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Remediation Process
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Remediation Process (Treatment Cell)

Untreated water Treated water

with nitrates

Infiltration gallery for
treated water One-pass system




Site Selection — Topographic Features

C ldeal
topography
_ Open field
_ Open parking
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— Three sites
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Site Selection - Hydrogeology
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Site Selection — Column/Bench Tests

C Column Testing

C Biodenitrification Testing

 Soil and groundwater from 70 to
74.8 feet bgs (treatment zone)

COLUMN TESTING

CARBON DILUTION MAX OIL
. SOURCE
SUBSTRATE | (water/oil) | RETENTION
EOS-450 19:1 0.0004 g/g | Column Test
EOS-598 19:1 0.0027 g/g | Column Test
EOS-598 9:1 0.0034 g/g | Column Test
EOS,'_ not specified | 0.0037 g/g ESTCP
Unspecified
o
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Nitrate Concentration (mg/L)

DENITRIFICATION STUDY
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~280 MG/l + EOS ———_____

—

CONTROL (~40 MG/l)

~40 MG/l + EOS

TIME (DAYS)




Carbon Substrate Selection and Mass

Requirement
~ Previous work at the site EOS 598 Composition
C Acetate injection ‘
J %

 Molasses injection

N

— Biofouling issues

= Soybean Oil
= Fast Release Substrate
C E O S- 5 9 8 = Food Additivies/Emulsifiers/Preservatives
C Consider need for fast release - Water
substrate

— EOS mass requirement based on
column test results

e,

/\ Previous Molasses Application
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Injection Approach (Pilot Test)

e

C Injection setup .
C Balance flow rates = ‘

< Establish hydraulic
gradient

< Tracer injection

— EOS injection
— 4:1;9:1 and 19:1

Minimize mounding

)

Balancing Flow Rates
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Injection Setup (Pilot Test)
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Hydraulic gradient (Pilot Test)

Hydraulic Gradient
= = = Hydraulic Gradient Start
= = =Begin Tracer Injection

= = - End Tracer Injection

a

Engineered hydraulic gradient to draw
EOS radially around injection well(s)
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Tracer Testing (Pilot Test)

Rhodamine WT Concentration in Extraction Wells
Phase Il Pilot Test (Injection Test) Report
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Carbon Substrate Injection
Approach

A:3'@4:1

B: 8'@9:1
C:15'@19:1 \
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EOS Injection (Pilot Test)

TOC Concentration in Groundwater — OB-03, OB-04, and EW-04
Phase Il Pilot Test (Injection Test) Report
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EOS Injection (Pilot Test)

Figure 16a Figure 17a Figure 20a
Baseline VFAs in OB-03 Baseline VFAs in OB-04 Baseline VFAs in EW-03
0027, 0% 0.062, 1% 0077, % 0028, 0% 0.016, 0%
W Lactic Acid W Lactic Acid B Lactic Acid
i-Pentanoic Acid i-Pentanoic Acid i-Pentanaic Acid
W Hexanoic Acid W Hexanoic Acid W Hexanoic Acid
H Butyric Acid B Butyric Acid B Butyric Acd
W Formic Acid W Formic Acid m Formic Acid
W Propéonic Acid W Propéonic Acid W Propionic Acid
Acetic Acid Acatic Acid Aacatic Acid
Pyrvic Acid Pyrvic Acid Pyruvic Acid
Figure 16b Figure 17b Figure 20b
Post EOS Injection VFAs in OB-03 Post EOS Injection VFAs in OB-04 Post EOS Injection VFAs in EW-03
004, 0%
3.6, 9% 0.8, 10% 0,098, 1% 0.1, 03
0.096, 0%
m Lactic Acid I Lactic Acid mLactic Acid
2.4, 2% i-Pentanoic Acid i-Pentanoic Acid i-Pentanoic Acid
W Hexanoic Acid W Hexanoic Acid W Hexanoic Acid
M Butyric Acid W Butyric Acid W Butyric Acid
20, 508 | W Formic Acid m Formic Acid W Formic Acid
= Progionic Acid ' Propionic Acid = Propionic Acid
Acatic Acid 58, 6%/ Acetic Acid Acetic Acid
0.26, 1% pyruvic acid Pyruvic Acid Pyruvic Acid
18 2%
071,2%
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Pilot Test EOS Distribution
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Monitoring EOS Vertical

Distribution (Pilot Test)
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Full Scale System |

Injection Well

Extraction Well

Extraction Well —\
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Increased EOS
injection radius
to 30 feet to
achieve desired
denitrification
residence time
(~4 days)




Full Scale System |
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Full Scale System |
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Full Scale System 1 Results
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Questions
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