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1.0 INTRODUCTION

This Feasibility Study (FS) was prepared to evaluate potential remedial actions to address
subsurface contamination at Operable Unit 1 (OU-1) of the former Columbia Cement Company
(CCC) site located at 159 Hanse Avenue in Freeport, New York (“Site”). URS Corporation
(URS) prepared the FS at the request of the Atlantic Richfield Company, a BP affiliate (BP).

Burmah Castrol Holdings, Inc. (Burmah Castrol} is the parent corporation of OMD 87, Inc.,
formerly known as Columbia Cement Company, Inc., the former owner and operator of an
adhesive manufacturing facility located at 159 Hanse Avenue, Village of Freeport, Town of
Hempstead, Nassau County, New York. Columbia Cement produced adhesives for a variety of
applications. In 1988, while CCC operated the facility, approximately 1,760 gallons of 1,1,1-
trichloroethane (1,1,1-TCA) was released to a storm drain during filling of an underground
storage tank (UST) due to a failure of a contractor’s tanker truck. In 1996, the property was sold
to TACC, International Corporation (TACC). TACC was subsequently acquired by Illinois Tool
Works (ITW) in 1998. In 1998, Burmah Castrol entered into a Consent Order (Index #W1-0813-
98-05) with the New York State Department of Environmental Conservation (NYSDEC)
regarding the 1,1,1-TCA spill. This order was for the development and implementation of a
remedial program for the Site. In 2001, BP purchased all Burmah Castrol holdings and assumed
liability for the 1,1,1-TCA spill. A Remedial Investigation (RI} was conducted by Delaware
Engineering and the RI Report (RIR) was submitted to NYSDEC in July 2003. In response to
NYSDCE comments dated October 27, 2003, Delaware Engineering submitted a revised RIR in
December 2003.

In September 2003, URS Corporation was retained by BP to prepare a Feasibility Study (FS) to
evaluate remedial options for the Site. A Draft FS was prepared based on data and information in
the December 2003 RIR. The Draft FS reflected site conditions at the time of preparation and
was submitted to NYSDEC on April 30, 2004.

In January 2004, TACC ceased operations at the Site and vacated the building. In May 2004,
ITW informed BP that ITW intended to close and remove the 10 existing USTs at the Site, in
anticipation of sale of the property. The USTs were removed in August and September 2004.
Since the 1,1,1-TCA spill occurred in the center of the UST area, the removal of the USTs
changed conditions and access in the spill area and presented opportunities for remedial
alternatives that previously were unavailable or impractical. Based on discussions with and
approvals from NYSDEC, URS conducted supplemental investigation activities that would allow
for refinement of site characterization to be used in preparation of a revised FS that takes the
changed conditions (e.g. absence of USTs in the spill area) into consideration. A Supplemental

wi\Columbia Cement\38546433 1 Feasibility Study 2/15/2008



Remedial Investigation Report {SRIR) that included the results of the additional investigation data
was prepared and submitted to NYSDEC on December 20, 2006.

A revised Draft FS was submitted to NYSDEC in January 2007. Upon review of the Draft FS,
NYSDEC requested additional offsite groundwater delineation. Access to the offstic property
was obtained in August 2007, In September 2007, URS installed and sampled 2 wells adjacent to
Freeport Creek. When contamination was detected in one of the offsite wells, NYSDEC chose to
divide the project into two Operable Units (OUs). OU-1 is the onsite project area and includes
the former CCC property (Block 230, Lots 65 and 85), currently owned by ITW. OU-2 is the
offsite area including Hanse Avenue and downgradient properties located between Hanse Avenue
and Freeport Creek and areas immediately surrounding OU-1. This Revised FS addresses OU-1
only. Upon completion of additional investigation activities, a separate RIR and FS will be
submitted to NYSDEC addressing OU-2.

1.1 PURPOSE AND REPORT ORGANIZATION

The purpose of this FS is to evaluate potential remedial measures to address subsurface
contamination at the former CCC facility resulting from a 1,1,1-TCA spill in 1988. The ES will
identify, develop, and screen remedial alternatives to address contaminated soil and groundwater
and potential soil vapor impacts.

This FS has been divided into seven sections, in a format consistent with the outline described by
the United States Environmental Protection Agency (“Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA,” USEPA 1988) and the NYSDEC
Inactive Hazardous Waste Site (THWA) Regulations. Site background information, including a
summary of the results of previous investigations is presented in the following subsections of
Section 1.0. The remedial action objectives are presented in Section 2.0. Potential remedial
tcchnologies are identified and screened in Section 3.0. Remedial alternatives passing the mnitial
screening are further developed in Section 4.0 and a detailed analysis and evaluation of
alternatives is presented in Section 5.0. ‘Section 6.0 contains a comparison of remedial
alternatives and the selection of the preferred alternative. A description of common actions
(actions to be employed regardless of selected remedial measures) is provided n Section 7.0.
References are presented in Section 8.0.
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1.2 BACKGROUND INFORMATION

1.2.1 SITE DESCRIPTION

The former CCC facility consists of approximately 2 acres in an area of Freeport, New York that
is very developed with commercial and industrial facilities. Freeport is located in Nassau County
on the south shore of Long Island. The Site is located approximately 4,000 feet south of the
Sunrise Highway and about 2,000 feet west of the Meadowbrook Parkway, the two major roads in
the area. The site location is shown on Figure 1.

The Site building covers approximately 65,000 square feet, and consists of former offices,
material storage, production rooms, and warchousing. The building is currently vacant. Ten
8,000-gallon underground storage tanks (USTs) were located near the southwest corner of the
property. The Site is bordered by a former Columbia Cement warehouse and parking spaces to
the north (currently utilized as a municipal waste transfer station). Rohm & Haas Electronic
Components borders the property to the east. The Knickerbocker building, with multiple tenants,
is located to the south of the property. The property is bordered by Hanse Avenue to the West.
Farber Plastics and Love & Quiches are located on the opposite (west) side of Hanse Avenue. A
Site Plan is presented as Figure 2.

The Site is located on a peninsula on the south side of Long Island. Freeport Creek is located
about 500 feet west of the Site and Stadium Park Canal is 1,000 feet east of the site. Stadium
Park Canal merges with Freeport Creek approximately 1,500 feet southeast of the site. From this
point, surface water flows south through tidal marshes to the Atlantic Ocean, approximately 5
miles south of the Site.

The Site is very flat, ranging from 5 to 10 feet above Mean Sea Level ( ft MSL). Ground
elevations at OU-1 monitoring wells ranges from 6.67 ft MSL to 8.01 £t MSL. Surface water at
the site drains to the west toward Freeport Creek. Storm drains located on Site, also drain to
Freeport Creek.

1.2.2 SITE HISTORY

Prior to 1969, the Village of Freeport operated the arca of the site as a municipal landfill.
Dumping at the landfill ceased in the 1960°s when the site was developed. CCC was the first
occupant of the Site building, beginning in 1969. CCC operated on Site until the sale to ITW in
1996. CCC manufactured various contact cement and other industrial and commercial adhesive
products from 1969 to 1996.
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From 1969 to 1988, twenty-two 1,000-gallon USTs were located in the southeast part of the site:
6 USTs contained toluene; 6 contained hexane; 5 contained acetone; 3 contained Laktane® (a
proprietary petroleum-based solvent); and 2 USTs contained methylethyl ketone (MEK). All 22
USTS were removed in September 1988 by Unico Service Corporation (UNICO) of Commack,
New York. To the east of the 22 USTs were four 6,000-gallon USTs, which contained acetone,
hexane, Laktane®, 1,1,1-TCA and toluene. These were removed by UNICO in January 1989. A
6,000-gallon UST was also located in the southeast part of the site that collected floor drain
runoff from the manufacturing areas of the building. This UST was removed by ANS Tank &
Environmental Services of West Babylon, New York in 1994.

Ten 8,000-gallon USTs were installed in 1988. Five of these USTs (the southern tank farm) were
installed in the spring of 1988 (prior to the 1,1,1-TCA spill) and the remaining five (the northern

tank farm) were installed after the spill. Due to excessive cracking, the concrete pad around the
USTs was replaced in 1989.

In 1996 CCC ceased operation and the property was sold to TACC in 1997. TACC was
subsequently acquired by ITW in 1998. TACC ceased operation in January 2004. In August and
September 2004, ITW closed the ten 8,000-gallon USTs. The USTs were removed and appeared
to be in good condition. Details of ITW’s UST closure and post-excavation sampling have been
detailed in previous submittals to NYSDEC (MACTEC, 2006).

1.2.2.1 Spill Event

On April 28, 1988, Quadrell Brothers of Rahway, New Jersey was delivering 3,500 gallons of
1,1,1-TCA to CCC. While pumping into one of the 6,000-gallon USTs, the tanker truck became
pressurized and ruptured. Approximately 1,760 gallons of 1,1,1-TCA was spilled to the ground
surface and flowed to a storm drain (SD-1) in the UST area.

Storm drains at the site consist of a vault with a sand bottom and a drainpipe connecting it with
other drains and eventually discharging to Freeport Creek. Because of this construction, some of
the 1,1,1-TCA infiltrated through the base of the storm drain vault into the sandy soils and some
of the 1,1,1-TCA flowed through the storm drainpipe toward Freeport Creek.

NYSDEC’s Region 1 Spill Response Unit was notified of the spill. The immediate response
measures 1ncluded removal of about 10 cubic yards of soil from SD-1 and removal of liquid from
the storm drain line by Chemical Pollution Control. The storm drain line was flushed until water
at the Freeport Creek outfall measured less than 50 mg/l of 1,1,1-TCA.
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1.2.2.2 Previous Investigations

Investigations into impacts from the 1,1,1-TCA spill commenced on April 30, 1988. Several
phases of the investigation activities were performed from 1988 through 1997. For a summary of
these investigations, the reader is referred to the RIR. Delaware Engineering performed the R1
from 1998 through 2003. The RI consisted of numerous rounds of soil and groundwater
sampling, as well as soil gas sampling, which are again summarized in the RIR. A site plan and
sampling locations map is shown in Figure 2. The results of the RI are discussed m Section 1.2.5.

In 2003, BP retained URS to assume investigation and response activities related to the 1988
1,1,1-TCA spill and prepare an FS. URS prepared and submitted a Draft FS on April 30, 2004.
The FS was prepared based exclusively on data gathered during the RI and previous
investigations. The remedial alternatives evaluated in the Draft 'S assumed the ten 8,000-gallon
UUSTs would remain in place in the spill area and in use for the foreseeable future.

Shortly after submittal of the Draft FS, ITW informed URS that the USTs would be removed.
Removal of the USTs from the spill area changed site conditions significantly. Without the USTs
and associated piping, previously obstructed areas were accessible for additional investigation
and/or remedial measures. In addition, URS noted several data gaps in the RI, including several
that could be addressed after the USTs were removed. These data gaps represented information
that could facilitate preparation of a more complete and comprehensive FS, including
groundwater geochemical data and source area delineation. Also, NYSDEC and the New York
Department of Health (NYDOH) requested offsite plume delineation and a soil vapor intrusion
evaluation, respectively. For these reasons, URS conducted several supplemental investigation
activities. These activities included:

» low-flow groundwater sampling of all site monitoring wells,. including collection of
biofeasibility parameters.

» Collection of post-excavation soil samples during UST closure.
e Collection of direct push soil samples in the UST area after UST removal.

¢ Installation of 2 additional offsite monitoring wells and subsequent groundwater
sampling.

» Performance of bench-scale testing of potential remedial alternatives.

e Performance of soil vapor intrusion sampling.
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¢ Slug testing of selected monitoring wells.

Details of these activities were summarized in URS’s Supplemental Remedial Investigation
Report, Former Columbia Cement Company Facility, Freeport, New York, dated December 20,
2006 (SRIR).

1.2.3 SITE GEOLOGY

Soil borings advanced during investigation activities at the Site encountered five stratigraphic
units beneath the site. In order of increasing depth, these units are: fill material; tidal marsh
deposits; gravelly sand; gray clay and silt; and gray sand. Each ofthese units 1s discussed below.

The fill material was encountered across the entire site. The fill consists of reworked native soil,
pavement sub-base (ballast), and miscellaneous debris inchuding wood, glass, brick, metal, paper
materials, gravel, asphalt and UST excavation backfill. Much of the fill matenal is ikely related
to the former use of the area as a municipal landfill. The fill ranges in thickness from 3.1 feet (ft)
to 22.9 ft, with an average thickness of about 11 ft.

The tidal marsh deposits are encountered beneath the fill material over most of the site, but are
absent in some areas. The tidal marsh deposits consist of brown, dark, gray and black organic
clayey silt with some fine to medium sand and varying amounts of roots, wood and peat. Where
present, the tidal marsh material i1s encountered at an average depth of 9.5 {t and has an average
thickness of 4 ft. It is thickest at the eastern and western ends of the site. It is absent in the mid-
northern portion of the Site (MW-97-7S) and 1s absent in the tank farm area, where it has likely

been removed by excavation and replaced by fill material.

The gravelly sand is relatively thick and flat-lying. It is encountered beneath the tidal marsh
deposits, and beneath the fill material where the tidal marsh deposits are absent. The unit consists
of medium dense, brown to light gray, coarse to fine sand, with little medium to fine subrounded
gravel. Minor amounts of silt and clay were found in isolated samples. The gravelly sand
thickness ranges from 15 to 30 ft and is thickest in the western portion of the site. The base ofthe
gravelly sand is relatively flat and is encountered at an average depth of about 35 ft. Impacts from
the spill decrease with depth in the gravelly sand. At the base of this unit, no dense non-aqueous
product layer (DNAPL) or evidence of soil contamination was observed.

The gray clay and silt underlies the gravelly sand. It consists of a medium gray clayey silt to silt
and clay with little to trace sand and becomes clayier with depth. The depth to the top of the gray
clay umt ranged from 34 ft in the spill area to 37 ft along the western Site boundary. Only two
borings on Site penetrated the entire clay unit and the thickness ranged from 13.95 ft in MW-00-
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12D near the spill area to 15.3 ft at MW-00-12D, south of the spill area. The gray clay and siit
unit likely acts as a lower confining unit beneath the site. No odors or evidence of contamination
was observed in this unit.

An undifferentiated light gray fine sand underlies the gray clay and silt. Ttis described as a gray
to light gray medium to fine sand with little silt. Only two Site borings penetrated the gray sand
and neither penetrated its entire thickness. Based on literature review, this unit ranges in
thickness from 20 to 30 ft beneath the Site. No evidence of contamination was observed in this
unit.

1.2.4 SITE HYDROGEOLOGY

The shallow water-bearing units beneath the Site are not utilized as a drinking water source.
Deeper confined units include the Jameco, Magothy and Lloyd aquifers, which are used for
drinking water in some areas of Long Island. Due to saltwater encroachment near the southern
shore of Long Island, these units are not a source of drinking water near the Site. Groundwater
beneath the site is classified as Class GSA (saline ground water).

1.2.4.1 Hydrostratigraphic Units

Shallow groundwater at the Site is encountered in the fill material at depths ranging from 5.5 to
8.0 feet below grade (ft bgs). In various areas of the site, the water table is encountered in the fill
material, the tidal marsh deposits, or the gravelly sand. Due to this fact and extensive
connectivity between these units, particularly where the tidal marsh unit is thin or absent, these
units have been treated collectively as single unconfined aquifer. Some shallow monitoring wells
are screened across all three units. Deep monitoring wells screened at the base of the gravelly
sand have nearly identical groundwater elevations as adjacent shallow wells. The shallow
unconfined groundwater discharges to Freeport Creek. The gray clay and silt unit likely acts as a
lower confining layer or aquitard, separating the water table aquifer from the underlying gray
sand. The gray sand is a separate, confined water-bearing unit.

1.2.4.2 Surface Water

The Site is situated on a peninsula of the Middle Bay drainage basin. Storm water runoff from the
site flows toward Freeport Creek, about 500 ft to the west of the Site. Storm drains from the Site
likewise drain to Freeport Creek. Extensive tidal wetlands are located south of the Site. Freeport
Creek and Stadium Park Canal are classified as Class SC (saline surface waters). The best usage
of SC surface waters is fishing, with other usages being primary and secondary contact recreation.
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1.2.4.3 Groundwater Flow

As stated previously, shallow groundwater at the site 1s encountered from about 5.5 to 8.0 fi bgs.
Groundwater flows primarily to the west, however, due to the Site’s location, groundwater levels
exhibit tidal influences, as described below.

1.2.4.4 Tidal Influences

As is typical in coastal areas, shallow groundwater at the site is influenced by two tidal cycles per
day. As part of the RI, Delaware Engineering performed tidal monitoring on two dates in May
2000. These two tidal monitoring events were conducted over 20 and 21 hours, respectively.
During the tidal monitoring, groundwater level changes of | ft or less were recorded on Site. The
tidal range is greatest to the west, suggesting a greater hydraulic connection to Freeport Creek
than to Stadium Park Canal. The timing and degree of tidal response between the shallow and
deep wells suggests that, in some areas of the Site, the tidal marsh unit may restrict flow between
the fill material and the gravelly sand.

During igh tide, flow was generally to the west with a very shallow hydraulic gradient of
0.00095 ft/ft. During low tide, a groundwater divide forms in the north-central portion of the site.
Groundwater east of this divide flows to the east and groundwater west of the divide flows to the
west. Based on this observation, flow in the spill area alternates from east to west with a very
minimal gradient in both directions. This alternating flow direction and slight hydraulic gradients

may serve to mimmize contaminant transport from the site.

Delaware Engincering calculated average groundwater elevations from the tidal measurements.
Based on these calculations, the overall average groundwater flow direction is east to west, with a
hydraulic gradient of 0.0002 ft/fi. Groundwater elevations and flow directions as measured from
the RI during high tide, low tide and their mean values are plotted on Figures 3, 4 and 5,
respectively. As stated previously, the tidal measurements were made over periods of 20 to 21
hours. Serfes (1989) states that a tidal mean can be calculated from measurements collected over
a 25-hour period. A true tidal mean calculated from this method may vary slightly from that
calculated in the RL

1.2.4.5 Hydraulic Conductivity

Hydraulic conductivity for the water-bearing units at the Site was estimated by Delaware
Engineering in the RI by performing slug tests in Site monitoring wells. Slug tests were
performed in fifteen wells: 2 water table wells (screened in the fill, tidal marsh and gravelly sand
units); 7 wells screened in the upper gravelly sand (S-series wells); 5 wells screened in the lower
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gravelly sand (D-series wells); and one well screened in the gray sand below the gray clay and silt
(MW-00-11A). One shallow offsite well (MW-03-13S) was also tested.

The average hydraulic conductivity for the water table wells was 8.88 feet per day (ft/day) [3.13 x
107 centimeters per second] (em/sec). The average hydraulic conductivities for the shallow and
deep gravelly sand wells were 66.80 ft/day (2.36 x 107 cm/sec) and 49.26 ft/day (1.74 x 107
cm/sec), respectively. The average hydraulic conductivity for all the gravelly sand wells was
60.03 ft/day (2.12 x 107 cm/sec). The hydraulic conductivity from the single test in the lower
gray sand was 48.19 ft/day (1.70 x 10™ cm/sec).

In October 2005, URS performed slug tests in wells MW-05-14S, MW-97-185, MW-98-9D and
MW-97-6S. The estimated average hydraulic conductivity values for the wells screened in the
gravelly sand (MW-97-1S, MW-97-6S and MW-98-9D) ranged from 34.63 ft/day (1.22 x 107
cm/sec) in MW-97-6S to 44.75 ft/day (1.58 x 107 cmy/sec) in MW-97-15. These results agree
fairly well with results from the same wells during the RI slug tests. The slug test results from
newly installed well MW-05-14S were notably different from resnlts from the other Site wells.
The estimated average hydraulic conductivity of 2.2 fi/day (7.77x10™ cm/sec) was an order of
magnitude lower than the other wells tested. The boring log for MW-05-148 indicates that it is
screened in landfill-related fill material.

1.2.5 CONTAMINANT ASSESSMENT

1.2.5.1 Soil

During the RI and previous other investigations, soil sampling was performed throughout the site.
However, due to the presence of the ten 8,000-gallon USTs, delineation of spill area soil
contamination was not possible. Following ITW’s removal of the USTs, URS performed
extensive post excavation soil sampling in and around the spill area. Soil sampling was
performed during ITW’s UST closure activities from the open excavations and through soil
borings after the excavations were backfilled. The following is a summary of all soil sampling
results compiled from the Site to date. The Standard, Criteria and Guidance (SCGs) for soils are
based on the Department’s Cleanup Objectives (“Technical and Administrative Guidance
Memorandum [TAGM] 4046; Determination of Soil Cleanup Objectives and Cleanup Levels.”
(January 24, 1994) and 6 NYCRR Subpart 375-6 — Remedial Program Soil Cleanup Objectives).
6 NYCRR Part 375 (December 14, 2006). A detailed description of soil contaminant distribution
exceeding RSCOs is presented in the Supplemental Investigation Report. A summary of positive

detections of volatile organic compounds (VOCs) and cxceedances of RSCOs is presented on
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Figure 6. VOCs were detected at concentrations exceeding RSCOs almost exclusively in the spill
area.

Compounds detected at concenirations exceeding the RSCOs include 1,1,1-TCA, 1,1-
dichloroethane (1,1-DCA), 1,1-dichloroethene (DCE), 1,2-dichloroethane (1,2-DCA),
chloroethane (CA) [spill-related compounds], benzene, toluene, ethylbenzene, xylenes (BTEX),
acetone, methylene chloride and trichloroethene (TCE). Most of the RSCO exceedences were
spill-related compounds, although acetone was also widespread. Most of the highest
concentrations were detected in samples collected from depths ranging from 10 to 20 feet bgs.
The highest 1,1,1-TCA concentration (7,000 mg/kg) was detected in boring SB-98-2 at 10.0 to
13.7 feet bgs. In the immediate vicinity of the spill, 1,1,1-TCA was detected at 2,600 mg/kg in
boring MW-00-11A from 16 to 18 feet bgs. In 2004, in boring D-1, about 5 feet from MW-00-
11A, 1,1,1-TCA was detected at 690 mg/kg. Cross-sections presented in the Supplemental
Investigation Report show that the vertical extent of soil impacts exceeding RSCOs has been
delineated. No exceedences of RSCOs were detected at depths greater than 22 feet. A summary
of soil sampling results is presented as Table 1.

Based on the results described above, the extent of soil contamination in the spill area has been
effectively delineated. Tmpacted soil at levels significantly exceeding the RSCOs is present 1s
definable pockets. These areas are shown on Figure 7. The table on Figure 7 summarizes the
vertical extent of each of the laterally delineated impacted areas. The table also shows the volume
of each of the impacted areas and the volume of overlying non-impacted soil. The table shows
that 535 cubic yards of soil and clean fill would need to be removed to excavate 620 cubic yards
of impacted soil as a remedial measure,

1.2.5.2 Groundwater

During the RI, three rounds of groundwater samples were collected from Site monitoring wells:
January 1999, Aprit 2000, and May 2003. The groundwater data were compared to the NYSDEC
Ambient Water Quality Standards and Guidance Values (GWS). Data from these three sampling
events that exceeded GWS are presented on Figure 8. URS collected an additional round of
groundwater samples in June 2004. Samples were analyzed for VOCs and sclected wells were
analyzed for a suite of parameters to evaluate evidence of biodegradation and potential limiting
factors to biodegradation (biofeasibility parameters). Geochemical and biofeasibility parameter
results are presented on Figure 9. In April 2005, URS installed an offsite well couplet on the west
side of Hanse Avenue (in Operable Unit 2), approximately 70 feet downgradient from MW-91-15
and MW-98-9D. These wells (MW-05-145 and MW-05-15D), along with wells MW-97-15,
MW-98-9D and MW-00-13S were sampled in April 2005 for VOCs. An additional round of
samples was collected from all Site monitoring wells in June 2006. Samples were analyzed for
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VOCs and biofeasibility parameters. Data from this sampling event is also plotted on Figures 8
and 9.

The nature and extent of groundwater VOC contamination changed between the January 1999
event and the 2006 sampling events. Specifically, thelevels of 1,1,1-TCA decreased significantly
while the concentrations and extent of daughter product CA has increased. For the purposes of
this F'S, only the most recent data (June 2006) is considered. Contaminant contour maps for CA
in shallow and deep wells are presented in Figures 10 and 11.  CA is the daughter product of
1,1,1-TCA degradation and is the only spill-related compound found at the downgradient site
boundary at levels exceeding the GWS.

Currently, 1,1,1-TCA is not present in any Site wells at a concentration exceeding GWS. In fact,
in June 2006, 1,1,1-TCA was not detected in any Site wells at the laboratory method detection
limit (MDL). The highest CA concentration is found in well MW-1S, immediately adjacent to the
spill location. Along the northern boundary of the Site, only chlorobenzene is present over the
GWS, and only in the northwest comer of the Site. Along the southern site boundary, 1,1-DCA
and CA are present in and immediately downgradient from the spill area at concentrations over
the GWS. A CA plume extends from the source area west along the southem site boundary and
extends offsite to wells MW-05-14S and MW-05-15D. The offsite impacts will be addressed in
separate submittals for QU-2.

Shallow Wells

In the spill area, only CA was detected in excess of its GWS (1,900 pg/l in well MW-1S} in 2006
sample data. This represents a significant decrease from the 49,000 pg/l detected in 1997. No
other compounds were detected in 2006 in spill area shallow wells.

Away from the immediate vicinity of the spill, the number of compounds positively detected in
shallow wells and their concentrations decrease dramatically. 1,1,1-TCA and it’s immediate
daughter product, 1,1-DCA were not detected in any shallow wells. CA was detected in shallow
wells in the spill area and along the southern Site boundary at concentrations exceeding the GWS.

In June 2006, CA concentrations decreased from 1,900 pg/lin MW-1S to 120 pg/l in MW-97-18
at the southwest Site boundary. The fact that CA is more prevalent than 1,1,1-TCA or 1,1-DCA
suggests that natural attenuation processes are occurring in the shallow gravelly sand aquifer. CA
was not detected along the northern Site boundary. No VOCs were detected east of the spill area
in well MW-98-8S. The only other compound detected in shallow wells outside the spill area is
chiorobenzene, which is not related to the spill. Furthermore, the chlorobenzene concentrations
are highest at the western Site boundary, suggesting an offsite source.
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Deep Wells

Diata is available on-site for five deep wells (base of the gravelly sand) in Operable Unit 1. In the
spill area (well MW-1D-97), 1,1-DCA was detected at 5.1 png/l, marginally excecding the GWS of
5.0 ng/l and CA was detected at the GWS of 5.0 pg/l in June 2006.  East of the spill area, CA is
detected over its GWS at 38 ug/l in well MW-98-8D. In the northwest comer of the site (MW-
98-10D), only chlorobenzene was detected at concentrations over the GWS. In the southeast
corner of the Site (MW-00-12D) CA (1,300 pg/D), 1,1-DCA (11 pg/l) and 1,1-DCE (5.8 ng/l)
were detected at concentrations exceeding their respective GWS. In the southwest comers of the
Site (MW-97-9D) CA (730 ng/l) and chlorobenzene (12 pg/l) were the only compounds present at

a concentration over the GWS since June 2006. No deep well is present in the northeast area of
the Site.

Well MW-00-11A in the spill area is screened in the gray sand underlying the gray clay and silt
unit. In samples collected from this well in 2004 and 2006, no VOCs were detected above the
laboratory detection limits. These data suggest that the gray sand underlying the gray clay and silt
has not been impacted by the 1,1,1-TCA spill or other previous site activities. In addition,
potentiometric surface elevations from the lower gray sand and the upper gravelly sand indicate
an upward hydraulic gradient across the clay unit, further reducing the potential for migration to
the lower aquifer. Therefore, the FS focuses on the units above the gray clay and silt.

Summary

As stated previously, 1,1,1-TCA is currently not present at concentrations exceeding GWS in any
Site well. Its daughter products, 1,1-DCA and CA are the primary groundwater contaminants of
concern. The presence of 1,1-DCA and CA are strong indicators that natural degradation of these
compounds 1s occurring. Under typical groundwater conditions, 1,1,1-TCA will breakdown
sequentially to 1,1-DCA, CA, then to harmless ethane, and eventually carbon dioxide.
Groundwater data suggest that in the both the shallow and deep wells in the gravelly sand, 1,1,1-
TCA degrades quickly to 1,1-DCA, which, in turn, degrades quickly to CA. 1,1-DCA is limited to
deep wells in the vicinity of the spill area (MW-1D-97 and MW-00-12D). CA, however, does not
degrade as quickly to ethane, but rather migrates with the groundwater west beyond OU-1 toward
Hanse Avenue, and Freeport Creek in both the shallow and deep wells in the gravelly sand. A
summary of groundwater sampling results is presented in Table 2.
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1.2.5.3 Storm Drain Soil

The storm drains at OU-1, including SD-1 where the spill event occurred, are sand-bottom drains
connected by storm drain pipes. Immediately after the spill event, some soil was removed from
SD-1. During the RI, Delaware Engineering performed soil sampling in storm drains throughout
the site. The following is a summary of all soil sampling results compiled from the Site to date.
The Standard, Criteria and Guidance (SCGs) for soils are based on the Department’s Cleanup
Objectives  (“Technical and Administrative Guidance Memorandum [TAGM] 4046;
Determination of Soil Cleanup Objectives and Cleanup Levels.” (January 24, 1994) and 6
NYCRR Subpart 375-6 — Remedial Program Soil Cleanup Objectives). 6 NYCRR Part 375
(December 14,2006). A detailed description of soil contaminant distribution exceeding RSCOs
is presented in the 2003 RI. VOCs were detected at concentrations exceeding RSCOs in storm
drains SD-1, D-5 and SD-8.

In sample SD-1 (0-127), methylene chloride (22 mg/kg) and 1,1,2,2-trichloroethane (0.97 mg/kg)
were detected at concentrations exceeding their RSCOs of 0.12 mg/kg and 0.6mg/kg. In sample
SD-5, total xylenes (1.75 mg/kg) was detected at a concentration exceeding the RSCO of 1.2
mg/kg. In storm drain SD-8, 1,1,1-TCA was detected at 4.8 mg/kg at 0 to 12 inches and at 0.85
mg/kg at 24 to 30 inches. These concentrations exceed the RSCO of 0.8 mg/kg. A summary of
storm drain soil sampling results is presented as Table 1.

1.2.5.4 Soil Vapor

In September 2003, soil gas samples were collected from 1 soil vapor monitoring points around
the UST/Spill area and the site perimeter. Soil gas sampling results are presented on Figure 12.
The sampling results identified several VOCs. The most prevalently identified VOCs include
L1,I-TCA, 1,I-DCA, CA, acetone, methylene chloride, heptane, hexane, toluene, benzene,
cthylbenzene, xylene, tetrachloroethene, trichloroethene, vinyl chloride, carbon disulfide, carbon
tetrachloride, chlorobenzene, cyclohexane, ethanol and freon. Some of these compounds
correspond to Site related activities and/or the 1988 1,1,1-TCA spill. 1,1,1-TCA concentrations
in the spill area ranged from 33 pg/m’ (micrograms per cubic meter) (6 parts per million by
volume (ppbv)) in SG-05-03 to 21,100 pg/m’ (3,870 ppbv) in SG-05-11. 1,1,1-TCA was not
detected in samples SG-05-01, SG-05-07 and $G-05-08. Inthe spill area, 1,1-DCA was detected
at concentrations ranging from 2,770 pg/m’ (733 ppbv) in SG-05-11 to 14,000 pg/m’ (3,470
ppbv) in SG-05-04. 1,1-DCA was not detected in SG-050-01. CA was detected in spill area soil
gas samples at concentrations ranging from 12 ug/m’ (4.7 ppbv) to 5,040 pg/m’ (1,910 ppbv).
CA was not detected in SG-05-09. Several of the VOCs detected in soil gas were also detected in
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the two ambient air samples, including acetone, benzene, heptane, methylene chloride,
tetrachloroethene, trichloroethene, toluene and xylenes.

Based on the results of the 2005 soil vapor sampling, NYDOH requested that BP collect
additional samples, including:

o Three sub-slab vapor samples and two indoor air samples in the former Columbia Cement
building.

e One outdoor ambient air sample.
*  One sub-slab and one indoor air sample in the neighboring Knickerbocker Building,

* One sub-slab vapor sample at the neighboring Rohm & Haas building (along with an
additional ambient air sample).

» Resample selected exterior soil vapor sampling points.

Soil vapor sampling results are presented on Figure 13.

In August 2006 three soil gas samples were collected from the spill/UST area (SG-05-01, SG-05-
(4 and SG-05-11) and three samples were collected from the Site perimeter (SG-05-05, SG-05-08
and SG-05-10). As observed in the 2005 sampling, soil gas concentrations were highest in the
spill/UST area. 1,1,1-TCA concentrations ranged from non-detect at SG-05-01 and SG-05-08 to
50,600 pg/m’ at $SG-05-11; 1,1-DCA concentrations ranged from non-detect at SG-05-10 to
56,700 ng/m’ at SG-05-04; and chloroethane concentrations ranged from 8.7 pg/m’ at SG-05-08
to 17,500 pg/m” at SG-05-SG-05-11. Hexane concentrations ranged from 79.3 pg/m’ at SG-05-
05 10 20,700 pg/m’ at SG-05-01. Tetrachloroethene (PCE) was detected at concentration ranging
from non-detect three locations to 3,280 pg/m’ at SG-05-04 and trichloroethene was detected at
concentrations ranging from non-detect at three locations to 1,590 ng/m’ at SG-05-04. Use and
storage of PCE and TCE were not reported at the site, but given Site usage for adhesive
manufacturing, past usage of these compounds is possible. Overall, the 2006 soil gas sampling
results are similar to those from 2005.

Three sub-slab vapor samples were collected in the former Columbia Cement building. Sample
S5-06-01 was collected in the room directly north of the spill area; sample SS-06-02 was
collected in the room directly west of the spill area; and sample SS-06-03 was collected northwest
of the spill area. As was the case for the soil vapor samples, highest concentrations were detected
in closest proximity to the spill area, and concentrations of compounds attenuated rapidly with
distance. In sample SS-06-01, 1,1,1-TCA and 1,1-DCA were detected at 189 [u,g/m3 and 47.4
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ug/m’, respectively. Chlorocthane was not detected. Other compounds detected in SS-06-01 at
elevated concentrations include PCE (195 pg/m?), TCE (57.5 pug/m’), acetone (129 pg/m’),
xylenes (40 pg/m®) and MEK (63.4 pg/m’). In sample $S-06-02, 1,1,1-TCA, 1,1-DCA and
chlorocthane were detected at 86,200 pg/m’, 30,600 pg/m’ and 10,500 png/m’, respectively. Other
compounds detected at elevated concentrations include PCE (2,140 ug/m’), TCE (534 ;,tg/mz'),
1,1-DCE (308 pug/m’) and methylene chloride (251 pg/m’). Insample S$-06-03,1,1,1-TCA and
1,1-DCA were detected at 14 ug/m” and 8.9 pg/m’, respectively. Chlorocthane was not detected.
Other compounds detected at elevated concentrations include acetone (87.9 pg/m’), PCE (43
plg/m’), toluene (23 pg/m’), and xylenes (36 pg/m).

Exterior sub-slab vapor sample SS-06-05 was collected about 10 feet west of the Rohm & Haas
building. In sample $S-06-05, 1,1,1-TCA and 1,1-DCA were detected at 38 pg/m’ and 216
ng/m’, respectively. Chloroethane was not detected. Other compounds detected at elevated
concentrations include PCE (564 pg/m”), TCE (58 pg/m’), acetone (208 ng/m’) and hexane (12

pg/m’).

The results indicate that sub-slab vapor has been impacted in the southwest portion of the site
building, but the concentrations in other areas of the building are significantly lower, Also, sub-
slab vapor at neighboring buildings is not significantly impacted.

Indoor air samples were obtained from the Columbia Cement building and the adjacent
Knickerbocker building. Two indoor air samples were collected within the former Columbia
Cement building. Sample 1A-06-01 was collected near sub-slab sample SS-06-02. Sample IA-
06-02 was collected in the room immediately west of the room where sub-slab sample SS-06-03
was collected. 1,1,1-TCA, 1,1-DCA and chloroethane were not detected in sample IA-06-01.
Compounds detected include toluene (18 pg/mS), xylenes (17 ;,Lg/m3 ), acetone (12 ug/m3) and
hexane (6.7 pg/m”). In sample [A 06-02, 1,1,1-TCA was detected at a trace level 0f 0.93 pg/m”.
1,1-DCA and chloroethane were not detected. Compounds detected include acetone (18 pg/m®),
toluene (8.7 ug/mJ), xylenes (7.4 ug/m3), and hexane (3.9pg/m3).

The indoor air sampling results indicate the presence of low levels of VOCs. These VOCs consist
primarily of BTEX compounds, hexane and acetone, not the chlorinated VOCs detected in the
sub-slab vapor. This suggests that the slab is currently acting as an effective barrier against vapor
intrusion. In addition, the presence of some of these same compounds in outdoor ambient air
samples suggests that their presence may not be related to sub-slab conditions, but rather the
industrial setting of the Site,
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Summary

Soil gas sampling indicated that VOCs are present in shallow soil throughout the Site.
Concentrations of spill-related compounds was greatest in samples in and around the spill area,
but are detected throughout Operable Unit 1. Several other VOCs were detected in multiple soil
gas samples, including BTEX, PCE, TCE, methylene chloride and several other compounds.
Several of these compounds were also detected in ambient air samples collected outdoors at the
Site.

Sample results were compared to Matrix 1 and Matrix 2 in the NYDOH Guidance for Evaluating
Soil Vapor Intrusion in the State of New York (INYDOH SVI Guidance Document). In the former
Columbia Cement building, the indoor air concentrations of PCE, TCE and 1,1,1-TCA are three
to five orders of magnitude lower than those found in the sub-slab vapor samples. The indoor air
results are not at levels that would trigger any response measures based on the assessment
matrices. However, the sub-slab vapor concentrations of PCE (2,140 I,Lg/m3 ), TCE (534 pug/m’)
and 1,1,1-TCA (86,200 pg/nf) are at levels where the NYSDOH assessment matrices suggest
mitigation as a potential response measure, regardless of indoor air concentrations, based on the
NYSDOH 2006 Guidance Document. The presence of these elevated sub-slab concentrations
present a potential risk should the slab be compromised due to cracking or activities that rmight
require cutting or coring the slab. It should be noted that the Site building remains unoccupied,
thereby eliminating current exposure concems in the building at this time. A summary of soil
vapor intrusion sampling results is presented in Table 3.

1.2.6 CONTAMINANT FATE AND TRANSPORT

The primary contaminants of concern at the Columbia Cement Company site are the chlorinated
VOCs 1,1,1-TCA, 1,1-DCA, and CA. 1,1,1-TCA was the onginal spill contaminant, but it has
subsequently degraded to its daughter products 1,1-DCA and CA. Toluene, ethylbenzene, xylene,
chlorobenzene, methvlene chloride and acetone have also been detected on occasion at
concentrations exceeding applicable standards. Based on soil boring data, soil contamination in
the spill area extends from about 8 to 20 feet below ground surfaces (ft bgs). It should be noted
that no DNAPL was observed in any soil borings or wells on Site to date. Residual contamination
is likely present as disconnected ganglia within the pore spaces in the saturated zone due to
capillary forces.

Fate and transport is controlled by physical, chemical and biological processes including
advection, dispersion, sorption, desorption, volatilization, dehalogenation and hydrolysis. From
the pockets of residual contamination in the spill area, several factors affect the fate and transport
of contaminants from this area. Some factors related to the contaminants themselves include
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solubility, density, volatility (vapor pressure and Henry’s Law constant), biodegradability, and
organic carbon partition coefficient. Important factors related to the aquifer environment include
aquifer hydraulic conductivity, hydraulic gradient, soil organic carbon content, groundwater
geochemistry (pH, dissolved oxygen, redox potential), subsurface microbial population, and the
presence of other compounds (either beneficial or toxic). A summary of the physical properties of
the contaminants of concern at the Site is presented in Table 4.

Solubility is the amount of a compound that will dissolve into water, Compounds with higher
solubilities will tend to dissolve into groundwater and be transported with flowing groundwater.
Compounds that are highly soluble tend to partition into the liquid phase rather than sorbing onto
soil or volatilizing. As groundwater flows past the contaminant ganglia, the more soluble
compounds will dissolve into the groundwater, while the less soluble compounds will remain in
the pore spaces or sorbed onto soil particles. As indicated on Table 4, the chlorinated VOCs of
concern at the site are fairly soluble.

Solubility is also used as a tool to assess the potential for the presence of free product. If the
dissolved concentration of a contaminant is greater than 1 percent of that compound’s solubility,
the presence of free product is possible, but not certain. Data from the most contaminaied wells
in the spill area, MW-18 and MW-97-1D, suggest that free product is not present. This is

confirmed from soil boring observations and monitoring well measurements.

The Henry’s Law constant for a compound indicates the tendency of a compound to partition
between the vapor and liquid phases. Compounds with high Henry’s Law constants will tend to
volatilize into the vapor phase. Of the compounds of concern at the Site, only methylene chlonde
and vinyl chloride have Henry’s Law constants that suggest they would partition readily into the
vapor phase. The remaining compounds have lower Henry’s Law Constants, suggesting they will
tend to remain in solution or sorbed onto aquifer solids. However, data from soil gas and sub-slab
vapor samples indicate that chloroethane, a daughter product of the spill-related compound 1,1,1-
TCA and other spill-related compounds is also present in the soil vapor under the building.

