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Background/Objectives.  Changes in market conditions and increased technological 
efficiencies have led to a reduction of the number of refineries in the United States. Due to the 
long operating periods of these facilities, hydrocarbon contamination related to historic operating 
practices and accidental releases is to be expected. Once these facilities are decommissioned, 
there is a need to delineate the hydrocarbon impacts and evaluate remedial and management 
alternatives. Baselining natural mass loss rates can be used to identify areas of hydrocarbon 
impacts, provide insight into contaminant longevity, and be used as decision criteria for 
evaluating mechanical remediation options and determining remediation endpoints. In low risk 
scenarios, natural source zone depletion (NSZD) may also be an acceptable management 
option. This approach has recently garnered support, however questions remain related to how 
CO2 fluxes relate to the distribution of subsurface contaminants at complex industrial sites. 
 
Approach/Activities.  We conducted a field study over 4-year period at a former refinery in the 
north-central USA. We evaluated NSZD rates using surficial CO2 efflux measurements, and 
compared results to historic site data. To understand how NSZD mass loss rates varied across 
the 150-acre site, we conducted CO2 flux measurements over 94 locations. Our specific 
objectives included: (i) evaluating the spatial distribution of contaminant respiration (including 
identification of rapidly degrading ‘hotspots’, and inactive zones - possibly uncontaminated or 
not degrading); (ii) characterizing and understanding the year-to-year variability in CO2 effluxes, 
representative for late summer/early fall conditions; (iii) assessing variability in background CO2 
efflux values followed by calculating NSZD mass losses with the background correction for each 
study year and for the complete dataset; and (iv) correlating CO2 fluxes to site attributes to 
evaluate the suitability of this approach for subsurface site characterization. 
 
Results/Lessons Learned.  Results showed that, although the spatial distribution of measured 
NSZD rates show substantial variability across the site, an average site-wide mass loss rate 
suggests this could have been achieved with fewer measurements locations (N=20-30).  
Comparison of NSZD rates to select subsurface parameters demonstrates CO2 flux 
measurements are most influenced by LNAPL abundance and composition in the vadose zone, 
supporting the use of the surficial CO2 flux method for identifying the presence of contaminants 
within the shallow subsurface. The results further suggest that CO2 efflux measurements may 
be useful for identifying contamination hotspots and active areas of biodegradation, implying 
that these measurements are possibly useful to guide further site investigation and remediation 
efforts. The average multi-year site-wide mass loss rate calculated from CO2 effluxes in this 
study (4.0 g TPH m-2 d-1 as C10H22) is within the range of those estimated from other sites where 
NSZD or enhanced source zone depletion is occurring (0.14-5.0 g TPH m-2 d-1 as C10H22). 
Overall, results of this study demonstrate that NSZD rate estimates obtained from CO2 flux 
measurements with the background correction can be useful for delineating hydrocarbon-
impacted areas, and setting engineered mass losses into context with those occurring via 
natural processes. However, while high resolution data can be valuable for understanding local-



scale processes, sampling densities can be significantly reduced if only a bulk mass loss rate 
for the site is needed. 


