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Motivating Scenario: 
 
Nova Dirty Bomb clip: 
Discussion of radiation sickness: 
A scenario is presented of two woodcutters who got radiation sickness after sleeping next 
to a warm cylinder in the woods. The international bureau had to figure out how to 
contain the material and how much time each person could work with the material. 
 
Lesson Goals: How far do the different types of radiation travel? Can you stop the 
radiation? How can you protect organisms from the radiation?  
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Lesson 3 - Scenarios: 
 
Scenario A: International Nuclear Commission 
 
You are on an international nuclear commission getting ready to go to Russia to locate 
and dispose of devices that have been placed throughout the country. One device is a 
generator that contains pure 90Sr, a highly radioactive substance. These devices were 
placed all over Russia’s countryside for various reasons, one being to signal planes. 
Another device contains CsCl used to radiate grains on farms to prevent them from 
germinating. CsCl is a powdery substance that has a half-life of 30 years and is a very 
dangerous radioactive substance because of its ease of dispersal. You may learn more 
about these devices by viewing the NOVA video entitled “Dirty Bomb.” These devices 
became of greater concern when two wood cutters ended up in a hospital with severe 
radiation poisoning after sleeping near a warm canister in the woods. The cleanup of this 
canister (generator containing pure 90Sr) took many workers because they were only 
allowed near the material for 40 s in order not to exceed the allowed exposure dose.  
 
Question:  

• How could you locate these devices?  
• How could you determine the integrity of the devices?  
• If the integrity has been compromised, how will you contain the device to shield 

its harmful radioactivity? Include the materials you will use for shielding.  
• How will you determine if the surrounding area has been contaminated and how 

will you clean it up if it has?  
• Should protective clothing be worn in the cleanup of these two radioactive 

substances? Why or why not? 
 
Scenario B: Border Crossing – Hiding and Detecting Nuclear Materials 
 
You have been hired by Customs and Border Protection to answer the following 
questions: 

• What procedure should someone crossing the border follow in going through a 
radiation monitor? Include procedures for how fast a car or shipment should go 
through a fixed radiation monitor in order for the monitor to be able to detect 
something above background?  

• What should Customs and Border Protection officers look for if they suspect 
someone is trying to smuggle nuclear materials into or out of the country. For 
example, what might they try to use to conceal the ionizing radiation?   
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Hands-on Investigation:  Quantifying the impact of distance on 
radioactivity 

Figure 1: Vernier Digital Radiation 
Monitor.  Image Source:  Digital 
Radiation Monitor extended manual.

 
In this investigation, you will be working with the 
digital radiation monitor you have used in previous 
experiments. You be investigating the impact of the 
distance between the source of ionizing radiation 
and the monitor.  
 
Equipment: 

Radiation monitor 
disc source 
wooden source holder  
meter stick 

 
Safety reminder: 
 
Before beginning the experiment, please review the safety information from lesson 1. 
Remember that, while your radiation source is sealed in a very sturdy plastic disc, it 
should still be treated with care. Do not do anything that may break (crack) the plastic. 
Also, keep ALARA in mind. In other words, minimize your exposure to the radiation by 
placing the disc “upside down” on the lab bench when not in use. In order to facilitate 
keeping exposure to the lowest possible level, place the source in the wooden holder as 
soon as you obtain the source (with the top surface facing out) so that you do not have to 
hold the source for any extended period.   
 
Make certain you return the source to your instructor at the end of the activity. 
 
Procedure: 
1. Obtain a monitor for your team. Use your monitor to determine the background 

radiation count rate. Remember, if you have any sources of radiation nearby, place 
the source face down on the work surface far from the monitor when doing this.  
 
Set the radiation monitor to only collect counts for one minute when you take 
measurements. To do this, turn the monitor on. Slide the mode button out of the 
Total/Timer setting and then back into it. Make sure the timer is set to 0:01 (you can 
change this with the “+” and “-“ keys on the front of the monitor).  Place the monitor 
in the location for measurements and push the “Set” button in the front of the 
monitor. To reset the timer, just switch the top button out of the Total/Timer setting 
and back into it and push the set button again. 

 
Record the total number of counts per minute detected. Repeat this measurement 5 
times and record the average value, and the maximum and minimum values below: 
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Total Counts in one minute 
  

Average counts in one 
minute:  

  Minimum counts    
  Maximum counts  

 
2. Obtain a source and a source holder for you team.  Record what source you have been 

given (radioactive isotope and type of radiation being produced).  
 

