
[image: image1.png]


Approved by: …………………..




Dean
                                                       Prof. Aleksander Drejshuh, Dr. Habil

 Date.............................

SOFIA UNIVERSITY “ST. KLIMENT OHRIDSKI”

Faculty: ...............……......................

Subject area: (code and name)

	
	
	
	
	
	
	
	
	


.....................................................

Bachelor Program: (code and name)

	P
	H
	H
	1
	2
	0
	1
	1
	6


.......................................................

S Y L L A B U S

Course: Nuclear Reactor Physics
(code and name)


Lecturer: Ivaylo Christoskov, Associate Professor, PhD
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	-

	
	Practical exercises (school internships)
	-

	Total in-class work
	45

	Out-of-class work
	Report/Presentation
	15

	
	Independent work with information resources
	30

	Total out-of-class work
	50

	TOTAL ACADEMIC WORK
	95

	ECTS credits in-class work
	1.5

	ECTS credits out-of-class work
	1.5

	TOTAL ECTS CREDITS
	3.0


	№
	Grade components

	% of the grade

	1. 
	Information search and collective discussion of reports and library-research papers
	30

	2. 
	Final exam
	70

	Outline of the course:

	This lecture course provides an introductory knowledge about the neutronic aspects of the physics and operational principles of nuclear power reactors.


	Preliminary requirements:

	Introductory courses in algebra and calculus, mathematical methods in physics, atomic and nuclear physics.


	Key competences acquired:

	Provision of an educational basis for understanding the physical principles of operation of nuclear power reactors. Acquisition of an introductory knowledge about the neutronics of nuclear reactors and of the consequent limitations on reactor operation and control.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Physical fundamentals of nuclear reactors – basic concepts and working principles. Binding energy and mass excess. Nuclear synthesis and nuclear fission. Fissile, fissionable and fertile nuclides. Nuclear stability. Radioactive decay.
	3

	2
	Fission products and energy release. Fission neutrons. Fission fragments. Delayed neutrons. Energy release from fission.
	2

	3
	Neutron reactions and nuclear cross-sections. Neutron reactions – mechanisms and classification. Reaction rates – microscopic and macroscopic cross-sections. Energy dependence of neutron cross-sections.
	3

	4.
	Physical fundamentals of nuclear reactors – design aspects. Slowing down of neutrons, properties of moderators. Neutron spectrum. Breeding of fissile material. Heterogeneity of the reactor medium – reactor lattice. Resonance absorption and Doppler effect. Principles of optimisaton of the reactor lattice – types of reactors.
	3

	5.
	Modelling of neutron interactions. Neutron transport. Diffusion approximation. Objectives and basics of computational nuclear reactor core analysis. Multiplication factor. Relation with the chain reaction dynamics. The neutron multiplication cycle – four-factor formula.
	6

	6.
	Evolution of the isotopic composition of nuclear fuel. Burnup as a measure of depletion and transmutation. Effects of fuel burnup on the core multiplying properties. Compensation of excess reactivity, burnable poisons. Effects of burnup on reactor transients and on the core power shape.
	2

	7.
	Fission-product poisoning. Poisoning and reactivity. Poisoning with 135Xe – xenon transients and xenon oscillations. Poisoning with 149Sm.
	6

	8.
	Reactivity effects and coefficients. Definitions and relations. Operational aspects. Temperature and density effects. Physical mechanisms – a review based on the six-factor formula.
	3

	9.
	Reactivity effects and coefficients – operational characteristics of WWER-1000. Dependence on the core parameters. Balance of reactivity excess and effects. Control rods worth. Control rods design of WWER-1000.
	1

	10.
	Reactor kinetics. Subject and fundamental equations. Equations of point kinetics. Derivation and characteristics of the solution with constant reactivity. The Nordheim equation. A simplified solution with one temporal group of delayed neutron precursors – basic properties and applicability to particular transients. Prompt neutron criticality and the reactor control limits. Kinetics with reactivity feedback. Core behaviour during characteristic transients.
	6

