TO THE PLATO SYSTEM

Computer Based Education Development

For many years, educators and training directors have sought ways in which

computers could both improve the delivery of instruction and reduce its

cost. Initial efforts to utilize the computer as a teaching tool were

begun in the late 50' s. The systems developed at that time seemed to be

basically a TV like page turner with the computer presenting questions for

the student to answer. The best feature of these early systems was their

ability to keep student records. An evaluation of the early computer based

training techniques established that in order to use the computer

effectively as an educational tool, many technical problems needed to be

identified and solved and educators needed to better define educational

strategies and tactics. This evaluation indicated that the characteristics

that a new system must present are:

• A Human (Instructor) Interface

• A Rapid Response Time

• Be in the Language of the Student

• Controlled by the Student

Other desirable characteristics for this new system would be:

• Animation and Simulation Capabilities

• Multiple Teaching Strategies

• Instructor Programmable Lessons

• Instant Lesson Editing for all Students

• Shared Courseware (Program) Libraries

• Computer Managed Instruction

The PLATO System

The PLATO computer based education system evolved from these needs. PLATO

was developed by the University of Illinois with support from Control Data

Corporation (CDC), National Science Foundation, the Defense Advanced
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Research Projects Agency and other agencies. The major emphasis of this

development was toward using the computer and its associated equipment and

programs to assist in the teaching process, provide more individualized

instruction and to record and manage the student's progress.

The PLATO Computer Based Education System combines several hardware
2

features . These are:

• A Centrally Located CDC CYBER Class Computer

• A Standard Operating System

0 A User Oriented Author Language

• Standard Communication Channels

• Special Communication Equipment

• Special Remote Terminals

The PLATO system has multimedia presentation capability currently in

various stages of development. This is accomplished through the use of

video and/or audio peripheral equipment which would be controlled by the

PLATO system.

The student uses the PLATO terminal to interact with instructional

materials presented by the computer. The terminal has a point addressable

CRT which provides extensive line and vector graphics capability. It uses

a keyboard with standard typewriter characters and a few specially defined

function keys to allow the student to communicate with the computer. The

terminal CRT display is divided into 256 touch sensitive areas which

provides the student with an easy method of entering responses to the

computer. Currently, there are over 10,000 hours of lesson materials on

PLATO in over 150 subject categories.

TRAINING TECHNIQUES

The PLATO system has several desirable characteristics for nuclear facility

personnel training:

• One-on-One Training Capability

• Simulation Capability

• Computer Managed Instruction



419

The One-On-One Training

The one-on-one training capability exhibits the following characteristics:

t Allows the student to proceed at his own pace

• Allows the student to ask his own questions

• Provides the freedom to ask questions without embarrassment

• Gives independence of teacher time, mood or location

One-on-one training is usually used when it is important that the student

master the material so that he will be able to respond correctly to the

situations covered in the course. It is extremely important in teaching

students who operate in real time situations where information must be

assessed and correct action initiated within a short time frame. This is

a characteristic of many high technology professions and applies directly

to nuclear power plant operations personnel.

Simulation Training

Simulation techniques are extremely desirable for training in such high

technology subjects. The PLATO system's simulation capability can be used

to teach nuclear reactor operational concepts without requiring the student

to have an understanding of the complex mathematics normally associated

with the reactor design and operation. This simulation capability is

especially important when used in conjunction with one-on-one training.

Each student can ask his own questions and observe the results of the

student-controlled input parameters on a simulated experiment. The

mathematical and graphical capability of a PLATO simulation provides the

benefit of "hands on" training experience. This provides greater insight

into the cause and effect relationships being illustrated. Through

simulation, with its special control features and feedback mechanisms, the

student has the opportunity to see and understand complex electrical,

mechanical and thermal phenomena in a way that can't be seen in either an

actual operating unit or in the normal training simulator where only
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meters, indicating lights, and control switches are available for student

interaction. All this combines to enhance the training experience and

results in a better retention and overall knowledge of the subject

material.

Computer Managed Instruction

The Computer Managed Instruction (CMI) helps the instructor organize and

manage the training program curriculum . CMI provides the means for

instructors to specify student performance acceptance criteria and to

measure the progress and retention of knowledge of the student.

APPLICATION OP PLATO SIMULATION TO

NUCLEAR FACILITY PERSONNEL TRAINING PROGRAMS

General Considerations

The training of reactor operators in the U.S. nuclear power industry is

closely regulated by the Nuclear Regulatory Commission (NRC). The total

pre-license training required is extensive. NRC licenses for reactor

operators must be renewed every two years, and preparation for the license

renewal or requalification examinations requires many hours of expensive

re-training.

In addition to compliance with safety-motivated NRC regulations, the

utilities must also be concerned with the economics of both reactor

operator training and performance. Training at a full scale plant

simulator facility is typically expensive and often difficult to schedule.

In recognition of these concerns. Nuclear Associates International (NAD

in conjunction with the Control Data Education Company, developed a

simulation based training package using the Control Data PLATO computer

based education system. The first phase of this project was to develop a

Westinghouse PWR simulation program. The second phase was to design an

instructional package which would effectively utilize the PLATO system by

providing instruction materials directed toward meeting specific nuclear
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facility training needs. To accomplish this second phase of the project,

a design document was generated in order to analyze and identify target

populations, instructional goals, specific training needs, and constraints

of a PWR training package.

The term "training package" is used rather than "training course" because

it is anticipated that the instructional system will be incorporated into

a wide variety of instructor-led training programs. It is felt that the

term "course" connotes a certain unity and completeness that is in-

appropriate for simulation applications as applied to the instructional

environment in nuclear power generating stations. The term "training

package" is more consistent with the need to offer a flexible instructional

system which can be adapted and augmented to meet the varied needs of

individual training programs.

Target Population

General Considerations

Nuclear utility personnel interested in PLATO-based training in PWR

maneuvers and dynamics range from newly hired high school graduates who are

just beginning their pre-licensing training, to fully qualified Senior

Reactor Operators who have had years of training and practical experience.

In addition to these groups holding or seeking active licenses, other non-

licensed groups such as reactor engineers and central office support

engineers may have their own needs and/or interests in receiving additional

training in PWR operation.

Specific Populations

There is a broad grouping of personnel for whom appropriate PLATO-based

training might ultimately be devised- However, specific operator utility

training programs are typically developed for a much narrower population.
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The primary target for most PWR training programs consists of the

followinq groups of individuals who are in training for their Reactor

ODerator (RO) and Senior Reactor Operator (SRO) licenses:

• Apprentices or trainees with high school degrees who were hired

directly into the RO training program and who have progressed in

their training to the point that they have completed certain pre-

requisite requirements.

• Individuals coming to the nuclear plant from jobs at fossil fuel

plants that have had sufficient power plant training to satisfy the

prerequisite requirements.

• Individuals coining to the nuclear plant from positions in the U.S.

Navy Nuclear Program and who havre had previous reactor operational

training and experience.

• Site reactor engineers working for an initial RO or SRO license

(which they will probably not need to renew because their jobs do

not require maintenance of an active license).

• Operation shift managers who must maintain an SRO license but,

because of their management responsibilities, have relatively

little opportunity to maintain actual operational experience.

Learner Characteristics

The specific groups for which RO and SRO training programs are planned are

typically in their twenties or thirties and have a high school education

(the reactor engineers, however, typically hold a BS or MS degree). They

are highly motivated to learn because of the responsible nature of their

jobs and because of the pressure to perform well on the NRC exams.

Evaluation of Training Problems to be Addressed by a PWR Training Package

It was not within the scope of the initial NAI/CDC development effort to

develop a comprehensive approach to the training of reactor operators.
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Rather, the instruction in the package is directed toward a few hard to

teach problems in the topics of startups, procedures, power range

maneuvers, and reactor dynamics.

The process of starting up a reactor is an intricate one requiring a

number of skills and considerations. These include the calculation of

shutdown margin requirements, calculation of estimated critical control

rod position, reactivity manipulations (e.g., changing boron concen-

trations or withdrawing control rods), making and using Inverse Count Rate

Ratio (ICRR) plots, recognizing criticality, and recognizing the onset of

nuclear (Doppler) heat addition. Reactor startups are performed rather

infrequently, hence some individual reactor operators have relatively

little opportunity to exercise their startup skills. Responses to load

changes, like startup maneuvers, require a high degree of operator skill

and are also addressed on NRC exams.

In addition to these problems, there are a number of relationships in

reactor dynamics (e.g., the effects of xenon, step changes in reactivity,

and the like) which ROs and SROs are expected to know and understand.

While it is not the intent of the current PWR training package to provide

direct instruction on these topics, the training package has been

developed in a way which will provide instructors and students with tools

to aid their exploration of these reactivity relationships.

Instructional Goals

The following instructional goals were established during the design of

the PLATO-based PWR training package:

1. The student will be able to complete a Shutdown Margin (SDM)

calculation for a variety of conditions.

2. The student will be able to complete an estimated critical position

(ECP) calculation for a variety of shutdown conditions.

3. The student will be able to prepare and use on Inverse Count Rate

Ratio (ICRR) plot during an approach to criticality.
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4. The student will be able to safely perform reactivity manipulations

and maintain control through the PWR startup simulation.

5. The student will be able to distinguish reliably among subcriticality,

criticality, and supercriticality on the PWR simulation below the

point of nuclear (Doppler) heat addition.

6. The student will be able to reliably determine the point at which

nuclear (Doppler) heating occurs.

7. The student will be able to manipulate the reactor safely during at-

power load swings and load follow maneuvers for a variety of core

conditions.

8. The student will demonstrate control over xenon-iodine behavior and

core axial flux differences (Al) while observing power level and

control rod insertion limitations.

9. The students will be able to manipulate the various input parameters,

control mechanisms, and graphical displays so that they can use the

simulation to investigate relationships in PWR dynamics.

10. Instructors will be able to devise additional simulation-based

training experiences which reflect local plant equipment and

procedures.

11. Instructors will be able to determine the status of the student's

progress through review of available student records.

These goals helped shape the development of tha simulation program and

the supporting text material.

It is believed that these goals meet the training needs discussed in the

previous section. An additional goal in the development of the PLATO PWR

training package was to provide sufficient diversity in the selectior. of

training needs such that the flexibility of the training package itself

would be demonstrated.
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Constraints

There were several important constraints on the design and development of

the PLATO FWR training package:

• Development of the current PWR training package was limited to a

few significant training problems. Other important training

problems exist and could be addressed following a more careful

analysis of training needs, consistant with the training re-

quirements and goals of individual utilities.

• The PLATO system itself has some- significant limitations. The PNK

simulation package was constrained by the amount of core storage

and CPU usage required by the simulation concej.'. . The exist inq

simulation was carefully developed to fit within those system

resource limits. However, the added modeling required to simulate

a complete Nuclear Steam Supply System (NSSS) as a single, complete

simulation program, does not appear t.o fit easily within current

PLATO capabilities. Consequently, additional simulation develop-

ment in the areas of NSSS components would generate individual

component simulations rather than a complete NSSS simulation.

