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the Iowa Department of Transportation or the United States Department of Transportation, 
Federal Highway Administration. 
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because of a disability to access the Iowa Department of Transportation’s services, contact 
the agency's affirmative action officer at 800-262-0003.



 

4 
 

Background 

 

Standard portable nuclear moisture-density gauges are very accurate and easy to operate for 

determining density and moisture content of soils as well as other construction materials. 

Unfortunately, the size of the radioactive sources used in the standard nuclear gauges are such that they 

are regulated by the Nuclear Regulatory Commission and in Iowa, the Department of Public Health. The 

regulations are intended to prevent accidental exposure of people to radiation from misuse of the 

gauge. However, with the regulations are added time and money for licensing, training, recordkeeping, 

and security measures. 

 

Recently, a new portable gauge was developed by Troxler called the EGauge that measures wet density.  

The EGauge uses the technology of a nuclear gauge, but it has a low radioactive source and is exempt 

from licensing.  The non-regulated EGauge is paired with the use of a moisture probe to measure 

moisture content. 

 

The Iowa DOT currently has ten portable nuclear gauges that are used for quality assurance (QA) testing 

on embankment construction with moisture and density control or moisture control only. If the new 

EGauge is sufficiently accurate, they could be made much more accessible to the construction and 

materials staff monitoring contractors’ quality control (QC) testing. Based on the licensing exemption, 

there could be a quantifiable savings with the new gauges and more importantly a reduced risk of injury 

or death from radiation exposure. Additionally, if the new type of gauge is allowed, there would be a 

savings and reduced risk for contractors performing QC testing. 

 

Evaluation Procedure 

 

Tasks completed were as follows: 

1. Purchase two Troxler Model 4590 EGauges including the 6760 Moisture Probe (Figure 1). 

2. Discuss and decide with the Technical Advisory Committee (TAC) members what locations and 

how many locations should be tested. 

3. Run comparative tests between the EGauge and the standard nuclear gauge on grading projects. 
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Figure 1:  Troxler Model 4590 EGauge (back) and 6760 Moisture Probe (front) 

 

The TAC was comprised of the following individuals: 

• Rod Graven, Construction & Materials Bureau 

• Jeff DeVries, Construction & Materials Bureau 

• Stephen Upchurch, Construction & Materials Bureau 

• Melissa Serio, Construction & Materials Bureau 

• Roger Boulet, District 6 Materials 

• Mark Dutra, District 6 Materials 

• Alex Crosgrove, District 3 Materials 

 

Preliminary data was collected near the Ames DOT complex in August 2019 and in September and 

October 2019 at the Polk County – I-80 and IA 141 construction sites.  At both locations, wet density, dry 

density, and moisture content were measured using at least one of the Troxler EGauges and a DOT 
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Humboldt nuclear gauge.  Additionally, at the Polk County construction site, data was collected using a 

gauge operated by a consultant performing QC for the contractor. 

 

The TAC met in 2021 to develop a formal testing plan to compare Troxler EGauge with standard nuclear 

gauges. 

 

The testing plan included the following comparison testing: 

• Use at least one EGauge and moisture probes at a testing location 

• Use a standard nuclear gauge 

• Collect wet density, dry density, and moisture content using the gauges 

• Collect moisture samples to determine oven-dried moisture content 

 

The first testing site was at the Ames DOT facility on April 22, 2021.  Troxler sent representatives onsite 

to assist with this testing.  Data was collected at three locations. 

 

The remainder of comparison testing was completed during the 2021 construction season at the 

following locations in central Iowa: 

• Boone County, IA 17, 7/2/21 

• Polk County, US 69, 8/13/21 

• Story County, 13th Street in Ames, 10/8/21 

 

At these three construction sites, data was collected at eight locations per each site. 

 

Results 

 

Moisture content and wet density data collected from sites noted in the “Evaluation Procedure” section 

was compiled as follows:   

• Wet Density:  35 locations of comparison testing (67 data points) 

o 2 non-regulated EGauges compared to 1 nuclear gauge (54 data points) 

o 1 non-regulated EGauge compared to 2 nuclear gauges (13 data points) 

• Moisture Content:  27 locations (67 data points) 



7 
 

o 2 non-regulated EGauges compared to 1 nuclear gauge and 1 oven-dried sample (54 

data points) 

o 1 non-regulated EGauge compared to 2 nuclear gauges (13 data points) 

 
Figure 2 shows a comparison of moisture data using the EGauge moisture probe versus corresponding 

oven-dried moisture contents.  Additionally in this figure are shown a 1:1 line to illustrate if the EGauge 

provided the same readings as determined from oven-dried samples and 1:1 lines with the current 

tolerances (-1.5% to +1.5%) from Materials IM 216 for moisture content. Figure 3 shows EGauge 

moisture probe data versus both oven-dried and nuclear gauge moisture contents.   

