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DISCLAIMER

U.S.ARMY

This seminar is intended to be informational and does not indicate endorsement of a particular
product(s) or technology by the Department of Defense (DoD) or United States Army Corps of
Engineers (USACE), nor should the presentation be construed as reflecting the official policy or
position of any of those Agencies. Mention of specific product names, vendors or source of
information, trademarks, or manufacturers is for informational purposes only, and does not
constitute an endorsement or recommendation by the DoD or USACE. Although every attempt is
made to provide reliable and accurate information, there is no warranty or representation as to
the accuracy, adequacy, efficiency, or applicability of any product or technology discussed in the
presentation, including the suitability of any product or technology for a particular purpose.



PRESENTATION OUTLINE

» More Recent Advances
= Alternative/Hybrid Amendments
= Bioaugmentation

» Common Challenges
= "DCE/VC Stall”
= Amendment Delivery (e.qg., lower permeability
heterogeneous lithology)



CURRENT STATE OF BIOREMEDIATION

» Most common treatment technology for organics (especially
chlorinated VOCs)

» Often selected as default “cookie cutter” technology for
petroleum and chlorinated VOCs

» Design often based on default rules-of-thumb as low cost
approach

CAUTION

PROCEED WITH
CAUTION




ALTERNATIVE/HYBRID AMENDMENTS

» Fast and Slow Release Carbon Mixtures

» Abiotic/Biotic Hybrid Amendments
= Carbon/ZVI
= Titanium Citrate/Vitamin B12/Carbon
* [ron Sulfide Generators (Chemical Reduction)
= Sodium Dithionate

» Other

= Bioaugmentation
= Methane Inhibitors
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DCE/VC STALL

Slow degradation rate more accurate description
Indicator parameters: total ethene molarity; total organic
chlorine molarity and chlorine number roughly constant

Possible optimization actions:

Improve amendment delivery volume/distribution

Closer injection spacings & increase injection volume
Alternating injection locations to minimize stagnation zones

pH adjustment (between 6.5 & 8)
Bioaugmentation (including vitamin B12 & nutrients [ammonia])

Reference: Microbial Insights, Inc. webinar titled “DCE Stall: Causes and Cures” by Robert

Borden, PE, PhD, EOS Remediation, LLC



AMENDMENT DELIVERY ENHANCEMENTS

Groundwater recirculation
Targeted injection depth(s)
Fracturing/high pressure jetting
Large diameter augers

“Grout Bomber” (ESTCP Project
ER201627)

Heat enhancements (ESTCP
Projects ER200719 & 205028
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Solar collectors

Closed-loop
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LAKE CITY AAP HYDROFRACTURING CASE STUDY
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LAKE CITY AAP HYDROFRACTURING CASE STUDY

» ESTCP Project ER201430
» 2015 hydraulic fracturing: enhance
delivery of ERD amendments
» 13 points with multiple stacked
fractures
» Roughly 30-foot spacing
» Substantial increase in volumes
delivered:
Line 2 (2015): Avg. 303 gal/point
Frac lines: Avg. 600 gal/point
» Some breakout at surface, but good
success in creating stacked fractures
» NAPL in some blowback fluids (A) Customized sand lens

injection eguipment.

(B) Guar-sand injecticn
solution with rhodamins
dye.

(C) DFT installation of sand
lens.
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LAKE CITY AAP BASELINE CONDITIONS

MW?79 20 ft downgradient of injection well MW81 20 ft downgradient of injection well
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LAKE CITY AAP FRACTURING TREND RESULTS

17MW129 20 ft downgradient of injection well 17MW131 mid-point between injection wells
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¥ ABERDEEN PG ALTERNATIVE AMENDMENT CASE STUDY [
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SUMMARY N

> TeCA primary groundwater chemical of concern. —«w«:?ls - A————

> Vitamin B12/titanium citrate/carbon source m“"‘m“;;\;ﬂf
amendment used for abiotic/biotic degradation. }SV,:"

» Delivery by groundwater recirculation wells. '
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» TeCA & daughter products effectively degraded by
both mechanisms. _
» Dissolved phase degradation occurred quickly. | e
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» Rebound in areas from silty-clay units addressed by
cyclic operation until plateau levels reached.

» Microbial assay testing after shutdown showed n/n
marginal levels of DHCs, DHBs, and VCR - ﬁ%\:;“’”
demonstrated biodegradation, but not sustained. —_— —

REEP _RECIRCULATION WELL CONSTRUCTICN DETAIL
TS



ABERDEEN PG TECA DEGRADATION PATHWAYS

Acrobic Conditions

Anaerobic Conditions

cometabolism

-

Chloroethanol

—

Chloroacetate

Legend

» blologieal reaction
- = abiotic reaction
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ABERDEEN PG TITANIUM CITRATE CASE STUDY o
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Monitoring Well QCW17 — Northern End of Plume
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ABERDEEN PG DEGRADATION TRENDS

Monitoring Well QP0O3B — Middle of Plume
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QUESTIONS ?



