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Industry Acceptance of New 
Technology for Soil Density Testing
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 Mr. William Troxler invented the nuclear moisture 
density gauge in the basement of his home in Raleigh, 
NC in the late 1950s.

 This technology largely replaced the manual methods, 
such as the sand cone and drive cylinder methods.

 The new technology was adopted by all state DOTs, 
most other government agencies and the private 
industry as the “industry standard” for soil moisture 
density measurements.
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The acceptance process did not happen overnight.
 Many studies were conducted comparing the nuclear gauges to the 

manual methods.
 Many DOTs wrote unique specifications and procedures for their 

technicians.
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Troxler Gauges- History
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• DOTs develop their own specs, procedures, and training programs for 
nuclear gauge measurements
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Troxler Gauges
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• The Nuclear Regulatory Commission was developed in 1975- this 
is when the licensing structure as we know it today began.

• Gauge owners have to: keep inventory, prove that dose to 
operators & public is low, secure the gauges, pay fees, etc.

• Over time more regulations are adopted and fees go up.  
• Sept. 11, 2001 changed everything & put a spotlight on regulated 

material.
• Inspection frequency increases
• Fees increase

• Interest in alternative devices (non-nuclear) increases.
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Troxler Gauges- Licensing
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The industry starts seriously looking into alternatives to 
nuclear density testing methods.
• Asphalt density- 2001- 2005

• Several studies conducted using electromagnetic technology 
asphalt density gauges- mixed results

• Soil moisture & density- more difficult to address as two 
measurements are required.
• Studies begin approx. 2007 to look at all possible 

technologies
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Nuclear Gauges- Alternatives?
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Nuclear Gauges- Alternatives?
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Early studies determined that most “alternative” soil moisture density 
test methods were not desirable. They were:
• difficult to perform, 
• required extensive calibration in the field and
• cumbersome; extra equipment needed to perform the calibrations.
Specific Negatives
• When soil properties change, new calibration for density and 

moisture is required.
• Sand Cone method (or a nuclear gauge) is needed for the 

calibration procedure in many cases.
• Some methods measure modulus rather than density, a factor that 

is unfamiliar to many and can’t be equated to a density / percent 
compaction value.

• Specs have to be changed.
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Nuclear Gauges- Alternatives?
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Conclusion:
The nuclear density method really is the best for quick field 
QC of soil materials.
• Can a nuclear gauge be exempt from licensing? Why not?
• What would it take?:  Source activity/ Shielding/ Other safety 

features/ What about the Moisture system 
• This would not be an easy task!

Troxler was already working on this device as the 
alternative methods were being tested and found to be 
mostly unsatisfactory.
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Nuclear Gauges- Alternatives?
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The exempt status of the Model 4590 EGauge was finally 
granted by the NRC in September of 2014.

• No license is required in the USA!
• The details:

• Very low source activity (Cs137- gamma source)
• Sensitive detector
• Background count required occasionally
• External, non-nuclear moisture system
• 8 inch depth maximum

• The cost savings to owners is significant.
• License fees- $1,500- $10,000+ / yr
• Badges, Leak Tests, Training- $1000 to $5000+ / yr
• Time savings- 20 – 40+ hours / mo.
• Reciprocity Fees / Forms
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Nuclear Gauges- Alternatives?
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Next step was market testing and 
acceptance.

• Field testing was conducted to test all 
functions and software as well as the 
measurement results. Spring/Summer 
2015

• Market Introduction was made in 
Spring 2015- Trade Shows, Industry 
Publications, Customer Demonstrations 
& Presentations
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Nuclear Gauges- An Exempt Alternative
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Market Introduction Plan:
• Identify those agencies actively studying non-nuclear 

alternatives (Universities, DOTs).
• Identify agencies with the need for an alternative to 

nuclear (transportation issues, multiple licenses, etc.).
• Identify small firms without the budget and personnel 

needed to have a license.
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Nuclear Gauges- An Exempt Alternative
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• DOT acceptance in progress:
• Early demonstration units loaned to: TXDOT, AKDOT, ARDOT, 

VADOT, NCDOT, MDSHA, MSDOT, MODOT, FLDOT, ALDOT
• More recently: SCDOT, VTDOT, WYDOT, WADOT
• Several have since purchased at least one unit for evaluation / 

research
• Loaned or purchased units at universities:

• Univ. of Delaware, Rutgers Univ., TTI, Louisiana State Univ., East 
Carolina Univ., Michigan Technological Univ.

