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LABORATORY RULES 

 

1. No smoking, drinking or eating in the laboratory, this includes coffee and carbonated 

drinks, candy or gum. 

2. The laboratory is to be restored to a neat and orderly condition after the laboratory 

experiments are finished.  

3. No visiting friends. They may distract you from your work and they do not know the 

laboratory rules and may violate them.  

4. Proper clothes is required. 

5. Show up before the scheduled start of the lab, as a courtesy to your lab partner and 

classmates.  

 

SECURITY  

1. The Reactor Laboratory is a highly restricted area. You must be accompanied by your 

instructor or reactor staff to remain in the area. 

2. DO NOT BLOCK OPEN DOORS OR ATTEMPT TO DEFEAT LOCKS.  

3. Do not attempt to operate or adjust equipment except on laboratory set-ups under 

direction of laboratory instructor or reactor operating staff.  

4. Always report any condition you feel is potentially unsafe to your instructor or the 

Reactor Supervisor. 

5. Refer any questions on radiation safety to instructor or laboratory staff. 

 



LAB REPORT REQUIREMENTS 

 

checkedyou come to the laboratory, and may be  beforeThe following should be completed  

Title Block: 

 

 

 

 

Goals: 

The title block should contain the title of the experiment, the 

experiment number, your name, the date and time the experiment is 

performed, and the date and time the report is due. This should only 

take up about ¼ of the first page. 

 

Summarize the objective of the experiments in your own words; this 

should not be a copy of the lab handout. 

Theory: 

 

 

Equations: 

Brief discussion of the theory behind the method and analysis of the 

experiment (< 200 words) 

 

List all significant equations to be used, including the equations that 

will be needed for error analysis 

 

 

Procedure 

Summary: 

State what you are going to do to collect the data during this 

experiment, and the equipment that will be necessary, along with a 

block diagram of each set-up that you will be using for your data 

collection. This should be a brief summary, usually no more than about 

150-250 words 

This is the end of the work that you should have completed prior to coming to the 

laboratory for the experiment. Mark this by inserting a line “END OF PRE-LAB” 

 

 

 

 

 

 

Data collection and 

Preliminary analysis 

 

As you collect data, make sure you present it in such a way that it is 

easily understandable to anyone who would read it what the source of 

the data was, how it was collected, appropriate units, equipment 

settings, etc. it is often desirable to list the data in a table if you are only 

changing one or less variables during the data collection. Make sure 

that your table is clearly labeled, and information is well presented. If 

you are required to plot data as you proceed, hand-plots or Excel plots 

should be included. 

The following work can be performed after the lab (but it is advised that you do what you 

can in lab if you have the time.) 

Data Analysis and 

Error Analysis 

Include the data, include the major values you measured determined 

and compare to published numbers and analyze what it means. 

 

Conclusion 

Restate the purpose of the experiment, summarize your results, what 

the meaning of your results is, make some remarks about your error, 

and anything else that might be of interest 

Questions  Answer the questions (if there are any) at the end of the write-up 
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Name _____________________________________                                EXP # _____________ 

 

 

NE 448 

Pre-lab  Points  
Title block Title block information correct and complete 5  

Objectives Objectives clearly summarized 5  

Theory/Equations Short discussion of theory 

Relevant equations 
15  

Procedure Procedure clearly and completely 

summarized 

Block diagrams of all equipment setup 

5  

In-Lab work    

Equipment list Equipment list complete  

20 

 

Equipment Diagram Equipment Diagrams complete 

Data Data clearly presented 

Data Analysis    

Data Tables/Graphs Data manipulation, calculations, comparison 

with published values 
20  

Error Analysis Error sources characterized, measurement 

error reported if appropriate 
5  

Summary    

Summary/Conclusion Restatement of goals/ objectives 

Discussion of how the data collected and 

analysis met or did not meet those goals 

10  

Questions Questions answered completely and 

correctly 
10  

Format  5  

    

Total  100  

 

 

 

 

 

 

 



Jordan University of Science and Technology 

Department of Nuclear Engineering 

Nuclear Reactor Laboratory (NE 448)  

Experiment 1: Introduction to Jordan Subcritical Assembly (JSA) 

 

 

Objectives 

The objective of this experiment is to get familiar with Jordan Subcritical Assembly (JSA); the 

layout design, core design, the fuel and the neutron source. 

