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1 Notes 

1.1 Note 1 
Note in the following that the fisheye optical camera covers half of all directions (2π), while the 

CZT radiation sensor images all directions (4π) simultaneously. When no radiation is found 

outside of the camera’s field of view, all gamma-ray images presented will be cropped to the 

field of view of the optical camera. 

1.2 Note 2 
The larger the source distribution is spatially, the more data is needed to resolve its shape.  

Therefore in some measurements of distributed sources, the exact shape of the source 

distribution is not possible to resolve with the recorded data set. A longer measurement could 

be used to map the source distribution more clearly. 

1.3 Note 3 
All presented images are produced from events in the photopeak regions of the spectra.  

Therefore, the “hot spots” in the images represent directions from which un-scattered and un-

attenuated gamma rays from the energies associated with the isotope reached the detector.  

Other scattered gamma rays are ignored.  Also, given two identical radioactive objects at 

different distances, the nearer object will always appear “hotter” because more gamma rays 

from that object will reach the detector.   
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2 RHR Pump in Primary Auxiliary Building 
This measurement was taken in the primary auxiliary building. The camera was placed in a 

corner of the room, and pointed towards the RHR pump. The measurement was taken for 10.2 

minutes. Cs-137, Fe-59, Co-58, and Co-60 was clearly detected and identified in the spectrum. 

The hottest Co-58 and Co-60 regions are located in different regions of the pump and the 

connecting pipes. The hottest Cs-137 region however is on the floor and wall that are next to the 

detector.  

2.1 Energy Spectrum of Gamma Rays 
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2.2 Optical Image 

 

2.3 Co-58 Gamma-ray Image 
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2.4 Co-60 Gamma-ray Image 

 

2.5 Cs-137 Gamma-ray Image 
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3 Initial Hot Spot Verification measurement 
The initial measurement consisted of two separate data collections.  The intent was to image a 

known hot spot from two different angles.  The first exposure lasted 3.5 minutes and the second 

exposure lasted 2.6 minutes.  Co-60, Co-58, Cs-137, and Mn-54 are all identified in the 

spectrum.  There is also an unidentified peak around 1115 keV. 

The first exposure basically confirmed what was expected – the location marked as hot had a 

significant Co-60 concentration.  However, the hottest point on the pipe was slightly to the left of 

the expected hot spot.  Thus, we changed angles to confirm this.  The Co-60 image from the 

second angle was more surprising – a second hot spot was found closer to the floor.  The 

worker took out a probe and confirmed that there was, in fact, a much higher dose rate at that 

location.  The Co-58 image was actually concentrated in the direction of the unexpected hotspot 

– indicating the known hotspot was likely more historical while the unexpected hotspot is more 

recent.  A significant Cs-137 signature is observed (indicative of historical fuel leakage), but it is 

located in an entirely different location.  With the 30 year half-life of Cs-137 this source could be 

from a much earlier event. 

3.1 Energy Spectrum of Gamma Rays 
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3.2 Optical Image – Angle 1 – Known Hot Spot Highlighted In Red 

 

3.3 Co-60 Gamma-ray Image From Angle 1 
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3.4 Optical Image – Angle 2 -  Known Hot Spot Highlighted In Red 

 

3.5 Co-60 Gamma-ray Image From Angle 2 

 



 H3D, Inc. 
(734) 661-6416 
info@h3dgamma.com 

Public Measurement Report 

 

12/45 

3.6 Co-58 Gamma-ray Image From Angle 2 

 

3.7 Cs-137 Gamma-ray Image From Angle 2 
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4 Shielding Verification Measurement 
The measurement was taken for 2.6 minutes in order to verify that some shielding applied to 

barrels was applied properly. Co-60 and Mn-54 were identified in the spectrum, but they were 

found to be originating from above the detector.  This indicates that the shielding is doing its job 

as expected.  There is a blue streak extending from the hot region of the image toward the 

shielded barrels.  This appears to follow a pipe that runs along the ceiling. 

 

4.1 Energy Spectrum of Gamma Rays 
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4.2 Optical Image 

 

4.3 Co-60 and Mn-54 Combined Gamma-ray Image 
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5 Co-60 Hot Spot Verification #1 
This 1.8 minute measurement was taken to verify the presence of a Co-60 hot spot.  It was 

easily shown that the source term was dominated by Co-60 which was concentrated in the 

expected location.  From the spectrum it looks like there may also be a very weak Mn-54 source 

present. 

5.1 Energy Spectrum of Gamma Rays 
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5.2 Optical Image 

 

5.3 Co-60 Gamma-ray Image 
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6 Co-60 Hot Spot Verification #2 
This 3.3-minute measurement was taken to verify the presence of a Co-60 hot spot.  It was 

easily shown that the source term was dominated by Co-60 which was concentrated in the 

expected location.  It is clear that from this position there is no evidence of Mn-54. 

Note that the camera was pointed vertically toward the ceiling of the room in this measurement. 

