NPRE 457
Safety Analysis of Nuclear Reactor Systems
Fall 2024

[bookmark: _Hlk83783574]Online Temporary Alternative Coverage and access during Avian Influenza Type A Bird Flu H5N1, H5N2 or Covid-, MonkeyPox MPox and possible resurgence through mutations and variants or WHO anticipated Gain Of Function GOF research “Disease-X” 

“H5N1 bird flu is widespread in wild birds worldwide and is causing outbreaks in poultry and U.S. dairy cows.”
https://www.cdc.gov/flu/avianflu/avian-flu-summary.htm
IgG4 Antibodies Induced by Repeated Vaccination May Generate Immune Tolerance to the SARS-CoV-2 Spike Protein
https://pubmed.ncbi.nlm.nih.gov/37243095/

1. Please read the assigned-reading lecture-notes chapters.
2. Then answer the corresponding written assignment,
3. For questions about the assignments, please access the teaching assistants by email:
https://www.mragheb.com/NPRE%20402%20ME%20405%20Nuclear%20Power%20Engineering/talist.htm
4. Submit the corresponding written assignment through email to https://canvas.illinois.edu
5. Please use either the Word or pdf formats
6. In case of internet “rationing” (e. g. to health and government authorities), instability, or collapse through overload, please read the lecture notes and submit the corresponding assignments. Already-taken tests and submitted assignments would be used in assessing the final grade.

Threat of Nuclear War: 
https://www.youtube.com/watch?v=HSC7Lp1nvx8
https://www.youtube.com/watch?v=M7hOpT0lPGI

Regrettably, some 3,278 colleges and universities across the USA have been impacted by the Covid-19 pandemic, with many temporarily closing their campuses and switching to online classes, affecting more than 22 million students.
To all and everyone we wish good health and well-being.

	Number
	Date Assigned
	Due Date
	Description

	1
	8/26
	8/2
	Reading assignment
Preface 
Written Assignment
Generate the corresponding fraction of land area required to provide for the energy needs in the USA using different energy options.
Hint: The USA existing power flux is 0.4 Watts / m2
	Energy option
	Power flux
[Watts / m2]
	Fraction of Land area
needed

	Energy crops, biomass, plants
	0.5
	

	Wind power
	2.5
	

	Solar Photo Voltaic panels, (PV)
	5.0-20.0
	

	Concentrated thermal solar power, deserts
	15.0-20.0
	

	Nuclear electricity
	1,000.0
	




	2
	8/28
	8/4
	Reading assignment
1. Overview
Written Assignment
For a rare failure event in chemical reaction vessels with a design failure likelihood of 10-4 failures / (vessel.year), calculate the frequency of occurrence for:
a. 100 vessels in service,
b. 1,000 vessels in service.

For a Loss Of Coolant Accident (LOCA) likelihood of 10-5 [occurrences / (reactor.year)], calculate the frequency of occurrence for:
a. 97 reactors in service in the USA,
b. 448 reactors globally.

	3
	8/30
	8/6
	Reading Assignment 
2. Natural Disasters and Man Made Accidents
Written Assignment
Estimate the risk to individuals in the USA population of 345 million persons from the different types of traffic accidents shown in the table. Use the appropriate units.
	Consequences
	fatalities / year
	Risk

	Fatalities in traffic crashes
	41,059
	

	Injuries in traffic crashes
	2,491,000
	

	Alcohol related deaths
	12,998
	

	Speeding related deaths
	13,040
	



Identify the 10 most devastating known natural disasters in terms of human casualties and order them in a descending order.

Briefly describe the differences between the natural events:
1. Hurricanes,
2. Typhoons,
3. Cyclones.

	4
	9/4
	9/11
	Reading Assignment 
2. Natural Disasters and Man Made Accidents
Written Assignment
The difference between two Richter Scale magnitude measurements  is given by:


Estimate the ratio of the actual magnitude (9.0M) to the design-basis magnitude
 (8.6M) for the Fukushima March 11, 2011 earthquake.
2. The relationship between the intensity (E) and magnitude (M) scales can be
 expressed as:


Estimate the ratio of the actual intensity to the design-basis intensity for the
Fukushima March 11, 2011 earthquake.

	5
	9/6
	9/13
	Reading assignment
2. Natural Disasters and Man Made Accidents
Written Assignment
List the names of the scales used to describe the expected damage from the following natural hazards:
1. Astral impacts,
2. Earthquakes,
3. Hurricanes,
4. Tornadoes.
For each scale, list the description of the expected maximum damage level.


