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COURSE 
DESCRIPTION: 

This course covers the instrumentation and principles used to detect 
radiation, the sources of radiation in the plant, and the applicability of 
designated standards and guidelines to the job of the radiation protection 
technician.  

 
COURSE OUTCOMES: Students should be able to demonstrate: 

1. Rationality, logic and coherence through critical thinking; 
2. Their ability to express themselves effectively in quantitative and 

qualitative terms; 
3. The scientific method of inquiry; 
4. Their ability to access, retrieve, synthesize and evaluate information. 

 
TEXTBOOK(S): Duke Energy Handouts  
 
REFERENCE(S): Duke Energy Employee Training & Qualification Standard 5000.00, 

Classroom, Laboratory and Dynamic Learning Activities (DLA) Training 
and Evaluation 

 
OTHER REQUIRED 
MATERIALS, TOOLS, 
AND EQUIPMENT: 

None 

 
METHOD OF 
INSTRUCTION: 

This lesson will be taught by lecture and class participation in question 
and answer sessions. 

 
GRADING SYSTEM: 90 - 100 = A 

80 - 89 = B 
Below - 80 = F or Fail  

     
 



GRADE CALCULATION 
METHOD: 

The overall course score will be an average of all exams.  Weekly exams 
will be administered. A score ≥80% is required to pass each exam.  
Failure of any individual exam requires remediation and retesting.  The 
retest will be used only to determine students’ readiness to continue 
through the program. Only scores received on the initial attempt on each 
weekly exam will be used in the computation of course averages.  

If the student fails a re-test or finishes the course with a course 
average < 80%, he/she will have to repeat the course before 
proceeding to the next RPT course in the series. Students who must 
repeat any RPT course will not be able to continue as part of the 
current Duke Energy cohort. 

All written assignments (homework, labs, exams, etc.) will be graded and 
offered for review by students within one week of submission. 

A numerical grade will be provided to Duke Energy hiring managers for 
measuring academic achievement. 

This course does NOT include a comprehensive final examination. 

 
ATTENDANCE POLICY: 
 

The student is responsible for punctual and regular attendance in all 
classes, laboratories, clinical, practical internships, field trips, and other 
class activities.  The College does not grant excused absences; 
therefore, students are urged to reserve their absences for emergencies.  
When illness or other emergencies occur, the student is responsible 
for notifying instructors and completing work missed. 
 
During the first 75% of the course a student may initiate withdrawal and 
receive a grade of a W.  A student cannot initiate a withdrawal during the 
last 25% of the course. 
 
The student is tardy if not in class at the time the class is scheduled to 
begin and is admitted to class at the discretion of the instructor.  If late, 
please enter the class discreetly. No student will be admitted following 
distribution of exam materials. 
 
 
Instructors maintain attendance records.  However, it is the 
student’s responsibility to withdraw from a course.  A student 
enrolling in and attending at least one course session remains 
enrolled until the student initiates a withdrawal. 
 

Absences for Religious Holidays:  Students who are absent from class in 
order to observe religious holidays are responsible for the content of any 
activities missed and for the completion of assignments occurring during 
the period of absence.  Students who anticipate their observance of 
religious holidays will cause them to be absent from class and do not 
wish such absences to penalize their status in class should adhere to the 
following guidelines: 
 

1. Observance of religious holidays resulting in three or fewer 
consecutive absences:  Discuss the situation with the instructor 
and provide written notice at least one week prior to the 



absence(s).  Develop (in writing) an instructor-approved plan 
which outlines the make up of activities and assignments. 

2. Observances of religious holidays resulting in four or more 
consecutive absences:  Discuss the situation with the instructor 
and provide the instructor with written notice within the first 10 
days of the academic term.  Develop an instructor-approved plan 
which outlines the make up of activities and assignments. 