 

Theory 

Jordan subcritical assembly (JSA) is the first nuclear facility that is easily operated with parts 

that are easily accessible for demonstration and inspection purposes. It is designed to be used for 

educational and training purposes for the nuclear engineering students at Jordan University of 

science and technology to give the students the opportunity to perform experiments and 

measurements to many reactor parameters in a highly inherently safe system and to familiarize 

them with the fission process in the nuclear reactor with minimum exposure to radiation since it 

is designed and verified using MCNP5 nuclear code to never reach the criticality with the value 

of the effective multiplication factor (𝐾eff)  of 0.95923 . 

 

 

Figure 1 Jordan Sub-Critical Assembly  



1. JSA design layout  

 

 

 

Figure 2 Representative Layout of JSA Design Systems 

 

1.1 Reactor core, core vessel fuel rods, operation platform 

 

  The reactor core consists of 313- LEU fuel rods, loaded into a water-filled vessel in a 

square lattice expanding 20 cm in radius and 55 cm in height. The fuel rods are positioned in the 

reactor core by two grids that hold the rods in place. The upper grid plate is made of acrylic 

Plexiglas and the lower grid plate is made of aluminum alloy. The grid is 70 cm in diameter and 

is fixed to the reactor vessel with joint poles.  

 

  The reactor vessel is 120 cm in diameter and 132 cm in height. The fuel rod, which is a 

PWR fuel structural pattern type, is 550mm in height and 10mm in diameter, and each rod 

contains 216.173 g of uranium in 43 ceramic fuel pellets of uranium oxide (UO2) with 3.4wt% 

235U enrichment, making the active height of fuel 430 mm. Five insulator pellets made of 

aluminum trioxide are added to the fuel rod: four below the fuel pellets and one above the fuel 

pellets that is held down by a spring; the fuel rod as shown in figure 3 is plugged at both ends 



with upper and lower caps. The cladding tube is made of zirconium alloy (Zr-4), and helium gas 

is filled in the gap between the fuel pellets and the cladding tube. 

 

 

Figure 3 JSA Fuel Rod  

 

 

1.2 Water feed and drainage system 

 

  It is used to fill the vessel with high deionized distilled light water driven from the 

deionized water tank by feed water pump. The water serves both as a moderator and reflector. 

The water feed and drainage system supplies the water from the storage tank when the reactor is 

to be operated, draines it into the storage tank when the reactor is not in use.  

 

1.3 Neutron source drive system 

 

  The source, which is a 0.8 Ci plutonium beryllium (Pu-Be) source, is driven into the 

reactor core through a guide tube by a pneumatic control drive, and to shut down the reactor, the 

source is driven back to the storage flask where it is stored.  

 

1.4 Instrumentation and Control system 



 

  The JSA reactor is equipped with an advanced digital monitoring and control system that 

is designed to resemble nuclear reactor control room. Data from detectors, in-core detectors, and 

nuclear measurement instruments are displayed and can be saved and printed for normal 

operation and experiments. There are actually two monitors one is for the operating parameters; 

control, monitoring, display, alarm, and saving of operating parameters of the reactor equipments 

and systems such as neutron source position, electrical and mechanical systems, water fill and 

drainage, and radiation levels. The other one is for the experimental parameters of the 

experiment performed in the assembly.  

 

 

1.5 Control console 

 

  It is used for displaying, monitoring and control all the systems of JSA. Reactor startup, 

shutdown, and operating conditions are monitored and controlled from the control room as seen 

in figure 4. 

 

 

Figure 4 Control Console at JSA 

 

 

 



Procedure 

 

Here the students are going to get acquainted to the JSA components and design. The student 

will demonstrate a basic understanding of the reactor control environment and setting. 

 

Questions 

 

1. Which one is better to be used in JSA as a neutron source: Pu-Be or 252Cf? Why? 

2. Summarize the main safety and security features at JSA?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Jordan University of Science and Technology 

Department of Nuclear Engineering 

Nuclear Reactor Laboratory (NE 448)  

Experiment 2: Approach to criticality 

 

Objectives 

1. Startup of JSA in safely and reliable way, and how to approach to criticality by control of 

the moderation level in the core. 

2. To familiarize the students with the approach to criticality method to meet the demand of 

the education, training and research. 

