NUREG/CR-3750
BNL-NUREG-51769

Job Analysis of Nuclear Power
Reactor Health Physics
Technicians

B A e R B T & R I A D 15 A A A AN 1 AN BTN

Prepared by L.T. Davis, T.J. Mazour, P.V. Clark, R.C. Todd/Analysis & Technology, Inc.
F.J. Marotta/BNL

Brookhaven National Laboratory
Upton, Long Island, New York 11273

Prepared for
U.S. Nuclear Regulatory
Commission



It is our hope that the result? of this job analysis for nuclear power plant
health physics technicians will be used in several ways by the nuclear power
industry. The study was performed in a manner to ensure that the collected
data would be compatible with the computer programs developed by the Institute
of Nuclear Power Operations (INPO). A1l of the data were provided to INPO and
provide an adequate basis for a planned task analysis.

The detailed list of tasks validated by the more than 800 job incumbent
questionnaires completed can and shouid be used for designing highly focused
training programs, qualifying technicians for job levels, improving perfor-
mance appraisals and writing job performance aids. I believe extensive use of
t?ese results can lead to improved performance by the health physics techni-
cians.

%/W

Robert E. Alexander, Chief
Occupational Radiation Protection Branch
Office of Nuciear Regulatory Research

NOTICE

This report was prepared as an tof work sp ed by 21 agency of the United
States Government. Neither the United States Government nor any agency thereof or
any of their employees, makes any warranty, expressed or implied. or assumes any
legal liahi "ty or responsibility for any third party’s use, or the resuits of such use, of
any info.  «on. apparatus, product or process disclosed in this report. or represents
that its use by such third party would not infringe privately owned nghts

The views expressed in this report are not necessarily those of the U8 Nuclear
Regulatory Commission.

Availatle from

GPO Sales Program

Division of Technical Information and Document Control
U 9. Nuclear Regulatory Commission
Washington, D.C. 20555

and

National Technical Information Service
Springfield, Virginia 22161




NUREG/CR-3750
BNL-NUREG-51769

Job Analysis ¢f Nuclear Power
Reactor Health Physics Technicians

Manuscript Completed: May 1984
Date Published: June 1984

Prepared by
L.T. Davis, T.J. Mazour, P.V. Clark, R.C. Todd/Analysis & Technology, Inc
BNL Project Manager — F.J. Marotta

NRC Project Manager — A.K. Roecklein

Prepared for

Division of Facility Operations

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

NRC FIN A3243



ABSTRACT

This report describes a project, an industry-wide Job Analysis of
Nuclear Power Reactor Health Physics Technicians (HPTs), con-
ducted by Brookhaven National Laboratory and Analysis &
Technology, Inc. to provide the industry with job-performance
data that can be used in systematically defining training programs
in terms of required job functions, responsibilities, and
performance standards. The job-analysis methodology is consis-
tent with that used by the Institute of Nuclear Power Operations
(INPO) in similar industry-wide projects and includes administra-
tion of over 850 job task questionnaires to utility and contractor
Health Physics Technicians throughout the country. Data
collected includes tasx performance (difficulty, importance, and
frequency) and industry-wide demographics (job levels, experi-
ence, education, and training). The results of this project
discussed herein include model job descriptions for HPT positions,
summaries of HPT experience, education, and training, industry-
wide task listings with task-performance characteristics, and
recommendations of selected tasks as a basis for HPT training
development. Finally, potential future applications of the data
base by utility and contractor organizations in training program
development and evaluation and personnel qualifications are
discussed.
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JOB ANALYSIS OF NUCLEAR POWER
REACTOR HEALTH PHYSICS TECHNICIANS

EXECUTIVE SUMMARY

This report describes the methodology and results of an industry-wide nuclear power
reactor Health Physics TechnicianofHPT) job analysis project. The purpose of this
project was to provide the industry with HPT task-performance data that can be used in
systematically d fining training programs. This data includes model job descriptions for
HPT positions at operating commercial nuclear power plants, HPT task inventories and
task-performance characteristics (difficulty, importance, frequency), and selectio..s of
tasks recommended for detailed analysis to identify the knowledge, skills, and abilities
that would serve as a basis for training development.

The job analysis methodology was consistent with that used by the Institute of Nuclear
Power Operations (INPO) in similar industry-wide projects and consisted of eleven
fundamental steps. The first three steps were performed in parallel. First, a2 front-end
needs analysis was conducted to demonstrate the need for job and task analysis of Health
Physics Technicians and subsequent development of performance-based selection, train-
ing, and qualification programs. A report detailing the findings of this analysis was
prepared. Second, a Target Population Report was prepared to identify the character-
istics of the target population from which job-analysis data was to be obtained and to
specify the considerations and sampling needs that would be applied to using a job
analysis questionnaire. Third, as an initial step for developing a job-analysis question-
naire, initial task inventories and tool/equipment/reference lists were prepared based on
available job-related information.

In the fourth step, interviews with job incumbents at five nuclear power plants were
conducted to refine the initial task and tool/equipment/reference listings. The results of
these job incumbent reviews were aggregated and presented to a Subject Matter Cxpert
(SME) Consensus Group convened by BNL. This group provided a quality control and
steering function and met at periodic intervals throughout the project. The results of
the initial meeting were factored into the development of a pilot questionnaire.

