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EVALUATION OF THE REVISED TRAINING PROGRAM
FOR SENIOR CONTROL ROOM STAFF:

SCIENCE FUNDAMENTALS AND EQUIPMENT PRINCIPLES

A report prepared by R.E. Jervis and G.J. Evans under contract

to the Atomic Energy Control Board

ABSTRACT

Canadian nuclear utilities have formed an Inter-Utility Working Group to revise their program

for training nuclear generating station senior control room staff, namely Control Room Operators

and Shift Supervisors, in Science Fundamentals and Equipment Principles. This report

documents the findings of an external review of this revision process, addressing, amongst other

topics, the process of revision undertaken by the Working Group, their outline of topics to be

included, and, the pertinence and comprehensiveness of the detailed training objectives identified

for two of the courses. The approach to revising the program being followed by the Working

Group appears to be reasonable insomuch that some training needs have been identified and used

to construct detailed sets of training objectives. However, as assessed by the consultants without

full documentation being available, some important steps appear to have been missed.

Specifically, much of the basis of the revision process has not been documented, neither has the

approach selected for the revision process, nor has any justification for not performing a CANDU

specific job and task analysis been offered. Furthermore, the Working Group has not yet

proposed any criteria for evaluation of the program or provided any test items. As a result, the

consultants have had to develop criteria for evaluation of the overall program and of individual

courses. These criteria were applied in a more detailed review of the training objectives for two

particular courses: "Plant Chemistry" and "Nuclear Physics and Reactor Theory". Many of the

training objectives for these courses were found to be too qualitative or ones that require trainees

to memorize blocks of information rather than develop in them an ability to arrive at conclusions

about scientific phenomena using principles and reasoning. This assessment indicates that the

training objectives are designed to achieve too low a level of cognition, inconsistent with

developing an adequate understanding of fundamental science in senior control room staff.



- IV -

RESUME

Les compagnies canadiennes d'energie nucleaire ont forme un groupe de travail (Inter-Utility

Working Group) pour revoir la formation sur les principes fondamentaux de la science nucleaire

et les principes de fonctionnement des equipements offerte aux employes cadres affectes aux

salles de commande des centrales nucleaires, soit les operateurs de salle de commande et les

chefs de quart. Le rapport presente les resultats d'un examen externe de ce processus de revision;

il examine, entre autres choses, le processus de revision a proprement parler, la liste des sujets

a inclure ainsi que la pertinence et l'exhaustivite des objectifs de formation detailles de deux des

cours. Le groupe de travail a suivi une demarche qui parait raisonnable aux experts-conseils, dans

la mesure ou il a reconnu des besoins de formation et, a partir de ces besoins, e*tabli des objectifs

de formation detailles. Les experts-conseils estiment toutefois, en s'appuyant sur une

documentation par ailleurs incomplete, que le groupe de travail a saute des etapes importantes.

En particulier, la raison d'etre du processus de revision et la me'thodologie retenue sont mal

documentees, et le groupe de travail n'a pas cru bon expliquer pourquoi il n'avait pas proce"de a

une analyse des postes et des taches propres au CANDU. En outre, le groupe de travail n'a pas

encore propose de criteres devaluation du programme ni fourni des elements de test. En

consequence, les experts-conseils ont du elaborer des criteres pour 1'evaluation du programme

dans son ensemble et des cours individuels. Us les ont utilises en particulier pour faire une

analyse approfondie des objectifs de formation de deux cours, l'un portant sur la chimie des

centrales et l'autre sur la physique nucle"aire et la theorie des reacteurs. Les experts-conseils ont

juge que plusieurs objectifs de ces cours etaient trop qualitatifs ou obligeaient les participants a

memoriser des blocs d'information plutot que de developper chez eux la capacite de tirer des

conclusions sur des phenomenes scientifiques a partir de principes et de raisonnements. Leur

evaluation indique que les objectifs de formation, tels qu'ils ont ete concus, ne permettent pas

d'atteindre un niveau suffisant de comprehension des principes scientifiques fondamentaux chez

le personnel cadre affecte aux salles de commandes des centrales nucleaires.

DISCLAIMER:
The Atomic Energy Control Board is not responsible for the accuracy of the statements made or
opinions expressed in this publication and neither the Board nor the authors assume liability with
respect to any damage or loss incurred as a result of the use of the information contained in this
publication.
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j_fgT OF ACRONYMS

AECB Atomic Energy Control Board (Canada)

CANDU Canada Deuterium Uranium (nuclear power reactor)

CRO Control Room Operator

ENTD Eastern Nuclear Training Department, Ontario Hydro

HQ Hydro Quebec

IAEA International Atomic Energy Agency (UN)

INPO Institute of Nuclear Power Operations

NBPOWER New Brunswick Electric Power Corporation

NNAB National Nuclear Accrediting Board (US)

NPP Nuclear Power Plant

NGS Nuclear Generating Station

NRC Nuclear Regulatory Commission (US)

OCD Operator Certification Division (AECB)

OH Ontario Hydro

SAT Systematic Approach to Training

SS Shift Supervisor

WG Inter-Utility Working Group

WNTD Western Nuclear Training Department, Ontario Hydro
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EVALUATION OF THE REVISED TRAINING PROGRAM
FOR SENIOR CONTROL ROOM STAFF:

SCIENCE FUNDAMENTALS AND EQUIPMENT PRINCIPLES

A report prepared by R.E. Jervis and G.J. Evans under contract

to the Atomic Energy Control Board

EXECUTIVE SUMMARY

The Canadian nuclear utilities have undertaken a joint project to revise their training program in

Science Fundamentals and Equipment Principles for Control Room Operators (CROs) and Shift

Supervisors (SSs). In view of the utilities' original plan to complete these revisions in 1995, the

Operator Certification Division (OCD) of the Atomic Energy Control Board (AECB)defined a

study to be done under contract in their 1994/95 and 1995/96 research and support programs to

evaluate the extent to which the objectives of the revised CRO and SS Science Fundamentals and

Equipment Principles program set by a Inter-Utility Working Group (WG), were adequate,

relevant and complete (see details of contract, Appendix 1).

The consultants were provided with draft training objectives for several of the Science

Fundamentals and Equipment Principles topics to be taught, exams previously set and

administered by the AECB, training guides from the US Institute of Nuclear Power Operations

(INPO), and some International Atomic Energy Agency (IAEA) guidelines on training. As

background to this study, a set of evaluation criteria had to be developed for this review and are

detailed in an appendix to this report. On the basis of the available documents and their

experience in designing and teaching chemical and nuclear science and engineering curricula, the

consultants have reached a number of conclusions about the revised Science Fundamentals and

Equipment Principles training program.

The consultants' main findings and recommendations to the AECB arising from their evaluation

are summarized as follows:
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(i) The process used by the Inter-Utility Working Group (WG) to effect revisions in the

Science Fundamentals and Equipment Principles program, in particular, their assessment

of training needs, has not been identified or justified in their program documents.

