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ABSTRACT: Remediation of coal tar at former manufactured gas plant (MGP) sites and
creosote associated with wood preservative sites is challenging due to the viscous nature
of the dense nonaqueous-phase liquid (DNAPL) and the modest solubility and vapor
pressure of the contaminants of concern (COCs). DNAPL seepage into surface water
bodies, as well as groundwater plumes formed by the most mobile constituents like ben-
zene, pentachlorophenol, and naphthalene, are frequent environmental problems associ-
ated with coal tar and creosote. In situ thermal remediation (ISTR) technologies have
been shown to overcome these limitations through one or more of the following ap-
proaches: (1) decreasing DNAPL viscosity by one to two orders of magnitude, making
the DNAPL pools recoverable; (2) removal of the most volatile and mobile COCs by
steam stripping, making the residual mass immobile and non-leachable; and/or (3) com-
plete removal of the COC:s if the soil can be dried out and treated at temperatures above
300°C. Three case studies of thermal remediation of DNAPL sites are presented, covering
the range of aggressiveness of heating and degree of treatment, as follows:

Approach (1) was demonstrated at full scale at a former MGP site owned by National
Grid in North Adams, MA. There, over 60,000 1 of formerly highly viscous coal tar was
recovered over a four-month period from a buried gasholder by thermally-enhanced free-
product recovery, conducted by heating the gasholder contents to <100°C.

Approach (2) was initially developed through extensive laboratory testing of MGP-
contaminated soil by the Gas Technology Institute, and named In Situ Thermochemical
Solidification (ISTS). ISTS has recently been the subject of a comprehensive evaluation
conducted under sponsorship of the Electric Power Research Institute (EPRI) on soil
contaminated with coal tar from a former MGP site in the southeast U.S. The results
indicate that heating the subsurface to 100°C is sufficient to remove the benzene, toluene,
ethylbenzene and xylenes (BTEX) and naphthalene fractions from the soil and coal tar,
thereby rendering the soil inert with respect to the potential for leaching of these constitu-
ents to groundwater. Toxicity characteristic leaching procedure (TCLP) and synthetic
precipitation leaching procedure (SPLP) tests on post-heated samples indicated that
BTEX and naphthalene were not leachable (i.e., the leachate was non-detect for these
constituents). This modest level of heating nevertheless solidifies and stabilizes the re-
maining, higher boiling coal tar residuals as an asphaltic material, no longer a NAPL.

Approach (3) was employed at full scale at a former wood treater site owned by
Southern California Edison in Alhambra, CA. In Situ Thermal Desorption (ISTD) was
used to treat 12,400 m® of predominantly silty soil to a depth of 32 m without costly
excavation. Heating the heavily PAH- and dioxin-contaminated soil to 325°C resulted in



the CA Dept. of Toxic Substances Control granting a “No Further Action” letter, releas-
ing the site for unrestricted land use.

INTRODUCTION

MGP coal tar and creosote are characterized as being relatively viscous DNAPL with
toxic and carcinogenic constituents such as BTEX, pentachlorophenol (PCP) and poly-
cyclic aromatic hydrocarbons (PAHs) such as benzo(a)pyrene (B(a)P). Spills and releases
of these contaminants can degrade soil, sediment, groundwater and surface water bodies.
NAPL can migrate long distances for decades before it finds its eventual position, evi-
denced by persistent seepage of NAPL to water bodies at many sites.

In addition, dissolution into flowing groundwater can create massive problems for
drinking water aquifers, such as under the city of Visalia in central California, where PCP
and naphthalene from a 43-m (140-ft) deep creosote DNAPL source zone threatened to
close down the municipal groundwater production wells, until it was successfully cleaned
and delisted from the National Priority List (NPL) using ISTR (USEPA 2009).

