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Why Sample, Test or Worry About Soil Vapor? 
Because the “National Enquirer” Says So….. 



Topics

❏ Site Conceptual Model

❏ Assessment Methods

❏ The “Hidden” Danger from Petroleum Vapor Intrusion

❏ Example Projects



Site Conceptual Model



Site Conceptual Model

❏ Assess and mitigate immediate threats to safety – Identify whether there is a 
potential threat of explosion or fire due to the presence of flammable PHCs and 
non-PHC fuel additive vapors or methane. A threat could be indicated by reports of 
the presence of odors, disagreeable taste of water, or visible signs of PHC 
contamination by building occupants - Upcoming case study #1

❏ Determining the full extent and location of contamination and its nature.

❏ Delineate a lateral inclusion zone – Delineate a lateral inclusion zone to focus the 

investigation on buildings located within these boundaries.

❏ Determine vertical separation distances for each building within the lateral 
inclusion zone - If allowed by your state.



Assessment Methods - Groundwater

Existing monitoring wells may not provide an adequate data point for VI investigations



Assessment Methods - Groundwater

A new well may be needed if groundwater is going to be used to “screen out” a site



Assessment Methods - Groundwater
The most common error when using existing groundwater data for VI purposes

Not Sampling at the TOP of the water table



EPA’s Opinion on Vapor Intrusion Sample Types 
(PVI)

Where contamination is not in direct contact with an overlying building, then choose 
one of two options: (1) collect near-slab (exterior) shallow soil gas samples paired with 
deep (source) soil gas samples, or (2) collect indoor air samples paired with sub-slab soil 
gas samples. If the potential for PVI cannot be ruled out based on near-slab and deep 
soil gas sampling, then EPA recommends indoor air sampling paired with sub-slab 
vapor sampling.



Common Approach (slab on grade building)

Where contamination is not in direct contact with an overlying building, then choose 
one of two options: (1) collect near-slab (exterior) shallow soil gas samples paired with 
deep (source) soil gas samples, or (2) collect indoor air samples paired with sub-slab soil 
gas samples. If the potential for PVI cannot be ruled out based on near-slab and deep 
soil gas sampling, then EPA recommends indoor air sampling paired with sub-slab 
vapor sampling.

Shallow soil gas = <5’ deep, typically 2.5’ below ground surface



Common Approach (slab on grade building)

Why shallow soil gas vs deeper soil gas?

Biodegradation

“Gasoline and diesel fuel (including biodiesel) may be completely biodegraded under 
aerobic conditions (Hult, 1987; Prince and Douglas, 2010; Prince, Parkerton, and Lee, 

2007; Marchal, et al., 2003).”

There is no harm in collecting deeper soil gas samples, but the additional cost to collect 
this data may not provide much more information with the following exceptions:

1. Preferential pathways located deeper
2. Basements of below grade structures present onsite or nearby offsite

3. Unknown other sources may be present
4. Other site specific conditions



Additional Parameters Required for PVI

The following parameters are typically not required when doing vapor intrusion 
investigations on non petroleum sites. The following parameters are necessary to 

evaluate biodegradation.

1. Oxygen

2. Carbon Dioxide

3. Methane  - More details to come



Hidden Danger From PVI

What is the “hidden danger” from PVI?

C2H5OH

CH4



Hidden Danger From PVI

What is the “hidden danger” from PVI?

C2H5OH (ethanol)

CH4 (methane)



Hidden Danger From PVI

Fuels Containing Ethanol 

Facts about ethanol in gasoline

● Ethanol is blended into gasoline – 97 percent of the gasoline sold in the U.S. 
includes 10 percent ethanol.

● E85 (or flex fuel) is a term that refers to high-level ethanol-gasoline blends 
containing 51% to 83% ethanol, depending on geography and season.

● E15 is approved for all passenger cars, light duty trucks, and medium-duty 
passenger vehicles 2001 and newer – nearly 9 out of 10 cars on the road today.



Hidden Danger From PVI

Fuels Containing Ethanol 



Hidden Danger From PVI

Fuels Containing Ethanol 

Gasoline that contains ethanol present the following significant challenges:

1. Preferential biodegradation of ethanol can consume electron acceptors such as 
sulfate, nitrate, or oxygen that are needed for BTEX biodegradation. This allows for 

possible greater benzene concentration to make it to the sub-slab or indoor air.

1. Concerns have emerged over the anaerobic biodegradation of ethanol. Methane is 
the dominant degradation product for ethanol at many sites. Methane typically 

moves via advective flow.



Hidden Danger From PVI

Fuels Containing Ethanol 

Gasoline that contains ethanol present the following significant challenges:

● Once oxygen is  depleted as a result of aerobic degradation, anaerobic 
biodegradation of ethanol in groundwater results in the production of methane 
which can result in an explosion hazard upon accumulating in a confined space.

● For an ethanol spill in typical aerobic environments, the depletion of oxygen and 
production of methane may take several months.