The organic carbon partition coefficient (Kqc) indicates the tendency of an organic compound to
sorb onto soil particles rather than dissolving into groundwater. Compounds with a high Koc will
sorb onto soil organic material, which slows release of residual contamination mto groundwater.
The degree of sorption related to the compound’s Ko is also a factor of the amount of solid phase
organic matter in the saturated zone. This effect is termed the “retardation factor.” Asaresult of
retardation, contaminant sources remain active for longer periods of time and contaminant
transport rates are decreased. In simplest terms, the retardation factor ( R) can be defined as:
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r=’ Eq. 1-1

where,

R = retardation factor

V = average groundwater seepage velocity
V. = average contaminant transport velocity.

This equation describes the transport velocity of a contaminant relative to groundwater flow
velocity. The retardation factor can also be described as:

K

R=1+ Eq. 1-2

n
where,

pr = bulk density of the aquifer
K¢ = distribution coefficient

n = porosity.

The distribution coefficient can be described as

Kg = Ko X foc

where,

foe = the organic carbon content of the aquifer material.

Table 5 displays contaminant retardation factors and transport velocities, based on the equations
above and values reported 1n previous section of this FS. Also included on Table 5 are the
estimated travel times estimated for individual contaminants from the spill area to the western site
boundary. As shown on Table 5 estimated travel times range from 7.5 years for acetone to 56.5
years for ethylbenzene, compared to a groundwater flow ime of 7.5 years.

The 1988 sp1ll consisted of 1,1,1-TCA. 1,1-DCA and CA were never used or stored at the site.
These compounds, however are daughter products in the breakdown sequence of 1,1,1-TCA.
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This is evidence that 1,1,1-TCA is undergoing natural biodegradation. The potential pathways of
1,1,1-TCA breakdown are shown on Figure 14. Figure 14 shows that the breakdown from 1,1,1-
TCAto 1,1-DCA, and from 1,1-DCA to CA are biologically mediated reactions. The breakdown
from CA to ethane is primarily abiotically mediated. Ethane analysis was performed on
groundwater samples collected in June 2004. The presence of ethane, as shown on Figure 9,
indicates that the degradation of CA is occurring in Site groundwater. Because of elevated
method detection limits due to methane concentrations, ethane was not detected 1n 2006.

1.2.7 QUALITATIVE HUMAN HEALTH EXPOSURE ASSESSMENT

Soil

Soil contamination exceeding the RSCOs is present in the spill area at depths of § to 20 feet
below grade. The extent of the soil contamination has been delineated both laterally and
vertically. The USTs formerly present in the spill area were removed in 2004 and the area was
repaved. Based on the depth of the soil contamination, and its location under concrete pavement
in an industrialized area, the potential for human contact with contaminated soil is negligible.

Soil contamination exceeding the RSCOs is also present in three storm drains in OU-1 at depths
from 0 to 30 inches the bottom of the drain. Based on the inside storm drains in an industrialized
area, the potential for human contact with contaminated soil is negligible.

Groundwater

Groundwater at the Site is encountered between 5.5 and 8.0 feet below grade. Although tidally
influenced, the overall groundwater flow direction is east to west, toward Freeport Creek,
approximately 500 feet west of the Site. 1,1-DCA groundwater contamination exceeding GWS 18
limited to the southeast portion of the site, but a plume of CA extends beyond the western
boundary of Operable Unit 1. Groundwater in the area of the site is saline and is not potable. No
potable wells exist on site or between the site and Freeport Creek. Therefore, there is no risk to
human health from groundwater resulting from the 1,1,1-TCA spill.

So1l Vapor

Sub-slab vapor and indoor air data were evaluated with respect to matrices published in the
NYSDOH SVI Guidance Document. Based on the matrices, indoor air concentrations of 1,1,1-
TCA, PCE and TCE do not represent an immediate risk to people, should the Site building
become occupied. However, the sub-slab vapor concentrations of PCE (2,140 pg/m’), TCE (534
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pg/m’) and 1,1,1-TCA (86,200 ng/m’) are at levels where the matrices suggest mitigation as a
potential response measure regardless of indoor air concentrations, based on the Guidance
Document. The presence of these elevated sub-slab concentrations might present a potential risk
if the slab were compromised by cracking or activities that might require cutting or coring the
slab. It should be noted that the NYSDOH SVI Guidance Document only presents decision
matrices for four compounds. The site building remains unoccupied, thereby eliminating

exposure concerns in the building at the time of F'S preparation.

Surface Water

The nearest surface water body is Freeport Creek, located about 500 feet west of Operable Unit 1.

Risks related to Freeport will be addressed in separate submittals for Operable Unit 2. No
surface water is present in Operable Unit 1. During the RI, surface water samples were collected
from Freeport Creek at the sewer line outfall, as well as upstream and downstream from the
outfall. No spill-related compounds were detected in any of the samples.

1.3 DATA GAP ANALYSIS

Following completion of the RI, several data gaps were identified by NYSDEC and URS.
(Closure of these data gaps was required before completion of the FS. These data gaps include:

¢ Groundwater geochemical data and biofeasibility parameter data.
* Delineation of spill/UST area residual soil impacts.

¢ Bench-scale testing of potential remedial technologies for soil and groundwater
remediation.

* Delineation of the downgradient extent of the CA plume.
» Confirmation of RI soil gas results using new TO-15 methodologies.

During 2004 and through 2006, URS closed of these data gaps with additional investigative
measures. The results of these activities are described in detail in URS’ report Supplemental
Investigation, Former Columbia Cement Company Facility, Freeport, New York, submitted to
NYSDEC in December 21, 2006. Closure of these data gaps provided a more complete
understanding of Site conditions and allowed for preparation of a comprehensive FS.
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1.4 NATURAL ATTENUATION ASSESSMENT

One data gap addressed during the Supplemental Investigation regards information to establish
the occurrence and rate of natural attenuation of 1,1,1-TCA and its daughter products. A natural
attenuation assessment Is required to provide the lines of evidence necessary to make use of
natural attenuation as a primary or secondary remediation technology to achieve the remedial
action objectives at the Site. The objectives of a natural attenuation assessment are described

below:

s Determine the biodegradability of 1,1,1-TCA and daughter products (1,1-DCA and CA)
in groundwater from the Site.

* Document the degradation pathway of 1,1,1-TCA and daughter products (1,1-DCA and
CA) in groundwater from the Site and determine if the process can reach completion to
innocuous final end products such as ethane.

» Assess whether geochemical conditions (1.e., dissolved oxygen and redox potential} in

groundwater at the Site are favorable for natural attenuation.
¢ Document the occurrence and rate of 1,1,1-TCA degradation in the field, if present.

» Estimate the degradation rate for 1,1,1-TCA and daughter products by natural attenuation

following active remediation of the source.

Details of the results of the evaluation are discussed in the evaluation of remedial alternatives in
Section 5.0.

1.5 BENCH-SCALE TREATABILITY TESTING

Upon review of data from soil and groundwater sampling described above, URS performed an
initial analysis of potential alternatives for remediation of contaminated soil and groundwater at
the site. The analysis allowed for screening of remedial technologies based on likelihood of
success, ease of implementation and cost. Certain remedial technologies that were identified
required laboratory bench-scale treatability testing to evaluate their effectiveness under site
conditions and to determine required dosages. These technologies include in-situ chemical
oxidation (ISCO) to treat residual soil contamination in the source area and enhanced anaerobic
bioremediation to treat the downgradient groundwater VOC plume. The bench scale test results
and other recent site data were utilized in completing the updated FS and allowed for evaluation
of updated remedial options including enhanced and natural degradation to address residual
contamination associated with the 1,1,1-TCA spill. The bench-scale treatability testing was
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performed by Adventus Americas, Inc. (Adventus), under subcontract to URS. A detailed
description of the bench-scale testing and the results is presented in URS’ report Supplemental
Remedial Investigation, Former Columbia Cement Company Facility, Freeport, New York,
submitted to NYSDEC on December 21, 2006. A brief summary of the results is presented

herein.

A second treatability study was performed for BP by TerraSystems, Inc. to investigate the utility
of anaerobic and aerobic enhanced bioremediation to treat the downgradient groundwater VOC
plume. A description of the tests and the results 1s provided below.

1.5.1 ISCO BENCH-SCALE TEST

For the ISCO bench-scale test, soil was collected from bering SB-042005, which was advanced
through the bottom of storm drain SD-1. Groundwater for the ISCO bench-scale test was
collected from well MW-1D-97. Upon receipt at Adventus’ lab, the soil and groundwater were
sampled for VOCs and were spiked to match previously detected values in source area soil and
groundwater. Mixtures of Site soil and groundwater were placed in jars for testing. Sodium
persulfate (Na,S,03z) was used as the oxidizing agent in the testing, as it has been demonstrated to
be effective at treating chlorinated solvents. Hydrogen peroxide (H;0;) and
ethylenediaminetetraacetic acid iron (I11) sodium salt (NaFe(IIHEDTA) were tested as activators
to increase the oxidizing effectiveness of the persulfate. Details of the ISCO bench-scale
treatability study are presented in Appendix A.

The results of the testing indicated that the highest removal efficiency was seen with hydrogen
peroxide activated persulfate. This combination provided removal of 98.7% and 80% of 1,1,1-
TCA in soil and groundwater, respectively and 99.5% and 99.4% removal of chloroethane in soil
and groundwater, respectively 6 days following treatment. The iron activated sodtum persulfate
was much less successful at treating 1,1,1-TCA and chloroethane. Based on the testing results,
the estimated treatment dosage is 42 g of sodium persulfate per Kg of soil and 60 g of hydrogen
peroxide per Kg of soil.

1.5.2 ENHANCED ANAEROBIC BIOREMEDIATION BENCH-SCALE TEST

For the enhanced anaerobic bioremediation bench-scale test, sotl was collected from boring MW-
05-15D, which was advanced on the west side of Hanse Avenue and converted to monitoring well
MW-05-15D. Groundwater for the enhanced bioremediation bench-scale test was collected from
well MW-98-9D. Upon receipt at Adventus’ lab, the soil and groundwater were satmpled for

VOCs and were spiked to match previously detected values in downgradient soil and
groundwater.
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The objective of the enhanced reductive dechlorination bench scale test was to evaluate the
effectiveness of HRC® and EHC® for use in a permeable reactive barrier (PRB) or other
application to treat CA in downgradient Site groundwater. HRC® is a polylactic acid ester,
which slowly releases lactic acid and other volatile organic acids (VFAs) including acetic,
propionic, butyric and lactic acids in groundwater. The VFAs serve as electron donors and
promote reductive chlorination of chlorinated VOCs.

EHC® is a combination of controlled-release solid carbon and zero-valent iron (ZVT) to stimulate
reductive dechlorination. In contrast to HRC®, the organic component of EHC® is solid fibrous
organic material that is nutrient rich and hydrophylic with a high surface area for growth of
bacteria. Bacterial growth causes fermentation of the carbon and release of VFAs utilized by
other bacteria in reductive dechlorination. The ZVI particles dechlorinate chemically (abiotically)
and further reduce the redox potential, providing a more reducing environment for these
processes.

The HRC® and EHC® were combined with site soil in separate columns. A total of six column
systems were prepared, including sterile and non-sterite control columns. A detailed description
of the test setup is provided inthe EHC and HRC Bench Scale Testing Final Report, presented in
Appendix A. Effluent samples were analyzed on six occasions over 107 days. The fifth sampling
event at 94 days indicated that HRC® and EHC® were capable of treating chloroethane, with
62% and 52% removals, respectively, compared with 5% and 20% respective removals in the
sterile and non-sterile controls. Overall, however, at the conclusion of the testing, the HRC and
EHC amended columns did not show increased CA removal compared to the sterile and non-
sterile control columns because after 107 days, the CA removal in the sterile and non-sterile
controls was 51% and 88%, respectively. The EHC amended columns showed essentially the
same removal (88%) as the non-sterile control. The HRC-amended columns had CA removals of

1 96% and 99.5%, which was only 8% to 12% greater than the non-sterile control column.
Therefore, the organic substrate amendments did not provide significant enhancements over the
controf columns. The non-sterile control column had a chloroethane removal of 88%, indicating
significant naturally occurring biological and/or chemical degradation. The lack of enhanced
biotic removal of chloroethane may be due to the lack of a microbial community capable of
anaerobically degrading chloroethane in downgradient soil.

1.5.3 IN-SITU BIOREMEDIATION TREATABILITY STUDY

Terra Systems, Incorporated (TSI) performed studies under the direction of BP to cvaluate
enhanced anaerobic and aerobic enhanced bioremediation to treat chlorinated ethanes in QU-1.
The study was performed using microcosms prepared with groundwater collected from well MW-
1S and soil from boring SB-06-01, advanced in the storm drain where the 1.1,1-TCA spill
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occurred, to evaluate source area treatability. Groundwater from well MW-97-18S and soil from
nearby boring SB-06-02 were used to evaluate downgradient plume treatability. The soil and

groundwater were collected in June 2006, The tests were run from July until October 2006.

The anaerobic treatability evaluated the use of a soluble carbon substrate (lactate) and a slow-
release substrate (SRS™, an emulsified soy bean oil substrate produced by TST). The results of
the study indicate that addition of either lactate or SRS yields almost complete conversion of
1,1,1-TCA to CA within 4 weeks, but the SRS was longer-lasting and the lactate would require
frequent re-application through either injection or recirculation wells. Neither substrate yielded
significant conversion of CA to ethane.

Aerobic bench-scale studies evaluated microcosms amended with oxygen and oxygen with
nutrients. The results of the studies indicate that the combination of aerobic treatment and
volatilization yielded 96% removal of all VOCs 1n the aqueous phase, including CA. Itisunclear
what fraction of the removal was due to volatilization. The studies suggest acrobic treatment by
addition of an oxygen substrate should effectively treat the CA produced as a result of anaerobic
degradation of 1,1,1-TCA observed at the site. A description of the TSI bench-scale tests is
presented in their report 7n Situ Bioremediation Treatability Studies, Columbia cement, Freeport,
New York, provided in Appendix A.
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2.0 REMEDIAL ACTION OBJECTIVES

2.1 REMEDIATION GOALS

Remedial Action Objectives (RAOs), which are goals for the protection of human health and the
environment, are identified on a medium-specific basis. Each objective is derived from site-
related contaminants of concern, exposure pathways and human and/or environmental receptors.
Preliminary remediation goals are used to permit a range of treatment and containment
alternatives to be considered. The preliminary remediation goals are developed on the basis of
applicable or relevant and appropriate requirements (ARARs). New York State does not have
ARARs in its statute, however, as stipulated by Technical and Administration Guidance
Memorandum #4030 (NYSDEC, 1990), New York State Standards, Criteria and Guidelines
(SCGs) are used in place of ARARs. The potentially applicable SCGs are identified in the
sections below,

Location-Specific SCGs

Location-specific SCGs are restrictions placed on the concentrations of hazardous substances or
the conduct of remedial activities solely because they occur in a specific geographical location.
For example, restrictions may include requirements that relate to wetland protection, floodplain
management, fish and wildlife conservation, and historic preservation. A list of potential SCGs
are identified below.

1. Use and protection of Waters (6 NYCRR Part 608; ECL 15-0501 and 15-0505): This
regulation requires a permit to change, modify or disturb any protected stream, its bed or
banks, sand, gravel, or any other material; or to excavate or place fill in any marsh, estuary
or wetland contiguous to any of the navigable waters of the State.

2. New York State Ambient Water Quality Standards (6 NYCRR Parts 700-705): This
regulation defines surface water and aquifer classification and lists specific chemical
standards.

3. Endangered and Threatened Species of Wildlife (6 NYCRR Part 182): This regulation
requires that site activities must minimize impact on identified endangered or threatened
species of fish or wildlife.

4. Water Quality Certification: State certification is required if a federal permit is needed for
discharge into navigable waters.
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5. Clean Water Act Section 404 (b)(1)/US Army Corps of Engineers Nationwide Permit
Program (33 CFR 330): This Act regulates activities involving dredging or filling, or the
construction or alteration of bulkheads or dikes in navigable waters, including wetlands,

are regulated by the Corps of Engineers.

6. Fish and Wildlife Coordination Act (16 USC 662): This Act regulates any action that
proposes to modify a body of water or wetland requires consultation with the US Fish and
Wildlife Service.

7. Endangered Species Act (50 CFR 200, 402): This Act requires that site activities must
minimize impacts on identified endangered plant and animal species.

Chemical-Specific SCGs

Chemical-specific SCGs arc Federal or State standards or health/risk-based numerical values
which, when applied to site-specific conditions, result in the establishment of acceptable amounts
or concentrations of constituents in the environment. A list of potential chemical-specific SCGs
are identified below.

1. New York State DEC Water Quality Regulations for Surface Waters and Groundwaters (6
NYCRR Parts 700-705): This regulation establishes Standards for surface water and
groundwater quality.

2. New York State DEC Identification and Listing of Hazardous Waste (6 NYCRR Part
371): This regulation defines and regulates PCB's in New York State.

3. New York State DOH Drinking Water Standards (10 NYCRR Part 5): This regulation
enforces New York State drinking water standards.

4. Toxic Substance Control Act; TSCA (40 CFR 761): This Act regulates management and
disposal of material containing PCB's.

5. Resource Conservation and Recovery Act, Land Disposal Restrictions (40 CFR 268): This
Act regulates management and disposal of hazardous wastes.

6. New York State DEC Technical and Administrative Guidance Memorandum (TAGM) #
HWR-94-4046 “Determination of Soil Cleanup Objectives and Cleanup Levels: This
guidance document provides a basis and procedure to determine soil cleanup levels.
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7.

8.

New York State DEC Remedial Program Soil Cleanup Objectives (6 NYCRR Subpart
375-6). This guidance document provides remedial program soil cleanup objectives with

consideration to setting (residential vs. commercial).

New York State Department of Health (NYSDOH), Center for Environmental Health,
Bureau of Environmental Exposure Investigation. “Guidance for Evaluating Soil Vapor
Intrusion in the State of New York™, October 2006.

Action-Specific SCGs

Action-specific SCGs are usually technology or activity based requirements or limitations on

actions taken with respect to hazardous waste management and site cleanup. They apply to

specific treatment and disposal activities, and may set controls or restrictions on the design,

performance and implementation of the remedial actions taken at a site. For example, RCRA

requircments will be applicable if the remediation constitutes treatment, storage or disposal of a

hazardous waste as defined under RCRA. Other examples of action-specific requirements are

Clean Water Act standards for discharge of treated groundwater and New York State regulations
at 6 NYCRR Part 703, which establish surface water and groundwater quality standards and
groundwater effiuent standards. A list of potential action-specific SCGs are identified below.

1.

TAGM #HWR 4022 "Records of Decision for Remediation of Class 2 Inactive Hazardous
Waste Disposal Sites”

TAGM #HWR 4025 "Guidelines for Remedial Investigations and Feasibility Studies”
TAGM #HWR 4030 "Selection of Remedial Actions at Inactive Hazardous Waste Site"
TAGM #HWR 4046 "Determination of Soil Cleanup Objectives and Cleanup Levels"
New York State DEC Spill Technology and Remediation Series, STARS Memo #1

New York State DEC Division of Fish and Wildlife, "Technical Guidance for Screening
Contaminated Sediments”

New York State Analytical Detectability for Toxic Pollutants
New York State Air Guidelines for the control of Toxic Air Contaminants (Air Guide 1)

TAGM HWR# 4031 "Fugitive Dust Suppression and Particle Management Program at
Inactive Hazardous Waste Sites"
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10. New York State DEC Strategy for Groundwater Remediation Decision Making at Inactive
Hazardous Waste Site and Petroleum Contaminated Sites in New York State, April 1996

11. Polychlorinated biphenyls (PCB's) Manufacturing, Processing, Distribution in Commerce,
and Use Prohibitions (40 CFR 761)

12. Clean Water Act (CWA) NPDES Permitting Requirements for Discharge of Treatment
System Efftuent

13. CWA Discharge to Publicly Owned Treatment Works; POTW (40 CFR 403)

14. Occupational Safety and Health Standards for Hazardous Response and General
Construction Activities (29 CFR 1904, 1910, 1926).

2.1.1 SOIL

As summarized in Sections 1.2.5.1 and 1.2.5.3, sub-surface soil samples collected at the Site
indicate the presence of several VOCs in the immediate vicinity of the 1,1,1-TCA spill area and in
storm drains. Soil concentrations were compared to site-specific Recommended Soil Cleanup
Objectives (RSCO), which have been established to protect groundwater resources. Key RSCO
values for constituents of concern are shown on F igure 6.

In the spill area, impacted soils are encountered from approximately 8 to 20 ft bgs and are also
below the groundwater surface, which is generally approximately 6 ft bgs. Impacted soil was
encountered in the storm drains from 0 to 3 fi bgs (3 to 6 ft bgs). Soil samples from unsaturated
soils near the source area do not indicate significant contamination. For the purposes of this FS,
remediation of unsaturated soils and impacted saturated soils that may impact groundwater
(herein referred to as the source area) are discussed separately.

Remedial action objectives for soil are as follows:

* Reduce, control, or eliminate, to the extent practicable, the contamination present within
the source area soils in Operable Unit 1.

* Eliminate the potential for direct contact with contaminated soils,

¢ Ehminate the potential for inhalation of soil vapors emanating from contaminated soils.
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2.1.2 GROUNDWATER

Site groundwater has been impacted with aromatic and chlorinated solvent chemicals. Although
it 1s not used as a source of potable water in the area of the Site, groundwater is a medium of
concern because of the possibility of contact through future discharges to surface water (Freeport
Creek). Groundwater concentrations were compared to NYSDEC Groundwater Quality
Standards for Class GA as shown in Figure 8. As described in Section 1.2.5.2, CA is the only
spill-related compound detected above its applicable standard in the June 2006 sampling event
and is identified as the main contaminant of concern. The remedial action objectives for
groundwater are as follows:

* Protect potential impacts to human health and the environment from site contamination.

e Reduce the possibility of expanding the size and concentration of the plume by removing
or treating the source of contamination, and in doing so curtailing, to the extent
practicable, migration of contaminated groundwater off site.

¢ Eliminate the potential for direct human contact with contaminated groundwater at the
site.

2.1.3 SOIL VAPOR

Spill-related compounds have been detected in soil vapor beneath the site, under the sub-slab of
the building, to a limited extent in the indoor air of the building, and in ambient air samples. The
sub-slab vapor concentrations exceed the guidance values prescribed in the NYSDOH SVI
Guidance Document. Consequently, although the building is currently unoccupied, it is
determined that the soil vapors represent a potential exposure pathway. It is understood that soil
vapor will likely not be remediated until the associated soil and groundwater sources are
remediated. Therefore, the near-term goals are to mitigate the potential soil vapor impacts until

the other media are remediated. Hence, the mitigation objectives for soil vapor are as follows:
* Reduce the potential for soil vapor migration and accumulation through source control.

¢ Reduce the potential for soil vapor migration and accumulation through engineering
controls.

Soil vapor mitigation is discussed as a common action in Section 7.0.
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2.2 GENERAL RESPONSE ACTIONS

General Response Actions (GRA) describe the broad categories of remedial measures that can
potentially achieve the RAOs. GRA may encompass many remedial technologies and remedial
technology process options. For example, in-situ active restoration is a GRA, m-situ
bioremediation is a remedial technology, and sodium lactate injection is a remedial technology
process option.

The GRA applicable to the Site soil, soil vapor and groundwater are:

2.2.1 NO ACTION

The National Contingency Plan (NCP) and CERCLA, as amended, require the evaluation of “No
Action” alternatives as a baseline for comparison with other remedial alternatives. The “No
Action” alternative does not involve any concrete remedial action; therefore, environmental media
at the site or emanating from the site remain contaminated. For this reason, CERCLA as amended
requires a review of site conditions every five years.

2.2.2 LIMITED ACTION

Limited Action (LA) responses do not reduce the toxicity and volume of contamination by
engineered action, but are implemented to reduce the probability of physical contact with
contaminated media or minimize or eliminate the mobility to environmentally sensitive receptors.
LA technologies consist of institutional controls (IC), engineering controls (EC), long-term
monitoring (LTM) and well-head treatment (WHT).

ICs include environmental easements, access restrictions, public education and emergency
provisions. ECs include all items listed in IC with actions like fencing and paving. EC require
periodic monitoring and maintenance of the pavement to make sure that the COCs are being
contained. LTM includes monitoring of groundwater, surface water, sediments, soils, and soil
vapor. LTM also includes monitored natural attenuation (MNA). MNA monitors selected
groundwater parameters in order to ensure that COCs are attenuating due to the naturally
occurring processes of volatilization, adsorption, abiotic transformation, dispersion and/or
biodegradation without any enhancements. It differs from the “No Action” alternative in that it
requires comprehensive documentation of the attenuating processes along with extensive
monitoring of groundwater parameters. Furthermore, it requires that attenuation be “proven” by
using site-specific data. WHT includes methods that destroy or modify chemical properties prior
to consumer distribution.
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2.2.3 EX-SITU ACTIVE RESTORATION

Ex-situ active restoration consists of groundwater extraction or soil excavation, or soil vapor
extraction treatment and discharge/disposal technologies. The main advantage of ex-situ
treatment 15 that it generally requires shorter time periods, and there is more certainty about the
cffectiveness of the treatment. However, ex-situ treatment requires potentially cost intensive
material handling activities.

2.24 IN-SITU ACTIVE RESTORATION

In-Situ Active Restoration consists of technologies that remove, destroy or stabilize the
contaminant mass without being brought to the surface, resulting in significant cost savings. In-
Situ treatment, however, requires longer time periods to accomplish the RAO. The potentially
applicable technology types and process options (grouped by their GRA) are further discussed in
Section 3.0

2.3 ESTIMATION OF QUANTITIES

2.3.1 GROUNDWATER TREATMENT REQUIREMENTS

A Conceptual Site Model (CSM) was developed for the Site using the available data from the RI
including pump test results, permeability and heterogeneity of each geologic unit and contaminant
concentration data. Based on the CSM, groundwater treatment requirements are estimated for the
purposes of the cost evaluation. A low extraction rate, estimated at around five gallons per
minute (gpm) total, is expected to be achievable for recovering groundwater in the fill unit due to
its low permeability and high heterogeneity. A higher extraction rate, estimated at around twenty
gpm per extraction well, is expected to be achievable for recovering groundwater in the gravelly
sand unit. Design concentrations in extracted groundwater are estimated based on data from the
various groundwater sampling events. Design concentrations are unique to each remedial
alternative since the placement of extraction wells vary and are used to determine the size and
treatment requirements of the aboveground systems.

2.3.2 SOIL VOLUME/AREAL EXTENT

The area and volume of contaminated soil in the unsaturated and saturated zones at the Site was
estimated based on aromatic hydrocarbon and chlorinated solvent soil contamination found
exceeding site-specific RSCO as shown in Figure 7. Contamination extends from the fill layer
(approximately 8 ft bgs) to the top of the gravelly sand layer located about 20 fi bgs. The areal
extent of the contaminated soil was delineated through extensive soil sampling following UST
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closure (Figure 7). Based on the data presented in Figure 7, an estimated 610 cubic yards of soil
is considered contaminated. This soil is overlain by approximately 490 cubic yards of landfill
residual fifl material and/or UST excavation clean backfill. A total of 1,100 cubic yards of soils
would need to be excavated. The volume of impacted soil in storm drains is approximately 6
cubic vards.
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3.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

In accordance with USEPA guidance (USEPA 1988), this IS includes an identification and
screening of potentially applicable remedial technologies with respect to technical
implementability.  Specific technologies are further evaluated based on cffectiveness,
implementability (technical and administrative), and relative cost in achieving the General

Response Actions (GRAs). No action and institutional action are included, as suggested by
National Contingency Plan (NCP} and USEPA guidance.

Soil vapor intrusion presents a risk to potential building occupants, so sub-slab vapor mitigation is
required while soil vapors persist. Since these mitigation measures will be required regardless of
what remedies are used for soil and groundwater, soil vapor mitigation will be a comimon action

to be included in any remedial strategy. The common actions are discussed in Section 7.0.

The following factors will be considered under the remedial technology screening criterion:

Implementability

* Technical feasibility of implementing the technology
* Availability of the technology
* Administrative feasibility of implementing the technology

The NCP instructs that “alternatives that are technically or administratively infeasible or that
would require equipment, specialists, or facilities that are not available within a reasonable period
of time may be eliminated from further consideration’ [40CFR300.430(e}7)(ii}].

Effectiveness
s The remedial technology reduces toxicity, mobility, or volume through treatment;
* The remedial technology minimizes residual risks;
o The remedial technology affords long-term protection;
* The remedial technology complies with ARARS;

» The remedial technology minimizes short-term impacts; and
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» The remedial technology achieves protection in a reasonable timeframe

The NCP instructs, “alternatives providing significantly less effectiveness than other, more
promising alternatives, may be eliminated. Alternatives that do not provide adequate protection
of human health and the environment shall be climinated from further consideration’
[40CFR300.430(eX7)(i1)].

Cost
¢ Cost of construction, and
* Long-term costs to operate and maintain

The NCP 1nstructs, “costs that are grossly excessive compared to the overall effectiveness of the
alternatives may be considered as one of several factors used to eliminate alternatives.
Alternatives providing effectiveness and implementability similar to that of another alternative by
employing a similar method of treatment or engineering control, but at greater cost, may be
eliminated” [40CFR300.430(e)(7)(i1)].

3.1 REMEDIAL TECHNOIL.OGIES FOR SOII.

The screening matrix for alternatives to treat residnal contamination in the source area soils is
presented in Table 6. The technologies are evaluated for effectiveness, implementability and cost.
Based on site-specific knowledge and bench-scale tests, an initial applicability screening was
conducted. During the screening, all technologies that were found to be technically feasible were
deemed potentially applicable. Technologies that were determined to be technically infeasible
were eliminated. A discussion of the technologies that were eliminated is provided below:

» Containment (both surface cap and an impermeable barrier) is eliminated because the
alternative alone does not reduce toxicity or volume of contamination. Although
containment can be used in combination with other technologies to meet toxicity and
volume reductions, it is not considered further for this Site since the areal and vertical
extent of residual soil contamination, as determined after the removal of USTs is limited.
In-situ technologies can be implemented effectively since the USTs have been removed.

* The ex-situ treatment technology of stabilization/solidification is eliminated because the
process 1s typically used for metals contamination and is not effective for treatment of
volatile compounds such as 1,1,1-TCA, 1,1-DCA and CA.
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* On-Site disposal is eliminated as a discharge method for excavated soil due to the limited
space at the Site, property ownership and the mix of commercial/industrial surroundings,
which make on-site disposal and or treatment/disposal technically difficult to implement.

* In-situ treatment technologies of soil vapor extraction (SVE) and soil flushing (SF) are
eliminated from further consideration. SVE is not effective because the residual
contamination resides below the water table. This would require an additional treatment
technology to simultaneously drawdown the groundwater to expose the impacted zone
soils. SF is climinated because the residual contamination does not reside in a large,
continuous area. SF is also effective when contaminant concentrations are hi gh (in the

ppm range}).

* Dual Phase Extraction (DPE) is a high vacuum system that simultaneously removes liquid
and gas from the subsurface. The DPE well includes a screened section in the zone of
contaminated soils and groundwater. For DPE to be effective, the aquifer must be
dewatered to expose the areas of high contamination soils. Given that the residual source
zones are discontinuous and located significantly below the water table, DPE is
eliminated given the significant dewatering that will have to be done to expose the
contaminated soils at depth (up to 22 ft bgs).

* Enhanced Anaerobic Bioremediation via reductive dechlorination was eliminated after the
bench-scale tests concluded that significant enhancements in the de gradation of CA were
not attained with the two substrates that were tested. The results of this study are
presented in the final report by Adventus Americas of Union, NJ {Adventus) titled “EHC
and HRC Feasibility Study for the Treatment of Chlorinated Solvents in Groundwater
from the Former Columbia Cement Inc. Facility, Freeport, NY (The Site): Bench Scale
Treatability Investigation,” dated October 21, 2005. This report 1s provided in Appendix
A,

The remaining treatment technologies that will be considered for soil treatment are presented
below.

3.1.1 NO ACTION (SOIL)

No Action is not a category of technologies but is a GRA and provides a baseline to which other
alternatives may be compared. No Action is carried forward for comparative purposes as
suggested by the NCP and the USEPA guidance even though it is not effective in meeting the
RAO for the Site.
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3.1.2 INSTITUTIONAL CONTROL

Institutional Controls are actions that are intended to preclude human exposure by imposing
institutional and access restrictions, educating the public, and planning for emergency situations.

Effectiveness:

Institutional action (e.g., environmental easements, use restrictions, access restrictions) would not
be effective in meeting the cleanup goals for soil at the Site. However, they would contribute to
preventing future exposures to subsurface contamination. The Site, including the residuai source
area, 1s already capped with concrete, and will prevent exposure of contaminants to on-site
workers.

Implementability:

Typically, environmental easements are straightforward to implement, provided the responsible
party has the property owner’s concurrence. Currently, the Site does not belong to BP, and there
may be some difficulties in getting a use and access restriction in the source area if the current or
future owner has expansion plans for the Site.

Cost:

Costs required for developing the application for and obtaining the deed restrictions are low.

Overall Evaluation:

Institutional control is carried forward to the development and screening of alternatives but only
as a component of alternatives incorporating other exposure controls.

3.1.3 EXCAVATION, TREATMENT AND OFFSITE DISPOSAL
Excavation, Treatment and Off-site Disposal falls under the Active Ex-Situ Restoration GRA and
is discussed below.

Effectiveness:

Excavation, treatment and off-site disposal of contaminated soil would be effective in removing
the source of contamination and meeting the RAOs for the residual contamination In source area
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soils. Ascontaminated soil is present below the water table, dewatering will be required, with on-
site or off-site treatment of collected water.

Implementability:

This technology is widely used for remediation and would be implementable at the Site.
However, successful implementation of this alternative would depend on a proper geotechnical
analysis and structural design to maintain the structural integrity of the adjacent building. Further,
excavation could result in potential exposure for excavation workers and other personnel at the
site. A large amount (>50%) of clean soil or soil not exceeding the clean up standards will have to
be removed to access the contaminated soil. Based on testing results, some portion of this soil
may be reused as backfill.

Cost:

The cost of excavating contaminated soil using proper health and safety measures, and treating
and disposing of the materials off site, is considered to be high considering the structural
constderations, the treatment of dewatered groundwater, and the contamination of the media by
chlorinated solvents as opposed to petroleum hydrocarbons.

Owverall Evaluation:

Excavation and offsite disposal of contaminated soil can be an effective and implementable
technology. It is carried forward into the development and screening of alternatives.

3.1.4 IN-SITU TREATMENT BY CHEMICAL OXIDATION

In-situ treatment technologtes can be based on chemical, physical or biological processes. In-situ
chemical oxidation (ISCO) is a technology that falls under the Active In-situ Restoration GRA
and is discussed below.

ISCO 1s based on the delivery of chemical oxidants to contaminated media in order to achieve
destruction or breakdown of contaminants into non-toxic products. Treatment time with ISCO
technologies is very rapid. Liquid oxidants ate injected through injection wells or injection points.
The type of oxidant to use depends on the mixture of contaminants and their concentrations.
Typically used oxidants include activated hydrogen peroxide (for petroleum hydrocarbons),
potassium permanganate (for chlorinated solvents) and most recently, activated sodium persul fate
(for both petroleum hydrocarbons and chlorinated solvents). Hydrogen peroxide is very reactive
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and in the presence of iron generates the hydroxyl radical, which is a very reactive compound and
instantaneously oxidizes any organic matter and reduced minerals. The products of the oxidation
of chlorinated VOCs are carbon dioxide, water and chloride. Sodium persulfate is relatively less
reactive. When activated with hydrogen peroxide or heat, it generates the persulfate free radical.
The persulfate radical has a relatively longer half-life when compared to the hydroxyl radical.
Sodium persulfate is relatively safe to handle when compared to hydrogen peroxide. When
hydrogen peroxide activated persulfate is used, the benefits of both the persulfate and hydroxyl
radicals are achieved. Potassium permanganate directly oxidizes the contaminants and other
reduced metals unlike the very efficient free radical based oxidation that can be realized with
hydroxyl and persuifate radicals. Consequently, the permanganate oxidant demand is high.
Potassium permanganate is not very effective when a mixture of CVOCs and petroleumn
hydrocarbons is present.

Effectiveness:

Many field applications of the ISCO technology have been conducted using potassium
permanganate, Fenton’s reagent and activated sodium persulfate for CVOCs.

Implementability:

The oxidants can be easily injected into the subsurface soils at the Site with a relatively moderate
radius of influence in the sand and fill geology. The area above where the residual soil
contamination resides is vacant and easily accessible for injecting the oxidant.

Cost:

Cost for ISCO technologies are low to moderate and depend on the oxidant demand from non-
contaminant rclated constituents in the soil matrix, which include reduced metals and natural
organic matter. The oxidant demand is high in silty/clayey soils, which are rich in minerals and
organic matter, and low in sandy aquifers.

Overall Evaluation:

ISCO treatment via activated sodium persulfate is carried forward into the development and
screening of alternatives. Bench scale testing conducted by Adventus illustrates the effectiveness

of this technology. The Adventus ISCO Bench Scale T reatability Study Report is provided in
Appendix A.
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3.2 REMEDIAL TECHNOLOGIES FOR GROUNDWATER

The screening matrix for remedial afternatives for groundwater is presented in Table 7. The
technologies are evaluated for effectiveness, implementability and cost. Based on site-specific
knowledge and bench-scale tests, an initial applicability screening was conducted. During the
screening, all technologies that were found to be technically feasible were deemed potentially
applicable. Technologies that were determined to be technically infeasible were eliminated. A
discussion of the technologies that were eliminated is provided below:

¢ Containment (barriers) is eliminated from further consideration since the technology does
not reduce toxicity or volume of contamination at the Site. Although implementable, the
preference for treatment as stipulated by New York SCGs also restricts the use of this
technology as a sole remedy for the Site.

e Groundwater collection through subsurface drains is eliminated from further
consideration due to the vertical extent of the groundwater contamination. Subsurface
drains are difficult to implement to capture groundwater at depth (up to 22 fi bgs) and
would not be effective at this Site.

¢ The in-situ treatment technology of Air Sparging (AS) was eliminated from further
consideration. AS would have limited effectiveness due to the physical properties (low
Henry’s Law constant) of the site constituents. Air sparging promotes volatilization and
the physical transfer of VOCs from the liquid phase into the vapor phase. However,
sparging in the presence of the high inorganic content of the groundwater may result in
frequent fouling and the vapor produced may result in an added soil vapor intrusion risk.

* Enhanced Anaerobic Bioremediation via reductive dechlorination was eliminated after the
bench-scale tests concluded that no significant enhancements in the degradation of CA
were attained with the two substrates that were tested. The results of this study are
presented in the final report by Adventus Americas of Union, NJ (Adventus) titled “EHC
and HRC Feasibility Study for the Treatment of Chlorinated Solvents in Groundwater
{rom the Former Columbia Cement Inc. Facility, Freeport, NY (The Site): Bench Scale
Treatability Investigation,” dated October 21, 2005, provided in Appendix A.

The remaining treatment technologies that will be considered for groundwater treatment arc
presented below.
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3.2.1 NO ACTION (GROUNDWATER)

No Action is carried forward for comparative purposes as suggested by NCP and USEPA
guidance even though it is not effective in meeting the RAQ for the Site.

3.2.2 INSTITUTIONAL CONTROL

Institutional Controls are actions that are intended to preclude human exposure by mposing
institutional, use and access restrictions, educating the public, and planning for emergency

situations.

Effectiveness:

Institutional action (e.g., deed restrictions) would not effectively prevent or reduce contaminant
transport in groundwater, and would not meet the RAO for groundwater. However, it may be
useful in conjunction with other remedial technologies such as natural attenuation.

Implementability:

Institutional actions would be implementable only if exercised in conjunction with other remedial
technologies, and with the property owner’s consent.

Cost:

Costs required for developing the application for and obtaining the deed restrictions are small.

Overall Evaluation:

Institutional action is not considered as a stand-alone technology in the development and
screening of alteratives since this technology is not effective in achieving the RAO. However, it
may be used in conjunction with other remedial technologies.

3.2.3 MONITORED NATURAL ATTENUATION (MNA)

MNA falls under the Limited Action GRA. MNA is a process of long-term monitoring of
groundwater not only to show a decrease in the concentration of contaminants, but also to show
that parameters and conditions that are responsible for the natural degradation of the contaminants
exist in the aquifer. This involves collecting information on dissolved oxygen, oxidation-
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reduction potential, nitrate, nitrite, iron, sulfate, methane, ethane, ethane, chloride, TOC,
alkahinity and in some cases identification and enumeration of the dominant microbial species.
Data was collected m 2004 and 2006 to determine the potential for natural attenuation (NA) to
occur in groundwater at the site. This information 1s presented in URS’ report Supplemental
Remedial Investigation, Former Columbia Cement Company Facility, Freeport, New York,
submitted to NYSDEC on December 20, 2006. Specifically, decreased concentrations of spilled
parent compounds, significant concentrations of lesser chlorinated daughter products (e.g., CA),
and detectable concentrations of non-chlorinated end-products {(e.g., ethane) provide evidence that
NA is occurring. This is also supported by low redox conditions, elevated levels of chloride, and
low DO levels. The data suggests that NA is occurring under iron and/or sulfate reducing
conditions.