In general terms, there are three different levels of heating, and thus thermal treatment
approaches applicable to MGP and creosote sites. One may be used alone, or two or more
can be applied sequentially at the same site:

e Level 1. Thermally Enhanced Free Product Recovery (TEFPR). The subsurface is
heated to temperatures above ambient, typically between 70°C and 90°C, and the
removal of DNAPL by pumping is enhanced. After cool-down, the residual
DNAPL is relatively immobile. The subsurface can be heated using any one or a
combination of the common ISTR technologies: thermal conduction heating
(TCH), also known as In Situ Thermal Desorption (ISTD); electrical resistance
heating (ERH) including the Electro-Thermal Dynamic Stripping Process (ET-
DSP™); and/or steam injection/steam-enhanced extraction (SEE), selected based
on hydrogeology and site considerations.

e Level 2. Treatment at boiling point temperature (100°C above the water table and
steam temperature below). Steam stripping depletes the DNAPL of its more
volatile and mobile constituents, rendering the DNAPL viscous and without
significant leachability, which has been termed ISTS (Hayes 2002). Any one
or a combination of the common ISTR technologies listed above (i.e., ISTD,
ERH, SEE) can be used to achieve the target temperature, depending on the
hydrogeology.

e Level 3. Treatment at temperatures above the boiling point of water, with drying
of the subsurface. Of the prevalent heating techniques, only ISTD can accomplish
this, as no moisture addition is needed to deliver the energy. Target temperatures
range from less than 200°C for complete removal of naphthalene, to 335°C for
treatment of high molecular weight PAHs, including B(a)P, PCP and dioxins.

CASE STUDIES
Level 1: Thermally-Enhanced Coal Tar DNAPL Recovery. TerraTherm employed all

three levels of heating at full scale to remediate a gasholder containing residual coal tar at
a former MGP site in North Adams, Massachusetts, which had operated from the 1860s



to the 1950s. The abandoned subsurface gasholder was about 18.9 m (62 ft) in diameter
and 5.5 m (18 ft) deep, with a Target Treatment Zone (TTZ) of approximately 1,530 m’
(2,000 yd*). Although for the purposes of this paper we shall focus on the Level 1
(TEFPR) portion of the project, papers by Baker and coworkers (2004; 2006; 2008)
address other aspects of the project.

The COCs at the site included the following constituents and corresponding maxi-
mum concentrations: B(a)P (650 mg/kg), naphthalene (14,000 mg/kg), benzene (6,200
mg/kg), and total petroleum hydrocarbons (TPH) (230,000 mg/kg). The surficial soil
inside the former gasholder was a mixture of sand, gravel, cobbles, concrete, debris and
other fill material. Perched water was found within the gasholder, although the regional
aquifer was situated beneath its base. While the gasholder had not been known to leak, its
proximity to underlying groundwater and the adjacent Hoosic River (and, therefore, the
risk of a leak) were major factors prompting the cleanup.

The project goals, derived from a human health risk assessment, depended on the
depth. Although the project included several levels of heating performed sequentially, we
focus herein only on the lower-temperature, TEFPR part of the project (Level 1 heating).
Prior to the project, several years of bailing of wells inside the gasholder had seldom
produced more than a liter or so of the highly viscous coal tar from any of the wells at a
time. Our laboratory tests performed during the design phase showed that increasing the
temperature of the coal tar from the site from 25°C to 60°C (77°F to 140°F) would de-
crease its viscosity about 6-fold, from 130 to 23 Centipoise (Baker et al., 2004).

TerraTherm installed twenty-five TCH wells within the gasholder on 3.7-m (12-ft)
centers, down to, but not through the concrete base of the gasholder. Thermocouple
arrays were used to monitor and control subsurface temperatures during each phase of
heating. The water produced during the initial dewatering step was treated by passing it
through an oil/water separa-
tor followed by clay/carbon
media and activated carbon.
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Level 2: In Situ Thermochemical Solidification of Coal Tar. Under sponsorship of the
Electric Power Research Institute (EPRI 2009), laboratory tests of soil samples from a
coal tar site were performed to simulate thermal treatment and to evaluate chemical and
physical behavior of the coal tar DNAPL during treatment. Four samples were collected
from different depths and locations from a confidential coal tar-impacted site in the
Southeast US. The site is underlain by a sandy fill, clay layers, a sandy aquifer, and a clay
aquitard. Peat is found in isolated pockets. The DNAPL impacts extend under a rail yard
with multiple railroad tracks, making assessment of thermal impacts on the geotechnical
stability of the site important. In summary, the objectives of the testing were as follows:

Determine the lowest effective treatment temperature for BTEX and naphthalene
distillation from the sand and peat site materials;

Evaluate DNAPL mobilization of the sand and peat site materials;

Perform an assessment of the soil property changes induced by the thermal treat-
ment of the sandy layer, peat and clay materials at temperatures of 100°C, 120°C
and 150°C; and of the fill at a temperature of 100°C; and,

Evaluate the potential for settlement of the site materials beneath the railroad
tracks following thermal treatment; specifically, assessment of the sandy layer,
peat and clay materials at temperatures of 100°C, 120°C and 150°C.

