
In this part of the training, we will cover some of the fundamental principles 
you need to know if you are going to get involved with the vapor intrusion 
pathway.  These  basic principles need to be understood in order to 
understand and effectively manage the vapor intrusion pathway.  Some of 
these principles you may not have had in school or have never really used 
them, so you are rusty.  We will be using them throughout the rest of this 
training so we will review them in detail now.
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The most common mistakes made by inexperienced practitioners conducting vapor 
intrusion assessments.



Vapor units is one of the most common mistakes being made by 
practitioners in this field.  Let’s see how you do: 





These are the paths contaminants must take to get from the groundwater or 
deep vadose zone into an overlying structure.  We will cover these pathways 
now.



Partitioning refers to the distribution of molecules between different phases.  
Partition coefficients are determined empirically by laboratory measurement.  
The partition coefficient for water to air partitioning (e.g., groundwater to soil 
gas) is called the Henry’s Constant or Henry’s Law.  It simply is a ratio of the 
concentration in the air to the concentration in the water.  It is simple to 
calculate the soil gas concentration from groundwater data or the reverse 
from the dimensionless Henry’s constant.

Henry’s constants are based upon equilibrium being reached.  The container 
was vigorously mixed.  Mixers do not exist in the subsurface so equilibrium 
not reached and actual soil gas concentrations are far below calculated 
ones. 



This slide shows data from the NY Endicott site comparing measured soil 
gas concentrations near groundwater to groundwater concentrations.  The 
line shows the predicted values based upon equilibrium partitioning using the 
Henry’s constant.  You can see that the vast majority of points fall orders of 
magnitude below the calculated values.  This proves that soil gas values 
predicted by groundwater are over-estimated.



This slide compares measured soil gas concentrations to soil gas concentrations 
predicted from co-located soil phase data for petroleum hydrocarbons. You can see 
that the vast majority of measured values fall orders of magnitude below the 
calculated values.  This proves that soil gas values for hydrocarbons predicted from 
soil data are likely to be over-estimated.  The same is not necessarily true for 
chlorinated solvents.

Slide courtesy of Ian Hers, Golder and Associates.



So how do contaminants move in the vadose zone?  There are no buses, or 
freeways, or elevators moving vapors around.  There’s no wind.  Vapors do 
not exhaust themselves like Old Faithful geyser.  

The principle mechanism is by molecular diffusion. In molecular diffusion, the 
vapor itself is stagnant and the contaminants move through the stagnant 
vapor phase.  This concept is crucial to understand because it arises in all 
facets of the vapor intrusion process including sampling techniques and data 
interpretation.



The fundamental equation describing momentum, heat, and mass 
movement is the same.  Movement or flux is equal to a proportionality 
constant times a gradient.  For momentum (groundwater or balls), the 
equation is known as Darcy’s Law.  For heat, the equation is known as 
Poisson’s Law.  For mass, it is known as Fick’s Law. The proportionality 
constant is known as the diffusivity or diffusion coefficient (D).

Balls, heat, and mass all move the same way: downhill, hot to cold, high to 
low concentration. As you will see, people often tend to forget this 
fundamental concept and make incorrect decisions.



Advective flow is movement of the entire air body which carries the 
contaminant molecules along with it.  This process is much faster than 
diffusion, but there must be a driving force to cause the air to move.  In the 
vadose zone, there is little advective flow except close to the surface or 
close to a building.



Knowledge of Fick’s Law enables one to determine the direction of soil gas 
movement, and hence the direction of the source, from vertical gradients of 
the soil gas.  Three types of common profiles are shown for sources at 
different locations in the vadose zone.  Note that the flux is down the 
concentration gradient even when the flux is going “uphill” with respect to 
depth in the vadose zone.
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An estimate of how fast contaminants move in the vadose zone can be 
obtained by a simple calculation based upon the diffusivity.  

Contaminants move through the vadose zone by molecular diffusion at a 
rate of 800 cm/yr, which is 8 m/yr, or approx. 25 ft/yr, or 1 inch a day.

Contaminants move through liquid (into or out of) 100 times slower because 
the diffusion coefficient for liquids is 10,000 times lower.  Thus, volatilization 
of contaminants out of an undisturbed water interface (e.g., groundwater) is 
glacially slow and typically orders of magnitude below equilibrium. This is a 
crucial concept when using groundwater data to calculate soil gas 
concentrations.  



A site conceptual model is a basic picture of the site. 

Key information required: 

•What types of contaminants at what concentrations in what media?  

•Is contamination well defined?

•What types of receptors (houses, retail, commercial industrial) and what 
structure type (slab, basement, crawlspace)?

•What is location of contaminant relative to structure?  

•Is the Risk Acute?



Some of the components of a SCM.  Go to the ITRC guidance for a 
complete checklist.



Here is the typical conceptual model for chlorinated VOCs in groundwater 
moving under a receptor.
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The conceptual model for hydrocarbon contamination differs greatly from 
chlorinated solvents because of bioattenuation in the vadose zone.

