Remediation of Chlorinated Solvent
Source Zones Using ZVI-Clay In
Conjunction with Solil Mixing
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Conceptual chlorinated solvent source zone
(Kueper et al., 1993).




ZVI-Clay

November 2003 DuPont Technology Donation to Colorado State University
Batchelor et al., 1998 and 2002. United States Patent nos. 5,789,649 and 6,492,572 B2.



Reactive Media (Zero-Valent Iron) -Drives reductive
dechlorination (Gillham and O’ Hannesin, 1994).

(1) Fe® = Fe?* + 2e
(2) CCl, + 2e- + H* =» CHCI; + CI-



Clay

 Reduces discharge of

water through source
»Reduced downstream
contaminant discharge
> ncreased time for
reactions to proceed
»>Reduced inflow of
oxygen and other
electron acceptors

e Facilitates mixing
>High viscosity
suspension for uniform
iIron delivery

Effect of stabilization of a source zone > Reduced energy for
(ETI 2004) soil mixing




Mixing

Homogenates source zZone.
*Reagent distribution

eContaminant distribution

Sediments

Dispersal of DNAPL pools
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South Carolina Site

*Small release
*Shallow alluvium
*Active contaminant
attenuation
|_ocated within an
Industrial property




Geochemical Studies

(South Carolina)




Spike sample study matrix

3 days 7 days 14 days 28 days 28 days
(Csv) (CsV) (Csuv) (Csv) (Outside lab)

A
Spiked 0% Fe w/ clay CC-0-3 CC-0-7 CC-0-14 CC-0-28 CC-O)-28L
and Contro
Dried |
Sample
S

1% Fe S-1-3 S-1-7 S-1-14 S-1-28 S-1-28L

2% Fe S-2A-3 S-2A-7 S-2A-14 S-2A-28 S-2A-28L
S-2B-3 S-2B-7 S-2B-14 S-2B-28
C S-2C-3 S-2C-7 S-2C-14 S-2C-28
D CF-0-3 CF-0-7 CF-0-14 CF-0-28

NAPL

Spike

5% Fe S-5-3 S-5-7 S-5-14 S-5-28

2% GMA FeB S-2G-3 S-2G-7 S-2G-14 S-2G-28

2% Connelly Fe S-2C-3 S-2C-7 S-2C-14 S-2C-28




Rapid degradation of 1,1,2,2-TCA with similar
endpoints 680 hours (26 days)

350,000

control

Peerless 1%
306,250 Peerless 2%
Peerless 5%

262,500

218,750

175,000

131,250

~—
(@]
=
=
(@]
>
\%
e
©
o
—
o
S
@
S
]
I
Nh
N‘
Hn
i

87,500

43,750

400
time (hr)




Rapid degradation of Carbon Tetrachloride with ssmilar
endpoints 680 hours (26 days)

control
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Rapid degradation of Chloroform
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control
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Apparent slow degradation of MC
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Xylene — little removal in 28 days

control
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Modeling —
Irreversible first order reactions (Eykohlt, 1999)
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~1 mg CT/kg
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Prainitd Ten half IlVeS — Three
order of magnitude

0.01

5
Mhalflife

Estimated first order reaction rates and contaminant half
IWES
Treatment

1% Peerless

2% Peerless

5% Peerless
2% GMA




Four orders of reduction magnitude reduction after 3-years?

Initial field concentrations
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el 10 umole CT/kg

Cl- Mod€

e ~1 mg CT/kg



Martinsville Virginia

Shackelford et al (2004)

» ~ 20 tons Carbon Tetrachloride
» 8,000 Yards

e Initial ~ 4,000 mg/kg

 2-6 Ibs Fe/ ft° sail

« 99.99 % removal CT in 1 year

* 99% removal of total chlorinated
compoundsin 1 year



|mplementation




{ 1 Column
& lb/cf Iron Addition

Obstruc
28 FBGS

Zone

Final Column L ocation

As-Built
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Martinsville VA - Initial and 1 Y ear Data

B Pre-Remediation

Post Remediation
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Year 2 Sampling




ZV1 Clay Niche

Chlorinated Compounds
Mixable alluvium

Best with limited overhead
and/or buried obstructions

Desire for quick results



| ssues

Longevity of the iron as afunction of iron amount
and size

L osses of iron to potentially unproductive
reactions

Process controls (reactions rates, diffusion,
biological processes)

The ability to treat DNAPL

F eld-scal e performance monitoring techniques
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