The next four steps (five through eight) involved preparing, field testing, administering,
and analyzing responses of a national job-analysis survey of plant and vendor HPT job
incumbents. The principal objectives of this survey were to obtain complete and
validated listings of tools, equipment, and references used and tasks performed by HPTs
(Foremen/Supervisors through Trainee job levels) and to collect task-performance data
to support selection of tasks for detailed analysis.

Pilot questionnaires containing instructions, a demographic data sheet, tool/equipment
and reference lists, and an inventory of tasks grouped by functional duty areas were field
tested at six nuclear power plants and two vendor HPT companies. The results of this
field testing were reviewed by the SME Consensus Group and a final survey questionnaire
was developed. Final survey questionnaires were administered by mail to 880 utility and
vendor HPTs at 39 plants and 6 vendor companies. Utility and vendor company project



coordinators provided invaluable assistance in administering these questionnaires. As
questionnaires were returned, they were reviewed by Analysis & Technology personnel t»
identify problems that might invalidate responses and to record "write-in" tools,
references, and tasks. Over 96 percent (851) of the returned questionnaires were usable
and their responses were entered onto magnetic tape for computer processing.

Survey respondents were asked to rate each task on five-point, Likert-type scales
according to frequency of performing the task, task importance, and task difficulty.
Questionnaire response data was tabulated by computer to accomplish the following
objectives:

1. Describe the education, training, and experience of respondents. This informa-
tion has value to the training program designer because it can help serve as a
basis for assumptions regarding entry-level trainee skills, knowledge, and
abilities.

2. Identify relative usage of tools, equipment, and references. Listings showing
the percent of incumbents using them were generated to help identify items to
be included in job descriptions.

3. Identify relevance of individual tasks to the entire population. The percent of
incum.ents performing the task, calculated from questionnaire responses,
points to the need for training tasks that are most germane to the job. This
information provided input to the process used to recommend tasks for detailed
analysis. These results also provide a basis for identifying tasks appropriate for
job-description task inventories.

4. lIdentify criticality of tasks. Tasks were ranked in orde: of average survey
rating nf importance (in terms of consequences created by inadequate task
performance). Task importance addresses the need to select lor analysis and
training those tasks that are essential to job performance.

5. ldentify performance difficulty of tasks. The average rating of task perfor-
mance difficulty was used as a measure of the need for formal training to
ensure competent task performance.

6. Identify frequency of task performance. Average frequency ratings provide a
measure of how much of the job a particular task represents and are useful in
training development since task performance frequency is a key consideration
in determining the need for periodic retraining of tasks or the need for "as
required" training of tasks performed very infrequently.

Questionnaires completed by vendor HPTs who indicated they were on long-term
assignment to a plant, filling what otherwise might be a permanent utility position, were
grouped with the plant HPT questionnaires for purposes of consistency in data analysis.
Hence, survey return data for vendor companies applied only to the questionnaires
received from vendor HPTs filling short-term, outage-support type assignments at
plants. By differentiating between vendor HPTs on long-term and short-term assign-
ments in this manner, the resulting data would better support comparisons between
vendor HPTs on short-term assignments and plant HPTs.

Education and training received by both plant and vendor HPTs were very similar, with a
high percentage of job incumbents from both groups having attended college for some
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period of time (78 percent of plant HPTs and 66 percent of vendor HPTs). Of the plant
HPTs, 48 percent held an A.A./A.S. or higher degree, and 35 percent of the vendor HPTs
held at least an Associates Degree. The majority of plant and vendor HPTs had received
some utility classroom/laboratory and on-the-job training and, for both groups, this was
the primary source of health physics training. Military schools were the next most
common source of health physics training.

Tasks listed in the questionnaire task inventory were grouped into 15 duty areas.
Because of the specific nature of the tasks included in the inventory and the variability
imposed by differences attributed to job levels, job specialization, plant designs,
equipment, and utility organizations, it was anticipated that the task percent-performing
statistic would be more variable across some duty areas than others. This was, in fact,
the case. In duty areas that are most germane to all HPTs, such as "Surveys" and
"Radiation/Contamination Work Area Support,” the majority of the tasks were performed
by more than 50 percent of the respondents; however, other duty areas, such as "Effluent
Control," "Process Monitoring," and "Environmental Sampling," had mostly low percent-
performing ratings, indicating the likelihood that many of these tasks are performed at a
number of plants by personnel other than Health Physics Technicians.

To investigate potential differences in the tasks performed by plant HPTs and vendor
HPTs on short-term assignments, a comparison of the task percent-performing results
for the plant and vendor Senior/Lead Health Physics Technicians was made. This review
led to the following findings:

l. Task performance responsibilities for plant HPTs and vendor HPTs on short-
term assignment at plants are, for the most part, quite similar (the percent-
performing results for these two HPT groups were within 20 percentage points
for 366 of the 389 tasks included in the survey questionnaire).

2. Of the 23 tasks whose percent-performing results varied by greater than
20 percentage points between plant and vendor HPTs, all were performed by a
higher percentage of plant HPTs than vendor HPTs. This result implies that
there are no tasks in the inventory for which vendor HPTs on short-term
assignment have a significantly greater responsibility for performing than plant
HPTs.

3. The responsibility for task performance in some duty areas focuses more on
plant HPTs than vendor HPTs. These duty areas include:

Duty area #2 - Radioactive Sources,
Duty area #3 - Effluent Control (Liquid and Gaseous), and
Duty area #13 - Emergency/Abnormal Tasks.

