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	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Radioizotopy i ochrona przed promieniowaniem jonizującym

	Name in English 
	Radioisotopes and Ionizing Radiation Protection

	Main field of study
	Power Engineering 

	Specialization 
	Nuclear Power Engineering 

	Level and form of studies 
	2nd level, full-time 

	Kind of subject 
	optional-specialization 

	Subject code 
	ESN 0915

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	30
	
	30
	
	

	Number of hours of total student workload (CNPS)
	60
	
	60
	
	

	Form of crediting
	crediting with grade
	
	crediting with grade
	
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	2
	
	2
	
	

	including number of ECTS points for practical (P) classes 
	0
	
	2
	
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	1
	
	1,5
	
	


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 

1. Knowledge of chemistry and physics at the high school level.
       2.   Knowledge of elementary mathematics.


	SUBJECT OBJECTIVES
C1 Familiarize students with the basic terminology of chemistry and physics in the range of energy
      nuclear power.
C2 Transmission basic knowledge of ionizing radiation and its interactions with matter.
C3 Transmission of knowledge on protection against ionizing radiation.
C4 Ability to measure doses of ionizing radiation.
C5 Ability to search the legal aspects of nuclear law in European Union and in Poland.
C6 Familiarize students with the operation of the basic types of nuclear reactors and related risks.
 


	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge
Student who has completed the subject:
PEK_W01 – knows the basic concepts and principles related to radioactivity,
PEK_W02 – can properly store the nuclear reaction equation and analyze the factors affecting this  reaction,
PEK_W03 – has a basic knowledge of ionizing radiation,
PEK_W04 – knows the basics of protection against ionizing radiation,
PEK_W05 – has knowledge concerning nuclear reactions occurring in a nuclear reactor
                     and the conditions under which these processes are realized,
PEK_W06 – knows the basic principles of nuclear reactor safety,
PEK_W07 – has knowledge of basic legal acts in the field of security and protection against ionizing   

                     radiation.
relating to skills

As a result of laboratory classes student is able to:
PEK_U01 – know the basic safety rules in the laboratory and  can use  radioisotope atomic  law,
PEK_U02 – use the GM counter and scintillation probe and perform basic measurements of alpha, beta and gamma radiation,
PEK_U03 – use a gamma spectrometer and perform basic quantitative and qualitative measurements of radioactive contamination,
PEK_U04 – perform basic calculations of doses of ionizing radiation, 
PEK_U05 – design of radiation shielding  and perform basic calculations for the thickness of the      

                      radiation  shields,

PEK_U06 – knows the rules for handling of  radioactive waste and the procedures for their storage,
PEK_U07 – knows  the procedure for radiation  monitoring  in Poland and has the skills to interpret the data from the monitoring system.



	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number

 of hours


	Lec1
	Structure of the atomic nucleus. The concept of isotope and nuclide. Factors affecting the stability of the nucleus of an atom.
	2

	Lec2
	Spontaneous nuclear transformations of alpha, beta plus and beta minus  and gamma type. The rate of decay of  radionuclides. The half-life of radionuclide.
	2

	Lec3
	Overview of natural radioactive isotopes. The serie  of natural radioactive isotopes. Radioactive equilibrium.
	2

	Lec4
	Artificial radioactivity. Types of artificial nuclear reactions - a simple nuclear reactions, nuclear fission, nuclear fusion.
	2

	Lec5
	Definition of ionizing radiation. Dose and dosage strengths of ionizing radiation and their SI units and units beyond arrangement.
	2

	Lec6
	Radiation dose limits in the European Union and in  Poland.
	1

	Lec7
	Written  test  no.  1
	1

	Lec8
	Interaction of ionizing radiation of alpha, beta, gamma and neutron type with matter. Types of ionizing radiation shields.
	2

	Lec9
	Calculation of the thickness of the ionizing radiation shields  for alpha, beta, gamma and neutron radiation type.
	2



	Lec10
	Principles and methods of measurements for ionizing radiation: atmosphere ionizing, scintillation, semiconductor, chemical and photographic. Statistics measurements and error measurements.
	2

	Lec11
	Nuclear reactions used in nuclear reactors and the conditions under which these nuclear processes are provided. 
	2

	Lec12
	Radioisotope laboratories: the classification and requirements, the organization of the workshops, radiological controlled and supervised areas.
	2

	Lec13
	Safety and protection against ionizing radiation in a nuclear power plant.
	2

	Lec14
	Radiographic failures and how to fix them. The organization of the emergency services in Poland.
	2

	Lec15
	Nuclear Law in the European Union and in Poland. Directives and implementing acts.
	2

	Lec16
	Written test  no.  2.
	2

	
	Total hours
	30

	Form of classes - laboratory
	Number

 of hours



	Lab1
	Rules for working in the radioisotope laboratory. Safety rules and basic techniques for the  radioactive substances.
	4

	Lab2
	Measurements of  α, β, γ type radiation: Geiger counter, semiconductor detector, scintillation probe, photographic film.
	4

	Lab3
	Gamma-ray spectrometer - quantitative and qualitative measurements of radioactive contamination.
	4

	Lab4
	Doses of ionizing radiation - the calculations and measurements depending on the distance from the radiation source.
	4

	Lab5
	Design of ionizing radiation shields: the calculation of the thickness of shielding for the type α, β, and γ. Measurements of radiation doses with  the use of radiation shields.
	4

	Lab6
	Radioactive waste: the law and procedures for the management of radioactive waste, the process of concentration of liquid radioactive waste.
	4

	Lab7
	Monitoring of ionizing radiation in Poland on example of  the AS-500 station.
	4

	Lab8
	Final test
	2

	
	Total hours
	30


	TEACHING TOOLS USED 

	N1 Lecture with multimedia presentation. 
N2  Laboratory exercises in the radioisotope laboratory.
N3 Solving problems in the field of ionizing radiation and radiation protection.
N4 Self regarding search data on radioactivity of databases and acts legislation in the field of nuclear     
      law in the European Union and in Poland.
N5 Own work on the written elaboration  regarding the selected topic covered by the lecture. 

