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Groundwater contamination by landfill-origin volatile organic chlorinated compounds (VOCCs) is prevalent throughout the desert southwest. For example, the City of Tucson has estimated that all of its 40-some unlined landfills have contributed or are contributing to groundwater contamination by VOCCs. Landfill-origin VOCCs and Freons are commonly found both upgradient and downgradient of the landfill, the upgradient detection often being misinterpreted as evidence of contamination by non-landfill sources. The gas-phase concentrations of halogenated-VOCs within the landfill refuse and shallow soils are generally quite low, a few (g/L, but are much higher at depth, hundreds of (g/L in the vadose zone just above the water table.  The semi-volatile organic compounds (SVOCs) normally found in leachate tend to be absent in these groundwater plumes.  Because absence of SVOC electron donors limits anaerobic biodegradation, desert-landfill groundwater VOCC plumes are more persistent than those from riparian landfills.  Considering the value of water in a desert environment, desert-landfill groundwater plumes present significant environmental risks and remedial opportunities.  

A conceptual model consistent with the observed VOCC contaminant distribution is outward flow of landfill gas (LFG) from the landfill, stripping VOCs from the landfill waste and carrying them both to the atmosphere and to depth.  Anaerobic dechlorination of VOCCs also takes place within the landfill waste.  Depth to groundwater, which may be several hundred feet below the landfill; low rainfall; and low moisture content of the landfill waste can prevent leachate from contaminating the groundwater but are no barrier to gas transport.

This conceptual model was evaluated by numerical simulation using TRAMP, a 3-D gas and fluid flow, transport, and biodegradation model (Bentley and Travis, 1989).  The simulations verify that the VOCC distributions observed in the vicinity of desert landfills resulted from advective flow of LFG from the landfill to the water table, anaerobic biodegradation of VOCCs within the landfill refuse, gas diffusion downward from the landfill source, and diffusive transport across the vadose/capillary-zone interface.  The simulations show that VOCC concentrations at depth remain high 20 or more years after landfill closure and that groundwater contamination by the vadose-zone VOCC reservoir will continue into the future until this source is removed.  

The clear remediation choice is soil vapor extraction (SVE).  However, the need to account for an LFG-producing landfill within the remedial area requires a more quantitative, site specific SVE design approach than that provided by simplistic “radius of influence” methods.    Specifically, it is important to design the SVE flow system (1) to efficiently extract VOCCs in the presence of a continuous LFG source  (2) to prevent air intrusion into the landfill by either gas extraction or air injection wells (thereby preventing landfill fires), and (3) maximize the rate of gas removal just above the water table in order to expeditiously cut off groundwater contamination. The steps of this remedial design approach include

1. Conduct a remedial investigation (RI) to determine 

a. The distribution of VOCCs in subsurface soils and in the landfill (relying on boreholes and wells equipped with small diameter annular probes) 

b. The pneumatic properties within the volume impacted by VOCCs, including 

i. The landfill gas generation rates (baro-pneumatic tests. See Bentley et al, 2003 in:  http://www.hgcinc.com/papers.htm)


ii. The distribution of horizontal and vertical permeabilities in the landfill cover, refuse, and shallow and deep soils (baro-pneumatic tests; SVE transient well tests)

2. Construct a 3-D gas flow and transport model calibrated by pressures observed in the RI.

a. Use the model to optimize the SVE design (maximize efficiency and minimize construction cost) by simulating the effect of design modifications (number, placement, and screened intervals of air injection and gas extraction wells)

3. Simulate performance, construct, and operate the optimized SVE system

This remedial methodology has been successfully applied to a number of southwestern desert landfills, removing tons of VOCCs and substantially reducing groundwater contamination.  Remedial results have matched simulations.  The number of extraction wells employed (and therefore the cost) is considerably less than estimated by “radius of influence” design considerations.