4. Task percent-performing results for plant and vendor HPTs within some duty
areas were extremely close in comparison. Of the 56 tasks included in duty
areas #7 (Surveys) and #8 (Radiation/Contamination Work Area Suport), 54 had
plant and vendor percent-performing resuits within 10 percentage points.

Step nine involved identifying tasks for detailed analysis. Data gathered during the
survey provided the basis for identifying these tasks. Recommendations for task analysis
were developed by the SME Consensus Group by applying a combination of the four
criteria of percent performing, frequency, importance, and difficulty. Tasks were
initially sorted into groups according to similar combinations of average frequency,



difficulty, and mportance. Then each task was evaluated individually considering its
difficulty and i nportance ratings, percent-performing results, and the nature of the
task. Tasks that do not require training or would not best utilize training resources
(based on five deletion criteria developed) were not recommended for analysis. The
remaining tasks we elected for detailed analysis. Survey "write-in" tasks were
evaluated in a similar manner. Of the 400 tasks (389 questionnaire tasks plus 11 write-in
tasks) included in the final HPT task inventory, 278 tasks (69.5 percent) are recom-
mended for detailed analysis.

Steps 10 and 11 included developing model job descriptions and preparation of this final
report. Job descriptions for the positions of HPT Foreman/Supervisor, Senior/Lead
Technician, Junior Technician, and Assistant Technician/Trainee are provided in this
report. These four job descriptions are intended to provide a model from which
plant-specific job descriptions may be developed. Each model job description includes
the following components:

Job title,

Required qualifications,

General description of job requirements,

Description of job incumbent's position within the organization,

Description of major job areas (functional duties),

Description of work environment,

Tools and equipment,

Resource documents and references,

Description of target population, and

e 0 0 06 ¢ 0 ©0 © © o

Task inventory.

These model job descriptions are intended to be "industry-complete"; that is, the
information included in most components should be germane to almost all nuclear power
plants, but some revision to account for plant-specific or utility differences will be
required. As an examplz, the task inventories contain a complete listing of tasks
identified during the job analysis. Although most of these tasks can be expected to apply
to incumbents at a specific plant, it is also expected that some tasks should be deleted
from the plant-specific job description.

These model job descriptions and job analysis survey task-performance data provide
inputs to the next logical step of task analysis. A completed task analysis of the tasks
selected during this project will provide a basis for developing periormance-based Health
Physics Technician training for the industry. Although the central focus of this project
was training, several other useful applications of job analysis results also exist. These
include evaluation of qualifications, performance appraisal, screening and selection, and
job-per formance aids, all of which are discussed in Chapter 4 of this report.



1. INTRODUCTION

1. BACKGROUND

The need to implement efficient performance-based training prosrams derived from job
and task analyses has been a major topic ot discussion in the nuclear industry in recent
years, and represents a major objective for nuclear trainers in the 1980s. A number of
related projects are underway [most notably those sponsored by the Institute of Nuclear
Power Operations (INPO), the Nuciear Regulatory Commission (NRC), and the Depart-
ment of Energy] that are based on a systems approach to instructional development and
are intended to provide job performance data to the industry that can be used in system-
atically defining training programs in terms of required job functions, responsibilities,
and performance standards. In support of these industry-wide efforts, Brookhaven
National Laboratory (BNL) contracted with Analysis & Technology, Inc., (A&T) in
April 1983 to perform a job analysis of nuclear power reactor Health Physics Technicians
(HPTs). This project, sponsored by the Division of Facility Operations, Office of Nuclear
Regulatory Research, of the NRC and jointly managed by BNL and the NRC, was
endorsed by the Health Physics Society and INPO.

The principal objectives of this project were to:

l. Develop model job descriptions for utility and vendor HPT positions at
operating commercial nuclear power plants,

2. Develop industry-wide HPT task listings and collect data describing task
performance characteristics (difficulty, importance, frequency), and

3. Provide recommendations for selecting tasks for detailed analysis to serve as a
basis for training development.

The direction of this project was based on the "systems approach to training." This
systems approach is the deliberate, orderly process of analysis, design, and development
of training programs and their systematic operation, evaluation, and maintenance to
ensure continued effectiveness. The process is summarized in the following five steps:

l. Syster~atic analysis of the job to determine what the performer must be able to
do (job and task analysis);

2. Derivation of performance-based learning objectives from that analysis;
3. Implementation of training that has been derived from the learning objectives;

4. Trainee evaluation in training according to the performance standards stated in
the learning objectives; and

5. Training program evaluation and revision based on the trainee's ability to per-
form in the actual job setting.

I-1



1.2 PROJECT DESCRIPTION

The project consisted for the following major parts:
1. Front-end analysis to document the need for a HPT job and task analysis,
2. Job analysis survey questionnaire preparation,
3. Job analysis survey administration, and

4, Data analysis (including) selecting tasks for detailed analysis and model job
description development).

The front-end needs analysis consisted of a review of existing documentation that has
demonstrated the need for job and task analysis of HPTs and subsequent development of
performance-based selection, training, ind qualification programs. These reviews
included the many studies conducted since the Three Mile Island accident to determine
actions that should be taken by the utilities and regulatory agencies to ensure the safety
of the public during the operation of power generating stations.