(ii) The WG should document its overall training philosophy and goals in order to clearly

define the basis of their program. For example, lacking such information, a reviewer may

conclude that the intent of the program is not to provide a basis in fundamental science

that is relevant to understanding and operating a nuclear generating station, but, rather

to instruct specific information that concerns all CANDU stations. Further, it appears,

based both on a review of many of the topical training objectives and from discussions

with members of the WG, that the WG considers that trainees need only achieve very

basic levels of cognition, namely, knowledge and comprehension. Little emphasis is

placed on the need for higher levels of knowledge application, i.e. analysis, synthesis and

evaluation. The consultants are of the opinion that a goal of CRO and SS training should

be to establish a framework in fundamental science adequate to develop in them the

ability to analyze, evaluate and rationalize information, in particular, that needed to deal

with abnormal operating conditions. Since the training philosophy and goals have not

been documented, it is not possible for a reviewer or the AECB to evaluate if they have

been applied consistently or not to the individual courses which comprise the proposed

program in Science Fundamentals and Equipment Principles.

(iii) The WG should document and justify the approach used to establish the CRO and SS

training needs. It is evident that a "Job and Task" analysis was not performed and that

a revised version of the (US) INPO No.83-022 "Guidelines for Training and Qualification

of Licensed Operators", i.e. ACAD 91-012, together with INPO 86-007: "Heat Transfer,

Fluid Flow and Thermodynamics Instruction" were the primary sources used to define

subject areas for the program. The validity of using the INPO-based subject area listings

to define the training requirements of CANDU SSs and CROs should be justified in terms

of their particular needs and responsibilities as compared to those of US NPP operators.

As well, additions and deletions made to the INPO guidelines to adapt them for CANDU

training should also be justified.
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(iv) The program appears to promote a qualitative rather than quantitative understanding. For

example, using problems and illustrations that require mathematics throughout the courses

would improve the rigour and exactness of the training. In our opinion, it is questionable

if such a broad range of material can be taught and its comprehension by trainees tested,

with so little mathematics.

(v) No test items had been generated for the revised training program by the time of this

review. An evaluation of the test items, once they are available - which may not be until

some date in 1996 - should assist a reviewer in ascertaining the depth of understanding

expected of trainees. The WG should define, for each subject area, the level of cognition

expected of the trainees and justify that level on the basis of the job requirements.

(vi) Based on a review of specific course objectives, the consultants believe that the Nuclear

Physics and Reactor Theory course is reasonably complete and pertinent. The list of

subject areas addressed in the course is appropriate for the training needs of the CROs

and SSs. In general, the training objectives indicate an emphasis on teaching fundamental

theory as opposed to applied information, an approach considerably different from that

of other training topics. However, additional objectives are required for some of the

subject areas; 17 such additions are listed in Appendix 4, part 2. In addition, the

objectives for 10 subject areas are incomplete or have objectives that are only marginally

relevant (Appendix 4, part 3). Finally, some training objectives require that the trainees

memorize information rather than develop in them the ability to arrive at conclusions

using scientific principles and reasoning; 11 objectives that should be revised to provide

a more deductive or a more quantitative approach are listed in Appendix 4, part 1.

(vii) The Plant Chemistry course, on the other hand, as judged by its training objectives,

contains virtually no fundamental chemistry concepts but instead starts at the level of site-

specific control chemistry for reactor systems which, for its comprehension, requires a

sound grasp of basic chemical knowledge which trainees must possess on entry. It is

incumbent on the utilities to demonstrate that entry level testing and chemistry review in

a prerequisite course can assure that trainees actually possess such knowledge of the

relevant chemistry fundamentals.
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A set of evaluation criteria have had to be developed by the consultants, owing to a lack of any

provided by the program designers, and these are detailed in Appendix 3. However, it is

considered by the consultants to be more appropriate that the WG should propose evaluation

criteria by means of which the adequacy, relevance and completeness of their training objectives

can be fairly assessed.

Finally, a concluding section (7.2) contains a list of documentation that the WG should provide

to the AECB in support of their revised Science Fundamentals and Equipment Principles training

program.
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EVALUATION OF THE REVISED TRAINING PROGRAM
FOR SENIOR CONTROL ROOM STAFF:

SCIENCE FUNDAMENTALS AND EQUIPMENT PRINCIPLES

1.0 BACKGROUND:

Up to the present, the Atomic Energy Control Board has administered regulatory examinations

to nuclear generating station (NGS) Senior Control Room Staff, i.e., Control Room Operators

(CROs) and Shift Supervisors (SSs), as a means to verify their competence on completion of

training while the responsibility for the design and implementation of training programs was that

of the utility or corporation which owned the plant. Training programs covering a range of topics

from science fundamentals, on the one hand, to station-specific systems, equipment design and

operation, and procedures for normal and abnormal operational situations, on the other, have been

developed, taught and periodically updated by the utilities. Testing and evaluation of trainees

has been done progressively throughout training by their instructors and training supervisors but

final assessment of competence to operate a CANDU, based on a set of AECB regulator}"

examinations, separate from testing done within the training program, has always been the

prerogative of the regulator in the traditional Canadian approach.

In the U.S., guidelines for the training of nuclear plant operators have been developed on behalf

of the nuclear utilities by the INPO's (Institute of Nuclear Power Operations) National Academy

for Nuclear Training. They have produced detailed syllabuses for training in a range of general

and station-specific topics that have formed the basis of U.S. nuclear operator training. These

documents are relevant to this contract since it appears that a revised version of INPO 83-022'

Guidelines, viz. ACAD 91-0121, together with NUREG 11222 have been used by the Inter-Utility

Working Group (or, the WG). after modification to adapt them to CANDU systems, in their

revisions of the training of Science Fundamentals and Equipment Principles for candidates for

CRO and SS positions at Canadian NGS'S. The US NRC (Nuclear Regulatory Commission) has

accepted the nuclear industry's accreditation of the Academy's training programs3, presumably on

the basis of the adequacy of the SAT approach (Systematic Approach to Training) used by INPO

to develop and assess training needs and objectives through a job-and-task analysis and a SAT

approach to develop also evaluation criteria for judging the adequacy and completeness of their
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to develop and assess training needs and objectives through a job-and-task analysis and a SAT

approach to develop also evaluation criteria for judging the adequacy and completeness of their

training programs. Review of the U.S. utilities' training programs by the U.S. National Nuclear

Accrediting Board (NNAB) has also provided an independent evaluation of the adequacy of their

training, although it has never been incumbent on the U.S. regulator to accept NNAB

accreditation as sufficient for satisfying NRC's training rule 10CFR50.120.

The Canadian approach seems to have served the country well in emphasizing the importance

for nuclear safety of appropriately trained and qualified SSs and CROs. The administering of

AECB regulatory exams to assess their competence before granting authorization, has provided

a monitoring function during the past 25-30 years to assess the quality of training done by the

utilities. However, in 1992 the Operator Certification Division (OCD) of the AECB decided to

make some fundamental changes in its CRO and SS authorization process which would have the

net effect of making it more effective and more in line with modern regulatory practices. In a

letter of Sept 09/92 to the utilities4, the OCD advised them of its intention to reduce AECB

examinations in science fundamentals, equipment and systems principles, basic principles and

rules regarding nuclear reactor safety, and other subjects, viz. the underlying non-station-specific

training programs, on a phased time basis. At the same time distinctions between 'conventional'

and 'nuclear' areas in training were to be removed. The stated purpose was to allow AECB

examiners to concentrate more on those areas of training which are of greatest operational safety

significance. These changes would also allow the utilities to better streamline their training

programs. As a prerequisite for the AECB to transfer responsibility of examining CRO and SS

candidates at the end of their training, the utilities were requested "... to establish updated

reference training syllabuses defining the non-station-specific subject areas to be covered for the

CRO and SS groups, respectively, to develop the corresponding learning objectives and to define

the criteria that the training programs for both groups should meet..." Once endorsed by the

AECB, these latter documents could then form a basis for the utilities to develop fully-auditable

training programs that would fulfil both the regulatory requirements and the needs of the trainees.