FEATURES OF THF. PLATO-BASKD SIMULATION PACKAi;K

Although all nuclear power plants in the United States are monitored and

controlled by the Nuclear Requlatory Commission, there is considerable

diversity in their operating procedures and training programs.

Perhaps the greatest distinctions among plants are those implibd by

differences in plant design. Approximately 651?, of the U.S. nuclear plants

in commericial operation utilize Pressurized Water Reactors, and the re-

mainder utilize Boiling Water Reactors. The design and operating

characteristics of these two reactor types differ drastically. Another

complication is the fact that there are several NSES vendors which

manufacture reactors and associated equipment. Also, even among nuclear
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plants from the same NSSS vendor, site to site differences exist. The

not result is that few nuclear plants are alike in terms of equipment used

or its configuration.

Nuclear {slants may also differ considerably in their training programs.

All must ptepare detailed training plans which must be approved by the

NKC. All Reactor Operators and Senior Reactor Operators must pass strict

written and oral examinations for NRC licensing, and they must be re-

examined every two years. Although individual utilities must devise

traininq which enables their RO and SRO candidates to obtain NRC licenses,

the exact form of that training is not dictated by the NRC. Typically,

it consists of a mixture of lecture (some videotaped, some live),

obsorvation/participation in on-shift maneuvers, and "hands-on" experience

at a full scale, stand-alone plant simulator. The amount and timing of

each kind of instruction varies among utilities and is largely dependent

on the training plans drawn up by individual directors of training.

Hcciiu.se: of this diversity of equipment and training programs, it is

difficult to develop an instructional package that is universally

acceptable. In recognition of this fact, the simulation program was

designed to qeneric specifications having the greatest fidelity to

Wontinqhouse designed PWK systrms.

In recognition of the additional diversity within Wostinghousc PWR reactor

design, the simulation program was designed to accommodate variations in

operational characteristics and limitations duo to plant specific designs

and Technical Specifications. This was done by providing the capability

for individual instructor input (using an Instructor's Utility Program)

which reflect specific: plant desicjn parameters.

The Instructor's Utility also provides for instructor led traininq through

the use of Initial Condition (IC) files. These IC files reside on a user-

specified, user-maintained database. Access to the Instructor's Utility

is limited to instructors only. Through manipulation of IC files,

instructors; may input specific cycle and exposure reactivity parameter
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information in order to generate simulation maneuvers of their own design.

This allows instructors to place emphasis on specific training problems

for their own plant in accordance with the needs of the individual

training program.

The simulation program of the PLATO-based PWR training package provides

the student witn a realistic control panel display which gives the student

complete control ovar:

• Nuclear instrumentation ranges

• Control rod modes and movements

• Boration/dilution activities

Digital readouts are provided for the following key operational

parameters:

• Power level (%)

• Control rod position (steps)

• Axial flux difference (%AI)

• Startup rate (Decades/Min)

• Core average and reference temperatures ( F)

• Boron concentration (PPM)

• Boric acid and water integrators (Gal.)

• Annunciators (Student message block)

The first two items above are also displayed graphically on the control

panel display. An example of this control panel display is given in

Figure 1.

A comprehensive graph package is also available to the student. This

package provides time dependent displays (in simulated strip-chart format)

of the following parameters:

• Nuclear power (%)

• Xenon worth (PCM)

• Axial flux difference (%AI)

• Average coolant temperature ( F)

• Total reactivity (PCM)

• Boron reactivity (PCM)
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Additionally* graphic displays are available for an Inverse Count Rate

Ratio (ICRR, 1/M) plot and an axial flux difference limits (AI target

band) plot. Fxanples of various graphic displays are giver, in Figures 2

through 5.

Kach time dependent graph display has an option for variable scaling.

This allow:-, students to modify the scales of both the time and parameter

axos in order to sinqle out areas of interest for closer observation.

(See Figure 2.)

The PLATO PWR training package also provides several other student

oriented features. These include:

• Transient control/output displays

• Simulation time interval options

• "Re-start" capability

• Fast time option

These features are necessary in order to give students additional control

and flexibility over their activities during simulation training sessions.

The "re-start" capability allows students to terminate their simulation

activities and return at a later time to continue from their previously

"saved" position. The "restart" option may also be used to recover

(backup) from a user error or an experimental maneuver in their simulation

activities without having to start over from the initial conditions of a

particular PLATO training session.

The PLATO PWR training package provides instructors with the capability

for the management of student records. This capability exists through the

use of saved student restart files and a student message summary report.

A student's restart file (primarily the graphs option) wi.l] provide the

instructor with sufficient information to review the students performance

on a given simulation assignment. The student message summary report will

help to ascertain what problems the student encountered as a result of

their assigned simulation activities. These student records would be

available to both instructors and students.
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Throughout the development of the PLATO PWR training package, it was

recognized that individual training programs would develop their own

specific criteria for determining the satisfactory performance1 of a

student in the program. For example, one instructor may insist that all

startup exercise material be completed in jequence, each to an instructor

specified degree of accuracy. On the other hand, another instructor may

wish to leave the decisions as to the amount of practice and level of

mastery entirely up to the individual student. Clearly, the degree to

which a set of mastery criteria would be applied would also depend on the

relative importance of the simulation training activities within specific

training programs.

SIMULATION APPLICATIONS

RO and SRO Training Programs

The flexibility of the Control Data PLATO PWR training package allows

simulation of all types of startup or at-power Normal (Condition I)

operational maneuvers. PWR simulation activities are guided by written

text mateiials which, on an exercise by exercise basis, provide background

information, calculational procedures, examples, calculational worksheets

and simulation instructions. These exercises were developed and published

by the Control Data Education Company and Nuclear Associates International.

These published exercises were developed for a generic PWR plant and their

application is directed toward PWR training package familiarization. It

is expected that these published exercises will provide a generic basis

for traininq exercises which can be desiqned or adapted by individual

instructors to meet specific training needs.

PLA^O applications to training programs for RO and SRO licer, ,es include

both startup and power range maneuvers. The flexibility provided via

instructor developed IC files allows startup simulation to be performed

starting from the hot subcritical condition, all control rods in (less

shutdown banks, if desired), at any xenon concentration level and at any
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point in core life'. In addition to the experience gained through startup

simulations, students can be expected to utilize Operator Curve Book

information in the preparation of Estimated Critical Position (ECP)

procedures and Shutdown Margin (SDMI calculations. Students can also gain

experience in using Inverse Count Rate Ratio (ICRR, 1/M) plots for pre-

dict inq the point of criticality, as well as experience in recognizing

the just critical condition and the onset of nuclear (Doppler) heating.

Power range maneuvers and operational transients can be performed starting

at any power level with either equilibrium or non-equilibrium xenon-iodine

conditions. Typical power ranac maneuvers would include power escalations

from hot standby conditions (lOO'l load swing), load follow maneuvers, as

well as operational transients such as xenon oscillations. Power range

maneuvers may be performed with or without automatic rod control. As

previously mentioned, this PWR training package ha:5 the capability of

inp^tinn various Technical Specifications limits. Of specific interest

for at-power maneuvers are the control rod insertion limits and axial flux

difference (M) limits.

Use of the PLATO PWi< simulation training may be applied to license re-

qualification programs and may also bo used as the primary tool in an

operator oriented remedial training procram. This latter option could be

of significant benefit to utility training programs since some form of

additional instruction or re-training is often required as corrective

action for occurences of operator errors which result in the submittal of

NRC required Licensee Event Reports (LFIR's).

Control Familiarization of Non-License Support Personnel

The Control Data PLATO PWR training package is well suited for use as an

instructional tool for non-licensed plant and central office personnel.

This category includes those people who would not bo responsible for the

operation of a nuclear unit but who would, because of.'support

responsibilities, be required to have a good understanding or a working

knowledge of the reactivity characteristics, control, and operation of a
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nuclear reactor core. The primary group of persons in this category would

be non-licensed plant reactor engineers. Simulation training could pro-

vide these engineers with sufficient information and training experience

to more fully understand the complex interaction of plant systems with

core operation and to appreciate control difficulties associated with

various types of reactor maneuvers. Since startup physics testing and

miscellaneous special testing requirements are typically performed by the

reactor engineering staff, the benefit of simulation training for these

engineers could result in more accurate collection and reduction of test

data. Additionally, a better understanding of reactor response, in

conjunction with startup testing or special testing requirements, could

result in a more efficient and productive testing program which would

shorten the time required for the testing program and could therefore

increase the nuclear unit's availability.

Simulation training applications for other non-licensed personnel such as

central office engineers, and non-operations plant personnel (chemist,

instrumentation and control technicians, etc.) would be dictated by their

need for a better understanding of the operational characteristics of a

reactor. This need would depend on the individuals specific support

responsibilities with regard to the operation of the nuclear unit.

Operational Transient/Maneuver Optimization

Simulation training techniques may be adapted for use on specific training

needs where the training requirements are centered around optimization and

not familiarization. Since most nuclear plants are base loaded units and

have reasonably high availability factors, many operators do not have

adequate opportunities to perform such standard and/or non-standard

maneuvers as EOL startups, load follow maneuvers, special testing maneuvers,

and xenon oscillation transients for which they were previously trained.

Use of the PLATO PWR training package would help licensed operators to

prepare for such maneuvers by performing equivalent simulations prior to

actual maneuvers.
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This pro-maneuver approach is obviously not applicable to all types of

plant maneuvers since often very little advanced notice is given for these

operational variations. However, a periodic "refresher course" program

could be utilized to maintain licensed operators =t their performance

peak. Such a program could be used to emphasize the optimization of

several kev parameters such as time, xenon, and boric acid and water

volumes. An example for such an optimization course would be the

effective utilization of xenon during an EOL startup (following a trip)

to minimize the boration and dilution volumes required to bring the unit

back to power.

FUTURE PLATO SIMULATION EFFORT

The current PLATO PWR training package contains the Westinghouse PWk

dynamics simulation and associated generic courseware. A major emphasis

will be plaC'.-d on further defining the utilities nuclear training needs

such that a comprehensive training program based on the current PWR

training package can be outlined.

Proposed development in the areas of PLATO simulation is currently

directed toward the expansion of the PWR training package to provide

simulation capability for both BSW and CE PWR's. Effort is also being

proposed for the development of a steam generator dynamics simulation

which would be used to provide instruction on steam generator level

control during startups. Development of a BWR reactor dynamics simulation

is partially completed. It is intended that these additional efforts will

be completed through a joint effort involving the utilities, NAI, and the

Control Data Education Company.
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SUMMARY

Simulation techniques are extremely desirable for training in high

technology subjects. The PLATO system's simulation capabilities can teach

nuclear reactor operational concepts with or without requiring the student

to have an understanding of the complex mathematics associated with the

operational characteristics of a nuclear reactor.

The PLATO-based PWR training package can at its current stage of

development provide simulation training for a variety of training needs.

