
 The Purpose of this project is to develop neutron radiography 

capabilities using an existing radioisotope neutron source. This 

project involved the use of foil activation, collimator and sample 

holder design, film development, as well as the addition of radiation 

shielding. Design and modeling was done at the Colorado School of 

Mines, and the experiments we conducted at the Denver Federal 

Center at the USGS Triga Reactor, building 15.  
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Results and Discussion 

 Neutron radiography is a non-destructive imaging technique 

that uses neutrons to probe the sample. Unlike X-rays which interact 

with electrons, neutrons only interact with the nucleus of atom, 

yielding a different attenuation pattern than X-rays. The mass-

attenuation coefficient μ/ρ can be defined by Beer-Lambert Law  

I = I0 e
-(μ/ρ) ρ x . Thermal neutrons are low energy neutrons with an 

energy  of about .025eV.  Most neutron radiography work is 

performed with thermal neutrons because their lower energy makes it 

more likely to hit and stick with the nucleus than a fast neutron which 

are more likely to hit and deflect. Neutrons from point sources are 

usually of higher energies (fast neutrons), than thermal neutrons and 

divergent, so it is necessary slow down and collimate them to achieve 

better attenuation and resolution. Many types of reactors can be used 

as neutron sources. Particle accelerators and radioactive neutron 

sources can be used to build transportable and inexpensive neutron 

sources for radiography. This project uses a radioisotope, Pu-Be 

neutron generator. Isotopes are atoms of the same element with the 

same number of protons and electrons but different number of 

neutrons, causing an unstable atom. The nucleus of the atom loses a 

neutron in order to become stable. As this decay process occurs, 

radiation energy is given off and the atom is said to be in a radioactive 

state. These isotopes are thus termed as radioisotopes, also called 

radionuclides.  

 

 

 

 

Dose 

assessment and 

shielding 

 

-Take measurements closest to the beam ports using neutron 
sensitive meter 
-create 60/40 borax to paraffin mix by weight and pour into 
PVC pipe to make shielding plugs 
- cut sheets of borated polyethylene and surround the 
neutron source 
- take another measurement to determine effectiveness 

 

 

Foil activation 

and flux 

determination 

-Activate Au, In, Dy, and Cd foils in the Howitzer 
-Take count measurements off foils to determine  
-Take count measurements from exempt sources to 
determine detector efficiency 
-Reduce data to determine Neutron flux 

 

Radiography rig 

design and film 

development 

-Design collimator, sample holder, and foil holder in 
sollidworks 
-print out pieces and assembly in beam-port tube 
-run activation experiment and then transfer foil onto film 
-develop film using wet darkroom manual techniques 

 

This material is based upon work supported by the National Science 

Foundation und Grant No. 0820518 and 1063150 

H. Berger, "Neutron Radiography," Annu. Rev. Nucl. Sci. 21, 335 (1971).. 

Dose & Shielding 

  

  

  

Fig. 1: Mass-attenuation 

coefficients (cm2 g-1) for 

the elements as a function 

of atomic number for both 

X-rays (solid line) and 

thermal neutrons (circles). 

Fig. 2: A method of 

obtaining a collimated 

thermal neutron beam 

from a fast neutron 

source is shown. It is 

usually preferable not to 

have the collimator look 

directly at the fast 

neutron source to 

decrease fast neutron and 

γ radiation in the beam.  

Foil selection & activation 

Design & Assembly 

Film Development & Image 

processing 

Common radiation shielding material like lead is often ignored by 

neutrons which fly straight through with little interaction. Gamma rays 

are also given off in neutron decay, which are best absorbed by 

heavy materials like lead and steel. This makes shielding for a 

neutron field tricky. Neutrons are attenuated by nucleuses with low 

atomic weights and densities. This means the lightweight materials 

like plastics and compounds with lighter atoms absorb neutron really 

well, and boron works really well for neutron absorption. For 

Shielding we use a combination of lead bricks, borated polyethylene 

and a 60/40 mix of borax to paraffin for shield plugs. Using this 

method we saw at least 3 x reductions in neutron dose when the 

source was in “active” position. 

µSv/hr. Source down 

“dry” 

Source up 

“dry” 

Source down 

“shielded” 

Source up 

“shielded” 

East Port 55-70 300 50-60 100 

South 

Port 

45-60 250 45-55 70-85 

In this project it was determined that the image would be captured 

by foil activation, and then transferred from the foil to film by the 

radioactive decay of the foil, exposing the film to the image 

recorded. A number of foils were tested to see which had the best 

absorption for would give us the best image in a reasonable 

timeframe. Some of the potential candidates tested were 

dysprosium, cadmium, gold, and indium.  Gold and Indium foils 

were chosen after the test run due to the dark image transferred to 

the film and seen after developing. 
 

Due to time constraints, a pinhole collimator design was selected. A 

pinhole collimator works by letting a small flux of neutron traveling in a 

“parallel” path through, and the rest absorbed by a medium so they 

won’t interfere with the image capture. This was achieved by creating 

a foil holder with a 3d printer, and inserting a cadmium 1.5” foil disk 

with a 4mm hole in the center. Cadmium was selected for its ability to 

block/ absorb neutrons and its relatively short half-life. The pinhole 

was distanced from the sample holder by 5” yielding a neutron beam 

with a L/D ratio of about 25, which for our purposes was close enough 

to the industry standard of 30~33. The imaging foil was placed 

immediately behind the sample holder to reduce scatter and get the 

best image, and then followed by shielding. All parts of the rig had to 

fit within a 1.9” by 7.5” Aluminum tube. 

After irradiating the assembly and activating the imaging foils, they 

were transferred onto film in a darkroom to expose the image. The 

film was left with the gold and indium foils for at least 10 half-lives to 

ensure that the highest definition image would be transferred. The 

film was then developed by hand using wet chemical darkroom 

techniques. The images were then scanned and processed digitally 

to expose further detail. 

The images yielded from the final run were not of very high detail. 

The Gold gave a darker image than the Indium, which was expected. 

On the downside, even the image from the gold foil was too faint to 

make out, even after image processing. This is most likely due to the 

huge decrease in flux reduced by the cadmium aperture. Other 

factors include the fast nature of the neutrons created by the Howitzer 

and relatively low flux to begin with, along with the various layers of 

neutron absorbing material in the sample battery imaged. 
 

Neutron radiography is an important tool in modern science, and 

has numerous applications. It is a relatively cheap and easy process 

with little cost long-term after the initial perchance of a neutron 

generator. Little if any electricity is used in this process, including the 

energy used in the detectors, and the lights to see while running the 

experiment. Imaging capabilities were developed in this project but 

not do the detail desired. If time permitted, the continued 

development, and more than likely satisfactory results could be 

produced with a Soller collimator design, which involves the use of 

fins and slits instead of a pinhole, which would greatly increase 

imaging flux available, while reducing noise and maintaining image 

quality. 
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Fig.5 (a) & (b) 4mm Cd 

aperture 

Fig . 6 (c) & (d) 

Radiography rig 

assembly 

Fig.7 (e) 
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