
VI Issues: Lessons Learned & 
Case Studies 

G. Todd Ririe; RET Group; La Palma, CA 
 
                         June 2012 



“Top Ten” List of VI Issues Encountered 
• Regulator/Agency Common Issues: 

 
 Requiring all soil gas samples to be collected in Summa canisters 

and analyzed by TO-15 when 8260 or 8021 ok. 
 Regulators using guidance for petroleum hydrocarbon issue that 

was written for chlorinated hydrocarbons. 
 Not understanding or usurping their own State guidance (i.e., 

making up their own rules) 
 

• Example Contractor Issues: 
 

 Using RBSLs for soil gas for sub-slab or vice-versa. 
 Using screening levels as clean-up criteria 
 Calculating wrong screening levels 
 Using non-cancer screening levels for carcinogens 
 Using wrong exposure times 

 



“Top Ten” List of VI Issues Encountered 
• Soil Gas Probe Installation Issues: 
 Using wrong tubing type  
 Pinching off of tubes due to incorrect surface completion 
 Not collecting an equipment blank 
 Using air knife to clear borehole 

 
 
• Consultant Field Sampling Issues: 
 Not opening Summa canisters or Tedlar bags 
 No experience with swagelok connectors 
 Applying too much liquid tracer 

 



“Top Ten” List of VI Issues Encountered 

• Unit Confusion: 
 Assuming ug/L equivalent to ppbv 
 Assuming ug/m3 equivalent to ppbv 
 Not knowing how to go from ug/m3 to ug/L 
 Vacuum units: inches Hg to inches H20 

 
• Workplan Issues: 
 Workplans submitted for VI work not needed 
 Too many samples recommended by  
consultant than what is needed 
 Not collecting samples in upper part of vadose 
 zone (e.g., 5’ bgs) to demonstrate bioattenuation 
 Analyzing compounds that were never used  
at the site. 

 

 



Probe  
Used 

Case Study on How Not to Do PVI Investigation! 

Presenter
Presentation Notes
Note the location of the 25 foot deep sample that is being used to evaluate the vapor risk at this site.  There are a number of other soil gas sample probes adjacent to this building; none of these closer sample probes had hydrocarbon levels above action levels demonstrating that the VI pathway is not complete at this site. Why was indoor air sampling necessary to evaluate if there was risk from upward migrating vapors at this site?  



Presenter
Presentation Notes
Note the units for the samples in this table: ug/L  Note the samples at 5’ & 15’ are much lower than the 25’ sample.Also, note the large difference in sample results as a function of purge volume.  This demonstrates that while the concentration can be high the volume is low otherwise you would not observe this large of a difference in results as a function of the low amount of gas that is being purged to collect this sample.  Several more purge volumes might have removed all the hydrocarbons; we have observed this at a number of sites.  



Presenter
Presentation Notes
The consultant used the DTSC guidance document, not the local oversight agencies’ guidance, and concluded that there is not a risk to indoor air at a nearby building. But the consultant used the non-cancer allowed levels for benzene, not the cancer risk levels.  So they reached the wrong conclusion.



Table 5 

1200 ug/L = 1,200,000 ug/m3 

CA-EPA 1 e-5 allowable benzene value: 4.2 ug/m3 

Presenter
Presentation Notes
The preliminary screen used a default attenuation factor of 0.001 and shows in this table that the site passes.  But wait a minute, the units are different from Table 1.If the measured result was really 1,200 ug/L then the correct number to use in this table would be:  1,200,000 ug/m3.Which units are correct?



1 

Presenter
Presentation Notes
The consultant ignores his contradictory text re the results of the preliminary screening and the site-specific screening.Site specific data collected from samples at shallower depths near the building documented that the pathway was not complete and there was no risk from upward migrating hydrocarbon vapors.  So why do indoor air sampling? Especially for benzene in an urban environment?



Benzene is a carcinogen! 

Presenter
Presentation Notes
Although concluding in the text that it was not necessary to go to the next step, the consultant did so anyway. The consultant used the J-E model to determine the risk from the soil gas data.  First, they used the wrong version of the spreadsheet.  This time they reached the opposite conclusion.  This is odd since site-specific screening is generally less conservative than preliminary screening.  What happened? They now made the comparison based upon hazard index rather than the RELs shown in Table 7. But wait, the units have changed again!  Now they are in ppmv. Same numerical value, but different units from both Table 1 & Table 5.



