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ABSTRACT
In a national laboratory setting, it is necessary to provide radiation protection overview
and training to diverse parts of the laboratory population. This includes employees at
research reactors, accelerators, waste facilities, radiochemical isotope processing, and
analytical laboratories, among others. In addition, our own radiation protection and
luonitoring staffs must be trained. To assist in the implementation of this full range of
training, ORNL has purchased prepackaged computer-based training in health physics
and technical mathematics with training modules that can be selected from many topics.
By selection of specific modules, appropriate radiation protection review packages can
be determined to meet many individual program needs.

Because our radiation protection personnel must have some previous radiation protec-
tion experience or the equivalent of an associate's degree in radiation protection for
entry level, the computer-based training will serve primarily as review of major prin-
ciples. Others may need very specific prior training to make the computer-based train-
ing effective in their work situations.

'Operated by Martin Marietta Energy Systems, Inc, for the U. S. Department of Ener-
gy under Contract No. DE-AC05-84OR21400. The submitted manuscript has been
authored by a contractor of the U.S. Government under the above contract. Accord-
ingly, the U.S. Government retains a nonexclusive, royalty-free license to publish or
reproduce the published form of this contribution, or to allow others to do so, for U.S.
Government purposes.



INTRODUCTION

It is necessary to provide radiation protection overview and training to very different
types of personnel in a research installation such as the Oak Ridge National Laboratory
(ORNL). Radiation protection and monitoring personnel must have adequate training
and demonstrate proficiency in radiation protection. Other ORNL employees must
also be trained to protect themselves and the environment, particularly those working
at research reactors, accelerators, waste facilities, radiochemical and isotope process-
ing and research laboratories, and analytical laboratories. To assist in the implemen-
tation of this full range of training, ORNL has purchased prepackaged computer-based
training (CBT) in health physics and technical mathematics with training modules that
can be selected from many topics. By selection of specific modules, appropriate radia-
tion protection review packages can be determined to meet many individual program
needs. The strategy development and training implementation is reviewed below.

CBT FOR RADIATION PROTECTION/MONITORING STAFF

Radiation protection personnel at ORNL serve indispensably as the sentinels to protect
the plant population and their surrounding environments from risks associated with the
presence of ionizing radiation. Relying upon their technical knowledge, these in-
dividuals discharge duties involving detection, monitoring, and classification of the
radiation. Some perform protective surveillance-type tasks, others monitor dosage up-
take and accumulation. Additionally, radiation protection staff members provide
guidance in project design, development, and implementation with regards to health
physics. These combined efforts assure that radiation control measures are executed
in accordance with applicable regulations.

A crucial element we use in verifying the mandatory technical knowledge and skills is
the Resource Technical Services Health Physics and Technical Mathematics Com-
puter-Based training packages. Administered by ORNL's Technical Resources and
Training Section, these programs address established training needs plus those brought
about by a recently issued Department of Energy operating order. The packages con-
sist of thirty-four health physics and nineteen technical math separate instructional
modules.

Applications of modules, most often in a cluster, are being made to fulfill technical
training requirements stipulated in ORNL technical document ORNL/TM-10119,
'Technical Qualifications Requirements and Training^Programs for Radiation Protec-
tion Personnel at Oak Ridge National Laboratory". That charter along with DOE
Order 5480.11, "Radiation Protection for Occupational Workers",3 promulgates that
radiation safety training and retraining include, but not be inclusive to, certain topical
items. The level of instruction in each is commensurate with the employee's assigned
duties. Table 1 lists the major sections of the ORNL formal program while Tables 2



and 3 compare the 5480.11 topical subjects and the computer-based training module
titles.