Preparation of the job analysis survey questionnaires included developing an initial task
inventory and tool/equipment and reference listings, preparing a Target Population
Report to define the job incumbent population for a national survey of HPTs and to
identify sampling considerations, interviewing job incumbents and utilizing a Subject
Matter Expert (SME) Consensus Group to revise initial task inventories and tool/
equipment/reference listings, pilot testing a job analysis survey questionnaire at nuclear
power plant sites, and submitting the final questionnaire to the SME Consensus Group for

approval.

The job analysis sur rey questionnaires were administered to utility and vendor HPT job
incumbents at oper: ting nuclear power plants throughout the country. Following review
of completed questionnaires, responses were entered into a computer data base to permit
compilation and analysis of the survey data for model job description development and
the selection of tasks for task analysis recommendations.

1.3 FINAL REPORT FORMAT
Chapter 2 provides an overview of the job analysis approach used.

Chapter 3 describes in more detail a major portion of the job analysis, the survey
administered to a national sample of utility and vendor Health Physics Technicians. The
principal objectives of this survey were to obtain completed and validated listings of
tools, equipment, and references used and tasks performed by job incumbents, and to
collect task performance data to support selection of tasks for detailed analysis. The
survey, data analysis, and task selection methodology used are described in detail. Data
analysis results are discussed and tasks recommended for detailed analy.is are indicated.

1-2



Chapter & discusses the application of the job analysis results in the development of job
descriptions and presents an overview of how the job analysis results can be used in
training program development and other applications (for example, evaluating qualifica-
tions, performance appraisal, screening and selection, job performance aids/procedures).

The model job descriptions developed during this project are provided in Appendices A
through D. Individual job descriptions were prepared for the following HPT positions:
Health Physics Technician Foreman/Supervisor,

Senior/Lead Health Physics Technician,

Health Physics Technician (Junior), and

Assistant Health Physics Technician/Trainee.

c © © ©

1-3



2. JOB ANALYSIS

2.1 INTRODUCTION

This chapter presents the industry-wide dealth Physics Technician job analysis in two
parts:

1. Definitions of key job analysis terminology and
2. Description of the methodology used.

A major component of the project, the job analysis survey, is discussed in detail in
Chapter 3.

2.2 JOB ANALYSIS TERMINOLOGY

To understand clearly the various procedures described in this and subsequent sections, it
is necessary to understand the hierarchical structure of the job in terms of its principal
components, These are categorized as duties, tasks, or task elements. Figure 2-1

illustrates the relationship between these layers of a job hreakdown. The categories are
defined as follows:

The job comprises all the duty areas and tasks performed by a single worker, Itisa
group of positions that are identical with respect to their major or significant tasks
and sufficiently alike to justify their being covered by a single analysis. Health
Physics Technician, for example, is a job and has duty areas and tasks as
exemplified in Figure 2-2,

A duty is one of the major subdivisions of work performed by one individual. Duty
areas are often used in job analysis to categorize groups of tasks in organizing task
lists. In the Health Physics Technician example of Figure 2-2, "radiation/
contamination work area support" is a duty area. It includes tasks associated with
establishing, maintaining, and i. onitoring radiation/contamination work areas.

The task is the lowest level of behavior in a job that describes the performance of
a meaningful function in the job under consideration. Examination of the job at the
task level allows the job to be described in sufficient detail to serve as the basis
for a complete instructional system. An example task from Figure 2-2 under the
duty area of "radiation/contaminaticn work area support” is "set up a control point."
Because tasks statements are intended to assure that the job analysis yields usable
job-performance data, a task should be characterized as follows:

o Be a highly specific action,
o Have a definite heginning and end,

o Be performed in relatively short periods of time, that is, seconds, minutes, or
hours,

o BRe observable so that a determination can be made that the task has been
performed,

2-1
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Figure 2-1. Interrelationships of Job, Duties, Tasks, and Elements

o Be measurable in terms of performance, and

o Be independent of other actions.

The task elements provide the step-by-step direction and guidance concerning task
performance. An element is the smallest division of behavior that has practical
meaning to instructional designers. Elements within a task may be:

o Fixed sequence (the elements are done in the same order),

o Alternate path (the specific situation encountered determines the appropriate
sequence), or

o A combination of both.

Within the Figure 2-2 example task, "set up a control point,”" example elements include
"post radiation signs," "position radiation rope," and "position step-off pad."
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Figure 2-2. Health Physics Technician Job Breakdown
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2.3 JOB ANALYSIS METHODOLOGY

Figure 2-3 provides a block diagram of the key job analysis steps used. This methodology
is consistent with that used by INPO in performing industry-wide job analysis of other
nuclear power plant job positions. These fundamental steps were:

Step 1.

Step 2.
Step 3.
Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.
Step 10.
Step 11.

Conduct a front-end analysis to document the need for Health Physics
Technician (HPT) job and task analysis.

Develop initial task inventories and tool/equipment/reference listings.
Prepare a Target Population Report.

Interview job incumbents at sites and utilize a Subject Matter Expert
(SME) Consensus Group to revise initial task inventories and tool/
equipment/reference listings.

Prepare a pilot job analysis survey questionnaire.

Test the pilot questionnaire at nuclear power plants and vendor HPT
companies to develop the final survey questionnaire.

Submit the final survey questionnaire for SME Consensus GCroup
approval.

Administer questionnaires to a national sample of job incumbents and
analyze their responses.

Identify tasks for detailed task analysis.
Develop HPT model job descriptions based upon analysis of the data.

Provide a final job analysis report and :he survey data to BNL.