In response, the Canadian nuclear utilities have established a WG to review and redesign their

training programs. Of specific interest here are their plans for a new Science Fundamentals and

Equipment Principles training program, referred to by the WG and here also, for brevity as the

"Generals Training Program". The Ontario Hydro Western and Eastern Nuclear Training

Departments have undertaken extensive revisions to their training program for CROs and SSs for

several purposes, among them ..."to achieve some greater efficiency in the program, possibly
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some shortening of the time required and reduction in duplication in some topics which are

taught presently at several levels....", as stated by their representatives. The WG with

representation from the Ontario Hydro, Hydro Quebec, and New Brunswick Electric Power

Corporation, is working currently to propose a revised "Generals" Training Program, draft details

of which were provided to the consultants in a May, 1995 WNTD document5 entitled: "Draft

Objectives". In the document are listed, under major subject headings such as: Classical Physics,

Electrical Science, etc., topics to be deleted, transferred to other courses or modules and those

that are retained for "generals" training. For these the document defines what it terms training

objectives in the form of some very brief statements of the information to be retained by the

student from each training module but which, in the opinion of the consultants,are simply

enabling objectives for the training program.

2.0 EVALUATION PROJECT:

In anticipation of the submission by the WG during 1995 of the details of their "generals"

Training Program, the AECB defined a study to be carried out under contract in their 1994/95

and 1995/96 research programs to evaluate the WG's proposed revisions and the approach and

processes to achieve them. A copy of the statement of work, scope and objectives of the AECB

research contract are attached (Appendix 1). The contractors agreed to undertake such an

evaluation of the philosophy and goals of the WG's major revisions to the ""Generals"" Training

Program and to assess the validity and adequacy of the process of revision used, as a Phase 1

contract study.

There is a role for an external consultant in this evaluation and assessment of objectives and

revision procedures for the proposed ""Generals"" Training Program since a person experienced

in higher education can provide an independent, objective third-party review of the utilities' plans.

However, training carried out in-house by the utilities is not higher education as is done in

universities and institutes of technology. In having the revised training objectives assessed by

university educators it had to be recognized that there is inherently a considerably different

perspective to teaching and learning between training for a specific job and higher education.

The former, necessarily places an emphasis on the mastering of highly prescriptive operating

procedures while the latter focuses on education for understanding and on integrating systems in

terms of the physical phenomena through which they are related. Some aspects of the latter
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Science Fundamentals and Equipment Principles is really intended as 'job training' as distinct

from 'education' in the sense of instilling understanding of the basic scientific phenomena

underlying plant systems as compared to merely presenting factual information.

This report documents the findings of an evaluation of the WG's approach to the revision of the

""Generals"" Training Program and of its training objectives. Because of a lack of any

documented criteria from the WG for the evaluation of their revised training, the contractors have

had to devise a set of criteria by means of which the revised ""Generals"" Training Program

could be assessed (Appendix 3). These criteria have been applied, as a means to illustrate their

appro-priateness, to the training objectives of two selected courses: the Nuclear Physics and

Reactor Theory course and the Plant Chemistry course. One of the initial steps in the WG's

revision process and which was to have been reviewed by the utilities' senior managers, according

to the August, 1994 Strategic Plan for ""Generals"" Program Upgrade6, was the drafting of (i)

Analysis (of ""Generals"" Training Program Needs) and (ii) Design and Objectives (overall).

What was provided in the draft program documents5 neither individually or collectively, in the

consultants' opinion, provide a reviewer with any insight into the overall objectives of the revised

""Generals"" Training Program, notwithstanding that this was to have been one of the first tasks

completed6.

3.0 TWO APPROACHES FOR THE DEVELOPMENT OF A "GENERALS"
TRAINING PROGRAM FOR SENTOR CONTROL ROOM STAFF:

Achieving a highly competent operating and maintenance staff through an appropriate and well

conducted training program is a vital component of the "defense in depth" requirements of the

AECB for ensuring nuclear power plant safety and protection of the Canadian public. It is in

the best interests of the plant owner, the regulator and the public, that NGS CROs and SSs be

trained as broadly as possible and to such high standards that continued safe operation, plant

reliability and sound economics, safeguarding of the massive capital investment, and public

safety, are ensured. If training philosophy and goals are appropriate, the NGS CROs and SSs

will have sufficient knowledge and skills coupled with accumulated practical experience to be
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able to accomplish collectively all the tasks necessary for safe plant operation and further, for

recognizing, anticipating and countering abnormal or accident conditions.

Distinctly different approaches to teaching technical concepts and associated factual material is

found among educational institutions, particularly those which teach vocational skills to

craftsmen, other schools and colleges which train technologists and universities which educate

scientists and engineers. Teaching methods applied by different organizations and institutions

vary from a 'rote-learning' approach in which there is much memorization of lengthy arrays of

items that arise in a particular job - at one extreme, to a conceptual and theoretical approach

which emphasizes basic phenomena and their mathematical representation with little attempt to

relate or apply these to practical systems - at the other. In the former, learning is reinforced by

repetition and memory-work but no sense of the 'connectedness' of the material taught is

presented, if indeed such a framework exists even in the mind of the instructor. The latter

approach, ideally, is designed to teach basic phenomena in scientific terms, presenting the

technical material to be learned on the basis of a hierarchy of topics and sub-topics by which

such phenomena are related. In this approach, emphasis is placed nol on the array of learning

items but on having students come to understand the underlying physical processes involved by

establishing a logical framework, or infrastructure linking these processes together, as a valuable

aid for trainees to assimilate much (otherwise, 'unconnected') information and convert it to

understanding. Such an approach is especially applicable to a training program on Science

Fundamentals and Equipment Principles. Applications of fundamentals so learned can be used

to develop analytical skills and this can be aided effectively by the simultaneous use of applied

problems and case studies. This pedagogical approach aims at developing in trainees the ability

and confidence to handle new situations, to identify the underlying physical processes involved

and to decide what the resulting responses of systems, sensors and devices should be. These

are abilities that are very important in order for NGS operators to be able to respond correctly

to abnormal or accident conditions that they may never have previously encountered or been

specifically trained to handle.

In our opinion as educators with experience in designing and teaching curricula in chemical and

nuclear science and engineering, achieving an 'appropriate' training in the science fundamentals,

equipment and systems principles underlying NGS operation requires curricula and a teaching

methodology that are designed to develop in trainees an understanding of what is actually

happening in NGS systems and how this is signalled and monitored by all the sensors and

readout devices. Inadequate training in these areas leaves trainees to duly memorize facts and
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procedures without understanding them, which is undesirable and particularly unacceptable for

SSs and CROs. Imposing massive pieces of information to be learned by sheer memory work

without constructing a framework for that knowledge that makes clear how items are related can

only be described as an "information dump" process that does not build understanding. While

elements of station-specific training may be presented to trainees as memory work for job-

training and in order that detailed operating procedures become clear through operating

experience, the teaching of Science Fundamentals and Equipment Principles needs to be done in

such a way as to build basic understanding and to develop in trainees an ability to analyze,

evaluate and rationalize information, particularly that needed to deal with abnormal operating

conditions.