The purpose of the formal Radiation Protection training qualification program is to
prepare Radiation Protection Section and Radiation Monitoring Section employees to
work at and support activities of various ORNL reactor and nonreactor nuclear
facilities. Personnel qualifications are separated into two major categories, those being
(1) technician staff and (2) professional staff. Most of the professional staff positions
are filled by individuals with academic training and/or specialized degrees in health
physics. The professional staff members are evaluated before assignment, and are not
necessarily subjected to the same program as the technicians unless it is deemed that
they can benefit from review of one or more modules of training. Openings in the tech-
nician staff are filled with individuals who have completed either an associate degree
curriculum or its equivalency (professional training, service training, etc.).

Representatives from both staff groups are assigned to complex areas geographically
located within the plant proper. In those areas it is typical to find assorted types of
radioactive material processes. Likely to be found are hot cells, accelerators, glove
boxes, research reactors, hoods, x-ray devices, bench tops activities, and others.
Domination of type operations varies from complex to complex.

Technician training for these geographical areas incorporates three distinct com-
ponents (as directed by ORNL/TM-10119). Those are :

• topical material required by 5480.11

• laboratory specific information

• complex area based on-the-job training.

The topical material is delivered by the computer-based training programs. IBM
AT/XT compatible personal computers are located at each of the fifteen-plus com-
plexes at ORNL. Approximately twenty-five PCs are available for use. Traditionally
these have been used to support the day-to-day activities of the employees but with the
versatility of the RTS computer package, they serve efficiently as training devices. With
time constraints placed on employees due to heavy work schedules, these PCs are avail-
able at each complex office when the trainee has some free time. That is the time educa-
tional psychologists calls the teachable moment (Boone, 1985):4 When people are ready
to learn. Most training programs experience violations of that principle when trying to
achieve regulatory compliance plus convey information.

Since the purchase of the CBT in mid-1988 approximately thirty radiation protec-
tion/monitoring employees (technicians and professional staff combined) have par-
ticipated in formal training utilizing applicable modules. Participants included
individuals with tasks oriented in dosimetry systems, research reactors, waste manage-
ment processes, and/or hot cells, each including field survey duties. Employees were



assigned a series of modules to complete. Then certain groups gathered to review the
instructional material. These reviews were conducted by professional trainers from the
Technical Resources and Training Section. Table 4 lists RTS modules used to this date
in each application.

GENERAL APPLICATIONS

In addition to use of the RTS modules in the Radiation Protection/Monitoring
qualification program, the Technical Resources and Training Section also provides
radiation protection training for radiation workers in reactor and non-reactor nuclear
facilities at ORNL and more general radiation protection information for other ORNL
workers. Though we have not completed the implementation of the RTS CBT pack-
ages in these more general programs, we plan to use them in a variety of divisions to
meet differing needs. We are setting up specific training clusters for several divisions
by determining their information/training needs and selecting the modules that best fit
those needs. For example, the radiochemists working in Analytical Chemistry or Biol-
ogy Divisions can review theory and applied health physics related to the type of work
environment; because of the level of prior training and education, the RTS modules
can serve as a quick self-review of radiation protection needs and controls.

In each of these cases, the CBT modules will be supplemented by formal and/or infor-
mal training such as classroom instruction or on-the-job training. Though they can be
placed on any PC at ORNL, we control the final testing function by requiring that the
final test must be completed at the Technical Resources and Training Center machines
in a proctored environment. It may be possible to use these modules to verify the prior
knowledge of some employees, thereby letting them "test out" of certain classroom
training requirements. We anticipate development of procedures for this option during
the next twelve months.

