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Little detailed research has been conducted of soil vapor intrusion of volatile organic contaminants (VOCs) into 

buildings during winter seasons in regions with cold climates.  It is hypothesized that vapor intrusion (in 

particular, gaseous-phase advection) will be collectively enhanced by stack effects (heating system operation) 

and snow and frost cover.  At petroleum hydrocarbon sites, there is added concern that biodegradation 

(metabolic activity) could be limited as a result of cold soil temperatures and frost covers that limit oxygen 

availability. As a result, many regulatory agencies consider wintertime to represent a “worst case” condition for 

vapor intrusion.   

To address these data gaps, a detailed study is in progress at a residence above a petroleum hydrocarbon 

plume located in North Battleford, Saskatchewan, Canada.  Data collection consisted of groundwater and soil 

vapour sampling, continuous monitoring of soil temperature and moisture, pressure differences, and 

meteorlogical monitoring over approximately a 1-yr time period.  The single storey house (160 m2) has an 

unlined shallow crawlspace and a wood floor separating the crawlspace and the living area.  The house is 

heated by a gas furnace with heating ducts in the crawlspace.  During winter, the crawlspace was pressurized 

relative to subsurface soil when the furnace was on (which was much of the time).  The house is underlain by 

relatively dense glacial drift deposits consisting primarily of sand, silt and clay, with the water table located at 

approximately 2.6 to 3.5 m depth.  During winter months, the air temperature mostly ranged between -35 and 

0oC.   The winter soil temperatures were elevated below the house (as high as 17oC), but beside the house 

were much lower (the depth to the frost line was about 0.5 m).  The winter snow pack thickness generally 

ranged between 8 and 25 cm.  The winter soil moisture monitoring indicated relatively low soil moisture content 

both beside and below the house.  During spring and summer there was a significant increase in moisture 

content in shallow soil beside the house due to spring rains. 

A LNAPL smear zone is present just upgradient of the house, but below the house there is mostly a dissolved 

hydrocarbon plume.  The maximum TPH and benzene groundwater concentrations beside the house were 30 

and 5 mg/L, respectively, while below the house the TPH concentrations ranged from 0.67 to 5 mg/L, while 

benzene concentrations ranged from 0.05 to just less than 1 mg/L.   Above the LNAPL smear zone, there was 

rapid attenuation of hydrocarbon vapors within a bioactive zone between 1.8 and 2.7 m depth and complete 

absense of oxygen below this depth.  Within shallow soil vapor, benzene had depleted to non-detect 

concentrations, but iso-octane concentrations (37 mg/m3) at 2 ft. depth remained somewhat elevated.  Above 

the dissolved plume below the house, there was rapid attenuation of hydrocarbon vapors within a few tens of 

centimeters above the source and the minimum oxygen concentration was 12%.  The seasonal monitoring 

indicated very little change in hydrocarbon vapor and fixed gas concentrations during winter months and no 



evidence for significant capping effect (i.e,. that would limit oxygen transfer) due to snow or frost.  During wet 

periods in spring and summer, a decrease in oxygen and increase in hydrocarbon vapor concentrations was 

observed likely due to wet surface soils, although the changes relative to winter conditions were small.    

Given questions on the influence of a positively pressurized crawlspace (most houses with basements are 

negatively pressurized), a numerical model (MIN3P) incorporating diffusion, gas-phase advection and aerobic 

biodegradation was calibrated to measured conditions, and then used  to evaluate a negatively pressurized 

crawlspace.  The model simulations indicated soil vapor transport was dominated by diffusion, and that gas-

phase advection in soil was not important.  This supports a conceptual site model where biodegradation was the 

primary process affecting the potential for vapor intrusion and where the deeper vadose zone was not 

influenced by crawlspace pressure conditions.  Important findings for this study were the difference in vapour 

concentrations and attenuation observed above residual NAPL and dissolved hydrocarbon sources,  winter 

conditions (snow and frost cover) did not influence soil vapour concentrations , and gas-phase advection was 

not significant leading to conclusion for this site that winter-time sampling would not be needed to capture worst-

case conditions. 
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