 
Figure 2: Experimental Setup. 

3. Place the source in the wooden holder. (You may need to 
use a bit of transparent tape across the plastic edge of the 
disk to keep it from slipping out.) Then place the monitor 
next to the meter stick and the source in front of the 
monitor, also next to the meter stick (see Figure 2). How 
should you orient the source relative to the monitor 
surface? 

 
 
4. Turn the monitor on (in silent mode) and set the mode to “CPM”. Explore what range 

of distances between the source and monitor will work for your experimental setup. 
Slide the source closer and farther from the monitor and pick a range of distances for 
which you have reasonable count rates. Reasonable count rates means that at your 
maximum distance the count rate should be at least twice the background count rate. 
You will need to collect data at 10 different distances from the monitor, so once you 
have found the maximum distance that seems reasonable, record the 10 specific 
separations between the source and the monitor at which you plan to make 
measurements in the table below. The monitor should not be closer than 1 cm from 
the source. Remember to record the units for both the separation distance and the 
counts measured in the table below.  

 
Separation (r) Counts (C) Corrected counts(Cc) 
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5. Remember that the monitor detects ionizing radiation even when your source was not 
near the monitor. Thus the background radiation is adding to the number of counts 
detected. To find the number of counts of ionizing radiation from your source that the 
detector is measuring, you need to subtract the “background” counts from the 
measured counts. Use the average value of the background radiation found in Step 1 
and record the corrected number of counts from the radiation source in the last 
column above. 

 
 

6. What pattern do you observe as you move farther away from the source of radiation? 
To help identify the specific mathematical relationship between the number of counts 
observed and the distance from the source to the detector, graph the number of 
counts/minute vs. the separation in Excel. Is there a pattern?   
 

 
 
 
 
 
7. How can you determine if there is a specific mathematical relationship between the 

counts detected and the separation? The type of curve shown is likely to be due to 
either an exponential type relationship (C = C0e-r/r0), where C0 and r0 are both 
constants), or by a power-law relationship (C = C0/rp), where C0 and p are both 
constants). To test if the exponential relationship is appropriate, create a semi-log 
graph by double-clicking on the vertical axis. Select the scale tab. In the scale tab, 
select “logarithmic scale” and then close the dialog box. If the exponential scale is 
appropriate, the data should lie on a line. You can then determine the appropriate 
trend-line in Excel and determine the constants C0 and r0.   
 
 
 
 

8. If the relationship was not linear on the semi-log graph in Step 5, then a power law 
may be appropriate. To test this, you need a log-log graph. Convert the horizontal 
axis to a logarithmic scale by double-clicking on the horizontal axis and following the 
steps you did in the previous instruction. If the data now appear to be on a line, your 
data follows a power law relationship and you can now determine the appropriate 
trend-line in Excel to find the power p.  
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Hands-on Investigation:  Quantifying the impact of shielding on 
radioactivity 
In this investigation, you will be working with 
the digital radiation monitor you have used in 
previous experiments. You be investigating the 
impact of material placed between the source of 
ionizing radiation and the monitor.  

 
Figure 3: Vernier Digital Radiation Monitor.  
Image Source: Digital Radiation Monitor manual. 

  
Equipment: 

Radiation monitor 
disc source 
wooden sample holder  
meter stick 

 
Safety reminder: 
Before beginning the experiment, please review the safety information from lesson 1. 
Remember that, while your radiation source is sealed in a very sturdy plastic disc, it 
should still be treated with care. Do not do anything that may break (crack) the plastic. 
Also, keep ALARA in mind. In other words, minimize your exposure to the radiation by 
placing the disc “upside down” on the lab bench when not in use. In order to facilitate 
keeping exposure to the lowest possible level, place the source in the wooden holder as 
soon as you obtain the source (with the top surface facing out) so that you do not have to 
hold the source for any extended period.   
 
Make certain you return the source to your instructor at the end of the activity. 
 
Procedure: 
1. Obtain a monitor for your team. Use your monitor to determine the background 

radiation count rate. Remember to place your source face down on the work surface 
far from the monitor when doing this. Record the number of counts per minute 
(CPM) detected. Repeat this measurement 5 times and record the average value, 
maximum and minimum values below: 

 
Counts/minute (CPM) 

  
Average CPM   

  Minimum CPM  
  Maximum CPM   

 
2. Obtain a source, source holder and shielding material.  Record what you have been 

given (radioactive isotope and type of radiation being produced, shielding material 
and thickness).   
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3. Place the source in the sample holder. (You may 
need to use a bit of transparent tape across the 
plastic edge of the disk to keep it from slipping 
out.) Then place the monitor next to the meter 
stick and the source in front of the monitor, also 
next to the meter stick (see Figure 2). How 
should you orient the source relative to the 
monitor surface? 