3. To learn how to use the conservative approach in the calculations of kinetics equations. 

 

Theory 

We can say that the reactor is in a critical condition if the number of neutrons created by 

the fission process equals the number that are either lost by leakage or captured within the 

reactor's structural materials. Approach to criticality experiment method is a traditional method 

used in the start-up experiment of many nuclear assemblies. It had been proved that this method 

is very useful in new critical experiment. Addition or changing of fuel, placement or removal of 

neutron absorbing experiments, addition or removal of moderator can affect the reactor’s 

reactivity, making it uncertain at which rod position criticality will be reached. Whenever the 

conditions of criticality are not known accurately, an experiment should be done to estimate the 

point at which criticality will be achieved. [put the reference] 

The sub-critical reactor has an effective multiplication factor, k which is defined as the number 

of neutrons in present generation over the number of the neutrons in preceding generation. So if 

the neutron source producing no neutrons/sec. is introduced into this reactor. The increase in 

neutron density level with time is as follows: 

 

 

 

 



Generation # Source 

Neutrons 

Neutrons from Multiplication 

0 n˳ 0 

1 n˳ Kn˳ 

2 n˳ Kn˳+ K2n˳ 

3 n˳ Kn˳+ K2n˳+  K3n˳ 

4 n˳ Kn˳+ K2n˳+ K3n˳+ K4n˳ 

n n˳ Kn˳+ K2n˳+ K3n˳+ K4n˳+…+ Knn˳ 

 

So, after n generations, the neutron population would be:  

Total Neutrons = n˳ + Kn˳+ K2n˳+ K3n˳+ K4n˳+…+ Knn˳  

                           = n˳ (1 + K+ K2+ K3+ K4+…+ Kn)  

 

For values of K less than one (1 + K+ K2+ K3+ K4+…+ Kn) equals 1/ (1-K). So, 

Total neutrons (n)  = n˳/(1-k), as K approaches to 1.0 (critical condition) number of neutrons 

approaches to infinity and the neutron flux  continues  to  increase  linearly  with  time. The 

factor 1/ (1-k) is called the sub-critical multiplication factor of the reactor.  

The theory of approach to the criticality can be studied also from the reactor kinetic equations: 

 

𝑑𝑛(𝑡)

𝑑𝑡
=  

𝜌(𝑡)− 𝛽𝑒𝑓𝑓

𝛬
 𝑛(𝑡) +  ∑ 𝜆𝑖𝐶𝑖(𝑡)6

𝑖=1 + 𝑆                                       (1) 

 

𝑑𝐶𝑖(𝑡)

𝑑𝑡
=  

𝛽𝑖

𝛬
 𝑛(𝑡) − 𝜆𝑖𝐶𝑖(𝑡)                                                                 (2) 

  

Where, 

 

n(t): neutron density   

𝛬: average generation time of neutron  

ρ: reactivity of the system 



βeff: effective fraction of delayed neutron .  

βi: fraction of the ith group delayed neutron 

λi: decay constant of ith group delayed neutron 

Ci (t): precursor nuclei fraction of ith group delayed neutron. 

  

At steady state :    

 

𝑑𝑛(𝑡)

𝑑𝑡
= 0    ; n = n˳ 

 

𝑑𝐶𝑡 (𝑡)

𝑑𝑡
= 0 ; 

 

  
𝛽𝑖

𝛬
 𝑛˳ =   𝜆𝑖𝐶𝑖(𝑡) , by substitution in equation 1: 

 

 
𝜌− 𝛽𝑒𝑓𝑓

𝛬
 𝑛˳ +  ∑

𝛽𝑖

𝛬
𝑛˳6

𝑖=1 + 𝑆 = 0     for       ∑ 𝛽𝑖
6
𝑖=1 = 𝛽  

 

𝑛˳ =  
−𝑆𝛬

𝜌
 , 𝜌 =  

𝑘−1

𝑘
 , in critical condition k=1, ρ 0 then n∞  

 

So if the reciprocal of the count rate which is proportional to the number of detected neutrons 

versus the level of the moderator which affects the reactivity is drawn the approach to criticality 

can be applied by using the extrapolation to zero which represents the critical situation in which 

number of neutrons goes to infinity. The critical extrapolation equation is: 

 

  𝑀 =  
𝑀2𝑁2− 𝑀1𝑁1

𝑁2− 𝑁1
 

 

 

Where, M is the water level and N is the counting rate. 