Step 1: Conduct front-end needs analysis.

This step consisted of literature search and compilation of existing documentation to
demonstrate the need for job and task analysis for Health Physics Technicians and for
the subsequent development of performance-based selection, training, and qualif.cation
programs. A report detailing the findings of this step was produced.

The documents reviewed as a part of this step included the following:

o NUREG 0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident"

(l)'

o "Report of the President's Commission on the Accident at Three Mile Island"

(2),

6 ANSI/ANS-3.1-1981, "American National Standard for Selection, Qualification
and Training of Personnel for Nuclear Power Plants" (3),
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o NUREG/CR-1750, "Analysis, Conclusions, and Recommendations Concerning
Operator Licensing" (4),

o Descriptions of existing HPT Training Programs (demonstrating variability in
programs),

o Nuclear Safety Oversight Committee letter to the President, 17 April 198: (5),
o INPO Guidelines 82-006, "Radiological Protection Qualifications" (6), and
o NUREG-0855, "Health Physics Appraisal Program" (7).
The conclusions generated from the review of this information were that:
o Performance-based training programs are needed,

o Job and task analysis should be used as the initial step in developing these
programs, and

o An industry-wide job and task analysis using the INPO program development
model is the preierable scheme for accomplishing the training data collection.

Step 22 Develop initial task inventories and tool/equipment/reference listings.

Two options were considered for developing initial task inventories and tool/equipment/
reference lists: 1) conduct extensive interviews with job incumbents to develop lists
from interview results, and 2) conduct an extensive review of available job-related
documentation to develop initial lists, which could later be validated through job
incumbent interviews, SME Consensus Group review, and job-analysis survey instru-
ments. The second approach was selected to minimize demands on industry personnel.

Job-related documentation available at A&T and BNL, supplemented by job descriptions
and job/task analysis data provided by utilities, was used as the source for developing
initial task inventories and tool/equipment/reference lists for HPTs. The end products
from this step were initial task inventories organized by duty area (for example, effluent
control, process monitoring, personnel monitoring, shipment/receipt of radioactive
materials, administration) and a listing of tools/equipment and references with which or
on which HPTs work.

Step 3: Prepare a Target Population Report,

The principal objective of this step was to identify the characteristics of the target
population for which job-analysis survey data was to be obtained. As developed, the
Target Population Report specified the considerations and sampling that would be
applied to using the job-analysis questionnaire and quantified the size of the HPT

lation, This step in the job analysis ensured that the survey results would correctly
reflect the characteristics of the entire population of HPT personnel throughout the
industry.

Review of the plant-specific job descriptions, organizational diagrams, and industry-
wide plant staffing surveys prepared by INPO and the Edison Electric Institute (EEI)
indicated that the job duties of Health Physics Technicians are defined under numerous
titles and job classifications. The following list of job titles was generalized from this
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data and was used in the survey questionnaire to permit sorting respondents according to
similar levels of experience and job titles:

Foreman or Supervisor (first-line manager),

Sen.or/Lead Technician,

Technician (Junior),

Assistant Technician, and

Tachnician Trainee.

© © © o o

After the generalized job titles were defined, several other characteristics of the job
environment were reviewed to assess the potential effect on responses to a survey
questionnaire, These characteristics included:

Type of reactor (boiling water or pressurized water),

Union or non-union jobs,

Plant operational status,

Job location (on-site or off-site), and

Use of vendor HPTs,

O ©¢ 0 0o ©°

As a result of these reviews, the following conclusions were drawn:

1. The type of reactor system [boiling water (BWR) or pressurized water (PWR))]
at a plant was expected to make no difference in the manner of task
performance; however, the frequency of performance of some tasks may differ
due to the pre ence of more contamination at BWR plants (so that more surveys
and radiation v ork permits are completed than at PWR plants), There may also
be a few tasks unique to each type of plant,

2. Survey response and job analysis results should not be affected appreciably by
unionization since the duty areas of the HPT job that are periormed by only one
individual tend to be limited due to organizational considerations at both union
and non-union plants,

3. The survey sample should be composed of Health Physics Technicians from
operational plants because the scope of HPT responsibilities expands consider-
ably once fuel is loaded and a plant is og«atioml. Hence, the HPT job at a
pre-operational plant is a subset of the HPT job at an operational plant. Thus,
the results of a survey that inadvertently included pre-operationai plants would
be skewed away from the tasks that are actually performed at a majority of the
plants, Such a bias in the results would then cause task selection for analysis
and training to be misguided,

4. The impact of job location (either on-site or off-site) on the survey results is
related to the variety of job titles that can confuse identification of the target
population. The survey was aimed at the HPT job that is performed on-site, A
limited investigation into the tasks performed by HPTs off-site found that the
tasks are few and very specific, such as radiation exposure audits and
special-circumstance radiation analyses, The potential for confusion existed
because the job titles of HPTs working on-site and off-site are very sinilar, if
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not the same. This problem was resolved by the directions provided to each
plant for survey disti.bution and with a question to the respondent on the
questionnaire demographic sheets.

