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ABSTRACT

Therearelimited optionsfor cost-effective gpproachesto remediate soil and groundwater contami-
nation. Onetechnology that has provenits potential involvesthe use of time-release e ectron acceptorsto
accel erate bioattenuation of aerobically degradable compounds and time-rel ease el ectron donorsto accel -
eratethe natura bioattenuation of anaerobically degradable compounds. Thistechnology enjoysitsreputa-
tion asasens ble strategy for engineering accel erated bioattenuation because it consistently deliversresults
while 1) minimizing design, capital, and management costsand 2) allowing for theengineering of alow-
impact application, invisible-remediation process.

Oxygen Release Compound (ORC®) is proprietary formulation of intercal ated magnesium peroxide
that dowly releases oxygen for up to ayear. Thisfacilitatesthe aerobic degradation of environmental
contaminantsincluding petroleum hydrocarbons, certain chlorinated hydrocarbons, ether oxygenates, and s-
triazine herbicides.

Hydrogen Rel ease Compound (HRC®) isaproprietary, food-grade polylactate ester. Upon being
deposited into an aquifer, HRC dowly releases|actic acid for oneto two yearsthat fermentsto hydrogen.
Hydrogen donates e ectronsthat drive reductive bioattenuation processes. Compounds degraded by
reductive dehal ogenation include perchloroethene, trichloroethane, carbon tetrachl oride, and their daughter
products, pentachlorophenol; and herbicides and pesticides such asdieldrin, dichloropropane, aachlor, and
metolachlor. HRC hasbeen used on over 300 sites, which we believe makesit the most widely used
electron donor for accel erating bioattenuation.
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Oxygen Release Compound

A proprietary time release
formulation of
magnesium peroxide
(MgO,)

Oxyagen Release Combound
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Mg, + H,O — - 1/2 O, + Mg(OH),
Extended oxygen release profile
(8-12 months)

Mg(OH), — a safe end product

Mg compounds are insoluble
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KINETICS OF OXYGEN RELEASE FROM ORC
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Source Treatment with
Slurry Injection
Application

Applications by Contaminant

B Petroleum Hydrocarbons
BTEX
Alkanes (diesel, fuel oil PAHs)
B MTBE
B Chlorinated Hydrocarbons (DCE and VC)
B Other Aerobically Pegradable Compounds
Triazine Herhicides (atrazing)

s {alachlor.

Cost'Comparisen
ORC ys Other Technologies
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ORC vs Moniforing Only
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ORC has been applied on over 7,500
sites in 50 states & 12 countries

HRC®
Hydrogen Release Compound

A proprietary time release
formulation of
polylactate ester

T

Hydrogen Release Compound. HRC

HRC is a polylactate ester

When hydrated, HRC time-teleases lactic acid

HRC accelerates anaerobic biocremediation of

CHs such as PCE, TCE, and TCA

— Microbes metabolize lactic acid to other organic
acid intermediates, such as acetic acid

— Hydrogen is released as a by-product

-~ This hydrogen facilitates reductive
dechlorination of chlorinated hydrocarbons
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Formation of an Ester
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Using HRC to Promote Biological
Reductive Dechlorination of CAHs

HRC, once deposited Into the subsuriace. siowly
releases lactic acid

« Anaerobic bacteria metabolize the lacticacid as a
nutrient source.
Hydrogen is released as a byproduct and can be
used for reductive dechlorination of CAHs.
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HRC Field Application

HRC is a viscous but e :
injectable substance. HRC is injected into the
aquifer using direct-
push technologies. =

The Benefits of a Persistent.
Time-Release Hydrogen Sotirce

- Allows for passive chlorinated hydrocarbons
(CHs) remediation {1+ year activity)
. Cost-Effective

— Reduces capital costs in comparison with other
technologies

— Remains in place for contimmus hydrogen
delivery and continued savings on O&M costs

Non-invasive, leaves no above-ground
disturbance

Applications by Contaminant

B Chlorinated Hydrocarbon Solvents

H Nitroaromatics

B Oxyanions

B Other Anaerobically Degradable Compounds
Insecticides
Herhicides
Fumigants
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HRC has been applied on 350 sites in
50 states

75% of all sites treated biologically

Agriculture Related Contaminants
Treatable via ORC and HRC

Chlorinated insecticides:
ehilorane. aldem, diefdrm, bepaclior, indane (PR
Herbicides

atrazineand other trane heebicides (ORCT, dingselb (HRC)
Chloroacetamide herbicides
atachlor, metelacilor., acetochlor (CHRCTHRC )

Fumigants

gli- andd = ehloropropanes, carbon tetachloride (HRCH
Wood preservitiy

pentachlorophenol (ORCTRE ). copper chiromiumsarsenic

Biodegradation ofiChlorinated
Insecticides

after: Rittmann and McCarty, Environmental Biotechnology (2001)
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Biodegradation of Agriculture Related
Chlorinated Contaminants

“Commronly réecoonised now 15 that reductive
dehalogenation rs with strongly reducing anaerohic
conditions for ¢ ially all chlorinated arpmatic and
aliphatic compounds,™

“Indeed. all ol the pestucides. .. .except heptachlor
epoxide, were [rapidliy] teansformed under angerohic
methanogenic conditions.™

From:

Rittmann and MeCarty. Environmental Biatechnology

[2000] )

Chlordane Biodegradation: Field Application
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Biodegradation of Carbon
Tetrachloride

« Carbon tetrachloride reductive
dechlorination is similar to that for other
chlorinated hydrocarbons.