	6
	9/9
	9/16
	Reading assignment
2. Natural Disasters and Man Made Accidents
Written Assignment
Identify any:
1. Design flaws,
2. Equipment failures,
3. Human errors,
4. Natural Events.
In the following accidents:
1. Challenger space shuttle accident,
2. Columbia space shuttle accident.

	7
	9/11
	9/18
	
Reading Assignment
3. Safety Definitions and Terminology
Written Assignment
If the fuzzy variable Y = “tolerable” is represented by the discrete membership function:
Calculate the performance levels of the information granule:
g = X is Y = “Failure rate” is “tolerable”,
for the following discrete probability density functions representing X = “failure rate” :

a) 

b) 

c) 
Plot the discrete functions and discuss the obtained results for the security performance levels.

	8
	9/13
	9/20
	Reading Assignment
3. Safety Definitions and Terminology
Written Assignment
Define: “Information granule”
Define: “Performance Level”
Write the discrete and continuous forms of the mathematical expressions of the performance level.

	9
	9/16
	9/23
	Reading Assignment
4. Accidents Occurrence
Written Assignment
Identify on a diagram the different modes of stability.

Prove that the power law for the energy release in an earthquake:

,
is a probability density function (pdf). 
Hints: 
Apply the normalization condition for a pdf.
An earthquake by definition must have a minimum energy release E0.

Carry out the shoe box experiment suggested by Per Bak, Chao Tang and Kurt Wiesenfeld, to test the concepts of self-organized critical equilibrium.  
Describe your observations.

	10
	9/18
	9/25
	Reading Assignment
4. Accidents Occurrence
Written Assignment
Briefly explain:
1. Black Swan event,
2. Critical states,
3. Fingers of instability,
4. Minsky moment.

	11
	9/20
	9/27
	
Reading Assignment
5. Risk Quantification
Written Assignment
Consider a component that fails at a constant rate λ and a probability density function (pdf): .
1. Prove that the pdf satisfies the normalization condition.
2. Derive the expression for the mean time to failure or the first moment of the pdf.



An insurance company requires an overhead on the premiums it collects from its customers.  If the payment to a beneficiary is $100,000 and it collects $1,000 per year in premiums, what is the probability of death in the year that the insurance company used to calculate the collected premium if the overhead charge is:
1. 10 percent
2. 20 percent.
3. 30 percent?
Compare the result to the case of breakeven for the actuarial risk.

	12
	9/23
	9/30
	Reading Assignment
5. Risk Quantification
Written Assignment
In terms of perceived risk versus objective risk assessment, estimate the distance travelled by a car at a speed of 65 miles / hour during the 4.6 seconds taken by a texting event.

List the objectives of the typical risk assessment methodology.

Write a paragraph about the source and the properties of Radon gas.

Use the following diagram to estimate the individual risk of death per year from different sources for a USA population of 325 million persons. 
[image: ]

	13
	9/25
	9/30
	Reading Assignment
6. Incidence and Likelihood Risk and Safety Indices
Written Assignment
Describe the difference between:
1. Incidence risk indices,
2. Likelihood risk indices.

1. Calculate the likelihood risk indices for:
a) Obtaining a value of “heads” in the flip of a coin.
b) Obtaining a value of “six” in the throw of a single die.

	14
	9/27
	9/30
	Reading Assignment
7. The Risk Assesment Methodology
Written Assignment
List the conditions for the existence of “Risk”.
For the discrete random variable of the outcomes from throwing a single die, plot: 
1. The probability distribution as a function of the outcomes xi.
2. The cumulative distribution function (cdf) as a function of the outcomes xi.
3. The complementary cumulative density functions as a function of the outcomes xi. 
Use the same scale for comparison, and briefly explain the meaning conveyed by each one of these plots. 
Hint: For a discrete probability distribution,


Cumulative distribution function:

Complementary cumulative distribution function 

In Probabilistic Risk Assessment (PRA), risk profiles are generated for likelihoods as a function of outcomes. Consider the probability (likelihood) density function (pdf): 
 exp (-t)
for the time t to failure of a component with a constant failure rate .
Derive expressions for, then use a plotting routine to plot the following:
1. The probability density functions as a function of t.
2. The cumulative distribution functions (cdf) as a function of t.
3. The complementary cumulative density function (ccdf) as a function of t. This is designated as the Farmer's Curve or the Risk Profile.
Use the same scale for comparison, and briefly explain the meaning conveyed by each one of these plots. 
Hint: For a continuous pdf: f(x)dx,


Cumulative distribution function:

Complementary cumulative distribution function 

	
	First Midterm
	
	Monday September 30

	15
	10/2
	10/9
	Reading Assignment
8. Risk and Safety Ethics
Written Assignment
If the expected maximum loading on a structural member is about 1,000 kgs, a prudent designer would use an ignorance factor of ?, and a safety factor of ?. Then the design load would be ? kgs.  

