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Site History 
• One story multi-tenant commercial building constructed in 1973
• 270’ x 200’ (54,000 sf).
• Dry cleaning business used dry cleaning machine used from 1998 to 

2014.
• Other tenants included, food storage/distribution, refrigeration 

service, wood door manufacturer, siding distributor, and paint/varnish 
vendor.

• Phase 1 Environmental Site Assessment (ESA) – September 2016. 
Dry cleaning machine considered REC.  

• Phase 2 ESA  - September 2016. Sub-slab soil gas sampling and 
analyses.

• Limited Phase 2 ESA – March 2017. Indoor air sampling and 
analysis.   



Building Plan 



Results of Sub‐Slab Vapor Sampling and Analyses (September 2016) 



Sub‐Slab Vapor PCE Isopleths  



Sub‐Slab Vapor TCE Isopleths 



Results of Sub-Slab Vapor Sampling and Analyses (August 2017) 







Vacuum vs. Distance (VMPs at 10, 20, and 30 feet) 



Vacuum vs. Distance (VMPs at 20, 40, 50 feet) 



VOCs in Vapors Extracted During Pilot Test 



Selection of ROI to Address Impacted Vapors in Area of Concern 



Use of Pilot Test Data to Select Blower Flower Rate to Achieve ROI of 50 feet
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VMS Monitoring Data 



Concentration of 
VOCs in Extracted 
Vapors – Pilot to 
11/10/17  



Concentration of 
VOCs in Extracted 
Vapors – Pilot to 
11/27/17  



Why increase in concentration over time and more VOCs? Is the zone of 
influence increasing with time? 



Detection of VOCs not associated with dry cleaning
• Ethyl benzene, 4-ethyl toluene, o-xylene, and m,p-xylene associated 

with gasoline and not dry cleaning fluids. Detection possibly due to 
incidental leakage of fuel from equipment used during the 
construction of the building or from use by occupants in adjacent 
units.

• Trichlorofluoromethane, dichlorodifluoromethane, 1,1,2-
trichlorotrifluoroethane, and 1,2-dichlorotetrafluoroethane are 
typically used as refrigerants and propellants for floor wax, paints, 
cosmetics, and perfumes. Detection possibly due to incidental leaks 
of refrigerants by the adjacent refrigeration repair business. 
Detection of VOCs associated with paints possibly due to incidental 
leaks of paints by the adjacent paint and varnish business and/or the 
use of paints on the floor. 

• Acetone, methyl butyl ketone, 2-butanone, and 4-methy-2-pentanone 
are common industrial solvents and sometimes used in cleaning 
fluids. Detection of these VOCs possibly due to incidental leaks of 
spot removers used by the former dry cleaning business.  



Total Volume of Sub-Slab Vapors Extracted by VMS



COST COMPARISON
(Roughly the same cost but using 0.25 hp fan prolongs mitigation)



Conclusions 
• The pilot study data provided the rationale to design a VMS that 
addressed the sub‐slab vapors in the area of concern, reduced the 
concentrations below the VISLs, and enabled the site to attain 
regulatory closure in two months after startup of the VMS.

• The concentration of VOCs in the extracted vapors could increase 
over time due to extraction of sub‐slab vapors outside of the ROI 
where there are residual VOCs not associated with the area of 
concern. If concentrations are above VISLs, mitigation could be 
prolonged. 

• Operation of a VMS could potentially capture VOCs not associated 
with the area of concern. If concentrations are above VISLs, mitigation 
could be prolonged. 



Recommendations 

• Never underestimate the value of a VMS pilot test. It will 
give you building-specific information that can be used 
to design the VMS.

• Without a design rationale, one might under design the 
VMS which could prolong vapor mitigation or not extract 
vapors whose concentrations exceed VISLs. 

• Without a design rationale, one might over design the 
VMS which could increase the cost for equipment as 
well as increased costs for electric service. 



Thank You! 

Questions? 

Bob Roth, P.E
Terracon 

10625 W I-70 Frontage Road North – Suite 3
Wheat Ridge, Colorado 80033

bob.roth@terracon.com
Office: 303-454-5278

25