 
ACADEMIC CONDUCT:  
 

ACADEMIC DISHONESTY:  Students are expected to uphold the integrity of 
the College's standard of conduct, specifically in regards to academic 
honesty.  All forms of academic dishonesty including, but not limited to, 
cheating on assignments/tests, plagiarism, collusion, and falsification of 
information will call for disciplinary action.  Disciplinary action imposed 
may include one or more of the following: written reprimand, loss of credit 
for assignment/test, termination from course, and probation, suspension, 
or expulsion from the College.  For further explanation of this and other 
conduct codes, please refer to the Student Handbook. All students are 
required to read and sign a Duke Energy Test Integrity Form/Cover Sheet 
when taking Duke Energy examinations. 
CELLULAR PHONES AND PAGERS/BEEPERS:  Cellular phones, pagers and 
beepers are not permitted to be turned on or used within the classroom.  
Use of these devices during classroom time will be considered a violation 
of the student code as it relates to “disruptive behavior.”   

 
 
CLASS/LAB 
PROCEDURES: 

Duke Energy instructors review objectives at the beginning of each 
classroom presentation.  All Test items will be based on   those 
objectives.  Students need to learn the material related to those 
objectives in preparation for examinations.   

 
ACCOMMODATIONS: 
 

Students who need special accommodations in this class because of a 
documented disability should notify Student Disability Services. You may 
contact Student Disability Services by calling, (864) 592-4811, toll-free: 1-
800-922-3679; via email through the Spartanburg Community College 
web site at www.sccsc.edu/SDS/; or by visiting the office located in the 
Dan Lee Terhune Student Services Building, room 112 of the 
Spartanburg Community College campus.  By contacting Student 
Disability Services early in the semester, students with disabilities give 
the College an opportunity to provide necessary support services and 
appropriate accommodations. 

 
 

COURSE 
COMPETENCIES & 
OBJECTIVES: 

Upon satisfactory completion of this course, the student will be able 
to: 
 

 I.    Describe the basics of radioactive decay and how radiation interacts 
with matter. 

 
1. Define the following: 

A. Radioactivity 
B. Curie 
C. Becquerels 
D. Specific Activity 
E. Excitation 
F. Ionization 
G. Secondary Ionization 

http://www.sccsc.edu/SDS/


H. Specific Ionization 
I. Linear Energy Transfer 
J. Linear Attenuation Coefficient 
K. Linear Absorption Coefficient 
L. Mass Attenuation Coefficient 
M. Mass Absorption Coefficient 

2. Explain why some atoms undergo radioactive decay and why 
others do not. 

3. List the four primary modes of radioactive decay and write a 
simple equation describing each mode of decay. 

4. Identify three secondary modes of radioactive decay. 
5. Describe the properties, means of production, energy spectrum, 

and the locations in a nuclear power station of alpha, beta, 
gamma, and neutron radiation. 

6. Describe the processes by which alpha, beta, gamma, and 
neutron radiations interact with matter. 

7. Explain the difference between range and tenth-thickness 
concepts. 

8. Compare the penetrating ability of the various radiations in terms 
of range/tenth-thickness, energy, and attenuated characteristics. 

9. Define the terms half-life and decay constant and explain the 
relationship between the two terms. 

10. Calculate the activity of a radionuclide after a given decay period. 
11. Determine the half-life of a radionuclide based on observed 

decay. 
12. Given a nuclide, locate its block on the Chart of the Nuclides and 

identify the following for that nuclide: 
A. Atomic Number. 
B. Atomic Mass. 
C. Half-life. 
D. Types and energies of radiation emissions. 

13. Given the Chart of the Nuclides, trace the decay of a radioactive 
nuclide and identify the stable end-product. 

 
II. Explain the basic function and principles of operation of various      

detectors used to detect and measure radiation. 
 

1. Explain the function of the detector and readout circuitry 
components in a radiation measurement system. 

2. Explain why a radiation detection system is not 100% 
efficient. 

3. Given data, calculate instrument efficiency and efficiency 
factor. 

4. Describe the process by which gas ionization devices detect 
radiation. 

5. Compare the three useful regions of operation of gas 
ionization detectors in terms of sensitivity and accuracy. 

6. Explain the terms energy dependent and energy 
independent in relation to quantifying radiation with gas 
ionization detectors.  