 

 

 



Conservative Approach (“1/2” adding principle)  

Based on long-term nuclear safety practices, the adding number of the fuel elements is 

half of the theoretical loading fuel number. With critical extrapolation value, if M is the critical 

number from extrapolation, M2 is the last fuel number, so (M-M2)/2 will be the number of added 

fuel elements. With the nuclear assembly gradually close to the critical state, the extrapolated 

critical number of fuel elements M close to the critical value. This can be applied also in the case 

of controlling based on the moderation level as seen in the following figure. 

 

 

Figure 1: extrapolation method 

 

 

 

 

 

Procedure 

1. Experiment preparation and inspection (to check the outer appearance of each fuel rod, 

the startup equipment and neutron source system).  

2. All staff have to leave the reactor hall.  

3. Power supply and I&C system are in place for operation  
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4. Open the solenoid valve and turn on the water pump, inject de-ionized water into vessel 

to the predetermined level. 

5. Turn off the water pump and close the solenoid valve.  

6. Lift the neutron source and measure the neutron counts N˳ after the detector is stable.  

7. Increase the level of water, added height is ¼ of the theoretical value (M1) then measure 

the neutron counts N1 (background counts deducted) after the counter stabilized.  

8. Add water again, the number is1/4 of the theoretical value, and the water level added into 

the core is M2 when the detector is stable, measure the neutron count rate N2 

9. Draw line through (M1, 1/N1) and (M2, 1/N2), the intersection with x axis is 

extrapolation value (M) 

10. Add water according to ½ the difference between M2 and minimum critical extrapolation 

value (1/2 adding principle), record the neutron count rate, make the critical 

extrapolation.  

11. Repeat extrapolation experiment according to (1/2 principle). 

12. Drive neutron source back to the neutron source storage tank by the neutron driving 

system.  

13. Open the solenoid valve to discharge the de-ionized water in the reactor vessel to the 

water storage tank.  

14. Shutdown the reactor normally.  

 

Report  

- Use two of the startup monitors to count neutrons and to make parallel extrapolations  

- Use 3 methods to make extrapolation: reciprocal ruler, formula and JSA special software 

 

Questions 

Explain the reason behind: 

1. Choosing the smallest detected rate. 

2. Not achieving the critical state. 

 

 

 



Jordan University of Science and Technology 

Department of Nuclear Engineering 

Nuclear Reactor Laboratory (NE 448)  

Experiment 3: The Source Jerk Method 

 

 

Objectives 

1. To introduce the students to the experimental techniques used for determination of the 

sub-criticality level using the Source Jerk method 

2. To calculate the reactivity and hence the multiplication factor of JSA using this method  

 

 

Theory 

The source jerk method has been used in subcritical systems to estimate the time behavior 

of thermal neutron flux density. The idea behind the source jerk method is to operate the 

subcritical core at a steady state, at a flux level driven by a continuous external source. A neutron 

flux level somewhere in the core will be n0. Suddenly, the external neutron source is shut-down 

very quickly. Then, the neutron flux changes rapidly to a semi-stable level n1 consisting of the 

delayed component of the neutron flux. This level is only quasi-static and will decay according 

to the decay rate of the delayed neutron groups as shown in figure 1.  

 



 

Figure 1. Neutron population by Source Jerk Method 

 

Reactivity can be determined by applying the point kinetic equations that represent the time 

behavior of a local neutron.  

 

 

𝑑𝑛(𝑡)

𝑑𝑡
=

𝜌(𝑡) − 𝛽𝑒𝑓𝑓

𝑙
 𝑛(𝑡) + ∑ 𝜆𝑖𝐶𝑖

6

𝑖=1

(𝑡)                      (1) 

 

𝑑𝐶𝑖(𝑡)

𝑑𝑡
=

𝛽𝑖

𝛬
 𝑛(𝑡) − 𝜆𝑖𝐶𝑖(𝑡)                                            (2) 

 

Where, 

n(t): neutron desity   

  : average generation time 

ρ(t): Reactivity of the system   

βeff : Effective fraction of delayed neutron. 

βi : fraction of ith group delayed neutron .  