Furthermore, nuclear power generation entails relatively new technology and the training of

CROs and SSs must produce individuals capable of understanding, adapting and applying a range

of basic scientific and engineering disciplines which are interwoven in ways that are unique to

the nuclear energy field. One can assume that operating procedures will be altered or refined

over time whereas the scientific principles on which they are based, will not.

The well-established principles of total quality management (TQM) when applied to SS and CRO

training requires not only that the training be timely and up to date but also that assessment of

the entire training process, rather than just its product, be the principal means for ensuring that

high standards of performance continue to be met. Various approaches are available to the WG

for the systematic development of training courses. A SAT (Systematic Approach to Training)

methodology has been recommended by the IAEA7 and was used in the US by INPO1 in

developing their detailed set of Guidelines for Training and Qualification of Licensed Operators.

Briefly summarized, the main elements and activities of SAT are:

Defining competence requirements: (taking into account recruits' base knowledge)

using a training needs analysis, job analysis and task analysis, or equivalent).

Designing a training program: establishing training performance standards,

developing learning objectives and appropriate test items.

Developing a training program: developing lesson plans; specifying training

activities; developing training materials.
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Implementing a training program: conducting training and assessing trainee

performance.

Evaluating and improving the training program.

Clearly, some form of "job and task analysis" is required as a prerequisite to a major revision

of a training such as is being undertaken by the WG. Also to attempt to complete the third step

above without completing the first two, constitutes a 'piecemeal' approach to program design and

would fail to provide overall guidelines and criteria by which individual program components

could be judged for relevance, adequacy or completeness. In our opinion, as detailed below

in a summary of findings, the WG has not provided documentation to demonstrate that they

have followed this type of process.

There would be much value if the designers of the revised training program were to prepare a

phenomenological framework identifying all the phenomena and processes occurring in a NGS

and their basic inter-relations. Then, by reference to such a logical, organizational pattern,

training modules on specific subjects could be constructed which would systematically and more

logically reflect the network of relationships relevant to a NGS that cross traditional scientific

and engineering disciplines. At one level, the "cross boundary" material thereby identified could

more effectively be integrated into the program. For example, topics such as mathematics which

are not as readily taught separately, in isolation in a training context, could be woven in

throughout the courses in a deliberate fashion.

4.0 INPUTS TO THIS EVALUATION:

4.1 Documentation Provided

A number of documents were provided for this evaluation of the revised "Generals" Training

Program. A complete listing of the items received by July 31, 1995 is attached (Appendix 2).

These included draft program revision outlines provided by the WG, the U.S. INPO 83-022

Guidelines which are widely used in the U.S. for training reactor operators, copies of tests

administered recently by the utilities and some past AECB exams.
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4.2 Input From the Working Group

The information received to date from the WG focussed on the details of the training program

objectives, topic-by-topic, rather than describing the review process being used to develop the

program. Specifically, the most useful document received5 includes a detailed listing of the

topics to be covered, the associated training objectives, and a listing of how these topics might

be classified into teaching modules. Documentation of the analysis stage of the review process

is an extremely important component of the material needed to evaluate the training program.

In the absence of such documentation, the process used by the WG has had to be deduced by the

consultants, perhaps incorrectly in some instances.

4.3 Information Exchange between the Working Group and the Consultants

A meeting was held with members of the utilities Working Group in mid-June/95, arranged by

the AECB, for the purpose of providing input to the consultants on the process used to undertake

the program revision and allow some clarification of their May 16/95 draft proposal. Among the

WG's stated objectives for the revised "Generals" Training Program were, improved efficiency

in delivery, removal of some duplication of topics and a possible shortening of the CRO and SS

training duration.

A number of specific queries were directed to the WG on their views of the training requirements

for CROs and SSs, on the depth of learning and understanding considered essential, and, on the

overall training philosophy and goals being assumed. Particularly germane to training in science

fundamentals is how much knowledge of theory, basic phenomena and principles involved in the

operation of a NGS is considered essential to develop in the trainees sufficient understanding not

only for operation according to detailed operating (and maintenance) procedures but also of the

nuclear safety implications of any abnormal operating condition that might occur. One response

provided by the members of the WG at the meeting was that, while a certain level of

understanding of the basic phenomena and principles underlying nuclear energy generation was

helpful ...."the utilities do not want CROs and SSs to think and make their own decisions in

response to unexpected operating conditions...". It was the WG's opinion that operating

procedures are entirely adequate for all plant conditions and should always be strictly adhered

to (which raises the question of the adequacy of procedures to address all possible scenarios).

Input from station managers to those responsible for training continues to stress the need for job

training, not education. A criterion used in deciding whether or not to include items in the
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training courses was stated to be: .."would an operator behave differently or make different

decisions if he/she had that knowledge, or didn't have that knowledge!...". However, if none

of the CROs or SSs had this knowledge, the question would be difficult to answer.

Clearly, a vital question to be assessed in designing training programs, especially a "Generals"

Training Program is: what degree of understanding does a CRO or a SS require to be able to

perceive the intent of and to follow procedures? While what is meant above, by 'job training'

(as distinct from 'education') is more obvious in teaching station-specific material, it is less clear

to these reviewers what practical limits the approach verbalized by the WG can impose on a

"Generals" Training Program. The consultants are of the opinion that a goal of CRO and SS

training should be to establish a framework in fundamental science adequate to develop in them

the ability to analyze, evaluate and rationalize information, in particular, that ability needed to

deal with abnormal operating conditions. This consideration has been used by the consultants

as one important criterion to judge the adequacy and completeness of the training objectives

developed by the WG (see below; section 5.0).

While the June, 1995 meeting with the WG was very useful in providing background on the its

training philosophy and goals, it is the opinion of the consultants that the WG's philosophy and

their goals for SS and CRO training, upon which the design or revision of training objectives

are being based, should be justified and documented.

5.0 EVALUATION CRITERIA:

As was stated in the original AECB letter to the utilities4, they were requested ..."to develop ...

learning objectives and to define the criteria that the training programs for both groups should

meet...". Because these criteria were not available in any documented form, notwithstanding that

some relevant information was provided orally in response to queries at the meeting with the

WG, the contractors have had to develop a set of criteria (see Appendix 3) that can be used to

evaluate the revised "Generals" Training Program as it emerges. As an illustration of how they

might be used to assess the revised training program, these criteria were used in this evaluation

project to assess (as much as they can be perceived from the limited documentation available)

the training objectives for two particular courses (see 6.2.1 and 6.2.2 below).
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However, it needs to be stated that the designers of a training curriculum should be responsible

to propose criteria which they consider are appropriate to evaluate it, giving reasons for the

criteria selected and justification as to why other possible criteria are less appropriate.

6.0 EVALUATION OF THE REVISED TRAINING OBJECTIVES:

In the light of the evaluation criteria suggested in Appendix 3, the following are the consultants'

conclusions about the WG's proposed Training Objectives for the revised "Generals" Training

Program at their stage of development and elaboration as of July 31/95:

6.1 Evaluation of the Overall Approach

6.1.1 The process used by the Working Group to effect the revisions of the "Generals" Training

Program and particularly the analysis phase, has not been identified nor justified.

Documentation addressing the revision process is needed to provide a record of the

decisions made by the WG. For example, the documents received from the WG suggest

that the revision process has by-passed the analysis stage and, possibly owing to time and

manpower constraints, the WG's activities have focussed on reorganization of the content

of the present course curriculum instead. A record of the revision process would help to

clarify if this is truly the case.