 
Figure 4: Experimental Setup. 

 
 

4. Turn the monitor on (in silent mode) and set the mode to “CPM”. Explore what 
distance between the source and monitor will work for your experimental setup. Slide 
the source closer and farther from the monitor and pick a distance for which you have 
a count rate significantly above the background rate. Record the separation between 
the monitor and the source below. 

 
 
 
 
5. Set the radiation monitor to counts per minute and make sure it is set to collect counts 

for one minute. (Remember, to do this you must slide the mode button out of the 
Total/Timer setting and then back into it. If it doesn’t display 0:01, change the total 
time by using the “+” and “-“ keys on the front of the monitor.)  Place the monitor in 
the location for measurements and push the “Set” button in the front of the monitor 
when you are ready to take date.  To reset the timer, just switch the top button out of 
the Total/Timer setting and back into it and push the set button again. 

 
The table below will allow you to record the total count rates you obtain for different 
amounts.   

 
 

Shielding type 
and squares n 

Shielding 
Thickness 
(mm) 

Counts(C) Corrected 
counts(Cc) 

No shielding 
(__ cm of air) 
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6. Remember that the monitor detected ionizing radiation even when your source was 

not near the monitor. Thus the background radiation is adding to the number of 
counts detected. To find the number of counts of ionizing radiation from your source 
that the detector is measuring, you need to subtract the “background” counts from the 
measured counts. Use the average value of the background radiation found in Step 1 
and record the corrected number of counts from the radiation source in the last 
column above. 

 
7. What pattern do you observe as you add more shielding material between the monitor 

and the source of radiation? To help identify the specific mathematical relationship 
between the number of counts observed and the distance from the source to the 
detector, graph the number of counts/minute vs. the thickness of shielding in Excel. 
What patterns or trends do you observe?   

 
 

8. How can you determine if there is a specific mathematical relationship between the 
counts detected and the shielding thickness? The type of curve shown is likely to be 
due to either an exponential type relationship (C = C0e-r/r0), where C0 and r0 are both 
constants), or by a power-law relationship (C = C0/rp), where C0 and p are both 
constants). To test if the exponential relationship is appropriate, create a semi-log 
graph by double-clicking on the vertical axis. Select the scale tab. In the scale tab, 
select “logarithmic scale” and then close the dialog box. If the exponential scale is 
appropriate, the data should lie on a line. You can then determine the appropriate 
trend-line in Excel and determine the constants C0 and r0. 
 

 
 
9. If the relationship was not linear on the semi-log graph in Step 5, then a power law 

may be appropriate. To test this, you need a log-log graph. Convert the horizontal 
axis to a logarithmic scale by double-clicking on the horizontal axis and following the 
steps you did in the previous instruction. If the data now appear to be on a line, your 
data follows a power law relationship and you can now determine the appropriate 
trend-line in Excel to find the power p.   
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Statistical Investigation: Counting statistics – significance of low 
activity measurements 
 
Using Statistics to Compare Background Radiation to a Radioactive Source 
 
How do you know if your ionizing radiation measurements are showing something that is 
above the background level? You’ve seen that your background radiation levels can vary 
by nonzero amount. For example, the minimum value you measured may have been 9 
cpm, and the maximum value may have been 25 cpm, with an average of 15 cpm. When 
you make a measurement of 15 cpm or more, can you be sure that something is there or 
not? 
 
Scientists realize that statistical fluctuations may occur in data, especially with something 
as random as radioactive decay processes. In order to determine if something is 
statistically significant, scientists analyze the data to see how much a data set may 
overlap a set of background radiation data. For example, we need to determine if the total 
number of counts for a source measured in Step 6 is statistically different from the 
number of background counts. 
 
Why is it important as nuclear forensic scientists for us to be able to distinguish between 
background radiation and something of perhaps a more nefarious nature? Your teacher 
may show you a short clip from the television show “Numb3rs.” This clip describes how 
important statistics are in determining a value. With your group, propose a justification 
why the ability to differentiate from background radiation may be important. 
 