7. Define resolving time (dead time and recovery time), explain 
its effect on radiation measurement, and methods to reduce 
these effects. 

8. Describe the methods employed to discriminate between 
various types of radiation and various radiation energies. 

9. Explain the principles of detection of scintillation detectors.  



10. Describe the methods used to measure neutron radiation. 
11. Explain the principles of detection of semi-conductor 

detectors. 
 
III. Explain the effects of ionizing radiation including the concepts of 

radiosensitivity, types of effects, and types of exposures. 
 

1. Describe the structure of a cell, and list the types of damage that 
occur when radiation interacts with the cell. 

2. Explain why some cell types are more radiosensitive than others. 
3. Categorize cell types of the body based on their radiosensitivity. 
4. Describe the repair/recovery process of cells damaged by 

radiation. 
5. List the parameters that determine the extent of biological 

damage caused by radiation. 
6. Explain the following: 

A. Acute Exposure 
B. Chronic Exposure 
C. Somatic Effects 
D. Genetic Effects 
E. Teratogenic Effects 

7. Explain stochastic and non-stochastic (deterministic) effects. 
8. For acute exposures, describe the following: 

A. Dose Response Relationship 
B. Acute Radiation Syndrome 
C. LD-50/30 

9.  For chronic exposures, describe the following: 
A. long-term health effects 
B. quantitative risk assessment 
C. comparison of radiation exposure risks to other health risks 

10. List the sources of data on which an understanding of biological 
effects in humans from radiation exposure is based. 

11. Explain why long-term effects are difficult to clearly identify and 
relate to radiation dose. 

 
IV. Explain the principles of operation and basic detection problems 
      encountered with laboratory counting instruments 
 

1. Briefly describe the principles of operation for GM smear 
counters. 

2. Briefly describe the principles of operation for gas flow 
proportional counters. 

3. Given the expected voltage curves for a G-M and proportional 
counter, label the following regions: knee, plateau and desired 
operating voltage. 

4. Briefly describe the principles of operation for alpha scintillation 
counters. 

5. Briefly describe the principles of operation for liquid scintillation 
counters. 

6. Describe the types of quenching associated with liquid 
scintillation counting. 

7. Briefly describe the principles of operation for multi-channel 
analyzers. 

8. Identify basic common components of a gamma energy spectrum 
from an MCA. 

9. Define resolution as it relates to an MCA. 



10. Explain how an ADC converts the detector signal to a digital 
signal. 

11. Describe the operational checks performed on laboratory 
counting systems. 

 
V. Identify typical applications of statistics in the counting of radioactive   

samples and understand how the statistical accuracy of       
measurements can be improved.  

 
1. Describe the two basic functions of counting statistics in terms of 

measuring radioactive samples. 
2. Define the following terms as they relate to basic counting 

statistics: 
A. Standard deviation 
B. Percent Error 
C. Critical Level 
D. Minimum Detectable Count Rate 
E. Minimum Detectable Activity 
F. Lower Limit of Detection 

3. Given the necessary data and equations, calculate: 
A. Standard Deviation 
B. Sample results at the 95% Confidence Level 
C. Percent Error 
D. Critical Level 
E. Minimum Detectable Count Rate 
F. Minimum Detectable Activity 

4. Identify factors that affect statistical accuracy of radioactivity 
measurements. 

5. Explain how the statistical accuracy of measurements can be 
improved. 

6. Explain Type I and Type II Errors. 
 

VI. Discuss and explain external exposure concepts, including key terms, 
limits, dosimetry theory, and the practical use of dosimetry. 