6.1.2 The WG should document its overall training philosophy and goals in order to clearly

define the intent of the "Generals" Training Program. For example, it appears that the

intent of the program is not to provide a basis in the fundamental science that is relevant

to operating a NGS but rather, to providing specific information that is considered generic

to all CANDU stations. Furthermore, it appears, based both on many of the individual,

topical training objectives and from the discussions with the WG members, that the

training philosophy and goals underlying the re-design of this program is that the trainees

only need to achieve the basic levels of cognition: knowledge and comprehension. Little

emphasis is placed on the need for the higher levels of knowledge application, i.e:

analysis, synthesis and evaluation, particularly for SSs training considering their greater

technical responsibilities. The consultants are of the opinion that a goal of CRO and SS

training should be to establish a framework in fundamental science adequate to develop

in them the ability to analyze, evaluate and rationalize information, in particular, that

needed to deal with abnormal operating conditions. Since the overall training objectives
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have not been documented, it is not possible for a reviewer or the AECB to judge if they

have been applied, consistently or not, to the individual topics which comprise the

proposed fundamentals program.

6.1.3 The WG should document and justify the method(s) they have used to establish the CRO

and SS training needs. In particular, it is evident that an independent "Job and Task"

analysis was not performed and that the INPO qualification guidelines' (e.g.INPO 83-022

and its 1991 revision) were the primary sources used to define the content of the program.

The validity of using subject area listings prepared by INPO to define the needs of SSs

and CROs for CANDU plants should be justified.

6.1.4 Some additions and deletions have been made to INPO subject area listings, presumably

to accommodate differences in design between PWR, BWR and CANDU plants. The

reasons for and source of the CANDU-specific additions and deletions should be

documented and justified. This justification is required particularly if these additional

needs were based on the experience and judgement of CANDU training staff or

incorporated lessons learned from previous CANDU operating incidents. Further, it is not

clear whether the WG took into consideration the different roles and responsibilities of

Canadian SSs and CROs compared to those of their counterparts in the U.S. This

information is considered essential for evaluating the approach used and the completeness

of the revised training objectives of the "Generals" Training Program.

6.1.5 The program appears to promote a qualitative rather than quantitative understanding. A

number of concepts relating to calculus in particular are introduced in the mathematics

section yet these concepts do not appear to have been used. A judicious use of examples

that require mathematics throughout the courses would improve the rigour of training.

In our experience, many theoretical concepts are often not properly understood by

students until they are formulated concisely in mathematical expressions. A mathematical

approach allows an explicit definition of the relationships implicit within a theory.

Furthermore, a mathematical approach allows more rigid testing of students, by requiring

that the student provide an explicit description of the reasoning used to solve a problem.

Although it is certainly true that some types of material, some aspects of chemistry for

example, can be taught effectively with little mathematics, we would not consider

instructing material such as reactor theory without covering the mathematical derivation
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of the most relevant equations. In our opinion, it is questionable if such a broad range of

material can be taught and its comprehension by trainees tested with so little mathematics.

6.1.6 Some training objectives, e.g. those for Plant Chemistry, 262 Ion Exchangers and

Demineralizers: Module 1; Objective 2 - "State the purpose of a demineralizer", seem

almost trite and do nol give a clear indication of the depth of understanding expected.

Many of the training objectives, as formulated, suggest a focus on memorizing

information rather than on learning that could provide the trainees with a solid

understanding of the relevant scientific principles. Consideration should be given to

reformulating the more simplistic training objectives so as to reflect a more rigorous

learning process, (see next section)

6.1.7 No test items for the revised "Generals" Training Program have been generated yet by the

WG and they probably will not be available until the revised program is implemented.

Hence, the consultants could not consider test items as part of this review. A review of

these test items, once they are available (which may not be until some date later in 1996

according to the program designers) should assist in clarifying for a reviewer, the

expected depth of understanding. Achieving the higher levels of cognition for all the

subject areas included in the revised program would represent a considerable challenge

to the trainees. Most of the subject areas could be studied at a considerably greater depth

than would be required by the revised "Generals" Training Program for CROs and SSs

at a NGS. Clearly, the aim of the training program is not for the trainees to obtain a

high level of cognition in all the subject areas. Rather, the level of cognition required for

a given subject area should be dictated by the job requirements. Hence, is incumbent

upon the WG to define for each subject area, the level of cognition expected of the

trainees and to justify this level in terms of the job requirements of the CROs and SSs.

The training objectives provided by the WG are not adequate on their own to define the

depth of learning expected by the trainees; test items are needed as well. It should be

noted that, according to a SAT approach, test items should have been generated by this

stage in the revision process.

6.1.8 In these revisions, numerous items that were identified within the detailed INPO subject

area listings have been deleted from the "Generals" Training Program because they are
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to be taught at some other level, or because they are considered to be prerequisite

knowledge that candidates should have learned from high school science or elsewhere.

These deletions should be justified through specific details of where they are taught and

at what level; also, details should be provided as to how this prerequisite knowledge is

tested prior to, or while the trainees are in, the CRO and SS program.

6.2 Evaluation of Training Objectives of Selected Courses

The following are findings derived from our review of the training objectives for the courses on

Nuclear Physics and Reactor Theory and, on Plant Chemistry. The training objectives for these

courses were evaluated in terms of the evaluation criteria listed in Appendix 3.

6.2.1 Nuclear Physics and Reactor Theory Course:

The consultants believe, based on their review of the training objectives, that the Nuclear Physics

and Reactor Theory course is reasonably complete and pertinent. Some of the objectives suggest

an intention to emphasize the teaching of fundamental theory as opposed to applied information.

However, additional objectives are required in some of the subject areas while the coverage of

a few subject areas appears incomplete in that the objectives listed are not considered to be

closely related to the area being addressed. Furthermore, some of the objectives should be

revised to provide a more deductive or quantitative approach. The specific additions and

modifications required are detailed in Appendix 4, along with some suggested alternatives.

Some of the training objectives require that the trainees memorize information rather than

develop the deeper understanding necessary for them to be able to analyze and rationalize

abnormal operating scenarios. Furthermore, the training objectives are predominantly qualitative

although there are some quantitative requirements. Hence the approach used in setting training

objectives seems to place a greater emphasis on assimilation of information, consistent with

having trainees strictly follow operating procedures, rather than on an analysis or synthesis of this

information in order to able to make decisions. Eleven of the objectives that should have a more

rigorous formulation are also listed in Appendix 4, section 1.

The training objectives given by the WG for some of the topics suggests an incomplete coverage

while in a few cases the objectives listed are considered marginally relevant, as worded, to the
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subject area. Seventeen additional objectives are listed in Appendix 4, section 2, and ten subject

areas with incomplete or marginally relevant objectives are identified in Appendix 4, section 3.

The list of subject areas covered is quite consistent with the listing provided in INPO 83-022 and

its 1986 update which was based on a job and task analysis for licensed nuclear plant operators

in the U.S.. It is not clear however, how the WG's revisions take into account differences

between American and Canadian reactors and further, differences in responsibilities between

licensed (or authorized) personnel in the two countries. Once details on the procedures used to

adapt the INPO guidelines to CANDU SS and CRO training become available, it will be possible

to evaluate the appropriateness (or otherwise) of the subject area listings being proposed for the

revised "Generals" Training Program.

The training objectives for the Nuclear Theory course appear to have a reasonable degree of

vertical integration, in that the design of the modules suggests the subject areas are to be

presented in a logical sequence. It is difficult to establish, based on these objectives, if this

course is horizontally integrated with the other courses of the "Generals" Training Program.