The findings (EPRI 2009) of the laboratory treatability study indicate the following:

Materials collected from the site were fairly homogeneous silty sands, despite an
effort to collect samples representative of the primary stratigraphic layers thought
to be present beneath the treatment area: silty sand, peat, clay, and fill. These ma-
terials were impacted with MGP coal tar based on visual inspection and the re-
sults of pre-testing characterization data.

The thermal treatment tests indicate that raising the temperature to 100°C is suffi-
cient to remove the volatile fraction from the coal tar (e.g., benzene and naphtha-
lene) and render the tar inert with respect to the ability to leach constituents to
groundwater. Figure 2 illustrates the reduction in leachable COCs, based on the
TCLP method. Similar results were obtained using the SPLP method. Treating to
120°C did not result in a significant increase in the removal efficiency, since
treatment at 100°C was highly effective (>99.9% reduction for naphthalene).
Based on the results of other treatability tests and field experience at full-scale
sites, treatment temperatures >300°C would be required to result in a significant
removal of higher molecular weight compounds such as B(a)P.

The DNAPL mobilization tests indicate that some of the NAPL will likely be mo-
bilized during heating due to viscosity reductions and that a multiphase extraction
and containment system would be required as part of any thermal remedy for the
site.
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from a coal tar site in the Southeast U.S. (EPRI, 2009).

e The results of the geotechnical and volume tests indicate that the structural integ-
rity of the materials tested from the site will not be affected by heating to tem-
peratures of 150°C (the maximum expected target treatment temperature). Thus,
the stability of the railroad tracks will not be affected during heating.

Based on these results, application of ISTS with a target temperature of 100°C at the
site would be effective at removing the volatile compounds, rendering the remaining tar
inert, reducing the mass transfer rate of chemicals dissolving into the groundwater, lower-
ing groundwater concentrations within and downgradient of the treatment area, and pro-
tecting off-site surface water. In addition, these results indicate that thermal treatment
will not adversely affect the geotechnical properties of the soil and/or result in subsidence
beneath the railroad tracks.

These results were consistent with earlier laboratory research done by GTI (Hayes,
2002), which had showed that for various MGP coal tar-contaminated soil samples,
heating to the boiling point of water or slightly above would distill off the BTEX and
naphthalene, leaving a residual material that is no longer leachable for those COCs, that
has the appearance of asphalt, and that is no longer a NAPL. These results were also
consistent with the Level 2 results achieved at the full-scale North Adams, MA, site (see
above) inside the confines of a gasholder (Baker et al., 2006). Significantly, though, the
EPRI study expanded the paradigm, indicating that ISTS can be accomplished for this
coal tar within a highly transmissive aquifer setting, without dewatering.

Level 3. Complete Removal of PAHs by Higher-Temperature ISTD. The largest
in situ TCH project ever undertaken at a wood treatment (creosote and dioxin) site was
for Southern California Edison (SCE) in Alhambra, CA (Baker et al., 2007). ISTD treated
approximately 12,400 m’ (16,200 CY) of predominantly silty soil to a maximum depth of
32 m (105 ft). The subsurface soils were contaminated primarily with PAHs, PCP, and
dioxins and furans, with soil treatment standards of 65 pg/kg B(a)P toxic equivalents



(TEQ), 2,500 pg/kg PCP, and 1.0 pg/kg dioxin, expressed as 2,3,7,8-tetrachlorodibenzo-
dioxin (TCDD) TEQ. Because of the size of the treatment area and projected power
demand, the site remediation was divided into two phases. Phase 1 treatment ended in
early 2004, at which time Phase 2 construction commenced. Phase 2 treatment was com-
pleted in September 2005, with complete site demobilization by March 2006.