λi : Decay constant of ith group delayed neutron (unit , 1/time) 

Ci(t): precursor nuclei fraction of ith group delayed neutron  . 
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Now, the point kinetic equations describe the neutron level at equilibrium before the Source Jerk:  

𝜌 −  𝛽𝑒𝑓𝑓

𝛬
 𝑛˳ +  ∑

𝛽𝑖

𝛬
𝑛˳

6

𝑖=1

+ 𝑆                                      (3) 

     

 

 
𝛽𝑖

𝛬
 𝑛˳ −    𝜆𝑖𝐶𝑖(𝑡) = 0                                                   (4) 

 

So the neutron level is 

 

 𝑛˳ =  
𝛬

𝛽𝑒𝑓𝑓 −  𝜌
 (∑

𝛽𝑖

𝛬
𝑛˳

6

𝑖=1

+ 𝑆)                                 (5) 

    which is proportional to the value of the count rate at steady state  

Immediately after the source jerk the quasistatic level is obtained: 

 

𝜌− 𝛽𝑒𝑓𝑓

𝛬
 𝑛1 +  ∑

𝛽𝑖

𝛬
𝑛˳6

𝑖=1 = 0                                                   (6)  

     

 

𝛽𝑖

𝛬
 𝑛1 −    𝜆𝑖𝐶𝑖(𝑡) = 0                                                            (7)  

 

 

with the neutron level 

 

 𝑛1 =  
𝛬

𝛽𝑒𝑓𝑓 −  𝜌
 (∑

𝛽𝑖

𝛬
𝑛˳

6

𝑖=1

)                                                   (8) 

 

 or it can be estimated directly from the integration from the source jerk to neutron density 

decaying to the background:  



 

𝑛1 =  ∫ 𝑛(𝑡)𝑑𝑡
∞

0
                                                                      (9)  

 

The lower limit of the integration represents the starting time of the source removal. 

 

Then,  

−𝜌 = −
𝑛˳ (ʌ + ∑

𝛽𝑖

𝜆𝑖

6
𝑖=1 )

∫ 𝑛(𝑡)𝑑𝑡
∞

0

                                                    (10) 

 

 

Or 

 

𝑛1 −  𝑛°

𝑛1
=  

𝜌

𝛽𝑒𝑓𝑓
                                                                     (11) 

 

 

Then the multiplication factors can be calculated easily by using the relation: 

 

 𝜌 =
𝑘−1

𝑘
                                                                                   (12)  

  

 

 

Procedure 

1. Pre operation meeting: shift supervisor declares the purposes, the contents and the 

precautions of the experiment, and conducts personnel assignment. 

2. Experiment preparation and inspection (to check if the position and the connection of the 

detector is ready or not) all staff leave the reactor hall.  

3. I&C and power supply are all ready for normal operation. 

4. Open the solenoid valve and turn on the water pump and inject de-ionized water into the 

container to the predetermined level. 



5. Turn off the water pump and close the solenoid valve. 

6. Blow the neutron source into the container by neutron source drive system. 

7. After a while begin counting when 3rd number start monitor display reaches steady state. 

8. After the counting is finished return the neutron source to the neutron storage flask by 

neutron drive system. 

9. Turn off the power supply and turn on the DN50 solenoid valve and then discharge the 

de-ionized water to the water storage tank, then stop the experiment. 

 

Report  

- Use two of the startup monitors to count neutrons. They are connected with data acquisition 

system. 

- Make integration for the graph using data acquisition system, you do two integrations: 

 First integration under the steady state line. 

 Second integration under the curve (after removing the source). 

- Make the two integrations numerically 

- Use the integration results to estimate the reactivity and hence the multiplication factor by 

applying equations 10 and 12. 

- Compare with the reported values and calculate the %error 

- Explain the sources of errors in the experiment. 

 

 

 

 

 

 

 

 

 

 

 

 



Jordan University of Science and Technology 

Department of Nuclear Engineering 

Nuclear Reactor Laboratory (NE 448)  

Experiment 4: Rossi-Alpha Method Experiment 

 

Objectives 

1. To measure the neutron pulse sequence and make statistical analysis of the time 

correlation of pulses. 

2. To calculate the reactivity and hence the multiplication factor of JSA using this method  

 

Theory 

The Rossi-α method was developed by Bruno Rossi in the 1940s to establish the mass 

control increment between delayed and prompt critical This method is one of the statistical 

analysis methods in reactor neutronics, It investigates the time distribution of signals measured 

by neutron detector in reactor, thus giving the value of α prompt neutron decay constant in order 

to determine the nuclear kinetic parameters associated with the physics of neutron chain reacting 

systems.   