Effectiveness:

MNA can be an effective technology for treating contaminants in groundwater. The Site exhibits
some 1deal conditions for natural attenuation since electron donors in the form of hydrocarbons
are present together with chlorinated solvents. MNA does, however, have a longer time frame for
effectiveness as opposed to the other, more active technologies. However, source control would
speed up the time frame of the MNA remedy.

Implementability:

Monitoring wells for MNA are easily constructed. Supplementary sample collection, data
interpretation and modeling are necessary to support MNA and require technical expertise to
implement.

Cost:

Overall costs for MNA of contaminants over time at the Site are low.

Overall Evaluation:

Monitored natural attenuation is implementable and is carried forward into the development and
screening of alternatives.
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3.2.4 GROUNDWATER EXTRACTION, TREATMENT AND DISPOSAL

Extraction and treatment technologies fall under the Active Ex-Situ Restoration GRA. Extraction
technologies involve the removal of contaminated groundwater from the aquifer followed by
treatment and disposal. Disposal may be above-ground or in-ground. Extraction technologies
also create a hydraulic barrier by forcing the hydraulic gradient in the direction of pumping wells.
Extraction and treatment technologies may be used to reduce the volume, toxicity and mobility of
the contaminants. The main advantage of the extraction system is that there is more certainty
about the uniformity of the treatment. The main disadvantage is that it is very costly, both in
capital and O&M costs.

Effectiveness:

Extraction and treatment technologies are effective in mass removal and for hydraulic
containment. They are not very effective when the contaminant concentrations fall in the ten or
stngle digit ppb level. Once groundwater is collected through extraction wells, effective treatment
technologies for VOCs include air stripping and/or carbon adsorption. CA is relatively difficult to
air-strip as compared to the parent compound 1,1,1-TCA due to its high solubility and a low
Henry’s constant. Effective air stripping of CA will require a high air to water ratio. Air
stripping may require vapor-phase carbon adsorption to control air emissions from the air stripper.
Treated groundwater can be disposed of by obtaining a SPDES permit and discharging to the
local storm drain system. Based on experience at similar sites, extraction and treatment may
result in asymptotic treatment levels above the RAOs and thus require a supplemental treatment
technology such as MNA for polishing.

Implementability:

Groundwater extraction is readily implementable and several conventional technologies exist for
contaminated groundwater treatment. The system will prevent migration of contaminated
groundwater. Discharge of treated groundwater off site would be regulated and require permit(s),
but such requirements can be easily met. Air stripping and carbon adsorption are readily
implementable technologies for treatment of contaminated groundwater. However, due to the
high metals (iron) content of Site groundwater, fouling of stripping and carbon media may require
additional and frequent O&M. Furthermore, space for an aboveground treatment system at the
site is extremely limited.
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Cost:

The installation of standard groundwater extraction and treatment systems is considered moderate
for the size of the treatment system required for this Site. However, due to the pre-treatment
requirements for metals, overall costs for groundwater treatment are considered high for this Site.

Overall Evaluation:

Groundwater extraction is an effective and implementable technology. Aboveground treatment
through air stripping and/or carbon adsorption is effective to treat the extracted groundwater. Air
stripping may require vapor-phase carbon adsorption to control emissions from the air stripper.
Groundwater extraction, treatment and disposal is carried forward into the development and
screening of alternatives.

3.2.5 AEROBIC ENHANCED BIOREMEDIATION

Aerobic enhanced bioremediation falls under the Active In-Situ Restoration GRA. Most
chlorinated VOCs can biodegrade under anaerobic conditions. The stepwise degradation of 1,1,1-
TCA to 1,1-DCA, and 1,1-DCA to CA under anaerobic conditions has been demonstrated in
numerous studies, including at the Columbia Cement Site. However, CA will subsequently
biodegrade only under aerobic conditions. Site groundwater conditions are strongly anaerobic.
Therefore, to promote in-situ degradation of CA requires the addition of oxygen to the impacted
groundwater. This can be accomplished through sparging/venting, in which air is mjected into
the aquifer below the water table, or through injection of an oxygen-releasing amendment.
Subsurface microbes will utilize the oxygen as an electron acceptor to consume the CA to
produce CI', CO», and water.

Effectiveness

Many field applications of aerobic enhanced bioremediation have been conducted using Oxygen
Release Compound (ORC®, Regenesis, Inc.), EHC-O®, Adventus, Inc. and PermeQx® (FMC
Environmental Solutions. Aerobic enhanced bioremediation has also been performed using
injection and recirculation of air directly into contaminated aquifers as an oxygen source.
Although there is limited data on the use of aerobic treatment to address CA, the TSI bench-scale
test suggests that aerobic treatment should effectively treat CA at the Columbia Cement Site.
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Implementability

Addition of an oxygen-releasing substrate can be easily accomplished by injection into a series of
Direct-Push points. Depending on requirements, the injection points can be arranged in a grid to
treat a large area, or in a line to form a barrier or linear treatment arca.

Cost

The cost of injection of an oxygen-releasing amendment through a series of direct-push borings is
considered low to moderate, depending on the oxygen demand of the aquifer, the number of
borings and the number of times re-injection is required.

Overall Evaluation

Aecrobic groundwater treatment is an effective and implementable technology. Aerobic treatment
can be accomplished by injection of oxygen-releasing amendments through direct-push borings or
by suspending “socks” of the amendment in a series of wells. Aerobic enhanced bioremediation

1s carried forward into the development and screening of alternatives.

3.3 REMEDIAL TECHNOLOGIES FOR STORM DRAIN SOIL

The technologies for storm drain soil are evaluated for effectiveness, implementability and cost.
Based on site-specific knowledge, an initial applicability screening was conducted. During the
screening, all technologies that were found to be technically feasible were deemed potentially
applicable and are described below.

3.3.1 NO ACTION

No Action is not a category of technologies but is a GRA and provides a baseline to which other
alternatives may be compared. No Action is carried forward for comparative purposes as
suggested by the NCP and the USEPA guidance even though it is not effective in meeting the
RAQO for the Site.

3.3.2 REMOVAL AND OFFSITE DISPOSAL OF STORM DRAIN SOIL

Removal (by vac-truck) and Off-site Disposal falls under the Active Ex-Situ Restoration GRA
and is discussed below.,
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Effectiveness:

Removal by vac-truck and off-site disposal of contaminated storm drain soil would be effective in
removing the source of contamination and meeting the RAQs for the residual contamination in
storm drain sotls.

Implementability:

This technology is widely used for remediation and would be implementable at the Site. Vac-
truck removal could result in potential exposure for workers and other personnel at the site

Cost:

The cost of vac-truck removal and disposing of the materials off site, is considered to be low.

Overall Evaluation:

Removal and offsite disposal of contaminated storm drain soil by vac-truckl can be an effective
and implementable technology. It is carried forward into the development and screening of
altemmatives.
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4.0 DEVELOPMENT OF ALTERNATIVES

Development of remedial alternatives must confirm to the ARARs. In general, the following

guidelines must be followed when developing and evaluating remedial alternatives:

*

Remedial actions imvolving treatment which permanently and significantly reduces the
volume, toxicity and mobility of the contaminants are preferred over remedial actions not
involving such treatment;

Off-site transport and disposal of hazardous substances without treatment is considered to
be the least favored alternative when practical treatment technologies are available; and

Remedial actions using permanent solutions, altcrnative treatment technologies, or

resource recovery technologies shall be addressed.

Based on these statutory preferences and the general response objectives, remedial alternatives are

developed to satisfy the following criteria:

Remedial alternatives are protective of human health and the cnvironment;

Remedial alternatives attain chemical-specific ARARs, and can be implemented
consistently with location-specific and action-specific ARARs;

Remedial alternatives that use permanent solutions/treatment technologies to the
maximum extent possible; and

Remedial alternatives are capable of achieving a remedy in a cost-effective manner.

In developing remedial alternatives, retained technologies are combined into alternatives for the

Site as a whole. With the exception of the No Action alternative, alternatives must meet the
remedial action objectives for both soil and groundwater.

The following alternatives were carried forward for detailed analysis in Section 5.0:

For Residual Soil Contamination

Alternative 1 No Action (for Soil)
Alternative 2 Soil Excavation and Off Site Disposal

Alternative 3 ISCO of Residunal Soil Contamination
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5.0 DETAILED ANALYSIS AND EVALUATION OF ALTERNATIVES

The detailed analysis of alternatives presents the information needed to select a site remedy. The
evaluation criteria are described in Section 5.1. The results of this assessment are summarized in
Table 8 and described in detail in Sections 5.2 through 5.8. Capital, O&M, and present worth
costs for all alternatives are presented on Table 9.

51 EVALUATION CRITERIA

In this section, alternatives are subjected to a detailed evaluation with respect to seven of the nine
evaluation criteria specified in the NCP and discussed in detail in RI/FS guidance (USEPA 1988).
Two of the criteria, state acceptance and community acceptance, are not addressed in this section,
but will be addressed in the Record of Decision (ROD) after comments on the FS and the
Proposed Remedial Action Plan are received. The seven criteria used to evaluate alternatives in
this section are described below.

1. Overall Protection of Human Health and the Environment - Protectiveness is the primary
requirement for remedial action at hazardous waste sites. Evaluation of this criterion
involves an assessment of how each alternative achieves protection over time and how
stte risks are reduced.

2. Compliance with Applicable or Relevant and Appropriate Requirements (ARARs)/New
York State Standards, Criteria and Guidelines {SCGs) - Compliance with ARARs/SCGs
includes compliance with chemical-specific, action-specific, and location-specific
requirements, as defined in Section 2.2.

3. Long-term Effectiveness and Permanence - This criterion focuses on the impacts of the
remedial action after remedial objectives have been met. Key components of the criteria
include: (2) the magnitude of residual risk after remediation; and (b) the adequacy of
controls to mect required performance specifications and the reliability of controls from
an operational standpoint.

4. Reduction of Toxicity, Mobility, or Volume (TMV) - This criterion addresses the statutory
preference, expressed in the Superfund Amendments and Reauthorization Act (SARA),
for remedies that employ treatment as a principal element. It includes an assessment of
the magnitude, significance, and irreversibility of treatment, as well as an evaluation of
the type and quantity of residual contamination remaining after treatment.

5. Short-Term Effectiveness - This criterion includes the short-term impacts of the
alternatives (i.e., during implementation) upon the surrounding community, on-site
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workers, and the environment. It also addresses the time required for the alternative to
satisfy remedial action objectives.

6. Implementability - Implementability includes many of the practical aspects associated
with implementation of the remedial alternative, such as the ability to construct and
operate remedial technologies, the reliability of the technologies, ease of undertaking
additional remedial actions if necessary, ability to monitor the alternative's effectiveness,
availability of required material and services, permit requirements, and need to coordinate
with other agencies.

7. Cost - This quantitative evaluation criterion includes the capital and Q&M costs
associated with each alternative, as well as its total present worth. Detailed cost estimates
for each technology are provided in Appendix A.

52 ALTERNATIVE 1 - NO ACTION FOR SOIL

5.2.1 DESCRIPTION

The no action alternative provides for no active remediation or monitoring at the Site for soil. In
the absence of remediation, current Site conditions would remain the same, except insofar as
natural attenuation degrades or otherwise dissipates contamination. It should be noted that some
soil was removed from the source arca during the 2004 UST closure.

5.2.2 ANALYSIS

Overall Protection of Human Health and the Environment

Alternative 1 does not prevent or mitigate the future potential impacts of contaminated soil on
human health and/or the environment, except as noted in Section 5.2.1.

Compliance with New York SCGs

Because no action is being taken, Alternative 1 would not meet soil cleanup criteria, except as
noted in Section 5.2.1.

Long-Term Effectiveness and Permanence

This alternative includes no controls for exposure and no long-tenm management measures.
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Reduction of Toxicity, Mobility, or Volume

This alternative provides no reduction in toxicity, mobility, or volume of the contaminated soil or
groundwater through treatment, except as noted in Section 5.2.1.

Short-Term Effectiveness

There are no short-term impacts on the community, workers, or the environment since no action
would be taken.

Implementability

There are no implementability concerns posed by this remedy since no action would be taken.

Cost

There are no costs associated with the no action alternative.

53 ALTERNATIVE 2 - SOIl, FXCAVATION AND OFF SITE DISPOSAL

5.3.1 DESCRIPTION

This alternative involves the excavation and off-site disposal of contaminated subsurface soils in
the source area.

The excavation arca consists of four impacted areas (Residual Source Area 1, 2, 3 and 4) as
shown In Figure 7. These areas were identified based on a soils investigation conducted during
the R1and in October 2004 as described in Section 1.2.4.1, The investigation adequately defined
the areas of residual contamination and it is assumed for costing purposes that no additional
delineation borings will be necessary prior to excavation activities. Residual contamination is
discontinuous both in vertical and horizontal extent. The impacted vertical interval and areal
extent are summarized in the following table along with estimates of impacted soil volume and
overburden volume. The proposed excavation areas are shown on Figure 15.
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Residual Impacted Excavation | Total Soil | Impacted | Overburden
Source Interval Area Volume |Soil Volume Volume
Area (ft below Sq F¢) (Cu Yd) {(Cu Yd)
grade)
1 8-20 1,140 850 510 340
2 12-18
3 10-15 225 145 50 95
4 12-22 156 160 60 100*
Total I,155 620 535

* Assumes expanded area for upper 12 feet of excavation.

The contaminated subsurface soil for residual source areas | and 3 consists of three distinct
geologic units; fill, tidal marsh and gravelly sand. Soil would be excavated to the interval
summarized in the above table. The overburden soil, (top 8 ft bgs for Zone 1, top 10 ft bgs for
Zone 3), which 1s mainly fill material, is not contaminated. The uncontaminated soils would be
excavated and segregated as clean backfill after all contaminated soil is removed. After testing,
this soil could be reused as backfiil.

Residual source areas 2 and 4 are located in the footprint of the former USTs, which were
removed in August and September 2004. The UST excavation was to a depth of approximately
12 ft bgs and was backfilled with clean fill. Therefore, the top 12 ft bgs for Zone 2 and 4 is
considered uncontaminated and will be excavated and segregated for use as clean backfill. The
total area of the four residual zones represents approximately 1,100 cubic yards of soil of which
610 cubic yards (915 tons) is estimated to be contaminated. The contaminated material wiil be
treated and disposed of using low-temperature thermal desorption process at the nearest permitted
facility.

Excavation of contaminated soils at the Site must address two main complicating factors:
shallow groundwater level and the proximity to the building foundation. The contaminated soils
lie below the groundwater water table, which is approximately 6 ft bgs in the source area. The
excavation would require dewatering of the excavation pit. Because of the depth of excavation
and the shallow groundwater table, sheet piling would be required to avoid excessive amounts of
clean soil excavation adjacent to the contaminated areas that would otherwise be required to
achieve stable side slopes within the excavation zone. These additional areas of exeavation
would also increase the amount of dewatering that would be required. The sheet pile wall could
also be designed to serve as the retaining wall to protect the building foundation and features.

The first step of excavation would be to remove the existing pavement, mark, and place the sheet
pile barrier around an appropriate-size cell. The sheet pile would be driven into the gray clay and
silt layer to an adequate depth (approximately 38 ft bgs), to ensure that the sheet pile wall would
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not cave i due to pressure exerted onto it from the surrounding soil and groundwater. For
costing purposes, it was assumed that the sheet pile would be driven 3 fi into the gray clay and silt
layer.

After placing the sheet pile around a cell and removing the unsaturated surface soil (the top 6 ft
bgs) using an excavator, the first layer of bracing would be placed. Then, the interior of the
excavation area would be dewatered using dewatering pumps. Excavation would proceed until
the top of the impacted interval for the respective residual source area. This soil would be kept
separate for disposal or reuse at backfilling the excavation. Soil samples would be collected to
confirm that the surface soils are not contaminated and therefore could be reused at the Site.

The excavation would continue to 14 ft bgs, at which potnt another sheet pile bracing is required.

When that depth is reached, excavation workers would need to be lowered into the excavation pit
to place the bracing. Appropriate measures will be taken to ensure the workers health and safety.

Excavation would continue to the bottom of excavation with another bracing placed at 22 ft bgs.
After the bottom of the excavation has been reached, it would be sampled and, once the sampling
tesults show removal of all contaminated soils, backfill would take place. The excavation would
be backfilled up to the bracing layer, then workers would enter the excavation pit and would
remove the bracing and the backfill would continue until the whole excavation cell has been
backfilled. Then the sheet pile wall would be removed.

Water collected from the excavation and from the dewatering process would be treated through
liquid-phase carbon canisters or with a trailer-mounted air stripper depending on the dewatering
rate.  For cost estimating purposes, it is assumed that groundwater would be treated through
carbon canisters. After the water has been treated, it would be discharged to one of the nearby
storm water catch basins. This would require a SPDES permit and effluent testing to ensure the
effluent meets the NYSDEC surface water and groundwater discharge standards as specified
under the NYCRR Parts 700-705.

Since the existing wells in the source area will have to be decommissioned during excavation
activities, an additional three new monitoring wells shall be installed for post-excavation
monitoring in order to monitor the groundwater remedy selected. The wells shall be screened in
the fill, upper gravelly and lower gravelly sand unit, respectively.
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532 ANALYSIS
Overall Protection of Human Health and the Environment

Alternative 2 reduces the levels of contamination in soil to meet chemical-specific soil criteria
through direct removal of the soil contamination in the source area. The dewatering required
during excavation will also remove much of the contaminated groundwater in the source area.

Compliance with New York SCGs

This alternative would meet the chemical-specific cleanup criteria for the source area through
direct removal. The excavated soil would have to be disposed of and/or treated offsite. It is
assumed that these soils would be treated at an off-site commercial facility to levels below
chemical-spectfic soil standards prior to disposal or reuse

Long-Term Effectiveness and Permanence

The magnitude of residual risk is minimal since the source of contamination is removed and
contamination in the groundwater is reduced through dewatering of the source area during
excavation. Excavation can be readily completed to meet performance specifications and is a
permanent remedy.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 2 satisfies the statutory preference for using treatment as a principal element, through
the use of removal of contaminant mass in the source area. The source is removed by excavation
to the extent practicable, which reduces the mobility and volume of contaminants in soil on Site.
- The excavated soil will be treated by offsite incineration, which permanently reduces the toxicity
of the contarninants.

Short-Term Effectiveness

There would be minimal impacts to the community and the environment during the construction
phase of this alternative. Fugitive dust created during the excavation activities would be
controlled using engineering measures. Traffic increases due to transportation of soil would have
minimal impact on the community since the volume of soil to be transported is relatively small
and project duration is expected to last approximately 30 days. Also, due to the industrial setting
of the site, truck traffic on Hanse Avenue is common.

During the excavation activities, workers could be exposed to risk associated with dermal contact
with contaminated soil and groundwater and inhalation of soil dust particles. Risk would be
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mitigated through the use of the appropriate personal protective equipment, air quality would be
monitored and encountered groundwater could be collected and treated through carbon
adsorption. All safety practices would be addressed in a Site Health and Safety Plan.

Implementability

Excavation and off-site disposal is a proven technology. Excavation is technically implementable
and reliable for meeting performance goals with a low risk of additional remedial action being
necessary after completion.

Cost

The capital cost for Alternative 2 is $545,240. There are no O&M costs associated with this
alternative. The total present worth costs are $545,240. Capital and present worth costs for this
altemative are presented on Table 9. Further details are presented in Appendix B.

54 ALTERNATIVE 3 —ISCO OF RESIDUAL SOIL. CONTAMINATION

5.4.1 DESCRIPTION

This alternative involves the in-situ chemical oxidation (ISCO) of contaminated subsurface soils.
In April 2005, Adventus conducted an ISCO bench-scale test on Site groundwater and soil. The
results of that bench-scale testing are summarized in a final report entitled “Bench Scale test for
Chemical Oxidation Treatment of Chlorinated Solvent Impacted Soils” dated August 3, 2005
(provided in Appendix A). The bench-scale ISCO test utilized two activation methods (hydrogen
peroxide and chelated iron). The results indicated sodium persulfate activated with hydrogen
peroxide can treat the site-specific contaminants effectively. Iron activated sodium persulfate was
not efficient in treating the site-specific contaminanis. Based on the bench-scale testing, the
estimated oxidant demand for the soil is 42 grams (g) of sodium persulfate per kilogram (kg) of
soil and 60 g hydrogen peroxide per kg of soil. The costs for full-scale treatment were estimated
based on these results.

Prior to injections, all necessary permits will be obtained. The oxidants will be injected in the
areas of residual soil contamination (Figure 7) via several injection points. Given the limited
horizontal extent of each residual source area, a 5 ft radius of influence will be utilized.
Vertically, the oxidants will be injected from 1 foot below to 1 foot above the impacted intervals
in each area at 2 ft increments, as shown below. Proposed ISOC injection point locations are
shown on Figure 16.
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IMPACTED AREA | IMPACTED INTERVAL | INJECTION INTERVAL
(ft below grade) (ft below grade)
1 &-20 721
2 12-18 11-19
3 1015 9-106
4 12-22 11-23

A Geoprobe along with an injection pump will be used to deliver the oxidant. Based on the
bench-scale testing, two injection events are planned within a three-month period. Post treatment
soil sampling will be done one and three months after the fina} mjection event to evaluate whether
the residual soil contamination has been treated to satisfactory levels. Two borings per residual
soil contamination area are planned with soil sampling occurring continuously along the impacted
mtervals.

54.2 ANALYSIS
Overall Protection of Human Health and the Environment

Alternative 3 reduces the levels of contamination in soil to meet chemical-specific soil criteria
through direct treatment of the soil contamination in the source arca providing protection of
human health and the environment from possible future €XpOosures.

Compliance with New York SCGs

This alternative would meet the chemical-specific cleanup criteria for the source area through
direct destruction /oxidation of residual contamination in soil.

Long-Term Effectiveness and Permanence

The magnitude of residual risk would be very low and this alternative would be protective over
the long term since the source of contamination is removed ISCO can be readily completed to
meet performance specifications and is a permanent remedy.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 3 satisfies the statutory preference for using treatment as a principal element, through
the use of ISCO for the source area as a primary treatment component for soil. The source is
removed by chemical oxidation to the extent practicable, which reduces the mobility and volume
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of contaminants in soil on Site. The contaminants are destroyed in-situ rather than being

transferred to another media or transformed into more toxic compounds.
Short-Term Effectiveness

There would be minimal impacts to the community and the environment during the construction
and operation phase of this alternative. The Geoprobe is low-profile equipment and will not
cause disruption to commercial and business activities at the site. In fact, it is less intrusive than
excavation. The injection of oxidants will be completed in two weeks time.

During the injection of oxidant, there is minimal risk for exposure to the site workers. Risk
would be mitigated through the use of the appropriate personal protective equipment and air
quality monitoring. All safety practices would be addressed in a Site Health and Safety Plan.

Implementability

ISCO is a proven technology and can be implemented at the site. ISCO can reliably meet
performance goals with a low risk of additional remedial action being necessary after completion.

Based on Site geology and current contaminant concentrations, ISCO is expected to reduce both
soil and groundwater contamination significantly in the former spill and UST area.

Cosit

The capital cost for Alternative 3 is $476,000 (over 6 months). The total present worth costs are
$476,000. Capital and present worth costs for this alternative are presented on Table 9. Further
details are presented in Appendix B.

55 ALTERNATIVE 4 - NO ACTION FOR GROUNDWATER

5.5.1 DESCRIPTION

The no action alternative provides for no active remediation or monitoring at the Site for
groundwater. In the absence of remediation, current Site conditions would remain the same,
except Insofar as natural attenuation degrades or otherwise dissipates contamination.
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5.5.2 ANALYSIS
Overall Protection of Human Health and the Environment

Alternative 1 does not prevent or mitigate the future potential impacts of contaminated
groundwater on human health and/or the environment, except as noted in Section 5.5.1.

Compliance with New York SCGs

Because no action is being taken, Alternative 1 would not meet groundwater cleanup criteria in
the short-term.

Long-Term Effectiveness and Permanence
This alternative includes no controls for exposure and no long-term management measures.
Reduction of Toxicity, Mobility, or Volume

This alternative provides no reduction in toxicity, mobility, or volume of the contaminated
groundwater through treatment, except as noted in Section 5.5.1.

Short-Term Effectiveness

‘There are no short-term impacts on the community, workers, or the environment since no action
would be taken.

Implementability

There are no implementability concerns posed by this remedy since no action would be taken.
Cost

There are no costs associated with the no action alternative.

5.6 ALTERNATIVE 5 - MONITORED NATURAL ATTENUATION

5.6.1 DESCRIPTION

Residual groundwater contamination beneath the source area and impacted groundwater
downgradient of the source would be treated through MNA. MNA takes advantage of naturally
occurring processes in the subsurface to degrade contamination. Data collected during the R1,
during the Supplemental Investigation sampling in 2004/2005, and during the 2006 groundwater
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sampling events provides evidence that natural attenuation is occurring at this Site. Details of site
sampling information illustrating degradation of Site VOCs is presented below.

Limited Natural Attenuation sampling was conducted in 2004, 2005 and 2006 to provide an
evaluation of whether MNA is an active and effective means of contaminant degradation.
Additional sampling of the contaminants of concern was completed in April 2005. The sampling
rounds included the collection of several analytical parameters including:

* Chlornnated Contaminant Concentrations (1,1,1-TCA, 1,1-DCA, CA)
* Total Organic Carbon (TOC)

e Chloride

e Total Alkalinity

e Total and Ferrous Iron

» Total and Dissolved Manganese

e Sulfate

* Nitrate, Nitrate/Nitrite Nitrogen and Nitrite; and,

* Methane, Ethane and Ethene (MEE)

In addrtion, key field parameters were collected including pH, Oxidation/Reduction Potential
(ORP), temperature, specific conductivity, Dissolved Oxygen (DO) and turbidity. Key results
from the June 2004, April 2005 and June 2006 sampling are discussed below.

Contaminant Concentrations: High levels of degradation products (e.g. 1,1-DCA and CA) in
relation to parent compounds (specifically 1,1,1-TCA) are the absolute requirements for
establishing the occurrence of biological natural attenuation processes. In all sampling events
during the RI and in the two recent sampling rounds, with the exception of source arca well MW-
97-1D in January 1999, all wells where chlorinated solvent contamination was detected had
higher concentrations of degradation products than the presumed parent compound (1,1,1-TCA).

Chloride: Chloride is often a usefu!l indicator of NA since it is produced during reductive
dechlorination. Elevated levels of chloride were detected in all wells tested, which provides
evidence that NA is occurring,
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Dissolved Oxygen: Reductive dechlorination, a primary biological treatment mechanism, occurs
only in anaerobic conditions (less than 0.5 mg/L of dissolved oxygen). Abiotic degradation of
chlonnated compounds may occur during aerobic or anaerobic conditions. Dissolved oxygen
measurements collected during June 2004 indicated all wells had dissolved oxygen levels less
than 0.5 mg/L.

Total Alkalmity: The total alkalinity of a groundwater system can be indicative of the extent to
which degradation processes are occurring. The presence of carbon dioxide, produced during the
respiration of organic compounds, can elevate alkalinity levels by forming carbonic acid, which
subsequently dissolves carbonate minerals present in the affected groundwater system. On this
basis, elevated concentrations of alkalinity in areas impacted by organic compounds contained in
chlorinated solvents generally can be an indicator of NA. FElevated alkalinity levels were
observed in wells at the site.

ORP: ORP measures the availability of electrons, with lower levels indicating a greater
availability of electrons (greater reducing power). Low redox conditions were observed
throughout the plume area.

Ferrous iron: The presence of ferrous iron indicates reducing conditions and suggests conditions
are favorable to promote reductive dechlorination. Ferrous iron analysis is often more effective
than direct ORP measurements for evaluating reducing conditions if iron-containing minerals are
present.  Sampling results indicating elevated levels of ferrous iron suggest the presence of
conditions favorable for reductive dechlorination or abiotic degradation.

Sulfate and Nitrate: Sulfate and nitrate are electron acceptors used under anaerobic conditions. A
locahzed depletion of these anions compared to background suggests the occurrence of active
anaerobic metabolism. Both nitrate and sulfate were non-detect in wells sampled.

Methane/Ethene/Ethane: The presence of methane suggests very strong reducing conditions,
which are conducive to reductive dechlorination. Ethene and ethane are ultimate end products of
reductive dechlorination, but are not often detected because they require extremely reducing
conditions to be produced. Detectable concentrations of methane and ethane at the Site provide
strong evidence that NA is occurring

Taken together the above lines of evidence suggest that NA is an active process at the Site. To
implement MNA in accordance with USEPA Guidance provided in “Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater” (EPA 1998), additional
ongoing monitoring and modeling would be required during implementation of this alternative.
The cost estimate assumes that 15 existing and new wells would be sampled semi annually for

wiColumbia Cemnent\38546433 59 Feasibility Study 2/15/2008



five years, and then annually for an additional seventeen years. Well locations are shown on
Figure 17. The samples would be analyzed for VOCs and the NA parameters discussed above.

Because the groundwater plume would remain (but because of source removal, not grow but
eventually shrink due to MNA), institutional actions in the form of a deed restriction would be
placed on the property where the plume is present to prevent use of the groundwater during the
MNA program. The groundwater monitoring program will be incorporated into the Site
Management Plan.

5.6.2 ANALYSIS
Overall Protection of Human Health and the Environment

Alternative 5 reduces the levels of contamination in groundwater to meet chemical-specific
groundwater criteria through natural degradation process of reductive dechlorination thus
providing protection of human health and the environment from possible future exposures.

Compliance with New York SCGs

The primary objective of MNA is to demonstrate that natural processes will reduce contaminant
concentrations in groundwater to levels below chemical-specific SCGs before the point of
comphance is reached. The point of compliance can be a property boundary, a well, a stream or
some other potential receptor. Ongoing monitoring will be used to monitor the possibility that
concentrations of constituents on the Site may stabilize at concentrations above chemical-specific
SCGs upgradient of the compliance point.

Long-Term Effectiveness and Permanence

The magnitude of residual risk would be low and this alternative would be protective over the
long term once it is cstablished that reductive dechlorination is a viable and effective process at
the Site. As mentioned above, there exists a possibility that concentrations of constituents on the
Site may stabilize at concentrations above chemical-specific SCGs upgradient of the compliance
point. Reduction of constituents of concern via reductive dechlorination is a permanent remedy.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 5, although passive and natural, is in fact a treatment technology that employs
biological reductive dechlorination process (o treat chlormated solvent contaminants, significantly
reducing their toxicity and volume. The process also reduces mobility by reducing contaminants
before the point of compliance.
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Short-Term Effectiveness

There would be minimal impacts to the community and the environment during the
implementation of this alternative. Exposure to contaminated groundwater would need to be
limited (e.g., via deed restrictions) in the short-term given the long treatment timeframe of MNA.

Implementability

MNA viareductive dechlorination is a well-documented process for chlorinated solvents and data
collected so far at the Site supports that MNA could be effectively implemented. Long-term
monitoring and installation of a monitoring well network is easily implemented at this Site.

Cost

The capital cost for Alternative 5 is $185,000, including monitoring well installation and
groundwater model development. The O&M costs are $608,000 (over 22 years). The total
present worth costs are $381,500. Capital, O&M, and present worth costs for this alternative are
presented on Table 9. Further details are presented in Appendix B.

5.7 ALTERNATIVE 6 - GROUNDWATER EXTRACTION AND TREATMENT

53.7.1 DESCRIPTION

Residual groundwater contamination beneath the source area and impacted groundwater
downgradient of the source would be treated through groundwater extraction and treatment.
Three extraction wells would be placed in the locations shown in Figure 18 and would pump a
total of 60 gpm maximum (40 gpm average) from the plume. The extraction wells would be
installed with screen intervals in the gravelly sand unit. Data indicates no further contamination
below the confining gray clay and silt geological unit.

The contaminated water would be collected into an equalization tank, from which it would be
pumped through a metals pre-trcatment system to remove iron and then to an air stripper and
liquid-phase granular activated carbon for VOC removal. The components would be housedin a
treatment building located in the immediate vicinity of the former spill area. In the air stripper,
the chlorinated and hydrocarbon VOCs would transfer from the extracted groundwater to the air
strcam. A Division of Air (DAR-1) (Air Guide-1) analysis would need to be performed to
determine if treatment of the air stripper vapor effluent is required. DAR-1 provides guidance for
the control of toxic ambient air contaminants in New York State. For cost estimating purposes, it
1s anticipated that the air stream would require treatment. A vapor-phase granular activated
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carbon unit would treat the VOCs contaminated air stream through adsorption. Treated air would
be discharged to the atmosphere.

Groundwater treated through the air stripper would be discharged to a nearby storm sewer.
Discharge water would be monitored according to the requirements of a SPDES permit.
Operation and maintenance of the system would include inspection and maintenance of system
components and process groundwater and air sampling to verify system efficiency and the
schedule for carbon changeout. Groundwater sampling of monitoring wells would be conducted
quarterly during the first year and semi-annually during the remaining years of the seven-year
treatment period. The treatment period was estimated based on the time estimated to achieve a
90% removal of CA in the aquifer. Following the treatment period, residual groundwater
contamination above chemical-specific groundwater standards shall be polished using MNA
processes. For costing purposes, it is assumed that MNA monitoring would be required for an
additional 5 years after active groundwater treatment. The groundwater monttoring program will
be incorporated into the Site Management Plan.

5.72 ANALYSIS
Overall Protection of Human Health and the Environment

Altemative 6 reduces the levels of contamination in groundwater to meet chemical-specific
groundwater standards through collection and treatment of groundwater and natural attenuation
processes providing protection of human health and the environment from possible future
exposures.

Compliance with New York SCGs

Groundwater contamination would be reduced through extraction and treatment. Residual
contamination that remains above chemical-specific groundwater standards in the groundwater
after the treatment period shall be treated using MNA processes. For costing purposes, it is
assumed that MNA monitoring would be required for 5 years after active groundwater treatment.
The primary objective of MNA is to demonstrate that natural processes will reduce contaminant
concentrations in groundwater to levels below chemical-specific SCGs before the point of
compliance is reached. The point of compliance can be a property boundary, a well, a stream or
some other potential receptor. There exists a possibility that concentrations of constituents on the
Site may stabilize at concentrations above chemical-specific SCGs upgradient of the compliance
point. However, the residual concentrations are expected to be low given the reduction of the
source in soil and primary treatment of groundwater via extraction.
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The requirements of a SPDES permit would have to be met for groundwater treatment and
discharge to the storm sewer system. Furthermore, a DAR-1 analysis would have to be completed
to determine whether air poliution control requirements would apply to the air stripper component
of the groundwater treatment system.

Long-Term Effectiveness and Permanence

The magnitude of residual risk would be very low and this alternative would be protective over
the long term since the contamination in the groundwater is reduced through extraction and
treatment. Due to the high inorganic content of Site groundwater, additional treatment units
(metals pretreatment) will need to be implemented to ensure air stripper performance efficiency
and adequacy in meeting performance requirements for discharge.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 6 satisfies the statutory preference for using treatment as a principal element, through
the use of extraction and treatment as a primary component for groundwater. The groundwater
constituents are removed by extraction, which reduces the mobility and volume of contaminants,
The extracted groundwater will be treated by an aboveground treatment system consisting of air
stripper and liquid and vapor-phase carbon, which permanently reduces the toxicity of the
contaminants. Residual groundwater constituents are treated via MNA, which reduces the
toxicity, mobility and volume of contaminants through biological degradation.

Short-Term Effectiveness

There would be minimal impacts to the community and the environment during the construction
and operation phase of this altemative. During the operational period for the groundwater
treatment system, only occasional delivery and pickup of carbon canisters and limited
maintenance would be required. During the excavation activities and construction phase
(extraction well/piping installation), workers could be exposed to risk associated with dermal
contact with contaminated soil and groundwater and inhalation of soil dust particles. Risk would
be mitigated through the use of the appropriate personal protective equipment and air quality
would be monitored. All safety practices would be addressed in a Site Health and Safety Plan.

Implementability

Groundwater extraction and treatment and MNA are proven technologies that have been
employed at various remediation sites. Groundwater extraction and treatment is technically
implementable. Reliability concerns associated with Alternative 6 relate to the efficiency of
groundwater extraction to reduce contamination in a reasonable timeframe. Based on Site
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geology and current contaminant concentrations, extraction and treatment of groundwater is
expected to reduce contamination. There is a high risk of additional remedial action being
necessary after the treatment pertod since groundwater extraction and treatment may reach
asymptotic treatment levels in the aquifer. Therefore, MNA has been considered as a polishing
step.

MNA is easily technically implementable and preliminary groundwater modeling and field data
supports its effectiveness as a remedial technology for this Site. Reliability for meeting
performance is dependent on the attenuation rates of contaminants of concern and is Site-specific
and will be evaluated prior to implementation and reassessed during the monitoring period.

Cost

The capital cost for Alternative 6 is $1,000,000 and the O&M costs are $1,425,000 (over 12
years). The total present worth costs are $1,784,000. Capital, O&M, and present worth costs for
this alternative are presented on Table 9. Further details are presented in Appendix B.

5.8 ALTERNATIVE 7 - AEROBIC ENHANCED BIOREMEDIATION FOR
GROUNDWATER

5.8.1 DESCRIPTION

Aerobic enhanced bioremediation involves injecting a slow-release oxygen source into the
contaminated portion of the aquifer. Bench-scale studies have shown that chloroethane will
degrade under aerobic conditions, but aquifer conditions at the Site are anaerobic. Injection of an
aerobic amendment such as ORC or EHC-O would counter these conditions and provide a source
of oxygen that could be utilized by acrobic microbes to use as an electron acceptor during
respiration and consumption of chloroethane.

The amendment would be injected through a series of borings along the southern boundary of the
Site (alley way) and along the western (Hanse Avenue) boundary of the Site. The source area
treatment using ISCO will eliminate the more chlorinated ethanes, leaving the downgradient
chloroethane plume. The aerobic treatment will effectively treat this chloroethane, preventing
continued offsite migration of chloroethane.

Effectiveness can be monitored using existing monitoring wells. Reduced or eliminated levels of
chlorocthane will be the most obvious indicator of successful aerobic degradation. The longevity
of the amendment can be monitored through dissolved oxygen levels in monitoring wells. If
dissolved oxygen levels decline while some chlorocthane remains, the amendment can be re-
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applied as necessary in additional borings. Groundwater monitoring will be performed in 12 Site
monitoring wells quarterly for 3 years, then semi-annually for 4 years. The groundwater
monitoring program will be incorporated into the Site Management Plan.

5.8.2 ANALYSIS
Overall Protection of Human Health and the Environment

Alternative 7 reduces the levels of contamination in groundwater to meet chemical specific
groundwater standards accelerating processes providing protection of human health and the

environment from possible future exposures.
Compliance with New York SCGs

Groundwater contamination would be reduced through destruction of contaminants. Residual
contamination that remains above chemical-specific groundwater standards in the groundwater
after the treatment period shall be treated through MNA processes. For costing purposes it is
assumed that MNA monitoring would be required for 5 years after the acrobic amendments have
been consumed. The primary objective of MNA is to demonstrate that natural processes will
reduce contaminant concentrations in groundwater to levels below chemical-specific SCGs before
the point of compliance is reached. The point of compliance can be a property boundary, a well, a
stream or some other potential receptor. There exists a possibility that concentrations of
constituents on the Site may stabilize at concentrations above chemical-specific SCGs upgradient
of the compliance point. However, the residual concentrations are expected to be low given the
reduction of the source in soil and primary treatment of groundwater via acrobic enhanced
bioremediation.

Long-Term Effectiveness and Permanence

The magnitude of residual risk would be very low and this alternative would be protective over
the long term since the contamination in the groundwater is reduced through aerobic enhanced
bioremediation. Due to the anaerobic nature of the aquifer at the Site, multiple applications of the
aerobic amendments will likely be needed to effectively treat residual groundwater contamination.

Reduction of Toxicity, Mobility, or Volume

Alternative 7 will result in a reduction of contaminant mass, through the use of enhanced acrobic
as a primary component for groundwater. The groundwater constituents (primarily chloroethane)
are converted to harmless end products through enhanced bioremediation, which reduces the
toxicity, mobility and volume of contaminants. Residual groundwater constituents are treated via
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MNA, which reduces the toxicity, mobility and volume of contaminants through further
biological degradation.

Short-Term Effectiveness

There would be minimal impacts to the community and the environment during the
implementation of this alternative. After the initial implementation, no additional maintenance
would be required, with the exception of regular groundwater monitoring and possible additional
injection events. During the injection activities, workers would not be exposed to risk associated
with dermal contact with contaminated soil and groundwater and inhalation of soil dust particles.
Based on the results of the TSI bench scale tests, the treatment will result in contaminant
reduction within a short period of time.

Implementability

Aerobic enhanced bioremediation and MNA are proven technologies that have been employed at
various remediation sites. Aerobic enhanced bioremediation is technically implementable. The
remedy can be easily implemented by injection of amendments through a series of direct push
borings. Reliability concerns associated with Alternative 7 relate to the persistence of the
amendments and the ability to effectively distribute them in the subsurface. Based on Site
geology, normal injection methods should adequately distribute the amendments in the gravelly
sand aquifer. The amendments should last 9 to 12 months, but if monitoring data suggest
depletion (through diminished DO concentrations) the amendments can be re-injected. There is a
moderate risk of additional remedial action being necessary if, after the in-situ treatment,
contaminant concentrations may reach asymptotic treatment levels in the aquifer. Therefore,
MNA has been considered as a polishing step.