Presenter
Presentation Notes
In the text above, the consultant lists the BTEX concentrations as ppmv. The values of 0.3 ppmv exceeds CA standards by approximately 250 times.  



CA allowed  
Level for  
Benzene: 
~1 ppbv  

Presenter
Presentation Notes
But in Table 9, the units are listed as ppbv.  If correct, the measured values are BELOW allowed values and the site passes the VI assessment!



Presenter
Presentation Notes
Although it is acknowledged that ambient levels are the likely cause of these elevated levels; another round of indoor sampling is recommended per the guidance document.  All of this work being done & more proposed, even though the initial screening for this site documented that there would not be a risk to indoor air from the closest soil gas samples.



PVI Assestment Needed-Case 1: Former 
Refinery, Free Product, Odors in Building 

1. Odors reported in new bldg 2. Free product on site 3. Sheening present 

4. Sampling VI pathways 5. Sampling room with odors 6. Hartman incarerated 

Presenter
Presentation Notes
1.  New building built over portion of former refinery site in the Midwest.  Hydrocarbon odors reported by some of the occupants which leads to VI investigation.  2.  Site has active free product recovery on going.  3.  Some sheening is present on local wetland.  4.  Potential preferential pathways were investigated.  5.  Zeroed in on room where odors seem to be eminating; note number of pipes in the room along with sewer line.  6.  Hartman threatened with prison time if VI source could not be found!  Fortunately for him and us, we discovered that the source of the VI vapors was the sewer line that when dry allowed odors to migrate into the building.  Solution was to keep the line wet.



Case 2:  Depth to GW=9 ft, Dirty soils @ 4 
ft, Free Product in MW-18 

Benzene  

Note Preferential Pathways 

GW 

Presenter
Presentation Notes
Retail site with dirty soils and groundwater with potential preferential VI pathways available.  This site is currently undergoing a VI assessment.



Case 3: Gasoline Pipeline Spill in 
Neighborhood 

Field Lab:  Basement:  1165; 1st Floor:   
122    Cannister:  1st Floor:  470 

Other homes: at or below ambient (6.4 measured) 
All units ppbv 

Emergency Response Clean Up 

Dune sand in vadose zone 

Presenter
Presentation Notes
This is an example of where it is was necessary to make a quick decision as there was a gasoline pipeline lead in a residential area.  Decision made to evacuate all residents in area of leak, install remediation system to start clean up and also investigate VI in the houses.  Note the high values in the house that was in close proximity of spill; this house was demolished to permit excavation and has not been rebuilt.  



Gasoline Spill in Neighborhood:  Emergency 
Response 

1. TAGA bus 
2. Taga lab 

3. Gas input into GC 4. Output data quickly 

Presenter
Presentation Notes
The EPA was called in to provide real time monitoring of VI in the indoor air for houses close to the spill.  As a result of this work 3 out of the 4 home owners were able to return to their homes a few days after the spill.  The EAP Taga bus has analytical capabilities beyond any existing commercial labs and provided a valuable tool in this investigation.



Case 4: Gasoline Spill in Neighborhood 
with Fractured Rock and Free Product 

1. Former Station site 2. Station w/apparmentsadjacent 

3. Sampling MW  4. Free Product 5. Adjacent Home 

Presenter
Presentation Notes
The area around a former retail site in Australia is comprised of fractured sandstone.  Free product release at this site in the past has resulted in contaminated groundwater flowing offsite to encounter a residential neighborhood.  Fluid flow would have been anticipated to flow in a direction different than that observed due to the fracture control.  A plan has been developed to use soil gas sampling to map out the distribution of the plume.  Fortunately the apartment complex nearby has a first story garage area that separates the residences from any vapors that might migrate to the surface.  A PVI investigation is underway at this site.



Case 4: Gasoline spill at retail site with 
adjacent residential 

Presenter
Presentation Notes
Stratigraphy at the site is predominantly fine grained sand and silt.  The site is within 10 feet of sea level and some of the material is fill from the dredged San Gabriel River nearby.  Water table fluctuations can range all the way to the surface during high rain fall events.



Site Conceptual Model 

•   

Presenter
Presentation Notes
Key point for the site conceptual model is that free product gasoline was released at the UST and was able to migrate on groundwater down gradient.  Vapors off this free product and from the smear zone adjacent to the site were present in high concentrations in the alley way separating the station from a nearby home.  In addition some vapors also migrated along the storm drain zone which is located in the alley adjacent to the station.