6.1 Energy Spectrum of Gamma Rays 
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6.2 Optical Image 

 

6.3 Co-60 Gamma-ray Image 
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7 Final Co-60 Room Measurement 
This 3.4-minute measurement was taken in a room with a known Co-60 source.  There is 

evidence of a weak Mn-54 source in the spectrum.  The image shows Co-60 concentrated in 

one region. 

7.1 Energy Spectrum of Gamma rays 
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7.2 Optical Image 

 

7.3 Co-60 Gamma-ray Image 
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8 Sky-Shine Measurement Outside Facility 
This 51-minute measurement was taken outside the facility with the intent of imaging the sky 

shine.  So far we have only reconstructed an image of the 511 keV gamma-rays that are 

generated from pair production between the N-16 and the atmosphere.  The image clearly 

shows that the source term is centered just above the building that is generating N-16.  Note 

that there are only 500 counts in the image, so if the measurement could be taken for a full 

battery cycle (4-5 hours depending on weather) a more complete image could be formed. 

The measurement was repeated on the opposite side of the building and a similar image was 

formed. 

This image can only be observed because of the extreme sensitivity of Polaris-H, not because 

of high dose rate. 

8.1 Energy Spectrum of Gamma rays 
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8.2 Optical Image 

 

8.3 511 keV Gamma-ray Image 
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9 PTR Measurements 
 

This is the first measurement that we took in the RCA.  It is of a known hotspot.  From the 

spectrum we can see that Co60 is the only isotope present in significant quantity.  From the first 

measurement angle we can see the hotspot, and we can also see Co60 from a neighboring 

room through the wall.  Thus, in this room the hotspot is the dominant source of worker dose, 

but not the only source of dose. 

We took a second measurement closer to the hotspot from a different angle, such that the 

hotspot was the only significant source of dose from that position.  The second measurement 

angle also allows us to discern the location of the hotspot in 3D.  While it was already known 

that the hotspot was coming from the pipe, this 3D measurement confirms it is from the pipe and 

not something behind the wall. 

 

9.1 Energy spectrum of gamma rays from angle 1 
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9.2 Angle 1 – optical image 

 

9.3 Angle 1 – Co60 image, 2-minute exposure 
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9.4 Angle 2 – optical image 

 

9.5 Angle 2 – Co60 image, 2-minute exposure 
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10 PTR Measurements #2 
 

This is the second measurements that we took in the RCA.  You can see that the spectrum is 

dominated by Co60 and the dose rate is high enough that pileup is observed in the spectrum.  

This is an issue that H3D is actively improving, but despite the pileup, it is still possible to image 

the expected hotspot. 

It should be noted that there is another hotspot nearby with a higher contact dose.  However, 

the hotspot identified by Polaris must be more distributed in extent and contributing more to the 

overall worker dose at the position of the sensor.  This can be confirmed by placing a dose 

meter at the position of the camera during this measurement and shielding the hotspots 

alternatively with lead blankets to see which spot imparts the greatest reduction in dose when 

shielded. 

 

10.1 Energy spectrum of gamma rays 
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10.2 Optical image 

 

10.3 Co60 image, 2-minute exposure 
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11 PTR Measurements #3 
 

This is the third measurement in the RCA, once again of a known hotspot.  This one produced a 

very high radiation level and consisted of Co60.  The first measurement shows that the shielding 

is actually doing a decent job, as the hot point is less intense then a source located in another 

room that is shining through the ceiling.  Once the shielding is removed, we can see that the 

hotspot of interest is the most dominant source in this room when left unshielded.  So the 

shielding is important.  If more shielding were used, it would be possible to further reduce dose, 

but not as much as dose could be reduced if the intense source through the ceiling was 

shielded. 

To better locate the hotspot, the sensor was moved much closer.  This resulted in a much 

higher dose rate on the sensor, beyond its recommended level.  The result was a spectrum with 

very broad peaks, however it was still possible to locate the true source location.  Furthermore, 

the hotspot through the ceiling is still visible, even this close to the hotspot of interest. 

 

11.1 Energy spectrum of gamma rays from unshielded distant position 
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11.2 Distant measurement, shielded – optical image 

 

11.3 Distant measurement, shielded – Co60 image, 1-minute exposure 
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11.4 Distant measurement, unshielded - optical image 

 

11.5 Distant measurement, unshielded, 30-second exposure 
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11.6 Close up measurement – optical image 

 

11.7 Close up measurement – Co60 image, 30-second exposure 

 



 H3D, Inc. 
(734) 661-6416 
info@h3dgamma.com 

Public Measurement Report 

 

32/45 

12 Hotspot Check in Neighboring Room 
 

As data was taken on the three hotspots mentioned above, the team sat in another room behind 

a concrete wall to lower dose.  However, even in that position the dose was fairly high due to a 

hotspot near the ceiling.  The camera was used to locate this hotspot.  It is interesting to note 

that it was not in the same position as a marked hotspot.  It would be interesting to get on a 

ladder with a dose probe to see how much more intense the spot identified by Polaris is.  It is 

also possible that the source is behind the wall, but it is a strange coincidence that it is on top of 

a pipe.  A measurement from another angle would have confirmed the source is coming from 

the pipe. 