• Other Government agencies:
• Public works departments
• Multiple unit purchased by USDA-NRCS, US Army Corp Of 

Engineers, Air Force  
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Nuclear Gauges- An Exempt Alternative
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• December 2011: US Army Corp of Engineers was actively studying the 
available non-nuclear soil density devices.
• The need was identified by the military- as transportation, storage 

and training for the nuclear gauges is becoming a challenge
• The final Beta EGauge was loaned to the COE as part of the next study 

in 2015.
• The published report finds that the EGauge performed very well when 

compared to non-nuclear devices and the typical nuclear density gauge.
• This has lead to EGauge being widely accepted by some US 

government agencies.
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Nuclear Gauges- An Exempt Alternative
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 Both wet/dry density matched NDG very well – similar system
 Moisture content was captured well given electronic system
 No calibration necessary to achieve results!
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An Exempt Alternative- Field Data- USACOE

Data and from US Army Corps 
of Engineers ERDC Study –
Dr. Ernest Berney
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An Exempt Alternative- Field Data

 Data collected by Engineering Firm representing TXDOT on various 
soil types - April – June 2015.

 Excellent correlation of the Wet Density values.       R2 = 0.93
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The Non- Nuclear Moisture Probe data shown below was collected in April 
through June 2016 by an independent testing firm. This data was collected 
on 3 different soil types. 
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Field Data - Moisture Probe

The red line shows the raw data 
resulting from the Moisture Probe using 
the factory calibration information.  The 
dashed green line shows the reading 
after a simple offset is applied to the 
data. 
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• In July 2016 an EGauge was loaned to a grad student at Univ. of 
Delaware for a study of various soil moisture / density measurement 
methods. 

• The study compared moisture and density results from the traditional 
nuclear gauge, drive cylinder measurement and the EGauge.

• The resulting data and conclusions were presented at IFCEE 2018. 
• The published paper concludes that, “all three in situ QA/QC devices 

exhibited results that were in relatively good agreement with one 
another. The EGauge after calibration did exhibit similar or slightly better 
performance relative to the nuclear density gauge.”
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Nuclear Gauges- An Exempt Alternative
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Proven Performance- Interlaboratory Study

On May 3, 2017 Troxler performed an Interlaboratory Study (ILS) to determine the 
repeatability and reproducibility of the EGauge and the moisture probe 
measurements.  Three different soil types were tested by ten operators with ten 
different gauges and probes.  
• The results are very comparable to that of the typical nuclear gauges.
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Proven Performance- Interlaboratory Study

The moisture probe measurement results are also very comparable to that 
of the typical nuclear gauges.
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ASTM D8167
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Exempt Alternative-ASTM Standard

The EGauge meets this standard and is proven to provide excellent 
repeatability and reproducibility on several soil types.
• This is a step in the direction of acceptance by the industry for soil 

density measurements.
• This standard was published in June 2018.
• The moisture probe measurement standard is still pending.
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• As mentioned previously, the original nuclear gauges, introduced in the 
early 1960s, were not immediately accepted as replacement of the 
sand cone method.

• The EGauge is in a similar situation.
• Several universities, DOTs and other government agencies have 

purchased them and are currently using and/or evaluating them.
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Nuclear Gauge- An Exempt Alternative

• Alaska DOT
• Arkansas DOT
• Maryland DOT
• Florida DOT
• Alabama DOT
• Wyoming DOT
• North Carolina DOT
• Nevada DOT

• Louisiana State Univ. (LTRC)
• East Carolina Univ.
• Texas A&M
• Michigan Technological Univ.
• USDA NRCS
• Bureau of Land Management
• Bureau of Indian Affairs
• US Army Corp of Engineers
• US Air Force
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EGauge- Locations of Use in the USA

DOTs using EGauge

Universities with EGauge

Other Government Agencies 

Guam
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The EGauge is an exempt nuclear gauge for soil density 
measurements. The moisture probe that is provided uses 
electromagnetic technology for soil moisture measurements at a 
depth of approx. 3.5 inches.
• The EGauge has been available since October 2015.
• Studies have shown that the performance is very comparable 

to the traditional nuclear density gauges.
• Several DOTs are evaluating the EGauge currently.
• Many government agencies are using the EGauge.
• The EGauge meets ASTM D8167. This standard            

provides proven repeatability and reproducibility data                       
for devices meeting the standard.

• The approval and acceptance process for new test             
methods is not quick. 
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Conclusion
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