Shallow Soil Gas Sample in the Alley 

Presenter
Presentation Notes
As part of the assessment of the site a series of shallow 18 inch soil gas samples were collected in the streets and alleys adjacent to the Station to determine the extent of vapor migration.



Soil Gas (18 inch depth) assessment data 

18 inch soil gas sample 
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360 

360 Benzene ug/m3 

GW 

Presenter
Presentation Notes
During the assessment of the HC vapors in streets and alleys using the 18 inch soil gas samples it was found that a number of anomalously high benzene values were present.  Note that the distribution of these values does not suggest a single source area at the Service station.



Soil Gas Sample Locations (2 ft and 4 ft) 

Presenter
Presentation Notes
As a result of the soil gas assessment using the 18 inch samples a number of dedicated 2 and 4 foot depth soil gas sample points were installed to evaluate hydrocarbon vapors in the neighborhood adjacent to the site.



Dirty Soil (>100 ppm TPH) at Site 
Prior to SVE 

Presenter
Presentation Notes
The distribution of dirty soil (greater than 100 ppm TPH) shows that dirty soil extends offsite into the adjacent alley way near the residential area.   A SVE system was installed to address the dirty soils in the alley way by hand augering the VES wells down to about 5 feet which is just above the shallow groundwater.  The system is currently still running in this area.



Dirty Groundwater (>100 ug/l GRO) at Site 

Presenter
Presentation Notes
The dirty groundwater plume has remained relatively constant over time at the site and extends offsite in a southern direction which is the direction of groundwater flow.



Subslab Soil Gas Data (ug/m3 benzene) 
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Presenter
Presentation Notes
Distribution of subslab soil gas for benzene demonstrates that there is not an issue with hydrocarbon VI in the adjacent neighborhood in any of the homes sampled.  



Conclusions:  Subslab Soil Gas Sampling 

 The results provided statistical evidence that benzene 
concentrations inside the study area and outside the study area 
are not significantly different, and that benzene concentrations 
found in garage samples are higher than those in non-garage 
samples (primarily collected from living spaces)  

 The resulting benzene background threshold values range from 
12 µg/m3 (for non-garage samples outside the study area) to 15 
µg/m3 (for all benzene data).  These benzene concentrations 
correspond to cancer risk estimates ranging from 1x10-6 to 2x10-

6, respectively, thus providing statistical evidence that 
background benzene levels in sub-slab are at or above the 
OCHCA risk management range level of 1x10-6  

 



Typical House Subslab Investigation 

Presenter
Presentation Notes
This is a photo of a typical house in the neighborhood surrounding the service station.  Subslab samples were collected from this house in the garage and in the living area.



Subslab Sample- Garage  

 

Note bentonite seal 
and syringe sample 

Presenter
Presentation Notes
Photo of a typical subslab sample being collected from a garage in the neighborhood.



Subslab Sample- Interior of Home 

Presenter
Presentation Notes
Typical subslab sample being collected in the interior of a house in the neighborhood.  



BBQ Grill With Natural Gas Connection 

Presenter
Presentation Notes
BBQ gas grill that is plumbed for natural gas; this patio area was also sampled subslab after the garage sample was found to have high methane and benzene.  



Subslab Sample Results:  Home with 
Leaking Natural Gas Pipeline 

Analyte BBQ Garage Patio Garage #2 Closet

methane 40% 90% 100% nd (0.1%) nd (0.1%

ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
n-hexane 1700 2000 10000 nd (15) nd (15)
cy-hexane 750 5500 12000 nd (20) 21
n-heptane 460 710 3100 nd (50) nd (50)
benzene 270 340 1900 6.5 7.9
toluene 150 110 120 44 62
xylenes 40 105 177 113 33
tri-methyl benzene 3 85 25 110 nd (10)
tri-methyl pentane nd (200) 300 nd (200) nd (20) nd (20)

Presenter
Presentation Notes
Results of analysis of subslab samples in the garage (two samples), patio surrounding the BBQ gas grill, gas sample collected from inlet into the BBQ, and one from the interior of the home in the closet.  Note the very high methane and benzene values in garage 1, patio, and BBQ gas line.  These data documented that the source of the high hydrocarbon vapors first detected in the subslab garage sample was from a leaking natural gas line.  These leaking line was confirmed by the gas company that also found the meter box at the junction in the street was also leaking which they replaced.  The gas line from the box into the BBQ gas grill which passed through the garage was the owners responsibility to repair.  These data also documented that the natural gas supplied to this house contained elevated levels of benzene.



The Final Solution? 

Excavation within cell Clean backfill 
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