5. It is desirable to also survey the vendor HPTs on short-term, temporary
assignment at plants during specific plant modes, such as outages. These
personnel, also referred to as "rent-a-techs," are distinguished from the other
contractor HPTs who are filling normally permanent utility HPT positions. The
rent-a-tech fulfills only a temporary need of the plant; however, because the
rent-a-tech is performing tasks that a plant HPT would perform and for whose
actions the utility is equally responsible, the inclusion of rent-a-techs in the
target population would benefit any study of their training needs and ifica-
tions in comparison to training needed by permanently employed HPTs, In
addition, the survey results from rent-a-techs may identify tasks not available
from the regular HPT staff on-site because of the special periods and work for
which they are recruited.

Three key references were used to determine the size of the plant HPT population
(excluding vendor HPTs on short-term, temporary assignment at plants)

o "A Survey of Occupational Employment and Training in the Nuclear Power
Industry" (8), which was prepared by INPO and gives the status of utility job
positions as of March 1981,

o "1982 Survey of Nuclear-Related Occupational Employment in U.S. Electric
Utilities" (9), which was also prepared by INPO and updated the status of job
positions to March 1982, and

o "Nuclear Plant Staffing Survey" (10) by the Edison Electric Institute (EEI),
which gives the status of job positions for each specific plant as of
Octobq; 1981 (as compared to the entire industry summary of the INPO
surveys),

The EEl s was used to ngcntc the number of HPTs at operational plants from those
of all plants (given by the INPO studies), The EEI study was also used to estimate how
v:‘.’rz first-line HPT supervisors are in the industry. This step was necessary because the
I surveys include all managers and supervisors at a plant under one category. The
resuits of the review of these studies are shown in Table 2-1. On the basis of these
results, a plant HPT population of 1575 was used for Jetermining the sample size,
(Section 3.2.1 discusses the survey sampling plan.)

Initially, surveying the population of vendor HPTs used predominantly for short-term
outage support was not a project objective; however, as the project progressed, it
became apparent that the same survey questionnaires sed for plant HPTs could be used
to collect data from this vendor technician population. In addition, it was realized that
vendor technician data could be helpful in addressing tions related to the training
and qualification utilities should require for vendor HPTs, the similarities and differ-
ences of the job-experience levels of utility and vendor HPTs, and the extent to which
cHo’mrmon training and qualification requirements could be applied to u*ility and vendor
s.



TABLE 2-1
SUMMARY OF PLANT HEALTH
PHYSICS TECHNICIAN POPULATION*

JOB CATEGORY MARCH 1981 | MARCH 1982
— —— —‘ﬂ
UTILITY EMPLOYEES
Technicians 1083 1151
Supervisors 158 168
(estimated)

CONTRACTOR EMPLOYEES

(Filling normally permanent 407 256
utility posit
TOTAL 1648 1575
VACANCIES
(Not included in total) 09 33

*On-site personnel at operating plants (excluding vendor HPTs on
short-term, temporary assignment at plants)

-y

5 collect the vendor HPT data, the scope of the project was expanded to include
surveying vendor HPTs working for firms willing to participate in the survey. Since
these vendor HPT firms were not included in the INPO and EEI industry-wide staffing
surveys, an approximation of the vendor HPT population was made by conducting a
telephone survey of a sample of these firms. That survey indicated that the ation
of vendor HPTs fluctuates around 1200 technicians depending upon the season (that is,
fewer outage during peak electricity demand periods). It was recognized that this
estimate of the vendor HPT population is subject to greater error than the estimated
t HPT tion since the vendor HPT estimate was not based on any formal

uy" m.y.
|
il nvantoeg

Step 4:  Interview job incumbents a

o WIT LIEET 1 9LS S AT .
To improve and verify the accuracy of the initial task and tool/equipment/reference
listings, representative HPT job incumbents were interviewed at BWR and PWR plants,
These thumboms included 13 supervisors and technicians from the following nuclear
power
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Plant Utility

Calvert Cliffs, MD Baltimore Gas & Electric Co.
Connecticut Yankee, CT Connecticut Yankee Atomic Powe.: Co.
D. C. Cook, MI Indiana & Michigan Electric Co.
Millstone, CT Northeast Utilities

Pilgrim, MA Boston Edison Co.

The initial task inventories were used to structure these interviews. Job incumbents
were asked to comment on each task regarding its applicability, terminology, and
correctness and to identify any additional tasks that should be added to the inventory.
Similiar reviews of the tool/equipment and reference listings were conducted.

The results of these job incumbent interviews were egated and presented to a
Subject Matter Expert (SME) Consensus Group convened by BNL. This group provided a
quality control and steering function and met at periodic intervals throughout the
project. "Subject Matter Expert" in this case was not limited just to in-oepth knowledge
and experience ‘'n HPT job requirements. Since this group was also charged with making
training-related recommendations as well as verifying job data, a component of this
group included "training and education SMEs," experienced in education and training
techniques and the job analysis process. Organizational affiliations of the 10 members of
the SME Consensus Group were as follows:

Members Affiliation
2 Brookhaven National Laboratory
- Safety and Environmental Protection
Division
1 Nuclear Regulatory Coriimission

- Occupational Radiation Protection Branch,
Division of Facility Operations, Office of
Nuclear Regulatory Research

2 Institute of Nuclear Power Operations
- Radiation Protection and Emergency
Preparedness Division
= Training and Education Division

2 Institute for Resource Management
«  Contract HPT services

| Rutgers University
«  Department of Environmental Sciences
(Radiation Science)
2 Analysis & Technology, Inc.

Resume summaries of SME Consensus Group members are provided in Appendix E.

