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1.0 Introduction 

 This report summarizes work conducted at Death Valley National Park and Tule Springs National 

Monument on September 7, 8 and 9, 2018.  This work was conducted under Scientific Research and 

Collecting permits DEVA-2018-SCI-0030 and TUSK-2018-SCI-0001 (Appendix A).  While the work 

was conducted under two separate permits, the results are being combined into a single report as the scope 

and methods of the work was the same under both permits.  This report satisfies the permit requirement of 

submitting an annual report; the same report will be submitted for each permit.  For this work, soil gas 

and atmospheric air samples were collected, and characterization of each sampling location was 

conducted.  Fourteen gas samples were collected (11 soil gas, 3 atmospheric air) at three locations for 

argon-37 analysis (Figure 1); four soil gas samples at DV3, four soil gas samples at DV9, three soil gas 

samples at TS1, and a single atmospheric air sample at each location. A summary of samples collected, 

and site information data, is provided (Table 1).  Unfortunately, analysis of samples for argon was not 

completed in time to be included in this report.  

 

 

Figure 1. Death Valley and Tule Springs Sampling Locations  

Table 1. Sampling Summary 

 

Location Name Abbr. Name Latitude Longitude Elevation (m) # of Samples collected 

Death Valley 3 DV3 36.7510 -116.9358 1042 5 

Death Valley 9 DV9 36.6554 -116.9556 205 5 

Tule Springs 1 TS1 36.3405 -115.2845 800 4 
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2.0 Installation 

 Installation of the sampling points was done using direct push installation techniques.  First, a shallow 

hole was dug to provide a starting point for installation.  A hollow drive rod (Geoprobe®) was then driven 

to the target depth using an electric jackhammer (Figure 2). After driving to the target depth, a sampling 

screen attached to tubing was inserted into the drive rod.  The rod was then removed (using a hi-lift jack), 

and sand was poured down the hole, covering the screen. The remainder of the hole was filled with a 

bentonite slurry. This approach has previously proven successful for installation of sampling points that 

result in the collection of representative soil gas samples (Fritz et al 2016; Fritz et al 2018).  After sample 

collection, the tubing was removed and the shallow hole was filled back in, leaving no evidence of 

disturbance at the surface.   

 

  
 

 

Figure 2. Installation and extraction using Geoprobe® rod and jack 
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3.0 Location Notes 

Death Valley 3 (DV3) 

 The first location visited was along Daylight Pass Road, close to the California-Nevada state line 

(Figure 3).  The sample was collected approximately 30 feet away from the edge of the road.  This 

location was very rocky; the coring tool would only penetrate about 1 meter, limiting the depths of soil 

sample collection. Soil gas samples were collected from this location at 100 cm, 180 cm, 300 cm and 380 

cm below ground surface.  An atmospheric gas sample was also collected from this location.   

 

 

Figure 3. Sampling Location 

Death Valley 9 (DV9) 

 The second location visited was along Beatty Road, roughly half-way between Beatty Junction and 

Daylight Pass Road (Figure 4).  The sample was collected approximately 50 feet away from the edge of 

the road.  This location was moderately rocky; the coring tool penetrated about 2 meters. Soil gas samples 

were collected from this location at 150 cm, 250 cm, 325 cm and 400 cm deep.  An atmospheric gas 

sample was also collected from this location.   
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Figure 4. DV9 Sampling Location 

 

Tule Springs 1 (TS1) 

 The third sampling location was within Tule Springs National Monument, approximately ¼ mile 

north of Moccasin Road along a gravel access road (Figure 5).  This location consisted of finer grained 

sediment with some rocks; the coring tool penetrated about 2 meters. Soil gas samples were collected 

from this location at 250 cm and 350 cm depth.  An atmospheric gas sample was also collected from this 

location.   

  

 

Figure 5. TS1 Sampling Location 
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Overall, 14 samples were collected; three atmospheric air samples and 11 soil gas samples.  The target 

volume for samples was 400L.  Some samples were close to, or even below, the target collection volume.  

When the radon concentration indicated potential breakthrough of atmospheric air the sample volume was 

minimized to reduce dilution of the sample. 

 

Table 2. Summary of Sample Locations, Collection Dates and Sample Volumes 

 

Sample Name Date collected 

Sample Depth 

(cm)a 

Sample 

Volume (L) 

Location 

Elevation (m) 

DV3-180cm 9/7/18 9:00 180 490 1042 

DV3-380cm 9/7/18 10:00 380 300 1042 

DV3-100cm 9/7/18 12:00 100 380 1042 

DV3-300cm 9/7/18 13:00 300 380 1042 

DV3-AtmAir 9/7/18 11:00 NA 380 1042 

DV9-150cm 9/8/18 9:00 150 415 205 

DV9-400cm 9/8/18 11:00 400 900 205 

DV9-325cm 9/8/18 13:00 325 415 205 

DV9-250cm 9/8/18 14:00 250 380 205 

DV9-AtmAir 9/8/18 15:00 NA 560 205 

TS1-350cm 9/9/18 11:00 350 1200 800 

TS1-250cm 9/9/18 10:00 250 490 800 

TS1-250cm repeat 9/9/18 13:00 250 340 800 

TS1-AtmAir 9/9/18 14:00 NA 380 800 

a- Depth to bottom of screened interval 

 

