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Cold Testing of a Borehole Camera and LED Light for use at the South Pole 

John Gagnon 

Introduction 

The camera being tested is a Heavy Duty Econo Geo VISION™ Borehole Camera 
System used for inspection of water wells, oil wells, mines, caves, tanks, pipes, shafts, 
caissons, and large and small voids. The camera will be used to inspect ice crevasses that 
are located in the active ice zone on the snow route from McMurdo Station to the South 
Pole Station. The ice crevasses are covered by snow bridges, and the air temperature in 
the ice crevasses can be as cold as -40°C. This camera will be passed down through a 2- 
inch-diameter hole made through the snow using a hot water drill. 

The current method of inspecting crevasses is to dynamite an opening in the snow and 
return a few days later (allowing time for the air to clear from the blast) and then lower a 
person through the opening and have that person do the inspection. The use of the camera 
should be safer and faster, eliminating the need to blast large holes in the snow bridges 
and have a person enter the crevasse on a rope. 

Set-up 

A 2 ft by 2 ft variable temperature cold box manufactured by the BLUE M Electric 
Com an , Blue Island, Illinois, was used for the test. 

Wire was spooled off and run inside the cold box, and the camera was connected. 
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Outside of the box, showing the wire to the 
s ool. 

Equipment running next to the cold box. 

Once the equipment was set up, the camera was checked. Below are two pictures 
showing the camera working. 
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Results 
The first test was to cold soak the camera at 0°C (32°F) and see if the camera would tum 
on again. The camera remained operational as the temperature was stepped down in 10°C 
increments to -40°C. The camera was in a stainless steel housing, so it is assumed that it 
was cold soaked quickly. For the test, the camera and camera lights were turned on at 
0°C to provide the maximum internal heating. The operation of the camera was observed 
as the temperature was stepped down in 10° increments. 

Display of cold box showing Set temp and 
temp in the box. 

Monitor, showing a good image at -40°C 
with the ei ht erimeter LED Ii hts on. 

The test was repeated with the eight perimeter lights turned off to remove the internal 
heating generated by the lights. A small LED flashlight (mini MAGLITE LED 3-W 
LED) was put in the box as well to test it as a light source for the camera. MAGLITE 
claimed their flashlights are tested to -40°C. Again, the camera was cold soaked at 0°C 
(32°F) to see if the camera would tum on again, and again the camera remained 
operational as the temperature was stepped down in 10°C increments to -40°C. 
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Again the camera works at -40°. 

One can see the flashlight in the upper right side of the "thumbs up" image from the 
camera. During the first hour of the test, while the temperature dropped, there was no 
visible reduction in the brightness as the temperature was lowered to -40°C. 

Test of Crevasse camera Pull string function at -40°C. 

The configuration of the camera on the supports allows for the power comunications 
cable to be pulled slightly allowing for the camera to be tilted from looking streight down 
to looking at the side of the crevass. This function will allow one to look at side walls of 
crevasses and the underside of the snow bridge without all the cost of the full pan tilt 
controller for the camera. This is refered to as the "Pull string function" 
The camera was connected to the centralizer and placed in the cold box. The temperature 
was set for -40°C. About one hour later the box was opened, and the cable was pulled to 
check the tilt of the camera. The cable split at a tilt of about 15°. 

Camera in the box connected to the 
centralizer. 
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Close-up of the failed cable after being 
ulled once at -40°C. 

Split cable after being removed. 

The decision was made to try using the spool cable for the "tilt" of the camera. The old 
cable was removed and the spool cable was fed through the centralizer and connected to 
the camera. The clamp and spring were re-installed and the entire camera was again 
placed in the box and the temperature was set for -40°C for another test. 

Camera connected directly to the spool 
cable. 

Close-up of camera with cable secured to 
the pulley and slack removed from around 

the camera. 
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Close-up of camera with cable secured to the pulley and slack removed from around the 
camera. Second view. 