Cost

The capital cost for Alternative 7 is $181,000 and the O&M costs are $135,000 (over 7 years).
The capital costs include two amendment injection events. The O&M costs include monitoring
during the treatment period (2 years) and MNA for 5 years following the treatment period. The
total present worth costs are $276,000. Capital, O&M, and present worth costs for this alternative
are presented on Table 9. Further details are presented in Appendix B,
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5.9 ALTERNATIVE 8 - NO ACTION FOR STORM DRAIN SOIL

5.9.1 DESCRIPTION

The no action alternative provides for no active remediation or monttoring at the Site for
impacted storm drain soil. In the absence of remediation, current Site condttions would remain the
sarme, except insofar as natural attenuation degrades or otherwise dissipates contamination. It
should be noted that some soil was removed from SD-1 immediately following the 1988 1,1,1-
TCA spill.

5.9.2 ANALYSIS

Overall Protection of Human Health and the Environment

Alternative 1 does not prevent or mitigate the future potential impacts of contaminated storm
drain so1l on human health and/or the environment, except as noted in Section 5.9.1.

Compliance with New York SCGs

Because no action is being taken, Alternative 1 would not meet soil cleanup criteria, except as
noted in Section 5.9.1.

Long-Term Effectiveness and Permanence
This alternative includes no controls for exposure and no long-term management measures.
Reduction of Toxicity, Mobility, or Volume

This alternative provides no reduction in toxicity, mobility, or volume of the contaminated soil or
groundwater through treatment, except as noted in Section 5.9.1.

Short-Term Effectiveness

There are no short-term impacts on the community, workers, or the environment since no action
would be taken.

Implementability

There are no implementability concerns posed by this remedy since no action would be taken.
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Cost

There are no costs associated with the no action altemative.

5.10 ALTERNATIVE 9 — STORM DRAIN SOIL REMOVAI,

5.10.1 DESCRIPTION

This aiternative involves the removal and off-site disposal of impacted soils in OQU-1 storm srains.

Impacted soils were detected in soils in three of the sand bottom storm drains in OU-1. These
storm drains are designated SD-1, SD-5 andSD-8. Impacts were detected from 0 to 30 inches
below the storm drain bottom. At each storm drain, the storm grate would be removed to provide
access to the soil and debris in the drain. Impacted soils and debris will be removed with a vac-
truck. The soils would be removed to the water table (approximately 6 feet below grade). The
storm drain bottom would then be backfilled with sand to 3 feet below grade.

5.10.2 ANALYSIS
Overall Protection of Human Health and the Environment

Alternative 9 reduces the levels of contamination in storm drain soil to mect chemical-specific
soll criteria through direct removal of the soil contamination in the source area and replacement
with clean backfill.

Compliance with New York SCGs

This alternative would meet the chemical-specific cleanup criteria for soil through direct removal.

The soil would have to be disposed of and/or treated offsite. It is assumed that these soils
would be treated at an off-site commercial facility to levels below chemical-specific soil standards
prior to disposal or reuse

Long-Term Effectiveness and Permanence

The magnitude of residual risk is minimal since the source of contamination is removed Removal
can be readily completed to meet performance specifications and is a permanent remedy.
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Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 9 satisfies the statutory preference for using treatment as a principal element, through
the use of removal of contaminant mass in the storm drains. The source is removed by vac-truck
to the extent practicable, which reduces the mobility and volume of contaminants in soit on Site.
The excavated soil will be treated by offsite incineration, which permanently reduces the toxicity
of the contaminants.

Short-Term Effectiveness

There would be minimal impacts to the community and the environment during the construction
and operation phase of this alternative. The vac-truck will not cause disruption to commercial
and business activities at the site. The removal of storm drain soils and backfilling can be
completed in a day.

Durtng the removal, there is minimal risk for exposure to the site workers. Risk would be
mitigated through the use of the appropriate personal protective equipment and air quality
monitoring. All safety practices would be addressed in a Site Health and Safety Plan.

Implementability

Removal and off-site disposal is a proven technology. Vac-truck removal is technically
implementable and reliable for meeting performance goals with a low risk of additional remedial
action being necessary after completion.

Cost

The capital cost for Alternative 9 is $4,400. There are no O&M costs associated with this
alternative. The total present worth costs are $4,400. Capital and present worth costs for this
alternative are presented on Table 9. Further details are presented in Appendix B.
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6.0 COMPARISON OF REMEDIAL ALTERNATIVES

6.1 COMPARATIVE ANALYSIS

In the following analysis the alternatives are evaluated in relation to one another for each of the
evaluation criteria (except state and community acceptance, which will be addressed in the ROD
following comments on the SRIR and FS report and Proposed Remedial Action Plan). The
purpose of this analysis is to identify the relative advantages and disadvantages of each
alternative.

Overall Protection of Human Health and the Environment

For soil, Altemative 1, the No Action Altemative, is the least protective of human health and the
environment, as it does not prevent exposure or further reduce potential risks to human heath and
the environment. Alternatives 2 and 3 provide greater protection of human health and the
environment through active treatment of soil contamination.

For groundwater, Alternative 4, the No Action Alternative, is the least protective of human health
and the environment, as it does not prevent exposure or further reduce potential risks 1o human
heath and the environment. Altematives 6 and 7 provide greater protection of human health and
the environment through active treatment of groundwater contamination. Alternative 5 provides
protection of human health and the environment but may take longer to achieve full protection.

For storm drain soil, Alternative 8, the No Action Alternative, is the least protective of human
health and the environment, as it does not prevent exposure or further reduce potential risks to
human heath and the environment. Alternative 9 provides greater protection of human health and
the environment through active removal of soil contamination.

Compliance with New York SCGs

For soil, Alternative 1 is not expected to meet New York SCGs. Alternative 2 is expected to meet
chemical-specific SCGs in the source area through active removal of impacted soils, Alternative
3 would reduce VOC contamination for the source area to levels below the chemical-specific
cleanup criteria through in situ treatment. There is a low risk that some localized residual soil
contamination may remain and not be effectively removed by ISCO. However, concentrations
would not be expected to be high enough to affect groundwater VOC concentrations.

For groundwater, Alternative 4 may meet New York SCGs in the long-term through natural
attenuation processes. However, because the alternative does not require monitoring, the
clfectiveness of meeting New York SCGs would be unknown. Alternative S is expected to meet
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New York SCGs through passive treatment of groundwater via MNA to reduce VOC
contamination to levels below the chemical-specific cleanup criteria. There is a potential that
chemical-specific SCGs are met at the compliance point(s) (Site boundary, downgradient wells
and/or receptors) but that the contaminants stabilize at concentrations above cleanup criteria
within the Site boundary area. However, these residual concentrations are expected to be low,
considering that the source area will be addressed through soil remediation. Alternatives 6 and 7
would reduce VOC contamination to levels below the chemical-specific cleanup criteria through
active treatment for groundwater with MNA polishing. Similar to Alternative 5, there is a low
risk that contaminants stabilize at concentrations above cleanup criteria within the Site houndary

area.

For storm drain soil, Alternative 8 is not expected to meet New York SCGs. Alternative 9 is
expected to meet chemical-specific SCGs in the source area through active removal of impacted
soils.

Long-term Effectiveness and Permanence

For soil, Alternative 1 is not effective in removing long-term future risks posed by the Site.
Alternatives 2 and 3 both utilize active treatment and are more effective in removing long-term
future nisks and are permanent remedies.

For groundwater, Alternative 4 may be effective in removing long-term future risks posed by the
Site but effectiveness and permanence would be unknown given the lack of monitoring
information. Alternative 5 is effective in removing Jong-term future risks but employs the passive
and relatively longer-term technique of MNA to treat groundwater. Alternative 5 will require
monitoring to verify that the MNA is meeting treatment goals (e.g., rate of attenuation),
Alternatives 6 and 7 employ active groundwater treatment with MNA polishing that result in very
low residual risk. Performance requirements for the Alternative 6 groundwater treatment system
will be affected by the high inorganic content of the groundwater and will require implementation
of additional treatment units (metals pretreatment) to ensure air stripper efficiency during the
operational period.  Performance requirements for the Alternative 7 aerobic treatment may
multiple applications, followed by MNA polishing.

For storm drain soil, Alternative 8 is not effective in removing long-term future risks posed by the
Site. Alternative 9 utilizes active removal and is more effective in removing long-term future
risks and are permanent remedies.
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Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative 1 does not reduce the toxicity, mobility, or volume of contaminants at the Site.
Alternatives 2 and 3 use an active treatment for soil, which reduces the toxicity, mobility and
volume of contaminants.

Alternative 4 may reduce the toxicity, mobility, or volume of contaminants at the Site through
natural degradation processes similar to Alternative 5. Alternative 3, although passive and
natural, is in fact a treatment technology that employs biological reductive dechlorination process
to treat chlorinated solvent contaminants, significantly reducing their toxicity. Alternatives 6 and
7 use an active treatment approach for groundwater that reduces toxicity, mobility and volume of
contaminants,

For storm drain soil, Alternative 8 does not reduce the toxicity, mobility, or volume of
contaminants at the Site. Alternative 9 uses active treatment for soil, which reduces the toxicity,
mobility and volume of contaminants.

Shori-term Effectiveness

For soil, Alternative 1 has no short-term impacts as no intrusive activities take place. Alternatives
2 and 3 would have low to moderate short-term impacts due to varying levels of construction and
remedial activities. Duration of implementation would be relatively short (several months) for
both alternatives and effectiveness would be evaluated at that time.

For groundwater, Alternative 4 and 5 have no short-term impacts as no intrusive activities take
place. MNA is a long-term remedial approach with an 11-year timeframe. MNA would have
limited short-term effectiveness. Alternative 6 would have moderate short-term impacts due to
system installation and O&M activities. Alternative 7 would have significant shori-term mmpacts
immediately following the initial injection.

For storm drain soil, Alternative 8 has no short-term impacts as no intrusive activities take place.
Alternative 9 would have minimal short-term impacts during implementation. Duration of

implementation would be extremely short (one day) and effectiveness would be evaluated at that
time.

Implementability

All alternatives are implementable at the Site. For soil, Alternative 2 will require special
provisions to prevent undermining the structural integrity of the building foundation. Alternative
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3 will require special provisions for handling and storage of chemicals involved in the ISCO
imections.

For groundwater, Alternative 5 would require a Natural Attenuation Sampling (NAS), long-term
monitoring, and groundwater monitoring to determine the effectiveness to take the contaminant
degradation process to completion (to innocuous byproducts such as ethane). Alternative 5 would
require mstallation of several supplemental monitoring wells on or near the site. Alternative 6
may require some temporary modifications in operations at the facility in order to install
extraction wells, subsurface piping and appurtenances and a treatment shed. Alternative 7 would
be easily implementable through several days of direct-push injections.

For storm drain soil, Alternative 8 is highly implemetable and can be accomplished within one
day.

Cost

Altemnative costs are summarized in Table 9. Costs range from $0 (Alternative I - No Action) to
$1,784,000 (Alternative 3). The costs for Alternatives 2-9 range from $4,400 to $1,784,000.

6.2 PREFERRED ALTERNATIVE

The selected remedial alternative for the Site is Alternative 3, In Situ Chemical Oxidation (ISCO)
for soil and Alternative 7, Aerobic Enhanced Bioremediation for groundwater. This Alternative
provides active soil and groundwater treatment using in situ approaches. Groundwater would be
polished by MNA and is expected to effectively treat the levels of contamination cwrently
observed at the Site. Treatment of source area residuals by ISCO will speed up the time frame for
groundwater remediation.

The immpacted soils in the residual source area would be treated via sodium persulfate activated
with hydrogen peroxide. The limited areal extent provides ideal conditions for the application of
ISCO. Alternative 3 eliminates the risks presented by open excavation and also eliminates the
need for offsite disposal of a large volume of contaminated soil. The remediation time frame of
Alternative 3 is anticipated at 0.5 years, which is slower ihan Alternative 2 but still within a
reasonable timeframe. Although the cost of Alternative 3 is comparable to Alternative 2,
implementation of Alternative 2 will also most likely be easier than Alternative 3. For storm
drain soils, Alternative 9 provides a simple, effective, and permanent remedy.
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Alternative 7 Aerobic Enhanced Bioremediation, for groundwater will treat the remaining
portions of the chloroethane plume in the downgradient areas of Operable Unit 1. Therefore,
Alternative 7 coupled with Alternatives 3 and 9 provide an effective remedial approach for the
site. ISCO treatment may temporarily oxidize the groundwater in and around the source area,
which will serve to compliment the rate and effectiveness of aerobic treatment in the short-term.
Table 8 provides a summary of the preferred alternatives, Alternatives 3, 7 and 9.

wiAColumbia Cement\38546433 74 Feasibility Study 2/15/2008



7.0 COMMON ACTIONS

As described in Section 3.0, sub-slab vapor mitigation measures will be required to mintmize
potential risks to Site building occupants during remediation of soil and groundwater. Therefore,
sub-slab vapor mitigation will be a Common Action during site remediation. Regardless of what
remedial measures are chosen for the other media (including No Action), mitigation measures
will be implemented to address sub-slab vapor., The common actions will include institutional
controls and engineecring controls.

7.1  ENGINEERING CONTROLS

Engineering controls will be implemented to mitigate potential soil vapor intrusion at the Site.
The engineering controls will include a sub-slab depressurization system (SSDS). The SSDS
system can be very effective at this site because of the existing impermeable cap (building is
constructed on slab). The purpose of the SSDS is to create a negative pressure field directly under
the building and immediately outside the building in comparison to the ambient pressure inside
the building. This negative pressure field becomes a “sink” for any gases present in the soil in the
vicinity of the structure. VOCs caught in the advective sweep of this negative pressure field are
collected and piped to an ambient air discharge point.

The negative pressure field can be created using mechanical devices such as a blower.
Sometimes, the sub-slab pressures are relatively hi gh, and just passive venting is adequate. This is
particularly true at sites that formerly operated as landfills. This is also true at sites in highly
urban areas where a large portion of the land is paved. Both of these conditions apply to this site.
The negative pressure field is distributed beneath the slab through a network of either horizontal
perforated pipes or soil vapor extraction wells screened above the water table. The SSDS will be
designed to create a minimum negative pressure of —0.004 inches of water beneath the entire Site
building. The design of the system will be based on several factors, including;

¢ Building construction;
¢ Sub-slab aggregate, soil, and void space conditions; and

s Pilot studies.

Extracted vapors will be piped from the blower and exhausted above the building roof. If VOC
concentrations in the vapors exceed applicable NYSDEC standards, vapor treatment with
activated carbon may be necessary prior to discharging. The engineering controls will include
monitoring points where sub-slab vapor samples can be collected and sub-slab pressure can be

measured. A sub-slab vapor sampling and pressure monitorin g program will be incorporated into
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the Site Management Plan. The samples and pressure monitoring will be used to evaluate the
effectiveness of the SSDIS. The monitoring results will also be used to evaluate when the SSDS
can be removed or reduced to a passive system in the future. A detailed SSDS desi gn will be
submitted to NYSDEC and NYSDOH following pre-design studies.

7.2 INSTITUTIONAL CONTROLS

During installation and operation of the SSDS, institutional controls will be implemented at the
Site. The institutional controls will include an environmental easement with associated use
restrictions. The environmental casement is an agreement between the Site owner and NYSDEC
meant to ensure protection of human health and the environment when a remediation project
leaves residual contamination at levels exceeding applicable ARARs. The environmental
easement restricts certain uses and activities at the site and ensures the performance of operation,
maintenance and/or monitioring requirements of remedial measures and engineering controls at
the Site. All remediation, operation & maintenance and monitoring requirements, as well as use
restrictions will be described in a Site Management Plan, which will be included in the
environmental easement.
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Table 1
Summary of Soil Sampling Data
Former Columbia Cement Company, Inc. Facility
Freeport, New York

DECEMBER 1998 NYSDEC TAGM 4046
RI SOIL BORINGS Number of | Number of Concentration Recommended Soil Frequency of
Contaminants of Samples Detections Range Detected Cleanup Objectives SCG Exceedence
Concern {mag/kg) {mgikg)

Volatile Organic 1,1,1-Trichloroethane 25 13 ND - 7,000 0.8 5of 25

Compounds (VOCs) 1, 1-Dichlorcethane 25 11 ND -120 0.2 5 of 25
1,1-Dichlorcethene 25 2 ND - 1.1 04 10f 25
1,2-Dichloroethane 25 0 ND 0.1 Cof 25
Acelone 25 20 ND - 0.57 0.2 20f25
Benzene 25 3 ND - 0.052 0.06 Dof 25
Chioroethane 25 4 ND-16 1.9 Qof 25
Ethylbenzens 25 3 ND - 250 55 1 of 25
Meihyiene Chloride 25 10 ND -0.023 0.1 0of 25
Toluene 25 5 ND - 660 1.5 20f25
Trichloroethene 25 1 ND - 0.35 0.7 0 of 25
Xylene(s) 25 7 ND - 1,500 1.2 10f25

APRIL 2000 NYSDEC TAGM 4046

R! SOIL BORINGS Number of | Number of Concentration Recommended Soil Fregquency of

Contaminants of Samples Detections | Range Detected Cleanup Objectives S5CG Exceedence
Concern [mglkg) {markg)

Volatile Organic 1.1,1-Trichtoroethane 30 19 ND - 2,600 0.8 6 of 30

Compounds (VOCs) 1,1-Dichloroethane 30 8 MD -3.40 0.2 2 of 30
1,1-Dichloroethene 30 2 ND - 0.006 0.4 0 of 30
1,2-Dichloroethane 30 o] ND 0.1 0 of 30
Acetone 30 9 ND - 170 0.2 6 of 30
Benzene 30 5 ND - 0.017 0.06 G of 30
Chloroethans 30 5 ND-1.10 19 G of 30
Ethylbenzene 30 1 ND - 0.64 55 Cof 30
Methylene Chioride 30 2 ND - 0.4 0.1 0 of 30
Toluene 3¢ 6 ND - 42.0 1.5 6 0of 30
Trichloroethene kY 1 ND-1.2 0.7 1 of30
Aylene(s) 30 10 ND - 2.5 1.2 1ol 30
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Table 1
Summary of Soil Sampling Data
Former Columbia Cement Company, Inc. Facility
Freeport, New York

MAY 2004 NYSDEC TAGM 4046

PRE-UST CLOSURE Number of Number of Concentration Recommended Soil Frequency of

SOIL BORINGS Contaminants of Samples Detections Range Detected Cleanup Objectives SCG Exceedence

Concern {malkyg} {ma/kg}

Volatile Organic 1,1,1-Trichlorcethane 11 1 ND - 0.0047 0.8 0of1t

Compounds (VOCs) 1,1-Dichkoroethane 1t 1 MND - 0.0024 0.2 0 of 11
3.1-Dichloroethene L g ND 0.4 Oof 11
1,2-Dichlaroethane 11 0 ND 0.1 0of 11
Acelong 11 11 NG -0.12 0.2 0of 11
Benzang 11 s} ND 0.06 0of 11
Chloroethane 11 3] ND 1.9 Oof 11
Ethylbenzene 11 il ND 5.5 0of 11
Methylene Chicride 11 g ND 0.1 Oof 11
Toluene 11 9 ND - 0.035 1.5 Oof 11
Trichlorpethene 11 0 ND 0.7 0 of 11
Xylene(s} 11 0 ND 1.2 Oof 11

AUG. - SEPT. 2004 NYSDEC TAGM 4046

POST EXCAVATION Number of | Number of Concentration Recommended Soil Frequency of

SON. SAMPLES Contaminants of Samples Detections Range Detected Cieanup Ohjectives 5CG Exceedence

Concern . {mg/kg) {my/kyg}

Volatile Organic 1,1,1-Trichloroethane 13 2 ND -0.16 0.8 0of 13

Compounds (VOCs) 1,1-Dichloroethane 13 3 ND - 0.006 0.2 Oof13
1,1-Dichloroethene 13 0 ND 0.4 0of 13
1,2-Dichlorogthane 13 0 ND 0.1 0of13
Acetone 13 i) ND 0.2 Qof13
Benzene 13 0 ND 0.06 0of 13
Chloroethane 13 0 ND 1.9 0of13
Ethylbenzene 13 1 ND - 14 5.5 10f13
Methylene Chloride 13 0 ND 0.1 0of13
Toluene 13 12 ND - 32 15 1of13
Trichleroethene 13 1 ND - 0.001 0.7 0of13
Xylene(s) 13 1 ND - 150 1.2 1of 13
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Table 1
Summary of Soil Sampling Data
Former Columbia Cement Comgpany, Inc. Facility
Freeport, New York

OCTOBER 2004 NYSDEC TAGM 4046
POST-CLOSURE Number of | Number of Concentration Recommended Soil Frequency of
SOIL BORINGS Contaminants of Samples Detections Range Detected Cleanup Objectives SCG Exceedence
Concern {markg) [mg/kg)
Volatile Organic 1,1,1-Trichleroathane 55 25 ND - 4,800 0.8 6 of 55
Compounds (VOCs) 1,1-Dichloroethane 55 27 ND - 390 02 8 of 55
1,1-Dichloroethene £5 7 ND - 16 04 3 of b5
1.2-Dichloroethans 55 10 ND -0.9 0.1 20f55
Acetone 55 25 ND -0.42 0.2 5 of 55
Benzene 55 3 ND -1.2 0.06 2or 65
Chloroethane 55 20 NI - 16 19 6 of 55
Ethylbenzene 55 4 ND -0.31 55 0 0f 55
Methylene Chioride 55 4 ND -1.0 0.1 2 of 55
Toluens 55 16 ND - 42 15 1055
Trichloroethene 55 10 ND - 0.00% c.7 1 0f 55
Kylene(s) 55 5 ND -1.4 1.2 0 of 55
STORM DRAIN NYSDEC TAGM 4046
SEDIMENT SAMPLES Number of | Number of Concentration Recommended Soil Frequency of
Contaminants of Samples Detections Range Detected Cleanup Objectives SCG Exceedence
Concern {my/kg) {mgikg)
Volatile Organic 1,1,1-Trichloroethane 21 11 ND -48 0.8 2of21
Compounds (YOCs) 1,1-Dichlorpethane 21 i) ND - 0.6 0.2 0 of 21
1,1-Dichloroethens 21 2 ND - 0.74 0.4 0of 21
Acetone 21 6 ND - 0.3 0.2 1of21
Benzene 21 1 ND - 0.001 0.06 Oocf21
Chilcroethane 21 5 ND - 0.780 1.9 0of21
Ethylbenzens 21 11 ND - 0.270 5.5 0of21
Methylene Chioride 21 11 ND -220 0.1 1of21
Toluene 21 13 ND - 0.58 1.5 Oof21
Trichloroethene 21 4 ND - 0.002 0.7 0ocf21
Xylene(s) 21 17 ND - 1.75 1.2 1of21
ALL SQOIL NYSDEC TAGM 4046
SAMPLES Number of | Number of Concentration Recommended Soil Frequency of
Contaminants of Sampies Detections Range Detected Cleanup Objectives SCG Exceedence
Concern {mg/kg} {malkg)
Yolatile Organic 1,1,1-Trichloroethane 134 [<[8 ND - 7,000 c.B 19 0f 155
Compounds {(VOCs) 1,1-Dichloroethane 134 50 ND - 390 0.2 15 of 155
1,1-Dichloroethene 134 11 ND -18 0.4 4 of 155
1.2-Dichloroethane 134 10 ND-0.9 C.1 3 of 155
Acetone 134 54 ND - 170 0.2 13 of 155
Benzeneg 134 22 ND-1.2 Q.08 20of 155
Chicroethane 134 29 ND - 16 1.9 6 of 155
Ethylbenzene 134 j¢] ND - 250 55 3o0f155
Methylene Chleride 134 16 ND -1.0 0.1 3 of 155
Toluene 134 48 ND - 660 1.5 10 of 155
Trichloroethene 134 13 ND-1.2 0.7 2 of 155
Xylene(s) 134 23 ND - 1,500 1.2 20 of 155
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Table 1
Summary of Soil Sampling Data
Former Columbia Cement Company, Inc. Facility
Freeport, New York

DECEMBER 1998 NYSDEC TAGM 4046
Rl SOIL 8ORINGS Number of | Number of Concentration Recommended Soil Frequency of
Contaminants of Samples Detections | Range Detected Cleanup Objectives SCG Exceedence
LConcern {mglkg) {mg/kg)

Semi-Volatile Organic |Phenol 8 1 ND - 0.34 0.03 1-8

Compounds (SVOCs) [1,4-Dichlorabenzene 8 1 ND -0.23 NA NA
4-Methylphenol 8 1 ND - 0.89 09 0-8
Naphthalene 8 4 ND - 1.3 13 0-8
4-Chiorp-3-Methylphenol 8 1 ND -0.98 0.24 0-8
2-Methylnaphthalene & 2 ND - 0.36 36.4 0-8
Acenaphthena 8 2 ND - 0.74 50 0-8
Dibenzofuran ] 1 ND -0.12 6.2 0-8
Fluoreng 8 3 ND -0.38 50 -8
Phenanthrene g 8 NI - 5.3 50 0-8
Anthracene 8 2 ND - (.26 50 a-8
Di-n-butyiphthalate 8 5 NI - 2.9 8.1 0-8
Fluoranthene 8 7 ND - 3.6 50 3-8
Pyreng 8 8 ND - 082 50 0-8
Buiylbenzy!phthalate 8 2 ND - 0.52 50 0-8
Chrysene 8 2 ND - 2.2 0.4 2-8
bis(2-Ethylhexylphthalate 8 8 0.18-96 50 3-8
Di-n-ociyiphthalale 8 4 NG -0.2.8 50 0-8&

DECEMBER 1998 NYSDEC TAGM 4046

R SOIL BORINGS Number of | Number of Concentration Recommended Soil Frequency of

Contaminants of Samples Detections Range Detected Cleanup Ohjectives SCG Exceedence
Concern {my’kg) {ma/kg)

Pesticides Dieldsin 8 1 ND - 5.006 0.044 0-8

and PCBs 4,4-DDD 8 1 ND - {.025 29 0-8
4,4'-DDY g 1 ND - 0.21 2.1 0-8
Methoxychlor 8 1 NE - 0.0088 MNA NA
gamma-Chlordane 8 1 ND - 0.020 .54 0-8
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Tabie 1

Summary of Scil Sampling Data

Former Columbia Cement Company, Inc. Facility

Freeport, New York

DECEMBER 1998 NYSDEC TAGM 4046
Rl SOIL BORINGS Number of | Number of Concentration Recommended Soil Frequency of
Contaminants of Samples Detections Range Detected Cleanup Objectives SCG Exceedence
Concern {mg/kg) {mgikg)
Inorganics Aluminum 8 8 585 - 11600 3B 0-8
Antimony a 5 ND-97.6 58 1-8
Arsenic 8 &) ND -28.9 7.5 0r 58 0-8
Barum 8 2 0.0093 - 854 300 ar 5B G-8
Beryllium 2 5 ND - 0.39 0.16 or SB 1-8
Cadmium 8 4 ND-7.5 1orSB 0-8
Calcium 8 8 288 - 28600 SB 0-8
Chromium 8 8 5-217 10 or 5B 1-8
Cobait 8 3] 3.5-19.7 30 or 5B 0-8
Copper 8 8 2.3-633 250r 8B 0-8
Iron 8 8 3340 - 92500 2000 or S8 1-8
Lead 8 8 0.8 - 3160 SB 0-8
Magnesium 8 8 391 - 15500 5B 1-8
Manganese 8 ] 26 -919 SB G-8
Mercury 8 7 ND -0.70 0.1 4-8
Nickel 8 7 ND - 82.7 13 or SB 0-8
Potassium 8 4 ND - 8020 SB 0-8
Silver 8 1 ND - 3.1 5B 0-8
Sodium 8 3 ND - 6070 SB G-8
Thalfurm 8 1 ND-26 SB 6-8
Vanadium 8 7 4.7-472 150 or SB C-§
Zinc 8 8 10.9 - 2380 200rSB G-8
NOTES:
(magrkg) - Micrograms per kilogram
NYSDEC TAGM 4046 | Mew York State Departiment of Environmental Conservation Technical and Administrative Guidance Memorandum
SCG . Standards, criteria and guidance values
ND : Not detected
SB : Site background
WA . Mot applicable - no SCG published
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Table 2

Summary of Groundwater Sampling Data

Former Columbia Cement Company, Inc. Facility
Freepocrt, New York

1999 GROUNDWATER

NYSDEC TAGM 4046

SAMPLING EVENT Number of Number of Concentration Groundwater Frequency of
Contaminants of Samples Detections | Range Detected Standards/Criteria 5CG Exceedence
Concern {ng/l) [(el)]

Voiatile Organic 1,1,1-Trichloroethane 13 4 ND - 5,100 5 3of13

Compounds (VOCs) t,1-Dichloroethane 13 2 ND - 4,300 5 20f13
1,1-Dichioroethene 13 0 ND 5 0of 13
Acetone 13 3 ND - 300 50 20f13
Benzene 13 0 NE 1 0of13
Chiorobenzene 13 1 ND - 20 5 1of13
Chloroethane 13 9 ND - 11,000 5 8of13
Ethylbenzene 13 0 ND 5 Oof13
Methylene Chloride 13 3 ND - 500 5 20f13
Tolueneg 13 0 ND 5 0of 13
Trichloroethene 13 ] ND 5 0of 13
Vinyl Chiloride 13 0 ND 2 0of13

2000 GROUNDWATER NYSDEC TAGM 4046

SAMPLING EVENT Number of Number of Concentration Groundwater Frequency of

Contaminants of Samples Detections Range Detected Standards/Criteria SCG Exceedence
Concern {ug/l) (ugi)

Volatite Organic 1,1, 1-Trichloroethane 15 4 ND - 140 5 20f15

Compounds {VOCs} 1,1-Dichlaroethane 15 3 ND - 2,600 5 2of 15
1,1-Dichloroethene 15 2 ND - 23 5 2of 15
Acetone 15 7 ND - 69 50 10f 15
Benzene 15 5 ND - 23 1 Jof 15
Chlorchenzene 15 8 ND - 32 5 gof 15
Chlorgethane 15 i1 ND - 12,000 5 10 of 15
Ethylbenzene 15 2 NB - 5 5 1of15
Melhylene Chloride 15 8 ND - 840 5 gof 15
Toluene 15 2 ND - 76 5 20f 15
Trichloroethene 15 2 ND - g 5 10f 15
Vinyl Chloride 15 Z ND - 20 2 2af15
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Table 2

Summary of Groundwater Sampling Data
Former Columbia Cement Company, Inc. Facility
Freeport, New York

2003 GROUNDWATER NYSDEC TAGM 4046
SAMPLING EVENT Number of Number of Concentration Groundwater Frequency of
Contaminants of Samples Detections | Range Detected Standards/Criteria SCG Exceedence
Concern {ngit) {ng/l)

Volatile Organic 1,1, 1-Trichloroethane 15 0 ND 5 0of 15

Compounds {(VOCs) 1,1-Dichioroethane 15 3 0 - 690 5 Jof 15
1,1-Dichloroethene 15 0 ND 5 0 of 15
Acetone 15 0 ND 50 0of 15
Benzene 15 0 ND 1 0 of 15
Chlorobenzense 15 &) ND - 12 5 4 of 15
Chiorosthane 15 9 ND - 13,000 5 9of 15
Ethylbenzene 15 0 ND 5 0of 15
Methylene Chloride 15 0 ND 5 00of 15
Toluene 15 0 ND 5 0 of 15
Trichloroethene 15 o] ND 5 0 of 15
Vinyl Chloride 15 0 ND 2 0of 15

2004 GROUNDWATER NYSDEC TAGM 4046

SAMPLING EVENT Number of Number of Concentration Groundwater Frequency of

Contaminants of Samples Detections | Range Detected Standards/Criteria SCG Exceedence
Concern (el {pg/h)

Volatile Organic 1,1,1-Trichloroethane 15 1 ND - 150 5 10of 15

Compounds (VOCs} 1,1-Dichloroethane 15 2 NI - 860 5 2of 15
1,1-Dichloroethene 15 0 ND 5 Dof 15
Acetone 15 o] ND 50 0of15
Benzene 15 2 ND - 15 1 2of 15
Chlorobanzene 15 8 NI} - 16 5 S5of 15
Chhkroethane 15 8 ND - 19,000 5 8of 15
Ethylbenzene 15 1 ND - 2 5 0of 156
Methylene Chloride 15 0 ND 5 G of 15
Toluene 15 1 ND - 4 5 Gof 15
Trichloroethene 15 0 ND 5 0 of 15
Vinyl Chloride 15 1 NE - 15 2 1of 15
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Table 2
Summary of Groundwater Sampling Data
Former Columbia Cement Company, Inc. Facility
Freeport, New York

2005 GROUNDWATER NYSDEC TAGM 4046
SAMPLING EVENT Number of Number of Concentration Groundwater Frequency of
Contaminants of Samples Detections | Range Detected Standards/Criteria SCG Exceedence
Concern (ng/l) {pg/t)

Volatile Organic 1,4.1-Trichloroethane 2 0 ND 5 0af2

Compounds {(VOCs} 1,1-Dichloroethane 2 o] ND 5 Oof2
1,1-Dichloroethene 2 0 ND 5 0of2
Acstoneg 2 0 ND 50 Qof2
Benzene 2 0 ND 1 0of 2
Chlorobenzene 2 1 ND -3 5 1of2
Chloroethane 2 2 17 -910 5 3of2
Ethylbenzene 2 1] ND 5 Qof2
Methylene Chloride 2 1] ND 5 Gof 2
Toluene 2 Q ND 5 0of2
Trichloroethene 2 o ND 5 0of2
Vinyl Chloride 2 o] ND 2 0of2

2006 GROUNDWATER NYSDEC TAGM 4046

SAMPLING EVENT Number of Number of Concentration Groundwater Frequency of

Contaminants of Samples Detections | Range Detected Standards/Criteria SCG Exceedence
Concern (ney'l) {pg/l)

Volatile Organic 1,1,1-Trichloroethane 15 1 ND - 8.4 5 0of 15

Compounds (VOCs) 1,1-Dichloroethane 15 2 ND - 11 5 2pof15
1,1-Dichloroethene 15 1 ND - 5.8 5 10of 15
Acetone 15 2 ND -7.3 50 Qof 15
Benzene 15 0 ND - 0.4 t Jof 15
Chilorobenzene 15 6 ND - 16 5 4015
Chloroethane 15 8 ND - 1,900 5 7 of 15
Ethylbenzene 15 o] ND 5 0of 15
Methylene Chioride 15 Q ND 5 Oocf 15
Toluene 15 0 ND 5 Ocof15
Trichloroethene 15 [ ND 5 0 of 15
Vinyl Chloride 15 0 ND 2 0of 15
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Table 2
Summary of Groundwater Sampling Data
Former Columbia Cement Company, Inc. Facility
Freeport, New York

ALL GROUNDWATER NYSDEC TAGM 4046
SAMPLING EVENTS Number of Number of Concentration Groundwater Frequency of
Contaminants of Samples Detections | Range Detected Standards/Criteria SCG Exceedence
Concern (ug) (ng/l)

Volatile Organic 1,1,1-Trichlorcethane 75 i0 ND - 5,100 5 6 of 75

Compounds {VOCs) 1,1-Dichloroethane 75 12 ND - 4,300 5 110f 75
1,1-Dichloroethene 7H 3 ND - 23 5 30f75
Acetone 75 12 ND - 300 50 30of 75
Benzene 75 7 ND - 23 1 50f 75
Chiorobenzene 75 29 ND - 32 5 210of75
Chloroethane 75 47 ND - 13,000 3 45 0f 75
Ethylbenzene 75 3 ND - 5,100 5 10f75
Methylene Chioride 75 11 ND - 840 5 10 of 75
Toluene 75 3 ND - 76 5 20f75
Trichloroethene 75 2 ND -8 5 10f 75
Vinyl Chloride 75 3 ND - 20 2 30f 75

NOTES:

(/1) : Micrograms per liter
NYSDEC TAGM 4046 © New York State Department of Environmental Conservation Technical and Administrative Guidance Memorandum
SCG : Standards, criteria and guidance values
ND : Not detected
MNA : Not applicable - no SCG published
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Table 3

Summary of Sub-Slab Vapor Sampling Data

Former Columbia Cement Company, Inc. Facility

Freeport, New York

2006 SUB-SLAB NYSDOH Matrix
VAPOR SAMPLING Number of Number of Concentration Conc. For Sub-Slab Frequency of
Contaminants of Samples Detections | Range Detected Mitigation ‘" SCG Exceedence
Concern {ug/m’) {pg/m®)

Volatile Organic Trichloroethene 3 3 5.9-534 250 1of3

Compounds (VOCs)  |Vinyl Chloride 3 0 ND 250 Qof3
1,1, 1-Trichlorogthane 3 3 14 - 6,200 1,000 10f3
Tetrachloroethene 3 3 43-2,140 1,000 10f 3
cis- 1,2-Dichloroethene 3 2 ND-6.7 1,000 0of3
1,1-Dichloroethene 3 1 ND - 308 1,000 Dof3
Chloroethane 3 1 ND-10,500 NA NA
1,1-Dichloroethane 3 3 ND-30600 NA NA

NOTES:

(rg/m3)
» From NYSDOH Final Guidance forEvaluating Soil Vapor intrusion in the State of New York, October 2006
5CG
ND :
NA :

i

Micrograms per liter

Not detected

Not applicable - no SCG published

Standards, criteria and guidance values
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Table &
Evaluation of Remedial Technologies for Scil
Former Columbia Gement Company, inc. Facility
Freeport, New York

GENERAL RESPONSE ACTION TECHNOLOGY EFFECTIVENESS IMPLEMENTARBILITY COST
Does not achieve remedial action Mot acceptable to
N
NO ACTION None cbjectives Iocal/public govarnmant cne
Effectiveness depends on continued Leaal requirements and
INSTITUTIONAL CONTRCLS Access restriction future implementation. Does not 9 :mhority Negligible Cost
reduce contamination.
Eg?m;?caolc:;ﬂ;:gtl%? Iges:sciat Technically implementable;
Cap mobility L on. Alone, not acceptable to Moderate capital, low O&M
reduce toxicity or volume of :
— local/public government
contamination
Technically difficult to
CONTAINMENT . .
Effective and refiable to reduce | implement due-to dense site}
. mobility of contamination; Does not | surroundings and limited .
I, low C&M
Barriers reduce loxicity or volume of space. Alone, not Maderate capital, low
contamination acceptable to local/public
government.
Effective and reliable for short and
EXCAVATION Excavation iong-term; Reduces toxicity, mobility|  Readily implementable High capital, very low O&M
and volume of contamination
Stabilization/ Typically usad for metals; Nat o .
Low capital, low Q&M
Solidification effective for VOCs Readily implementable Oow capital,
EX SITU TREATMENT Effective and reliable for short and
Thermal Desorption long-term; Reduces toxicily, mobility Readily implementable Moderate capital, high O&M
and volurne of contamination
Requires on-site treatment
On-site disposal Effective and reliable discharge
DISPOSAL

which is limited by industrial
method site surroundings and limited

High capital, tow &M
space

Off-site disposal Effective and reliable discharge

method
Not effective alone since impacted
soils are greater than 8 feet bgs and
below the groundwater table.
Requires additicnal remedial
method to drawdown groundwater
and expose vadose zone. Limited
reduction of toxicity, mobitity and
volume cof centamination if used
alone since saturated soils would

not be treated.
Inefficient because the residual
contamination does not reside in a
cortinuous large area and therefore
large areas of ¢lean soil would be
impacted by remedial action. Most
effective when contaminant
cohcentrations are high (in the ppm
range).

Readily implementable Low capital, high O&M

Soil Vapor Extraction

ital derate
Readily implementable Moderate capital, mo

O8M

Technically difficult io
Soil Flushing implement given the isolated
areas of soil contamination

IN SITU SCIL TREATMENT

Moderate capitaf, low O&M

Effective and reliable for short and
leng-term; Reduces toxicity, mobility
and volume of contamination

Dual Phase Exiraction

Readily implementable Moderate capital, mederate

Q&M
Innovative technotogy used
successfully for aromatic and
chlorinated sclvent compounds;
Effective for short and long-term
Reduces toxicity, mobility and
volume of contarmination
Bench-scale testing indicated limited
effectiveness in enhancing the
natural degradation processes at the|
Site,

Chermical Oxidation Readily implamentable Mederate c’g:'g:; moderale
Enhanced
Bioremediation

Readily implementabte Low capital, low O&M

Not Retained for Detailed Consideration (Section 3.2)
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Table 7

Evaluation of Remedial Technologies for Groundwater
Former Columbia Cement Company, Inc. Facility

Freeport, NY

GENERAL RESPONSE ACTION

REMEDIAL TECHNOLOGY

EFFECTIVENESS

IMPLEMENTABILITY

COST

NO ACTICON

None

Does not achieve remedial
action objectives

Mot acceptable to
Jocal/public government

Nope

INSTITUTIONAL CONTROLS

Access restriction

Effectiveness depends on
conhtinued future
implementation. Does not
reduce toxicity, mobility and
valume of contamination.

Technically implementable;
Administrative
implementability requires
legal requirements and
authority

Neglgible Cost

s {Effective and seliable for ling
¥ ey Reduces potential for |
| offsite mobiity but timitad " |- :

shortterm effectiveness on |
-+ foxicity and volume of
. contamination due to
“dewngradient position of
o piellsy o

1 High capital, high O&M

‘I reduction in inobility; Does

" :shom and leng-term .

