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Background/Objectives. Rates of natural source-zone depletion (NSZD) are commonly 
measured using devices (e.g., carbon traps and surface-flux chambers) to estimate carbon 
dioxide emissions at open-ground surfaces or thermal gradients in the unsaturated zone. The 
carbon trap and flux chamber methods are subject to interference from background sources and 
are relatively ineffective at sites with paved surfaces.  Thermal methods are subject to 
atmospheric influences at sites with petroleum sources relatively close (e.g., < 10 ft) to land 
surface.  Neither of these methods provides insight on rates of natural source-zone depletion for 
individual constituents of potential concern (COPCs), such as benzene, which may also be of 
vital interest in risk-based decision making.       
 
Approach/Activities. NSZD rates were estimated by calibrating a vapor transport model 
(BioVapor) to total petroleum hydrocarbon (TPH) and benzene soil-gas concentration data 
compiled by the US EPA Office of Underground Storage Tanks.  The soil-gas data were 
collected from 35 sites and 50 soil-gas probe nests located above light non-aqueous phase 
liquid sources.  Hydrocarbon vapor transport was simulated assuming gaseous diffusion 
according to Fick’s Law, effective diffusion coefficients based on site-specific soil types and 
default moisture saturations, and first order oxygen-limited reaction kinetics.  
 
Results/Lessons Learned. Model results indicate that TPH and benzene mass flux rates 
increase primarily as a function of source vapor concentration.  Median TPH mass flux rates are 
510 gal/acre-yr and consistent with NSZD estimates reported using surface flux chamber and 
carbon trap devices.  TPH mass flux rates increase slightly with soil permeability and proximity 
to the petroleum release area. Mass flux rates are approximately 1/1000x less for benzene than 
TPH. Average aqueous-phase first order rate constants for benzene are over an order of 
magnitude less than those reported in the literature and increase by a factor of three times 
nearer the petroleum release area. The reason for the discrepancy is uncertain. The empirical 
relations determined in thus study provide a means to easily assess NSZD rates and predict 
plume longevity for key COPCs in support of improved risk-based decision making.  
 
 