Camera pulled "tilted" after being removed from the box at -40°C 

The camera was again removed from the box, and the cable was pulled without a problem 
this time. The pull was repeated a number of times without any problem. The camera 
continued to give a good image except for the moisture freezing to the glass on the front 
of the lens. 

The manufacturer of the camera was contacted about the orange cable shattering at 
-40°C, and a new cable was sent to be tested. This cable was placed in the cold box and 
allowed to cool to -40°C. It was then picked up and bent and twisted by hand. 
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New cable in cold box. Cold box now at -40°C. 

The cable was a bit stiff but did bend without shattering at angles the same or greater as 
when it was mounted on the camera. 

Conclusions 

The Heavy Duty Econo Geo VISION™ Borehole Camera System from Marks products 
does perform at-40°C as stated by the manufacturer. There was no change in the 
observed image quality at the cold temperatures. It should be noted that these tests did 
not include thermal shock tests of the camera. Temperature drops were on the gradual 
side, and the camera was allowed to change temperature at a rate that the camera would 
see in the expected operations at the South Pole. 

Temoerature Conversion 
0°C 32°F 

-10°C 14°F 
-20°c _4op 
-30°C -22°F 
-40°C -40°F 
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Appendix Test notes: 

Notes from Test 1 
Lights on 

8:50 am: cold box turned on and temp set to 10°C. 

9:30: camera turned on and still works. 

10:00: PI says OK for 0°C. 

10:30: camera turned on and still works. Camera left on for drop in temp. 

10:32: temperature at-9°C; good image on the monitor. 

10:33: Temp at -10°C; camera works fine; temp set lower to -20°C. 

10:35: Temp at-16°C; good image. 

10:40: Temp at-20°C in box; good image from camera; temp set to -30°C. 

10:44: Temp at -27°C; good image. 

10:48: Temp at -30°C; good image; temp set to -40°C. 

10:59: Temp at -40°C; still good image. It was decided to leave at -40° for 30 min to 
verify operation. 

11 :30: Still good image; temp set to 0°C and camera turned off. 
End of test. 

Notes from Test 2 (7/29/09) 
NO lights from the camera (less internal heat) 

Put lithium batteries in the led flashlight and placed it in the cold box to the side but in 
view of the camera and turned it on. 

12 :20 pm: temp in box 0°C. Flashlight lit and turned temp to -10°C. Note lots of fog in 
the box from opening the door. (Outside temp near 80 and high humidity). 

12:23: box temp at-10°C led is bright and good image from camera; set temp to -20°C. 

12:29: Temp at-20°C. Led bright and good image from the camera; set temp to -30°C. 

12:35: temp at-30°C LED. Bright image good and set temp to -40°C. 

12:47: Temp at -40°C; again good image and bright LED. 
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13:18: Temp at-40°C; good image bright LED. Camera turned off and box temp set to 
0°C. 
End oftest. 

Notes from the test 7/30/09 
Test of orange cable 
11 :00: camera connected and set in box and temp set to -40°C. 

11:17: Temp at 0°C. 

11 :28: Temp at -13°C. 

11 :32: Temp at -20°C. 

11 :48: Temp at -34°C. 

11 :55: Temp at -40°C. Camera showing a good picture. 

12:05: Opened box and pulled on orange cable with PI. Test cable shattered as seen in 
picture above. 

Notes from the 2nd test 7/30/09 
Spool cable all the way to the camera. 

1330: Camera back in box and temp set to -40°C; camera on. 

1406: Temp at-34°C. 

1413: temp at-39°C. Called Pl. 

1414: temp at-40°C. 

Ready to test. Image on monitor looks good. 

Notes from file fesf S-/6/0~ 
Test of yellow cable (replacement for orange cable) 

' 12:30: Cable placed in the box and box set to -40°C. 

14:15: Temp at-40°C. Found 2nd person to observe the test. 
Cable was removed. Bent and pulled on the cable at various places along its length. It 
was agreed that it should work fine on the camera. 
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