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Abstract

Background/Objectives. AECOM performed a pilot test at a site in Southern California to assess the applicability and effectiveness of in situ
chemical oxidation (ISCO) using activated persulfate for treating residual gasoline free product and high concentrations of dissolved-phase
petroleum hydrocarbons as gasoline, BTEX, and MTBE. A former leaking UST, which was removed in 1995, was the apparent source of

soil and groundwater impacts at the site. Several site investigations were performed in the late 1990s and interim remedial actions were
performed at the source area in the early 2000s.

Approach/Procedures. The pilot test was performed in 2010, starting with a membrane interface probe (MIP) investigation to characterize
the lithology and total VOCs in the source area in high-resolution. The MIP results were then used to design the ISCO injection grid. Soil
and groundwater samples were collected for a bench-scale study to evaluate the total oxidant demand (TOD) of three persulfate activation
methods (iron, alkaline, and peroxide). The TOD results were then used to choose the most cost-effective activator and calculate reagent
mass and volume.

6,600 lbs of sodium persulfate were mixed with 660 pounds of iron EDTA and water before being injected across the top 10 feet of the
saturated zone using direct-push methods. Five groundwater monitoring events were performed: baseline and 1, 2, 3, and 6 months following
the injection, to track changes in geochemical conditions, assess the distribution of injected reagent, and evaluate changes in VOC and metal
concentrations.

Results/Conclusions. The MIP results indicated that the source in the unsaturated zone is beneath the former UST and sorbed onto tight silty
soils. There is also a significant mass in the saturated zone set in more permeable/sandy soils. The bench-scale study indicated high TODs
for alkaline and peroxide activation methods (approximately 20 grams of oxidant per kilogram of saturated soil [g/kg]) and a lower TOD for iron

activation (4.8 g/kg).

Persulfate distribution and oxidation were achieved within the injection zone and as far as 20 feet cross-gradient and 35 feet downgradient of the
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injection zone. Iron-activated persulfate was effective in reducing concentrations of dissolved-phase VOCs and enhancing free-phase
desorption and dissolution. Concentration rebound was observed indicating that repeated injections would be required to achieve a sustained
cleanup of the source area saturated zone.
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« The initial effects of oxidation were exhibited as free-phase dissolution of MTBE followed by
dissolved-phase oxidation.
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Chemical oxidation is a remediation technology that introduces oxidants to the e [t Is a green and sustainable remedial option

contaminated subsurface by injection or mechanical mixing. Physical placement of the e [t Is an innovative remedy, compatible with mechanical and biological cleanup
chemicals into the subsurface is referred to as in situ chemical oxidation (ISCO). approaches

Effective chemical oxidation may be achieved using a strong oxidant only, or in Chemical oxidation effectiveness, especially ISCO, is dependent on achieving contact
combination with other chemicals that function as catalysts. The oxidants chemically between the contaminant and delivered oxidant. Challenges to successful

react with contaminants, and convert them to non-toxic end products such as carbon Implementation are presented by subsurface heterogeneities, preferential flow paths,
dioxide and water. the presence of non-target consumptive demand by naturally occurring organic

In situ chemical oxidation is an attractive option at many hazardous waste sites, compounds, dissolved metals (such as ferrous iron), and the potential for formation of
because: undesirable reaction byproducts (such as sulfate or manganese dioxide).

« Complete contaminant destruction is possible Although a chemical oxidation reaction is relatively simple, not all oxidants react
. Rapid treatment times are achievable effectively with any given contaminant; therefore, selection of the appropriate oxidant
Is critical to successfully achieving the remediation endpoint.

Oxidant Reactive Species Form Persistence (1)
]
Permanganate MnO, powder/liquid >3 months
Hydrogen Peroxide H,0,, -OH, -0,-, ‘HO_, HO,- liquid minutes - hours
I I ot . Ozone O,,-OH gas minutes - hours
 EEEERNEEE E
(EEEEAENER - 2-, . .
- Persulfate 50,50, powder/liquid hours - weeks

Oxidant and Reactions Electrode Potential (E; )2
Permanganate
MnO, +4H*+3e —> MnO, +2H,0 1.7V (permanganate ion)

Fenton’s (H,0, Derived Reactants)

H,O,+2H*+2e — > 2H,0 1.8V (hydrogen peroxide)
2:OH+2H*+2e — > 2H,0 2.8V (hydroxyl radical)
‘HO,+2H*+2e — > 2H,0 1.7 V (perhydroxyl radical)
‘O,+4H*+3e —> 2H,0 -2.4V (superoxide radical)
HO,+H,0+2e ——> 3 OH- -0.88 V (hydroperoxide anion)
Conceptual implementation of ISCO Ozone
O;+2H*+2e —> O, +H,0 2.1V (ozone)
20;+3H,0,b—> 40,+2-0H+2H,0 2.8 V (hydroxyl radical)
Persulfate
5,0 +2e —> 50,2 2.1V (persulfate)
5,0,>+Fe*? ——> -S0,- + S0, + Fe™ 2.6 V (sulfate radical)

1 Persistence of the oxidant varies depending on site-specific conditions. Durations specified here are based on general observations.
2 Reactive species in parentheses; reduction potential is negative.

Hydrogen Peroxide Injection field

Indoor temporary injection system Hydrogen Peroxide tank Ozone sparging system Sodium Persulfate crystals
Petroleum hydrocarbons G E G/E E E E
BTEX E E E E G/E E
Benzene P/G E G G/E G/E E
Phenols G/E E P/G G/E E E
PAH G/E G/E G G/E G/E G/E
MTBE G G/E P/G E G/E E
tert-butyl alcohol P/G G/E P/G E E G/E
Chlorinated ethenes E E G E E E
Carbon tetrachloride P P/G P P/G P/G P/G
Chloroform P P P/G G/E P/G P
Methylene chloride P P/G P/G G/E G P/G
Chlorinated ethanes P P/G P G/E P/G P
Trichloroethane P P/G P P/G P/G P/G
Dichloroethane P P/G P G/E G P/G
Chlorobenzene P E P/G E E E
PCBs P P/G P P/G P/G G/E
Energetics (RDX, HMX) E E G E E E
Explosives E G/E G G/E E E
Pesticides G P/G P/G G/E P/G P/G
1,4-dioxane P E P/G E E E

P = poor, G= gOOd, E = excellent

Permanganate Soil Mixing



Activated Persulfate Pilot Test

Additional Groundwater Results
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