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Groundwater at a former textile manufacturing facility is impacted with tetrachloroethene (PCE) 
and its daughter products at concentrations up to 100 ppm.  Groundwater data suggested 
favorable conditions for a bioremediation remedy; however, microbial testing indicated variable 
results for Dehalococcoides ethenogenes, the only microbes known to reductively dechlorinate 
PCE completely to the non-toxic end product ethene.  A pilot test was conducted to evaluate the 
feasibility of enhanced in situ biodegradation as a remedial approach for the site.   
 
HRC was injected in a grid of 12 direct-push injection borings in November 2006.  Performance 
monitoring was conducted over a 9-month period to evaluate the effectiveness of the HRC in 
creating conditions favorable for reductive dechlorination and stimulating complete degradation 
of PCE to the non-toxic end product ethene. 
 
Based on performance monitoring results, the HRC was highly effective at creating anaerobic, 
reducing conditions within the injection grid.  Anaerobic biodegradation of the target compounds 
was successfully stimulated with a 99% reduction in PCE, 89% reduction in trichloroethene 
(TCE), and 99% reduction in vinyl chloride (VC) observed in the pilot test grid.  Cis-1,2-DCE 
increased, as expected, but then started to decreasing.  Furthermore, a significant increase in 
ethene was also observed confirming complete degradation of PCE.   
 
Geochemical parameters confirm anaerobic conditions as evidenced by decreased DO, ORP, and 
sulfate and increases in dissolved iron, dissolved manganese, and methane.  Substantial increases 
in total organic carbon (TOC) and metabolic acids were also observed indicating that the HRC 
was effectively distributed within the injection grid. 
 
Based on the HRC pilot test results, full-scale implementation of a bioenhancement remedy was 
conducted at the site in May and June 2008.  The full-scale remedy consisted of injecting 
approximately 40,000 lbs of 3D Microemulsion concentrate mixed with water in a 1:10 
(concentrate to water) ratio over a grid of approximately 400 injection points.  Quarterly 
monitoring is being conducted to evaluate full-scale performance. 
 
The presentation will provide details of the design and results of both the pilot study and the full-
scale source area remedy. 
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Enhanced bioremediation strategies employ intensive electron donor amendments that 

can be successful in generating high biomass concentrations within the targeted area, and this 
technology is increasingly being applied within source zones to address non-aqueous phase 
contaminants.  An unintended consequence is potential electron donor recycling via the slow 
endogenous decay of these newly-grown cells that may persist in the source zone even after the 
enhanced bioremediation project is completed and the introduced electron donor is exhausted.  
This paper presents a conceptual model that outlines the endogenous decay process within source 
zones and identifies several key scenarios where it is an important contributor to long-term 
attenuation.  A key concept is that this reservoir represented by decaying biomass is both 
potentially large and capable of several rounds of turnover before becoming exhausted.  This is 
tied to the fact that the release of reducing equivalents results in their utilization by other 
organisms, promoting some degree of growth of new cells (i.e., “cryptic growth”).  This next 
generation of organisms is then subject to cell decay as the population as a whole continues in an 
endogenous decay phase.  As a result, a portion of electron donor pool would be recycled 
multiple times, and given the slowness of the decay process, this recycling within the source 
zone would significantly extend the duration of the treatment period. 

A recent survey on the performance of source depletion technologies strongly suggests 
that this process is being observed at sites where enhanced bioremediation has been implemented 
(McGuire et al., 2006).  Concentrations continued to decline several years after treatment, 
providing evidence that there is an endogenous electron donor supply that is contributing to 
continued contaminant reduction over time.  Little evidence of concentration rebound was 
observed relative to sites where other technologies were used, suggesting long-term benefits 
associated with enhanced bioremediation that appear to partially offset processes that can 
contribute to rebound (e.g., matrix diffusion).  Because initial colonization occurs near the 
NAPL-water interface when exogenous electron donor is readily available, the endogenous cell 
decay occurs in an optimal location to continue to support dechlorination.  This electron donor 
recycling process is ideally suited to favor growth of dechlorinating organisms relative to 
competing populations because of the slow release rates associated with decay, and it should 
preferentially stimulate PCE/TCE source removal over metabolites.  Endogenous decay can be 
directly employed as part of the remediation design through groundwater recirculation or by the 
construction of a carbon-based in-situ biowall to generate large amounts of biomass.  In the case 
of an in-situ biowall, a key consideration is the placement, either as a permeable reactive barrier 
filled with fermentable carbon within the source zone, or as a barrier located upgradient of a 
source zone to ensure that groundwater is reduced before entering the targeted area.  Regardless 
of the approach, the likely impact of electron donor recycling through endogenous decay is to 
extend low-level activity for up to several years, making enhanced bioremediation a promising 
technology in terms of initial performance and long-term polishing. 

The objective of this paper is to present a conceptual model for the promotion of long-
term mass removal in source zones through the endogenous decay of biomass and subsequent 
recycling of these reducing equivalents.  Remediation scenarios where this process is relevant are 
discussed, along with the incorporation of the concept into a new mass balance-based tool 
(BioBalance).  




