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Remediation of dense non-aqueous phase liquids (DNAPLs) has been recognized as a 
widespread and complex challenge, particularly in fractured rock environments. The addition of 
an organic substrate to the subsurface to stimulate in situ anaerobic dechlorination has been 
explored at many sites in a variety of hydrogeologic settings, from low permeability silts and 
clays to high permeability alluvial sand and gravel deposits to fractured bedrock. In cases where 
adverse subsurface site conditions are present, achieving contact between amendments and 
chemicals of concern (COC) can be mitigated with proper system design. However, the 
effectiveness of remedial technologies at fractured bedrock sites is often limited by back-
diffusion of chlorinated solvents residing in stagnant fractures and/or the rock matrix into mobile 
ground water.  
 
Anaerobic bioremediation stimulated by vegetable oil-based products has enjoyed wide 
popularity to address COCs including chlorinated solvents, perchlorate, and other compounds in 
ground water in a cost-effective manner. The subsurface distribution of buoyant substrates such 
as neat vegetable oils or oil-in-water emulsions when injected tends to preferentially flow into 
larger, dead-end fractures in a fractured rock environment. A gravity-driven or low pressure 
injection approach may not be capable of effectively distributing oils or emulsions into deeper 
contaminated intervals or zones of fractured bedrock. CAP18 NB™ Anaerobic Remediation 
Product is an edible oil product that was developed to provide a low-cost, easy to inject, and 
long-lasting substrate that is neutrally buoyant. This paper presents results of laboratory 
experiments that were performed to evaluate the effect of varying amounts of glycerol and 
methyl esters, which were added to increase the density of CAP 18-ME® Anaerobic Remediation 
Product in order to make a neutrally buoyant product (CAP18 NB™) that can be distributed 
effectively in a fractured bedrock environment to provide a long-lasting substrate for anaerobic 
bioremediation. 
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The purpose of this abstract is to describe the effects of Enhanced Bioremediation as a polishing 
step within fractured sandstone following the excavation of chlorinated ethene source zone 
impacts within an overlying glacial till.  Contaminants of concern at the 31-acre industrial site 
consist primarily of chlorinated ethenes including tetrachloroethene, trichloroethene, cis 1,2-
dichloroethene, and vinyl chloride.  The site is directly underlain by around 10-feet of glacial till, 
which overlies 50-foot deep U-shaped Berea Sandstone channels surrounded by Bedford Shale 
ridges.   
 
Two (2) source zone removal events have been conducted at the site as part of an on-going 
corrective action process conducted under the auspices of the Ohio EPA-Voluntary Action 
Program (VAP).  In Winter 2007, around 8,500-tons of chlorinated ethene-impacted till were 
removed.  In Fall/Winter 2008, nearly 24,000 tons were excavated.  Source zone excavation and 
removal, coupled with historical and current Enhanced Bioremediation efforts, has had a 
significant effect with respect to decreasing contaminant mass flux and increasing the extent of 
anaerobic reductive dechlorination (i.e., chlororespiration) at the site.       
 
Prior to source zone removal in Winter 2007, Enhanced Bioremediation was utilized to prepare 
the sandstone underlying the source zone for perturbances resulting from excavation of source 
zone materials, enhance degradation rates of chlorinated ethene impacts prior to and immediately 
following source zone excavation, and to promote complete reductive dechlorination of 
chlorinated ethenes via indigenous Dehalococcoides species to innocuous product ethene.  
Approximately 650 gallons of quick-release electron donor HRC-Primer® were packer-injected 
directly into the sandstone.   Following Biostimulation, molar decreases in parent chlorinated 
ethenes within the limits of excavation were observed.   However, molar increases in daughter 
products and total chlorinated ethenes were observed within the limits of excavation, which were 
expected as a result of perturbing the contaminated media.  On a larger-scale, significant source 
zone mass was removed and was evident in molar decreases of parent and daughter chlorinated 
ethenes and increases in daughter product formation (including ethene) down-gradient.   

 
In order to maintain elevated chlororespiration within the sandstone prior to, during, and 
following the second source zone removal event; Enhanced Bioremediation was conducted in 
Fall 2008 prior to commencement of soil removal activities.  Nearly 900 gallons of 
commercially-available electron donor 3-D MicroEmulsion (3DMe) TM were straddle-packer 
injected directly into the sandstone at approximate 10-foot intervals.  3DMe was selected in 
order to provide a combination of quick-release (i.e., free lactate) and slow-release (i.e., 
polylactate esters and fatty acids) electron donors.  Subsequently, groundwater monitoring will 
be conducted in order to evaluate the total effectiveness of the two (2) source zone removal 
events coupled with the use of Enhanced Bioremediation as a polishing step.   
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