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 Historically, soil remedial investigations and cleanup activities have required 
significant waiting periods and a lot of experience based guesswork when determining 

if remedial excavation activities have achieved the desired depth and result.  



Even with today’s rapid turn-around timeframes for analytical results, excavation zones 
may be open for (2) two to (5) five days before post-remediation cleanup verification 
analytical results are available. During the interim time, excavations may be left open 
presenting a physical hazard, or the excavation zone may be backfilled presenting a 

potential for duplicating work re-excavating due to unanticipated analytical hits.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



In either case, re-mobilization costs are a given. Adams and Wendt has 
recently conducted (3) three projects using XRF technologies to screen the 

extent of impacts during remedial activities for metal contaminated sites as 
well as Leaking Underground Storage Tank sites. These screening techniques 

have greatly simplified the cleanup process.  



Bad News for Bagdad: 
Copper Concentrate Spill 

Bagdad, AZ 
 May of 2019, a semi truck 

loaded with 20 tons of copper 
concentrate crashed, releasing 
the finely-grained concentrate 
onto the roadside and adjacent 
drainage. 

 Copper concentrate was 
released in an environmentally 
sensitive area.  

 The release occurred north of 
the Santa Maria River, that 
drains into Alamo Lake.  

 Alamo Lake just so happens to 
designated as a Cat 5 impaired 
water system. Big Oops! 



Big Problem in Bylas: 
Copper Concentrate Spill 

Bylas, AZ 

 In October of 2019 a haul truck 
carrying 30 tons of copper 
concentrate crashed, releasing the 
concentrate on the roadside and in 
a railroad easement.  

 Due to the consistency and 
characteristics of the concentrate, 
prompt cleanup was necessary.  

 Basically, we did not have time to 
wait for the lab to produce results. 
A real-time method was required 
to characterize the extent of the 
copper contaminated soil. 

 XRF to the rescue! 



Metal Plating Mayhem: 
Metal Plating Facility 

Phoenix, AZ 

In June of 2015, a metal plating facility caught fire and was extinguished by copious 
amounts of water from the local fire department, despite the obvious placards on 
the doors that illustrated the flammability, reactivity, and oxidation potential of the 
materials inside . The contaminated water impacted the soil below the concrete pad 
and the exterior portions of the building. 



Procedure for Cleanup  
Using On-Site XRF Data & Evaluation 

Task 1: Determine Background Readings and Impact Zone 
 readings (20 or more is best) 

Task 2: Identify Key Indicator Chemicals of Concern 
Task 3: Decide on Data Quality Objectives (DQOs), Cleanup 

 Goals and Quality Assurance (QA) Requirements 
Task 4: Decide on Evaluative Method 

Contrastive Evaluation 
Statistical Evaluation 

Task 5: Implement Cleanup 
Excavate 
Regular XRF Readings to Determine if DQOs have been met. 



Where to Start? Let’s Get Some 
Background. 



BACKGROUND 
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Impacted Zone Readings 



Identify Key Indicators 

IDENTIFICATION OF KEY INDICATOR COCs

Background Contaminated Zone

Copper Sulfide Molybdenum Copper Sulfide Molybdenum

1007 5689 0 85705 154768 313

1007 5689 0 17089 33767 40

24 1562 0 4764 17341 0

22 726 0 93274 147579 380

43 884 0 224689 220394 827

242 1620 0 3842 19295 0

272 1658 0 2348 18721 0

16 623 0 2633 15471 102

18 1030 0 3948 28233 6

13 563 0 2369 23408 0

53 940 0 2023 20960 0

33 512 0 1315 15818 0

40 882 0 162659 183403 507

41 938 0 2194 20781 0

66 866 0 81664 142661 299

1015 4750 0 12160 80070 15

128 974 0



Identify Key Indicators 
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DQOs, Cleanup Goals and  
QA Evaluation 

Regulatory Limits (Arizona) 

 Residential Soil Remediation Levels (rSRLs) 

Non-Residential Soil Remediation Levels (nr-SRLs) 

 Groundwater Protection Levels (GPLs) 

Background Concentrations 

 Site Specific Targets for Background 

Other Risk Based Limits 

What Quality Assurance Checks are Needed 

 Verification Samples from Fixed Based Laboratory 
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Contrastive Data Evaluation 
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Background v. Impacted v. Post Cleanup 
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Contrastive Data Evaluation 
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Background v Impacted v Post Cleanup 
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Statistical Analysis 

ProUCL Statistical Software  

Developed by EPA to enable evaluation of data sets 

 Simple and easy to use 

 Several statistical methods and graphical tools 

 Trend analyses 

 Evaluation for 95% confidence level for data sets 

Needs multiple data points that XRF On-site provides 

 

https://www.epa.gov/land-research/proucl-software 

https://www.epa.gov/land-research/proucl-software
https://www.epa.gov/land-research/proucl-software
https://www.epa.gov/land-research/proucl-software
https://www.epa.gov/land-research/proucl-software
https://www.epa.gov/land-research/proucl-software
https://www.epa.gov/land-research/proucl-software
https://www.epa.gov/land-research/proucl-software


Statistical Analysis for Background 
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Reading While Cleaning 



Other Applications: 
Tetraethyl Lead Contamination 

Associated with LUSTs 



Other Applications: 
Tetraethyl Lead Contamination 



Other Applications: 
Tetraethyl Lead Contamination 

Lessons Learned for TEL Sites 

 XRF systems are easy to use but detection limits are above 
cleanup levels. 

 Good at identifying significant lead contaminated soil. 

 Opportunity to evaluate numerous sample locations instead 
of guessing and waiting for results from laboratory. 

 Needs to be (1) one of multiple screening tools on-site.  

 Should not be the only tool used until detection capability is 
lower. 



CONCLUSIONS 

PROs 

 Quick means of screening soil to assist in determining when 
excavation post remediation samples are appropriate. 

 Sample reading time is 1 to 2 minutes thus enabling the 
collection of numerous sample locations for cleanup 
determination and statistical analyses in real time on site.  

 Reduced open excavation times and costs for remobilizations 
to project sites. 

 Reduced analytical costs and down time for analysis. 

 Numerous compounds may be evaluated (85+ for Olympus 
Model). 

 Data may be downloaded to a laptop or tablet for evaluation at 
the site during excavation activities. 



CONCLUSIONS 

CONs 
 XRF testing is not an approved analytical method for cleanup 

verification sampling by the ADEQ. 

 XRF detection levels are typically above residential soil 
remediation levels for TEL and some other compounds. 

 Cost of rental of XRF gun is typically $1,500 per week and 
purchase may be above 25K. 

 XRF cannot be used as the sole means of evaluation for TEL at 
UST sites. 

 Full evaluation of data is not provided on equipment, must 
download and evaluate data on computer or laptop. 



 

WARNER VAUGHAN       GREGORY DOZER 

 