N6  Consultations.


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- lecture
	Evaluation

(F– forming (during semester),

C– concluding (at semester end)
	Educational effect
number
	Way of evaluating educational effect achievement

	F1
	PEK_W01, PEK_W02, PEK_W03
	Written test no. 1, for each effect 2 topics with max. 5 points, total 30 pts.

	F2
	PEK_W04, PEK_W05, PEK_W06, PEK_W07
	Written test no. 2, for each effect 2 topics with max. 5 points, total 40  pts.

	F3
	PEK_W01(PEK_W07 
	Written homework  on the chosen topic included in the program of lectures and exercises laboratory. – The total points -          30 points.

	C
	PEK_W01( PEK_W07
	C = 3.0  if  (F1 + F2 + F3) = 50 – 59.5  pts.                

        3.5  if (F1 + F2 + F3) = 60 – 69.5  pts. 

        4.0  if (F1 + F2 + F3)= 70 – 79.5  pts.   

        4.5 if  (F1 + F2 + F3)  = 80 – 89.5  pts.
        5.0 if  (F1 + F2 + F3)  = 90 – 94.5  pts.
        5.5  if (F1 + F2 + F3)   >  94.5  pts.


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- laboratory
	Evaluation

(F– forming (during semester), C– concluding  (at semester end)
	Educational effect number
	Way of evaluating educational
 effect achievement

	F1(F7
	PEK_U01(PEK_U07
	Written reports from Lab1(Lab7, max. 5 pts. for each report,  total 35 pts.

	F8(F14
	PEK_U01(PEK_U07
	Written test from Lab1(Lab7,  max. 5 pts for each test, total 35 pts.

	F15
	PEK_U01(PEK_U07 
	Final test  -   30 pts. 

	C
	PEK_U01(PEK_U07
	C = 3.0 if  (F1 + F2 + ...+ F15)  = 50 – 59.5  pts.
C = 3.5 if  (F1 + F2 + ... +  F15)= 60 – 69.5  pts.
C = 4.0  if (F1 + F2 + ... +F15)  = 70 – 79.5  pts.
C = 4.5 if (F1 + F2 + ...  + F15) = 80 – 89.5  pts.
C = 5.0  if (F1 + F2 + ... + F15) =90 – 94.5  pts.
C = 5.5 if  (F1 + F2 + ...  + F15)  >    94.5  pts.


	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :

[1]  J. Sobkowski, M. Jelinska-Kazimierczuk, Nuclear chemistry (in Polish) , Adamanton, Warszawa, 2006.
[2]  J. Sobkowski, Radiation chemistry and radiation protection (in Polish), Adamanton, Warszawa, 2007.
[3]  Instructions for laboratory „Methods and technics for radioisotopes” (in Polish), Wroclaw  University of Technology, 2012.

[4]  R.A. Faires, B. H. Parks, Radioizotopic laboratory technics, 2001.

SECONDARY LITERATURE:

[1]  V. G. Draganic, Z. D. Draganic, J-P Alloff, Radiation and radioactivity on earth and beyond, CRC Press, Florida, 2005. 
[2]  Polish Atomic Agency:  www.paa.gov.pl
[3]  Polish nuclear energy :  www.nuclear.pl
[4]  Law portal: www.lex.com.pl


	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Prof. Władysław Walkowiak, wladyslaw.walkowiak@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Radioizotopy i ochrona przed promieniowaniem jonizującym
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY  Power Engineering 
AND SPECIALIZATION Nuclear Power Engineering
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for 

main field of study/ specialization
	Subject objectives
	Programme content
	Teaching tool number

	PEK_W01
	S2ENJ_W08
	C1
	Lec1, Lec2, Lec4
	N1, N5, N6

	PEK_W02
	
	C1
	Lec1, Lec2, Lec3
	N1, N5, N6

	PEK_W03
	
	C1
	Lec5, Lec6
	N1, N3, N5, N6

	PEK_W04
	
	C2, C3
	Lec3, Lec8, Lec9
	N1, N3, N4, N6

	PEK_W05
	
	C1
	Lec11
	N1, N5, N6

	PEK_W06
	
	C1, C6
	Lec13, Lec14
	N1, N5, N6

	PEK_W07
	
	C5
	Lec15
	N1, N4, N6

	PEK_U01
	S2ENJ_U07
	C3
	Lab1, Lec12
	N2, N5, N6

	PEK_U02
	
	C4
	Lab2, Lec10
	N2, N5, N6

	PEK_U03
	
	C4
	Lab3
	N2, N5, N6

	PEK_U04
	
	C4, C5
	Lab4, Lab5
	N2, N3, N5, N6

	PEK_U05
	
	C4, C5
	Lab5
	N2, N5, N6

	PEK_U06
	
	C6
	Lab6
	N2, N5, N6

	PEK_U07
	
	C5, C6    
	Lab7
	N2, N4, N5, N6
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