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Progress to date: 
Significant delays were caused by problems sourcing materials for this project.  The following section 
provides details on these problems and their resolution.  The materials issues are resolved and the 
design is finalized.  A schematic of the design is included at the end of this report.  Fabrication of the 
glass elements has begun and the probe body is expected to be complete by the end of July. 

Success or setbacks observed: 
Sourcing materials for this project created a chicken-or-egg type problem that caused several redesigns.   

The original window material was sapphire glass.  This was selected for two reasons:  high strength and 
transmissivity of shortwave UV.  Sapphire glass is sold in small diameter portions for use as sample 
containers in high frequency nuclear magnetic resonance spectroscopy.  These are actually vials rather 
than tubes and require being cut to an appropriate length.  Cutting the vial in half and into shorter 
sections meant that the probe diameter could be minimized.   We were unable to find anyone in the 
high plains area willing to cut sapphire glass tubing.  The vials are expensive (approx. $700) and cutting 
requires specialized tools so entrusting this task to inexperienced persons seemed unwise.  It became 
apparent that sapphire glass would not be feasible so alternate materials were evaluated.   

Fused Quartz was selected as an acceptable alternative.  This material does transmit shortwave UV 
albeit with some attenuation.  Fused quartz is also much cheaper (approx. $20 for 48” vs $700 for 7”).  
This type of glass is used in specialized furnaces and water purification systems.  Fused quartz has 
different mechanical properties from normal amorphous glass and requires special care when cutting.  A 
local contractor was found who is willing to try cutting the tubing (Contractors Glass & Mirror, 1611 East 
27th, Amarillo).  He is currently working on the tubing.   

The fused quartz also has different dimensional tolerances, which required redesign of portions of the 
soil probe.  A threaded compression ring, additional length of the probe body, and additional O-rings 
were added to the design.  The diameter of the probe was also increased to account for a full tube 
rather than a half tube.   The previous design, where sapphire glass was specified, assumed higher 
strength and dimensional tolerance thus simplifying the design.  Changing to quartz tubing required 
addition of two plugs with additional O-rings functioning as packing rings. These hold the tubing in place 
and provide some clearance for flexing of the probe body.  The compression ring will allow several 
millimeters of tolerance in the length dimension and, if necessary, addition of several soft silicone O-
rings as shock absorbers. 

Sourcing the camera was also problematic.  Inexpensive borescope cameras are readily available 
however; the manufacturers rarely make the same product for any length of time.  The dimensional 
tolerances of these cameras are not included in the advertising so the only way to find the exact 
dimensions is to purchase the camera.  This caused additional delays because the design could not be 
finalized until after acquiring the cameras.  The camera that we received had acceptable body diameter 
but the cabling was larger than expected.  A principle design variable is the focal length of the camera.  
The camera must be mounted far enough away from the mirror such that the optical path to the 



window is farther than the focal length.  Some of the manufactures publish a focal length however, 
upon receiving the camera, I found that the length was approximately 1 cm less than the published 
length.  The cable diameter and focal length issues required further redesign of the probe body and 
shaft adapter. 

Conservation impacts to District: 
None at this point. 

Expenditures to Date 

Item Cost 
rotary hammer $397.00  
o rings $50.50  
Cameras $142.00  
UV Filter  $82.50  
Fluorescein Dye $412.17  
Diamond drill bits $82.50  
fused quartz tubing $54.20  
steel tube $84.32  
single board computer 

$437.78  
SBC enclosure 
fine gauge wire 
UV Lamp 
Total $1,742.97*  

* Please note there is a $49.13 discrepancy between the TAMU accounting system and 
the receipts I have on file.  I expect this is an accounting error that will be resolved 
shortly. 

Remaining funds: $2,057.03 

Remaining Expenses 
• Machining costs 

Now that the design is finalized, measured drawings will be submitted to the machinist.  There is 
significant uncertainty as to how much the machining will cost.  The original proposal called for 
building two prototypes.  The reasoning for this was to mitigate the potential for damaging the 
probe during testing.  If the fabrication costs for the first probe exceed $1,000, we will 
reevaluate the plan to build two probes. 

• Glass cutting 
The contractor initially agreed to do this at no cost.  However, after examining the materials, he 
estimated that some non-trivial labor time would be involved.  This cost is expected to be less 
than $300. 

• Field testing 
A small area at the Bush farm has been prepped for surface application of the dye.  There will be 
some minor costs associated with travel for field work. 
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Preferential flow

Gerke, K.M., D. Mallants, and R.C. Sidle. 2013. “Criteria for Selecting Fluorescent Dye Tracers 
for Soil Hydrological Applications Using Uranine as an Example.” Journal of Hydrology and 
Hydromechanics 61 (4): 313–25. doi:10.2478/johh-2013-0040.



Project Objectives

• Design and build two prototype soil endoscopes.  
• Laboratory testing of three types of fluorescent dyes to 

determine optimal concentration and camera calibration.  
• Field test the soil endoscope at the AgriLife research farm 

in Bushland, TX.
• Field test the endoscope in at least three locations in the 

Panhandle region





Problems and Obstacles

• Probe design overview
• Build & Test problems

– Fabrication costs
– Probe window materials issues
– Camera failures
– Dye testing

• Operational problems
– Insertion force
– Camera alignment
– Window blockage



Probe 
Schematic

• Design as 
submitted to 
machinist

• Body, tip, cap 
fabricated from 
304 SS



Probe head



Probe Cap



Probe head, disassembled



Fabrication costs

• Original cost estimate was based on consultation with 
machinist from out of state

–$700
• Cost estimate from City Machine, Amarillo

–$2500

 Consequence: we could only build 1 prototype



Camera failure

• Electrostatic 
discharge

• Short, caused by 
vibration

 Consequences
 Had to use smaller 

diameter camera
 Hand-fabricate 

camera mounts



Mirror & Camera 
alignment

• Endoscope cameras have fixed 
focal length
– 8.5 mm  ≈ 6 cm
– 5.5 mm  ≈ 4 cm

• Internal design was arranged to 
maintain ≈ 6cm distance from 
camera to soil surface

• Switch to 5.5 mm camera 
required manual adjustment of 
mirror-camera alignment

• Vibration issues made UV lamp 
unstable; it was omitted from 
final build



Mirror & Camera alignment

Initial view After hammer



Insertion force
• Heavy textured soils were 

extremely difficult to penetrate



Blocked window



Blocked window









Summary

• Overall, this project was not successful
• We were able to build and test one prototype
• Several critical problems prevented achieving all 

objectives:
– Fabrication costs were badly underestimated
– Window occlusion occurred in each test
– Camera failure caused cascade of fabrication problems
– Insertion force required a sledge hammer



charles.hillyer@ag.tamu.edu
541.207.2387

Thank You
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