Statistics can be involved and interesting. For the purposes of this lesson, you will only 
consider a single tool of statistics called a 95% confidence interval. The idea is that if the 
distribution of background radiation does not overlap the distribution of our radiation 
source, we can be very confident that the two distributions differ. The basic procedures to 
using this tool follow:  
 

1. The Properties of the Normal Distribution —  A basic tool in statistics 
 

• You should have noticed that when you make repeated measurements of 
radioactive counts, you don’t always get the same number of counts each time. 
Most of the time, the counts are near the mean (average), but occasionally, you 
will get counts farther from the mean. If you were to repeat your measurements 
many, many times, you would begin to see a distribution of points. The 
probability distribution similar to the figure below. The standard deviation of the 
distribution measures how far the range of measured values varies from the mean. 
Approximately 68% of all measurements fall within one standard deviation of the 
mean, and about 95% of all measurments fall within two standard deviations from 
the mean. Another way to say the same thing is that you are 95% confident that a 
measured value lies in the range between the mean minus two standard deviations 
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and the mean plus two standard deviations. This range is called the 95% 
confidence interval. 

 
 

2. Comparing Distributions — Do the distributions overlap? 

• Example of Overlapping Distributions 
o If the 95% confidence intervals of two sets of measurements overlap, then 

you cannot conclude that the means are statistically significantly different 
because there is a significant probability that two means could be in the 
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part of their interval that overlap.  
 

• Example of Non-overlapping Distributions 
o If the 95% confidence intervals of two sets of measurements do not 

overlap, then you can conclude that the means are statistically 
significantly different.  In the case of our radiation measurements, this 
means that a source is emitting radiation: you are not just detecting  
background radiation. 

What to look for: Do our 95 % Confidence Intervals Overlap? 

 
 

• Or Don’t They? 
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What should you do to analyze your radioactivity data?   
 
1. Open the Excel Template and enter your background counts and total counts for the 

source you were assigned by your teacher. 

 
2. The template will automatically calculate the Mean, Standard Deviation (SD) for both 

data. 
 

3. Compute Confidence Intervals for each data set —   
    Lower Bound = Mean – 2*SD   and Upper Bound = Mean + 2*SD    
 

4. Draw a Number Line that includes the 95% confidence intervals for both sets of 
counts. 

 

5. Do the confidence intervals overlap or not?  
 
 
 

6. What can you conclude about the radioactivity of your source? 
  

How could you change your experiment so your confidence intervals were smaller, and 
thereby have more confidence the statistical significance of your data? 
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Scenario- pulling together the pieces from previous 
investigations 
 
Scenario C: International Nuclear Commission 
You are on an international nuclear commission getting ready to go to Russia to locate 
and dispose of devices that have been placed throughout the country. One device is a 
generator that contains pure 90Sr, a highly radioactive substance. These devices were 
placed all over Russia’s countryside for various reasons, one being to signal planes. 
Another device contains CsCl used to radiate grains on farms to prevent them from 
germinating. CsCl is a powdery substance that has a half-life of 30 years and is a very 
dangerous radioactive substance because of its ease of dispersal. You may learn more 
about these devices by viewing the NOVA video entitled “Dirty Bomb.” These devices 
became of greater concern when two wood cutters ended up in a hospital with severe 
radiation poisoning after sleeping near a warm canister in the woods. The cleanup of this 
canister (generator containing pure 90Sr) took many workers because they were only 
allowed near the material for 40 s in order not to exceed the allowed exposure dose.  
 
Question:  

• How could you locate these devices?  
• How could you determine the integrity of the devices?  
• If the integrity has been compromised, how will you contain the device to shield 

its harmful radioactivity? Include the materials you will use for shielding.  
• How will you determine if the surrounding area has been contaminated and how 

will you clean it up if it has?  
• Should protective clothing be worn in the cleanup of these two radioactive 

substances? Why or why not? 
 
 
 
Scenario D: Border Crossing – Hiding and Detecting Nuclear Materials 
 
You have been hired by Customs and Border Protection to answer the following 
questions: 

• What procedure should someone crossing the border follow in going through a 
radiation monitor? Include procedures for how fast a car or shipment should go 
through a fixed radiation monitor in order for the monitor to be able to detect 
something above background?  

• What should Customs and Border Protection officers look for if they suspect 
someone is trying to smuggle nuclear materials into or out of the country. For 
example, what might they try to use to conceal the ionizing radiation?   
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