TerraTherm installed a total of 785 thermal wells (654 heater-only wells and 131
heater-vacuum wells) within the TTZ, the area of which was approximately 2,920 m’
(31,430 ft*). The well field (Figure 3) was laid out in a hexagonal grid pattern with heat-
ers being 2.1 m (7.0 ft) on center. A heater-vacuum well was at the center of each hexa-
gon of heater-only wells. The average thermal well depth was 6.1 m (20 ft), but the
thermal well depths at the site ranged from 2.1 m (7.0 ft) to 32 m (105 ft).

FIGURE 3. ISTD well field and process equipment, Alhambra, CA.

TerraTherm installed a light cement aggregate as the well field surface cover, to:
(a) insulate the surface to prevent heat loss from the TTZ, (b) shed rainfall, and (c) pro-
vide a vapor seal to prevent any escape of steam or vapors to the atmosphere. Two 2,500-
kVA transformers provided power to the heaters and the air quality control (AQC) sys-
tem. Approximately 2,650 m (8,700 ft) of heaters were operated at approximately 984
W/m (300 W/ft) for a total heater power demand of approximately 2,600 kW. The heaters
were configured to automatically maintain a set point temperature. Silicon controlled
rectifiers and temperature controllers regulated the power application to the ISTD heaters
using temperature input from thermocouples located on each heater circuit.

The AQC system included a regenerative thermal oxidizer (RTO) with 99% destruc-
tion and removal efficiency (DRE), a heat exchanger, and two 2,268-kg (5,000-1b) granu-
lar activated carbon (GAC) vessels (plus an installed 1,361-kg (3,000-1b) spare). Vapors
were pulled through the AQC system by two blowers and then discharged to the atmos-
phere through a stack containing sampling and monitoring ports, with a third blower
installed as a spare. The AQC system operated with a continuous emission monitoring
system (CEM), staffed 24 hr/d, 7 d/wk.

The soil clean up standards for the Alhambra site were established by the site-specific
risk characterization performed as part of the remedial action plan (Table 1).



TABLE 1. Site specific cleanup goals for Alhambra, CA, wood treater site.

Compound Soil Cleanup Standard
PAHs, expressed as B(a)P toxicity equivalents 65 ng/kg
Dioxin, expressed as 2,3,7,8-TCDD toxicity 1.0 pg/kg
equivalents (TEQ)
Pentachlorophenol (PCP) 2,500 pg/kg

To enable the progress of subsurface heating to be monitored, 164 temperature moni-
toring points were installed, many at representative centroids (coolest locations in the
center of each equilateral triangle of heaters) to observe the progression of heating
through the subsurface. The target treatment temperature of 335°C (635°F) at the cen-
troids was attained within each phase (Figure 4). The curves show initial soil heat up/
start of super-heating, attainment (or exceedance) of target treatment temperature, shut-
down of the heaters, and ult-imate soil cool-down. As seen in Figure 4 at left, the cool-
down stage was much more pronounced in Phase 2 due to active cooling measures that
were implemented to facilitate well abandonment.
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FIGURE 4. Phase 1 and Phase 2 centroid temperature progressions
in degrees Fahrenheit (typical of many).

Results. The Soil Sampling and Analysis Plan specified collection of 60 post-treatment
soil samples (60 for PAHs, 18 for dioxins) from 25 centroids within the TTZ, chosen at
locations where the most contaminated pre-treatment samples had been collected. Soil
samples were analyzed from shallow, mid-depth, and deep soil cores. The use of ISTD



achieved all the site-wide treatment goals listed in Table 1 (Figure 5), while it also met all
emission standards (Baker et al. 2007).
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FIGURE 5. Comparison of pre- and posttreatment
contaminant concentrations (all goals achieved).

CONCLUSIONS

A range of ISTR treatment approaches is now available for MGP and wood treater
sites, selected on the basis of project goals: Level 1 low-temperature heating, as illus-
trated by the North Adams, MA MGP site can be employed to greatly facilitate the re-
moval of coal tar, which at ambient temperatures can be highly viscous and difficult to
recover; Level 2 moderate-temperature heating, as shown by the EPRI-sponsored study
can effectively remove BTEX and naphthalene from coal tar at ~100°C without dewater-
ing, leaving behind a residual material that is neither leachable nor mobile; and Level 3
higher-temperature heating, as illustrated by the Alhambra, CA, project can attain even
very stringent cleanup goals for high-boiling COCs such as B(a)P and dioxins. There, the
California Department of Toxic Substances Control (DTSC 2007) issued a “No Further
Action” letter granting unrestricted land use, an unprecedented outcome for an in situ
remediation technology at such a highly contaminated wood treater site.