The concept of acceptable risk defines the professional and ethical dimension of the engineering profession.  Because of the element of uncertainty involved in risk, a bias or predisposition in favor of one set of values or another is inevitable. Explain the difference between the observed two sets of values, biases or orientations:
1. The Good Science (GS) approach
2. The Respect for Persons (RP) approach

	16
	10/4
	10/11
	Reading Assignment
8. Risk and Safety Ethics
Written Assignment
Under the doctrine of informed consent, list the ethical value judgments affecting the acceptance of risk.
Consider the Good Science (GS) and Respect for Persons (RP) orientations to risk acceptance.  Relate them to the Precautionary Principle pertaining to the acceptance of risk.

List 8 causes of the disparity between the experts and members of the public concerning the perception of risk.

	17
	10/7
	10/14
	Reading Assignment
9. The Source Term
Watch the video recording:
https://mediaspace.illinois.edu/media/t/1_crltskjl/353320142
or:
[bookmark: _Hlk117801306]https://youtu.be/sAUVNNDJees
Written Assignment
Calculate the effective half-lives in terms of the radioactive and biological half-lives of the following fission products of safety concern:
a. Sr90
b. Cs137
c. I131
d. T3

Identify the health physics concerns from the following fission products that could potentially be released in a nuclear reactor accident:
	Isotope
	Half life
	Health Concern

	Sr90
	28 a
	

	Cs137
	33 a
	

	I131
	8 d
	

	Kr87
	78 m
	




	18
	10/9
	10/16
	Reading Assignment
11. Decay Heat Generation in Fission Reactors
Written Assignment
A nuclear power reactor is operated according to the following power history: 
1. Operation at a power level of 3,000 MWth for 1 year, followed by:
2. Operation at a power level of 1,000 MWth, for 6 months, followed by a scram (shut-down).
Using the analytical formulae derived in the class, determine the decay heat power:
1. Six minutes after shutdown
2. One day after shutdown.

	19
	10/11
	10/18
	Reading Assignment
11. Decay Heat Generation in Fission Reactors
Written Assignment
The relation for the decay heat power versus time P(t) from the fission products assuming an infinite irradiation period is given in the reference: “Decay Heat Power in Light Water Reactors,” ANSI/ANS-5.1, published by the American Nuclear Society (ANS) as:


where t is the time after shutdown in seconds., and:
A = 0.0603, a= 0.0639 for 0<t<10 s
A = 0.0766, a= 0.1810 for 10<t<150 s
A = 0.1300, a= 0.2830 for 150<t<4x106  s.
1. Derive an expression for the total energy release between the times t1 and t2.
2. For a power reactor producing P0 = 3,000 MWth, calculate the total energy release from the decay heat within 1 day after shutdown in MegaJoules (MJs).

	20
	10/14
	10/21
	Reading Assignment
12. Cost Effectiveness Analysis
Written Assignment
For the Emergency Core Cooling System (ECCS) addition as an Engineered Safety Feature (ESF) to a PWR, reconstruct in detail the following from the lecture data:
1. The radiological risk before the addition of the ESF.
2. The radiological risk after the addition of the ESF.
3. Estimate the cost effectiveness ratio.
4. Reach a recommendation as to whether it is cost effective to implement it or not according to the Nuclear Regulatory Commission (NRC) criteria.

	21
	10/16
	10/23
	

	22
	10/18
	10/25
	

	23
	10/21
	10/28
	

	24
	10/23
	10/30
	

	25
	10/25
	11/1
	

	26
	10/28
	11/1
	

	27
	11/30
	11/1
	

	
	11/1
	Friday November 1st
	Second midterm exam, during class period

	28
	11/3
	11/10
	



Assignments Policy

Assignments will be turned in at the beginning of the class period, one week from the day they are assigned. 
They need to be submitted earlier when tests are scheduled.
The first five minutes of the class period will be devoted for turning in, and returning graded assignments. 
Late assignments will be assigned only a partial grade.  Please try to submit them on time since once the assignments are graded and returned to the class, late assignments cannot be accepted any more. 
If you are having difficulties with an assignment, you are encouraged to seek help from the teaching assistants (TAs) during their office hours.  Questions may be e-mailed to the TA's, but face-to-face interaction is more beneficial.
Although you are encouraged to consult with each other if you are having difficulties, you are kindly expected to submit work that shows your individual effort.  Please do not submit a copy of another person's work as your own.  Copies of other people's assignments are not conducive to learning, and are unacceptable. 
For further information, please read the detailed assignments guidelines. 
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