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PREREQUISITE(S): RPT 203 with a minimum grade of "B" 
 
CO-REQUISITE(S): None 
 
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.  

 
TEXTBOOK(S): Duke Energy Handouts  
 
REFERENCE(S): Duke Energy Employee Training & Qualification Standard 5502, 

Classroom Testing, Evaluation and Bypass 
 
OTHER REQUIRED 
MATERIALS, TOOLS, 
AND EQUIPMENT: 

 

 
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 - 79 = F or Fail  

     
 
GRADE CALCULATION 
METHOD: 

3 Examinations of Equal Weight = 100%  
For courses with multiple tests, the overall course 
score will be an average of all tests.  A minimum 
score of 80% must be achieved on all exams. 

   

Failure of any individual test requires remediation 
and retesting.  If the student passes the retest, a 
score of 80 will be recorded for that test and 
averaged with the other grades in that module. If 
the student fails the second test, he/she will have 
to repeat the course before they can proceed 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: 
 

Students are responsible for punctual and regular attendance in all 
classes, laboratories, 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. 
 
Except in extenuating circumstances with approval by the division dean, 
instructors withdraw students from class when 80 percent attendance is 
not maintained.  If a student exceeds the allowable attendance, the 
instructor will withdraw the student and award a grade of “W” or “WF” 
based upon the student’s academic standing at the last date of 
attendance. 
 
Students are tardy if not in class at the time the class is scheduled to 
begin.  Tardy students are admitted to class at the discretion of the 
instructor.   
 
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. Explain why some atoms undergo radioactive decay and why others 

do not. 
2. Define the following: 

 Radioactivity 

 Curie 

 Specific Activity 

 Excitation 

 Ionization 

 Secondary Ionization 

 Specific Ionization 

 Linear Energy Transfer 

 Linear Attenuation Coefficient 

 Linear Absorption Coefficient 

 Mass Attenuation Coefficient 

 Mass Absorption Coefficient 
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. Identify data and information that can be found in the Chart of the 

Nuclides.  

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


 
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.   Describe the basic process used to calibrate radiation detection  
       instrumentation to ensure accuracy of measurements. 
 
1. State the purpose of radiation detection instrument calibration. 
2. Explain the general methods for calibrating the following portable 

survey instruments: 

 PNR-4, ASP-1/NRD (Neutron survey) 

 RM-14  (beta-gamma contamination survey) 

 Delta/Electra 1B (Alpha/Beta/Gamma survey) 

 RO-20 (beta-gamma dose-rate survey) 

 Teletector (gamma dose-rate survey) 
3. Explain the general methods for calibrating the following laboratory 

counting instruments: 

 Liquid Scintillation Counter 

 Automatic Smear Counter 

 Multi-Channel Analyzer 

 Body Burden Analyzer 
4. Explain the general methods for calibrating the following fixed 

contamination monitors: 

 Small Articles Monitor (SAM) 

 Whole-body Monitor 

 Portal Monitor 
5. Describe the precautions associated with the use of calibration 

sources. 
6. Describe how an air sampler is calibrated. 
7. Explain the purpose of documenting data from an instrument 

calibration. 
 
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. Demonstrate the proper use of significant figures.  
2. Define the following terms as they relate to basic counting statistics: 

 Statistical Distributions 

 Standard deviation 

 Confidence levels 

 Percent Error 

 Minimum Detectable Count Rate 

 Minimum Detectable Activity 

 Critical Level 

 Lower Limit of Detection 
3. Given the necessary data and equations, calculate: 

 Standard Deviation 

 Sample results at the 95% Confidence Level 

 Percent Error 

 Minimum Detectable Count Rate 

 Lower Limit of Detection 
4. Identify factors that affect statistical accuracy of radioactivity 

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

improved. 
6. Describe the two basic functions of counting statistics in terms of 

measuring radioactive samples. 
VI.  Identify designated regulatory and advisory organizations that deal    
      with regulatory protection standards and guidelines, and describe the  
      function of each.  Explain the applicability of designated standards  
      and guidelines to the job of the radiation protection technician.   
      Discuss the hierarchy of specified governmental, company, and plant    
      regulations and guidelines. 
 
1. Describe the function of each of the following regulatory and advisory 

organizations as it relates to radiation protection: 



A. Nuclear Regulatory Commission (NRC) 
B. International Commission on Radiological Protection 

(ICRP) 
C. National Council on Radiation Protection and 

Measurements (NRCP) 
D. International Commission on Radiation Units and 

Measurement (ICRU) 
E. Institute of Nuclear Power Operations (INPO) 

2. Define the purpose of the following organizations: 
A. American National Standards Institute (ANSI) 
B. American Nuclear Insurers (ANI) 
C. International Atomic Energy Agency (IAEA) 
D. World Organization of Nuclear Operators (WANO) 
E. Electric Power Research Institute (EPRI) 
F. Nuclear Energy Institute (NEI) 

3. Discuss the purpose and general content of the following Federal and 
Company regulations, standards, and guidelines.  Identify the 
hierarchy of the documents in relation to the authority each has 
concerning nuclear plant operation. 

A. Code of Federal Regulations (CFR) 
B. Improved Technical Specifications (ITS) 
C. Selected Licensee Commitments (SLCs) 
D. Nuclear System Directives (NSDs) 
E. Radiation Protection Policy Manual (RPPM) 
F. Radiation Protection Procedures 
G. Radiation Protection Management Procedures 
H. Nuclear Regulations (NUREGs) 
I. Regulatory Guides (Reg Guides) 

4. Be able to identify how each of the following Company standards 
relates to the job of a Radiation Protection technician: 

A. NSD 507 
B. System ALARA Manual 
C. Offsite Dose Calculation Manual (ODCM) 

 
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: 

 Earth 

 Air 

 Water 

 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: 

 Fallout 

 Medical 

 Nuclear Reactors 
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. 
 

 