2-10



At the first SME Consensus Group meeting, each task inventory item was reviewed indi-
vidually, includi%: discussion of job incumbent interview comments and suggested

revisions. All S were asked to identify any of the following possible task inventory
deficiencies and reach consensus concerning the statement of each task:

1. Task statements that are duplicates.
2. Tasks that are performed primarily by someone else,

3. Tasks that are clearly not a part of the job. (For example, unique circum-
stances sometimes require an individual, at least temporarily, to do part of
someone else's job. These tasks, however, should not be included in the final
task inventory,)

4. Tasks that are incorrectly stated and should be rewritten. (For example, the
job-incumbent interview results indicate a general misunderstanding of the
task statement, which could cause problems in defining the task during the
task analysis phase.)

5. Task statements that were omitted from the inventory,

6. Duty areas that were incorrectly listed and/or tasks that were listed under the
wrong duty area.

Similar reviews were conducted for the tool/equipment and reference listings.

The SME Consensus Group also reviewed a draft of the demographic information and task
ntm scales to be incorporated into a pilot job analysis survey questionnaire, Comments
on this material were factored into the development oi the pilot questionnaire (Step 5).

Step 5:  Prepare pilot job analysis survey questionnaire.

After the job-incumbent intarviews were completed, and contributions from subject-
matter experts provided, the HPT task inventories were revised. These task inventories,
along with tool/equipment lists and reference lists, were included in a national job
analysis survey of incumbents to validate the inventories for accuracy and complete-
ness, Before conducting this national survey, however, pilot survey questionnaires were
field tested at representative facilities,

Each questionnaire included a demographic (biograplical information) data sheet, a
listing of tools and equipment used, a list of refecences used, and an inventory of tasks
appropriately grouped by functional duty areas. All questionnaires were provided with
instructions designed to permnit the questionnaire to be self-administered,

The demographic data sheets solicited information to allow sorting of data by appropri-
ate dimensions (for example, job level, utility or vendor technician, plant type) as well as
to provide an adequate summary of the education and experience of respondents, Two
demographic data sheets were provided in the questionna.re to permit collectirg data for
plant HPTs and vendor HPTs separately., Specific information requested on the
demographic data sheets included the following:

1. Personnel identification -- name, plant or vendor company, job title,
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2.

3.

.

Permanent job specialty area assignments -- to identify any technicians
permanently assigned to particular specialty areas (for example, calibration,
dosimetry, decontamination).

Job level descriptor -- to identify the respondent's position relative to other
HPTs within the organization (for example, Trainee, Assistant Technician,
Junior Technician, Senior/Lead Technician, Foreman or Supervisor).

Experience -- years of health physics experience in the current job position, at
the utility/vendor company and at other commercial power reactors, and
experience in other health physics areas.

Education and training -- highest level of formal education achieved, total
amount of health physics training received at various locations (for example,
vocational school, utility, military service, college, short courses/seminars).

Task statements were grouped in the questionnaire according to the following 15 duty

1.
2,
3
b,
5.
6.
7.
8.
9.
10,
1.
12,
13,
14,
15,

Counting Room and Associated Equipment

Radioactive Sources

Effluent Control (Liquid and Gaseous)

Process Monitoring

Portable Radiation Monitoring Equipment (Survey Meters and Air Samplers)
Personnel Monitoring Equipment (Friskers, Whole-Body Count Equipment)
Surveys (Radiation/Contamination/Airborne)

Radiation/Contamination Work Area Support

Shipping and Receiving Radioactive Materials

Decontamination

Environmental Sampling

Respirators and Self-Contained Breathing Apparatus (SCBA) Equipment
Emergency/Abnormal Tasks

Administration/Training

Miscellaneous Supplies and Equipment.

One of the major purposes of the job analysis survey was to collect task performance
criteria data that would subsequently provide a basis for selecting tasks for training/
detailed task analysis (the methodology used for recommending tasks for detailed
analysis is discussed in Chapter 3). Procedures for applying the systems approach to
training provide several options for these criteria. Example criteria include:

I
2,
3
b,

Percent of job incumbents performing the task,
Frequency of performance,
Task importance,

Task performance difficulty,
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3. Task delay tolerance (that is, how much delay can be tolerated between the
time the need for task performance becomes evident and the time actual
performance must begin),

6. Relative amount of time spent performing the task,
7. Task learning difficulty, and
8. Probability of deficient task performance.

Based upon INPO's experience with other nuclear industry-wide job analyses, criteria |

through 4 (percent performing, frequency of performance, importance, and difficulty)
were selected to be the principal ct 'teria in survey questionnaire design,

The MMMM calculated from the responses to the
survey quest was se as a measure of the relevance of the task to the

es,
entire population. This criterion points to the need for training tasks that are most

Thtncmdcrlmla\.w_m}gﬂm,, was selected as a measure of how much
of the job a particular task represents whether the task is performed frequently
a incumbent to maintain proficiency without additional practice (retrain-

ing). - This criterion points to the need to provide training to incumbents for tasks on
which they spend the most time, and to provide retraining (or practice) for infrequently
med tasks that are selected for training based upon other criteria (importance and

The *.lmslﬁ.! E!mlﬁ? was selected as a measure of the criticality of the task.
Task importance terms of consequences created by inadequate task performance
points to the need for selecting tasks fur analysis and training that are essential to jeb
performance regardless of how often the task is performed,