 
1. Define the following terms (include units for each): 

A. Exposure 
B. Roentgen  
C. Absorbed Dose 
D. Rad  
E. Gray 
F. Quality Factor (Q) 
G. Dose Equivalent  
H. Roentgen Equivalent Man (rem) 
I. Sievert 
J. Deep Dose Equivalent (DDE) 
K. Effective Dose Equivalent (EDE) 
L. Lens Dose Equivalent (LDE) 
M. Shallow Dose Equivalent (SDE) 
N. Total Effective Dose Equivalent (TEDE) 

2. Apply quality factors for converting dose to dose equivalent. 
3. Discuss allowable personnel exposure based on: 

A. Regulatory Limits 
B. Administrative Limits 
C. Declared Pregnant Workers 
D. Planned Special Exposures  



E. Emergency Exposures  
4. List and describe the characteristics that influence which 

dosimeter is used for a specific application. 
5.  Explain the principles of operation of TLDs and describe the 

Harshaw TLD. 
6. Describe the dose alarm and dose rate alarm functions of the 

Merlin Gerin DMC 2000 Electronic Dosimeter. 
7. Compare and discuss the advantages and disadvantages of 

TLDs and EDs. 
8. List and discuss administrative requirements for wearing and 

using TLDs and EDs. 
9. Explain the principles of operation and characteristics of film 

badge dosimeters. 
10. Explain the principles of operation and characteristics of pocket 

ion chamber dosimeters. 
11. Explain the principles of operation and characteristics of optically 

stimulated luminescence dosimeters. 
12.  Discuss the processes used for controlling, recording, and 

documenting radiation exposure received by individuals, 
including: 
A. Requirements for entering the RCA or RCZs. 
B. Part that the Electronic Dose Capture (EDC) system and the 

Sentinel computer system play 
C. Part that TLDs play 
D. Use of NRC Form 5. 

13. Explain why a worker might be instructed to relocate his/her 
normal dosimetry from the chest area to some other position, and 
state the criteria used by RP in determining that relocating it is 
warranted. 

14. Explain what an Extremity Badge is, and state the radiological 
conditions that might require a worker to wear one or more during 
a job 

15. State the radiological conditions that require the use of multiple 
dosimetry. 

16. Discuss the Body Compartments and associated Weighting 
Factors. 

17. Discuss how EDEX compartment factors more 
accurately calculates stochastic risk for whole body exposure. 

18. Discuss the limitations of the EDEX method. 
19. List the four broad categories of dosimetry problems that would 

be investigated as Unusual Dosimetry Occurrences (UDO). 
20. Explain the purpose of a UDO investigation and describe the 

general response requirements for unusual dosimetry 
occurrences. 

21. Explain when a Possible Overexposure Investigation would take 
place, who would normally perform it, and who, initially, would be 
notified that the investigation was going to be conducted. 

 
VII. Identify natural and manmade sources of radioactivity and their 

contribution to exposure received by nuclear workers and the public. 
 

1. Identify sources of natural background radiation. 
2. Identify the most common radionuclides found in the following: 

A. Terrestrial 
B. Air 
C. Water 



D. Human Body 
3. State the average radiation dose an individual would receive from 

natural background radiation sources. 
4. Identify sources of manmade radiation. 
5. State the average radiation dose an individual would receive from 

the following manmade sources: 
A. Weapons Testing 
B. Medical Procedures 
C. Nuclear Medicine 
D. Industrial and Occupational 
E. Consumer Products 

6. Identify origins of radioactive material at nuclear power plants. 
7. Explain how radioactive material is transported from the reactor to 

other parts of the plant. 
8. Describe systems or components that are sources of radiation 

exposure to nuclear plant workers. 
9. Identify potential sources of exposure to the public from a nuclear 

power plant. 
 
VIII. Describe where the radioactivity in the reactor coolant originates,           

types of analysis we perform, and the information these analyses give 
us about the health of the Reactor Coolant System (RCS), including 
the reactor core.  

 
1. State the reasons for performing radiochemical analyses. 
2. State the two major categories of reactor coolant radionuclides. 
3. State three ways that fission products enter the reactor coolant. 
4. Describe the process by which activation products are formed. 
5. Identify common fission and activation products and where they 

originate. 
6. Explain the processes by which tritium is formed. 
7. Describe radiological concerns associated with tritium. 
8. Describe the major categories of radiochemical analyses. 
9. State how radiochemical analyses would change due to a fuel 

element failure. 
10. State how radiochemical analyses would change due to a crud 

burst. 
11. Identify specific isotopes of concern in power reactors during 

operation and following shutdown. 
 

 


