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Why: I Situ ireatment?

Avoid! cost/risk of excavation/transportation

Address contamination not readily:amenable to
excavation

= Beneath buildings/structure

= Beneath water table

= At Depth




Beneficial Effiects of Increased
llEmperature

Increased| Volatility,
Reduced! Viscosity,
(Slightly) Increased Solubility

Mixture of Water and Contaminants boill at lower
temperature tham normal contaminant boiling; point

Increased hydrolysisirates

Thermall processes less affected by heterogeneity.




IHeating Approeaches

Steam Enhanced Extraction (SEE)
Electrical Resistive Heating (ERH)

Tthermall Conductive Heating/In Situ
Thermal Desorption )ISTD




STEAM ENHANCED

EXTRACTION (SEE)




Steam Injection Cross-Section —
Visalia, Ca Pole Yard NPL Site




Visalia 1995-97: 1.2M /b Creosote Removed

A yield equivalent to 3500 years of pump-and-treat




ISTD

Processes
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Costs at Visalia

Total Project Cost million 1996 through misd 2001
Unit Cost per Cubic Yard of Soil Treated

- Actual Costs $57

~ With Lessons Learned $38

Comparative Cost per Gallon of Creosote Removed
> Pump and Treat $26,000
. Steam $130

Estimated Time to'Remove 1.2 Million Pounds ofi Creosote
> Pump and Treat 3,250 years
> Steam 3 years
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FLECTRICAL RESISTIVE
HEATING (ERH)
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Eull-Scale ERH Subsurface X-Section

Silty Clay |,

| ‘W with Sand
g And rave
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Sanitary

Sewer

12



Full-Scale Implementation
Multiple Arrays
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ERH - TCE DNAPL Remediation
Air Force Plant Four
Fort Worth, Texas
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Full-Scale ERH at AE Plant 4

1/2 acre area inside/outside of Bldg. 181 -manufacturing
opns 24/7

/0 electrodesiand co-located Vapor Recovery wells in and
around: existing tanks/’ piping/equipment: (32° angles)

Heterogeneous silt, clay and gravel witharhighly:

weathered limestone, competent bedrock at 32 fit bg
Groundwater at 27 ft bg

ERH operations May to Aug 2002; reduced — Dec ‘02

Goal — Avg| 90% reduction based on a 95% UCL
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Angled Electrode Boring
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ERIH Remediation Beneati
Alrr Foree Plant Foulr
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Continueus Indoor Air lVionitering
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Maximum Subsurface Temperatures
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Pre and Post Soill Data with
[Depth

W Post-ERH

O Pre-ERH Data

Data
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Results at AE Plant 4

Area/Vol. treated: 22,000 sqg. ft./27,400ic. yds
Average weekly power input — 5631 kW
Recovered ~ 1,600 |bs. TCE

Met GW! goallfellowing 4 months; of opns - ~
93% avg reduction; in TCE GW: conc.

Met soil'goal - 90% average reduction

JICE levels never exceeded background in
Indoor breathing space

NG impactsi on manufacturingl opns
$57 per cubic yard
Evidence of heat enhanced biodegradation
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THERMAL CONDUCTIVE
HEATING/IN SITU THERMAL
DESORPTION (ISTD)
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ISTD

Processes
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Heater-
Vacuum
Well

Process Tra

Heater Wells
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S. Glens Falls, NY Drag| Strip (PCBs)

Waste
oil
sprayed
on soil

Sharp
boundary

of ISTD _
treatment "/
zone

26



Adjacent Residences, Portland,
IIN
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ISTD at Former Shell Bulk
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ISTID ati Eugene, OR (cont.)

Maximum seil concentrations;of 9,300 majkg
(DRO), 3,500 mg/kgl (gasoline); GW 1,300 ug/l
(benzene);

= as Irlnuch as| /7.9 ft of free product in' monitoring
wells:

s Gravel layer 1-47, over silt to ~11-16" bgs.

Project goals:
s Removal off firee product and benzene

s Closure of site under Oregon DEQ RBCA UST
program
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Eugene, OR ISTD: Project Results

Free phase LNAPL removed firom the 1-acre site

Estimated| 200,000 Ibs of hydrocarbons| removed
andi treated during 120-day heating

Post-remediation soil and GW' samples| below! the
ODEQ@'s Tier 1 Risk-Based Concentrations:

s Benzene concentrations: inf GW wjin treatment areal reduced
firom! 1,300 g/t te) <2.501 ug/LL.

» Post-treatment off-site GW samples below! the analytical
detection limit (i.e., <0.5 pg/L)

Oregon DEQ issued a “No Further Action” letter for
the site on March 14, 2000
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Information Resources

Jim CUmmings
s /05~ 605-7197
= CUMMINGs:james@epa.goy.

[Database: c/uin. orgy/proaucts/tieriial

Archived web-based seminar:
cluin. orgy/studio/napl
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