Specifically, there is no indication that understanding derived from other courses is required in

order to achieve the training objectives. For example, the concepts of interaction of radiation

with matter leading to ionization does not appear to be linked to the radiolysis topic in the

chemistry course, also it is unknown whether the concept of free radicals in the radiation

chemistry unit is ever linked to the radiation protection training.

Finally, it is impossible to establish the expected depth of knowledge based on the information

provided to date. Specifically, no test items to be used in this course have been received.

6.2.2 Plant Chemistry Course:

Unlike the Nuclear Physics and Reactor Theory course, the objectives for which were discussed

above in detail (and which starts with basic nuclear concepts and progress to cover more complex

reactor dynamics), the Plant Chemistry, course 22100 starts at a more advanced level of applied

chemistry, presumably on the assumption that all the prerequisite chemistry fundamentals are

provided in earlier training at level 4 or in high school. The WG should demonstrate how

trainees' background and their actual retention of concepts of chemistry fundamentals are tested

and verified.
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However, the chemical component of the SS and CRO training program is aptly described by its

title "Plant Chemistry" since a review of its subject area listings and associated training

objectives, reveal that this course will mainly present site-specific material on CANDU

moderator, steam generator, primary heat transport system and cover gas chemistry. When

contrasted to the objectives or the other proposed components of the "Generals" Training

Program, such as, Physics; Instrumentation and Control; Heat Transfer, Fluids and

Thermodynamics, the Plant Chemistry course contains no generic science fundamentals but,

instead, is directed to the specific technology of chemical control of several vital CANDU

systems involving liquid and solid components. Therefore, the Plant Chemistry course should

be shifted to site-specific training and not be among the "Generals" Training Program courses

as it does not contribute to an understanding of "basic chemical principles and how they apply

to CANDU systems".

The objectives of the Plant Chemistry course deal mainly with two phases, liquids and solids, and

includes little chemistry associated with gaseous components apart from radiolysis of D2O

(physical behaviour of gases is taught elsewhere) but clearly there are chemical aspects of gas

behaviour in reactor systems that should be included in this course.

While details of what prerequisite chemistry will be presented at the level 4 training have not

been provided by the WG, in an earlier draft the objective for that course was stated to be:

"After successful completion, the trainee will be able to describe basic chemical principles and

how they are applied to reactor, turbine and auxiliary CANDU systems". To be able to achieve

such an objective through a single course at level 4 makes a very great demand on trainees'

ability to recall and utilize chemistry basics learned "below entry level". The WG should

demonstrate that entry level testing in chemistry of SS and CRO trainees is sufficiently extensive

to identify those trainees whose comprehension and ability to recall required chemical principles

is deficient. This is in contrast to the Nuclear Physics and Reactor Theory course which will

be taught from very basic concepts. Concerning the background in prerequisite chemistry

fundamentals, it was observed that the deletion of some material from the updated INPO 83-022

guidelines1 listings in chemistry by the WG is justified on the basis that it is covered in the

Ontario High School science program. Are only trainees from Ontario schools eligible for SS

and CRO training?

Radiochemistry is a term used to introduce monitoring of radionuclide levels in CANDU systems,

as distinct from providing information on how they are measured and the associated uncertainties
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or limits of detection. A grasp of the limitations of low level radioactivity measurements is

needed by SSs and CROs for interpreting chemistry lab data sheets. All material under this

topic has been shifted to Radiation Protection but documentation was not provided to the

reviewers on the proposed objectives for that part of the health physics program; however, some

background on radiochemistry should be provided in the "Generals" Training Program.

Examples of material that should be included are: basic methodology for radionuclide detection

and measurement together with associated sources of error, some aspects of radiation

spectrometry for trace nuclide identification in reactor systems and cruds, behaviour of trace

radionuclides in liquid and gaseous systems, anomalous deposition or volatilization; expulsion

of fission product nuclides under reactor operating conditions from uraniferous deposition.

7.0 SUMMARY AND CONCLUSIONS:

The consultants have examined the rather limited, draft documents which indicate the subject

areas and brief item-by-item training objectives for a revised "Generals" Training Program for

CANDU CRO and SS training and which have been prepared and made available by the

Working Group before July 31,1995.

Of particular relevance to this Phase 1 evaluation project was consideration of the program

revision process itself and consideration of the adequacy, relevance and completeness of the

training philosophy and goals which the WG has set to be achieved through the new "Generals"

program.

In this report are presented the findings of an evaluation of the approach taken by the WG and

recommendations on what approach is considered appropriate for the training of CANDU CROs

and SSs. A desirable aim and focus of a "Generals" Training Program should be to develop

sufficient understanding of the science fundamentals, equipment and system principles underlying

the operation of a NGS so that the teaching of site-specific material and detailed operating

procedures is not merely a tedious memorization of details not understood in the context of the

CANDU systems.

It appears to the consultants that, although the basis of the revision process followed by the WG

has not been fully documented or justified, it may be essentially valid insomuch that a subject
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area listing was developed based on the updated U.S. INPO 83-022 guidelines which are widely

used for training reactor operators, with some additions and deletions to adapt them for CANDU

training and, complimentary, specific training objectives were also established. However, at this

stage of the process a number of shortcomings still exist. These shortcomings, listed below,

relate primarily to the lack of a documented training philosophy and goals for the revised

program and documentation on the revision process itself. Shortcomings within the specific

lists of sub-topics and learning objectives for the two courses which were reviewed in some

detail, viz. Nuclear Physics and Reactor Theory and, Plant Chemistry, are also presented in

Appendix 4.

7.1 Conclusions

7.1.1 The process used by the WG to effect revisions in the fundamentals program, with

particular reference to the analysis phase, has not been identified or justified in their

program documents. Documentation addressing the revision process is needed especially

to provide a record of the underlying training philosophy and goals for SS and CRO

training which was assumed by the WG and the basis for the decisions reached.

7.1.2 The intent of the program appears to be to instruct much detailed, but unstructured

information that is generic to all CANDU stations rather than to provide a basis in the

science fundamentals that are relevant to operating a NGS. Greater emphasis on them is

required in some of the courses (e.g. Plant Chemistry)

7.1.3 The program appears to promote a qualitative rather than quantitative understanding. The

use of example and problems that require calculations and the use of mathematical tools

throughout the training courses would improve the rigour and exactness of the training

process. In our opinion, it is questionable if such a broad range of material can be

taught and its comprehension by trainees tested with so little mathematics. It is not clear

from the preliminary material supplied if a separate mathematics training module is to be

included.

7.1.4 Many of the training objectives, as formulated, suggest a focus on memorizing

information rather than developing an understanding of relevant phenomena. These

objectives should be reformulated so as to promote a more rigorous training process.

Specifically, it appears that these objectives only require basic levels of cognition rather
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than the higher levels of analysis, rationalization, synthesis and evaluation. The

consultants believe that a goal of this program should be to establish a framework in

fundamental science adequate to develop in trainees the ability to analyze, evaluate and

rationalize information, in particular, to allow them better to understand the pertinence of

operating procedures and also to deal with abnormal operating conditions.

7.1.5 The criteria by which a revised training program should be developed and by which it

may be evaluated have not been defined or documented. The WG should have proposed,

documented and justified a set of criteria that they consider appropriate for evaluation of

the program at the very onset of the revision process. Such documentation is still

required and their preparation should be given a high priority by the WG (as stated below

in section 7.2 among a listing of documentation items that the WG should be required to

submit).