. pot reduce toxisity and' -
volume of contamination -

ih‘s’pier'né_n:t dQe to dense site:
" surroundings.and limited
gpace. - -

High capital, low O&M -

MONITORED NATURAL
ATTENUATION

Monitoring/NA Evaluation

Potentially effective for short
and long-term; requires
additional data collection and
analysis; Reduces toxicity,
mobility and valume of
cantamination

Monitaring only; Readily
implementable

Low capital, low O&M

Extraction

Effective and reliable for
short and lang-term;

Reduces toxicity, mobility

and volume of contamination

Readily implementable

Moderate capital, low O&M

GRCUNDWATER COLLECTION |.

- |Npteffective and refiable due
-t to.depth of contamination;

| :Redugces toxicity, mobility
“f - and volume: of collected

£ groundwater

- Technically difficult to
. implement based on

industrial site conditions and

¢ depthof contamination

TREATMENT

EX SITU GROUNDWATER

Stripping

Effective for short and fong-
term; Reduces toxicity,
mobility and volume of
contamipation; Nat very

reliable in long-term due to

high inorganic content in gw
that may affect stripping
efficiency

Readily implementa Ele

High capital, high O&M

Carbon Adscrption

Effective and reliable for
short and long-term;

Reduces toxicity, mobility

ahd volume of contaminaticn

Readily implementable;
Relatively low adsorption
efliciency for site
constituents, can be
combined with other
technologies and used for
polishing

Low capital, high O&M

Off-Site Discharge

GROUNDWATER DISCHARGE

Effective and reliable

Technically implementable;

discharge method

Discharge permits required

Low capital, low Q&M

Page 1 of 2



Table 7

Evaluation of Remedial Technologies for Groundwater
Former Columbia Cemeant Company, Inc. Facitity

Freeport, NY

GENERAL RESPONSE ACTION

REMEDIAL TECHNOLOGY

EFFECTIVENESS

IMPLEMENTABILITY

COosT

IN SITU GRCUNDWATER
TREATMENT

Litnited effectivenass duato | - -

anaerohic nature of the |
‘aquifer-and properties of site} .
- |constituents;: Mot reliable:dusf
" 19 high inéraanic content in |

v that may aftect efficiency; | -
Reduces:toxicity, mobility -} - 7
and volume of contaminants |-

High eapital, moderite Q&M

: 'Cle;e:rhifcal'Oxiida%_ionf': : '

due to lower reaction rates

successfully for-aromatic:andf -

- cHlorinated sabvent © & |+

- compounds; Effective for |
- short-term reductions in.. [ .
‘toxicity, mobility an volume |

‘of contaminatioh;:Not

i} mobility.
and violurie of contamination

. Technicaly difficult to * -
impleiment given existence of
effective:for long-term © °F
‘reduction i texicity,

“ subsurface utiities and.
| space imitations: | |1

associated wi_th low residual : .7 RN

:: ‘concehtrations in’ i -

downgradient plume’ = |

"M'(J-de'r'aitejcapital,:moderat_e-
ST

. Bioremediation ...’ .

Be'hch—#éale testing i
... Indicated limited ..

. effectiveness in .enhancing: |

the natural degradation

_not suseptible to:anaerohic |

- degradation.

). Lowcapital, low O&M -

Enhanced Aerobic
Bioremediation

Bench-scale testing
indicated effectiveness in
enhancing the aerobic
degradation of CA at the
Site. Reduces toxicity,
mobility and volume of

contamination.

Readily implernentable

Low capital, low O&M

" Not Retained for Detailed Consideration (Section 3.2)

Page 2 of 2
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ADVENTUS

AMERICAS

VIA E-MAIL: tnark beckerf@urscorp.com

August 03, 2005

Mr. Mark Becker
Project Manager
URS Corp.

12 Commerce Drive
Cranford, N 07016

SUBJECT: Final Report — Bench Scale Test For Chemical Oxidation Treatment of
Chlorinated Solvent Impacted Soils
Adventus Project No. AAT5-031

Dear Mr. Becker,

This document consdtutes the final report for the chemical oxidation treatment of
chlorinated solvent impacted soils from the Former Columbia Cement, Inc., Freeport, NY
(the Site). This report presents the results of the initial characterization of the Site soil and
water, and the results of the activated persulfate testing,

Sample Reception

On April 27, 2005 Adventus received one {five gallon) pail of soil (SB-042005) and one {five-
galton) pail of water (MW-ID-97) from the Stte. Both pails were placed mto cold room
storage upon receipt. :

On Apl 28, 2005 the soll was homogenized by hand and duplicate samples were collected
for volatile organic compounds (VOC), total organic carbon (TOC), and chemical oxygen
demand (COD) analyses. A composite sample of water was also collected and submitted for
VOC, TOC, and COD analyses.  All samples were shipped via overnight courier to Severn
Trent Laboratories (STL) — Chicago for analysis.

A natural oxidant demand (NOD) test was also conducted on a sample of the Site soil using

a standard NOD protocol {(Appendix A).
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Mr. Mark Becker
URS Corporation
Angust 3, 2005. Page 2/11

Initial Soil and Groundwater Characterization Results

The initial VOC, TOC, and COD concentrations 1n the Site soil and water samples arc
presented in Table 1. The main VOC present in the Site soil was 1,1,1-trichloroethane
(TCA)Y (135,500 pg/kg). Nine other VOCs were detected in the soll at much lower
concentrations (Table 1). The TOC and COD concentrations were 5,250 mg/kg and
18,000 mg/kg, respectively.

The Site water contained ftrace concentrations of chlorcethane (4.8 pg/L) and 1,1-
dichloroethane {1 pg/l). TOC and COID concentrations were tlpg/lL and 33pg/L,
respectively.

The calculated seil Natural Oxidant Demand (NOD) was 42 mg KMnO, per gram of soll.

Table 1: Initial VOC and COD concentrations in the Site soil and water samples

Parameter Soil' Units Water Units
Chloroethane NI (120) ng/ kg 4.8 pg/L
1,1-Dichlorcethane 525 Lg/kg 1.0 e/l
1,1,1-Trichloroethane 135,500 te/kg ND (1) pg/l.
Trichloroethene o0 ng/ke ND @) pg/L
Toluene 825 pe/keg ND (1) pe/T
Tetrachloroethene 80 pg/kg ND (1) pe/L
Ethylbenzene 60 ug/kg NID (1) ug/'L
mé&p-Kylene 205 pg/kg NID(2) pe/L
o-Xylene 114 Mg/kg ND (1) pe/L
p-Isopropyltoluene 80 ng/ke ND (1) pe/L
Naphthalene 60 pg/kg ND (1) pp/L
Total VOCs 137,569 ng/g 5.8 pg/L
TOC 5,250 mg/kg 11 mg/L
COD 18,000 mg/kg 33 mg/L

'Average of duplicate samples
ND = non detect {detection limit}

Experimental Procedure

Based on the mix of target compounds, activated persulfate was selected as the oxidant of
choice. Two activation methods (hydrogen peroxide and chelated iron) were tested.
Treatment was conducted on combined soil and groundwater samples from the site.

Approximately 300 g of the homogenized site soil was weighed out into 12 — 11 glass jars
with Teflon lined lids. The initial characterization revealed that the VOCs concentrations in
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the Site water were much lower than the concentrations present at the site, thus the Site
water was spiked with seven constituents of interest (COl) as outhined in Table 2.

Table 2: Initial and Target COI concentrations in the Site water

Parameter S_ite Wate_r h Target . Units
Received April 27" Concentration
Vinyl Chloride ND 1) 15 pg /1.
Chlotoethane 4.8 10,000 ng/L
Methylene Chloride ND (1) 10 ng/1L
1,1-Dichlotoethane 1.0 660 pe/L
1,1,1-Trichloroethane ND (1) 150 pe /L
Benzene ND (1) 15 pe/L
Toluene ND (1) 4 pg/L

Table 3 summarizes the persulfate treatments and sampling schedule for each jar. Jars 1, 4,
7, and 10 were controls and thus were filled with spiked Site water. Jars 2, 3, 5, and 6 were
filled with a solution of spiked Sitc water containing 6.3 g/1. persulfate (Na,S.0,) and 30
g/L 30% hydrogen peroxide (H,0O,). Jars 8, 9, 11 and 12 were filled with 2 solution of
spiked Site water containmg 6.3 g/l sodium  persulfate (Na,5,05 and 05 g/L
ethylenediaminetetraacetic acid ron {III} sodium salt (NaFe(IIBEDTA). The jars were
inverted several imes to mix the soil and water and were placed into an tnsulated box.

On day 2 (48 hrs after the first application of sodium persulfate), the water and soil in jars 1,
2, 3,7, 8 and 9 were sampled for VOC, and COD at STL-Chicago. The water was also
sampled for persulfate and analvzed by Adventus.

Jars 5,0, 11, and 12 were re-amended with persulfate and the approptiate activator on day 2
For jars 5 and 6 the 6.3 g of persulfate was dissolved in 30 g of 30% H,0, and then added to
the treatment jar. For jars 11 and 12 approximately 40 mL of water was removed from the
treatment jar and the 6.3 g of persulfate and 0.5 g of NaFe(IIEDTA were dissolved in this
solution and then returned to the treatment jar.

On day 6 (96 hours after the second application of sodium persulfate) the water and soil for
the remaining jars were sampled as outlined above for day 2

Table 3: Summary of Treatments

Jars Persulfate Persulfate Samplin
Addition Activator £
ars | and7 sampled on Day 2
1,4,7,10 None None }ats 4 and 10 sarr)npled on I)gav 4
2,3 6.3 g on Day 0 FLO, Sampled on Day 2
5,6 6.3gonDays 0 & 6 H.O, Sampled on Day 6
8,9 6.3 gon Day 0 NaFe(IIBDEDTA  Sampled on Day 2

1,12 63 gonDays 0& 6 NaFe(TIDEDTA  Sampled on Day 6
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Results

This section presents the total VOC, COD, and petsulfate results of the sodiem persulfate
batch tests. With the exception of the controls, all other results reported in this section are
the average of duplicate treatment jars. The complete analytical data set is included in
Appendices B, C, D, and E.

The soill VOC concentrations in all four-control jars were much lower than the inidal
characterization result. The lower concentrations in the controls may be attributed to
partiioning of COls into the aqueous phase or a hot spot may have been sampled during
the initial characterization.

Hydrogen Peroxide Activated Persulfate Treatment

The soil and water results from the persulfate treatment jars activated with hydrogen
peroxide are presented in ‘T'ables 4 and 5. On day 2 the soil VOC concentrations decreased
from 2,779 pg/ke in the control to 1,439 pg/kg in response to 6.3 g/L persulfate and 30
g/L of H,O,. After an additional 6.3 g/L of persulfate, 30 g/L of 30% F,O, (equivalent to
9 g of H,0,) and 2 four day incubation period, the soil VOC concentrations decreased from
2,275 pg/kg in the control to 502 pg/kg. This corresponded to 48% and 78% removals of

total VOC after 2 and 6 days of hydrogen peroxide activated persulfate treatment,
respectively.

The COD concentrations were reduced by 57% and 47%, on days 2 and 6 respecnively, in
response to the persulfate treatment.

Table 4: VOC and COD concentrations in soil following H,O, activated persulfate
treatment

Day 2 Day 6
P %o %%
arameter 63¢g Removal 126 g  Removal
Control 111 5,0, Afer2  COMl NSO, After6
Days Days
Total VOC (png/kg) 2,779 1,439 48% 2,275 502 78%
COD (mg/kg) 20,000 8550 57% 9,100 4,850 V7%

The water persulfate concentrations revealed that persulfate was fully consumed on day 2
and day 6.

On day 2 the water VOC concentrations decreased from 14,806 pg/L in the control to 1,430

tg/L in response to 6.3 g/L persulfate and 30 g/L of 30% H,O, After the second
application of persulfate and H,O, and four additional days of incubation, the water VOC

concentrations decreased from 13,952 pg/L in the control to 782 pg/I.. This corresponded
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to 90% and 94% removals of total VOC after 2 and 6 days of hydrogen peroxide activated
persulfate treatment, respectively.

Despite the substantial removal of VOUCs, only a small decrease in the COD concentration
was observed on day 2 and no reduction in the COD concentration was observed on day 6.
"This is consistent with other studies (Brown etal), which have shown that sodium persulfate
works well on organics and is not consumed in satsfying the general oxidant demand of a
soll (L.e. reduced metals ete).

Table 5: VOC, COD, and persulfate concentrations in water following H,O,
activated persulfate treatment

Day 2 Day 6
P % %
arameter 63¢g Removal 126 g  Removal
Control 28,0, Afrer2  CO™°  N.SO,  After6

Days Days

Total VOC (ug/1) 14806 1,430 90% 13,952 782 94%
COD (mg/L) 310 305 2% 300 360 o
Persulfate (g/L) 0 0 — 0 0 —

NaFe(III)EDTA Activated Persulfate Treatment

The soil and water analytical results from the persulfate treatment jars activated with
NaFe(III)EDDTA are presented in Tables 6 and 7.

On day 2 the soil VOC concentrations decteased from 2,590 pg/kg in the control to 2,516
ng/kg in response to 6.3 g/L persulfate and 0.5 g/L of NaFe(IlIDEDTA. After an
additional 6.3 g/L of persulfate, 0.5 g/L of NaFe(IIDEDTA and a four day incubation
period, the soil VOC concentrations decteased from 2,530 pg/kg in the control to 2,321

ng/kg. This corresponded to 3% and 8% removals of total VOC after 2 and 6 days of
NaFe(IIGEDTA activated persulfate treatment, respectively.

On day 2 the soil COD concentration was reduced by 57%. The COD concentration on
day 6 was greater than the control. The COD concentrations in the persulfate treated jars
on days 2 and 6 were similar, but the concentration in the control was much lower than the
initial COD concentration and the value on day 2, thus is appears that control value may
have been Incorrect.
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Table 6: VOC and COD concentrations in seil following NaFe(IIDEDTA activated
petsulfate treatment

Dav 2 Day 6

Yo %
Parameter 6.3 R 1 12.6 R 1
Sg emova bg emova

Control N325203 After 2 Control Nazszos After 6
Days Days
Total VOC {Mg/kg) 2,5%0 2,516 3%% 2,530 2,321 8%
COD (mg/kp) 26,000 11,100 57% 6,500 11,000 0

The persulfate concentrations in the water wete 5.1 g/L and 10.4 g/L on days 2 and 6,
respectively. This corresponded to a consumption of 1.2 g and 2.2 g of persulfate on days 2
and 6, respectively. This shows that persulfate radicals were not generated using chelated
iron as an activator.

The water VOC concentrations on days 2 and 6 were 11,758 pg/L and 7,843 pg/L,
respectively.  The COD concentrations were greater in the jars amended with sodium
persulfate and Nalie{IINEDTA than in the controls.

Table 7: VOC, COD, and persulfate concentrations in water following
NaFe(IIDEDTA activated persulfate treatment

Day 2 Day 6
p %o %
arameter 63g  Removal 126g  Removal
Control 25,0,  After2 O™l NL SO, After6

Days Days

Total VOC {(ug/L) 14,890 11,758 21% 9,879 7,843 21%
COD (mg/1) 270 715 0 290 1,050 0
Persultate {g/1.) 0 5.1 — 0 10.4 ---

When accounting for the total mass of VOCs in the soil (300 g) and water (approximately
835 mkb), the oxidation results (Table 8) show that persulfate activated with hydrogen

peroxide was mote effective in oxidizing the VOCs than persulfate activated with
NaFe(ITDEDTA.
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Table 8  Mass balance of VOCs in water and soil following H,0, and
NaFe(ITHEDTA activated persulfate treatments
% %
; f R |
Parameter | Treatment Media Control 3‘; t‘crz fff;?‘]);:}]v Control gatyeg afff:'l(],)v:y
2 6
H,O; Soil 334 432 48% 683 151 78%
Total H,0: Water 13,234 1,577 88% 12,348 503 94%,
vocC NaFe(IlI) | Soil 77 755 3% 759 026 8%
s
EDTA
(hg) NaFe(III) | Water 13,199 10,565 20% 9,021 7262 19%
EDTA
Removal of TCA and CA
Table ¢ below summarizes the concentrations of key COI in groundwater and soil atter Day
2 and Day 6, for each control and treatment jar. The TCA and CA concentrations indicate
that there is some variability in the results for the duplicate control and treatment jars.
Table 9: Concentrations of target COI in water and soil following H,0, and
NaFe(IIIEDTA activated petsulfate treatments
Day 2 Day 6
Parameter | Media Treatment 1 Jar Duplicate 1% Jar Duplicate | Units
Jar Jar
Soil Control 1,300 1,600 1,000 1,300 pe/ ke
Water | Control 440) 510 700 680 ug/L
TCA Soil H,0, 120 1,500 13 680 pe/ke
Water | H,O, 300 70 430 140 ne/L
Soil NaFe(IIDEDTA | 1,700 1,900 350 3,300 pe/ke
Water | NaFe(IIDEDTA 400 410 850 1100 ueg/L
Soil Control 1,400 880 1,200 1,600 ng/kg
Water | Control 14,000 14,000 13,000 8,800 pg/L
CA Soil H,0, 55 170 ND (5.9 | N6 ug/kg
Water | H,0, 89 57 7.8 7.2 g/ L
Soil NaFe(IIDEDTA 280 150 210 500 ug/kg
Water | NaFe(IIHDEDTA | 11,000 11,000 5,700 7,500 pne/L

ND = non detect {(detecton limit)

Table 10 below summarizes the percent removal of key COT for both tests in groundwater
and soit after Day 2 and Day 6. High and low percent removals for TCA and CA are shown

for each case.
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Table 10: Percent removal of target COI in water and soil following H,0, and
NaFe(III)EDTA activated persulfate treatments

Parameter | Media Treatment % Removal after Day 2 | % Removal after Day 6

High Low High Low

Soil H,0, 90.77 -15.38 98.70 32.00

TCA Water | H,O, 31.82 -75.00 80.00 38.57
Soil NaFe(IIHEDTA -6.25 -11.76 70 -746.15

Water | NaFe(IIHEDTA 21.57 19.61 1.16 -27.91

Soil H,0, 96.07 87.86 99.51 99.49

CA Water | H,O, 99.38 99.36 99.94 99.94
Soil NaFe(IIDEDTA §2.95 -11.36 79.00 50.00

Water | NaFe(IINEDTA 21.43 21.43 35.23 14.77

The highest removal efficiency was seen with hydrogen peroxide activated persulfate. The
results show that with two applications (after 6 days) of hydrogen peroxide activated
persulfate, the highest removal efficiency for TCA ranged from 80% to 98.70%, and that for
CA it ranged from 99.51 to 99.94%. On the other hand, the lowest removal efficiency for
TCA ranged from 32.00% to 38.57%, and that for CA it ranged from 99.49 to 99.94%. This
indicates that the hydrogen peroxide activated persulfaie was very effective in treating the
target COI in both groundwater and soil after two applications of the oxidant. This shows
that oxidant demand 1s close to 42g sodium persulfate per Kg of soil and 60 g hydrogen
peroxide per Kg of soil.

Conclusions
The followmg conclusions can be drawn from these tests:

1. The site-speaitic COL can be oxidized by sodium persulfate activated with hydrogen
peroxide.

2. Iron activated sodium persulfate was not efficient in treating the site-specific COl.

3. The estimated oxidant demand for the soil is 42 g sodium persulfate per Kg of soil and 60
g hydrogen peroxide per Kp of soil.
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Please feel free to call the undersigned if there are any questions or if we can be of any
further assistance.

Yours truly,

Adventus Americas, Inc.

Fayaz Lakhwala, Ph.D.
Director, Remedial Design and Engineering Services

Adventus Remediation Technologies, Inc.

Eva Dmitrovic
Project Manager

ce: Dr. J. Mucller — (Adventus, Chicago)
Dr. Alan Seech — {Adventus, Mississauga)

EHC™ is a trademark of Adventus Intellectual Property Inc.
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Appendix A

Natural Oxidant Demand (NOD)Test Procedure (Modified from REMLAB-01 VER
1.3)

Purpose: To determine the amount of potassium permanganate required to meet the
NOD of the soil

Procedute:

1) Homogenize soil sample using a stainless steel spoon. Minimize handling time to
minitnize volatile losses.

2) Prepare a 1N potassiom permanganate solution (=0.2M, 31.61 g KmnO, in 1L}

3} Label seven 125-ml glass jars with the date, project number, amount and
concentration of potassium permanganate and sequence numbert. Place a 100-mL
graduated cylinder in front of each jar.

Summary of NOD jars
Jar 11:}7 (;;;;;eo Vv(;glltzle Dosage Concentration
Number | 1 7800 S| e I:f:i‘l‘)‘OJ & | (mg/L)

1 0.0 75.0 0.00 0

2 0.5 74.5 0.32 211

3 1.5 73.5 0.95 632

4 5.0 70.0 316 2107

5 15.0 60.0 9.50 6,323

6 50.0 25.0 31.61 21,073

7 75.0 0.0 47.42 31,610

4) Weigh out 50 g of soil into each of the seven jars. Record weight of soil in each jar.

5) Pipette the appropriate volume of 1N potassium permanganate solution into each of
six graduated cylinders. Note that the first cylinder is for the control and thus does
not receive any potassium permanganate. Top up each graduated cylinder, except
for number seven, with de-ionized water to a final volame of 75-mk..

6) Add the contents of each graduared cylinder to the cortesponding jar. Seal each jar
and invert several times to mix the soil and liquid. Record date and time the
experitment was started.

7} Invert the jars daily several times to mix the soil and liquid for the durarion of the
experiment (48 hours or 7 days). Prior to inverting the jars, record any changes in
colour of the samples.

8) After 7 days, record the colour in the jars.
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9) Sample the supernatant from the control, the jar that has the lowest potassium
permanganate concentration (lightest purple colour) and the jar with the next lowest
concentration

10) Measure the absorbance of the samples with a spectrophotometer (wavelength set at
525 nm).

11) Prepare a calibration curve in the concentration range of the samples and quantify
the permanganate concentrations in the samples.



Appendix B - Initial Characterization Results

Soil Fnitial

Soil Initial Dup

Warer Initial

Paramerer 39287 | units 39288 | unita | 39289 | vmis
Uhehlorodifluoromethane ND (1207 | wgikg | ND(20) | wpike | ND() | ugdl
Chloromethane ND (1200 g lgr ND 120) ug ke NI (T uer ],
Yinyl chlonde ND 120} ng/ kg D (120) up/kg NI (B ug/L
Bromomerhane W20 | upfkg NID (1203 ug kg ND (1) ug/L
Chloroetlant ND 120 | ugfhg ND (i20) ug/ kg 4.8 ug/L
Trchloroflnoromerhane M3 120, | ug/ke NI (320} ug/ky ND (1) ug/L
1,1-Dichlorocthene D (1200 ug/kg ND [(120) ug/ky ND (1) vzl
Carbon disulfide ND 20 | wg/ke | WD (200 | uplke | ND (3| we/l
Acetone NI (230 | wglkg | ND(2A0) | uplkg | ND (3 | ugil
Meibylene chlorile WD (120 ug/ kg ND (120) ug/ kg ND (1) ug/L
trans: 1,2-Dichlorocthene ND (1205 ug/hg ND (120} up/kg N () ug/l.
hlethyl-tert-butykether (MTBE) NI (120 ug/ kg NI (120) ug ke ND (1) ug/L
1. 1-Richloroethane 170 ug/ ke SED) ug/kp 1.0 ug/l
2.2-Dichloenprapane NI (1200 ug/ ke ND (120 ug/ kg ND (1) ug/l
cis-1,2-Dichloroethene W {120 ug/ ke ND (120) ug/kg MND (b ug/L
Z-Butanone (MEKD) N {120 uef kg ND (120) up/kg NI (2 ug /L
Bromochlotomethane ND {120 ugd kg ND (3200 up/ ke ND (1) vg/L
Chlosaform N (120 | wefhe | ND(120) | uplkg | ND (D | ug/L
1,1,1-Trichloroethane -11,000 ugd kg 230,000 nglke ND 1) ug/L
1,1-Dichlocopropene N {1200 ug/ ke ND {1200 up ke ND (1) ug/L
Cacbon tetcachlonde ND {120 g g MWD (1209 ug/ kg ND (1) up/L
Denzene MND 2% ug/ by ND (2% ug/kg NDO (1 ug/L
1,2-Dichlcoethane ND (120, | wg/kg | NI (1200 | ugfkg | ND (1) | ug/L
Itichlorsethens NLY (291 ugike 120 ug/kg ND (h ugsL
1,2 -Dichlurepropane ND {127 gy NI (120) ug/ ke NI (1) /L
Trbromomethane M3 {120 g kg NI {120) ug /Ry ND (1} ug/L
Bromodichloromethane NI (120 ugd ke NI {120) ug/kg MND (1} b/l
r1s-1,3-Dichloropropene ND {120) ug ki NI {120) ug/ kg MND (1) ug/,
A-Methyl 2pentanone (MIBEY | ND (320 | ugrke | ND (200 | ug'ke | ND (5 | ug/L
Toligne 550 v kg 1,1 ug/ kg ND (1; ug/L
trans-1,3-Dichloropropene NIZ {1200 | waike NEX 11200 ug/ke ND (1} ug/i
1.1,2-Trichloroethane NIZ {123 uglkg NI (1200 ug/keg D (1) ug/E
Tetrachloroethene ND 20 | werkg 160 ugfke | ND (1) ug/L
1,3-Dichloropropant ND (120 ugr/ ke ND 120y ug/kp NI (1) ug/T,
2-Hexanone WD (120 ug ke ND 1120) ug/ke ND (3) ug/L
Exbeomochlortme thane NI (120 | upske | N {120 | gtk | MDD | ug/l
1,2-Dibrsmocthane (EDB) ND (120 ugike INID (320 ugfkp ND (1} ugsl
Chlorobenzene ND (120 ua/ ke ML 1200 ug/kg ND (1 ug/L |
1,1,12-Teteachloroethane NI (120} ug/ ke ™D O120) ug/ke ND (1) ugrd L
Lthylhenzene 40 wr/kg Tl ug kg ND (1} ug/L
nep-Nylenes 220 v/ kg 30 ug kg ND (B ug/L
o-Xylenc 97 uplkg 130 ug/kg ND (1} ugfL
Sryeene ND (120 | uglke NI (120 uelka | ND (1 ug/l.
Bromoform ND (121 ugky ND 1200 ug kg MND (1) upg/L
Isopropylbenzene ND (12{p uplky ND {120y ug ki WD ug/L
Heomobenzene ND (121 ug/ke ND 12 ui kg ND (1} ug/L
1,1,22-Teteachlorocthane ND (12th up kg MDY (1207 up/ke ND (B ug/L

ichloropropane INTD (124) ug/ke NI 120 ug kg ND (1 ug/L
n-Cropylbenzene I (120) ug/ ke NI (120 v/ kg ND (1 ug /L.
2-Chlorotoluene N (120) ug/kg NIy 12 ug kg ND (1 ug/L.
1,35 Tamethylbenzene ND (128) ng/ke ND 120y ug/ ke ND wr/L
+-Chlgcotoluene ND (1268 up/ kg ND 120y ug/kg N (1 ug/L
tert-Butylbenzene ND (120) | uplke NO20) | ug/kg | ND (1 | ug/L
1.2 4-Tumethylbenzene NId (1200 ug/ky N (12 ug/kg ND (D ug/L
sec-Purylbenzene ND (220) ug/kg ND (1210 ug/kg ND (M welL
1,3-Dschlorobenzene ND 120y ugdkg ND (1203 uz/ kg WD) | ugfl
p-1sopropyltohiene ND U200 | upfke 160 ug/kg N ug/L
1,.1-Dichlorcbenzene HND 12 ugskg ND (1203 ug/kg ND (1} ug/L
n-Butylbenzene HND 20 | upkg Ny {126 ug/kg | ND{D ug/l.
1.2-Dichlorobenzene N 1200 up/kg ML {1205 ug/ kg ND ) ug/L
1.2-Dibromo-3-chloropropane NLY (1200 ug/ kg MDD (120% ug/ kg ND (D ug/L
1,2,4- [rchlombenzene ND120) | wgfke | N | ug/kg | MDD | ug/L
Fexachlorobutadiene NI (1200 ug/ke N3 (1203 ug/ kg N ug/L
Naphthalene 120 upfhg | N2 Pweikg | MDY | ug/L
1,2,3-Trichlorobenzene LY (1200 ug/ kg ND (1200 up/ kg ND 1) ug/L
1,3,5- I'nehlorobenzene WD {120 | wpfkg ND {120 ug kg ND ) ug/L
%% Solids, solid 6.2 84.8 Yo n/a
% Moisture, Sclids {18 153.2 Ya n/a
COD 19,000 mp kg 17,000 mg kg 33 mp/L
TOC 4,500} ma/ kg 6,000 g ke 11 mg/T




Appendix C - Day 2 Analytical Data (Water)

Jarl Jar 2 Jar 3 Jac7 _
Contral 6.3 g Na25208 + H202 | 6.3 g Na25208 + H202 Control 6.3
(Day 2) (Day 2) NaFe(]
Analyte Ums | 39713 Qualiier DL { 39718 Qualifier DL 39715 Qualifier DL wc‘:a Quahtier DL 39717
Chemie Oxyeen Demand (COD) | g/t | 300 1 50| 30 " , R
Dichlorodiflaorometbine wi | o w10 alw v w| o
Chloromethune. w/l. | 20 20| 10 |
Vingl chloride wg/L | 20 Cw| ™
Bromomethane e v w)
Chloroethane e | /L) 24000 . 200} 11000
_EnEoHomcoHoEn%mun o cm\ L 20 : 20 20
11 Dichloroethene | i | 2 v ow|w
ﬁEuUOD disulfide ug/L 100 5.0 ) o U100 100
Acctone ug/L 100 500 ) - 100 100
Zaﬁrﬁm:n hlodide cm\h .w% U il el SO e Nw
Qmsn 1,2- meEOHOQrme: ) Ew\u ;NO Mo , smo
Methyl cere-butyl-ether (1BE) | ug/L |20 20| 0
1,1 UEEOE@&S_.E ug/L 150 201 170
2, N Dichloropropane ,:m.m L | 20 201 20
Qu 1,2- Upnzoﬂoﬁrndm ug/L 20 £ 20 20
2Buunone (MEK) | g/ [ 100 00| 100
mhoﬁm,n,..u omo:.ﬁ_&mbn. ug/ 20 ;20
C EOHOWOHE ug/ 20 ;20
1 ~ 1- ﬁ:nzo.nomﬁvmmm B :m\ ﬁk% No
1,1 O_oEowo?Cmem ug/ 20 20
Carbon tetrachloside ug/ 20 20
Benzene ug/ 16 20
1,2- Dichloroethanc ug/ 20 201
EOEO n.ohmr,nnn . cm\ . mc 201 NO .
1.2 Dichloropropane v/ | 20 |
Dibromomethane ug/ 20 20 20
Bromodichloromeibane el | 200 0
cis-1,3- U_nrrﬁcwwowmzm ug/ 20 20 20
& gﬁrﬁ -2-penfanone 92@5 ug/ 100 100 100
oluene v/ | 20 L) 20
trans-13-Dichloropropene. 20 ol w0
M 1 m %ﬁnEcHanmSm 20 © 20 20
mﬂmnEonoﬁrnnn 20 20 20
1,3- Dic oHowam:n 20 20 20
2-Hexanone 100 .m:._oo 100
N At PG T a0 ool 20



Appendix C - Day 2 Analytical Data (Water)

Jar1l Jar 2 Jar 3 Jar7
Control 63 g Z»MMMWM% H202 | 639 Z»WMMMMW H202 Control
Analyte 39715 Quahfier DL { 39714 C:mwmnn DL 39715 Qualifier DL | 39716 Qualifier DL
Ethylbenzene 20 e U 1200 1o e U 20
m&pXylenes A0 204 40 1 U 40
o-Xylene ] 20 Llop 20 U 20
wJﬁan 20 101 20 v 20
Bromoform 20 1012 ¢+ U 20
Isopropylbencne 20 10 20 U 20
Bromobenzene 1.01 20 U 20
MLUNQN .H.mﬁanawom%mDm 1071 20 U 20
1,2 3-Tnchloropropane 10 20 U L2200
- _uwoﬁﬁvnb.mmbo 101 20 | U 20
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Appendix C - Day 2 Analytical Data (Soil)
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Appendix C - Day 2 Analytical Data (Soil)
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Appendix D - Day 6 Analytical Data (Water)
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Appendix D - Day 6 Analytical Data (Watex)
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Appendix D - Day 6 Analytical Data (Soil)
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Appendix D - Day 6 Analytical Data (Soil)
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EXECUTIVE SUMMARY

A bench-scale treatability was completed at Adventus Remediation Technologies’
facifity in Mississauga, Ontario, for the treatment of groundwater impacted with
chlorinated volatile organic compounds from the former Columbia Cement, Inc. facility in
Freeport, NY (the Site). The purpose of the project was to determine the capability of
EHC and HRC to treat chloroethane (1,500 ug/L), the primary contaminant in
groundwater.

A review of the scientific literature indicated that degradation of chloroethane could
occur both via biotic as well as abiotic pathways under reducing conditions. HRC
supports biological degradation while EHC supports both bioclogical and chemical
reduction.

A set of six flow-through column systems was set up, which included two control
columns, two EHC columns and two HRC columns. Two application rates (0.1% and
0.5%) of EHC and HRC were tested. The effectiveness of these treatment systems was
assessed using data coltected in six sampling events over a period of 107 days.

Overall the treatment systems have demonstrated some reduction in chioroethane over
time. However, during the initial three sampling events, it was difficult to assess the
effectiveness of the treatments due to the decrease in chloroethane concentrations in
the feed and control systems. Both systems showed a significant lag time of between
42 and 71 days, before degradation of chloroethane was truly observed.

Only one of the six sampling events indicated that there was an added benefit of using
enhancements such as EHC and HRC to degrade chloroethane. Significant removal
was observed in the non-sterile and sterile control columns indicating that the added
enhancements did not significantly improve the biotic removal of chloroethane.
Removal of chloroethane was primarily from combined abiotic methods and biotic
methods without the enhancements. This indicates that chloroethane has a potential to
attenuate naturally.

The experiments were conducted at a pore volume flush rate three times the rate
observed in the field. Within the limited enhancement that was observed, the data
shows that in the short term, HRC performed better than EHC. However, it is likely that
the slow release feature of EHC coupled with zero valent iron would perform better in
the long run. The study concludes that it is not feasible to enhance the reductive
dechlorination of chloroethane in groundwater at the Site.
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1.0 INTRODUCTION

1.1. Project Background

This report was prepared for URS Corp. to determine the ability of EHC and HRC to treat
the COI present in groundwater at the former Columbia Cement Inc. facility in Freeport,
New York (Site}). This report presents the results and interpretation of data collected
from a bench-scale feasibility study completed between April 2005 and September 2005
at Adventus Remediation Technologies’ facility in Mississauga, Ontario.

1.2. EHC and HRC Technology Background

EHC is a patented combination of controlled-release solid carbon and zero-valent iron
(ZV1) to stimulate reductive dechlorination of persistent organic solvents in groundwater
and source zones. The organic component of EHC (fibrous organic material) is nutrient
rich, hydrophilic, and has high surface area; thus, it is an ideal support for growth of
bacteria in the groundwater environment. As they grow on EHC particle surfaces,
indigenous heterotrophic bacteria consume dissolved oxygen and thereby reduce the
redox potential in groundwater. In addition, as the bacteria grow on the organic particles
they ferment the carbon and release volatile fatty acids (VFAs) such as acetic, propionic,
butyric, and lactic acids, which diffuse from the site of fermentation into the groundwater
plume and serve as electron donors for other bacteria including dehalogenators and
halorespiring species. Finally, the small ZVI particles provide substantial reactive
surface area that stimulates direct chemical dechlorination and an additional drop in the
redox potential of the groundwater. These physical, chemical, and biological processes
combine to create an environment that stimulates chemical and microbiological
dechlorination of solvents.

On the other hand, HRC is an ester of polylactic acid, which slowly releases lactic acid
and other VFAs in groundwater. The VFAs serve as electron donor and promote the
reductive dechlorination of chlorinated solvents.

Groundwater at the Site is predominantly contaminated with CA (CA), which is a
degradation product of 1,1,1-TCA, a compound that was released at the Site. A review
of the scientific literature indicated that degradation of CA could occur hoth via biotic as
well as abiotic pathways. HRC supports biological degradation while EHC supports both
biological and chemical reduction.
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2.0 PROJECT OBJECTIVES AND METHODS

1.3. Project Objectives

The aim of this bench-scale feasibility study was to determine the ability of EHC and
HRC to treat chlorinated volatile organic compounds in impacted groundwater collected
at the Site. Specific objectives included:

» chemical characterization of the groundwater and soil samples;

» evaluation of the performance of EHC and HRC applied at two application rates;

» identification of the most effective product and determination of its optimal
application rate for full-scale treatment;

« providing a comprehensive final report, including recommendations for potential
full-scale implementation.

1.4. Initial Groundwater and Soil Characterization

On April 27, 2005 Adventus received one five-gallon pail of groundwater (MW-05-15D)
and one five-gallon pail of soil (MW-98-9D) from the Site. Both pails were placed into
cold room storage upon receipt.

On April 28, 2005 a sample of the groundwater was submitted for volatile organic
compounds (VOC), total organic carbon (TOC), chloride, alkalinity, pH, nitrate, sulfate,
total iron, and dissolved iron analyses. The soil was homogenized by hand and samples
were collected for VOC, TOC, chloride, alkalinity, pH, nitrate, sulfate, and total iron
analyses. All samples were shipped via overnight courier to Severn Trent Laboratories
(STL) — Chicago for analysis.

The initial groundwater and soil characterization results are presented in Tables 1 and 2.
The main VOC present in the groundwater was CA (730 ug/t) and a trace amount of
chlorobenzene {CB) was also detected at 4 ug/L. Analysis of the Site soil revealed a low
concentration of m&p-Xylene (12 ug/kg). All other VOCs were below the analytical
detection limit {i.e., non-detect). This indicates that the soil itself is not from a highly
contaminated area or that losses have occurred during the collection and/or shipment of
the samples.

The TOC concentration was much greater in the soil (9,300 mg/kg) than in the
groundwater sample (8 mg/L).
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Table 1: Initial VOC and TOC results in the Site soil and groundwater samples

Parameter Soil Units Water Units

Chloroethane ND (6.1} ug/kg 730 ug/L
Chlorobenzene ND (6.1) ug/kg 4 ug/L

mé&p-Xylene 12 vglkg ND(2) uglL
Total VOCs 12 ug/lkg 734 ug/L
TOC 9,300 mgkg 8 mg/L

ND = non detect (detection limit}

The inorganic constituents are summarized in Table 2. The Site soil and groundwater
were both neutral and had pH values of 6.9 and 6.3, respectively. The inorganic
chemistry of the groundwater was dominated by chloride (75 mg/L) and trace amounts of
sulfate (0.29 mg/L), total iron (8 mg/L) and dissolved iron {0.065 mg/L) were detected.
The carbonate alkalinity was 380 mg/L in the groundwater and was below the detection
limit in the soil. The inorganic chemistry of the soil was dominated by total iron (9,700
mg/kg) and lower concentrations of chloride (3.3 mg/kg) and sulfate (3 mg/kg) were also
detected.

Table 2: Inorganic constituents in the Site soil and groundwater samples

Parameter Soil Units Water Units
Chlaride 3.3 mg/kg 75 mg/L
Total Alkalinity (as CaCQ;) ND (500} mg/kg 380 mg/L
pH 6.9 pH units 6.3 pH units
Nitrate-N ND {(t.2) mg/kg ND({0.1) mglL
Sulfate 3 mg/kg 0.29 mg/L
Total Iron 9,700 mg/kg 8 mg/L
Total Dissolved fron NA o 0.065 mg/L

ND = non detect (detection limit)
NA = not applicable

2.3 Column Test Set Up

On June 21, 2005, six column systems were set up with Plexiglas columns (Table 3,
Photographs 1A and 1B). Two of the columns were amended with EHC, two columns
received HRC and the remaining two were control columns. The EHC columns were
filled with a 0.1% and 0.5% (by mass) mixtures of EHC with Site soil. The same
application rates were tested for the HRC columns. The first control column was filled
with Site soil “as received” and the second control column was filled with Site soil that
was autoclaved at 250°F for 20 minutes. One gram of mercuric chloride, a microbial
inhibitor, was also added to the autoclaved soil.
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Table 3: Summary of the Column Testing

Application
System # Description Rate
(%)
1 EHCZ2007Fe50 0.1
2 EHCZ2007Fe50 0.5
3 HRC 0.1
4 HRC 0.5
5 Control 0
6 Sterile Control 0

Photograph 1A and 1B. Laboratory set up of the EHC columns. Each system
consists of a column (A) followed by Tedlar bag to collect the effluent {(B).
Columns 1 — 6 (Left to Right).

The concentrations of CA and CB in the Site groundwater sample were below the typical
Site concentrations and thus the feed water was spiked with these two constituents of
interest. A separate feed was prepared for the sterile control column as described above
except mercuric chloride was also added to the feed bag. Spiked groundwater was
continuously being pumped into the bottom of each column. The effluent line from each
column was connected to a separate Tedlar bag, which collected the effluent from the
column over time. Initially, the feed flow rate was set at 150 mL/day to fill the columns
and then was reduced to 70 mL/day. This corresponded to a pore volume flush rate that
was three times that calculated from field observations/measurements. This was the
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slowest flow rate that could be tested 1o collect sufficient water for analysis at each
sampling event.