Dividing the detected neutrons into two groups is necessary to complete the analysis 

required when performing the Rossi-α method. Accidental and correlated pairs are the two 

groups. In a single fission chain, the accidental and correlated pairs relate to the prompt and 

delayed neutron groups. Correlated pairs refer to the prompt neutrons generated from a common 

fission ancestor. Accidental pairs are defined to be neutrons originating from a random source 

such as the background or delayed emission, but when multiple fission chains are being analyzed 

neutrons originating in a different fission chain are considered as accidental pairs. One of the 

assumptions made when using the Rossi-α method is that the measurement is being performed at 

zero power so there is no significant overlapping in fission chains.  

 

The Rossi-α histogram; for time intervals from an event t1, t2, t3… ti, less than a certain 

interval length T, neutrons are detected and added to a histogram, shown to the right in the Fig.1. 

This procedure is repeated for each event and the subsequent time intervals are accumulated in 



the histogram. After long time, it will be visible that shorter time intervals will dominate the 

histogram if the events are correlated. 

 

 

 

 

 

Figure 1. Description of how the Rossi-α histogram is obtained. The detection of neutron (event) 

is represented by vertical line. 

 

The probability of detecting a random neutron is AΔ, where A is the average counting rate of the 

detector and Δ  is  the  time  interval  of measurement. In case the second neutron is a chain 

related neutron, the probability to detect this  neutron  after  the  first,  decreases  exponentially  

in  time  with  the  prompt neutron  decay  constant  according  to e-αt. Hence the total probability 

of detecting a neutron, either random or chain related, in time interval Δ is according to: 

 

𝑝(𝑡)𝛥 = 𝐴𝛥 + 𝐵𝑒−𝛼𝑡𝛥                             (1) 

  

By plotting the probability of neutron detection p(t) obtained experimentally, the prompt 

neutron decay constant can be found from the correlated part through fitting of an exponential 

function. Fig.2 shows how the curve looks. 

 



 

Figure 2. Curve of neutron population using Rossi-α method. 

 

The least square method can be used here to find the parameters of the exponential 

equation to find α after taking natural logarithm for both sides of equation 1 making it linear 

equation,  𝑦 = 𝑎 + 𝑏𝑥 where (𝑏 = −α, the least square method to find the alpha factor: 

  

𝑏 =
𝑁 ∑ 𝑋𝑖𝑌𝑖

𝑁
𝑖=1 −∑ 𝑋𝑖

𝑁
𝑖=1 ∑ 𝑌𝑖

𝑁
𝑖=1

𝑁 ∑ 𝑋𝑖²−(∑ 𝑋𝑖)²𝑁
𝑖=1

𝑁
𝑖=1

                                                                        (2) 

But,   

− 𝛼 =  
𝜌 − 𝛽

𝑙
                                                                   (3) 

Then the multiplication factor can be calculated easily by using the relation: 

 

 𝜌 =
𝑘−1

𝑘
                                                                                                                   (4)  

  



Procedure 

1. Experiment preparation and inspection (to check if the position and the connection of the 

detector is ready or not), all staff leave the reactor hall. 

2.  I&C and power supply are all ready for normal operation. 

3.  Open the solenoid valve and turn on the water pump and inject de-ionized water into the 

container to the predetermined level. 

4. Turn off the water pump and close the solenoid valve.  

5. Blow the neutron source into the container by neutron source drive system. 

6. Begin counting for 4 milliseconds till obtaining the Rossi- curve. 

7. After the counting is finished, the Rossi alpha data processing software displayed the 

value of  and thence 𝜌 and K are easily determined. 

8. Return the neutron source to the neutron storage flask by neutron drive system, turn off 

the power supply and turn on the DN50 solenoid valve, and then discharge the deionized 

water to the water storage tank, then stop the experiment. 

 

Report  

- Use helium 3 detector connected with data acquisition system.  

- Make fit line through the points using data acquisition system (count rate vs. time) 

- Use the least square method to find the parameters of the exponential equation for this 

curve. 

- Find α then calculate the reactivity and multiplication factor.  

- Use the trend for linear equation by making fit line to find α, ρ and K 

- Compare with the reported values and calculate the %error 

- Explain the sources of errors in the experiment. 

 

Question:  

- Why is it better to use the helium gas detector instead of Bf3 detector in Rossi-α method 

experiment? 
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Experiment 5: Feynman-Alpha Method Experiment 

 

 

 

Objectives 

3. To measure the neutron pulse sequence and make statistical analysis of the time 

correlation of pulses. 