« Laboratory treatability studies for carbon
tetrachloride with HRC were successful.

21 -.r.a. ESIS
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Biodegradation of Carbon Tetrachioride

cCly

|

Chleroform
CHEl,

Dichloromethane
CH

Chloromethane

CH.Cl

Carbon dioxide,
water, chloride
CO,+H,0+CI

Carhon Tetrachloride Biodegradation:
Field Application

= MR applied 1o site

RESULTS:

i tetrachionde deereased lrom [ pply e 81 ppbii a7
= 1 the HRRC-impacted well

= other ehlorinared solvent concentratton deereased as well

Other Field and Laboratory Work

» Al asite in Oregon. dinoseb decreased 67% 1m
6.5 months after HRC application.

= Al a site in Calilornit. di= and tri-
chloropropane cach decreased 809 in 13
maonths after HRC application.

« An HRC/ORC side-by-side pilot treatability
fTeld test is being perlormed for bioremediation

ol a mixed plume of metolachlor. alachlor.

aeetochlor. and dimethenamide. m
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Other Field and Laboratory Work

» Laboratory treatability studies for dieldrin
with HRC were successful.

« At asite in Alabama. HRC will be used to
treat soil contaminated with chlordane.
aldrin, dieldrin, heptachlor. and
toxaphene.

ORC Case Histories

ORC Barrier Slurry
\ancouvenr VWasnimgten

B Operating retail service station contaminated with
BTEX and GRO,

B Estimated hydrocarbon mass was 338 [bs.

B Groundwater flow West at 3 ft/day

B ORC barrier'treatment was compoesed of 15 bore
holes placed 10 feet on center and located along the
downgradient property boundary

Bl About 65 lbs. of ORC were applied info each
borehole via a hollow stem auger drill rig.
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BTEX InGraund Walar

ORC Barrier Slurry
Vanceuver, Washingion

B There was an overall mass reduction of 43% for BTEX,
71% for benzene, and 52% for GRQ infive months.

B Actionable BTEX levelin the sentinel well at the leading
adge of the plume (MWN-11) was reduced 95%.

B The client's tolal cost was $40,000. This representad a
savings of 210,000 versus alternative designs.

ORC Injection Array Treatment
San Francisco Galifornia

B Downtown real estate construction site had
greundwater cantamination of BTEX

Groundwater flow South Uup to 015 miday
Aguifer consists of silt and sandy silt

Approximately 2.500 |bs. of ORC slurry were injected
into 50 push points for treatment using a cone
penetrometer rig due to extremely tight "bay muds.”
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ORC Source Treatment _/"'J \

San Francisco, California
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Reduction of BTEX in MW-1

San Francisco, Califomia
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Reduction of BTEX in MW-2
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Reduction of BTEX in MW-4

San Francisco, California
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ORC Injection Array Treatinent
: ...H-ll fl.’ I‘II

Gencllsian

= DTE_.< dE""I‘EE-}Ed B88% im MWW=1'(source area)

B BTEX decreased 100% in the both wells immediately
downgradient of ORC injgction

m Regulators recognized:ORC significantly reduced the
contaminant source mass and granied a "no furthern
action reguired” '

® The client's cost of product and application cost was
2pProK. 5. 00. This represented a savings of
3150, 000 versus alternative designs.
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Raies
= [reatment (B TEX)
ri Michigan
Bohat and Schiett, '"Enhanced Natural Bioremediation
Using a Tine Release Oxygen Compound,’- Eattelle 1997,
« DRE was installed at a convenisnce stora site in
Ml undergoing a renovation.

- Contamination levels before and after ORC
application in sentinel well MW 2 were recorded.

3.052 Ibs. of ORC were applied via 54 points.
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Bioremediation of DCE and VC
VOC Concentration Graph
{25' dg of application area)

DCE & VO Cancentratlon
{ugL)
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Conclusions

il vedrs o be a highty
ntaminated sath several
e unds

optimallswhen used on properky:
s and sihers the primary obijective 15 to
atural antenuation. Gt SialgInent we
upsualkses at leastan order ot magnitude Gf rote
impravertent. MEL s can chieved gs el function of
neentrations, ratesand the time availabie to meet

Conclusions

anyithe userarsimple push-
pant psition of the matenal and th nelude the virual
slimimation of design and capiial costs. OEN essentially
consists of making one or more re-applications il necessar

Additional benefis melude ease ofapplication and'man
and the fact thatthe treatment operares stlently below
wihich has particular importat active sies.
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HRC Case Histories
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VOC Concentration Graph
MW-1S (wiin grid B)
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‘Whittaker Ordnance Eacility - Hollister, CA

Site €haracteristics and Application
— HRC pifat test atan Ordnance Faeility
— Aguifer consisis of medium o fine silty sand
— Application thickness = 15 ft. GW velocity = 26 fifyr

— Contaminated with TL,E TCA, Perchlorate at levels
of appreximaiely 4, raome 6 and Fr=113.at
levels of approximately 220-300 ug/l

— 660 b of HRE Injected into 2
points spaced 5 oh center

- Acton Mickelson
Hollister, CA Site

'n..l."!n.IL" !
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Perchiorate Concentration Graph
P-5 {upgradient) & MW-48 [within grid)
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HRC vs. Other Organic Stubstrates

= In theary all organic substrates are fermentable
to hydrogen. However, there are seme Important
differences with respect to:
— solubility
— langewvity
— the potential to produce H. at a proper rate

— the total amount of H, that can be produced per

mola
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