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Text of the Abstract: 
Bureau Veritas conducted a pilot test application in June 2006 to evaluate the results of the injection of a hydrogen release compound (HRC™) and HRC Primer™ 
 in a TCE plume.  During a Feasibility Study, enhanced bioremediation was selected as the preferred technology to implement following shut down of two dual-phase vacuum extraction (DPVE) systems operating at the site.  The objective of the pilot test was to assess the results in a 25-ft. by 35-ft. area of the plume before a full-scale injection was conducted over the entire 31,000 sq. ft. plume.  The site is located at the Joint Forces Training Base in Los Alamitos, California.  Groundwater at the site is at approximately 13 feet below ground surface (bgs) in a fine-grained unconfined aquifer that contained TCE concentrations up to 16,900 µg/L, however the test area was designed around a monitoring well (Well N17-12) that was near the edge of the plume with TCE concentrations of 326 µg/L.  
Two DPVE systems were in operation in separate sections of TCE the plume area. One operated for nine years and a second one began operating two years ago after the discovery of what appeared to be a second source area.  The older system reduced the TCE concentrations to below 50 µg/l, where as the system which operated for two years reduced the concentrations from 31,000 µg/l to 16,900 µg/L in the most impacted monitoring well before the pilot test application. 
The pilot test location was chosen on the fringes of the upgradient section of the plume; therefore it allowed the DPVE operations to continue in the more highly contaminated sections of the plume without unduly impacting the HRC pilot test area.  Additionally, because of its upgradient location, the results of the HRC treatment were not impacted by flow of chlorinated compounds into the pilot test area following HRC treatment. 
The HRC and HRC Primer materials were applied over 31 vertical feet in each injection point, extending from roughly 11 to 42 feet below ground surface (bgs).  Undiluted HRC was applied at a dose rate of 300 lbs (approximately 27.8 gallons) per injection point or roughly 9.67 lbs per vertical foot of injection.  A total of 4,200 lbs of HRC was applied to 14 HRC injection points.  Undiluted HRC Primer was applied at a dose rate of 180 lbs (approximately 19.32 gallons) per injection point or roughly 5.8 lbs per vertical foot of injection.  A total of 720 lbs of HRC Primer was applied to four HRC Primer injection points.   

HRC was applied using a Geoprobe™ direct-push drill rig and piston-pump.   Upon reaching a total depth of 42 feet bgs, HRC/HRC Primer was injected under pressure through the direct-push rods using a using a 1-foot long, 1.5-inch outside diameter slotted injection tool.  The material was injected in a “bottom-up” fashion while retracting the direct-push rods starting at a depth of 42 feet bgs and extending up to roughly 11 feet bgs (31 feet treatment interval). 
In order to validate the effectiveness of HRC for enhancing natural bioremediation processes, groundwater monitoring was performed using Monitoring Well N17-12 as the primary well to monitor groundwater conditions within the treatment area, and using Wells N17-3, N17-15, N17-16, N17-8, N17-18 and N17-1A as monitoring wells outside the treatment area.  

Analytical results for samples collected from Well N17-12 located within the HRC treatment area indicate that TCE concentrations have decreased from 326 µg/L to levels below laboratory detection limits, and that cis-1,2-DCE concentrations have decreased to levels below MCLs.  Analytical results for samples collected from Wells N17-15 and N17-17, located approximately 15 and 18 feet from Well N17-12, also showed significant decreases in TCE concentrations and significant increases in the concentration of cis-1,2-DCE, a TCE daughter product.  Decreases in TCE concentrations and increases in cis-1,-2-DCE concentrations indicate that reductive dechlorination of TCE is occurring as a result of the HRC pilot test application.  The decrease in Wells N17-15 and N17-17 were beyond the expected influence of the pilot test and were likely affected by groundwater flow induced by the DPVE extraction wells.
Based on the results of the HRC pilot test indicating that HRC has been effective in enhancing in-situ bioremediation VOCs at the site, a full-scale HRC remediation application was recommended.   







� HRC™ and HRC Primer™ are bioremediation products manufactured by Regenesis of San Clemente, California.  These products are designed to accelerate the natural in-situ bioremediation of chlorinated solvents in groundwater. HRC™ provides a long-lasting, slow release of hydrogen, while HRC Primer is a formulation designed for faster release of hydrogen than is immediately available to microorganisms.
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