The proposed additional development of the simulation package itself along

with feedback from nuclear utilities regarding training needs will help

to establish the long term goal of providing a comprehensive nuclear

facility training program. This comprehensive training program would rely

heavily on PLATO simulation training in order to increase the overall

effectiveness of the training program and to optimize and possibly

minimize the requirements of costly full scale simulator training.
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INNOVATIONS IN MANAGEMENT AND ENGINEERING TECHNIQUES
FOR POWER PLANT SIMULATOR DEVELOPMENT

I. Hay
J. LaGaipa
R. Wassberg

ABSTRACT

Ihe management and engineering of power plant simulator
development have manifested vital trends which are charac-
terized by progressive application of automation, system-
atization, and centralization. This paper describes some
of the more significant specific developments which have
caused power plant simulators to evolve into constantly
more useful and efficient tools for operator training.

INTRODUCTION

The trend of application of automation techniques to the performance of
rianagement and engineering has been visible for several decades. Com-
puters have proven themselves to be unprecedented in their capabilities-
foe these purposes. In fact, the very same computers which are incor-
porated into a training simulator may be used as tools for both the
management and the engineering of the simulator.

Systematization of management and engineering has led to the unfolding
of "top-down" doctrine and practices over the past decade. Examples
include phased development of projects, hierarchical structuring (alias
modularity) of software and documentation, and top-down development of
plans and designs. Progress has been notable, especially in the emerg-
ing discipline of software engineering, which is gradually adopting the
terminology and philosophy developed long ago in systems engineering
and hardware project management.

In some cases systematization takes the form of centralization. This
option has been attractive whenever it has been observed that many sim-
ilar things are handled in a decentralized manner but that they could
be brought together in one place or one function in the interest of
greater efficiency.

The EAI system for management of all activities associated with the de-
velopment of power plant simulators has a number of advantageous fea-
tures which will be recounted.



440

EAI uses a matrix organizational structure. Responsibilities are class-
ified into two categories: "project" and "functional". The "project"
type of responsibility is one which applies to only one simulator pro-
ject. "Functional" responsibilities are those which apply to all pro-
jects more or less alike. Each project has its organization chart, and
there is also a functional organization having a chart of its own.

The advantages of a matrix organization for the management of simulator
development include:

Project personnel can focus all of their effort and concern upon
the success of one project. They provide the customer interface,
systems engineering, scheduling, and cost accounting functions,
and ensure that all support services are available as required.

The functional organization provides highly qualified technical
personnel for the implementation of the software and hardware.
It ensures the carry over of proven technical solutions from one
project to another. It is also concerned with product develop-
ment, standardization, etc.

It provides an inherent system o.c checks and balances by provid-
ing high visibility through the "matrix" for upper management.

Personnel with exceptional ability can be given a variety of
challenging and stimulating assignments in one or both of the
two types of organization.

Even though management and engineering have enjoyed the foregoing ad-
vances together, they are not of equal interest her... It is the changes
in engineering •tfhich are making the more perceptibla changes in the
tools used for operator training. Therefore, the remainder of the paper
places emphasis upon innovative techniques in simulator engineering
which have apparent benefits in relation to development of training
simulators. Examples are: "Database Manager", "Symbolic", "Test
Station", and "Instructor Aids" Software.

Some innovative ideas originate bottom-up; however, implementation is
top-down. Project Engineers are urged to report shortcomings and/or
suggestions in existing methods and procedures. The proposals are
evaluated by the functional organization placing continual emphasis on
improving the operational environment for effective utilization by pro-
ject teams.

DATABASE MANAGEMENT

As an example of such improvements, EAI has developed sophisticated
data management control facilities that have the objective of organiz-
ing and centrally maintaining the high volume of interfacing required
on large system engineering projects. The interface may be inter-
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program, inter-task or inter-computer. EAI recognizes that the human
element involved in interfacing can be the root cause of many errors in
the development of large systems, and these are not easily detected
without detailed investigation that utilizes special resources and that
is expensive in cost and schedule. Therefore, as the underlying theme
of success, EAI adopted automation as the fundamental objective. The
primary data organization utilizes a top-down system structure to auto-
mate alignment of program communication, provide complete up-to-date
program documentation and also provide a simple means of Database
Management. The Database system is designed to allow editing of the
existing data structure without impacting interfaces that have already
been established, while at all times maintaining a well organized struc-
ture. Automated documentation of the database interface involved with-
in an individual module is an added plus to aid communication and to
provide current information.

The Database Manager is designed to be consistent with top-down system
development. It provides facilities to set up a skeleton framework
early in a program defining in detail the anticipated organization.
Then, as the program matures, system growth occurs utilizing editing
procedures having little impact on the existing structure. Top-down
development serves to smooth system development and interfacing.

The Database Manager maintains a disk-resident directory of the core
partition containing all system communication Information. It provides
a memory area that may be divided into "n" subpartitions such that the
total core utilized is considered a combined database area. Pictori-
ally we have an area of core divided by a disk-resident directory into
pseudo partitions; each partition defining a predetermined allocation
of data. See Figure 1.

The Database Manager is an offline "batch" process consisting of a
large command repertoire. Commands are available to accomplish in-
itialization, editing, logging, interfacing and maintainence of the
simulator database.

SYMBOLIC PROCESSOR

EAI's Symbolic processor communicates with the Database Directory to
provide a method through which a user can communicate in a symbolic
fashion. Symbolic provides a command selection opening a two-way
window through which the engineer or instructor may initialize state
variables, adjust constants and document the state of the simulator.

Functionally, Symbolic offers the engineer or instructor the ability
to examine and/or modify Database core memory using the representative
Symbolic name entered into the Database. The value found in core mem-
ory is interpreted and displayed in the proper data type and appropri-
ate engineering units.
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To satisfy a wide scope of user applications, Symbolic is designed to
allow individual access to blocked areas or special group assignments.
This feature has primary importance in the transition of Symbolic from
an engineer's debugging tool to a "tuning" language. To aid the smooth
transition, Symbolic has a powerful versatility to assign a wide range
of different input and output devices on command. Output may range
from conversational instructor communication to hard copy documentation
of the state of the simulator.

HARDWARE/SOFTWARE TEST CAPABILITY

In order to facilitate model checkout and provide visual readout of the
many variables associated with a given simulator, EAI has designed and
built a console that enables the modeller/test engineer to perceive
data in a format in which he is accustomed. This device, known as the
Test Station, provides direct analog or digital readout of any para-
meter within the model system database. Up to four (at present) analog
parameters may be observed in digital or analog format or both, depend-
ing on the user's preference. The digital display area provides a bit-
by-bit output which may be modified, on-line, during a simulation run.
Analog data may be modified via panel controls such that either the
mantissa or exponent value of a given variable can be set to a new
value independently.

The major benefit derived from the Test Station, is of course, a re-
duction in development cost due to shorter debug time. There are other
benefits. One example is the station's ability to display several vari-
ables to determine time relationship of computation in true analog
fashion.

The former can be considered of major importance to both the developer
and the buyer of a simulator. In the development of a given simulator,
a long time is required in the area of model merging and checkout. To
reduce this time benefits the buyer in the fact that he receives his
product sooner than predicted with less development cost. The latter
allows the developer to observe phenomena not normally seen in a "single
channel" environment. Correlation of multiple events occurring simul-
taneously in one's mind as a result of singly observed events provides
the developer with a false sense of operation. By being able to ob-
serve several simultaneous points, the developer obtains a "feel" for
the operation of the system and allows him to perceive possible errors
due to incongruent or divergent operations. Correction of factors
affecting computations can be made in simple manner via Symbolic and
a given test run can be repeated and observed via the Test Station.

Facilities have been provided in the Test Station for 16 channels of
analog recorders, assignable via Symbolic, for dynamic trending of
variables selected from the modelling database.
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INSTRUCTOR AIDS PROGRAMS

One o£ the basic rules in tae Instructor Aids area is to remember that
the Instructor may not necessarily be oriented in computer operations.
His primary duty is to instruct trainees, and this often means that he
spends little time at the Instructor's Console proper. Software pro-
gramming for the Instructor should take on a straight-forward approach.
A minimum amount of interaction should be required to establish or
change a set of operating conditions cor training. Emphasis has been
placed recently on efficient man-machJ. e interfaces, i.e., those that
require a minimal amount of computer knowledge to effect changes in
simulator operations. Styles of interface consoles have ranged from
operation with many pushbuttons to operation with very sophisticated
CRT-driven question/response. The preferred style seams to fall some-
where in between some pushbuttons and some conversational interfacing.
Simple, direct operations such as time scale selection, simulation
"freeze" and so-called "instant replay" can normally be dedicated to
pushbutton operation. More complicated processes such as Data Over-
ride, External Parameter Modification and Malfunction Selection are
best accomplished via a conversational interface. The above mentioned
conditions usually involve a selection and modification of operating
criteria. Malfunctions usually run in the hundreds, giving rise to a
"menu" selection technique. EAI has taken a stance on the "middle"
approach, offering the user the best of both worlds. In addition,
features such as data trending of parameters selected from the model
database provide an insight for both the instructor and trainee on
variations in normally "hidden" parameters. These parameters contrib-
ute to the visual data the trainee sees but may not always be used in
the final evaluation of operation problems that may arise.

SUMMARY

Thus, by recognizing the trends toward automation, systematization, and
centralization, EAI has been able to develop the managerial and engi-
neering techniques discussed and apply them to the production of power
plant simulators. The result has proven to be substantially beneficial
to the user.
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PERFORMANCE MEASUREMENT SYSTEM FOR TRAINING SIMULATORS

J. C. Praskievicz

E. J. Kozinsky

ABSTRACT

In May 1976, EPRI initiated a research project, RP7&9,
"Performance Measurement System for Training Simulators," to
design, install, and test run on the Browns Ferry Nuclear
Power Plant training simulator, a system capable of automatic
recording of statistical information on operator action and
plant response. Four exercises were developed in the initial
15 month phase: reactor criticality, plant startup, scram
from high power, and main steam isolation valve closure. Key
variables and actions suitable for monitoring by the training
simulator computer were identified and programmed for opera-
tor actions that the computer could not monitor, checklists
were prepared in a format that minimized the subjectivity of
the instructor's evaluation. Since that time, the programs
have been refined significantly.

The performance measurement system is expected to become
a useful tool for future EPRI research projects. However,
the cost of training simulator time is high; to keep research
program costs reasonable, the measurement system is being
designed to be an integral part of operator training programs.
Furthermore, enthusiastic cooperation in the development and
improvement of the measurement system can be expected from
the training staffs if they see the system as being directly
useful in the training programs.

ORIGINS

Three studies played important roles in starting this project. The

first was the Reactor Safety Study, WASH-1A00, which, in one section,

performed a human reliability analysis to estimate the influence of human

errors on the unavailability of various safety systems and components.

