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Details of the Johnson and Ett 
so Provided in Web Link 

Users may accept default parameter 
values or enter site-specific 

informat on, if available. 

Migration of volatile chemicals from the subsurface into overlying buildings is cal ed vapor intrusion (VI  Volatile organic chemicals (VOCs) in contaminated soils or groundwater can emit vapors that may 
migrate through subsurface soils and enter indoor air spaces of overlying buildings. These vapors may enter homes through foundation cracks due to a combination of w nd and building heating and/or 
mechanical ventilat on.  Long-term exposure to low levels of VOC vapors may pose increased risk for chronic health effects. 

EPA has developed a set of on-line calculators for performing var ous site assessment calculations (www.epa.gov/athens/onsite). To extend the capabil es of the website to include sites w th potential for 
vapor intrusion, a calculator has been developed to implement the Johnson and Ett nger (J&E) (Johnson and Ett nger, 1991) simplif ed vapor intrusion model. The J&E model has become increasingly popu ar 

th regulators and consultants as a f rst-tier screening tool to dentify sites needing further assessment. The J&E model is a one-dimensional analytical solut on that ncorporates both advection and diffusion 
transport mechanisms to produce a unit ess “attenuation factor”. This attenuation factor is a measure of how soil and build ng propert es limit the intrusion of vapors into overlying buildings. The larger the 
attenuation factor produced by the model, the greater the intrusion of vapors into indoor air. The on-line vapor intrusion model f rst calculates an acceptable indoor air concentrat on of the contaminant of 
concern based on user-defined risk level.  A range of target soil-gas and groundwater concentrat ons is then produced using the semi-site specific J&E attenuation factor and uncertainty information on two 
important parameters: depth to the contamination and moisture content in the soil.  If target concentrat ons are greater than field-measured soil-gas and groundwater concentrat ons then residences near the 
sample-collection locat ons do not require further assessment. wever, if f eld measurements exceed target concentrat ons, then more detailed data must be collected. 
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Instant re-computation upon 
on of risk allows 

users to see effects of 
changing risk factors. 

Example Use of Model 
To demonstrate the use of the on-line Johnson & Ettinger model, input data from a 
contam nated f eld s te n the eastern United States was obtained.  A gasol ne stat on was 
found to have a eaking underground storage tank UST) wh ch discharged gaso ne into the 
subsurface, contam nat ng both soil and groundwater.  In characteriz ng the gaso 
contam on, it was d scovered that a nearby dry c eaner had also contam nated the 
groundwater with dry c eaning solvents. s gasoline and so vent-contam nated 
groundwater s flowing under a res dentia area. Wh ch res dences ocated above the plume 
might be impacted by vapors from the contam nated groundwater? 

gasoline & solvent- contaminated groundwater 

The on ne vapor intrusion model was run w th a depth to contam nation of 15 ft (obtained 
from we  data at the s te) w th a potent al var ab ty of this depth of + - 5.69 ft (obta ned from 
historica  well data from a USGS well nearby). So  type was est mated to be Sandy Loam. 
The model was used to nvestigate exposure to two gasoline compounds benzene and 
MTBE  and three ch or nated solvents (PCE, TCE and v nyl chlor de) us ng a cancer r sk 
level of 1x10 and a target hazard index of 1.  Model results are compared with fie d data in 
the chart be ow. 

Groundwater 
General results for groundwater contaminat on reveal that computed target concentrat 
are re at ve nsens ve to the range of res  moisture contents and depth to 
contamination. esu ts for benzene ind cated that 21 of the groundwater samples collected 
at the s te were h gher than acceptab e concentrations for the ent re sensitivity range. 
groundwater samples conta ning MTBE were found to v ate the model-predicted safe 
range.  For the chlor nated solvents, PCE concentrat ons were in exceedance of “less 
protect ve” target concentrat ons n 27 samp es and in exceedance of 33 samples us ng 
“more protect ve” numbers.  TCE and v nyl chlor de results ind cated 95 and 163 ples, 
respectively,  exceeding target concentrations for the entire sensitivity range. 

Gas 
Target concentrat ons for soil gas showed greater sens ty than for groundwater. e 
range of mode  results for so  gas target med a indicated from 17 to 28 exceedances of 
benzene vapor, no exceedances of MTBE, from 0 to 5 exceedances of PCE, from 9 to 50 
exceedances of TCE and from 3 to 8 exceedances of v ny  ch oride. 

Conc usions 
The model resu ts show poss ble mpacts to severa  homes from benzene, PCE, TCE and 

ny  chloride. e number of potentially mpacted homes depends upon whether the 
dec on-maker uses “more protect ve” or “less protect ve” model results. Groundwater 
results do not vary widely over the sensitivity range, giv ng dec on-makers conf dence of 
the screen ng levels.  gas results do vary somewhat over the range of input va ues 
selected, providing dec on-makers w th va uable informat on about how cho ces of 
parameter values affect screening leve s and, subsequent y, the number of potentially 
affected houses. 

gration of vo at e chemicals from the subsurface nto overlying res dences s an area of increas ng concern to both regu ators and impacted commun es. This on-l ne implementat on of the Johnson and Ett nger vapor intrusion 
mode  allows users from a w de range of sk  leve s to screen homes for the vapor intrusion pathway.  Bas nformation about the s te is entered in the mode ng pu -down menus and text boxes.  Defau t parameter va ues 
automat ca y populate the mode nput fie ds.  Users may accept these default va ues or provide s te-spec fic va ues, if avai ab e,  which are screened based on EPA recommended ranges. Mode  resu ts are target groundwater and 
so -gas concentrat ons that are cons dered to produce no un-safe impact on indoor air at the user specif ed risk evel.  Informat on is also prov ded on the sensit vity of these target concentrat ons to the important parameters of mo sture 
content and contam nation depth. 

An important quest on that rema ns concern ng the use of the Johnson and Ett nger model is:  are the results suffic ent for dec on mak The s mplified model does not inc ude al  transport phenomena e.g., no b odegradat on 
inputs to the mode are not rout nely measured, and there is no data on how many “false negat ves” (fa se determ nat ons of no vapor intrus on) may occur.  Future work n the area of vapor intrus on wi  inc ude add ona  sensitivity 
ana yses of vapor intrusion models, deve opment of approaches for incorporat ng b odegradat on of gasoline hydrocarbons into vapor transport mode ng and collect on of f eld data (sub-s ab and so  vapor concentrat ons, moisture 
content, indoor air concentrations  to answer bas c questions about subslab vapor transport. 

Informat on on vapor transport 
provided through parameter 

analysis described by 
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Example Results 

Approaches to answering th s question nc ude measuring ndoor air concentrat ons (which 
involve issues of access and indoor sources of contam nat on  and est mat ng indoor air 
concentrat ons us ng models. 

Alert Boxes Screen User Input to 
Ensure Reasonable Parameter Values 

http://www.epa.gov/athens/learn2model/part-two/onsite/JnE_ 

On y inputs required by 
screening model are type of 

building, contaminant and soil 
and depth to contamination. 
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