Oxidation-reduction Eotentlal (ORP) and pH were initially monitored daily and then
weekly. On July 11" (Day 14), July 26™ (Day 29), August 8" (Day 42) September 6"
{Day 71}, 2005 influent and efftuent samples were collected from each system. The
influents were sampled for VOC and the column effluents were sampled for VOC,
ethane, alkalinity, chloride, and TOC analyses. All samples from the first four sampling
events were submitted to Severn Trent Laboratories.

Two additional sampling events were completed on September 29" (Day 94) and
October 12" (Day 107). During the final two sampling events, effluent samples were
collected directly from the column and were analyzed by Adventus using the solid phase
microextraction (SPME) method {Appendix A).
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3.0 COLUMN RESULTS

3.1 pHand ORP Data

The pH and ORP data is presented in Appendix B. The Site groundwater pH ranged
between 6.5 and 7.3. The pH values of the control column effluents were similar to the
feed and ranged between 6.5 and 7.0. The effluents from both the EHC and HRC
treatment columns initially showed a decrease in the pH and then the pH increased into
the neutral range with time. The pH of the EHC columns ranged between 5.8 and 7.1,
while the pH of the HRC columns ranged between 5.0 and 6.9.

During the initial 30 days of the study the EHC columns produced the best reductive
conditions. After day 30, the EHC, HRC, and control columns alt showed slightly positive
ORP values. The last reading showed that the treatment columns, control columns, and
feeds all had negative ORP values. Neither, EHC or HRC were not able to sustain low
ORP levels (-150 mV or less) considered optimum to support reductive dechlorination
until Day 107.

3.2  First Sampling Event (Day 14)

Appendix C shows all the analytical data collected during this study. Table 4 shows the
data for Day 14 sampling event. On Day 14, the CA concentrations in the two feeds were found
to be below the targeted concentrations of 1,500 ug/L and 20 ug/L for CA and CB,
respectively.

Table 4: Influence of EHC and HRC on VOC concentrations after 14 days

Concentration (ug/L
Parameter 0.1% 0.5% 0.1% 0.5% Control Sterile Feed Sterile
EHC EHC HRC HRC Control Feed
CA 490 500 510 430 540 480 800 720
CB 2.3 3.7 2.3 9.5 7.4 16 7 10

ND = non detect (detection limit)

Both controls showed reductions in the CA concentration when compared to their
respective feeds. The sterile control system showed 33% reduction in CA while the non-
sterile control showed 32.5% reduction in CA. This indicates that some abiotic removal
as well as removal by indigenous microorganisms was occurring in both columns.

Removal of CA was 39% in the 0.1% EHC column, and was 38% in the 0.5% EHC
column. Consequently, the enhanced biotic removal of CA in the EHC columns was only
5.5 to 6.5% more than that in the non-sterile control.
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Removal of CA in the 0.1% HRC column was 36%, indicating that the biotic removatl in
this column was 3.5% more than that in the non-sterile column. Removal of CA in the
0.5% HRC column was 46%, indicating that the biotic removat in this column was 13.5%
more than that in the non-sterile column.

The resuits indicate that significant enhancement in biotic removal from addition of EHC
or HRC was not achieved on Day 14. This is probably due to a lag time associated with
gstablishing the microbial colonies. The native anaerobic bacteria were most likely
exposed to oxygen during sample collection and mixing of the soils in the laboratory for
baseline testing. Consequently, the microorganisms responsible for reductive
dechlorination were most likely inhibited during the early periods of the test.

The TOC results were higher in the columns amended with EHC and HRC than the
controls (Table 5). As expected, the TOC concentration was greater in the EHC column
with the higher application rate. The 0.5% HRC column was not sampled for TOC since
there was not enough volume on Day 14.

Table 5: Influence of EHG and HRC on TOC and Ethane concentrations
after 14 days

Concentration
Parameter | ;4o EHC | 0.5% EHC | 0.1% HRC | 0.5% HRC | Control CS;‘:’l’t'r'jl
TOC (mgiL) 70 630 220 NA 13 53
Ethane (ug/L) | ND (4) ND (4) ND (4) ND (4) ND (4) ND (4)

ND = non detect {detection limit)
NA = Not analyzed; due to insufficient volume of effluent

Please note that alkalinity and chloride results are not available for the Day 14 sampling
event since the wrong preservative was added to these sampie jars.

3.3

Table 6 shows data from Day 29 sampling event. The VOC concentrations in the sterile
feed were similar to the Day 14 results while the non-sterile feed showed an additional
reduction in the CA concentration. Both feeds were below the targeted CA concentration
of 1,500 ug/L. Losses in the headspace of the feed bag were most likely the reason for
the drop in feed concentration.

Second Sampling Event (Day 29)

Table 6: Influence of EHC and HRC on VOC concentrations after 29 days

Parameter Concentration (ug/L)
01% 0.5% 01% | 0.5% Control Sterile Feed Sterile
EHC EHC HRC HRC Control Feed
CA 700 430 530 590 640 600 210 750
CB ND (1) 5.1 ND (1) [ND(1) | ND(1) | ND(1) [ND(1) | ND(1)

ND = non detect (detection fimit)
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The sterile control system showed 20% reduction in CA which indicates that significant
abiotic removal was occurring in the columns.

Since the non-sterile feed concentration dropped significantly (210 ppb), the results are
compared to the sterile feed. Removal of CA was 7% in the 0.1% EHC column, and was
43% in the 0.5% EHC column. At best, the biotic removal of CA in the EHC columns was
only 23% more than that in the sterile control.

Removal of CA in the 0.1% HRC column was 29%, indicating that the biotic removal in
this column was 9% more than that in the sterile column. Removal of CA in the 0.5%
HRC column was 21%, indicating that the biotic removal in this column was 1% more
than that in the sterile column.

The results indicate that significant enhancement in biotic removal from addition of EHC
or HRC was not achieved after 29 days.

The alkalinity of site groundwater did not change as a resull of either treatment. The
chloride concentrations of the effluents were between 5 and 25 mg/L greater than the
background chloride concentration (75 mg/L). The sterile control had the highest
chloride concentration since mercuric chloride was used as the microbial inhibitor. TOC
concentrations in the EHC and HRC treatment columns decreased since Day 14 (Table
7). Ethane was not detected in any column effluent on Day 29.

Table 7: Influence of EHC and HRC on Alkalinity, Chloride, TOC and Ethane
concentrations after 29 days

Concentration
Parameter 0.1% 0.05% 0.1% 0.05% Control Sterile
EHC EHC HRC HRC Control
Alkalinity {(mg/L) 370 380 420 330 420 370
Chloride (mg/L) 80 80 80 84 86 100
TOC (mg/L) 14 100 16 120 13 16
Ethane (ug/L) ND (8) ND (40) ND (4) ND (4) ND {4) ND (4)

ND = non detect {detection limit)

3.4  Third Sampling Event (Day 42)

Table 8 shows data for Day 42 sampling event. The total VOC concentration in both
feeds continued to decrease from the previous sampling events and the CA
concentrations were significantly lower than the targeted concentration of 1,500 ug/L.
Possible explanation for the decrease in the feed concentration is that CA stock standard
(50 mg CA per mL methanol) that was used to spike the Site groundwater showed a
decreased in the CA concentration over time and thus the feed was being spiked to a
concentration lower than the targeted (1,500 ug/L) value.
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Table 8: Influence of EHC and HRC on VOC concentrations after 42 days

Parameter Concentration (ug/L
0.1% 0.5% 0.1% 0.5% Sterile Sterile
EHC | EHC | HRC | HRC | €°" | control | F289 | Feed
CA 230 200 350 290 400 510 310 280
CB ND(1) | 27 ND(1) | ND(1) | ND{(1) | ND(1} | 14 15

ND = non detect (detection limit)

Effluent CA concentrations from both controls were higher than the feed indicating 100%
removal in both control columns.

Removal of CA was 268% in the 0.1% EHC column, and was 35% in the 0.5% EHC
column. There was no removal of CA in the 0.1% HRC column and only 6.5% removal in
the 0.5% HRC column. Due to a low CA feed concentration, it was difficult to determine
to what extent EHC or HRC were able to enhance the biolic remaval. At best the
enhancement may have been 35% for EHC and 6.5% for HRC. The results indicate that
significant enhancement in biotic removal from addition of EHC or HRC was not
achieved.

Table 9 shows supporting analytical data for Day 42. The alkalinity of Site groundwater
did not change as a result of either treatment. The chloride concentrations of the
effluents were between 9 and 17 mg/L greater than the background chloride
concentration (75 mg/L). Once again the sterile control column had the highest chloride
concentration since mercuric chloride was used as a microbial inhibitor. TOC
concentrations in the treatment (EHC and HRC) and control columns were very similar
and, the TOC concentrations in the treatment columns decreased greatly from the values
on Day 29. After 42 days of column operation, ethane was not detected in any column
effluent.

Table 9: Influence of EHC and HRC on Alkalinity, Chloride, TOC and Ethane
concentrations after 42 days

Concentration
Parameter 0.1% 0.05% 0.1% 0.05% Control Sterile
EHC EHC HRC HRC Control
Alkalinity {mg/L) 330 300 370 330 380 350
Chloride {mg/L) 90 84 84 91 84 22
TOC {(mgiL) 9.6 12 9.9 11 9.5 11
Ethane (ug/L) ND (4) ND (4) ND (4) ND {4) ND (4) ND (4)

ND = non detect (detection limit)
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3.5 Fourth Sampling Event {Day 71)

Table 10 shows the data for Day 71 sampling event. On Day 71, the CA concentrations
in the two feeds were greater than those reported during the first three sampling events
since a new CA stock standard was used for spiking the feeds.

Both controls showed reductions in the CA concentration when compared to their
respective feeds. The sterile control system showed 82% reduction in CA while the non-
sterile control showed 89% reduction in CA. This indicates that significant abiotic
removal was occurring in both columns.

Removal of CA was 92% in the 0.1% EHC column, and was 91% in the 0.5% EHC
column. Consequently, the biotic removal of CA in the EHC columns was only 2 to 4%
more than that in the non-sterile control.

Removal of CA in the 0.1% HRC column was 98.5%, indicating that the biotic removal in
this column was 10% more than that in the non-sterile column. Removal of CA in the
0.5% HRC column was 100%, indicating that the biotic removal in this column was 11%
more than that in the non-sterile column.

The results indicate that the addition of EHC or HRC did not achieve significant
enhancement in the biotic removal of VOCs.

Table 10: Influence of EHC and HRC on VOC concentrations after 71 days

Parameter . Concentration {ug/L
0.1% 0.5% 0.1% 0.5% Sterile Sterile
EHC | EHC | HRc | HRC | ™| control | F2°Y | Feed
CA 180 190 33 4.8 230 390 2,200 2,200
CB ND (1) 0.9 ND (1) 0.56 ND (1} | ND (1) | ND{5) | ND{5)

ND = non detect (detection limit)

The alkalinity of the Site groundwater increased in both the treatment and control
columns (Table 11). The initial Site groundwater characterization revealed an alkalinity
concentration of 380 mg/L and the column effluents had alkalinity values between 410
and 490 mg/L on Day 71.

The chloride concentrations of the column effluents also showed an increase between 15
and 24 mg/L greater than the background chloride concentration (75 mg/L). The sterile
control continued to have the highest chloride concentration and as previously noted this
was due to the addition of mercuric chioride.

The TOC concentrations in the treatment and control columns were similar to those from
the third sampling event. The values were less than optimal to support reductive
dechlorination. The steep drop in TOC from Day 29 was surprising as sufficient
quantities of HRC and EHC were injected in the systems.
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Ethane was not detected in any column effluent on Day 71.

Table 11: Influence of EHC and HRC on Alkalinity, Chloride, TOC and Ethane
concentrations after 71 days

Concentration
Paramet_er 0.1% 0.05% 0.1% 0.05% Control Sierile
EHC EHC HRC HRC Control
Alkalinity (mg/L) 440 410 420 450 470 490
Chloride (mg/L) 90 90 97 92 95 99
TOC (mg/L) 10 11 11 11 10 16
Ethane {ug/L) ND (4) ND (4) ND {4) ND {4) ND {4) ND (4)

ND = non detect (detection limit}

3.6  Additional Sampling Event #1 (Day 94)

Table 12 shows data from Day 94 sampling. The CA concentrations in the two feeds
were slightly below the targeted concentration on Day 94. The slightly lower CA
concentration in the non-sterile feed is likely due to the activity of indigenous microbes in
the Site groundwater. Both controls showed reductions in the CA concentration when
compared to their respective feeds. The sterile control system showed 5% reduction in
CA while the non-sterile control showed 20% reduction in CA.

Removal of CA was 52% in the 0.1% EHC column, and was 50% in the 0.5% EHC
column. Consequently, the biotic removal of CA in the EHC columns was about 30 to
30% more than that in the non-sterile control.

Removal of CA in the 0.1% HRC column was 62%, indicating that the biotic removal in
this column was 42% more than that in the non-sterile column. Removal of CA in the
0.5% HRC column was 99%, indicating that the biotic removal in this column was 79%
more than that in the non-sterile column. This was the only case where appreciable
enhancements in biotic removal of CA were seen from among all the data sets.

Table 12: Influence of EHC and HRC on VOC concentrations after 94 days

Parameter Concentration {ug/L
0.1% 0.5% 0.1% 0.5% Control Sterile Feed Sterile
EHC EHC HRC HRC Control Feed
CA 485 500 380 ND 810 1,280 1,005 1,345
{(10)
DCM 230 260 185 ND 415 345 ND ND
(10) (10) (10)
TCE 20 20 20 15 20 ND (10) 25 18
PCE ND ND ND ND ND {10) 20 135 68
(10) (10) (10) (10)

ND = non detect (detection limit)
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The original feed water from the site was exhausted so the experiments were continued
with a second batch of groundwater collected from the site. Lower concentrations of
other VOCs (methylene chloride (DCM), tetrachioroethylene (PCE), trichloroethylene
(TCE)) were also detected in the feed bags and/or column effluents (Table 12). This may
be related to the use of a second batch of groundwater from the Site. DCM was not
detected in the feed bags but was detected in the effluent of both controls. Trace
concentrations of trichloroethylene (TCE) and tetrachloroethylene (PCE) were detected
in the feeds and in some of the column effluents.

3.7 Additional Sampling Event #2 (Day 107)

The results from Day 107 sampling are shown in Table 13. Both controls showed
reductions in the CA concentration when compared to their respective feeds. The sterile
control system showed 51% reduction in CA while the non-sterile control showed 88%
reduction in CA.

There was no enhancement in the biotic removal of CA in both EHC columns as the non-
sterile effluent concentration of CA was essentially the same as the effluent from the
treatment columns.

There was 96% removal of CA in the 0.1% HRC column and 99.5% removal of CA in the
0.5% HRC column. Consequently, the biotic removal of CA in HRC columns was only
8% to 12% more than that in the non-sterile column.

As observed in the previous sampling, DCM was produced in all the column effluents.
Trace concentrations of TCE and PCE were also detected in the effiuent columns.

Table 13: Influence of EHC and HRC on VOC concentrations after 107 days

: Concentration (ug/L
Parameter 0.1% 0.5% 0.1% 0.5% Sterile Sterile
EHC | EHC | HRC | HrRc | Contol | contror | Fe29 | Feed
CA 305 250 80 ND 270 960 2,245 1,448
(10)
DCM 145 120 100 185 220 185 ND ND
(10 (10)
TCE 10 10 15 ND 10 ND (10) 40 20
{10)
PCE ND 45 ND - ND 15 65 45 18
(10) {10) (10)

ND = non detect (detection limit)
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4.0 CONCLUSIONS

The purpose of this bench-scale feasibility study was to determine the ability of EHC and
HRC to treat chlorinated volatile organic compounds in impacted groundwater collected
from the Site. The following conclusions are provided based on the results of the testing:

The initial characterization of the Site groundwater revealed that it had lower than
expected concentrations of the COI (CA and CB), thus the Site groundwater was
spiked with these COI to better represent the Site conditions.

Due to VOC reductions in the feed during the first three sampling event, it was
difficult to assess the effectiveness of the treatments. Both the EHC and HRC
treatments showed reductions in the total VOC concentrations, but the control
systems also showed reductions in total VOCs.

A lag time of approximately 70 days was observed in both systems for the
microorganisms {o get established. The ORP in both systems stayed in the positive
range until after Day 94

The fifth sampling (Day 94) showed that both EHC and HRC treatments were
capable of treating CA. This was the only time the data indicated that biotic removal
of CA was significantly enhanced by HRC and EHC.

A consistently high biotic removal of CA was not seen with either EHC or HRC.

The data shows that significant amounts of CA were being removed by abiotic means
as well as biotic means without enhancements in the control columns. Consequently,
there was no added value from using enhancements like HRC and EHC.

The lack of enhanced biotic removal may have been from the lack of appropriate
microorgansims capable of degrading CA in the soil from the downgradient area.
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Appendix A: Methodology for Headspace SPME GC/ECD determination of
VOCs in water samples
In-house method of VOC analysis for Adventus Remediation Technologies
Method developed by Michael Gibson, PhD.

Introduction:

Solid phase microextraction (SPME) followed by GC desorption and analysis has been
demonstrated to be an effective and reliable method of monitoring volatite contaminants in water
samples.  SPME fibers can be desorbed in the manual injection ports of most gas
chromatographs (GC), not requiring the specialized hardware necessary for purge and trap or
headspace systems typically used for VOC analysis (Santos F.J. et al., 1996).

The SPME fiber is a fused-silica fiber coated with a stationary phase, housed in a specialized
syringe-type holder for protection and for inserting through septa. The fiber can either be
immersed in an aqueous sample or be exposed to the headspace above an aqueous sample.
The absorption of analytes is based on equilibrium partitioning between the coating and the
sample. Where samples are contaminated with oils or other components, which may damage or
reduce the life of the fibers headspace analysis may be preferable. James and Stack (1997)
compared headspace and immersion SPME for VOC analysis of wastewaters and found
headspace SPME to be preferable.

The in-house method of analysis of VOCs in water samples was developed on the basis of
headspace SPME followed by direct GC analysis.

Method:

The fibers used were Carboxen™/Polydimethylsifoxane with a 75um thick stationary phase
{Supelco No. 57318). Two (2) ml agueous samples were placed in 4ml amber glass headspace
vials with Teflon lined septa (Supelco No. 27006) with a 4 mm Teflon coated magnetic stir bar.
Samples were stirred for 10 minutes prior to insertion of the fiber, the fiber was inserted
{ensuring that it did not come in contact with the aqueous phase) for and additional 10 minutes.
Fibers were removed from the samples and immediately (within 30 seconds) placed into the
injection port of the GC for desorption and analysis.

Chromatographic analysis was performed using a SRI 8610C Gas Chromatograph coupled with
a flame ionization detector (FID) and dry electrolytic conductivity detector (DELCD).  The
injection port was lined with a small bore, 0.75 mm D, glass liner {Supelco No. 26375-05). Both
the injector and detector were maintained at 200 °C. The analytical column was a VOCOL
capillary column {30 m x 0.25 mm, 1.5 um film thickness, Supelco No. 24205-U). Helium was
used as the carrier gas; column flow rate was 10 mli/min. The column oven temperature program
started at 40 °C for 2 min, increased at 10 °C/min to 150 °C for 2 min, then increased at 30 °C to
200 °C for a final 1 min.

References.
James K J, Stack M A (1897) Fresenius J Anal Chem 358: 833-837.
Santos F J, Galceran M T, Fraisse D (1996) J. Chromatogr. A, 742: 181-189.



EHC and HRC Bench Scale Testing — Final Report

URS Corp.
September, 2005 Appendices

Appendix B -~ Summary of pH and Oxidation Reduction Potential Readings
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Figure A: pH readings of feeds and column effluents over time
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Appendix B - Summary of pH and Oxidation Reduction Potential Readings
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Figure B: ORP readings of feeds and column effluents over time
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AAIS-032 tnifial Resuits

Baseline Sampling 28-Apr
Sodl Initiat Water Initial

39285 UNITS 39286 UNITS
Dichloradifuoromethane ND (6.1) ug/ig ND (1) ug/t
Chlgromelhanga ND (6.1) ugtkg NC (1) ug’l
Vinyt chloride ND (6 1) gk KO (1} Lol
Bramomelhane ND(6.1) ugikg ND (1} vl
Chigroathane MD{61) uglkg 730wt
Trichtorofluoromethane ND (6.1) uglkg NO1} ugfl
1,1-Dichicroelhene ND (5.1) ugikg ND (1} il
Carban disulfide ND (6.1} ug/kg ND (5} ug/L
Acetone ND (6.1) ug'kg ND [5} ugil
Methylene chionide ND (6.1) ugkg MND (1} ug.
trans-1,2-Oichloroethene ND (6.1) ug/kg ND {1} ugit
Mathyl-tert-butyl-ether (MTBE)  ND[6.1) ugikg ND (1) ugit
1,1-Dichloroeihane ND (8.1) ugkg NO {1} gl
2,2-Dichloropropane ND (6.1} LGk ND (1) ugiL
cis-1,2-Dichtoreelhens ND {6 1) ugkg NO{1) ug/l
2-Butanong (MEK) ND {6.1) ug/kg ND (5) up/L
Bromechloromethane ND (6.1} ugkg ND (1) g/l
Chioreform ND {6 1) ug/kg ND {1} g/l
1,1.1-Trichloroethane ND {6.1} uglkg ND (1) ugil.
1.1-Dichkropropene ND {6.1) ug/kg ND (1} ugiL
Carbon telrachloride ND {6 1} ug’kg ND {1} ugt.
Benzeng ND (6.1} ug/kg ND {1) vl
1.2-Bichloresthane ND (6.1} ugrkg ND{1) ol
Trichloroethene ND{6.1) ug/ky ND 1) ugL
1.2-Dichlorcpropane HD (8.1} ugrkg ND (1) ugrl.
Oibromomethane MD (5.1} ugrkg ND (1) ugl
Bromoadichloromethane NI (8.1} ugkg ND (1) ug/l.
cis-1.3-Dichloropropeng MND (8.1) vgrkg ND{M ug/l
4-Melhyl-2-pentanone (MIBK)  ND (8.1} ugkg ND {5) ugil.
Toluens MND {8.1} ugkg ND (1) ugrl.
trans-1,3-Dichloropropene ND {G.1} ugrkg ND () ugl.
1.1,2-Trichloraelhane ND (8.1} ug’kg MND (1) ugil
Tetrachloroeineng ND (E.1} ugfkg ND (1) ugil
1,3-Dichleropropane ND (6.1) ugikg ND (1) ugill
2-Hexanone ND (6.1) ug/kg ND (5) ugil
Dibromachloromethane ND (8.1) ugrka ND (1) ugll
1,2-Dibromoelhane (EDB) ND (6.1) ugikg N (1) ugiL
Chilorobanzene NO (8.1) ug'kg 4wyl
1,1,1,2-Tetrachloroathane ND (6.1) ugikg ND(1) ugfL
Ethylbenzena ND (8.1) ug'kg ND (1) ug/L
mép-Xylenes 12 ugkg ND(2) ugfL
o Xylene ND (8.1) ugkg ND (1) ug/L
Styrene ND (6.1) ug/kg ND (1) ug/L
Bromaform ND (6.1) ug/kg ND (1) ug'L
Isoprapylbenzene ND (6.1) ug/kg NO (1) L
Bromcbenzena ND{6.1) ug/kg NE (13 ugfL
1.1.2 2-Tetrachloroethane ND(6.1) upfg NI (1) wafh
1,23 Trichioropropane ND (6.1) ugkg NO (1} vafl
n-Propylbenzeng ND{6.1) gk ND (1} vofl
2-Chlorotoivene ND{6.1} ug'kg NG (1} uorl
1,3,5-Trimethylbenzene ND (6.1} ugky KD (1} ug'
4-Chlorotoluene MD{B.1} ug'kg ND (1) ugiL
tert-Butylbenzene ND (6.1} ugkg ND (1) ugiL
1.2, 4-Trimethylbenzene M {6.1} ug/kp KD (1) LGl
sec-Bulybenzene ND (6.1} ugrkg ND (1} ug/L
1,3-Oichlorobenzene ND (8.) ug’kg ND (1) ugil
p-isopropyitoluens ND (6.1} uglkg ND (1) ugiL
1.4-Oichlorobenzene NG (5.1) ug’kg ND {1} ugl
n-Butyibenzene ND (5.1) ugrkg ND {1) vg/l
1.2-Dichlorobenzene NB (1) uaikg ND (1} ugfl.
12-Dibroma-3-chloroprapane  ND (6.1} ugikg MD {1} ugiL
1,2,4-Tnchlorobenzene ND (6.1} wg’kg ND (1) ugiL
Hexachlorobuladiene ND (8.1) ugikg ND (1) ugll.
Naphthalene ND (6.1) ugykg ND (1) ug/L
1.2,3-Trichlorobenzena ND (8.1) ugrkg ND {1) uglL
1,3.5 Trichiorohenzene ND (6.1) ugtkg ND{1) ug’L
% Sokds, sclid 82.6 o wa
% Moisture, Solids 17.4 % wa
Alkalinity, Totaf as CaC03 ND (500) maikg 380 mgrll
Chloride 33 mgkg 75 mgiL
Nitrate as N ND 1.2 mo/kg ND(0.1) gL
Suifate 3 mg'kg 029 mg/l
TQC 9,300  mgkg B mgt
pH 4.8 pHunits 5.3 pHunits
Tolal Iron 5700 mgkg 8 mglL

Dissoived Iron nia 0.065 myl the dissolved Fa result was below the RL But ahove the SAOL



AAl5-032 Sampling #1 t=14 days

- TOC Average Duplicates ‘ 4 :
Dichlorodiftuoromethane S 1u
Chioromethane B TR
Vinyl chloride - tu
Bromomethane B S
.Chloroethane 490 1
Trichlorofluoromethane Sty

1,1- Dichloroethene o 1u
Camondisufide 50
Acetone o e
‘Methylene chlorlde 1
trans-1,2-Dichlorosthene
‘Methyl-tert-butyl-ether (MTBE)
‘1,1-Dichloroethane

2, 2- Drchloropropane ’

fus 1.2-Dichloroethene

2- Butanone{MEK) '
§Bromochloromethane

:Chloroform

11,1 -Trichloroethane

. 1 .U*
500

U
U
24

P e [ Y W G Y
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fa
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1

1

1

1

1
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1
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: 1
: Carbon tetrach_lo_r!de_ - 1
EBenzene 1
1,2- Drchloroethane 1
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1
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1

1

1

1

1

5

1

1

cCococococc

1 gl‘DmhIoropropane
%leromomethane

: Bromod:chloromethane
:cis-1,3- chhloropropene _
4-Methyl-2- -pentanone (MIBK
Toluene

'trans 1 3 Dichloropropene
1,1,2-Trichloroethane
Tetrachlorosthene
1,3- chhloropropane o

2- Hexanone
leromochioromethane

:1 2- leromoethane (EDB)
Chlorobenzene

1 1 1.2- Tetrachloroethane
‘Ethylbenzene

mé&p-Xylenes

o-Xylene

Styrene | U
Bromoform R S 1

*

cicocccocccoccac

*

1 U
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AAIS-032 Sampling #1 t=14 days

C

Elsoprapylbe zer
:Bromobenzene S
1 1 2 2 Tetrachloroethane -

_'1 2 3 Trlchioropropane

- Propylbenzene

:2-Chlorotoluene
11,3,5- Trlmethylbenzene L
4-Chiorotoluene
?tert-Butbeenzene

n- Butylbenzene )
'1 2- chhlorobenzene

1 2 D;bromo 3 chloropropane
1, 3 5 Tnchlorobenzene
“1,2,4-Trichlorobenzene
;Hexachlorobutadtene
‘Naphthalene

1.2,3- Trlchlorobenzene

=
C

CCiCcCcCcCocCcCcCcCcocaoccococccccc

Ethane
U = compound analyzed but not
detected at a concentration above
the reporting fimit.




AAIS-032 Sampling #1 t=14 days

ﬁDtchlorodlfluoromethane - _' -ty
Chioromethane 1Y
Vinylchloride 11U
Bromomethane ! ou
Chloroethane ... 810
_Trichlorofluo methane ) 11U :

S
A0

1,1-Dichloroethene 1:U
Cabondisulfide . 13J
Acetone _ S 1.
Methylene chloride 56

ftfans 1,2- chhforoethene ; o

1
1
1
1
0
1
1
5
5
1
Methyltertbutyl-other (MTBE) = qu Ty
1,1-Dichioroethane . 1u |
;
5
1
1
1
1
1
1
1
1
1
1
1

2.2Dichloropropane e BU
cis-1.2-Dichlorogthene T U
2-Butanone (MEK) T e T
Bromochloromethane U '
Chloroform B

1,11 Trlchloroethane o 1y

1,1- chhloropropene B S H V

Carbon tetrachloride _ 1y

Benzene o tU

1,2 chhloroethane o 11U
Trichloroethene o 11U
1,2-Dichloropropane AU
‘Dibromomethane_ S LV I
Bromodichloromethane " Tur
cis-1,3-Dichloropropene 1 ;
4-Methyl-2- -pentanone (MIBK)
?_Toluene N '
trans-1,3-Dichloropropene 7
112 Tichorosthane 4

leromochloromethane B B :
1,2-Dibromoethane (EDB) . qUu
‘Chlorobenzene 23 L
1,1,1,2- Tetrachloroethane e RV
Ethylbenzene 7y
mep-Xylones i o TR
o-Xylene . U

Syreme U
Bromoform - awe T




AAI5-032 Sampling #1 t=14 days

Isopropylbenzene
Bromobenzene
01‘1 2.2 Tetrachloroethane
1,2,3- Tnchloropropane
n-Propylbenzene
.2-Chlorotoluene

:1 3 5 Trlmethy!benzene

4- ‘Chiorotoluene

1 3 chhlorobenzené '_
:p Esopropyltoluene

1 4 Dichlorobenzene

n-Butylbenzene
-1,2-Dichlorobenzene
1,2-Dibromo-3-chloropropane
1,3, 5-Tr|chlor0benzene
1,2,4-Trichlorobenzens
'Hexachlorobutadiene
iNaphthaIene L

Ethane
U = compound analyzed but not

detected at a concentration above
the reporting limit.

Column 3 Effluent
R S

4 au 4 ugiL



AAlI5-032 Sampling #1 t=14 days

‘TOC Average Duplicates
;chhlorodlﬂuoromethane
;_Chloromethane
‘Bromomethane ‘
‘Chloroethane
Trichlorofluoromethane
:1,1-Dichloroethene
‘Carbon dISU|fIdBWU_ o
Acetone

trans-1,2-Dichloroethene
Methyl- tert butyl ether (MTBE}
1,1-Dichloroethane

2 2 Dschloropropane -
'c:|s-1 2- chhloroethene o
2- Butanone (MEK} o
Bromochloromethane o
Chloroform

~1 1 1-Tr|chloroethane o
1,1- chhloropropene
‘Carbon tetrachloride
:Benzene

»1 2- chhloroethane
Tru:hlomethene _
1,2- Dichloropropane
D|bromomethane
Bromodlchloromethane _
‘c|5-1 3- chhloro opene e
4- Methyl 2- pentanone (MIBK}_ o
‘Toluene
trans-1 3- chhloropropene
1,1,2- Trlchloroethaﬁem B
Tetrachloroethene

1 3 chhloropropané o
2-Hexanone
:leromochloromethéﬁé
-1,2-Dibromoethane (EDB)
5Ch!or0benzene

1,11 2- Tetrachioroethane
?_Ethylbenzene ,
mép-Xylenes

Styrene
'Bromoform _

Dok

'
i

Rk PSS PR
[ R B

i

PN N N U

cciccicoc

;
;
i
;

T L 4 ) [F T Wiy T G G Ay PO RO T QI W U Y
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AAI5-032 Sampling #1 t=14 days

‘Isapropylbenzene
‘Bromobenzene
1.1,2,2-Tetrachloroethane
1,23 Tnchioropropane
n- Propylbenzene
2-Chlorotoluene

_1 3,5- Trlmethylbenzene
4- Chlorotoluene
;tert~Butbeenzene

1,2 4-Tr|methylbenzene
‘sec- Butylbenzene

' W!Mchlorobenzene

p Isopropyltoluene

1.4- chhlorobenzene -
fn Butylbenzene

1, 3 5-Trichlorobenzene
11,2,4-Trichlorobenzene
: Hexachlorobutad|ene
ﬁNaphthaIene &

:1 ,2,3- Trrchlorobenzene

Ethane 41 4 4 U
U = compound analyzed but not

detected at a concentration above

the reporting limit,




AAI5-032 Sampling #1 t=14 days

Feed

TOC Average Duplicates -~ = -
ngchIorodlﬂuoromethane nu
_Chloromethane Sty
Vinyl chioride Y
»Bromomethane ) o U
Chloroethane . 800 1
Trichlorofluoromethane B 1u
1,1-Dichloroethene [ iy
Carbon disulide o su
Methylene chioride L
trans-1,2-Dichloroethene . Y
‘Methyl-tert-butyl-ether (MTBE)H_ 1y
1,1-Dichloroethane U
2,2 chhloropropane S Y
.cis-1,2-Dichloroethene 1y

2 Butanone (MEK) o : 4 5U
‘Bromochloromethane T
:Chloroform B o 1
:1,1,1-Trichloroethane ) 1

S s D o s o

cce

:1,1-Dichloropropene
Carbon tetrachloride
;Benzene

1,2- Dichloroethane

1
_ : 1

fTrlchloroethene T
1

1 2 chhloropropane ]
leromomethane _
Bromodlchroromethane
cis-1,3- chhloropropene y
-,4 Methy!—Z -pentanone {MIBK)
‘Toluene .
trans-1,3-Dichlor propene 1U
1.2 Trichorosthane TG
Tewachlorogthene gy
1,3- chhloropropane o ) - 1f'Uw_l
oo b B
"Dibromochloromethane 11U
‘1,2-Dibromoethane (EDB) 1U
E'VChlorobenzene 7 I A
1,1,1,2-Tetrachloroethane = 11U
f_Ethy!benzene _ S 1U
m&p-Xylenes L 2u
oXylene . iU
Styrene v
Bomoform Ay

1
1
1
1:
5
1
L
1
1
1
1
T
1:
0
LY

.~1fU* e

14
2U

,.1 ‘U
11U

)
1
1
1
5
1
10 Tugl.
‘ ;
1
2
1
1u* 1

_l._\_\ P = ek i o G ok




AAI5-032 Sampling #1 1=14 days

=
I

e N T VU T G Y

: popylbé‘nzenme"zm_____ _
:Bromobenzene
112 2_Tetrachl0roethane

2 Chlorotoluene N
1,3,5-Trimethylbenzene
4 Ch[q;qgoluene '
;tert Butylbenzene
1.24-Trimethylbenzene
sec-Butybenzene
1,3-Dichlorobenzene
%p Isopropyltoluene

A 4-Dichlorobenzens T T b
‘n- Butylbenzene __________ 1:U 1 ug/l
:1,2-Dichlorobenzene L 1-ug/L
1,2-Dibromo- 3-ch|oropropane 1U ug/L
1,3,5-Trichlorobenzene 1U 1ug/L
1.2,4-Trichlorobenzene 1U  tugll
Hexachlorobutadiene 1Ty Tug/l
Naphthaleno ) T 1 uglt
1,2,3-Trichlorabenzene v 1 ugiL

Ethane

U = compound analyzed but not
detected at a concentration above
the reporting limit.



AAI5-032 Sampling #2 t=29 days

Column 1
Effluent

Alkalinity, Total as CaCO3 370

mg/L
Chloride 80 mg/L
TOC Average Duplicates 14 mg/L
Dichiorodifluoromethane 1.0 U U U ug/L
Chloromethane 1.0 U U U ug/L
Vinyl chioride 1.0 U U u ug/L
Bromomethane 1.0 U . U . u ug/l
Chloroethane 700 430 530 ug/L
Trichlorofiuoromethane 1.0 U 1.0 U 1.0 U ug/L
1,1-Dichloroethene 1.0 U 1.0 U 1.0 U ug/L
Carbon disuffide 50 U 5.0 u 5.0 U ug/L
Acefone 5.0 U 20 50 U ug/L
Methylene chloride 45 39 53 ug/L
trans-1,2-Dichlorpethene 1.0 U 1.0 u 1.0 U ug/L
Methyl-tert-butyt-ether (MTBE) 1.0 U 1.0 U 1.0 U ug/L
1,1-Dichlorpethane 1.0 U 1.0 u 1.0 U ug/L
2.2-Dichloropropane 1.0 U 1.0 U 1.0 U ug/L
cis-1,2-Dichloroethene 1.0 U 1.1 1.0 U ug/L
2-Butanone (MEK) 5.0 U 6.1 5.0 U ug/L
Bromochloromethane 1.0 U 1.0 U 1.0 U ugiL
Chloraform 1.0 U 1.0 U 1.0 U g/l
1,1,1-Trichloroethane 1.0 U 1.0 u 1.0 U ug/L.
1,1-Dichloropropene 1.0 u* 1.0 U 1.0 u* ug/L
Carbon tetrachloride 1.0 9] 1.0 U 1.0 U ugiL
Benzene 1.0 4] 1.0 U 1.0 U ug/L
1.2-Dichloroethane 1.0 §] 1.2 1.0 u ug/L.
Trichloroethene 1.0 9, 5.1 1.0 L ugit.
1,2-Dichloropropane 1.0 U 1.0 u 1.0 N ug/L
Dibromomethane 1.0 U 1.0 U 1.0 U ug/L
Bromodichloromethane 1.0 U 1.0 u 1.0 U ugiL
cis-1,3-Dichloropropene 1.0 U 1.0 U 1.0 U ug/l
4-Methyl-2-pentanone (MIBK) 5.0 U 5.0 u 50 U ug/L
Toluene 1.0 U 1.0 U 1.0 u ugflL
trans-1,3-Dichloropropene 1.0 U 1.0 u 1.0 U ug/b
1,1,2-Trichioroethane 1.0 U 1.0 v 1.0 U ug/L
Tetrachloroethene 1.0 U 1.0 9] 1.0 U ug/L
1,3-Dichloropropane 1.0 U 1.0 U 1.0 U ug/L
2-Hexanone 5.0 U 50 U 5.0 u ug/L
Dibromochloromethane 1.0 U 1.0 u 1.0 U ugflL
1,2-Dibromoethane (EDB) 1.0 U 1.0 U 1.0 U ugit
Chlorobenzene 1.0 U 4.1 1.0 U ug/L
1,1,1,2-Tetrachloroethane 1.0 U 1.0 ] 1.0 u ug/L
Ethylbenzene 1.0 U 1.0 U 1.0 ] ugfl.
mé&p-Xylenes 2.0 U 2.0 U 2.0 U ug/L



AAI5-032 Sampling #2 t=29 days

Column 2 Column 3

o-Xylene . u .