The fourth criterion, was selected as a measure of the need for formal
training to ensure ¢ mpetent performance. Some tasks are complicated and require
lpoclm fic, formal tr uning, whereas other tasks are simple and can be learned easily on the

For each task, the job incumbent was asked to rate the task according to five-point

I.umt-‘?:'o scales for frequency of task performance, importance, and difficulty (the

calcula of percent performing was based on task responses), Table 2-2 provides

abbreviated initions of these criteria scales, Respondents were asked to rate

;ubln;l.pmom and r+ferences used in the job according to the frequency scale listed in
able 2-

The listing of tasks for individual duty areas followed a logical sequence to assist job
incumbents in identifying any tasks not listed on the questionnaire. In the space
provided, respondents were requested to write in additional tasks performed and to rate
these tasks according to the frequency, importance, and difficulty criteria scales,

Before the questionnaires were administered to a national sample of HPTs, it was
important that BNL and A&T be assured of the comprehensibility of the directions, task
2-1%



TABLE 2-2
DEFINITIONS OF TASK RATING SCALES

W N -

"

"

FREQUENCY

Never

Rarely (once a year or less often)
Seldom (about 3 or 4 times a year)
Occasionally (about once a month)
Often (about once a week)

Very Often (daily)

IMPORTANCE

Neg'g!'ble (Improper task performance results in no unnecessary radiation dose or
makes no difference in plant operation and safety consequences)

Undesirable (Improper task performance may result in dose considered inconsistent
with ALARA, some undesirable consequences to plant operation, safety conse-
quences, or some moderate corrective action)

Serious (Improper task performance may result in exceeding administrative
exposure limits or serious consequences to plant operation, personnel injury, or an
unusual occurrence event, or may require considerable corrective actions)

Severe (Improper task performance may result in exceeding federal exposure limits
or consequences requiring extensive corrective action or an alert event may result)

Extremely Severe (Improper task performance may result in serious over-exposure
implying possible health consequences or consequences that may be enormously
time consuming or costly to correct or a site or general emergency may result)

DIFFICULTY

The mental activity required is low and the degree of motor coordination is low.

The mental activity required is low and the degree of motor coordination is high.

~. a mental activity required is medium (irrespective of the motor coordination
rating).

The mental activity required is high and the degree of motor coordination is low.

The mental activity required is high and the degres of motor coordination is high.




statements, and lists of tools, equipment, and references, as well as the accuracy and
completeness of the task inventories. To provide this assurance, the HPT survey
instrument was field tested by administering the questionnaires to HPTs at six nuclear

power plants and two vendor companies. Table 2-3 lists the organizations that
participated in this pilot testing.

During pilot testing, job incumbents were asked to identify potential problems and
provide suggestions for improving the questionnaire. At the completion of this testing
step, comments and suggestions regarding questionnaire content and all write-in tasks
identified were aggregated for presentation to the SME Coiisensus Group. The responses

to all task statements and tool/equipment/reference listings were entered into computer
files for processing.

TABLE 2-3
PILOT TESTING PARTICIPANTS
NUMBER OF
PLANT/COMPANY QUESTIONNAIRE
RESPONDENTS

Calvert Cliffs, MD 4
Connecticut Yankee, CT 2
FitzPatrick, NY 2
Indian Point 3, NY 3
Maine Yankee, ME 3
Pilgrim, MA 4
Institute for Resource
Management, Inc. 4
Nuclear Support Services, Inc.
TOTAL 26

Step 7: Submit fina! survey questionnaire for SME Consensus Group approval.

After developmental testing was completed, the pilot questionnaire responses given by
job incumbents to the listing of tools/equipment, references, and tasks were tabulated.
These computerized results provided for SME Consensus Group review included:

Summary of all demographic data,

Number of responses and calculated percent-using statistics for each tool/
equipment and reference document,

Number of respondents who perform each task,

Percent of all respondents performing each task,

For each task, a distribution of responses for each of the five points of the
rating scales for the criteria (frequency, importance, and difficulty), and
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o Average task ratings and associated siandard deviation for each of the criteria
(frequency, importance, and difficulty).

These data along with composite listings of suggested questionnaire changes and write-in
tasks were reviewed individually with the group to reach consensus on changes for the
final survey questionnaire. This final questionnaire is provided as Appendix F of this
report.

Step 8: Administer questionnaires to a national sample of job incumbents and analyze
responses.

Initial preparations for administering the questionnaires included identifying utility and
vendor company points of contact for coordinating survey administration, preparing
instructions for on-site administration of the questionnaires, and printing the final
questionnaires.

The initial list of target plants included all commercial nuclear power plants in operation
at that time. Target vendor organizations were selected based on estimates of the
number of contract HPTs employed by each company (the intent being to focus survey
efforts on vendor companies most likely to respond with significant numbers of
questionnaires). The initial point of contact for each plant was selected to be the
Radiation Protection Manager in most cases. In some cases, this individual assigned
responsibility for on-site administration of the questionnaires to another individual
within the organization. Vendor points of contact were identified through communica-
tion with appropriate company managers.

Members of the SME Consensus Group from BNL and other organizations provided
valuable assistance in developing project interest and support from industry organiza-
tions. The project was endorsed by INPO and the Health Physics Society.

Initial letters of notification were sent to all utility and vendor points of contact by
BNL. These letters described the project methodology and objectives and requested
support for this effort. A&T personnel followed up these letters with telephone calls to
each point of contact to identify organizations that intended to participate in the effort
a