	11.
	Kinetics of the subcritical reactor. Effects from the independent neutron source. Basic properties of the transients. Evaluation of subcriticality. Physical startup of the reactor – regimes and procedures. Approaching of criticality and minimum controllable level of the neutron flux.
	3

	12.
	The inverse problem of reactor kinetics. Methods of reactivity measurement – inverse solution of the kinetics equations. Evaluation of the independent neutron source in a subcritical reactor. Reactivity meter – algorithm, applicability and limitations.
	3

	13.
	Energy release in the reactor core. Sources and components. Thermal and neutron power. Power shape. Peaking factors. Methods of levelling the power shape. Operational peaking factors for WWER-1000. Definitions and relations. Typical values in dependence on the reactor core state. Temperature distributions in characteristic regions of the core medium.
	2

	14.
	Residual heat release in the reactor core and in spent fuel. Sources and components. Dependence on power history and cooling time. Approximate estimation – accuracy and applicability.
	2


	Topics Covered on the Final Exam

№
	Topic

	1
	Physical fundamentals of nuclear reactors – basic concepts and working principles. Binding energy and mass excess. Nuclear synthesis and nuclear fission. Fissile, fissionable and fertile nuclides. Nuclear stability. Radioactive decay.

	2
	Fission products and energy release. Fission neutrons. Fission fragments. Delayed neutrons. Energy release from fission.

	3
	Neutron reactions and nuclear cross-sections. Neutron reactions – mechanisms and classification. Reaction rates – microscopic and macroscopic cross-sections. Energy dependence of neutron cross-sections.

	4.
	Physical fundamentals of nuclear reactors – design aspects. Slowing down of neutrons, properties of moderators. Neutron spectrum. Breeding of fissile material. Heterogeneity of the reactor medium – reactor lattice. Resonance absorption and Doppler effect. Principles of optimisaton of the reactor lattice – types of reactors.

	5.
	Modelling of neutron interactions. Neutron transport. Diffusion approximation. Objectives and basics of computational nuclear reactor core analysis. Multiplication factor. Relation with the chain reaction dynamics. The neutron multiplication cycle – four-factor formula.

	6.
	Evolution of the isotopic composition of nuclear fuel. Burnup as a measure of depletion and transmutation. Effects of fuel burnup on the core multiplying properties. Compensation of excess reactivity, burnable poisons. Effects of burnup on reactor transients and on the core power shape.

	7.
	Fission-product poisoning. Poisoning and reactivity. Poisoning with 135Xe – xenon transients and xenon oscillations. Poisoning with 149Sm.

	8.
	Reactivity effects and coefficients. Definitions and relations. Operational aspects. Temperature and density effects. Physical mechanisms – a review based on the six-factor formula.

	9.
	Reactivity effects and coefficients – operational characteristics of WWER-1000. Dependence on the core parameters. Balance of reactivity excess and effects. Control rods worth. Control rods design of WWER-1000.

	10.
	Reactor kinetics. Subject and fundamental equations. Equations of point kinetics. Derivation and characteristics of the solution with constant reactivity. The Nordheim equation. A simplified solution with one temporal group of delayed neutron precursors – basic properties and applicability to particular transients. Prompt neutron criticality and the reactor control limits. Kinetics with reactivity feedback. Core behaviour during characteristic transients.

	11.
	Kinetics of the subcritical reactor. Effects from the independent neutron source. Basic properties of the transients. Evaluation of subcriticality. Physical startup of the reactor – regimes and procedures. Approaching of criticality and minimum controllable level of the neutron flux.

	12.
	The inverse problem of reactor kinetics. Methods of reactivity measurement – inverse solution of the kinetics equations. Evaluation of the independent neutron source in a subcritical reactor. Reactivity meter – algorithm, applicability and limitations.

	13. 
	Energy release in the reactor core. Sources and components. Thermal and neutron power. Power shape. Peaking factors. Methods of levelling the power shape. Operational peaking factors for WWER-1000. Definitions and relations. Typical values in dependence on the reactor core state. Temperature distributions in characteristic regions of the core medium.

	14. 
	Residual heat release in the reactor core and in spent fuel. Sources and components. Dependence on power history and cooling time. Approximate estimation – accuracy and applicability.
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