 

 
Figure 2:  EGauge moisture probe data versus oven-dried moisture content (%) 

 

Figures 2 and 3 show low R-squared values (0.4666 for oven-dried and 0.0074 for nuclear gauge), which 

indicate the data does not show a strong fit to the regression lines. 
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Figure 3:  EGauge moisture probe data versus nuclear gauge and oven-dried moisture content (%) 

 

To adjust the EGauge moisture probe values to match a specific soil more closely, Troxler recommends 

the use of a moisture offset.  To determine a moisture offset, readings would be taken using the EGauge 

moisture probe at three to five locations and then compared to oven-dried samples.  This process was 

performed at three of the construction sites for the different soil types observed.  Differences between 

EGauge moisture probe values and oven-dried samples were as follows: 

• Boone County:   

o Area 1:  7.6% to 9.6% higher 

o Area 2:  2.1% lower to 4.5% higher 

• Polk County:   

o Area 1: 13.5 to 22.8% higher 

o Area 2: 0.3% higher to 4.3% lower 

• Story County:   

o 5.9% to 16.9% higher 

As shown, these differences (i.e. moisture offset) for the same soil type varied by 2% (comparing 7.6% to 

9.6%) to 11% comparing (5.9% to 16.9%).   

 

Figure 4 shows a comparison of EGauge wet densities versus the corresponding standard nuclear gauge 

wet densities.  Additionally on this figure is shown a 1:1 line to illustrate if the EGauge provided the 
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same readings as the nuclear gauge.  Along with the 1:1 line, the current tolerances (-2 pcf and +2 pcf) 

from Materials IM 216 for wet density are shown and proposed expanded tolerances (-5 pcf and +5 pcf).  

 

 
Figure 4:  EGauge wet density versus nuclear gauge wet density (pcf) 

 

 

The data comparing wet densities had a high R-squared value of 0.9402, which indicates a strong fit to 

the regression line. 

 

Of the 67 data points, the following is a breakdown of tests (comparing EGauge wet density to nuclear 

gauge wet density) that would fall within the current tolerances from Materials IM 216 and proposed 

expanded tolerances:  

• Current tolerance (+/- 2 pcf):  32 out of 67 = 48% 

• Expanded tolerance (+/- 3 pcf):  49 out of 67 = 73% 

• Expanded tolerance (+/- 4 pcf):  56 out of 67 = 84%   

• Expanded tolerance (+/- 5 pcf):  63 out of 67 = 94% 

 

Dry densities were not plotted because dry density is calculated using wet density and moisture content.   
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As part of our review of the EGauge, we considered additional data collected by the US Army Corps of 

Engineers.  Figure 5 shows EGauge densities compared to densities collected using a nuclear gauge.  On 

this figure, we added a 1:1 line to illustrate if the EGauge provided the same readings as the nuclear 

gauge, a 1:1 line with the current tolerances (-2 pcf and +2 pcf) from Materials IM 216 for wet density, 

and a 1:1 line with possible expanded tolerances (-5 pcf and +5 pcf).  The Army Corps data for wet 

density showed a high R-squared value of 0.9367, which was very similar to our data. 

 
Figure 5:  Army Corps of Engineers data comparing EGauge to nuclear gauge densities 

 

Recommendations and Implementation 

 

Information was presented to the District Materials Engineers (DMEs) at their November 17, 2021, 

meeting.  A  recommendation was made to the DMEs and accepted by the DMEs to allow the use of the 

non-regulated nuclear gauge for wet density only.  As a result, Materials IM 204, Appendix A was revised 

(effective April 19, 2022) so ASTM D8167 for low activity nuclear gauges, such as the Troxler EGauge, is 

an acceptable test method for wet density.  This revision is shown in Figure 6. 

 

Additionally, it was recommended and accepted to keep the current tolerances in Material IM 216 for 

wet density as -2 pcf to +2 pcf.  It was discussed that if this becomes an issue, then the tolerances will be 

re-evaluated. 
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Figure 6:  Materials IM 204, Appendix A (Effective April 19, 2022) 
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Allowing the use of a non-regulated gauge, such as the EGauge, for determining wet density of soil 

provides an additional way for the Iowa DOT, testing company, contractor, or local public agency to test 

soils.  As noted in the Background section, this type of equipment may be used as an alternative to the 

standard nuclear gauge. 

 

Based on the inconsistency in differences (i.e. moisture offset) for the same material and the low R-

square value comparing the EGauge moisture probe to oven-dried moisture content, we did not 

recommend allowing the use of the EGauge moisture probe.  As shown in Materials IM 204, Appendix A 

(Figure 6), moisture contents shall be determined by Materials IM 335, which allows for use of direct 

heat (e.g. hot plate, etc.), microwave, or drying oven. 
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