 

4.0 Sample Collection 

Samples were collected using small battery powered sample pumps (10D, Gast Mfg., Benton Harbor, 

MI).  The sample stream was passed through a desiccant column (Silica Gel) to remove moisture, and 

then split.  Most of the sample stream (4 L/min) was directed to a compressor (Microboost, Rix 

Industries, Benicia, CA) and compressed into a SCUBA tank for transport and storage.  A portion of the 

sample stream (nominally 1 L/min) was passed through a radon detector (Rad7, Durridge, Billerica, MA).   

 

5.0 Sample Characterization 

Samples were characterized for several key parameters.  The measured radon concentration of the sample 

is used to determine sample representativeness.  This is done in two ways; first, the change in radon 

concentration over the course of sample collection is an indicator of sample point integrity.  If the radon 

concentration drops significantly during sample collection, it is an indication that atmospheric air is 

breaking through and diluting the sample.  Additionally, the expected radon concentration in the soil can 
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be predicted using the uranium concentration measured in the soil (Silker et al 1979; Ishimori et al 

2013.).  The measured radon concentration can be compared to the predicted radon concentration; if there 

is a large difference between the two, it is an indication that there may be a problem with the sampling 

point installation and the sample may not be representative. 
  

For each sampling point installed, gas diffusion tests were done to measure the effective diffusion 

coefficient.  This measurement is a modified version of a test developed for studies of soil gas intrusion to 

indoor air (Johnson et al 1998), and provides data used in the argon-37  prediction model. 

 

In addition to the diffusion tests, soil samples were collected.  The dry rocky conditions made it difficult 

to collect soil below 2 meters deep.  Soil samples were analyzed for moisture content with a hand held 

insertion probe and for metals concentration with a hand held X-ray fluorescence (XRF) analyzer.  All 

samples were very dry (less than the 2% minimum detectable moisture content of the probe), and 

assumed to be 1%.  The calcium and potassium concentrations for samples below 2 meters was assumed 

to be the same as at the 2 meter depth.  There were no obvious lithologic changes observed during 

installation (noted as changes in the difficulty of driving the sample point).  Additionally, the depositional 

nature of the sediments indicates that the assumption of similar calcium concentrations vertically through 

the soil column is adequate.  

 

Table 3. Results of Sample Location Characterization Testing and Measured Radon Concentration 

 

Sample 

Location 

Effective Diffusion 

Coefficient 

(Cm2/day) 

Calcium 

Concentration 

(mg/kg) 

Potassium 

Concentration 

(mg/kg) 

Average Radon 

Concentration 

(Bq/m3) 

Predicted 

Radon 

(Bq/m3) 

DV3-100 3032 25,000 11,000 4600 5510 

DV3-180 2379 25,000 11,000 4660 9100 

DV3-300 2579 25,000 11,000 9600 11,500 

DV3-380 3317 25,000 11,000 10,900 11,900 

DV9-150 3725 40,000 9000 11,000 11,200 

DV9-250 4382 30,000 9000 13,100 14,900 

DV9-325 3481 30,000 9000 13,500 17,900 

DV9-400 4515 30,000 9000 10,300 18,400 

TS1-250 3259 90,000 6000 23,000* 32,700 

TS1-350 3165 90,000 6000 39,300 38,200 
*Average of 2 samples 

 

 

 

6.0 Results and Conclusions 

The 14 gas samples were processed for argon-37 analysis.  Of the 14 samples collected, only 12 

provided viable samples.  At the time this report was completed, the results of the analysis were not yet 

finalized.  Previously published background concentrations of argon-37 range between 1 mBq/m3 for 

atmospheric air, and between 1 and 200 mBq/m3 for soil gas (Fritz et al 2018, Riedmann et al 2011).  
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Concentrations of argon-37 were estimated using a solution developed by PNNL (Table 4; Fritz et al 

2018).  The predicted concentrations of argon-37 are consistent with, and on the low end, or the range 

previously reported for background concentrations in soil gas.          

 

Table 4. Predicted Argon-37 Concentrations 

 

Location Name Sample Depth (cm) Modeled Ar-37 (mBq/m3) 

DV3-100 93 7.6 

DV3-180 173 11.6 

DV3-300 293 10.9 

DV3-380 373 8.6 

DV9-150 143 6.3 

DV9-250 243 4.9 

DV9-325 318 5.4 

DV9-400* 393 4.3 

DV9-400* 393 4.3 

TS1-250 243 24.7 

TS1-250 Repeat 243 24.7 

TS1-350 343 23.6 
   

DV3-AtAir NA NA 

DV9-AtAir NA NA 

TS-AtAir NA NA 
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8.0 Appendix A- Collection Permits 
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