REFERENCES

Baker, R.S., J.C. LaChance, M.W. Kresge, R.J. Bukowski, J.P. Galligan, and M.
Kuhlman. 2004. “In-Situ Thermal Destruction (ISTD) of MGP Waste in a Former
Gasholder: Design and Installation.” Proceedings of Gas Technology Institute’s Natu-
ral Gas Technologies Il Conference, Phoenix, AZ, Feb. 8, 2004.

Baker, R.S., D. Brogan, and M. Lotti. 2006. “Demonstration of Three Levels of In-Situ
Heating for Remediation of a Former MGP Site.” Paper L-74 In Remediation of



Chlorinated and Recalcitrant Compounds - 2006: Proceedings of the Fifth Interna-
tional Conference (May 22-25, 2006). Battelle, Columbus, OH.

Baker, R.S., D. Tarmasiewicz, J.M. Bierschenk, J. King, T. Landler and D. Sheppard.
2007. “Completion of In-Situ Thermal Remediation of PAHs, PCP and Dioxins at a
Former Wood Treatment Facility.” 2007 International Conference on Incineration
and Thermal Treatment Technologies (IT3), May 14-18, 2007, Phoenix, AZ. Air &
Waste Management Association, Pittsburgh, PA.

Baker, R.S., J.M. Bierschenk, J. LaChance, J.P. Galligan, D. Tarmasiewicz, G. Heron and
W.R. Leach. 2008. “Why In Situ Thermal Desorption Can Be the Most Cost-
Effective Remediation Method for Many Sites.” Paper N-003, in: Bruce M. Sass
(Conference Chair), Remediation of Chlorinated and Recalcitrant Compounds—
2008. Proceedings of the Sixth International Conference on Remediation of Chlorin-
ated and Recalcitrant Compounds (Monterey, CA; May 2008). Battelle Press, Co-
lumbus, OH.

DTSC. 2007. Remedial Action Completion Report Approval and AOC-2 Certification,
Southern California Edison Alhambra Combined Facility, Alhambra, CA.

EPRI. 2009. Evaluation of In Situ Thermal Stabilization at a Former Manufactured Gas
Plant: Volume 1: Technical Update and Appendices. EPRI, Palo Alto, CA: 1020425.

Hayes, T. 2002. Development of In Situ Thermochemical Solidification for the Risk Based
Treatment of Coal-Derived Dense Nonaqueous Phase Liquids. GRI-04/0215. Gas
Technology Institute, Des Plaines, IL.

USEPA. 2009. “Direct Final Notice of Deletion of the Southern California Edison,
Visalia Pole Yard Superfund Site from the National Priorities List.” Federal Register:
July 27, 2009 (Volume 74, Number 142). http://www.thefederalregister.
com/d.p/2009-07-27-E9-17562.



In Situ Thermal Treatment of MGP Waste
and Creosote

Ralph S. Baker (rbaker@terratherm.com), John M. Bierschenk and
John LaChance (TerraTherm, Inc., Fitchburg, MA, USA)

Gorm Heron (TerraTherm, Inc., Keene, CA, USA)
Devon Phelan (TerraTherm, Inc., Colorado Springs, CO, USA)
Jeffrey A. Clock (EPRI, New Paltz, NY, USA)

Remediation of Chlorinated and Recalcitrant Compounds . \
The Seventh International Conference, Monterey, California "9
May 24-27, 2010

>

TERRATHERM'




Overview

 Three ISTR Approaches for MGP/Creosote
Source Areas

** Low-Temperature Heating
** Moderate-Temperature Heating
*» Higher-Temperature Heating

« Case Studies of Each Approach

« Recommendations

>

TERRATHERM'



In Situ Thermal Treatment of MGP Waste and
Creosote: In Brief
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ISTRTechnologies

TCH/ISTD* - Heating governed
by thermal conductivity

ET-DSP™*/ERH - Heating
governed by electrical
conductivity
(max temp = boiling point of
water)

SEE* - Heating governed by
hydraulic conductivity
(max temp = boiling point of

2 water)

" *Offered by TerraTherm
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Plus: Combinations of the Above 4
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Three Levels of Thermal Treatment
Applicable to MGP and Creosote Stes

Level 1: Treatment at 70-100°C )
— Enhanced free product recovery
— DNAPL extraction by pumping
— Leftover DNAPL is relatively immobile.