Styrene u 1.0 U 1.0 u ugfl.
Bromoform U 1.0 u 1.0 U ug/L
Isopropylbenzene U 1.0 U 1.0 u ug/l
Bromobenzene u 1.0 U 1.0 u ug/l
1.1,2,2-Tetrachloroethane U 1.0 U 1.0 U ug/L
1,2.3-Trichloropropane U 1.0 u 1.0 u ug/L
n-Propylbenzene U 1.0 u 1.0 U ug/L
2-Chiorotoluene U 1.0 U 1.0 u ug/L
1,3,5-Trimethylbenzene u 1.0 U 1.0 u ug/L
4-Chiorotoluene U 1.0 u 1.0 u ug/L
tert-Butylbenzene U 1.0 u 1.0 U ug/L
1,2,4-Trimethylbenzene u 1.0 V] 1.0 u ug/L
sec-Butylbenzene U 1.0 U 1.0 u ug/L
1,3-Dichlerobenzene U 1.0 U 1.0 U ug/l
p-lsopropylioluene U 1.0 U 1.0 U ug/L
1,4-Dichlorobenzene U 1.0 U 1.0 U ug/L
n-Butylbenzene U 1.0 U 1.0 U ug/L
1,2-Dichlorobenzene u 1.0 U 1.0 u ug/l.
1,2-Dibromo-3-chloropropane U 1.0 J 1.0 u ug/L
1,3,5-Trichlorobenzene U 1.0 U 1.0 u ug/L
1.2,4-Trichlorobenzene U 1.0 u 1.0 U ug/L
Hexachlorobutadiene U 1.0 u 1.0 u ug/L
Naphthalene U 1.0 U 1.0 u ug/L
1,2,3-Trichlorobenzene U 1.0 U 1.0 U ug/l



AAI5-032 Sampling #2 t=29 days

Alkalinity, Total as CaC03
Chloride

mgfL

TOC Average Duplicates mg/L
Dichlorodifluoromethane u 1.0 U u ug/L
Chloromethane u 1.0 U u ug/L
Vinyl chloride U 1.0 U u ug/L
Bromomethane ) u 1.0 U U ug/L
Chloroethane 590 640 ug/L
Trichlorofluoromethane 1.0 U 1.0 U U ug/L
1,1-Dichloroethene 1.0 U 1.0 U u ug/L
Carbon disulfide 5.0 U 5.0 U U ugfl
Acetone 17 50 U ug/t.
Methylene chloride 140 88 ug/L
trans-1,2-Dichloroethene 1.0 U 1.0 U U ug/L
Methyl-tert-butyl-ether (MTBE) 1.0 u 1.0 U U ug/L
1,1-Dichloroethane 1.0 u 1.0 U U ug/L
2.2-Dichloropropane 1.0 U 1.0 U U ugft
cis-1,2-Dichloroethene 1.0 U 1.0 u U ug/L
2-Butanone (MEK) 23 5.0 U t ug/L
Bromochloromethane 1.0 u 1.0 U U ug/L.
Chloroform 1.0 ) 1.0 U U ug/L
1,1,1-Trichloroethane 1.0 u 1.0 U U ug/t
1,1-Dichioropropene 1.0 u* 1.0 u* u* ug/L
Carbon tetrachloride 1.0 U 1.0 U U ug/L
Benzene 1.0 U 1.0 U U ug/L
1,2-Dichloroethane 3.1 1.0 U U ug/L
Trichloroethene 1.0 U 1.0 U U ugiL
1,2-Dichloropropane 1.0 U 1.0 u u ug/l
Dibromomethane 1.0 U 1.0 U U ug/L
Bromodichloromethane 1.0 u 1.0 u U ug/l
cis-1,3-Dichioropropene 1.0 u 1.0 u U ug/L
4-Methyl-2-pentanone (MIBK) 5.0 u 5.0 8] u ugfl
Toluene 1.0 U 1.0 U U ug/Ll
trans-1,3-Dichloropropene 1.0 U 1.0 U ) ug/L
1,1,2-Trichloroethane 1.0 u 1.0 U u ug/L
Tetrachloroethene 1.0 U 1.0 U U ugfL
1,3-Dichloropropane 1.0 u 1.0 u U ug/L
2-Hexanone 5.0 U 5.0 U U ug/L
Dibromochloromethane 1.0 U 1.0 U U ug/L
1,2-Bibromoethane (EDB) 1.0 v 1.0 U U ug/L
Chlorobenzene 10 21 ug/L
1,1,1,2-Tetrachloroethane 1.0 U 1.0 U U ug/L
Ethylbenzene 1.0 U 1.0 U U ug/L
mé&p-Xylenes 2.0 U 2.0 U U ug/L



AAI5-032 Sampling #2 =29 days

Column 4 Column 5
ffluent

S Ana 033 QU
o0-Xylene 1.0 U u 1.0 U ug/L
Styrene 1.0 u U 1.0 U ug/L
Bromoform 1.0 U U 1.0 U ug/L
Isopropylbenzene 1.0 U U 1.0 u ug/t
Bromobenzene 1.0 u U 1.0 u ug/L
1,1,2,2-Tetrachloroethane 1.0 U U 1.0 U ug/L
1,2,3-Trichloropropane 1.0 u t 1.0 U ug/t
n-Propylbenzene 1.0 U U 1.0 U ug/L
2-Chlorotoluene 1.0 U U 1.0 U ug/L
1.3,5-Trimethylbenzene 1.0 U U 1.0 U ug/L
4-Chlorotoluene 1.0 U U 1.0 u ug/L
tert-Butylbenzene 1.0 u U 1.0 U ug/L
1,2,4-Trimethylbenzene 1.0 U U 1.0 U ug/L
sec-Butylbenzene 1.0 U ] 1.0 U ug/L
1,3-Dichlorobenzene 1.0 L U 1.0 U ug/L
p-Isopropyltoluene 1.0 U U 1.0 U ug/L
1.4-Dichlorobenzene 13 . 1.0 U ug/L
n-Butylbenzene 1.0 u 1.0 U 1.0 u ug/l
1,2-Dichlorobenzene 1.0 U 1.0 U 1.0 U ug/L
1.,2-Dibromo-3-chloropropane 1.0 U 1.0 U 1.0 U ug/L
1,3,5-Trichlorobenzene 1.0 U 1.0 u 1.0 U ug/L
1,2,4-Trichlorchenzene 1.0 u 1.0 U 1.0 U ug/L
Hexachlorchutadiene 1.0 u 1.0 u 1.0 u ug/L
Naphthalene 1.0 t 1.0 U 1.0 u ug/L
1.2,3-Trichlorobenzene 1.0 U 1.0 U 1.0 U ug/L



AAI5-032 Sampling #2 1=29 days

Alkalinity, Tatal as CaCO3

Chioride

TOC Average Duplicates

Dichlorodifluoromethane 1.0 U 1.0 U ug/L
Chloromethane 1.0 U 1.0 U ug/t.
Vinyl chloride 1.0 u 1.0 u ug/L.
Bromomethane 1.0 U 1.0 U ug/L
Chloroethane 210 750 ug/L
Trichlorofluoromethane 1.0 U 1.0 u ug/L
1,1-Dichloroethene 1.0 U 1.0 U ug/lL
Carbon disulfide 5.0 u 50 U ug/L
Acetone 5.0 U 5.0 U ug/L
Methylene chloride 6.1 1.0 U ug/L
trans-1,2-Dichloroethene 1.0 u 1.0 U ug/L
Methyl-tert-butyl-ether (MTBE) 1.0 U 1.0 U ugrL
1,1-Dichloroethane 1.0 U 1.0 U ug/L
2.2-Dichloropropane 1.0 U 1.0 U ug/L
cis-1,2-Dichloroethene 1.0 U 1.0 V) ug/L
2-Butanone {MEK) 5.0 U 5.0 U ugit
Bromochloromethane 1.0 U 1.0 U ug/L
Chloroform 1.0 U 1.0 U ug/L
1,1,1-Trichloroethane . 1.0 U 1.0 U ug/L
1,1-Dichloropropene 1.0 u* 1.0 i ug/l.
Carbon tetrachioride 1.0 U 1.0 U ug/L
Benzene 1.0 u 1.0 v ug/L
1,2-Dichloroethane 1.0 U 1.0 U ug/L
Trichloroethene 1.0 U 1.0 U ug/L
1.2-Dichloropropane 1.0 u 1.0 U ug/L
Dibromomethane 1.0 U 1.0 u ug/L
Bromodichioromethane 1.0 U 1.0 u ug/L
cis-1,3-Dichloropropene 1.0 ] 1.0 u ug/L
4-Methyl-2-pentanone (MIBK) 5.0 U 50 U ug/L
Toluene 1.0 u 1.0 U ugfL
trans-1,3-Dichloropropene 1.0 ¥ 1.0 u ug/L
1,1,2-Trichloroethane 1.0 U 1.0 U ug/lL
Tetrachloroethene 1.0 U 1.0 U ug/L.
1,3-Dichlorapropane 1.0 U 1.0 U ug/L
2-Hexanone 5.0 U 5.0 u ug/L
Dibromochloromethane 1.0 U 1.0 U ug/L
1,2-Dibromoethane (EDB) 1.0 U 1.0 U g/l
Chlorobenzene 160 4.8 ug/l
1,1,1,2-Tetrachlorcethane 1.0 u 1.0 U ugft.
Ethylbenzene 1.0 U 1.0 U ug/L
mép-Xylenes 2.0 u 2.0 U ug/L



AAI5-032 Sampling #2 t=29 days

o-Xylene U 1.0 U ug/

Styrene u 1.0 U ug/L
Bromofarm 1.0 U 1.0 U ug/L
Isopropylbenzene 1.0 u 1.0 U ug/L
Bremobenzene 1.0 U 1.0 u ugf/L
1.1,2,2-Tetrachloroethane 1.0 U 1.0 U ug/L
1,2,3-Trichloropropane 1.0 U 1.0 U ug/L
n-Propylbenzene 1.0 U 1.0 U ug/L
2-Chlorotoluene 1.0 U 1.0 V] ug/L
1,3.5-Trimethylbenzene 1.0 ] 1.0 U ug/L
4-Chlorotoluene 1.0 u 1.0 U ug/L
tert-Butylbenzene 1.0 u 1.0 u ug/L
1,2.4-Trimethyibenzene 1.0 U 1.0 u ug/L
sec-Butylbenzene 1.0 U 1.0 U ug/L
1,3-Dichlorobenzene 1.0 U 1.0 0 ug/L
p-lsopropyltoluene 1.0 U 1.0 U ug/L
1,4-Dichlorobenzene 1.0 U 1.0 u ugfl.
n-Butylbenzene 1.0 U 1.0 U ug/L
1,2-Dichlorobenzene 1.0 U 1.0 u ug/L
1,2-Dibromo-3-chloropropane 1.0 U 1.0 u ug/L
1,3,5-Trichlorobenzene 1.0 ] 1.0 U ug/L
1,2,4-Trichlorobenzene 1.0 U 1.0 U ug/L
Hexachlorobutadiene 1.0 U 1.0 U ug/L
Naphthalene 1.0 U 1.0 U ug/l.
1,2,3-Trichlorobenzene 1.0 U 1.0 U ug/L



AAI5-032 Sampling #2 t=29 days

Column 1 Column 2 Column 3

mglL

Alkalinity, Total as CaCO3

Chloride mg/L
TOC Average Duplicates 100 mg/L
Dichlorodifluoromethane U 1.0 UV u ug/L
Chloromethane U 1.0 U U ug/L
Vinyl chioride U 1.0 U u ug/L
Bromomethane . U 1.0 U . u ug/L
Chloroethane 700 430 530 ug/L
Trichlorofluoromethane 1.0 U 1.0 u 1.0 u ug/L
1,1-Dichloroethene 1.0 4] 1.0 U 1.0 U ug/L
Carbon disulfide 50 U 5.0 U 50 U ug/L
Acetone 5.0 U 20 5.0 u ug/L
Methylene chloride 45 39 53 ug/L
trans-1,2-Dichloroethene 1.0 U 1.0 U 1.0 u ug/L
Methyl-tert-butyl-ether (MTBE) 1.0 U 1.0 U 1.0 U ug/b
1,1-Dichloroethane 1.0 U 1.0 U 1.0 U ug/L
2,2-Dichloropropane 1.0 U 1.0 U 1.0 U ug/L
cis-1,2-Dichloroethene 1.0 U 11 1.0 U ug/L
2-Butanone {MEK) 5.0 U 6.1 5.0 U ug/L
Bromochloromethane 1.0 U 1.0 3] 1.0 U ug/L
Chloroform 1.0 U 1.0 U 1.0 U ug/L.
1,1,1-Trichloroethane 1.0 U 1.0 U 1.0 U ug/b
1,1-Dichtoropropene 1.0 u* 1.0 u* 1.0 U ug/t
Carbon tetrachloride 1.0 U 1.0 U 1.0 U ug/L
Benzene 1.0 U 1.0 U 1.0 U ug/L.
1,2-Dichloroethane 1.0 u 1.2 1.0 U ug/L
Trichloroethene 1.0 u 5.1 1.0 U ug/L
1,2-Dichloropropane 1.0 U 1.0 U 1.0 U ug/L
Dibromomethane 1.0 U 1.0 U 1.0 U ug/L.
Bromodichloromethane 1.0 u 1.0 U 1.0 U ugfL
cis-1,3-Dichloropropene 1.0 U 1.0 U 1.0 U ug/L.
4-Methyl-2-pentanone (MIBK) 5.0 U 5.0 u 5.0 U ug/L
Toluene 1.0 U 1.0 U 1.0 U ug/l
trans-1,3-Dichloropropene 1.0 u 1.0 U 1.0 U ug/L
1,1,2-Trichloroethane 1.0 U 1.0 U 1.0 U ug/L
Tetrachlorcethene 1.0 U 1.0 u 1.0 U ug/L
1,3-Dichloropropane 1.0 U 1.0 U 1.0 U ug/L
2-Hexanone 50 U 5.0 U 5.0 U ug/L
Dibromachloromethane 1.0 U 1.0 U 1.0 U ug/L
1,2-Dibromoethane (EDB) 1.0 U 1.0 U 1.0 U ug/L
Chlorobenzene 1.0 U 4.1 1.0 U ug/L
1.1,1,2-Tetrachloroethane 1.0 U 1.0 U 1.0 U ug/L
Ethylbenzene 1.0 U 1.0 U 1.0 U ug/L
m&p-Xylenes 20 U 2.0 u 2.0 U ug/t



AAl5-032 Sampling #2 t=29 days

Column 1 Column 2 Column 3
Effluent Effl t

o-Xylene 1.0 U 1.0 u 1.0 U ug/L
Styrene 1.0 u 1.0 u 1.0 y ug/L
Bromoform 1.0 U 1.0 U 1.0 U ug/L
Isopropylbenzene 1.0 U 1.0 U 1.0 U ug/l
Bromobenzene 1.0 U 1.0 U 1.0 U ug/l.
1,1,2,2-Tetrachloroethane 1.0 U 1.0 u 1.0 U ug/L
1,2,3-Trichloropropane 1.0 U 1.0 U 1.0 U ugfL
n-Propylbenzene 1.0 U 1.0 U 1.0 u ug/L
2-Chlorotoluene 1.0 U 1.0 U 1.0 U ug/L
1,3,5-Trimethylbenzene 1.0 U 1.0 U 1.0 U ug/L -
4-Chlarotoluene 1.0 U 1.0 U 1.0 U ug/L
tert-Butylbenzene 1.0 U 1.0 U 1.0 U ugfL
1.2,4-Trimethylbenzene 1.0 U 1.0 U 1.0 U ug/L
sec-Butylbenzene 1.0 U 1.0 u 1.0 U ug/L
1,3-Dichlorobenzene 1.0 u 1.0 U 1.0 u ug/l
p-lsopropyltaluene 1.0 u 1.0 U 1.0 U ug/L.
1,4-Dichlorobenzene 1.0 u 1.0 U 1.0 U ug/L
n-Butylbenzene 1.0 U 1.0 u 1.0 U ug/L
1,2-Dichlorobenzene 1.0 u 1.0 u 1.0 U ug/L
1,2-Dibromo-3-chioropropane 1.0 U 1.0 u 1.0 U ug/L
1,3,5-Trichlorobenzene 1.0 U 1.0 U 1.0 U ug/L
1,2,4-Trichiorobenzene 1.0 U 1.0 u 1.0 ] ug/t.
Hexachlorobutadiene 1.0 U 1.0 u 1.0 U ug/l
Naphthalene 1.0 U 1.0 U 1.0 U ug/t
1,2,3-Trichlorobenzene 1.0 8] 1.0 u 1.0 U ug/L



AAI5-032 Sampling #2 t=29 days

Column 4 Column 5 Column 6
Effluent Effluent
7 ::5":

Alkalinity, Total as CaCO3 330 420 370 mg/L
Chloride 84 86 100 mg/L
TOC Average Duplicates 120 13 16 mg/L
Dichloradiflucromethane 1.0 U 1.0 u 1.0 U ug/L
Chloromethane 1.0 U 1.0 U 1.0 U ug/L
Vinyl chloride 1.0 U 1.0 U 1.0 u ug/L
Bromomethane 1.0 ] 1.0 U 1.0 U ug/L.
Chioroethane 590 640 600 ug/L
Trichlorofluoromethane 1.0 U 1.0 U 1.0 U ug/L
1,1-Dichlaroethene 1.0 U 1.0 U 1.0 U ug/L
Carbon disuifide 5.0 U 5.0 U 5.0 U ug/L
Acetone 17 5.0 u 1 ug/L
Methylene chloride 140 88 47 ug/L
trans-1,2-Dichlorosthene 1.0 U 1.0 U 1.0 U ug/L
Methyl-tert-butyl-ether (MTBE) 1.0 U 1.0 u 1.0 U ugfL
1,1-Dichloroethane 1.0 U 1.0 V] 1.0 U ug/L
2,2-Dichloropropane 1.0 U 1.0 U 1.0 U ug/b
cis-1,2-Dichloroethene 1.0 u 1.0 U 1.0 U ug/L
2-Butanone (MEK} 23 50 u 50 u ug/L
Bromochloromethane 1.0 U 1.0 U 1.0 u ug/L
Chloroform 1.0 u 1.0 U 1.0 u ug/L
1,1,1-Trichloroethane 1.0 g 1.0 U 1.0 u ug/L
1,1-Dichloropropene 1.0 U= 1.0 u* 1.0 W ug/L
Carbon tetrachloride 1.0 U 1.0 ] 1.0 U ug/L
Benzene 1.0 u 1.0 U 1.0 u ug/b
1,2-Dichloroethane 3.1 1.0 U 1.0 U ug/L
Trichloroethene 1.0 u 1.0 U 1.0 u ug/b
1,2-Dichloropropane 1.0 U 1.0 U 1.0 U ug/L
Dibromomethane 1.0 U 1.0 U 1.0 u ug/t
Bromodichloromethane 1.0 U 1.0 U 1.0 u ug/L
cis-1,3-Dichloropropene 1.0 u 1.0 U 1.0 U ug/L.
4-Methyl-2-pentanone (MIBK) 5.0 U 5.0 U 50 U ug/L
Toluene 1.0 ] 1.0 U 1.0 U ug/L
trans-1,3-Dichioropropene 1.0 u 1.0 U 1.0 u ug/L
1,1,2-Trichloroethane 1.0 u 1.0 u 1.0 U ug/L
Tetrachloroethene 1.0 U] 1.0 U 1.0 U ugi.
1,3-Dichloropropane 1.0 u 1.0 U 1.0 ] ug/L
2-Hexanone 5.0 U 5.0 U 5.0 U ug/l
Dibromochloromethane 1.0 U 1.0 U 1.0 ) ug/L
1,2-Dibromoethane (EDB) 1.0 U 1.0 U 1.0 U ug/L
Chlorobenzene 10 2.1 21 ug/L
1,1,1,2-Tetrachloroethane 1.0 U 1.0 U 1.0 U ug/L
Ethylbenzene 1.0 U 1.0 U 1.0 U ug/L
m&p-Xylenes 2.0 U 2.0 U 2.0 U ug/L



AAI5-032 Sampling #2 1=29 days

Column 4 Column5s Column 6
Effluent Effl

o-Xylene h 1.0

U 1.0 U .
Styrene 1.0 U 1.0 u 1.0 u
Bromoform 1.0 u 1.0 U 1.0 U
Isopropylbenzene 1.0 U 1.0 U 1.0 §;
Bromobenzene 1.0 U 1.0 U 1.0 U
1,1,2,2-Tetrachloroethane 1.0 U 1.0 U 1.0 1
1,2,3-Trichloropropane 1.0 U 1.0 u 1.0 U
n-Prapylbenzene 1.0 U 1.0 u 1.0 U
2-Chlorotoluene 1.0 U 1.0 u 1.0 U
1.3,5-Trimethylbenzene 1.0 U 1.0 u 1.0 U
4-Chlorotoluene 1.0 U 1.0 U 1.0 U
tert-Butylbenzene 1.0 U 1.0 U 1.0 U
1,2,4-Trimethylbenzene 1.0 U 1.0 ] 1.0 U
sec-Butylbenzene 1.0 U 1.0 u 1.0 U
1,3-Dichlorobenzene 1.0 U 1.0 U 1.0 U
p-Isopropyltoluene 1.0 u 1.0 U 1.0 U
1,4-Dichlorobenzene 1.3 3.1 1.0 L
n-Butylbenzene 1.0 u 10 U 1.0 u
1,2-Dichlorobenzene 1.0 U 1.0 U 1.0 U
1,2-Dibromo-3-chloropropane 1.0 U 1.0 U 1.0 U
1,3,5-Trichlorobenzene 1.0 U 1.0 U 1.0 U
1,2,4-Trichlorcbenzene 1.0 U 1.0 U 1.0 L
Hexachlorobutadiene 1.0 u 1.0 U 1.0 U
Naphthalene 1.0 U 1.0 v 1.0 U
1.2,3-Trichlorobenzene 1.0 U 1.0 U 1.0 u



AAI5-032 Sampling #2 t=29 days

Feed #1

Alkalinity, Total as CaCO3

Chloride

TOC Average Duplicates

Dichlorodifluoremethane 1.0 u 1.0 U ug/L
Chloromethane 1.0 u 1.0 U ug/L
Vinyi chloride 1.0 U 1.0 U ug/L
Bromomethane 1.0 U 1.0 U ug/L
Chlorcethane 210 750 ug/L
Trichloroflucromethane 1.0 U 1.0 U ug/L
1,1-Dichloroethene 1.0 4] 1.0 U ug/L
Carbon disulfide 5.0 U 5.0 U ug/L
Acetone 5.0 u 50 u ug/L
Methylene chloride 6.1 1.0 U ug/l.
trans-1,2-Dichloroethene 1.0 U 1.0 U ug/L
Methyl-tert-butyl-ether (MTBE) 1.0 U 1.0 U ug/L
1,1-Dichioroethane 1.0 U 1.0 v ug/L
2,2-Dichloropropane 1.0 U 1.0 U ugiL
cis-1,2-Dichlorosthene 1.0 U 1.0 U ug/L
2-Butanone (MEK) 5.0 U 50 U ug/l.
Bromochloromethane 1.0 u 1.0 U ug/l.
Chloroform 1.0 U 1.0 u ugfL
1.1,1-Trichloroethane 1.0 U 1.0 U ug/L
1.1-Dichloropropene 1.0 u- 1.0 u* ug/lL
Carbon tetrachloride 1.0 U 1.0 U ug/L
Benzene 1.0 U 1.0 U ug/L
1.2-Dichloroethane 1.0 U 1.0 U ug/lL
Trichloroethene 1.0 u 1.0 U ug/L
1,2-Dichloropropane 1.0 u 1.0 U ug/L
Dibromomethane 1.0 U 1.0 U ug/L
Bromodichloromethane 1.0 U 1.0 U ug/L
cis-1,3-Dichloropropene 1.0 U 1.0 u ug/l
4-Methyl-2-pentanone (MIBK) 5.0 U 5.0 U ugfL
Toluene 1.0 U 1.0 U ug/l
trans-1,3-Dichloropropene 1.0 U 1.0 U ug/L
1,1,2-Trichloroethane 1.0 U 1.0 U ug/L
Tetrachloroethene 1.0 U 1.0 U ug/L
1,3-Dichloropropane 1.0 U 1.0 U ug/L
2-Hexanone 5.0 U 50 u ug/L
Dibramochloromethane 1.0 U 1.0 u ug/l.
1,2-Dibromoethane (EDB) 1.0 U 1.0 U ug/l.
Chlorobenzene 160 48 ug/L
1.1.1.2-Tetrachloroethane 1.0 U 1.0 U ug/L
Ethylbenzene 1.0 U 1.0 U ug/L
mé&p-Xylenes 2.0 U 2.0 U g/



AAI5-032 Sampling #2 t=29 days

Feed #1 Feed #2

o-Xylene 1.0 U 1.0 u ug/L
Styrene 1.0 U 1.0 8] ug/L
Bromoform 1.0 U 1.0 U ug/L
Isopropylbenzene 1.0 U 1.0 u ug/l
Bromobenzene 1.0 U 1.0 U ug/l
1.1,2 2-Tetrachloroethane 1.0 U 1.0 u ug/t
1,2,3-Trichloropropane 1.0 U 1.0 U ug/L
n-Propylbenzene 1.0 u 1.0 U ug/L
2-Chlorotoluene 1.0 U 1.0 U ug/L
1,3,5-Trimethylbenzene 1.0 U 1.0 u ug/L
4-Chlorotoluene 1.0 U 1.0 U ugrl
tert-Butylbenzene 1.0 U 1.0 U ug/L
1,2,4-Trimethylbenzene 1.0 U 1.0 U ug/L
sec-Bufylbenzene : 1.0 U 1.0 U ug/L
1,3-Dichlorobenzene 1.0 U 1.0 U ug/L
p-lsopropyltoluene 1.0 U 1.0 U ug/t
1.4-Dichlorobenzene 1.0 U 1.0 u ug/L
n-Butylbenzene 1.0 U 1.0 u ug/L
1,2-Dichlorobenzene 1.0 u 1.0 u ug/L
1,2-Dibromo-3-chloropropane 1.0 U 1.0 U ug/t
1,3,5-Trichlorobenzene 1.0 U 1.0 U ug/L
1,2.4-Trichlorcbenzene 1.0 U 1.0 U ug/L.
Mexachlorobutadiene 1.0 u 1.0 u ug/L
Naphthalene 1.0 U 1.0 U ug/L
1,2,3-Trichlorobenzene 1.0 U 1.0 9 ug/L



AAI5-032 Sampling #3 t= 42 days

Column 1
Effluent ‘

‘Chloride 2
TOC Average Dupllcates
*chhlorodlﬂuoromethane '
Chloromethane B '
Vinyl chlc)nde '
‘Bromomethane
Trichlorofluoromethane - 10
1,1-Dichloroethene
Carbon disulfide
Acetone
E'Methytene chloride
trans-1 2-Dichloroethene | 10
?Methyl tert- butyl~ether (MTBE) 1.0 '
‘1,1-Dichloroethane :
22-Dichloropropane 10
iCis-1,2- chhloroethene o L
2-Butanone (MEK}
gBromochIoromethane
Chioroform AR SN 1 S
1,1,1-Trichloroethane 1.0
1,1 chhloropropene B
Carbon tetrachloride
Benzene

_1 2- chhloroethane
:Tnchioroethene _ _ 10
1,2-Dichloropropane .~ 10
leromomethane o o
.'Bromod chioromethane
?CIS 1 3 Dlehloropropene S
4 MethyI—Z pentanone (MIBK)
Toluene -
étrans—‘l 3- chhioropropene ‘
?_1,1,2-Tr|chloroethane B

D"-'?FF{TPQEWF.’!'Q”"M“&‘"E 4
1, ?'leromoethane (EDB)
_'Chlorobenzene o
1,1,1,2-Tetrachloroethane

Ethylbenzene

m&p-Xylenes

Alkalinity, Total as CaC0O3 . 330 .

BT
v

v

cicic

cccccciccccccccdccccocccaccccgcccca

Column 2
Effluent

IR
U

cececccc

foe

i

Column 3
Effiuent

* i * i Do * * *

cEcecdccdccccoccccccecccccccccacca



AAI5-032 Sampling #3 1= 42 days

Column 1 Column 2 Column 3
Effluent Effluent Effluent

‘o-Xylene
Styrene &
;Bromoform
Isopropylbenzene
‘Bromobenzene
11,22 Tetrachloroethane 0
M, 2,3- Trlchloropropane )
o Propylbenzene U SRRLL: SO
2-Chlorotoluene

e 3 5 Tnmethylbenzene

14- Chloroto!uene S _
‘tert Butylbenzene L 10
124 Tnmethylbenzene B io
‘sec-Butylbenzene 1.0
1 3-Dichiorobenzene | o
p- Isopropyltoluene 10 '
14-Dichlorobenzene 10
n- Butylbenzene _ S 1.0
1,2-Dichlorobenzene 10
,1 2 leromo 3 chloropropane_ 10
1 35 Trichiorobenzene o : 1.0
1 24 Trichiorobenzene 10
Hexachlorobutad|ene L ' " 10
Naphthalene o
1,2,3-Trichlorobenzene 1.0

1.0
10
‘ : _ 1.0
R U
1.0
10
1.0
1.0
1.0
1.0
10

i
:

i
{

t
]

C'CiCA:C§CLAC'C§C§C cccc CCCCCCCCC
—
o
ccccc

—
o
cccccccc



AAI5-032 Sampling #3 t=42 days

Column 4 Column 5 Column 6

Alkallnlty Toa aS CECOB . S, : R b o Dt
Chloride co 9 S T < RS SRS NS A mg/iL
TOC Average Dupicates 11 es g ng
Dichlorodifluoromethane © 10 U* 10U 10 U ual
Chioromethane oo to w0 U 100 U gl
Vinyl chloride Y T VS N W S Vo
Bromomethane. ot0 w10 v 10 U gk
Chloroethane 290 400 . 5100 ugh
Tnchforoﬂuoromethane - P 10 U - 10 : ' : :
1iDichlowoethene 10 U
Carbon disuffide - s0
Methylene chioride S S I
trans-1,2-Dichloroethene : 1.0
Methyl tert butyl- ether (MTBE) ' 10
1,1 chhloroethane ; 1.0
2,2- chhloropropane 1.0
‘cis-1,2-Dichloroethene L I
2-Butanone (MEK) 50
Bromochloromethane o 10
iChIoroform - 1.0;'
11,1 Trlchioroethane S _ 10
1,1- chhloropropene S 10
;C_arbon tetrachloride 10
‘Benzene N : 1.0 _
1.2-Dichloroethane ; 15
§Tr|chloroethene 10
1.2- chhloropropane o 10
3D|brompmethane 3 1'.0'_
: Bromodlchloromethane 10
cis- 1 3 chhloropropene o 10
4] Methyl 2- pentanon”é MBK) - 50
Toluene 1.0 '
trans-1,3- chhloropropene : 10
1,1,2-Trichloroethane 10
é‘Tetrachforoethene 1.0
1,3- -Dichloropropane . . 10
52 Héignone | . - 50 o
Dibromochloromethane 10
1,2-Dibromoethane {EDB) 10
‘Chlorobenzene o 1.0
1,112 -Tetrachloroethane ‘ 10
Ethylbenzene o _ 10

m&p-Xylenes L 20

*

-

Cccccccccccocccocccccccrccocccocecccee
[
Cccccccococcocccocococccoccaodcoccoccaoccacccca

c
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AAI5-032 Sampling #3 t= 42 days
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AAI5-032 Sampling #3 t= 42 days
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AAI5-032 Sampling #3 t= 42 days
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AAI5-032 Sampling #5 1| =54 days

G.1%
 EHC2007Fe50

Sterile

0.5%HRC Control Control

Fead #1

Faed #2 -
Sterile

Feed #2 -

Fead #2 -

Liz:}
Vinyl Chiorige Ve 100 ND NI ND ND HD ND ND ND ND NOD
Dichloromathane DCM 100 230 250 185 ND 415 345 ND N ND ND
Cis-1,2-Dichioroethene ¢is-DCE 100 MND NC ND ND ND ND NO ND ND N
Chigrofom CF 100 ND ND ND MND ND ND ND NG ND ND
Carbon Tetrachloride  CT 14.0 ND NG ND ND ND ND ND ND ND ND
1,2-Dichioroethans 1,2DCA 1006 ND ND ND ND NO ND ND ND ND NO
Trichiorehene TCE 10.0 20 20 20 15 20 NO 25 15 20 175
Tetrachlomethene PCE 20.0 ND ND ND ND ND 20 1335 135 0 67.5
LChioroethane CA 10.0 485 500 380 a B10 1280 1005 1330 1360 1345
Total VOCs 735 780 585 1% 1,245 1,645 1,165 1,480 1,240 1,430



S8P'L S6E'L 5/G'L 0£E'Z iz’ [1%+] 06} 56k SZy {1 SO0A JRi04

Brrl Gqel o477 SFee 096 04¢ g 08 052 S0e oal Yo sueylacion)
gl 0z Sl St g9 St 0 o] 34 0 oee 30d SUBYIB0IODER |
0z 174 0z or anN ol an 5 ol oL ool 301 BUSLIBOJONSH )
am anN aN aN anN aN aN an an anN oor v3aEh AUEYIBMIOIg-E L
aN anN an aN anN an aN " aN an aN ol 10 SPLOIYOBAS] uocpeD
anN N aN anN aN aN anN aN N an 0'gL 40 WI0JQI0IYD
aN anN anN aN an anN anN an aN anN 0oL 3ADa-sPw uaysaoNg-2 L -s13
[ ol 0 aN S8l 0eg S8l 001 agL Stt o0t WOAa aueyiewaioymng
GN aN an aN anN aN an GN anN anN 00l oA 2pUOIYD JALIA

818G - z# pead 3l 0554£0020H3  058d4.0070H3
- ZH# Pa34 - 24 pasd a[lte)g %S0 %l’D

shep Lol =1 o# Bundwes zee-sivy



IN-SITU BIOREMEDIATION
BENCH SCALE STUDY



REVISED DRAFT REPORT
IN SITU BIOREMEDIATION TREATABILITY STUDIES
COLUMBIA CEMENT
FREEPORT, NY

PREPARED FOR:
BRITISH PETROLEUM
501 WESTLAKE PARK BLVD.
SUITE 20.101C
HOUSTON, TX 77079

PREPARED BY:

Medeof L oo P24

MICHAEL D. LEE, PIHL.D.

TERRA SYSTEMS, INC.
1035 PHILADELPHIA PIKE
SUITEE
WILMINGTON DE 19809

DECEMBER 14, 2006

1035 Philadelphia Pike ® Suite E » Wilmington Delaware 19809 » 202-798-9553 » Fax 302-798-9554
& www terrasystems.net



1.0  INTRODUCTION

Terra Systems, Inc. (TSI) has completed a treatability study for British Petroleum (BP) to
- evaluate enhanced anaerobic bioremediation to remediate chlorinated ethanes in
groundwater underlying the former Columbia Cement facility (the 5ite) in Freeport,
New York. A spill of 1,1,1-trichloroethane (1TCA) had occurred in April 1988 from a
ruptured tanker truck. 1TCA and its daughter products 1,1-dichloroethane (1DCA),
1,1-dichloroethene (1DCE), and chloroethane (CA) have been detected in groundwater
at the Site above their respective NYS Groundwater Standards. In addition to the
chiorinated ethanes, benzene, toluene, ethylbenzene, xylenes, and methylene chloride
have also been detected at the Site.

Anaerobic biodegradation is a well-established methodology for the treatment of
tetrachloroethene, trichloroethene, and their daughter products cis-1,2-dichloroethylene
{cis-1,2-DCE) and vinyl chloride (VC). These chlorinated volatile organic compounds
(CVOC) can be degraded to carbon dioxide (CO-), methane (CHi) and other innocuous
products such as ethene or ethane via reductive dechlorination and other biological
processes. Similarly, 1TCA undergoes anaerobic biotransformation to 1IDCA and CA.
There is also an abiotic, dehydroelimination reaction that can transtorm 1TCA to 1,1-
1DCE, VC, ethene, and potentially onto acetate.

The treatability studies were performed to determine:

. If biodegradation of 1TTCA and TDCA can be stimulated in Site soil and
groundwater by the addition of carbon substrates;

. If the optimal biological microorganisms are present to facilitate biodegradation;

. If the addition of amendments (substrate and nutrients) will enhance the
biodegradation; and

. If aerobic biodegradation could be used to biodegrade the residual daughter
products




2.0 -SOIL AND GROUND WATER CHARACTERIZATION

Soil samples were collected from the Site on July 6, 2005 by URS personnel. Soil
samples were collected from the following locations and depths:

¢ SB-06-01 14-20 feet below ground surface (bgs) in the source area near MW-15
e 5B-06-0212-18 feet bgs in the downgradient plume area near MW-97-1S

The samples were collected in brass liners. The soil samples were shipped on June 6,
2006 and received at TSI on June 7, 2006. After receipt at the laboratory, the soil
samples were transferred from the brass liners, sieved through a 4.5 mm screen, and
composited under anaerobic conditions.

Groundwater samples were collected from MW-15 and MW-97-1S and shipped from
the Site on June 8, 2006 and received at TSI on June 9, 2006.

Portions of the soil and groundwater composites were then submitted for initial
characterization. Table 1 summarizes the ground water and soil analytical results at
the time of the June 2006 sampling event.

Low concentrations of tetrachloroethene (PCE), 1,1,2-trichloroethane, and VC with
higher concentrations of CA were detected in the groundwater samples. Other volatile
chlorinated ethenes and ethanes were not detected and only a trace of ethene.
Relatively low levels of ethane and moderate to high levels of methane were detected.
The 1TCA concentration in the SB-06-01 soil sample was quite high, 7,500 pg/kg, with
detectable, but much lower levels of CA, 1DCE, 1DCA, TCE, and PCE. The methane
level in the soil sample from SB-06-01 was low, 7.6 ng/L, and there was detectable
ethene and ethane. The SB-06-02 soil contained 1,1,2-TCA, 1TCA, 1DCE, and 1DCA.
Only a trace of methane was detected, with no detectable ethene or ethane.

The results of the initial soil/ground water analyses indicate that:
. The ahalytical data for CVOCs and natural attenuation parameters provide

evidence of naturally occurring reductive dechlorination; and

Sections 2 and 3 present the test conditions for the anaerobic bioremediation and

aerobic bioremediation studies, respectively. The results for both studies are presented
in Section 4.




Table 1. Concentrations of CVOCs, Dissolved Hydrocarbon Gases, and Electron Acceptors in Site Groundwater and

Soil

Units MW-1S SB 06-01 Soil MW-97-18 SB 06-02 Soil
Parameter G dwat
roundwater Groundwater

mg/L as 61 22
Alkalinity CaCO3 520 550
Ferrous Iron mg/L <1.0 4.0
Nitrate mg/L 1.0 1.0
Sulfate mg/L 1.2 1.2
Total Organic 4600 8700
Carbon mg/L 6.3 10

mg/L or 3700 3100
Total Iron meg/ kg 21 23
Percent Solids % 88 87
Vinyl Chloride ug/L or ug/kg 7.2 13 <1.1 <2.0
Chloroethane ng/L or ng/ke 440 31 36 <2.0
1,1-Dichloroethene ug/L or ng/ke <1.1 210 <1.1 6.7
1,1-Dichloroethane ug/L or ng/kg <1.1 270 <11 6.4
cis-1,2- ug/Lor pug/ke
Dichloroethene <1.1 <2.0 <1.1 <2.0
1,1,1-Trichloroethane | pg/L or pg/kg <11 7500 <1.1 29
Trichloroethene ug/L or ug/ke <1.1 16 <1.1 <2.0
1,1,2-Trichloroethane | ng/L or ng/kg 3.2 <2.0 3.3 40
Tetrachloroethene ne/Lor png/kg 13 13 <1.1 <2.0
Methane ne/Lorpg/kg 410 7.6 23000 6.6
Ethene pueg/Lor pg/ke trace 12 <13 <24
Ethane ng/Lorug/kg 37 12 37 <24

pg/ L = micrograms per liter; ng/kg = micrograms per kilogram




3.0 ANAEROBIC MICROCOSM STUDY

TSI completed the laboratory portion of the Anaerobic Microcosm Study at its
Wilmington, Delaware facility between July 11 and October 31, 2006. The study
evaluated the potential for the addition of a soluble carbon substrate (lactate} and a
slow-release substrate (SRS™, TSI's emulsified soy bean oil) to stimulate reductive
dechlorination of 17TCA to CA and ethene/ethane. Based upon existing data, reductive
dechlorination at the Site is likely limited by the availability of carbon to support
anaerobic microbial growth and complete dechlorination of the TTCA to CA and further
to ethene and ethane. The study procedures and results are presented in this section of
the report.

3.1 MICROCOSM PREPARATION

Two sets of Killed Controls, one Ambient treatment to determine if the native microbial
could biodegrade the CVOCs under existing conditions, and two sets of with carbon-
amended treatment microcosms were prepared on July 11, 2006 using 260-milliliter
(mL) amber bottles and were incubated for up to 16 weeks. Each treatment was
prepared in triplicate. The microcosms were prepared with 200 g soil and 160 mL of
groundwater and amendments. Table 2 summarizes the individual microcosms that
were prepared for this study and the quantities of groundwater, soil and amendments
added to each microcosm. The microcosms were prepared and sampled in an anaerobic
chamber containing 3% hydrogen, 5% carbon dioxide and 92% nitrogen to ensure
anaerobic conditions were maintained. The microcosms were sealed with Mininert
Valves. The microcosms were incubated at 21°C in the dark throughout the study.

The sterile poisoned controls were prepared using autoclaved groundwater and
composited soil to account for potential abiotic losses of 1TCA from the microcosm.
The sterile control soils were autoclaved for 30 minutes at 120 °C and 15 pounds per
square inch of steam on two successive days. This control microcosm was also
amended with 1,000 mg/L of mercuric chloride to further reduce the potential for
microorganism survival. A second poisoned control was prepared in the same manner
except it was also amended with 10,000 mg/L of sodium dithionite. Sodium dithionite
will reduce iron and may produce ferric sulfide or ferric disulfide precipitates that
could react with the ITTCA. The sterile control treatments were amended with 1 to 3
milligrams per liter (mg/L) of 1TCA in methanol. Approximately 14 mg/L of TOC
was added with the methanol spike.




Table 2. Anaerobic Microcosm Amendments
No. Treatment Soil (g) | Liquid (mL) Amendments
1 Poisoned 200 SB- | 160 MW-15 1,000 mg/ L mercuric chloride, 1 mg/L
Control 06-01 sterile resazurin
groundwater
2 Poisoned 2005B- | 160 MW-15 1,000 mg/L mercuric chloride, 1 mg/L
Control with | 06-01 sterile resazurin, 10,000 mg/L sodium
Sodium groundwater dithionite
Dithionite
3 Unamended 200 SB- | 160 MW-15 1 mg/L resazurin
06-01 groundwater
4 Lactate 200 SB- | 160 MW-15 500 mg C/L lactate, 1 mg/L resazurin,
06-01 groundwater 50 mg/L N, 5mg/LP, and 50 mg/L
yeast extract
5 SRS with 200 SB- | 160 MW-15 500 mg C/L SRS, 1 mg/L resazurin
Lactate 06-01 groundwater

mg/ L = milligrams per liter

The treatment microcosms were amended with either sodium lactate or SRS™
{emulsified soybean oil) as the carbon substrates. Sodium lactate was added at a dosage
of 500 mg carbon per liter of groundwater (mg C/L) as an electron donor and |
fermentable substrate to support the generation of hydrogen. The SRS™ was added at
500 mg /L also. The SRS™ also contains sodium lactate as a fast-acting substrate to
rapidly generate anaerobic conditions and well as yeast extract, nitrogen, and
phosphorus. Yeast extract was added to the lactate-amended treatments as a source of
trace elements. The lactate-amended treatments received 50 mg/L nitrogen and 5

mg/ L phosphorus from ammonium chloride and disodium phosphate as nutrients. A
solution of 1 mg/L resazurin was added to each microcosm as a visual indicator of
oxidation-reduction potential (ORP}. The microcosins remained clear when conditions
are anaerobic and reducing, which are necessary for reductive dechlorination to occur.
A pink color was observed when the microcosm are under aerobic, oxidizing
conditions. Resazurin does not affect the biodegradation process and would not be
added as part of a full-scale implementation. All of the microcosms became clear soon
after they were set up indicating that there was sufficient organic matter in the soil and
groundwater to support anaerobic conditions.