As these special applications are implemented in the coming year, we will document
them extensively and have better data to use in evaluating the overall effectiveness of
the CBT. Overall we already can say that the RTS program with its ability to cluster
modules is very useful for:

• multiple training applications

• review of principles and applications

• documentation of prior knowledge

• economic operation on existing machines.
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Table 1. Training Elements in ORNL Radiation Protection/Monitoring
Training Program

SECTION 1
Fundamental Math, Sciences, and Techniques As Applied to Radiation
Protection Activities

SECTION 2
Health Physics Theory

SECTION 3
General Principles and Administration

SECTION 4
Radiation Survey

SECTION 5
Radioactive Contamination Control

SECTION 6
Radioactive Material Control, Including Transportation and Waste Disposal

SECTION 7
Health Physics Dosimetry

SECTION 8
ORNL Systems/Operations/Experiments



Table 2. Training Topics Stipulated by DOE Order 5480.11

Radioactivity and radioactive decay
Characteristics of ionizing radiation
Man-made sources
Acute effects of exposures to radiation
Risks associated with occupational exposure
Special considerations in the exposure of women of reproductive age
Dose-equivalent limits
Mode of exposure — internal and external
Dose-equivalent determinations
Basic protective measures — time, distance, shielding
Special plant procedures for maintaining exposures ALARA
Radiation survey instrumentation ~ calibration and limitations
Radiation monitoring programs and procedures
Contamination control
Personnel decontamination
Emergency procedures
Warning signs and alarms
Employee/ management responsibilities
Interaction with radiation protection staff
Operational procedures associated with specific job assignments



Table 3. Applicable Modules Selected from RTS Package

HEALTH PHYSICS
1. Atomic Structure
2. Types of Radiation
3. Radioactive Decay Schemes
4. Interaction of Radiation with Matter
5. Physical Decay of Radioactive Materials
6. Radiation Dosirnetry Quantities and Units
7. Environmental Radiation and Radioactivity
8. Cell Chemistry and Acute Effects
9. Biological Effects of Ionizing Radiation
10. Internal Dosimetry
11. Detector(s) Theory
12. Thermoluminescent Detector theory
13. Counting Systems
14. Counting Statistics
15. Instrument Operation Characteristics
16. Health Physics Instruments
17. Contamination Control/ Decontamination
18. Radiation Surveys
19. Radiation and Shielding
20.ALARA
21. Airborne Radioactivity Surveys
22. Respiratory Protection
23. Radioactive Waste Control
24. Radioactive Materials Control
25. Shipment and Transportation of Radioactive Materials
26. 10CFR19/10CFR20
TECHNICAL MATHEMATICS
1. Fundamental Concepts and Operations I,II,III
2. Functions and Graphs
3. Trigonometric Functions I,II,III
4. Right Angles
5. Systems of Linear Equations
6. Special Products and Factoring
7. Fractions
8. Quadratic Equations
9. Radians
10. Vectors
11. Oblique Triangles
12. Graphs of Trigonometric Functions
13. Exponents and Radicals
14. Logarithms 1,11



Table 4. RTS Modules Used for Radiation Protection Applications

DOSIMETRY SYSTEMS
1. Fundamental Concepts and Operations
2. Atomic Structure
3. Types of Radiation 1,11
4. Radioactive Decay Schemes
5. Interactions of Radiation with Matter 1,11
6. Physical Decay of Radioactive Materials
7. Biological Effects of Ionizing Radiation (Delayed)
8. Thermoluminescent Detector Theory

RESEARCH REACTORS
1. Atomic Structure
2. Types of Radiation 1,11
3. Radioactive Decay Schemes
4. Interactions of Radiation with Matter 1,11
5. Physical Decay of Radioactive Materials
6. Biological Effects of Ionizing Radiation (Delayed)
7. Neutron Detector Theory

WASTE MANAGEMENT PROCESSES
1. Atomic Structure
2. Types of Radiation 1,11
3. Radioactive Decay Schemes
4. Interactions of Radiation with Matter 1,11
5. Physical Decay of Radioactive Materials
6. Biological Effects of Ionizing Radiation (Delayed)
7. Radioactive Waste Control

HOT CELLS
1. Atomic Structure
2. Types of Radiation 1,11
3. Radioactive Decay Schemes
4. Interactions of Radiation with Matter 1,11
5. Physical Decay of Radioactive Materials
6. Biological Effects of Ionizing Radiation (Delayed)

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.