The principal author of that section, Alan D. Swain, made the following

complaint:
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"An actuarial data base for human error rates in nuclear
power plants does not exist. Although the AEC does collect
information on human errors associated with abnormal power
plant incidents, the data are not generally in a form usable
for human reliability anaylsis." (p. 111-59)

It was Or. Swain's view (communicated separately) that a wel1-designed

simulator based performance measurement system could help provide a

satisfactory data base.

A second precursory study was performed under EPRI project RP501,

"Human Factors Review of Nuclear Power Plant Control Room Design". In

that study the human factors aspects of five representative nuclear

power plant control rooms were evaluated using such methods as a check-

list guided observation system, structured interviews with operators and

trainers, direct observations of operator behavior, task analyses and

procedure evaluation, and historical error analyses. The human factors

aspects of design practices were illustrated, and many improvements in

current practices were suggested.

The situation selected for analysis at the four PWR simulators

visited was a steam generator tube leak or rupture. The emergency

hypothesized was a leak that eventually required shutdown but was

preceded by diagnostic activity and control action to avoid an immediate

emergency trip. At the BWR simulator investigated, the subject for task

analysis was a reactor vessel feedwater valve controller failure in

which the controller failed open. The researchers found that the

specific sequence of events was different in each simulation run because

of the interdependencies of system variables and operator actions, and

because of differences in operator actions allowed within the generalized

procedures. They had difficulty with completely and accurately recording

the variable values, plant conditions, and operator actions during the

fast-moving sequences. The study team recommended that any future task

snalyses on training simulators be made with the assistance of the

simulator computers for event documentation.

The third precursory study was performed by the Simulation Products

Division of the Singer Company for EPRI, covering the following tasks:



447

- Surveyed automated simulator performance practices, past

and present, in the U.S. and foreign electric utility

industries, in the aerospace industry, and in the U.S.

mi Iitary;

- Identified options of which parameters are to be recorded

and in what format records are to be stored;

- Investigated the type of simulator hardware and software

modifications which are necessary to implement the

performance measurement system;

- Developed an estimate of the cost and simulator downtime

which would be required to install a performance measure-

ment system.

The present project is a direct follow-on to that feasibility study.

Description of Measurement System

With need and feasibility established in the above studies, in May

1976 EPRI contracted with General Physics Corporation to implement the

performance measurement system for four drills on the Browns Ferry

training simulator.

The function of the performance measurement system is to collect

and evaluate simulator data. Figure 1 illustrates the systems operation.

During the conduct of a simulator exercise all control room data (meters,

annunciator lights, switch and knob positions) are collected by a data

collection program and stored on magnetic tape. This occurs concurrent

with the normal operation of the simulator (i.e., "on line"). The data

collection program is added to the basic simulation program to accomplish

this data collection. This program must be written in assembly language

for the Browns Ferry simulator, as that language is used in all the

simulation programs on the simulator.

At the end of an exercise, there is a complete and permanent record

of all the simulator data that was represented during the exercise. This

data can then be used to compile any of a number of different types of
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printouts through the use of different computer programs. These programs

are implemented "off-line", i.e., when the simulator computer is not being

used to drive the simulator, or evaluation of the data can be done on a

computer other than the one at the simulator. The evaluation programs

are written in Fortran for ease of discussion, debugging, and transfer

to other simulators or computers.

Evaluations for Training

Two evaluation programs are designed primarily for use by the

simulator training staff, the event chronology and the error summary.

The printouts contain listings of errors made by the operators; the

computer has been programmed to watch for errors considered by a group

of operators, trainers, and human factors researchers to have a signifi-

cant chance of occurrence.

PMS Implementation

The second phase of EPRI research project RP769 is to implement the

Performance Measurement System on all simulators at the TVA Training

Center, Daisy, Tennessee - Browns Ferry (GE-BWR) , Sequoyah (W-PWR), and

Cumberland City (fossil). Additionally, the PWR exercises will be

adapted to Duke Power's McGuire simulator.

EXERCISES

Selection

The Utility Advisory Group (composed of utilities which own or have

on order a nuclear power plant, training simulator) met in June 1978 and

selected ten exercises for development on the Browns Ferry BWR simulator

and ten for the Sequoyah PWR simulator. The exercises selected are

1isted in Tables 1.

During 5378, the scope of the project was extended to include the

development of ten exercises on the TVA Cumberland Steam Plant simulator.
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Because of the different interests and emphasis with fossil generation,

compared to nuclear, a Fossil Utility Advisory Group was formed to advise

this extension. As a result of that group meeting in December 1978, ten

exercises were selected for development on the Cumberland City simulator.

Those exercises are shown in Table ].

The exercises selected for development were designed to provide a

balanced mix to support several different goals of the project. First

was the requirement to support regular training in normal evolutions,

normal but infrequent evolutions, accident events, and specific licensing

requirements. Additionally, the mix of exercises is designed to support

research in the areas of operator reliability, safety functions, and

selection testing. The exercises selected represent a balanced attempt

to meet all these objectives.

Development

The Electric Power Research Institute project has been expanded to

develop Performance Measurement System (PMS) programs for a total of

forty exercises on the Browns Ferry, Sequoyah, McGuire, and Cumberland

simulators. In order to accomplish this development in an efficient,

uniform fashion some standard format and progression for exercise

development is required. The following instructions detail the steps

involved for the development of an exercise to the point where it is

turned over to the programmer:

Exercise Definition

The development of an exercise must start with a clearly defined

idea of what plant evolutions are to be involved. The exercise must

cover a discrete facet of plant operation suitable for evaluation and

compatible with available initial conditions in the simulator. Ideally

the exercise will follow operating and emergency procedures with a

single correct path of operator actions which delivers the plant in the

desired condition (i.e. Reactor Startup). Be alert for steps in which

there are multiple paths to accomplish a given requirement. Those cases

must be specifically noted in order to account for that variability of
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action in the programming.

Exercise Description

A. Operator Actions.—The operator/instructor providing the

initial input for the exercise development must think through

the selected exercise and follow it through the procedures to

develop a complete list of all Operator Actions which are

expected or required. This must include every switch manipu-

lation performed by the operator in the conduct of the

procedures.

B. Controlled Variables.—The operator/instructor next must

define each plant parameter over which the operator exercises

manual control during the exercise such as pressure, level,

temperature, etc.

C. Milestone Events.--Next consider any significant milestones in

the procedure/exercise which should be noted. If in doubt,

list it. This should cover such things as:

Commenced rod withdrawal, shifted to automatic,

reactor critical, turbine paralleled to grid, etc.

This list should also include a note on how the milestone can

be detected on the simulator.

D. Error List.—The next stage of development is perhaps the most

difficult. The operator/instructor must now go through the

proposed sequence of events in the exercise and identify every

potential error in the student operators sequence of actions.

To make it manageable, list only reasonable errors for the

given exercise, i.e., actions out of sequence, wrong switch,

failure to , etc. Errors such as spilled coffee or

inadvertent manual initiation of Safety Injection are usually

inappropriate. To aid in programming, these errors must be

further grouped into System or Process designations with

amplifying data.
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E. Instructor Check List.—Concurrent with the development of the

above error list, compile a check list of operator functions

which cannot be detected from the recorded data. These

functions such as "check" and "verify" are important indicators

of operator performance which unfortunately cannot be monitored

by the PMS. This check list will serve as a guide for the

instructor to insure he notes these important actions are

accomplished.

Program Writing

With the listings of Operator Actions, Controlled Variables,

Milestone Events, and Error List, the programmer should be able to write

the Performance Measurement System evaluation program for the exercise

under development. Recognize of course that considerable liasion will

still be necessary to clarify unforeseen questions about the exercise.

Error Codes

To facilitate programming and later research data analysis, a

Uniform System and Process System was devised to code errors and events.

Where possible system or process designations are parallel across all

three simulators. The system code 1=7 refers to the Turbine/Generator

in all exercises. Similarly, error 21-2 (l-J) refers to the same

Reactor Water Level control error in all BWR exercises. This uniform

error coding is designed to make it easier to compare data between

exercises and between simulators by allowing analysis based on distri-

butions of the occurrence of "I" system errors and individual '"l-J"

errors.

Evaluation

i

Initial attempts at using the Performance Measurement System to

score operator performance met with severe difficulties. Although there

is general agreement that all errors are not equally significant, attempts

to scale errors, saying error X is worse than error Y met with consider-

able disagreement. The ranking of errors depends on many situational
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and personal variables which are perceived differently by various

judges. The result was significant variation in scaling between even

two judges for a given set of errors.

Pilot Approach

In the pilot development of the program, errors were assigned to

category A, B, C, or D based on probable consequences. Class A repre-

sented worst case safety related accidents while D ranged to include

very minor procedural errors. In addition to these four type groups, a

numerical rank ordering was assigned over the range 1 to 20 for use in

numerical evaluation of operator performance. This method generated

argument because of the roughness inherent in a k class or 1 to 20

scaling. Additionally, the scaling of safety related errors with

economic errors developed into a very sensitive issue.

Current Approach

To allow a finer classification of error and avoid the safety vs.

economic controversy, current efforts are to implement a multi-attribute

disuti1i ty seal ing. In effect the safety and economic considerations

are separated and a given error is ranked according to its consequences

in each of several areas considered individually. The areas under

development are:

A - Certain Safety Effects

B - Probable Safety Effects

C - Certain Economic Effects

D - Probable Economic Effects

E - Personal Consequences

A given error is not assigned as A, B, C, D, or E. Rather every

error has a disutility (or adverse consequence) in each area.

Example -

Error - Failure to pull rods when loading turbine.

A B C D E

0 2 0 3 1 = 02031 '
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Meaning - 0 - No definite safety violation.

2 - Potential violation of tech spec (temp limit).

0 - No definite cost.

3 - Potential trip •*• 1 hr delay -> $10 K.

1 - Negative comment by Supervisor.

This method, devised by Dr. Thomas Sheridan of MIT, is designed to

allow a classification of errors without requiring an apriori ranking of

the safety and economic consequences, while allowing later statistical

evaluation of consequences in all areas. Extension to fossil operators

will require modification of A and B categories. The system is quite

complex and a detailed explanation will not be attempted here.

This "multi-attribute" method of categorization provides more

information than a "single attribute" method in which a given error can

be in only one category. The computer can search the error data for

those errors which are at or above a certain level on one scale while

at the same time at or above a certain level on another scale, etc.

Further, by judging bo_th_ "certain" and "potential" consequences as

above, we get estimates of both the upper limit and the 90th percentile

of a distribution, enough to specify the shape in the critical range of

the consequence-frequency distribution associated with the given error.

For "personal reputation" errors such specificity does not seem warranted.