● For E-blend spills, the presence of ethanol results in gasoline hydrocarbons being 
able to enter smaller pore spaces and drain more easily from unsaturated soils into 

the groundwater. Therefore, the presence of ethanol can result in mobilizing 
existing soil contamination.



Hidden Danger From PVI

Fuels Containing Ethanol 

Gasoline that contains ethanol present the following significant challenges:

● Methane generation typically will not occur until available electron acceptors (i.e., 
oxygen, nitrate, iron, and sulfate) are consumed.

● Once methane is present in groundwater, it will volatilize from groundwater into 
soil gas. In the field study described above, a methane survey taken 23 months after 

the spill showed methane concentrations in soil gas above the LEL at a depth of 4 
feet below the ground surface

● The methane vapors are produced over an extended period of time and persist in 
soil gas for a long time, at levels exceeding the upper explosive limit (19% by 

volume).



Project Example #1 - South Georgia

❏ Shallow groundwater depth.

❏ Free phase product (sheen) located near the building structure.

❏ Total Vapor was contacted to begin an vapor intrusion investigation.



Project Example #1 - South Georgia



Project Example #1 - South Georgia



Project Example #1 - South Georgia

Methane LEL = 50000 ppm
Methane UEL = 150000 ppm



Project Example #2 - South Georgia



Project Example #2 - South Georgia

Sample ID Benzene 

Concentration

(ug\m3)

Commercial 

Allowable 

Benzene 

Concentration

(ug\m3)

Methane 

(ppmv)

IA-1 4.1 16 ND

IA-2 5.1 16 ND

AA-1 .84 16 ND

Benzene in the indoor air is 
significantly higher than the ambient 
air - vapor intrusion is occuring.



Project Example #1 - South Georgia

Sample ID Methane Reading

Field Meter

(GEM 2000) in %

Differential Pressure

(Inches of Hg)

MM-1 0.2 .007

MM-2 5.4 .001

MM-3 5.4 .002

MM-4 5.7 .003

MM-5 100 .001

MM-6 21.2 .001

Sample ID Methane 

Reading

Field Meter       

(GEM 2000) in 

%

Methane 

Reading

Laboratory

(ppmv)

Differential 

Pressure

(Inches of Hg)

SS-1 68 280000 .001

SS-2 57 210000 .004

SS-3 56.3 220000 .007

SS-4 71 230000 .005



Project Example #1 - South Georgia

Sample ID Methane Reading

Field Meter
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Differential Pressure
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MM-3 5.4 .002

MM-4 5.7 .003

MM-5 100 .001

MM-6 21.2 .001

Sample ID Methane 

Reading

Field Meter       

(GEM 2000) in 

%

Methane 

Reading

Laboratory
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(Inches of Hg)

SS-1 68 280000 .001

SS-2 57 210000 .004

SS-3 56.3 220000 .007

SS-4 71 230000 .005

What is the most important information on these two tables?

Differential pressure - the delta in pressure between the sub-surface and the ambient 
air.



Project Example #1 - South Georgia

Differential pressure (∆P) is an important variable to measure. If significant biogas 
production is underway, elevated pressures will be observed. A screening value of 2” 
H2O has been proposed (Sepich, 2008). Pressures below this screening value are 
considered to be negligible and pressures above this screening value require further 
consideration. If the pressure exceeds 2” H2O, methane soil gas control measures 
should be implemented. *

Why is differential pressure so important?

*Proposed Regulatory Framework for Evaluating the Methane Hazard due to Vapor 
Intrusion  - Bart Eklund 



Project Example #1 - South Georgia

Sample ID Methane 

Reading

Field Meter       

(GEM 2000) in 

%

Methane 

Reading

Laboratory

(ppmv)

Differential 

Pressure

(Inches of Hg)

SS-1 68 280000 .001

SS-2 57 210000 .004

SS-3 56.3 220000 .007

SS-4 71 230000 .005

Notice the difference in concentrations between the field meter (GEM 2000) and the laboratory results ?

280000 ppmv = 28%
210000 ppmv = 21%
220000 ppmv = 22%
230000 ppmv = 23%

The methane detector is sensitive to other hydrocarbons, the presence is butane, ethane, propane, etc will cause 
your methane reading to be too high - GEM owners manual.



Project Example #1 - Northern, AL

❏ Complaint of petroleum odors in one corner of the restaurant.

❏ Consultant initiated an investigation of a nearby service station.

❏ Total Vapor was contacted to begin an vapor intrusion investigation.

❏ Free-phase petroleum was discovered on the subject property at shallow depth below ground surface.



Project Example #2 - Northern, AL



Project Example #2 - Northern, AL



Project Example #2 - Northern, AL

Vapor intrusion is occurring due to 
preferential pathway. In this case, the 
preferential pathway consisted of shallow 
rock (geological) and irrigation lines 
around the building. 
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