4. To get the prompt neutron decay constant 

5. To calculate the reactivity and hence the multiplication factor of JSA using this method  

 

 

Theory 

The Feynman method or variance to mean method is based on neutron fluctuations and 

the statistics of the counts. It investigates the time distribution of signals measured by neutron 

detector in reactor, thus giving the value of prompt neutron decay constant which can be used to 

determine the subcritical reactivity of systems driven by an external source. In a nuclear reactor, 

the counts, c, of a neutron detector will deviate from a true Poisson distribution due to the 

presence of fissile material. By relating the variance to mean of the number of counts collected in 

a fixed time interval, to this time interval, alpha can be determined. Feynman used the Rossi 

method to define that the variance to mean ratio could be given as a function of alpha and the 

time intervals used in the measurements. 

 

In Poisson distribution, the ratio between mean and variance is equal to 1, but due to the 

fission chain correlation among the neutrons, the counts in the certain interval T shall deviate 

from the Poisson distribution, and therefore the ratio between mean and variance will deviate 

from 1. According to the theory by Feynman, define Y as: 

 



𝑌 =
𝑠2

𝑐̅
− 1 =

𝑐2̅̅ ̅ − 𝑐̅2

𝑐̅
− 1                                                                                              (1) 

Where: 

𝑠2: counting variance 

C: counts in time T 

𝑐̅ : counts mean value 

𝑐2̅̅ ̅: mean value of the counts’ square 

Then,  

𝑌 =
𝑐2̅̅ ̅ − 𝑐̅2

𝑐̅
− 1 = 𝐴 (1 −

1 − 𝑒−𝛼𝑇

𝛼𝑇
)                                                          (2) 

Where,  

α: is the prompt neutron decay constant. 

𝐴 =
𝜀𝐷𝑣

𝜌𝑝
2

                                                                                                                   (3) 

Where ε is the detector efficiency in counts per fission, 𝐷𝑣 is Diven parameter and 𝜌𝑝 the 

reactivity of prompt. Alpha can be found by measuring the variance to mean ratio for fixed time 

intervals and fitting Y in these measurement results, A and α are determined experimentally from 

the curve fitting. Then the reactivity and multiplication factor can be calculated easily by using 

the relations: 

 

 

𝛼 =  
𝜌 − 𝛽

𝑙
                                                                                                               (4) 

 

𝜌 =
𝑘 − 1

𝑘
                                                                                                                 (5)                            

 

 

 

 

 

 



Procedure 

9. Experiment preparation and inspection (to check if the position and the connection of the 

detector is ready or not), all staff leave the reactor hall. 

10.  I&C and power supply are all ready for normal operation. 

11.  Open the solenoid valve and turn on the water pump and inject de-ionized water into the 

container to the predetermined level. 

12. Turn off the water pump and close the solenoid valve.  

13. Blow the neutron source into the container by neutron source drive system. 

14. Begin counting till obtaining the Feynman- curve. 

15. After the counting is finished, the Feynman alpha data processing software displayed the 

value of  and hence 𝜌 and K are easily determined. 

16. Return the neutron source to the neutron storage flask by neutron drive system, turn off 

the power supply and turn on the DN50 solenoid valve, and then discharge the deionized 

water to the water storage tank, then stop the experiment. 

 

 

 

Report  

- Use helium 3 detector connected with data acquisition system.  

- Make fit line through the points using data acquisition system (deviation vs. time) 

- For fixed time interval and corresponding Y value, try to choose the best value of A to 

estimate the prompt decay constant that is very close to one from the software (simple 

MATLAB code can solve it)  

- Find α then calculate the reactivity and multiplication factor.  

- Compare with the reported values and calculate the %error 

- Compare the calculated values of multiplication factor from source jerk method, Rossi-

alpha method and Feynman-alpha method with the reported value then calculate the 

%Error and discuss the results. 

- Explain the sources of errors in the experiment. 
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Objectives  

1. To study the theory behind the neutron activation analysis (NAA). 

2. To learn how to calculate the radial and vertical neutron flux in the JSA using Indium 

foils. 

 

 

Theory 

Several measuring techniques are used to determine the fast neutron flux spectrum. Some 

of these techniques are on line methods which depend on the in-core neutron detectors to 

determine the neutron counts and hence the flux. One of the most common techniques for fission 

reactors, known as an offline method, is the activation of multiple threshold detectors. 