Data Collection Architecture

The initiation of the data collection program causes the following

dynamic evaluation of the Input/Output variables. Every second the

computer forms a data string consisting of all Digital Outputs (DO),

Analog Outputs (A0), and Analog Inputs (Al), collected once during that

second, and all Digital Inputs (Dl) formed from a logical "or" of the

A previous quarter seconds of those Dl's. The "Data string" is then

compared to a reference string and if any Dl or DO changes during t'hat

second, or if there is a 3% (full scale) change between the reference and

analog values, th. data string is written on magnetic tape. If the data

string is written to magnetic tape, the entire Dl and DO section of the
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reference string are replaced by their corresponding values in the data

set. If any Al or AO in the reference string differs by more than 3%

from the value in the data string, that specific value is replaced by

the data string value. To avoid once per second data collection, certain

multipoint recorders and process computer lights have been masked from

the comparison, but are stored on the magnetic tape.

Data Collection Initiation

The data collection program is a self-contained assembly language

program which is initiated through push-button control at the instructor's

console. Simulator hardware relationships are shown in Figure 2. To

collect data, a magnetic tape is mounted on Magnetic Tape Drive #1, and

placed "on-line" at the "load" point. When data collection is desired,

the instructor depresses the "Par Print" button, located at his console.

This action causes the "Par Print" light, to be lit, and initiates the

data collection program. To terminate the data collection, the instruc-

tor again depresses the "Par Print" button which turns off the correspond-

ing light and causes an "End of File" to be written en the magnetic tape.

The data collection program is then ready to collect data for another

scenario.

Data Collection Attributes

The current data collection program provides significant advantages

over previous data collection for the following reasons. First, the

instructor now maintains control over the data collection, determining

when and for how long to collect data. Secondly, "Backtrack" and

"Freeze", two important instructor's toois, are available during the

data collection process. Thirdly, the data compression described in the

architecture section permits the data collection program to be active

for longer periods of time. Currently, a »̂:1 data compression has been

realized, however, because of the dynamic nature of the compression,

more active scenarios have less data compression.
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Minicomputer Evaluation

To evaluate the data collection tape in a reasonably short time

after simulator performance, and the return of those results to the

instructor was a cornerstone of the Performance Measurement System (PMS).

The TVA computers could not perform background processing of the data

tapes concurrent with the simulator training. Therefore, to do the

evaluation required the reconfiguration of the computer from simulation

to the Real Time monitoring mode, the evaluation of the data tape, and,

finally, the return to the simulation mode. Additionally, because the

simulators were in use for most of the day, the time available to

evaluate data tapes or to write the evaluation software programs was

extremely limited.

To resolve those problems, a mini-computer with a disc operating

system which could be programmed to read the data tapes and evaluate

the results was purchased. A Digital Equipment Corporation (DEC) 11-3**

machine with a magnetic tape drive and two 5 Megabyte discs was chosen.

The DEC machine was purchased principally because of its widespread

usage and its capability with the McGuire simulator (also a DEC machine).

The principal advantage of the new system is the ability to

evaluate a data tape immediately after exercise completion. Additionally,

other advantages have been evidenced including instructor control of

the evaluation program, and a generalized file structure for errors and

events, and the capability for data storage and analysis.

The interactive nature of the disc operating system, coupled with

an indirect command program structure permits a simulator instructor to

sit down at the computer and determine which evaluation program to run.

The indirect command file leads the instructor through those steps

necessary to start the evaluation, and performs checks to insure that

the instructor correctly utilizes the system. In this way, the need for

technical assistance to perform the evaluation is avoided. The indirect

command file is so general that it permits all simulator instructors to

utilize the same program but performs different branches depending upon

the simulator type (BWR, PWR, or FOS) and the scenario to be evaluated.
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The file structure of the DEC machine has also allowed filing by

system and simulator, all expected errors in all the scenarios. These

errors are in the code previously described. Sample error files are

shown in Table 2. This format removes the tediousness of rewriting the

same message for different scenarios, permits the access of errors

across scenario boundaries and saves significant computer memory during

evaluation. In addition to storing the error messages, five elements

of a multi-attribute list are stored with those error messages. In this

way, the occurrence of an error (system number and error number) within

that system, provides a direct pointer to that error message and multi-

attribute description of the severity of that error.

In a similar manner, all exercise evaluation programs have been

stored in separate files, each accessed by the simulator type and

exercise number. Therefore, the identification of that simulator and

exercise scenario, in the indirect command file, is used as a pointer

to which performance measurement program is to be run. This file

architecture is also used in the proposed data-base structure, to

support the researchers, as shown in Figure 1.

TRAINING APPLICATION

Two evaluation programs are designed primarily for use by the

simulator training staff, the event chronology and the error summary.

The printouts contain listings of errors ir,aae Ly the operators; the

computer has been programmed to watch for errors considered by a group

of operators, trainers, and human factors researchers to have a signifi-

cant chance of orrurrence. A sample printout is shown in Appendix A.

The first portion of the printout is the event chronology. This

lists milestone events and errors in a chronological order. The second

part is an error summary, wherein errors are categorized by type error,

system, and number of occurrences. The performance summary, from the

pilot implementation program, has been deleted due to the aforementioned

disagreements. Until the complex, but statistically valid, multi-

attribute disutility scaling system is implemented; no grading is assigned.
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During the pilot implementation runs, the human factors researchers

debriefed each of the subjects. At the conclusion of the structured

interview portion of the debriefing, the test subjects were asked to

provide frank opinions regarding advantages and disadvantages foreseen

for the performance measurement system. This questioning revealed a

highly favorable attitude towards the purposes of the measurement

program. The major advantages highlighted were:

- The program gives the trainer another evaluation tool, one

which is more objective than the instructor. This tool

cannot be relied on too heavily since some subjective

observations made by the instructor, which cannot be mea-

sured by a computer, are important.

- An instructor is hesitant to tell utility management that

a trainee won't make it. The measurement system offers

a standard by which to make such a decision. If a trainee

consistently makes sixteen errors per exercise and the

norm is only one or two, then the instructor can use the

hard copy of the exercise results to convince the utility.

- Instructors may be influenced by their likes and dislikes

among trainees. There is a tendency to give the "nice

guy" trainee a break. Other trainees that you dislike may

be downgraded unfairly. An instructor also often equates

good performance with an operating style most like his

own; e.g., he operates the boards like I think I would.

An objective measurement system eliminates these factors.

- Instructors can disagree over the effectiveness of a

trainee. The computer could help settle such differences.

- The measurement system could pinpoint errors or deficien-

cies that the operator is not aware of. He can then avoid

these problems in the real plant.

- The measurement program may help us find out whether an

individual has supervisory capacity, whether he can make

decisions, and if he has confidence in himself.
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- The program may lead to layout changes on the board;

perhaps making more compact control boards.

RESEARCH APPLICATIONS

Data Base

General Physics Corporation is reconfiguring the PMS software to (a

read on a PDP-11 the time history tapes which are produced on the train-

ing simulators, (b) produce the training output on paper and (c) create

files of summary performance data for later analysis by several training

and research groups. The object of this task is to insure that the

initial data base structure is as convenient as possible for later

analysis processing. The purpose of this section is to present the

present requirements and design of a data base structure for PMS data

storage and evaluation.

The data base requirements are outlined in terms of (A) the type

of data, (B) the use of data, (C) data indexing for analysis and (D)

software functions for analysis.

A. Type of Data

Data will be derived from PWR, BWR, and Fossil Fuel Simulator

plant evolutions and training exercises with embedded CICD's and

additional task "complicating" factors. The complicating, or task

loading factors might or might not be inserted by an instructor to

keep a trainee challenged. The following kinds of data will be

created:

• Errors by system, specific error and time of occurrence.

• Multiple attribute profiles.

• Operator response time (and correctness) to alarms and events.

• Continuous variable performance.

• Sequence and time of all control manipulations.

B. Use of Data

As seen at this time, the data will be used for the following

purpose:
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• By Trainers for feedback immediately after the end

of a simulator training session.

• By Training Management (possibly) to evaluate class

performance and training program effectiveness.

• By Researchers for:

- Empirical measurement development and improvement.

- Human reliability analyses (N660).

- Control room design improvement.

- Operator selection studies.

C. Data indexing for Analysis

The training feedback output has been developed (for initial

purposes) and is beyond the scope of this paper. An initial list of

data indexing requirements for analysis by researchers has been

proposed. These requirements show the number of different ways that

data need to be subdivided for analysis. Therefore, the data base

access and indexing requirements are defined, and the data base

structure and file architecture should make it convenient to do so.

The potential requirements for data base access and indexing for

training management use have also been proposed. These requirements

are introduced because of past experience. When the benefits of data

on each simulator run are discovered, and trainers have confidence

in the system, then the training community will suggest other uses of

the system. The data base structural design should recognize this as

a possible future requirement so it will be convenient to incorporate.

D. Software Functions for Analysis

Data processing requirements can be divided into four major

functions, (I) performance measurement evaluation (2) file status

and management (3) analysis preparation and ft) data analysis.

The performance measurement evaluation programs exist at this

time and perform the necessary analyses and calculations to read the

time history tapes and exercise text files and generate the training

output. It is planned to upgrade these programs further to allow



460

extraction of specific data and provide additional inputs such as

instructor comments.

File status and management programs are being developed to

perform the obvious tasks of managing and organizing the massive

file structure. Security must also be provided to determine who

can do what with which files.

While performance data are collected and stored in output files

sequentially, analysis programs require data to be organized in

arrays by dependent, independent and covariables. The purpose of an

analysis preparation program is to organize the data for each

specific analysis and they might call the analysis program as a sub-

routine.

Data analysis programs will either read data from core or from

disk files and produce listings of results. Available or required

programs will need to be reviewed by each researcher to establish

specific needs.

Many of the analyses are available in pre-programmed statistical

packages that can be purchased at significantly less cost than pro-

gramming them from scratch. There are some cautions, however. Each

of the more popular packages contain slightly different features and

standard disclaimers (i.e., use at your own risk). There are many

different models and experimental designs that are assumed (or

employed) by these canned programs and there are some features (such

as Ridge regression and removal of effects of repeated measures) that

are not included.

The selection and implementation of data analysis programs will

be an ongoing task in itself. The issue of data analysis programs

is raised here only to preview the possible requirements so that our

whole processing approach is organized, and the work on data file

structures will be done with an eye toward the upcoming requirements.
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N-660

One of the tasks of the project is to collect data to support

development of the American National Standard "Criteria for Safety-

Related Operator Actions", usually referred to as the ANSI N-660 Standard.

In support of this task the project team has followed the evolution of

the standard, attended several working group sessions and presented to

that group the potential and limits regarding use of PMS data to support

N-660. The current mood is that the standard must spring from some

objective data in order to be accepted. The current EPRI research project

and a similar, more limited, effort by Westinghouse currently afford the

only sources of such data. Final standard development will be keyed to

data collection in those projects or require a retreat to subjective

estimates.

Exercise selection for the project adequately supports this task

with major accidents being studied on both BWR and PWR simulators.

Additionally, the Development of Casualty Identification and Control

Drills (CICD's) will provide a useful data base for this task area. The

goal is to provide initial statistical data to the committee by late

spring 1979.