7.1.6 The depth of understanding required of the trainees is unclear because no test items have

been generated and many of the item-by-item training objectives are so brief as not to

make clear exactly what is to be taught and at what level of detail.

7.1.7 The consultants believe that the Nuclear Physics and Reactor Theory course is reasonably

complete and pertinent. The list of subject areas addressed in the course is appropriate for

the training needs of the CRO and SS. In general, the training objectives indicate an

emphasis on teaching fundamental theory as opposed to applied information. However,

additional objectives are required for the course; 17 such additions are listed in Appendix

4, section 2. Ten subject areas have incomplete coverage or have objectives that are, as

worded, only marginally relevant to the subject area. Finally, some of training objectives

seem to require that the trainees merely memorize information rather than develop a clear

understanding of the principles of operation of aNGS; 11 objectives that should be revis-

ed towards more deductive or quantitative requirements, are also listed in Appendix 4,

section 1.

7.1.8 The Plant Chemistry course, on the other hand, as judged by the subject area objectives,

includes virtually no training in fundamental chemistry concepts but, instead, starts as a

more advanced level applied chemistry course on site-specific chemical control of reactor

systems. It assumes, for its comprehension, much basic chemical knowledge which

trainees must possess on entry. The teaching of corrosion protection in CANDU systems
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and the interpretation of solids, sludges and scale monitoring data by SSs and CROs

requires extensive background in electrochemistry, solubility products and their

dependence on pH to be understood. The transfer of all radiochemistry to Radiation

Protection courses will make it difficult to link with the related radioisotope topics in

chemical control and will not as effectively provide SSs and CROs with an ability to

interpret and act on control laboratory results on system monitoring for trace nuclides.

Several examples are given of specific radiochemical topics that should be added (or

moved) to Plant Chemistry, and it should be noted that radiochemistry training was

included with Plant Chemistry rather than Radiation Protection in the INPO 83-022

training guidelines.

7.2 Documentation required from the WG

It follows from the above findings of the consultants' study that the WG should produce

additional documentation to define and to justify the basis of its revised "Generals" Training

Program, in particular the analysis phase, and to render it auditable by the AECB. Specifically,

the following documentation is required:

7.2.1 A document which details the reasons for revising the "Generals" Training Program

should be provided.

7.2.2 The process used by the WG for revising the program should be described and

justified.

7.2.3 The analysis performed in order to provide the basis of the revisions should be

documented.

7.2.4 The overall training philosophy and goals must be identified in order to clearly

define the intent of the program to be achieved through revision. In particular, the

level of cognition required by the trainees should be defined and justified.

7.2.5 The method(s) used to establish the CRO and SS training detailed subject area listings

should be described and justified, that is the reasons for and sources of the CANDU-

specific additions (and deletions) should be justified. Further, the extent to which

differences in training needs and responsibilities between U.S. and Canadian licensed or
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authorized personnel has been taken into account, should be documented.

7.2.6 In the revisions documented in the May 16/95 WG draft proposal5, numerous

items identified within the subject area listings have been deleted from the latest

version of the revised "Generals" Training Program because they are to be taught

at some other level, or on the assumption that they are included in prerequisite

knowledge that candidates should have learned from high school science or

elsewhere. These deletions should be justified through specific details of where

they are taught and at what level and how trainees' comprehension of such

prerequisite knowledge is confirmed.

7.2.7 Examples of test items to be used to examine trainees during and on completion of the

"Generals" training should be provided in order to define the depth-of-learning

requirements.
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APPENDIX 1; AECB PROJECT NO. 2.356.1 - WORK STATEMENT:

In view of the utilities' plan to have an inter-utility Working Group(WG) complete

Science Fundamentals and Equipment Principles training program revisions in 1995, the AECB

defined a study to be carried out on their behalf in their 1994/95 and 1995/96 research programs

to serve as an evaluation of the extent to which their requirements were being met by the WG's

proposed revisions. The background, scope, objectives and tasks to be performed were as

follows:

Project 2.356.1: Review of Training in the Areas of Science Fundamentals and

Equipment Principles - Phase 1

2.1 Background: Training in science fundamentals is an essential component of NGS senior

control room staff training. This training is required under the certification process to

give candidates in these positions the necessary knowledge of the principles that govern

the operation of the various systems and equipment they have to operate. For historical

reasons and because of the training philosophy subscribed to by the utilities, this training

has become embedded over the years in so many station-specific details and examples

that it is no longer distinct. The Canadian utilities have recently formed a group to

review the training requirements in the areas of science fundamentals and equipment

principles. Their review should follow what is referred to as a Systematic Approach to

Training (SAT).

There is a need to assess the utilities' review of the training requirements, preferably by

an expert with proven experience in teaching technical and scientific subjects at the

college or university level.

The AECB will look at the combined results of this and the succeeding project. The

AECB will then withdraw from the direct examination in the areas of science

fundamentals and equipment principles not related to nuclear reactor safety only for the

candidates of those utilities whose new training program is acceptable to the AECB and

conform to the endorsed training outline and criteria.
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2.2 Objectives: By having the AECB withdraw from the direct examination of candidates

in the areas of science fundamentals and equipment principles the following objectives

will be met:

1. Give the utilities flexibility in structuring their training programs, and

2. Allow the AECB to place more emphasis on the evaluation of training

programs in those areas.

2.3 Scope of Work: An expert from the academic field will provide AECB staff with advice

and independent, non-biased assessment of the training requirements in the areas of

science fundamentals and equipment principles.

Specifically, the expert will make recommendations on the validity of the analysis

performed by the utilities to define the training needs in these areas, on the pertinence and

comprehensiveness of the training objectives identified and on the test items generated.
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APPENDIX 3: EVALUATION CRITERIA

The following are criteria recommended by the contractors for assessing both the revised

"Generals" Training Program and its objectives, assumptions and approach, (to the extent to

which they can be perceived from the documentation provided to date by the WG).

A.3.1 Training Program Evaluation Criteria:

In the evaluation of the objectives of a revised "Generals" Training Program, the following

criteria should be considered:

- Have the training requirements in the areas of Science Fundamentals and Equipment

Principles been clearly identified and documented?

Have the program designers defined a training philosophy and goals for their revised

program that are consistent with these training requirements?

Are the training philosophy and goals apparent and are they applied consistently through

the individual topics of the revised program?

Has the program been designed to achieve specified terminal training objectives that are

consistent with the training requirements?

- Does it appear that the curriculum has been developed following a rationalized, from

concept-down-to-specific approach, an approach which is considered to be particularly

appropriate for science fundamentals courses? Or, to what extent has an all-inclusive,

more plant-specific, need-to-know approach been used to select topics to be included in

training modules?

Does the training provide each operator individually, with a broad range of skills and

knowledge, or rather, is it based on the concept of an operating team that, collectively,

rather than individually, possesses all the knowledge and skills that equips them to take

appropriate actions in all kinds of operating situations ? In particular, do the training

objectives reveal to what extent the operators are expected to act based on procedures
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created by, or interaction with, a large infrastructure of specialists, as opposed to taking

swift action based primarily on their own judgement, under abnormal and unanticipated

operating conditions for example?

What assumptions are made regarding the educational backgrounds of personnel entering

CRO and SS training? In particular, what concepts in mathematics, physics and

chemistry are considered essential prerequisites for training? Are procedures identified

for supporting or evaluating these assumptions, e.g. through actual entry testing of

candidates?