Volatile compounds associated with LNAPL, contaminated soil, and very 
high dissolved contaminant concentrations can generate very high vapor 
concentrations that, when in close proximity to buildings or utilities, can 
cause PVI.  Those conditions are the only known cases of petroleum vapor 
intrusion. There are no known or reported cases of petroleum vapor intrusion 
associated with low dissolved-phase concentrations at or near buildings or 
utilities.
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Clean soils are soils capable of bioattenuating hydrocarbons.  The criteria for 
defining clean soil are typically one of the three listed on this slide.  The actual 
values depend upon the oversight agency.



A common term in the vapor intrusion “community” is the attenuation factor 
also called the alpha factor.  The soil gas alpha factor is a ratio of the indoor 
air concentration to the soil gas concentration.  The groundwater alpha factor 
is a ratio of the indoor air concentration to the groundwater concentration 
times its Henry’s constant.



Since indoor air values are lower than subsurface values, alpha factors tend 
to be less than 1, hence lower numbers mean greater attenuation.  Thus, 
inverse alpha factors are often easier to understand.

The 2002 EPA draft guidance proposes alpha factors, determined from 
modeling. In March 2012, EPA released a white paper giving an analysis of 
attenuation factors from empirical data (actual site data).  The proposed 
attenuation factors went up for shallow soil gas (less attenuation by 50x) and 
went down for sub-slab soil gas (more attenuation by 3.3x to 10x).



In the EPA VI guidance, alpha factors are summarized vs. depth in Figure 3.  
As you can see in Figure 3a, the highest soil gas alpha is 0.002 at 5 feet 
below the structure.  The inverse is 500.  

For groundwater, Figure 3b shows the highest alpha is ~.001.  The inverse is 
1000.
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Attenuation factors from the NY Endicott site show large variation from 1 to 
0.001 further complicating what value to use in interpreting sub-slab soil gas 
results.  

Further, the data points show no correlation with each other, implying that 
sub-slab values are not a good predictor of indoor air values.



Oregon DEQ did their own analysis of the EPA 
attenuation factor data base and concluded that the 
more reasonable sub-slab attenuation factor to use is 
0.005 (200x).  This is 6 times more attenuation that the 
EPA value of 0.03.



Risk based screening levels (RBSL) vary from state to state and guidance to 
guidance.  Acronyms are plentiful.  The VI professional needs to know what 
they are, where they come from, and how and when to use them.  

The most updated screening levels being used in the US can be found at: 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm



Allowable indoor air concentrations are so low because of the ultra 
conservative assumptions that are used, especially in regards to exposure 
time.  



The main factors determining screening levels are the risk level you are 
concerned with, the type of receptor, and the exposure time.
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Exposure parameters may be set by EPA policy or guidance; state 
policy, legislation, regulation, or guidance; or even County or local 
requirements.  Federal facilities are likely to have their own 
exposure factors because of the shorter military-specific tours of 
duty at any one base or facility.  Be sure to check the 
requirements of the applicable agency for your case.

The ratio of inhalation exposure factors for residential and 
commercial-industrial exposure scenarios has a “standard” ratio of 
5.  To convert a screening level  for a residential scenario to one 
for a commercial-industrial scenario, the residential level would be 
multiplied by a factor of 5 to obtain the RBSL for a Commercial-
Industrial exposure scenario.
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Some final points re risk
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Three methods are typically used to determine screening levels.  The first method listed gives the 
lowest (most conservative) levels. The J-E Model gives the highest (least conservative) levels.
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An example of generic lookup tables used in California.  
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By using attenuation factors, one can calculate target levels for soil gas and 
groundwater starting from the acceptable indoor air concentration.

This is the method the EPA guidance allows to determine acceptable levels 
in the soil gas or groundwater.

.
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Calculation of benzene screening levels for sub-slab and exterior soil gas for a commercial 
receptor. 
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Models are also allowed in most guidances to calculate screening levels. 
The most common model currently being used is the Johnson & Ettinger (J-
E) model. The EPA has written different Excel spreadsheets for groundwater, 
or soil, or soil gas data.  The spreadsheets were updated in 2003 and are 
available from the EPA website referenced previously.

Calculators (spreadsheets) also exist.  The 2 most common are the EPA-
Athens Learn2model calculator and the EPA-OSWER vapor intrusion
screening level (VISL) calculator released in March 2012.  Neither of these 
incorporate bioattenuation.

One model incorporating bioattenuation is Biobapor written by API.  EPA is 
supposed to come out with their version of Biovapor in 2014 called 
Bioscreen. 



This on-line calculator is a handy way to calculate 
screening values without getting into the J-E 
spreadsheets.   It uses EPA Federal default parameters 
for toxicity info, ventilation rates, etc.  It can be found at 
http://www.epa.gov/athens/learn2model/index.html.



A comparison of the different screening levels for TCE from the different approaches.