Watts Bar FSAR

A correlary to the N-660 involvement is a possible application of

project PMS data to resolution of an NRC question on TVA's Watts Bar

Nuclear Plant Final Safety Analysis Report (FSAR). The question concerns

operator response time to a loss of Component Cooling Water to Reactor

Coolant Pump oil coolers with the danger of subsequent pump overheating

and rotor bearing seizure. If operator intervention is disallowed in

the analysis for a period of 30 minutes, the current NRC leaning on

operator action, the Reactor Coolant Pumps must be designed and tested
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to operate for that period without failure or additional automatic

protective functions must be initiated by the loss of Component Cooling.

Initial tests indicate operator diagnosis and response occurs within

about 2 minutes. It is hoped a data base can be assembled to indicate

the unreasonableness of the 30 minute limit.

Edison Electric Institute Selection Study

The Performance Measurement System will be used as a validation tool

in a large operator selection study conducted by Personnel Decisions

Research Institute under Edison Electric Institute funding. Additional

work by consultants on the EPRI project deals with application of a PMS

to a minicomputer driven part-task simulator for possible selection

testing applications in addition to part-task training.

U. S. Navy

Recognizing the unique advantages of a computer based Performance

Measurement System as a training evaluation tool, the U. S. Navy is

negotiating for installation of a PMS on their Fast Frigate 1200 psi

Steam Plant Simulator, Especially attractive in that environment of

high personnel and instructor turnover is a standardized, objective, hard

copy evaluation to uniformly access trainee performance and training

program effectiveness.

SUMMARY

In summary the Performance Measurement System promises to be a

valuable tool for assisting the staff on all types of training simulators.

Further, it provides unique opportunities for data collection on many

facets of operator-system interface for research, design, and regulatory

applicat ions.



Table 1 . Exerciseb for Development

BWR

1 . REACTOR SCRAM

2 . REACTOR STARTUP

3. PLANT STARTUP

k. MS IV CLOSURE

5 . EMERGENCY SHUTDOWN

6. LOCA (SMALL BREAK)

7 . LOCA (LARGE BREAK)

8 . PLANT SHUTDOWN

9 . FEEDWATER MALFUNCTIONS

10 . RECIRCULATION PUMP TRIP

PWR

1 . REACTOR TRIP

2 . REACTOR STARTUP

3- TURBINE STARTUP

*t. FEEDWATER STARTUP

5 . STEAM GENERATOR TUBE
RUPTURE

6. LOCA

7. OVERALL PLANT STARTUP

8. SOLID OPERATION

9. POWER OPERATION CVCS

10. POWER ESCALATION

FOSS IL

1 . UNIT TRIP

2. BOILER STARTUP

3. TURBINE STARTUP

4. UNIT STARTUP (TO 400 MW)

5. LOAD ESCALATION (FROM 400 MW TO
1300 MW)

6. LOAD REDUCTION (FROM 1300 MW TO
i(00 MW)

7. UNIT SHUTDOWN (FROM *»00 MW)

8. LOSS OF MAIN FEED PUMP

9. LOSS OF PRIMARY AIR FAN

10. TUBE LEAK

.p-

bo
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Table 2. Sample BWR Error Files

08. BWR — RHR SYSTEM

1XXXXXFAILED TO START A RHR PUMP.
2XXXXXFAILED TO START THE CORRESPONDING RHRSW PUMP.
3XXXXXFAILED TO OPEN THE SUPPRESSION POOL SPRAY AND RECIRC VALVE.
AXXXXXFAILED TO POSITION RHRSW HX FCV FOR 3000 GPM (INITIAL).
5XXXXXFAILED TO OPEN THE SUPPRESSION POOL RECIRC AND TEST ISOLATION VALVE.
6XXXXXFAILED TO STOP B, AND D. RHRSW PUMPS.
7XXXXXFAILED TO SATISFY CONTAINMENT SPRAY SWITCH INTERLOCK.
8XXXXXFAILED TO STOP THE CORE SPRAY PUMPS.
9XXXXXFAILED TO STOP SOME LPCI MODE PUMPS.
10XXXXXFAILED TO START THE RHRSW PUMP PRIOR TO OPENING THE HX OUT VLV.
11XXXXXFAILED TO MAINTAIN PROPER RHR FLOW IN SUPP POOL COOLING MODE OF OPERATION.
12XXXXXFAILEC TO PRESS RHR RESET PUSHBUTTON FOR CONTAINMENT SPRAY.
13XXXXXFAILED TO USE PROPER RHR LOOP.
1AXXXXXFAILED TO OPEN INBOARD CONTAINMENT SPRAY VALVE.
15XXXXXFAILED TO OPEN OUTBOARD CONTAINMENT SPRAY VALVE.

12. BWR — NUCLEAR INSTRUMENTATION

1XXXXXFAILED TO SHIFT RECORDERS TO IRM FROM APRMS.
2XXXXXFAILED TO INSERT ALL SRM DETECTORS.
3XXXXXFAILED TO INSERT ALL IRM DETECTORS.
4XXXXXRECEIVED SRM HIGH ALARM.
5XXXXXRECEIVED IRM HIGH ALARM.
6XXXXXFAILED TO BYPASS FAILED SRM.
7XXXXXFA1LED TO SWITCH SRM CHART RECORDER TO OPERATIONAL CHANNEL.
8XXXXXFAILED TO BYPASS FAILED IRM.
9XXXXXFAILED TO BYPASS THE RWM.
10XXXXXFAILED TO BYPASS FAILED APRM CHANNEL.
I1XXXXXFAILED TO MAINTAIN IRM'S GREATER THAN DOWNSCALE TRIP.
I2XXXXXFAILED TO MAINTAIN IRM'S GREATER THAN 152.
13XXXXXFAILED TO MAINTAIN IRM'S LESS THAN %5%.
UXXXXXFAILED TO MAINTAIN IRM'S LESS THAN ROD BLOCK TRIP (108%).
15XXXXXFAILED TO MAINTAIN IRM'S LESS THAN SCRAM TRIP.
16XXXXXRETRACTED IRM DETECTORS.
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DATES25-SEP-78
RUN : 1
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T I M E

HR:MIN:SEC

E V E N- T O R E R R O R

OOJOOlOO START OF EXERCISE.

00:01:34

00:0i:35
00:01135
00:01I35
00:01:35
00:02:08
00:03134

STEAM GENERATOR TUBE RUPTURE INTIATED.

FAILED TO CONTROL STEAM GENERATOR *1 UATKR LEVEL < 38%.
RULED TO CONTROL S3TEAM GENERATOR #2 UATER LEVEL < 38%.
FAILED TO CONTROL STEAM GENERATOR #3 WATER LEVEL < 38%.
FAILED TO CONTROL S3TEAM GENERATOR #4 UATER LEVEL < 38%.
FAILED TO SELECT BOTH SOURCE RANGE RECORDERS AFTER P-6 PERMISS..
PLACES TWO ADDITIONAL CHARGING PUMf'S IN SERVICE.

00:04:41

OO: 04 .'41
00:04I41
00:06:57

COMMENCE POWER DECREASE.

FAILS TO ISOLATE SLOWDOWN (PRIOR TO POWER DECREASE),
REDUCED TURBINE POWER IN EXCESS OF 27. PER MINUTE.
FAILED TO MAINTAIN VOLUME CONTROL TANK LEVEL > 20%.

00:09!56

00:09:57
00:09:57
00J09:57
00:09:57
00:09:57
00!09.'57
00:09:57
00:09J57
00.'09.*57
OOJIOiOO
OO:iO:il

COMPLETE REACTOR SHUTDOWN.

FAILED TO SELECT MANUAL ROD CONTROL.
RETURNED STEAM GENERATOR #1 WATER LEVEL < 38%.

FAILED TO CONTROL STEAM GENERATOR #1 WATER LEVEL > 28%.
RETURNED STEAM GENERATOR *2 WATER LEVEL < 33%.

FAILED TO CONTROL STEAM GENERATOR *2 WATER LEVEL > 28%.
RETURNED STEAM GENERATOR #3 WATER LEVEL .: 38%.

FAILED TO CONTROL STEAM GENERATOR #3 WATER i-EVEL > 28%.
RETURNED STEAM GENERATOR *4 UATER I.EVl£u < 38%.

FAILED TO CONTROL STEAM GENERATOR *4 UATER LEVEL > 28%.
FAILED TO SELECT MANUAL FEED CONTROL.
FAILED TO MAINTAIN F:'RESSURIZER LEVEL ABOVE 25%.

00:10:26

00:10:26
00H0:26
00:10:26
00: :io:26
00:10:30
00:10:30
00:10:31
00:10:31
OO.'lO.Ml
00:12:42
00J13J19

TRIPS GENERATOR OUTPUT BREAKERS.

FAILED TO MAINTAIN STEAM GENERATOR #1 WATER LEVEL > 10%.
FAILED TO MAINTAIN STEAM GENERATOR *2 WATER LEVEL > 10%.
FAILED TO MAINTAIN STEAM GENERATOR *3 WATER LEVEL > 10%.
FAILED TO MAINTAIN STEAM GENERATOR #4 WATER LEVEL > 10%.

RETURNED STEAM GENERATOR *1 WATER LEVEL > 10%.
RETURNED STEAM GENERATOR #2 WATER LEVEL > 10%.
RETURNED STEAM GENERATOR #3 WATER LEVEL > 10%.
RETURNED STEAM GENERATOR *4 UATER LEVEL > 10%.

EXCEEDED A 100 HEG/HR. COOLDOWN RATE.
RETURNED COOLDOWN RATE TO < 100 DEG./HR..
RETURNED PRESSURIZER LEVEL ABOVE 25%.

00:13:41

00:14:23
00:16:03
00:16:42
00:17:19
00:i7{45
00:18:42
00120t42
00:22:42
00i23!02
00:38:1.6
00:40:58
00:43:22
00!58:43

COMMENCE COOLDOUN AND F'RESSURE DECREASE.

RETURNED VOLUME CONTROL TANK LEVEL > 20%.
FAILED TO MAINTAIN PRESSURIZER LEVEL ABOVE 25%.
EXCEEDED A 100 DEG/HR. COOLDOWN RATE.

RETURNED PRESSURIZER LEVEL ABOVE 25%.
FAILED TO MAINTAIN PRESSURIZER LEVEL ABOVE 2555.

RETURNED COOLDOUN RATE TO < 100 DEG./HR..
EXCEEDED A 100 DEG/HR. COOLDOUN RATE.

RETURNED COOLDOUN RATE TO < 100 DEG./HR..
RETURNED PRESSURIZER LEVEL ABOVE 25%.

ISOLATED UPPER-HEAD INJECTION ACCUMULATORS TOO SOON.
FAILED TO MAINTAIN VOLUME CONTROL TANK LEVEL > 20%,

RETURNED VOLUME CONTROL TANK LEVEL > 20%.
ISOLATED COLD LEG ACCUMULATORS TOO SOON.
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00:5814? AFFECTED GENERATOR ISOLATED.

oo:so:55 END OF EXERCISE.

