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“hloroethanes — TCAs, DCAs
“hlorobenzenes — TCBs, DCBs, CB
* Chloromethanes — CT, MC

=+ BTEX, MTBE, 1,4-dioxane

—

'« PCBs, PAHs




s Phaseltiguids (DNAR

free phase DNAPL impermeable layer
residual DNAPL [ ] sand

contamination in solution  .4— groundwater flow
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sulfate: 2.01 V
ivated Persulfate: 2.6 V
Hydrogen Peroxide: 1.78 V
=+ Fenton’s Reagent: 2.8 V

T

« Ozone: 2.07V




“— OH-e*+ OH + Fe*"
::? im pH range: 2 - 4
'yp cal dose of Fe?* =5 - 100 mg/L
| plcal dose of H,0, = 50 — 20,000 mg/L
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Surface Catalyzed Decomposition of H,0,

2H,0, —> 2H,0+ O,(g)




Benefi

ete oxidation and rapid destruction in water - -OH in
eous Systems
.0, decomposes fast in soil (surface catalysis)
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-‘__lating Fe(II) helps sustain the Fenton’s Reagent process

= -f‘-. .

~  «OH production requires low pH =3 to 4
-~ Heat generated

*Sparging due to O, gas generation

May help biodegradation







Benefits .

ly unstable; quickly breaks down to oxygen
o apply in vadose zone
**Can oxidize wide range of organics
== eDifficult to apply in saturated zone (sparging)
~—  ePossible formation of bromate (a carcinogen)
~_*May require soil vapor extraction system for otf-gas control

1l

*Can be costly (ozone generators, confined space air monitoring,
stainless steel or Teflon equipment, oil-free environment)




+8H* + 5¢ — Mn** +4H,0

-

-
8 ; +4H,0 — 3CI +2CO, + 9H* + 6¢-
;TO“\;érall_Reaction

5C,HCL, + 6MnO,” + 3H*— 15CI + 10CO, + 6Mn?* + 4H,0




ation of Mn?*
i = . e

. +3Mn** + 2H,0—— 5MnO,(s) + 4H*

-

lete Mineralization Reaction

'C,HCI, + 2MnO, —— 3CI +2CO, + 2MnO,(s) + H*

'-IVI_"nO; _catalvzed decomposition of KMnOé

2MnO,+ H,0 4Mn02(s)+302(g)+40H-(a(I)

Note: Above reaction typical of soil oxidation




12 16 20 24 28 32 36 40 44 48 52

Time, h
- 3 - PCE - - - Oxadlic acid
A Formic acid - -0 - Glycolic acid
- =¥ - Carbon-based mass balance - =4 - CO2
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ive on chlorinated ethenes
ive over a wide range of pH (3 to 12)
MnO, (s) Precipitate
ils with High SOD a problem
~ *Ma ss Transfer Limitation with DNAPL
'_._-::.:Hl 011 Heterogeneity a Problem
—— ‘Materlals Handling Issues
-  eMetals impurities; some pore clogging
eIntermediates may enhance anaerobic biodegradation

.:.'ﬂ.
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rmally Catalyzed Reduction - free radical pathway

FHeat = 2SO, E=26v (kinetically fast)
e

: _2__-'l;'Catalyzed Reduction - free radical pathway
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5'-"‘ g tFe™ = Fe"™ +8S0,+:S0, (kinetically fast)
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-~ 4. Production of Hydroxyl Free Radicals
S SO4- - H20 = o OH + HSO4- Eo=2.7v

S. Also photolytic or acid catalyzed
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Benefits/LL

idation and free radical oxidation
1 ransitional metals catalysis
‘most contaminants when catalyzed
n the subsurface environment (months)
S r‘_ nlty for natural soil organics than permanganate
2 radical more stable than the hydroxyl radical (7 transport
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=« Mass transfer limitations with DNAPL
-+ Soil heterogeneity a problem
e Materials handling issues
e Intermediates and sulfate may enhance anaerobic biodegradation
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active with soil organics and inorganics

ntermediates or solid phase products

ﬁ-—

=% Non-toxic in groundwater and soil
—  (reactants and products)