Level 2: Treatment at 100-120°C

(boiling pt of water)
— Steam stripping/depletion of the volatiles
— DNAPL viscous or solid/virtually immobile
— Leachability reduced/eliminated
— In-Situ Thermochemical Solidification (ISTS),

Level 3: Treatment at 150-325°C

— All COCs reduced to below regulatory limits
« — Requires dewatering/drying

)

SEE
ET-DSP™/
ERH

If 100°C is
sufficient

.’ Plus: Combinations of the Above
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ISTD = Thermal
Conduction Heating
and Vapor Extraction
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N.B.: Vapor extraction wells need not be heated
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National Grid, N. Adams, MA Former MGP Site

Full-Scale Demonstration of Heating Levels1, 2 and 3
to remove coal tarand treat inside a gasholder

Heater-Only yeater-vacuum Water/NAPL Water Thermo- Air Quality
Wells Wells* Recovery  Treatment Couple Control
- Wells Equipment Arrays Equipment

" *Heater-vacuum wellswould not have been needed had ISTSof MGPtar been the entire focus of this project.
®
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(Baker et al. 2006) 8
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Level 1
Thermally-Ehhanced Fee Product Recovery (THPR

Concept: Use thermal conduction heating (TCH) wells to achieve
~ 70-80°C interwell temperatures, to enable heavy NAPL to be
recovered as a lighter NAPL
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N. Adams Former MGP Site
Thermal Well Feld Components
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(Baker et al. 2006)

TERRATHERM'



Level 2 (100-120°C): In-Situ Thermochemical Solidification (ISTS)

Confirmatory Sample Cuttings
from Bottom of Gasholder, 5/05

Auger Fllght Coated with VISCOUS Coal Tar 10/03

AT
A Auger Plug Coated with Viscous i '
" Coal Tar, 10/03 Close-up of Solldlfled Coal Tar, 5/05
TERRATHERM' Treated tar was dry, black and brittle

(much like asphalt) 13



Level 2 (100-120°C)
Pre- versus Post-Treatment Soil Concentrations
North Adams, MA

Sampling Depth: 14' - 18 Max. Pre-Treatment vs. Avg. Post-Treatment
Constituent Pre-Treatment| Post-Treatment| Reduction
mg/kg mg/kg %
Anthracene 650 101 84.46%
Benzo(a)anthracene 650 166 74.46%
Benzo(a)pyrene 650 100 84.62%
Chrysene 650 152 76.62%
Fluoranthene 650 199 69.38%
Phenanthrene 3400 313 90.79%
Pyrene 650 303 53.38%
C11-C22 Aromatics, unadj. 143000 4540 96.83%
r * >999%9p Reductions,

" consistent with Hayes
2002

TERRATHERM' (Baker et al. 2006) -




Lab Testing Level 2 —- BPRI-Sponsored Project

Objectives:
Determine
feasibility of
employing ISTS
to reduce
mobility and
leachability of
coal tarin a
sandy aquifer

(EPRI 2009; Baker et al. 2010)
15




Level 2 Testing Setup

Soil

Temp.
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Air Flow
Gauge
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WATER

Water
Temp.
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FID
Monitor
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Cold \
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Level 2 (100-120°C)
Benzene and Naphthalene Results

Benzene Results - Silty Sand Sample

for Siity Sand

Naphthalene Results - Silty Sand Sample

1,000,000 1,000,000
o -
10,000 BMDL 10,000 B MDL
o 1000 o 1000
x 3
2 100 2 100
10 10
1 1
0 0
Untreated 100C - 7 days 120C - 7 days Untreated 100C - 7 days 120C - 7 days
TERRATHERM®
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Level 2 (100-120°C)
SPLP Results for BTEX and Naphthalene —
Sity Sand

10,000 ¢
- O Benzene
i B Ethylbenzene
1,000 + —
- B Naphthalene
B Toluene
100 ¢ O Total Xylene |
=
(@)
3
10 7;
1
. | * i
0 ; ;
" Untreated 100C - 7 days 120C - 7 days

TERRATHERM'
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Conclusions:
Level 2 Lab Testing (100-120°C)