0 0 : 5 8 : 5 5 FAILED TO SHUT MAIN FEED VALVE.
0 0 I 5 8 55 FA ILS TO SHIFT AUXILIARY STEAM SUPPLY TO * 4 STEAM GENERATOR.

P A T E : 2 5 - S E P - 7 8
RON: 1

E. R f O R S U M M A R Y

S T E A M G E N E R A T O R T U B E R U P T U R E

S £ 3 U 0 Y A H S I M U L A T O R

1. SYSTEM OPERATION

..!. CHEMICAL AND VOLUME CONTROL.
NUMBER OF ERROR
OCCURANCES

1 PLACES TWO ADDITIONAL CHARGING PUMPS XH SERVICE.

3. ROD CONTROL.
NUMBER OF ERROR
OCCURANCES

L FAILED TO SELECT MANUAL ROD CONTROL.

4. MAIN AND AULILIARY FEED.
NUMBER OF ERROR
OCCURANCES

I FAILED TO SELECT MANUAL FEED CONTROL.
1 FAILED TO SHUT MAIN FEED VALVE.

6. MAIN STEAM.
NUMBER OF ERROR
OCCURANCETS

L FAILS TO ISOLATE SLOWDOWN (PRIOR TO POWER' DECREASE).
1 FAILS TO SHIFT AUXILIARY STEAM SUPPLY TO *4 STEAM GENERATOR.

7. TURBINE AND GENERATOR (AUXILIARIES).
NUMBER OF ERROR
OCCURANCES

1 REDUCED TURBINE POWER IN EXCESS OF 27. PER MINUTE.
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9. SAFETY INJECTION.
NUMBER OF ERROR
'X'OJRANCES

1 ISOLATED COLD LEG ACCUMULATORS TOO SOON.
I. ISOLATED UPPER-HEAD INJECTION ACCUMULATORS TOO SOON.

11. ELECTRICAL DISTRIBUTION.
N O E R R U R S I N T H I S A R E A .

12. NUCLEAR INSTRUMENTATION.
NUMBER OF ERROR
OCCURANCES

1 Ffl[LF;ti ID SELECT BOTH SOURCE RANGE RECORDERS AFTER P-6 PERMISS.
II. PROCESS CONTROL.

21. PRESSURI2ER LEYEL.
NUMBER OF ERROR
OCCURANCES

3 FAILED TO MAINTAIN PRESSURIZER LEVEL ABOVE 25%.
3 RETURNED PRESSURIZER LEVEL ABOVE 25%.

22. PRESSURIZER PRESSURE.

N O E R R O R S I N T H I S A R E A .

23. R.C.S. TEMPERATURE.
NUMBER OF ERROR
OCCURANCES

3 EXCEEDED A 100 DEG/HR. COOLDOWN RATE.
3 RETURNED COOLDOWN RATE TO < 100 DEG./HR.,
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24. STEAM GENEPATOR LEVEL.
NUMBER OF
OCCURANCES

ERROR

FAILED TO CONTROL STEAM GENERATOR *l WATER LEVEL < 38%.
FAILED TO CONTROL STEAM GENERATOR #2 WATER LEVEL < 382.
FAILED TO CONTROL STEAM GENERATOR *3 WATER LEVEL < 3B%.
FAILED TO CONTROL STEAM GENERATOR *4 WATER LEVEL < 38%.
FAILED TO CONTROL STEAM GENERATOR *1 WATER LEVEL > 28%.
FAILED TO CONTROL STEAM GENERATOR *2 WATER LEVEL > 28%.
FAILED TO CONTROL STEAM GENERATOR #3 WATER LEVEL > 28%.
FAILED TO CONTROL STEAM GENERATOR #4 WATER LEVEL > 28%.

RETURNED STEAM GENERATOR *1 WATER LEVEL < 38%.
RETURNED STEAM GENERATOR *2 WATER LEVEL. < 38%.
RETURNED STEAM GENERA TOR.#3 WATER LEVEL. < 38%.
RETURNED STEAM GENERATOR #4 WATER LEVEL < 38%.

FAILED TO MAINTAIN STEAM GENERATOR *1 WATER LEVEL > 10%.
FAILED TO MAINTAIN STEAM GENERATOR *2 WATER LEVEL > lO/H.
FAILED TO MAINTAIN STEAM GENERATOR *3 WATER LEVEL > 10%.
FAILED TO MAINTAIN STEAM GENERATOR #4 WATER LEVEL > 10%.

RETURNED STEAM GENERATOR *1 WATER LEVEL > 10%.
RETURNED STEAM GENERATOR *2 WATER LEVEL > 10%.
RETURNED STEAM GENERATOR #3 WATER LEVEL > 10%.
RETURNED STEAM GENERATOR #4 WATER LEVEL > 10%.

25. STEAM GENERATOR PRESSURE.
N O E R R 0 R S I N T H I S A R E A
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THE ADVANCED CONTROL ROOM:

A NEW OPERATOR-PLANT INTERFACE,

A NEW SIMULATION CHALLENGE

G. H. Wanner

ABSTRACT

Power plant equipment suppliers are currently offering a
new type of control room wherein computer generated color
graphic displays replace much of the hardwired panel instru-
mentation. A full-scope simulator is ideal for training
contro] room operators in the proper utilization of this new
form of operator-platit interface. The advanced control room
concept and associated simulation approach developed and
successfully applied by The Singer Company through its Link
Division are discussed herein. Advanced control room simula-
tion capabilities, including output only and conversational
color video formats, format generation, plant monitoring,
plant performance calculations, and display system malfunc-
tions nre presented.

EVOLUTION OF THE ADVANCED CONTROL ROOM

With the increased size and complexity of modern power plants, the

nc'C-H for a more effective means of man-machine communication becomes

increasingly apparent. Previously utilized control room concepts, with

their complex array of meters, recorders, indicators and switches arranged

over a number of control panels, are found to be insufficient.

Increased operating costs and reduction of plant availability due to

operator error, even by well trained operators, point toward the need

to consider l.̂ man engineering factors in control room design. Logical

layout of process instrumentation on the control panels, following a

mimic of the individual system piping and instrumentation or one-line

diagrams, was attempted by some control room design engineers. This

approach, while improving the format of information display to the

operator, can have significant impact on control room size requirements.

Copyright © 1979 The Singer Company All rights reserved throughout the world
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Availability of appropriate hardware in the mid-1960's made possible

implementation of a computer system to assist the operator in monitoring

power plant status. Early applications included hard copy logging and

alarming functions as well as plant performance calculations to

aid in proper and efficient operation of the power plant. With the

advent of on-line computer generated color graphics, it became possible

to provide the operator with dynamic displays of plant computer output

on one or more color monitors mounted on or within the control room

panels.

Early applications of the computer to power plant monitoring

shared a common premise: Computer generated data and displays are

supplemental to existing control room instrumentation. The operator

could and, with early computer unreliability, often did control the

power plant without utilization of the plant computer system. Thus,

the problem of logical and effective presentation of plant and

equipment status to the operator was still not resolved.

In the early 1970's, a new control room concept was proposed

by several power plant equipment suppliers. This concept involves

substitution of a number of computer driven color monitors for a

significant amount of conventional control panel instrumentation.

One approach by which this substitution might be accomplished with

high reliability is illustrated in figure 1. The current status of

the power plant is sensed by conventional process monitoring equipment

which communicates with the computer system via remotely located analog

and digital interface equipment. Switching logic permits channeling

the power plant data, now in serial format, to either of two redundant

data monitoring and conversion processors which provide such functions

as testing of process data validity, conversion of analog input data

into appropriate engineering units, detection of alarm conditions, and

detection of analog input significant change. The pre-processed dvnamic

plant data is combined with static format information by either of two

redundant display formatting processors and placed in a form suitable

for interface with the display generation hardware. Using this

approach, it is possible to assign each control panel color monitor to a
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Fig. 1. Advanced Control Room Display System Block Diagram
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major power plant system, with the various display formats available for

that system predefined and stored in computer bulk memory. The types of

display formats presented on the control panel monitors are limited only

by display generator character generation capabilities. Display formats

can include presentation of plant system data on a mimic of the system

piping or one-line diagram, display of data in the form of bar or dot

graphs, and display of data trends over a time interval.. In addition,

selection of formats to be displayed on each system monitor can be

linked automatically to various plant operating modes (startup, turbine

warcnup, power operation, etc.) selected by the control room operator.

Thus, with proper choice of plant data display formats, the problem of

effective communication of plant status to the operator can be resolved,

A key requirement for a computer driven display system is reliabil-

ity. As shown in figure 1, a configuration control unit can be provided

within the display system to monitor hardware status and provide for

automatic selection of redundant equipment. Combined system display

formats can be pre-defined and stored in computer bulk memory for use

in the event of display generator and/or color monitor failure.

THE SIMULATION CHALLENGE

With the foregoing generic description in mind, let us consider

some of the characteristics of an actual advanced control room design.
g

The system described is the NUCLENET 1000 control complex being

provided by the General Electric Company for Public Service of

Oklahoma's Black Fox Nuclear Power Station, The Singer Company,

through its Link Division, is currently under contract to construct a

full-scope simulator of the Black Fox control room for the General

Electric Company. This simulator will be located at the General

Electric BWR Training Center adjacent to the Black Fox site.

g
The NUCLENET 1000 control complex consists of two major sub-

systems, the Display Control System (DCS) and the Performance

Monitoring System (PMS). The DCS provides control and generation

of the color video displays utilized primarily by the control room

@A trademark of the General Electric Company
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operator. Its basic operation is similar to that of the generic display-

system discussed in the previous section. Some important characteristics

of the L'CS ii.clude:

• Capability to accept a maximum of U00 analog and 300 digital

inputs from the power plant process

• 250 mi.llisecond response time as measiired from the time a

significant change occurs in a DCS input parameter to the time

that information is displayed for the operator's use

• 9 plant system groups, each assigned to a unique color monitor,

with up to 11 display formats for each system group

• Predefined assigiiment of display formats for 13 plant operating

activities selectable by the operator

• Alarm initiated displays to bring certain abnormal plant

conditions to the operator's immediate attention

• Storage capability for up to 100 display formats.

Several "types of display formats are provided within the DCS.

Within the formats assigned to each system group is a menu format, an

example of which is shown in figure 2. The menu format provides a

listing of all plant system variables displayed within the system group

together with an index to the group formats on which these variables

may be found. Figure 3 is i sample format taken from the Black Fox

feedwater system groivp. Note that the system dvnamic data is displayed

on a background consisting of a portion of the system piping diagram,

so that the operator can easily relate each parameter value to its point

of measurement within the system. Valve positions within the system are

indicated by the type of v'-j.lve symbol displayed. An open area at the

bottom of the display is provided for alarm initiated displays associ-

ated with that systera group. Figure k is an example of a graphical

display format from the neutron monitoring system group used for reactor

startup. The relative value of each instrument reading is provided

by a bar graph, while the- exact value is shown above each bar. Color

change of both the bar and its associated digital value is used to

indicate an alarm condition. Figure 5 shows a format used to monitor

reactor heatup or cooldown, and shows the trend capability of the



Fig. 2.