As was the case for all sources in the first four measurements, Co-60 is the dominant source 

term.  Also, note that a higher-resolution image-reconstruction technique was used in this 

example to more accurately locate the hot point for later reference for the team.  Note that the 

camera was bumped and the image was shifted 4 times during this measurement, so there is 

some slight misalignment between the optical and radiation images, which is why the image is 

not centered on the pipe (it appears slightly above the true location). 

 

12.1 High resolution Co-60 image, 3-minute exposure 
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13 Measurements from Room Below Hotspots 
 

After the initial 4 hotspot measurements, we went downstairs to a room below to look at some 

known hotspots.  Instead we spent most of our time focusing on a pipe that was interfering with 

the known source because we were much closer to it.  This pipe had both Co60 and Co58 

contamination, with a hint of Cs137, unlike all of the previous hotspots which were only Co60.  

The spatial distribution of Co60 and Co58 were similar, so only the Co60 image is presented 

here. 

 

13.1 Energy spectrum of gamma rays 
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13.2 Optical image 

 

13.3 Co60 Image, 4-minute exposure 
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14 Fuel-Pool Measurement 
 

This is probably the best image we took of the spent fuel pool.  Unfortunately, the pool was 

basically empty, so unlike during the measurements in the Netherlands we were not able to 

demonstrate our ability to image fuel through all the water.  However, we did show where 

various sources of contamination were located.  The activity was relatively low, so after 10 

minutes there is still some uncertainty where the Co60, Co58, and Cs137 are located and there 

was insufficient data to locate Ag110m.  However, it is very clear from the images shown below 

that each isotope has a much different distribution.  This is expected due to their drastically 

different half-lives (and chemistry, in the case of Cs137).  With a longer measurement time, the 

Ag110m distribution could have been mapped as well. 

 

14.1 Energy spectrum of gamma rays 
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14.2 Optical image 

 

14.3 Co60 image, 10-minute exposure 

 



 H3D, Inc. 
(734) 661-6416 
info@h3dgamma.com 

Public Measurement Report 

 

37/45 

14.4 Co58 image, 10-minute exposure 

 

14.5 Cs137 image, 10-minute exposure 
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15 Old Steam Generator Measurement 
 

This is an 8-minute measurement taken of an old steam generator outside the RCA.  In this 

case, Co60 is the dominant isotope, but it should be noted that it is heavily shielded due to all of 

the metal in the generator.  Thus, we see that the Compton scatter term is much more dominant 

than the unscattered term, resulting in a very large continuum relative to the photopeaks.  An 

imaging device without spectroscopic capability, such as the Cartogram or iPix, would form an 

image that is dominated by the scatter, not the true source distribution.  Polaris is capable of 

showing either. 

Both sets of information are important.  For the sake of decontamination it is very important to 

know the true source location, not the direction of scattered radiation (basically useless in that 

scenario).  For the sake of worker protection and work planning to satisfy ALARA principles, the 

scattered radiation is more interesting because it is the more dominant source of dose. 

 

15.1 Energy spectrum of gamma rays 
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15.2 Optical image 

 

15.3 Co60 image (true source distribution) 
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15.4 Image of scattered radiation from Co60 source (dose distribution) 
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16 Container Measurements 
  

This is the final set of images taken that day.  In this case, we are looking at some containers 

and trying to find a hotspot.  In general, the dose was very low, so even after a few minutes of 

data acquisition the images are not converged.  From the first measurement position, it can be 

seen that there is a source inside one of the containers.  The spectrum has Co60, Co58m and 

Ag110m identified within the measurement time.  A second measurement was taken from a 

different angle to determine the source position within the container in 3D.  In both cases it can 

be seen that all three isotopes are located in the same position near the center of the container. 

It should be noted that with so few counts, the images have not completely converged on an 

isotope-by-isotope direction.  It is possible that the Co60 and Cs137 sources have slightly 

different locations, but it is more likely that the Cs-137 direction is slightly imprecise with less 

than 100 counts in the image.  Even in this count-starved scenario it is possible to correctly 

identify the approximate direction of each isotope. 

 

16.1 Energy spectrum of gamma rays from both measurements combined 
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16.2 Position 1 – optical image 

 

16.3 Position 1 – Co60 Image, 2.5-minute exposure 
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16.4 Position 1 – Co58 image, 2.5-minute exposure 

 

16.5 Position 1 – Cs137 image, 2.5-minute exposure 
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16.6 Position 2 – optical image 

 

16.7 Position 2 – Co60, Co58, Cs137 combined image, 3.5-minute exposure 
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17 Weak-Source Measurements 
 

There were some tools with radium contamination and some tungsten rods in the RP office, 

which were very weakly radioactive.  These were placed in front of the sensor to demonstrate its 

spectroscopic capability as well as its efficiency.  The spectrum is shown below, with many 

peaks visible.  It would be impossible to separate these peaks with any other spectrometer 

besides HPGe. 

 

17.1 Energy spectrum of gamma rays 

 

 

 