Are provisions made for continuing training, refreshing and upgrading of personnel once

they have been authorized to operate a NGS? Are provisions made for continuous

evaluation and, if necessary, upgrading of the training program itself?

A.3.2 Evaluation Criteria for Individual Program Topics or Courses:

Since considerable use has been made of the INPO 83-022 training and qualification

guidelines and their update: ACAD 91-012, have the particular changes made to adapt

items for CANDU, or, to otherwise add or delete some subject areas, been justified?

How have differences in responsibilities and training needs of Canadian NGS SSs and

CROs compared to those of their U.S. counterparts been taken into account in revising

the INPO Guidelines?

Are differing responsibilities of Shift Supervisors and Control Room Operators reflected

in the way in which a revised "Generals" Training Program will be delivered to the

different trainees?

Where it is indicated that items have been deleted from courses on the basis that they are

adequately taught at some other level of candidates' training, has documentation been

provided to indicate exactly where such material is taught?
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Are there any inconsistencies evident in approach among the several components of the

program or, differences in level of comprehension required in different courses? Can

these inconsistencies be justified in terms of the job needs (or knowledge provided m

prior education)?

Are all the training objectives for each subject area, really relevant to that area?

Do the training objectives for each subject area encompass all the material appropriate for

this level of training and to achieve a broad and a thorough unders.and.ng of the top.,?

Is the list of subject areas for a course complete, compared to the INPO 83-022' training

and qualification guidelines?

Are the subject areas being deleted as "not relevant to CANDU", truly not relevant to

CANDU?

Is the list of "CANDU operation additions" subject areas complete?

Do subject areas transferred to the station-specific training have a generic component or

require a fundamental understanding?
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APPENDIX 4: SPECIFIC COMMENTS ON THE COURSE ON
NUCLEAR PHYSICS AND REACTOR THEORY

In the review of this course it was assumed that the list of subject areas, other than the CANDU

specific additions and deletions, was valid. The teaching objectives for each subject area were

compared with the relevant content of courses and textbooks addressing nuclear theory at an

introductory level. A number of additions and modifications that should be considered by the

program designers and reviewers were identified. These suggestions, listed below, are divided

into three categories: (1) objectives that should be more rigorous, through calculations or

reasoned arguments, (2) additional objectives that should be incorporated into the course and, (3)

subject areas with incomplete coverage or objectives that are only marginally relevant. It should

be noted that some of these suggestions may be more appropriate for SS's than CRO's.

1) Objectives that should be more rigorous (with suggested changes)

Mod.l Obj.lO: Calculate B.E./nucleon for nuclides of differing mass number and describe the

relationship with mass number.

Mod.l Obj.3: Define alpha, beta, positron and gamma emission and determine the products of

radioactive decay processes based on changes in the number of nucleons.

Mod.l Obj.5: Derive the basic rate law (rather than state it) and calculate the decay rate and

activities given lambda or tVl.

Mod.2 Obj.7: Determine if a nuclide is fissile by calculating Q and comparing it with Ecritical.

Mod.2 Obj.8: Calculate the steady state activity of 239Pu and compare its removal rate by fission,

capture and radioactive decay.

Mod.2 Obj.4 (and Mod. 7 Obj. 4): Calculate the energy released during a radiative capture

process and explain how this energy is distributed amongst the products.

Mod.3 Obj.3: Calculate the macroscopic cross section of a compound from its density and

microscopic cross section(s).

Mod.3 Obj.5: Apply the relationship between neutron cross section and moderator temperature.

Mod.6 Obj.l: Explain the flux profile in a homogenous cylindrical reactor.

Mod.7 Obj.l: State and explain the units used for fuel burnup. Convert values in MeV to units

of J, kWh and MWd. Calculate the number of fissions required to produce a specified burnup.

Mod.8 Obj.l: Calculate the increase in reactor power based on the equation for the reactor

period.
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2) Additional objectives to be incorporated into the course

1) Describe coupled radioactive decay processes including the two types of equilibrium

and apply this concept to calculating the steady state activity of fission product decay chains.

Identify situations in which the activity of a nuclide may increase over time or disappear at a rate

differing from that characteristic of its half life.

2) Describe the three types of gamma interactions with matter, their dependence on

gamma energy and mass number, the difference between attenuation and absorption coefficients,

and their use to calculate energy deposition and penetration through a material.

3) Calculate the maximum range and attenuation coefficient of a beta particle based on

its maximum energy and explain why beta emission has an energy spectrum.

4) Calculate Q values to predict reaction spontaneity and the relative stability of related

nuclides

5) Extract and use data from the chart of the nuclides including the use of different types

of neutron cross sections, identification of the decay modes of radioactive isotopes including the

energy of the predominant gamma rays, and calculation of the mass of unstable isotopes.

6) Use A(n,?)B notation to describe neutron absorption reactions.

7) Calculate energy released when lg of 235U is fissioned.

8) Define cumulative fission product yield, describe its variation with mass number, and

use it to calculate the steady state activity of selected fission products.

9) Explain why beta varies between fissile nuclides in term of the yield of delayed

neutron precursors.

10) Extract and apply cross section values from the chart of the nuclides in order to

calculate the rates of various types of neutron absorption reactions.

11) Describe the variation of flux and reaction rate with neutron energy.

12) Describe the relationship between geometry and critical mass. Derive the requirements

for criticality based on the one group reactor equation.

13) Define buckling and its relationship with leakage and k.

14) Define leakage and calculate the fraction of neutrons that are lost by leakage based

on the six factor equation.

15) Calculate moderator ratio for different types of moderators

16) Calculate the fraction of the power generated by Pu fission

17) Explain the difference between reactivity of the reactor and reactivity of the fuel.



- 33 -

3) Subject areas (SA) with incomplete coverage or marginally relevant objectives

1) SA 150 "Radiation Interactions": The objectives should address the interaction of gammas,

betas, alphas and neutrons with matter. Topics such as the interaction mechanisms, exponential

reduction in intensity, maximum range, and energy absorption should be covered. (Is this material

covered in the radiation protection training ?)

2) SA 152 "Critical Energy": an objective relating to the difference between thermal and fast

fission would be more relevant, (rather than spontaneous and induced)

3) SA 165 "Definition of Decay Heat" and SA 166 "Sources of Decay Heat": Objectives for

subject areas (SA) 165-169 should also cover the relationship between decay heat and fission rate

with calculation of the decay heat after given durations of reactor operation and shutdown. This

calculation would also be suitable for subject area 169, which should not be deleted.

4) SA 178 "Control Rod Worth": the objectives should require an understanding of the meaning

of control rod worth and how this value is determined.

5) SA 179 "Poisons: Fission Product Poisons": The first objective "explain that thermodynamics

processes are governed by these laws of nature" is not relevant to the subject area.

6) SA 206 "Shutdown Margin": the objective should require an explanation or quantification of

shutdown margin.

7) SA 193 why is "quadrant power tilt" considered to be not relevant to CANDU by the WG ?

Where is flux tilt covered in the course ?

8) SA 198 and SA 199 Why are "mispositioned control rods" and effect of excessive control rod

withdrawal" (SA 199) not relevant to CANDU ?

9) SA 386 It is not clear why "spontaneous and induced fission" needs to be added for CANDU

operations.

10) SA 211 "Reactivity Balance calculations" may not be relevant to the routine operation of

CANDU but they still represent a useful learning exercise.