DISPLAYED VARIABLES

Typical Display Control System Menu Format
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TOTAL REACTOR JET PUMP FLOW
JET PUMPS A1/A2 FLOW
JET PUMPS B1/B2 FLOW

LOOP A/B JET PUMP FLOW
LOOP A/B SUCTION VALVE POSNS
LOOP A/B DISCHARGE VLV POSNS
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LOOP A/B FLOW CONTROL M/A STAT
MASTER FLOW CONTROL STATION
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RX WATER SAMPLE IN/OUT VLVS
BOTTOM HEAD DRAIN TtMP
RX HEATUP/COOLDOWN RATE

LOOP A/B BYPASS VALVE POSNS
PUMPS A/3 DIFF PRESS
PUMPS A/B SEAL CAVITY PRESS

LOOP A/B FLOW CONTROL VALVES
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LOOP A/B DRIVING FLOW
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Fig. 3. Typical Display Control System Group Format
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Fig. 4. Typical Display Control System Graphical Format
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Display Control System. Figure 6 is an example of a combined system

group format, which can be called up by the control room operator in

the event of a color monitor or display generator failure. This format

provides sufficient information to permit safe operation of both system

groups until the hardware failure is corrected.

The Performance Monitoring System, provides independent monitoring

of power plant processes, and includes alarm and logging functions as

well as plant performance calculations. The DCS and PMS computer

systems have a common memory interface, thus communication between the

two systems is facilitated. The PMS also provides support functions

for the DCS, including a format generation capability. Some other

important PMS characteristics include:

• Up to 102^ analog inputs and 201+8 digital inputs from the

power plant processes

• Operator communication with the PMS functions via a color

monitor and keyboard located in the NUCLENET control console

Two additional color monitors and a keyboard are provided in

the control room supervisor's console

• Video as well as hardcopy alarm display capability

• Sequence of events logging for up to 256 digital input points

• Capability to display plant data in user defined output

formats on the PMS color monitors

• 20 Nuclear Steam Supply on-demand functions including perfor-

mance calculations.

THE CHALLENGE: Design a cost effective simulation approach for

the NUCLENET 1000 control complex.

THE CHALLENGE MET

Prior to embarking on the design of an advanced control room

simulator, careful consideration must be given to:

• Simulation of the display and plant monitoring computer systems

versus "stimulation" of a duplicate of the computer systems

provided for the actual power plant

@A trademark of the General Electric Company
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• Development of display and performance monitoring software

versus use of software being provided for the actual power plant

• High level versus assembly language programming of the display

and performance monitoring system simulation software

• Numbers of display and performance monitoring system input

points to be simulated

• Data scan rates within the simulated display and performance

monitoring systems

• Scope of simulation for nuclear steam supply on-demand functions

(performance calculations)

• Simulated malfunctions within the display system.

Let us consider these points individually.

"Stimulation" of the actual power nlant computer hardware has

the advantage of providing a capability for training computer maintenance

personnel. Disadvantages of this approach, however, include the high

cost of the actual plant computer hardware, interface problems between

the simulation computer system and the duplicate power plant computer

system during such simulator functions as freeze, backtrack, and

initialization to a new set of plant conditions, and potentially long

lead times for procurement of the actua... ylant computer hardware. Due

to the requirements for a cost effective simulator design combined with

a short program schedule, simulation rather than stimulation was chosen

for the Black Fox display control and performance monitoring systems.

Use of the actual power plant display control and performance

monitoring software, at first glance, would appear to reduce the soft-

ware development cost for the simulator significantly. On closer

investigation, however, several problems become apparent. Unless the

actual power plant computer system is also utilized (the "stimulation"

approach previously discussed), interface problems will immediately

become apparent. The actual plant software is designed to communicate

with the power plant via analog and digital interface hardware. Using

this hardware for communication with the simulation computer system

would be difficult (one would need to simulate all types of different

process input voltages, currents, and resistances) and hardly cost
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effective. Modification of the software to function in a different

computer system with a high speed interface to the simulation computer

would be difficult and, in the case of assembly language software, would

likely require complete reprogramming. For these reasons, it was decided

not to attempt to use actual plant Display Control and Performance

Monitoring System software within the Black Fox simulator. This approach

also permits construction of the simulator significantly in advance of

completion of the actual plant software package.

Having made the decision to develop simulation software for the

DCS and PMS, the question of programming language must be decided.

Of the high level language compilers currently available for the SEL

32-55 computer system, chosen by Link for its power plant simulation

work, only the FORTRAN compiler has potential applicability. However,

much of the DCS and PMS simulation involves manipulation of logical

parameters and formatting of data for video display, with very fast

timing requirements. It was therefore determined that the most

practical and cost effective programming approach would use assembly

language for the major portion of the display and performance monitoring

system simulation software, with FORTRAN to be used only for the simulated

nuclear steam supply performance calculations. Ease of customer under-

standing of the assembly language program modules will be considerably

enhanced by the use of narrative flow charts incorporating structured

pseudo-code, closely cross-referenced to the program listings, within

the software documentation.

As previously described, the analog input capabilities of the display

control and performance monitoring systems are U00 points and 102^ points,

respectively, while the. digital input capabilities are 300 points and

20^8 points. Ideally, one would want to provide simulati . „ -apability

for all of these points. However, if a cost effective sim.. .or design

is required, a careful study of point simulation requirements must be

made. Since the design of each power plant system model is based, in

part, on the degree of available operator interface with that system,

all computer input points requiring full simulation must be specified

at the time of the simulator design data freeze. For the Black Fox
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simulator, identification of all Display Control System inputs was

available by the data freeze date. Having recognized that Performance

Monitoring System point identification would not Le available due to

the early state of actual Black Fox plant design, General Electric

specified the PMS point simulation capability baoed on preliminary

design information at 500 analog and 500 digital points in their

simulator design specification, with specific point identification to be

provided after the data freeze. General Electric also agreed that PMS

point identification would be consistent with the Link plant system model

design. Through close contact with the system model design engineers,

the General Electric Company liaison engineer resident at Link's facility,

a highly experienced BWR training instructor, was able to formulate a

list of PMS analog and digital input points within these guidelines

which will provide maximum operator training value.

Due to similarities in software implementation, data scan rates

specified for the actual plant Display Control and Performance Monitoring

Systems were found to be well within known simulation capabilities with

the exception of sequence of events recording. In the actual power plant,

sequence of events resolution extends down to 2 milliseconds. On the

simulator, resolution of event sequences is determined by the iteration

rates of the simulated system models. For the Black Fox simulator,

sequence of events resolution was defined to be 250 milliseconds.

The nuclear steam supply on-demand functions (core and plant

performance calculations) provided by the actual Black Fox Performance

Monitoring System are very extensive. Many of these functions require

complex numerical analysis of data obtained from the reactor core neutron

flux distribution to calculate parameters which are of primary interest

to the station nuclear engineering personnel rather than to the control

room operator. Recognizing this, Link performed a detailed analysis

of the core and plant performance calculations provided in the actual

plant and formulated a simulation approach which would provide maximum

training value to the control room operator while minimizing impact on

the core physics and thermohydraulic calculations. The performance

calculations incorporated in the Black Fox simulator PMS include:
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• Core thermal power and APRM calibration

• Thermal limit around a specified control rod

• Thermal data in a specified fuel bundle

• Core thermal limit estimate.

Evaluation of possible malfunctions within the Display Control System

is somewhat hampered by a lack of actual plant operating experience. The

system is designed to provide a high degree of reliability such that no

single failure will result in complete loss of display capability.

Following an analysis by Link and General Electric engineers, the

following DCS ma7functions were agreed upon for the Black Fox simulator:

• DCS Menu Select Failure - simulates failure of the menu select

pushbutton for one of the DCS color monitors such that the menu

format is always displayed. This forces the operator to acquire

information normally displayed on that monitor by using another

DCS monitor.

• DCS Display Generator Failure - causes static display of plant

parameters on all color monitors driven by that display generator

together with display generator failure indication on the DCS

configuration display. The operator is forced to acquire

information normally displayed on the affected monitors by

using the combined system display formats.

• DCS Common Bulk Memory Failure - causes loss of capability to

select any DCS formats, other than combined system formats, not

currently being displayed, together with failure indication on

the DCS configuration display. The operator is forced to continue

plant operation using the currently existing displays.

• DCS Data Acquisition Processor Failure - results in appropriate

annunciation of the failure and automatic shift to the redundant

processor with no loss of display capability. If the configur-

ation control logic is in "manual", all input points scanned by

the affected data acquisition processor are displayed as static.

• DCS Display Control Processor Halt - the malfunction simulates

a simultaneous failure of both display control processors,

causing all DCS displays to become static. Appropriate indi-



487

cation is provided on the DCS configuration display. The opera-

tor is forced to control the plant using limited data displayed

by hardwired instrumentation on the standby information panel
@located adjacent to and visible from the NUCLENET control

console.

With the Display Control and Performance Monitoring System simu-

lation scope defined, the simulator computer sys.em hardware and software

layout was developed. A block diagram of the Black Fox simulator computer

hardware is shown in figure 7, while figure 8 provides a simplified

functional diagram for the individual system components. The total

simulation task is logically divided between 2 computer systems linked

by a common memory interface. The plant simulation computer system

contains all software required for simulation of the Black Fox power

plant systems, together with software for control of the simulator status,

initialization of new plant operating conditions, and malfunction control.

The display and plant monitoring computer system, also designated as

the "master" computer, provides for simulation of the Display Control

and Performance Monitoring System functions. In addition, this computer

system also includes all software and hardware required for simulator

program development and debug, as well as format generation capability

for the simulated DCS and PMS. The shared core memory can be accessed

by either computer as well as by the simulator input/output interface

hardware. The status of the simulated Black Fox plant systems is

maintained in the shared core memory and continuously updated by the

plant simulation computer. The display and plant monitoring computer

system accesses this data base as required by the Display Control and

Performance Monitoring System simulation. The shared core memory also

provides the means by which the plant simulation software is loaded into

the simulation computer system from the disk object files.

SUMMARY

Use of a full-scope simulator has been proven effective for training

control room personnel in the safe and efficient operation of a power

@A trademark of the General Electric Company
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Fig. 7. Black Fox Simulator Computer System Hardware Block Diagram
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Fig. 8. Black Fox Simulator Computer System Functional Diagram
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plant. Having recognized this fact, the General Electric Company as well

as a large eastern Utility have contracted with The Singer Company, through

its Link Division, to construct simulators of nuclear power plants

incorporating the advanced control room design concept. Thorough analysis

of every new simulation challenge, as exemplified in the advanced control

room described herein, has enabled Link to maintain its world leadership

in the field of power plant control room simulation.


