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Substrate

Bioremediationis a contact technology that can not be
effectively implementedon a large scaleunlessa method
for rapidly delivering the low cost substrateacross the
entiresourceandplumeareasis utilized. Currentmethods
for delivering substrates are not achieving site-wide
distribution or treating the bulk of the contaminantmass
that is sorbedon the organic fraction of the soil matrix.
Delivering a substrateusing an aggressiverecirculation
approach achieves site-wide remediation in a short
timeframebecauseboth the dissolvedandsorbedmass,via

accelerated desorption, are treated. Our goal with this
approachis to initially desorball PCE/TCEvia conversion
to cis-DCE usingtheprimarysubstrate,thenutilize biomass
decay (formed from the utilization of the introduced
substrate)as a secondarysubstratecapableof achieving
completedEAD. It shouldbe notedthat this datashows
cis-DCE generation in a non-stoichiometeric quantity,
suggestingsignificant massreductionof PCE/TCEsorbed
to soil.

Results and DiscussionIntroduction

A full -scaleapplicationwas initiated on June2006 at an
activeindustrialsiteto assesstheeffectivenessof enhanced
anaerobicdechlorination(EAD) of chlorinated aliphatic
hydrocarbons (CAHs) in groundwater. This full -scale
applicationwasbasedon the resultsobtainedfrom a pilot
demonstrationthat was conductedat the samelocation,
which showed favorable and effective results using a
simple nutrient-amendedsubstrate. Chemicalsof concern
include tetrachloroethene (PCE) and its associated
dechlorinationdaughterproducts; trichloroethene(TCE),
cis-1,2-dichloroethene(cis-DCE), andvinyl chloride(VC).
The full -scaleapplicationareawasthesourceareaandhas
the dimensionsof 400 feet wide by 300 feet long, and a
saturatedthicknessof 19 feet(total volumeof 84,400cubic
yards). Saturatedzonelithology is silty sandwith cobbles.
In addition to CAHs, groundwater in the pilot
demonstrationarea is also impacted with diesel-range
hydrocarbons(0.5-2.0 mg/L), which hasalreadypromoted
thepartialdechlorinationof PCEto TCE, DCE, andVC in
the saturatedzone. A recirculationapproachwasselected
to enhancethe dechlorinationof CAHs to produceethene
andethane.

Figure 3.  MW-3 Groundwater cVOC and Ethene/Ethane Concentrations 

Figure 4. Full -scaleDemonstration SitePlan

Basedon theresultsobtainedfrom thepilot demonstration,a full -
scale demonstrationwas initiated in June2006 to addressthe
source zone. A skid-mounted, 40-gpm �,�6�'�Œ system was
fabricatedand installedonsiteby ETEC (Figure 1), which was
ableto recirculateover2.3 million gallonsof groundwaterovera
2 monthtimeframe(~35 gpmrate)andamendit with 8,200lbs of
CarbStrate�Œ.

Conclusions

The results obtained from both the pilot- and full -scale
application shows rapid, completeEAD on a site-wide basis
using �(�7�(�&�¶�V�,�6�'�Œ systems and �&�D�U�E�6�W�U�D�W�H�Œsubstrate.
Bioaugmentationwith Dehalococcoidessp. wasnot requiredto
achieveethene/ethaneend products. The main reasonsfor the
successof these pilot demonstrationswas the aggressive
deliveryof thesubstratethroughoutthesaturatedsubsurfaceand
theutilization of biomassdecayasa secondarysubstrate,which
appearto yield higher cis-DCE and VC dechlorinationrates
(YangandMcCarty,2004).

Figure 2.  Pilot-scale Demonstration Site Plan

Figure 5.  EW-6 Groundwater cVOC and Ethene/Ethane Concentrations

A pilot-scale demonstrationwas conductedfrom May through
September2005at the active industrialsite to assessthe potential
for EAD on PCE/TCE impactedsoil/groundwater. The mobile
ISD�Œsystemwasutilized for 3 weeksat thesite,andover47,000
gallonsof groundwaterwasextracted(~7 gpmrate),amendedwith
CarbStrate�Œ (400 lbs.), and re-injected back into the upgradient
injection wells. During and after the 3-week recirculationevent,
groundwatersampleswerecollectedfrom four monitoringwells to
assesstheeffectivenessof theremedialapproach.

�(�7�(�&�V�¶10-, 20-, or 40-gallon per minute (gpm) In Situ
Delivery (ISD�Œ�� systems can re-circulate 432,000
gallons/month, 864,000 gallons/month, and 1,728,000
gallons/month,respectively. Thesesystemsarefully automated
with programmablelogic controls(PLC) that allow continuous
operationwith minimal input from theoperator. Onceoperating
on a 24/7 basis,thetotal potentialrecirculationvolumebecomes
very significant and capableof amendingentire impactedpore
volumeswithin reasonabletimeframes(i.e. months).
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Figure 1.  Photo showing the inside of a 40-gpm ISDÊ system.

If EAD is going to be successfulin a reasonabletimeframethe
substrateneedsto be highly soluble in water and have a low
retardationfactor for effectivesite-wide delivery. By extracting
an entireporevolume,amendingit with the low-costsubstrate,
and re-injecting it you can �³�S�X�O�O�´the substratethroughoutthe
bulk of theimpactedsubsurface. �(�7�(�&�¶�VCarbStrate�Œsubstrate
is designedspecifically for this purpose. In addition, ETEC
understands the nutrient requirements for anaerobic
microorganisms,and has blendedcritical macro- and micro-
nutrientsinto our product. Availableacademicresearchandour
field demonstrationsindicate that significantly more substrate
and nutrientsare requiredto achievecompletedechlorination.
In addition, if rapid site-wide delivery is achievedin a short
timeframethebiomassproducedfrom theprimarysubstratewill
continueto actasa slow-releasesecondarysubstratecapableof
dehalogenationfor anunknownamountof time (i.e. years).

Figure 7.  EW-10 Groundwater cVOC and Ethene/Ethane Concentrations

Figure 6.  EW-3 cVOC and Ethene/Ethane Molar Concentrations