» No oxidant residual remaining long-term

* Low cost, easy materials handling
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+ Oxidant +
Reduced Inorganics (water and soil

| nter medie

g., Partially Oxidized Soil Surface + Reduced Oxidant

== (cations and anions + Precipitated Metals
= ‘Organic Carbon)

CO, + CI-+ H,0 + VOC +

non-degradable

H™* + Stable Intermediates + Oxidized
Inorganics [e.g., MnO,(s), Fe(OH);(s)] +
Oxidized Soil Surface
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INEONCEtration of reactants

= 1_4'onal metals

= -Co mpeting organic compounds

#* Solution composition/chemistry
Avallablllty of contaminants (in solution)

Got Treatability Stuay??
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Site .glqurounﬂ_f', =

. .l (0.0 C —cl ureS
' afractured bedrock aquifer

~ primarily consisting of interbedded units
= ""o ‘graywacke sandstone and shale

open fractures occur both vertically and
spatially across the area
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drogeology: t J.a—»

'~ Groundwater t@&ﬂh near horizontal and

[ ] A

~Hydraulic conductivity of weathered and
bly fractured rock: 2.8E-5 to 6.7E-4 cm/sec

> Mean fracture porosity: 8%
=’ Site Impacts — Contamination with

= —-—

= Chlorl nated VOCs;

—il"_

~ Water has:
1,1,1-TCA 477 mg/L
1,1-DCA 19 mg/L
1,1-DCE 120 mg/L
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SValiatediRemediation Tiechnoibyics S

'~ Enhanced Anagerobic Bioremediation

>5 éiallic Nanoscal e Particle Treatment

In Situ Chemical Oxidation (subject of this talk):
~“Fenton-Type (CFR and MFR)

= Permanganate
Persulfate
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ted Oxidants: CFR, MFR, Permanganate and

fate

\Ssess capability of degrading targeted CVOCs
> Determine the impact of pH, iron catalyst dose
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= and reactant concentrations
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-~ »Determine the most effective reaction conditions
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=Velbation Factors T
05 Selected ChemOX Pro

> Oxi dation strength (treatment efficiency)
_ Jbsurface stability (chemical consumption)

" >Gasproduction
— = > Heat generation

..'l!"_':'-_

— > Precipitation

»\Water quality Impacts




lon Chromatography Used
for Analysis of Chloride

ik ﬂ-}%}\pH Meter for pH

M easurement

Spectrometer Used for H,O.,,
KMnO4 and Na2S208 Analyses (¥
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PRPIPESSES efifiective In degrading the targ ES
(C \‘I CkE and DCAgn.h __ﬁ,@?b

SAENT O OEgradalion or target CV OCs Increased with
ierezsine|concentrations of IH202. 4% H202
comgle degradedithe target CVOCsin 48 hrs.

released was Insignificant (lessthan 1°C).

_" _' 'Pi'eci pitation increased at higher catalyst concentrations
Pt decreased at lower pH levels.

* Gas generation was directly proportional to the
concentrations of H202 and Fe(ll) catalysts. 7
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2 ng;r mg effect W%sgnlflcant (85%6-449%fior
CA)

SIghEREs dual oxidant concentration for the MER
gieeessi(Cnelating the Fe(ll) with DTPA or EDTA
SNENCcEs the effiectiveness of the FR process when
- f@f- STOE adjusted).
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« The optimum Fe(I1) dose was 75 mg/L (high residual
oxidant concentration, excellent degradation
capability, low gas generation and low precipitation).
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1ganate Oxidation Process

y effective in degrading 1,1-DCE
reactions with TCA and DCA
eration of heat and gas — not observed
= [ duced precipitates
. e n) -EDTA Catalyzed Persulfate Oxidation Process
v high degradation of TCA and DCE
v’ produced precipitates
v generation of heat and gas — not observed
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I Destructionrofi C\V/OCs

on  CFR MFR ron-  Permanganate
s catalyzed

_ Persulfate
Strength high high high high for DCE
= low for TCA
~— Stbsurfacestability ~ low low high high
~ Gasproduction high  high  notobserved not observed
~ Heat generation high nigh low low
Precipitation moderate  high moderate high

Water quality impacts  low  moderate  moderate moderate




C—og;_ 1 ysi onsj —

3- Assess the Impact of chemlcal oxidation on groundwater
pH|, temperature, gas presence, and water quality.