 It involves the irradiation of target materials (foils) with a flux of neutrons for a predetermined 

period. The foil is removed after a measured period of time and the induced activity is 

determined.  

As the neutrons interact with the nucleus of the target material and produce new 

radioactive isotopes. These radioactive isotopes emit a unique combination of gamma rays that 

can be detected and then used to measure the neutron spectrum inside the reactor at the position 

of the irradiation experiment The foils have to meet some conditions in order to be suitable for 

this activation technique: 

 

1. The cross section for the activation reaction should be well known in the energy range of 

interest. 

2. In order to obtain higher saturation activity, foil materials is preferred to have high cross-

section for the activation reaction of interest. 



3. The reaction cross-sections, gamma ray abundances and the half-life of the produced 

radioactive nuclide should be accurately known. 

4. Foils need to be highly pure to avoid any interference reactions and insure that the calculated 

activity is produced only from the reaction of interest.  

 

As the foil is irradiated, new radioactive nuclear species will be produced but at the same time 

they also undergo radioactive decay. The production rate is given by: 

 

 
 

 
Where, R is the activation reaction rate per second, N* is the number of the target nuclei in the 

foil at time of irradiation, m is the sample mass, δ is the isotopic abundance of the target nuclide, 

Av is Avogadro’s number and M is the atomic mass number of the sample, φ is the neutron flux 

and 𝜎 is the activation reaction cross-section. Both φ and 𝜎 are functions of the incident neutron 

energy.  

The rate of decay of the produced radioisotope is given by: 

 

is the time  1/2T is the decay constant, λnumber of radioactive nuclei,  is the total draWhere, N

needed for half of the radioactive nuclides to decay. Then, the rate of change in the total number 

of radioactive nuclei is given by: 

 

Assuming that the flux does not change during the irradiation experiment and neglecting the 

decrease in the number of the target nuclei during irradiation (N* is constant), then the 

differential equation can be solved knowing that the total number of radioactive nuclei before 

irradiation is zero {Nrad(0)=0}: 



 
 

The activity of the foil is given by: 

 

 
Where, t is the irradiation time. As shown in the previous equation, the activity of the irradiated 

foil is proportional to the neutron flux. Let the irradiation time be tirr, the activity of the foil at 

the end of irradiation 

 

life of the radioisotope), the activity reach a -was very long (many times longer than the half irrIf t

saturation value Asat=R. After irradiation, the foil activity starts decaying. Considering the end 

of irradiation as time t=0, then at time t after irradiation stops the activity is given by: 

 

During the decay time, the foil will be moved to an appropriate counter and if the sample is 

counted between t1 and t2, the number of disintegration in that period is: 

 

Where, C is the number of counts in the time interval between t1 and t2 (tcount = t2 – t1 ), B is 

the number of background counts during counting interval time (tcount), γ is the gamma ray 

abundance (yield) and 𝜀 is the detector efficiency. t1 is the elapsed time from the end of the 

irradiation period to the start of the counting period (tdecay). 

 

Then the flux at any energy can be determined as follows: 

 



Procedure  

1- Pre-operation meeting: shift supervisor declares the purposes, the contents and the precautions 

of the experiment, and conducts personnel assignment. 

2- Experiment preparation and inspection (to check the foils, installing the foil holder and check 

the detection device..etc.) all staff leave the reactor hall. 

3- I&C and power supply are all ready for normal operation. 

4- Open the solenoid valve and turn on the water pump and inject de-ionized water into the 

container to the predetermined level. 

5- Turn off the water pump and close the solenoid valve. 

6- Blow the neutron source into the container by neutron source drive system. 

7- Irradiating the foils for 5-6 hours. After the irradiation is finished return the neutron source to 

the neutron storage flask by neutron drive system. 

8- Withdraw the foil holder and send the foils to the laboratory for measurement. 

9- For out-core measurement, gamma peak within the same energy in the interval should be 

chosen. Record the total counts, start time and end time of the activity measurement. 

10- Process the data and obtain the activity at the end of irradiation time. 

11- Turn off the power supply and turn on the DN50 solenoid valve, and then discharge the de-

ionized water to the water storage tank 

 

Report 

- Calculate the flux at each position 

- Draw the axial flux distribution 

- Draw the radial flux distribution  

 

 

 