 Mass reduction substantial for benzene and
naphthalene (3-5 orders of magnitude)

 Treatment at 100-120°C reduced leachable BTEX
and Naphthalene concentrations to <10 ug/L

o Dewatering not necessary for this coal tar, despite
it residing in a sandy aquifer

-~
.’ (EPRI 2009; Baker et al. 2010)
TERRATHERM®
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Level 3 (325°C)
ISTD at Southern California Edison (SCE)
Creosote Ste, Alnhambra, CA

Phase 1 Phase 2

A
N

TERRATHERM®

(Baker et al. 2007) 20



Alhambra Level 3 (325°C) Temperatures

900
= Phase 1 Centroid (T7A4B-4BHK19-4-8)
800 ===Phase 2 Centroid (T11A2-2HG13-4-5)

700

600

500

400

Temperature (°F)

300

200

100

0 60 120 180 240 300 360 420 480 540
Days of Operation

N

TERRATHERM 51



Level 3 Results (325°C)
SCEAlhambra, CA

100,000.0

E B(a)P Equivalent
10,000.0

M@ Dioxins (2,3.7,8-TCDD TEQ)

1,000.0
100.0
10.0

1.0 -

Mean Concentration (ug/kg)

Pre Treatment Post Treatment
N =47 N =60

TERRATHERM’ 55
(Baker et al. 2007)
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\“""-\‘ ‘ . Department of Toxic Substances Control

.,

ot F ey

Plaureen F. Sorsen, Direcior

Unda 5. Adams 1011 Madh Giandwsaw Avenue
A I h b Seorotary for Glendale, California 81201
a m ra Snuironmevil Frobechcn
Febmuary 8, 2007

No Further Action

Project Manager
Ervircnmental Affairs

= Southern Califomnia Edisan
e r 2244 Walnut Grove Avenue
- Rosemead, California 91770

REMEDIAL ACTION COMPLETION REPORT APPROVAL AND AQC-2
CERTIFICATION, SOUTHERN CALIFORNIA EDISON (SCE) ALHAMBRA COMBINED
FACILITY, ALHAMBRA, CALIFORMIA

wprwali] S rEeragpar
L=

Dear Ms., King:

11 = The Department of Taxic Substances Contral {OTSC) has reviewed the subject
DTSC h as d et ermin ed t h at Remedial Action Completion Report (Report) for AOC-2 at the SCE Alhambra
Combined Facility submitted by TerraTherm. The Reporl documents the treatment of
approximately 16,500 cuble vardz of soil 8t ADC-2 contaminated with polycyclic

t h e A OC- 2 p O rt | O n at t h | S S I t e aromatic hydrocarbons (PAHs), pentachlorophencl (PCP), dioxins and furans.

. DOTSC approves the Repor and certifies that it meets all of the conditions of the
h aS b ee n r e m e d I a‘t ed approvad Remedial Action Plan developed pursuant to-Health-and Safety Cods Section
25356.1 for the contaminated soil remadiation. DTSC has determined that the AOQC-2 ‘

" portion at this $ite has been remediated to allow for unrastricted land use and that No

to allow for unrestricted land "™t

Thank you for your efforis in remediating this Area of Concern. |f you have any
guestions pleasea contact Mr. Tedd Yargeau, Project Manager, at

Use and that NO FU rther (318) 551-2864 or myself at (§18) 601-2822,
Action is required.”

) il
1

e

Sayarah Armir, Chief
Sita Mitigation and Brownfislds Reuse Program - Glendale Office

s

Frlif

. oo See next page

" & Frinled on Aecyoked Paper

TERRATHERM® = Unprecedented outcome fqr an in-situ reme_rdlatlon
technology! Less expensive than excavation. 23




Recommended Approach for Most Sites

Level 1: Treatment at 70-100°C
Enhanced free product recovery
LNAPL and DNAPL extraction by pumping g, d

Level 2: Treatment at 100-120°C m

(boiling point of water) » SEE/TCH
Steam stripping/depletion of the volatiles
DNAPL viscous or solid
Leachability reduced/eliminated
In-Situ Thermochemical Solidification

— Accomplish both Mass Reduction and
Reduction in Mobility

3
s Sufficient to Eliminate Long-Term Liability
TERRATHERM'
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