3.2 ANAEROBIC MICROCOSM SAMPLING AND ANALYSIS

Samples were collected from each microcosm in for analysis after 0, 4, 8, and 12 weeks
of incubation. In addition, aqueous and soil samples were collected on Week 16 from
treatment 1A (Sterile); 3A (Ambient); 4A, 4B, 4C (Lactate + Nutrients);, and 5A, 5B, and
5C (SRS). Samples were collected from the microcosms within an anaerobic glove box
to maintain anaerobic conditions. Samples were collected for CVOC and light
hydrocarbon analyses. Aliquots (0.2 to 9 mL) of the samples to be analyzed by TSI for
CVOCs in general accordance with SW-846 Method 8021B and for light hydrocarbons
(ethene, ethane, and methane) in general accordance with a modified SW 846 Method
8015 were transferred directly into a 20-mL headspace vial containing 1 mL of a 25%
sodium chloride solution adjusted to pH 2.0 with phosphoric acid and enough distilled
water to bring the entire volume of sample and sodium chloride solution to 10 mL.
After sampling, the withdrawn liquid was replaced with sterile glass beads.




4.0 AEROBIC MICROCOSM STUDIES

A separate aerobic microcosm study was conducted with the downgradient SB-06-02
soil and MW-97-1S groundwater. The following conditions were prepared in triplicate:
» Killed control
¢ Unamended
¢ Nutrient amended

Table 3 shows the amendments for each treatment. The studies were carried out in 260
mL bottles with 125 g soil, 130 mL groundwater, and about 62 ml. headspace. The
headspaces of the bottles were flushed with oxygen. The initial spiking solution for the
aerobic treatments was mistakenly prepared with a mixture of cis-1,2-DCE and trans-
1,2-DCE rather than 1DCE and the concentration of chloroethane to be added was not
calculated correctly. Approximately 14 mg/L of TOC was added with the methanol in
the spiking solutions. Therefore, on week 2, an additional spike of 5 mg/L 1DCE and
0.5 mg/L CA in methanol was added to each of the bottles in aerobic treatments. This
resulted in an additional 201 mg/1. of carbon from the methanol.

Table 3. Amendments for Aerobic Microcosm Studies

6 Poisoned 125 SB-06- | 130 MW-97-15 1,000 mg/ L mercuric
Control with | 02 sterile - chloride, 1 mg/L resazurin,
Oxygen groundwater 62.5 mL oxygen

7 Unamended | 1255B-06- | 130 MW-97-15 1 mg/L resazurin, 62.5 mL
with Oxygen | 02 groundwater oxygen

8 Nutrients 125 5B-06- | 130 MW-97-15 1 mg/L resazurin, 50 mg/L
with Oxygen | 02 groundwater N, and 5 mg/L P,

4.2  AEROBIC MICROCOSM SAMPLING AND ANALYSIS

Samples were collected from each microcosm in for analysis after 0, 2, 4, 8, and 12
weeks of incubation. In addition, aqueous and soil samples were collected on Week 16
from treatment 6A (Sterile Aerobic); 7A (Ambient Aerobic); and 8A (Aerobic +
Nutrients); and 5A, 5B, and 5C (SRS). Samples were collected for CVOC and light
hydrocarbon analyses, pH, and ORP. Aliquots (1.0 to 9 mL) of the sample to be
analyzed by TSI for CVOCs in general accordance with SW-846 Method 8021B and for
light hydrocarbons (ethene, ethane, and methane) in general accordance with a
modified SW 846 Method 8015 was transferred directly into a 20-mL headspace vial




containing 1 mL of a 25% sodium chloride solution adjusted to pH 2.0 with phosphoric
acid and enough distilled water to bring the entire volume of sample and sodium
chloride solution to 10 mL. After sampling, the headspace was replaced with oxygen
and the Mininert caps tightened.




5.0  RESULTS AND DISCUSSION

51 METABOLIC ACTIVITY IN ANAEROBIC MICROCOSMS

Metabolic activity refers to the level of anaerobic biological degradation that is
occurring and has been evaluated in this study by measuring dissolved methane
concentrations. The presence of methane in a microcosm was an indication that
anaerobic microorganisms are present and actively biodegrading the organic substrate.
Increases in methane concentrations following addition of an organic substrate to a
microcosm indicate that the growth of anaerobic microorganisms can be stimulated.
Methane was produced when other electron acceptors (e.g., oxygen, nitrate, sulfate,
iron) have been depleted, and reductive dechlorination occurs most readily under these
methanogenic conditions.

Figure 1 and Appendix I present the average dissolved methane concentrations for each
microcosm set constructed with MW-1S groundwater and 5B-06-01 soil. Average
methane concentrations in the microcosms at the beginning of the study ranged from
<6.6 to 172 pg/L. In the substrate-amended microcosms, maximum methane levels
reached 62,667 ug /L in the microcosm amended with SRS™ at Week 12. Somewhat
lower levels of methane were found in the lactate -amended treatment with a maximum
average of 27,000 ug/L. Very little methane was not detected in the sterile control,
sterile control + dithionite, or unamended microcosms sets.

The results of the microcosm study indicate:

¢ Asexpected, the sterile microcosms did not produce appreciable methane;

+ Growth of indigenous microorganisms can be stimulated through the addition of
an organic substrate. This conclusion is based on increases in methane
concentrations observed in substrate-amended microcosms relative to the control
microcosms; and

) Increased methane concentrations in each substrate-amended microcosm
occurred by Week 8.

5.2 pH AND ORP IN ANAEROBIC MICROCOSMS

Samples were collected from the all five microcosms throughout the study to be
analyzed for pH and oxidation-reduction potential (ORP). Figures 2 and 3 show the

average pH and ORP for each treatment. Appendix I provides the results of all of the
pH and ORP analyses.




The average initial pH ranged between 6.7 and 7.3. The average pH dropped to 6.3 to
6.5 in the sterile control amended with sodium dithionite. The average pH remained
neutral (6.7 to 7.4) for the remaining treatments.

Oxidizing conditions (192 to 216 millivolts or mV) were found initially. Negative ORPs
were found at Week 4 with the sodium dithionite, ambient, and lactate + nutrients
treatments. Sodium dithionite acts as a reductant. The average ORP continued to drop
with SRS, but increased between weeks 12 and 16 in the lactate + nutrients treatment.

5.3  CVOC BIODEGRADATION IN ANAEROBIC MICROCOSMS
Appendix I presents the analytical results for the anaerobic microcosms containing the

MW-15 groundwater and SB-06-01 soil. Figures presenting the results for the various
microcosms are summarized as follows:

Figure | Microcosm Amendments
1 Sterile Control
5 2 Sterile Control + Dithionite
6 3 Ambient Control
7 4 Lactate
8 5 SRS™

CVOC concentrations presented on the figures are expressed in total micromoles
(uMoles) units. Molar units were used so that each CVOC is expressed on an
equivalent mass basis for comparison purposes. The micromolar concentrations are
calculated by dividing the concentration in ng/L by the molecular weight of the CVOC
(1ITCA =133.4 grams per mole [g/mol]; 1,1-DCE = 96.9 g/mol; 1IDCA =99 g/mol; CA =
64.5 g/ mol; VC = 62.5 g/mol; ethene = 28 g/mol; and ethane = 30 g/mol).

The following summarizes the results for anaerobic microcosms containing Columbia
Cement MW-15 groundwater and SB-06-01 soil: '

. Initial average 1TCA concentrations in the microcosms ranged from 850 pug/L
(SRS) to 3,650 pug/L (Ambient). 1DCE, 1DCA, CA, and ethane were also detected

in the initial samples.

. Over the 12-16 week incubation period for the sterile control microcosms, there
appeared to limited reductive dechlorination of the 1TCA to 1DCA, but no
evidence for microbial activity based upon accumulation of methane was
observed. Average losses of 88.8 % of the 1TTCA was observed which might be
attributed to 1TCA partitioning into the headspace in the microcosm or
adsorption onto the glass boltle, soil, or glass beads. Treatment 1B showed

10



almost complete transformation of 1TCA to 1DCA suggesting that some
microorganisms were not killed by the autoclaving or mercuric chloride. CA,
methane, and ethane were detected in the initial Time 0 samples, but were not
detected at the final sampling points. However, average concentrations of 1DCE
and 1DCA increased slightly indicating the potential for abiotic transformation
of the 1ITCA. At week 16, relatively low levels of CA and VC were found in the
soil phase indicating some potential adsorption onto the soil organic fraction.

There appeared to be limited conversion of 1TCA to 1DCA in the sterile control
amended with dithionite, but no further biodegradation to CA, ethene, or ethane.
An average loss of 72.5% of the 1TCA was observed. No conversion of 1TCA to
1DCE was observed. Reduction of the iron with sodium dithionite did not
promote the abiotic transformation of the 1ITCA above the limited abiotic
transformation observed in the sterile control.

‘The concentration of 1TCA increased in all three replicates of the ambient control
between weeks () and 4 suggesting that there was some free phase 1TCA in the
soils that came to equilibrium with the groundwater. No increase in the 17TCA
concentrations were observed in the sterile or sterile-dithionite amended
treatments as most of the 1TTCA would have been removed during the
autoclaving process. From weeks 4 to 16, average 1TCA concentrations
decreased as 1DCA concentrations increased. CA was found throughout the
study and its concentration did not appear to change appreciably. 1DCE
concentrations were highest at Week 8 with a small increase in Ethene levels at
week 16. VC was not detected in the groundwater for the ambient treatment, but
VC was detected in the soil sample from bottle 3A at 24 pg/kg.

The microcosms amended initially with Lactate and nutrients showed almost
complete conversion of the 1TCA to 1DCA by Week 4. 1DCA and CA
concentrations greatly exceeded that of the parent 1TCA found at week 0
suggesting transformation of some adsorbed phase 1TCA. Further conversion of
1DCA to CA and VC was seen in all three replicates. CA levels increased slightly
between weeks 12 and 16. Ethane and ethene represented at most 16% of the
total chlorinated ethanes. Some 1TTCA and 1DCA were found in the soil fraction
at week 16 indicating adsorption to the soil organic fraction or potentially that
low concentrations of these compounds persisted; a lower dilution was run for
the soil samples than the groundwater samples.

The microcosms amended with SRS™ achieved almost complete reduction of
1TCA to 1DCA within 4 weeks with further transformation to CA within the next
four weeks. CA concentrations declined between weeks 12 and 16. However,
ethene and ethane represented at most 10.3% of the chlorinated ethanes. Once
again, 1TCA, 1DCA, and 1DCE were detected at relatively low levels in the soil
phase due to adsorption to the soil organics or the lowered detection limits.
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. Both sodium lactate and SRS™ are potential organic substrate candidate for
ground water based upon the almost complete conversion of 1TCA to CA.
Lactate would have to be applied more frequently (monthly to quarterly) by
either batch addition or via a recirculation system. SRS™ would last longer in
the subsurface requiring less frequent application and would not require a
recirculation systerm.

54  AEROBIC MICROCOSMS

Methane concentrations initially ranged between 200 and 16,000 pug/L. in treatments 7
and 8 prepared with the SB-06-02 soil and MW-97-1S groundwater. All of the methane
was lost during the autoclaving process for the sterile control treatment 6. Under the
aerobic conditions, methane was rapidly reduced in the aqueous phase of the
treatments 7 and 8 bottles due to a combination of biodegradation, volatilization, and
losses during sampling. No methane was detected at Week 16 in any of the three
bottles analyzed.

The average pH of the aerobic treatments ranged between 6.4 and 7.6 with no
discernible pattern. The initial ORP levels in the aerobic treatments ranged between 208
and 233 mV. ORP measurements were not made at Week 2. From weeks 4 to 12, the
ORY of the sterile control remained oxidizing. At week 16, bottle 6A had a negative
ORP of -41 mV. The average ORP of the ambient and nutrient amended treatments
became reducing or slightly oxidizing from weeks 4 to 16. At week 12, the dissolved
oxygen contents of the bottles were measured and found to be aerobic (7.7 to 11.7

mg/L).

All of the CVOCs were reduced under aerobic conditions. It is not certain how much of
the removal was due to biodegradation and much was due to volatilization into the
aerobic headspace or losses during sampling and replenishment of the oxygen. For all
compounds including cDCE, tDCE, 1DCE, 1DCA, and CA, loss of the CVOCs was
generally slower in the poisoned controls than the ambient or nutrient amended aerobic
treatments. PFor some unknown reason, sterile control 6B showed faster losses than the
other replicates for this treatment. The aerobic treatment 7 without nutrients generally
showed faster degradation rates than the treatment 8 with nutrients.

The soil fraction for all three treatments retained some of the ¢cDCE, tDCE, 1DCE,
1DCA, and VC. The combination of aerobic treatment and volatilization was able to
remove over 96% of the contaminants in the aqueous phase. Stimulation of aerobic
biodegradation by oxygen addition to the groundwater, dual phase vacuum extraction,
or soil venting should be able to acrobically biodegrade the CA generated from the
anaerobic biodegradation of the 1TCA.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Conclusions of the bioremediation evaluation based on the results presented in this
report are as follows:

. The growth of indigenous microorganisms at the Columbia Cement site can be
stimulated through the addition of an organic substrate. This conclusion is
supported by the observed increase in metabolic activity including production of
methane and conversion of 1ITCA to CA, ethene, and ethane through the
addition of SRS™ or lactate. The native dechlorinators were able to completely
dechlorinate the 1TCA to during the first eight weeks of the study;

. Based upon this study, sodium lactate and SRS™ are potential organic substrates
to be considered for full-scale implementation. Due to its high solubility and
rapid biodegradation, lactate will require frequent replenishment or continuous
addition and may necessitate a groundwater recirculation system. The SRS™ is
less soluble and more persistent. This substrate would require much less
frequent injection and will not require groundwater recirculation but would
likely require delivery through multiple injection points;

. Aerobic treatment by addition of oxygen to the groundwater, dual phase
vacuum extraction, or venting will be able to remove the CA generated from the
anaerobic biodegradation of the 1TTCA.

The results of this study indicate that enhanced anaerobic bioremediation is a viable
remedial alternative for the Columbia Cement Facility to address the chlorinated VOC
plumes. Remedial performance can be evaluated and modified as part of the field-scale
pilot test. It is recommended that injection of the lactate or SRS™ be conducted and
monitored for at least three months to determine if the substrate can be effectively
distributed.
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Figure 1. Methane Anaerobic Average
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Figure 2, pH Anaerobic Average
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Figure 3. ORP Anaerobic Average
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Figure 4. Treatment 1 Sterile Control Average
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APPENDIX I

CONCENTRATIONS OF CHLORINATED ETHENES, LIGHT HYDROCARBON
GASES, pH, AND ORP
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1-A Sterile Coniral MW-15 Groundwater and SB-06-81 Seil

Compound Week ] 4 8 12
1ITCA ng/L 2490 670 330 380
1DCE pg/L <10 <10 30 18
IDCA tig/ L 40 <10 40 38
CA ug/L 620 <10 <2.0 <11
vC ug/L <10 <10 <2.0 <Ll
Methane pg/L 170 6.7 <13 <07
Acetylene pg/L <10 <10 <20 <11
Ethene ug/L <12 <12 <2.4 <i3
Ethane ug/L 55 <12 <24 <t3
1TCA phl 18.7 5.0 28 28
1DCE TN} <0.10 <R10 031 1.19
1DCA N 0.40 <010 040 1.38
CA MM 9.6 <0.16 <0.031 <0018
vC uM <016 <0.16 <032 <017
Acetylene pht <0.38 <0.33 <076 <0.033
Ethene UM <0.43 <043 <086 <046
Ethane LM 18 <0.40 <0.080 <{.043
pH 73 71 67 6.8
ORP my 192 104 18 =15
1-B Sterile Conlrol MW-15 Groundwater and SB-06-01 Sait

Campound Week 0 4 8 ¥
TECA pg/L 2830 160 16 3z
TDCE pg/L 48 <10 22 <20
1BCA pg/L a5 450 840 520
CA pg/L 270 <1 <20 <20
VC pg/L <10 <10 <2.0 <20
Methane ug/L 270 <67 <1.3 <13
Acetylene ug/L <10 <10 <20 <20
Ethene agil <12 <12 <24 <24
Ethane ug/L 57 <12 <24 <24
ITCA ubl 2156 1.2 0.12 106
1DCE um 0.50 <0.10 0.23 <0.020
IDCA uhd 0.35 4.5 85 53
CA M 42 <0.16 <0.031 <0.031
VC M <0.16 <0.16 <0.032 <0.032
Acetylene ph <0.3% <(.38 <0.076 <0.07¢
Ethene bl <043 <043 <0.036 <0.08&
Ethane phd 1.9 <0.40 <0.080 <0.080
pH 73 71 7.0 7.0
ORF mY 192 117 79 <15
1-C Sterile Control MW-15 Groundwater and SB-06-01 Seit

Compound Week 0 4 i iz
ITCA ug/l 3340 650 380 <11
1DCE Hg/L 9 70 50 <11
1DCA ng/i &1 &l 160 43
CA ug/L 740 <10 <20 <11
VO g/t <10 <10 <20 <11
Methane  ug/L 75 <67 <1.3 <07
Acetylene ug/L <10 <H <20 <11
Ethene ng/l <12 <12 <24 <13
Eihane ug/l 62 <12 <24 <13
ITCA Iy | 253 52 28 <0.0082
IDCE uhl 0.82 .72 0.52 <0011
1DCA uh 0.62 0.6z 1.6 .45
CA ikl 15 <0.16 <(1.031 <0.018
vC ph <016 <0.16 <.032 <0.17
Acetylene pM <038 <0.38 <0076 <0038
Ethene uhl <043 <0.43 <0},088 <0.046
Ethane uhl 21 <0.40 <080 <0,043
pi 73 6.9 5.9 7.0
ORDP my 192 -38 19 -13
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Sterile Centrol MW-15 Groundwater and 5B-06-01 Soil Amended with Sodium Dithionite

4

0.61
<0.10
<016
<016
<038
<043
<040

64
-38

8

300

40

39
<20
<26
<L3
<0
<24
<24
22
041
0.39
<0.031
<0032
<0.076
<0086
<0080
6.3
-138

12

23
78

25
<11
<1.1
1Y
<11
<13
<13
2.5
0.089
0.25
<0.018
<0.17
<0.038
<0046
<043
64
-150

Sterile Control MW-15 Groundwater and SB-06-01 Sail Amended with Sodium Dithipnite

4

440
58

49
<10
<10
<6.f
<14
<12
<12
33
0.60
049
<016
<0Q.16
<N38
<043
<G40
63
-i19

3

042
091
<0.031
<0032
<0076
<0.086
<0.080
63
~147

12

6.4
-169

Sterile Control MW-15 Groundsvater and $B-06-01 Soit Amended with Sedium Dithionite

A

Compound Week 0
1TCA ug/L 1160
IDCE rg/L 44
1DCA gL <10
CA pg/L <10
vC pesl <10
Methane lg/L <6.6
Acetylene pg/l. <10
FEthene ug/ 1l <12
Ethane pg/L 57
1TCA uM 87
1DCE uM 0.45
1DCA il <010
CA uM <0.10
vC u <0.16
Acetylene pM <038
Lthene phd <043
Ethane IEe| 22
rH 73
ORP my 192
2-B

Compound Week 4
ITCA ug/L 910
1DCE g/l 37
IDCA ng/L <10
CA ug/L <10
VC ne/L <10
Methane  pg/L <b.k
Acetylene ug/L <1
Ethene pe/L <12
Ethane pg/L 100
ITCA uh 68
1DCE uh 033
1IDCA LM <0.10
CA b <0.10
vC M <0.16
Acetylene ph <038
Fihene HM <043
Ethane HM 33
pH 7.3
ORP m¥ 192
2-C

Compoeund Week 0
ITCA ug/L 610
1DCE pg/L <10
nCA pg/T. <10
CA ug/l. <10
vC pgsl, <10
Authare  pg/l <b.6
Acetylene pg/L <10
Ethene ng/L <12
Ethane ug/ L <12
1TCA il 4.6
1DCE uh <010
1DCA M <010
A uM <0710
vC | <0.16
Acetylene M <038
FEthene M <43
Ethane ubl <040
pH 73
{ORP my 192

4
1060
<l
<10
<10
<10
<67
<10
<12
<1z
79
<010
<010
<06
<0.1&
<).38%
<0.43
<0.AY
6.2
-91

k]

320

59

48
<20
<24
<13
<20
<24
<24
2.4
061
048
<(l.031
<h03%
<0076
<0.086
<1).030
6.3
-132

12

310
L8

25

<11
<1.1
38
<11
<13
<13
23
0019
0.25
<0.018
<0.17
<0.038
<IL0d6
<0.043

~149

Appendix |



3-A Ambient Contral MW-IS Groundwester and SB-06-01 Soil

Compound Week 0 4 8 12 16 16 Soil
TECA pg/L 4180 11600 8600 12000 6820 1540
1BCE pgs/L 220 180 2130 120 710 89
1BCA ug/L 46 630 5200 4610 16600 3310
CA pg/L 940 520 940 370 1o 96
vC ng/L <i0 <10 <40 <40 <25 24
Methane pg/L 56 <6.7 <26 <26 <17 85
Acetylene pg/L <10 <10 <40 <4 <25 <20
Eihene pg/Ll <12 <12 <48 <48 110 2
Ethane pg/l. af) <12 <i8 <48 <30 13
1TCA [Tt 313 87.0 64.5 90.0 54.1 11.5
1DCE HM 23 19 220 1.2 73 92
1DCA UM 0.46 6.4 545 146.6 167.7 334
CA uM 14.6 8.1 149 83 15.7 15
vC pM <016 <i.16 <0.6% <064 <[40 0.38
Acetylene M <0.33 <033 <15 <15 <15 <0.076
Ethene s <0.43 <043 <17 <17 39 £.43
Ethane uM 20 <040 <1h <16 <Lé 0.60
pH 67 72 7.1 72 69

ORP mV 2la -43 -33 -28 11

3B Ambient Contral MW-15 Groundwater and SB-06-01 Sail

Compound Week 0 4 B 12

TCA ug/l 3560 20200 8950 10900

IDCE ug/L 200 500 2160 <40

1DCA pg/L 46 £300 4920 2280

CA py/L 340 1260 1210 570

vC pg/lL. <10 <10 <40 <40

Methane pg/L 160 33 <26 <26

Acetylene pg/L <10 <10 <40 <40

Ethene pg/l <i2 48 <48 <48

Ethane pg/L 95 <12 <48 <48

1TCA pM 274 1514 67 4 317

1DCE B 21 5.2 23 <(.41

1DCA pAL 0.46 13.1 4.7 234

CA P 13.0 195 18.3 8.8

Ve pM <0.16 <0.16 <064 <0.64

Acetylene Lk <138 <038 <15 <15

Ethene pil <043 L7 <17 <17

Ethane PN 3.2 <0.40 <1.6 <146

pH 6.7 72 7.1 7.2

(IRP mv 216 =24 71 -26

3-C Ambient Control MW-15 Groundwater and 5B-06-01 Soil

Compounc Week U 4 3 12

1TCA ng/L 3tie 15800 11500 10400

1DCE He/l 200 470 870 180

IDCA gL 34 1150 3720 2280

CA pe/l 740 450 1280 570

vC pe/L <10 <18 <40 <40

Methane pg/L {10 22 <26 2%

Acetylene pg/L <10 <1 <40 <40

Ethene  pg/L <12 <12 <48 <ag

Ethane pg/L <12 <12 <48 <48

1TCA M 33 118.4 86.2 8.0

IDCE M 21 49 90 1.9

NCA IRty 03 1.4 176 230

CA phd H 13.2 9% 88

v pid <0.36 <0.16 <{).64 <0.64

Acetylene pM <D38 <0.38 <1.5 <15

Ethene phi <Q.43 <0.43 <17 <1.7

Ethane pM <0.48 <40 <l.6 <16

pH 67 71 7.1 72

ORF mV 216 -6 -32 -26
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4-4 Lactate + Nutrients MW-15 Groundwater and SB-06-01 Soil

Compound Week Y 4 3 1z
1TCA ug/L 2940 9.6 <50 <20
1DCE ng/ 220 89 <30 <20
1DCA ng/h 30 24800 <50 <20
CA ug/L [ 3020 76700 17500
vC ug/L <10 <10 250 110
Methane ug/L 100 180 12000 31000
Acetylene pg/L <10 <10 <50 <20
Ethene pg/L <1z 44 <60 170
Ethane ng/L <12 <12 <60 550
1ICA uM 220 0.072 <0.52 <0.15
1DCE 1LY 23 0.92 <0.52 <0.21
tDCA uM 0.30 250.5 <051 <0.20
ca M 10.7 46.8 1188 271
vC 1A | <D.16 <16 40 18
Acetylene uM <D.38 <0.38 <t.9 <077
Ethene pM <f1.43 16 <2.1 61
Ethane 1M <040 <0.40 <20 18.3
pH 6.7 71 7.2 7.0
ORY mVy 216 -69 -51 -68
4-B Laclate + Nulrients MW-15 Groundwater and 5B-06-01 Sail
Compound Week 0 4 8 12
1TCA ug/L 2230 <10 <50 <20
1DCE ug/L 26 82 <50 <20
1DCA ug/L 29 23100 <50 <20
ca pg/L 510 4510 71700 17400
vC ug/l <10 <10 410 <20
Methane  yg/L kL] 230 14000 29000
Acetylene pg/I <10 <10 <h0 <20
Ethene g/t <1z 38 <60 27
Ethane ug/l <1% <12 <pD 450
1TCA i 16.7 <0.075 <0.52 <0.15
1DCE uhd 12 0.35 <1.52 <i.23
1DCA JILY | 0.29 2333 <0.51 <020
CA UM 79 69.9 triz 270
vC uhd <0.16 <0.16 6.6 <032
Acetylene uM <0.33 <0.38 <19 <{.77
Ethere uhd <0.43 1.4 <21 9.6
Ethane phl <040 <0.40 <20 15
pH 6.7 7.3 7.1 7.1
ORP mV 218 -it 2 -69
4-C Lactate + Nutrients MW-15 Groundwater and 5B-06-01 Sail
Compound Week 0 4 8 12
tTCA pg/L 2530 240 <5(} <20
1DCE pg/s L 170 100 <5 <20
1DCA pg/l 34 22100 <50 <20
CA pe/L 670 4780 79900 6080
vC pg/L <1t <10 310 <20
Methane pg/L 21 £00 14000 21000
Acetylene pa/L <10 <10 <50 <20
Ethene ug /L <12 <12 <pll <24
Ethane pgsL <12 <12 <bll 540
1TCA M 190 1.8 <052 <015
1DCE phI 1.8 L03 <052 <021
A phl 0.34 22332 <051 {21
Ca T3S 104 74.1 1239 94
VC [Th8] <{.16 <016 50 =032
Acetylene pM ~<038 <0.38 <19 <0.77
Ethene MM <0.43 <043 <21 <08k
Ethane uM <040 <040 <24 18
pH 6.7 76 71 7.0
ORP mV 216 33 -52 -1

<10
<10

32300

24560

18
<10
<10

85

20000
39
15000
<10

52
40

<0.075
<010
0.86
30
oz
<38
19
47
6.9

40

i6
<50
<50
<50
12700
<50
30000
<5.0
<6.0
170
<0037
<0.052
<0.051
197
=0.080
<0.19
<P.21
57

6.8
-163

16 Soil
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5-A SRS MW-15 Groundwater and 5B-06-01 Soil

Compounc Week Q 4 8
1TCA ug/L 1340 7.6 <50
1BCE ng/L 40 18 <50
1DCA g/l <1D 25400 <50
caA ng/L <10 2400 67600
vC pg/L <1l <10 140
Methane pg/l <6.6 55 34000
Acetylene ug/L <19 <10 <50
Ethene ng/L <12 44 <60
Ethane ng/L <12 <12 <60
1TCA UM 100 0.057 <0.52
1DCE uh 041 11 <0.52
1DCA uM <0.10 256.6 <0.51
CA uM <0.16 7.2 1048
v il <0.16 <0.16 22
Acetylene pM <0.38 <338 <19
Ethene 1] <0.43 i.6 <21
Ethane pM <G40 <0.40 <20
pH 67 7.3 70
ORP mv 216 i3 -11
5-B SRS MW-15 Groundwaler and SB-06-01 Soil

Compound Week 0 4 8
1TCA pg/L 390 <30 <50
1DCE pg/L 53 77 <50
1DCA pg/L 3t 14500 <50
CA rg/L <ip 4038 49900
v ug/L <1 <10 <50
Methane pg/L <b.6 42 44000
Acetylene pg/L <1 <10 <50
Ethene ug/L <12 44 <ol
Ethane ng/L <12 <12 <bD
1TCA pm 29 <0.075 <p.52
1DCE uM 0.55 (k] <0.52
1DCA pM 031 146.5 <} 51
CA uM <016 62.5 774
vC 115 <016 <016 <080
Acetylene pM <038 <4.38 <19
Ethene M <043 EE] <21
Ethane phd <B.40 <040 <20
rH 6.7 77 68
ORP mv 214 -2 -24
5-C SRS MW-15 Groundwalter and 5B-06-01 Soit

Compaund Week Q 4 -3
1TCA pg/L 820 <10 <50
ilXCE pg/L 43 80 <hp
iDCA pg/L <io 12300 <5
CcA pg/L <i0 8320 31300
vC pefL <10 <10 250
Methane  g/L [:1H 91 44000
Acetylene pg/1. <10 <10 <50
Ethene ug/L <12 43 <60
Ethane ug/L «12 &7 <60
1TCA WM 6.1 <0.675 <0.52
1DCE uM 0.50 08 <0.52
1DCA uM <0.10 1242 <0.51
CA uM <0.16 129.0 1268
v pM <016 <@ 1o 4.0
Acetylene uM <033 <0.38 <19
Ethene pM <043 1.5 <21
Ethane UM <[(.40 22 <20
rH 6.7 7.2 6.3
ORP mV 216 43 -23

16

<10
<10
14500

29000
<10
46

68
0.48
<010
<010
225
1.1
<0.38

23
07
<157

16 Soil

16 Soil

55

47

27
2570
87
1400
<20
Tl

47

0.4
0.4%
027
9y
.14
<0077
0.39
1.8

16 Seil
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6-A Abiatic Aerobic MW-97-15 Groundwater and SB-06-02 Sil

CompoundWeek 0 2 2 4
cDCE gL 2610 360 540 1270
(IXCE ug/L 390 42 57 130
1DCE g /L <1p <10 1630 2410
1DCA pg/L 3250 540 560 1760
CA pe/L <10 <10 79 160
vC pg/l <10 <10 <10 <10
Methane  ig/L <66 <6.6 <6.6 <6.6
Acetylene pg/L <10 <10 <10 <10
Ethene pg/L <12 <12 <12 <12
Fthane ue/l <12 <i2 <12 19
<DCE [FLYY 269 37 5.6 13,1
tDCE uM 4.0 0.43 0.59 13
1DCE uhd <0.10 <0.10 16.8 249
1DCA uhd 328 5.5 6.7 178
CA i <0.16 <0.16 12 25
VC uM <0.16 <0.16 <0.16 <016
Acetylene pM <0.38 <038 <038 <038
Ethene 1M <043 <043 <043 <0.43
Fthane M <040 <040 <040 L6
pH 8.7 6.8
ORP mV 208 o2
DO mg/L

6-B Abiotic Aerchic MW-97-15 Grouadwater and SB-06-02 Soi
Compound Week a 2 2 4
cDCE rg/L 345¢ 160- 500 140
tDCE ug/L 520 30 63 36
IDCE ug/L <10 <10 314p 57
1DCA pp/ L 4250 280 860 5%
CA ug/L <10 <10 136 <10
vC pg/L <1 <1 <10 <10
Methane  ug/L <6.6 <h.6 <6.6 <b.6
Acetylene pg/l <10 <10 <10 <10
Ethene ugsil <]2 <12 <12 <2
Ethane ug/L <1z <12 <12 66
¢DCE pM 356 17 5.2 14
tDCE ph 54 0.3t B65 <0.50
1DCE M <0.10 <k10 324 0.6
1DCA pM 429 23 87 0.6
CA nyl <0.16 <0.16 20 <016
vC uM <D.16 <0.16 <0.16 =016
Acetylene pM <D.38 <0.38 <0.3% <033
Ethene i <043 <043 <0.43 <043
Ethane uM <040 <040 <040 22
pH 67 7.1
ORY my 208 83
DO mg/L

6-C Abiolic Aerobic MW-Y7-15 Groundwater and 5B-06-02 Sail
Compound Week Q 2 2 4
cDCE pg/L 2460 480 1130 2290
tDCE up/L 360 120 170 130
1DCE Lg/L <10 <10 2080 180
iNCA 1g/L 3200 1670 2010 30644
A ug/L <10 =10 9 160
vC ug/L <19 <19 <10 <10
Methare pg/L <b.6 <bb <h.6 <h.6
Acetylene pg/L <10 <10 <10 <10
Ethene ugsl <12 <]2 <12 <12
Ethane Hg/L <12 <12 <12 54
cDCE phi 254 10.1 P17 3.6
TXCE AL 37 12 18 13
1DCE 1283 <0.10 <0.10 215 225
1DCA 18] 323 169 203 0F
CA uM <0.16 <0.16 L5 25
V¢ phd <0.16 <016 <01 <016
Acetylene phl <0.38 <338 <0.38 <0.38
Ethene ubd <043 <043 <043 <043
Ethane phl <1} 40 <0.40 <040 1.8
pH 6.7 6.8
QORP my 208 98
DO mg/L

90

<50

0.41

<0078
<Q.080
<0.19
<0.21
<020
6.9

46

19
<0
<2.0

<28
<20
<13
<2.0
<24
<z4
.20
<0.021
<0.021
a1
=0.031
<0.032
<0.077
<0086
<0.030
6.8

69

550
76
<0
140
<10
<10
<b.6

12 16
28 1s
18 <1.1

<11 <1.1
25 79
<11 <11
<1t 42
<07 <7
<1.0 <10
<13 <13
<13 <L3
009 217

12

<11
<11
<11
<11
<11
<@.7
<10
<13
<13
0.015
<0011
<0.011
<0011
<0.017
<0.018
<0.042
<0.046
<[L.043
72

43
110

Appendix

16 Soil
30
3
44
14
<2.B

<13
<20
<24
<24
0.31
0.35
0.45
.14
<0.031
a.13
<0.077
<0.086
<(.080



7-A Ambient Aarobic MW-97-15 Groundwater and SB-06-02 Soil
Compound Week o 2 2 4 8
<DCE ug/L 4720 960 50 460 33
IDCE Hg/L gl 110 150 71 <20
IDCE ng/L. <10 <o 2940 570 <20
1DCA ug/L 5840 1450 1860 570 14
CA pg/L 47 20 110 <10 <20
vC ug/L <106 <10 <10 <10 <20
Methane pg/L 11600 <6.6 170 <6.6 <13
Acetylene pg/L <10 <10 <10 <10 <20
Ethene pgsL <12 <12 <12 <12 <24
Ethane  pg/L <12 <12 <12 54 <24
¢DXCE pM 487 9.9 1.z 47 0.34
(DCE phi 82 1.1 15 073 <0.02t
TDCE pM <010 <0.10 363 59 <0.02k
1DCA pM 59.0 14.6 88 53 0.14
CA phl 0.73 031 17 <b.16 <0.031
vC M <0.16 <i.16 <16 <0.16 <0.032
Acetylene pAl <038 <0.38 <0.33 <038 <0.077
Ethene A <043 <043 <43 <043 <0.086
Ethane TR <0.40 <040 <0.40 18 <0080
rH 6.4 7. 77
ORP mV 33 22 L6
DO mg/L

7-B Ambient Aergbic MW-%7-15 Groundwater and 5B-06-02 Soil
Compounc Week 0 1 z L] i3
cDCE g/l 4780 460 1000 614 42
tDCE e/l §20 43 120 56 =2
1DCE g/ L <10 <10 4780 650 16
TDCA el 5740 570 1490 72 17
CA ug/L <10 <1 160 44 <2b
vC ng/fl <10 <10 <i0 <10 <20
Methane  pg/L 3960 <hb 150 75 <1.3
Acetylene pg/L <10 <10 <10 =10 <24
Ethene ug/L <12 <12 <12 <12 <24
Ethane ng/L <12 <12 <12 <12 <24
cDCE UM 453 47 1903 6.3 043
tOCE phd 35 .44 124 058 <0.021
iDCE phd <0.10 <0.10 49.3 6.7 017
1DCA phd 38.0 55 15.1 73 017
CA phd <0.16 <036 2.5 .65 <031
v phl <0.1& <016 <016 <016 <032
Acetylene M <0.38 <0.38 <0.38 <038 <0.077
Ethene phd <043 <043 <043 <043 <0.08&
Ethane phd <040 <040 <040 <040 <0.080
pH 6.4 74 76
ORP my 233 41 18
jalel mg/L

-C Ambient Aerobic MW-97-15 Groundwater and SB-06-02 Swil
Coempound Week 0 2 2 4 8
<DCE ug/L 2320 830 1950 500 42
tDCE ng/L 320 190 £40 71 36
1DCE ug/L <1 <10 5290 470 15
1IDCA  pgsl 2749 1340 1220 620 0
CA ng/L <1l <10 160 40 77
VG pg/L <14 <10 <1 <10 <20
Methane  pg/L 200 200 316 0 6.8
Acetylene pg/L <10 <10 <10 <10 <20
Ethene g/l <12 <12 <12 <12 <24
Ethane pg/l <12 <12 <12 66 <24
<DCE pM 239 5.6 10.8 52 943
tDCE BN 13 103 1.44 073 0089
1DCE ph <l.10 <010 546 4.9 .15
TDCA phl 277 13.5 123 6.3 a.zn
CA kM <0.16 <0.16 2 0.62 0.12
v pM <016 <0.16 <16 <0.16 <0.032
Acetylene pM <0.348 <038 <038 <038 <0.077
Ethene uhd <043 <0.43 <043 <043 <0.086
Ethane aM <040 <140 <040 2.2 <0.080
pH 6.4 77 7.5
OR?P my 233 52 13
jale) mg/L

21
<11
<11

<11
<Ll
.7
<L.0
<L3
<L3

<0.011
<0.011
0.017
<0.017
<6.018
<{.042
<{.046
<0.043
71

8.5

<0.011
<0.011
0.080
<0017
<0.015
<0.042
<0046
<0.043
71

Appendix 1

L6 Soil
32

45
15
<2.0

<13
<2.0
<24
<24
0.33
.35
.46
0.15
<0.031
015
<0.077
<0.086
<0.081



Numient Amended Aerohic MW-97-15 Groundwater and $B-06-02 Soil

Nutrient Amended Aerobic

Nutrient Amended Aerohic

3-A

LCompound Week
<DCE He/
tDCE pg/L
1DCE pg/l
1DCA pg/L
CA pgsl
Ve pg/l
Methane pg/L
Acetylene pg/L
Ethene pg/L
Ethane  pg/L
¢DCE oM
{DCE fTiYs
1DCE uM
1DCA nnd
cA M
VC pM
Acetylene pM
Ethene M
Ethane pivl
pll

QFRP mV
DO mg/1.
8B

Compountd Week
cIXCE ug/L
tIXCE ug/L
1DCE ng/L
1DCA ng/L
CA ppfLl
Ve [ITTa
Methane ug/L
Acetylenc /L
Ethenc pgsL
Ethane ug/L
cDCE pM
tDCE M
1DCE pM
1DCA M
CA M
vC uhl
Acetylene pM
Ethene phd
Ethane uhl
pH

ORF mV
DO mg /L
4-C

Compound Week
cDCE g/ L
tDCE ng/L
1DCE py/L
INCA ng/L
CA ng/l.
v ug/L
Methane pg/L
Acetyiene pg/L
Fthene ug/L
Ethane ngsL
cCE pM
IDCE pA
1IMCE Ity
1DCA nxi
CA UM
vC HM
Acetylene uM
Ethene phi
Ethane pM
rH

ORF mY
DO mg /L

4
3980
630
<10
4940
25
<1
1600
<10
<12
<12
4i.1
6.5
<0.10
429
0.39
<0.16
<0.38
<043
<040
6.4
133

0
2610
510
<10
2670
39
<10
710
<10
<12
<12
26.9
53
<010
371
0.60
<016
<0.38
<0.43
<040
6.4
233

]
3100
650
<10
4660
3G
<10
16000
<G
<12

2
1270
120
<10
1850
<In
<10
22
<14
<12
<12
131
1.24
<0.10
191
<@.la
<014
<038
<043
<040

MW .97-15 Groundwater and 5B-06-02 Soil

2

710
1o
<10
1300
<10
<10
380
<10
<12
<i2
76
L.14
<0.10
13.1
<016
<0.16
<0.38
<0.43
<0.40

MW-97-15 Groundwater and 5B-06-02 Soil

2
2310
280
<10
4260

<10

89
<D
<12
<12

289
<010
43.0
0.50
<0.16
<0.38
<043
<0.40

2
1660
170
3730
2510
180
<10
110
<1t
<i2
<2
17.1

2
1080
180
3350
1830
160
<10
480
<10
<2
<1z
111
19
345
18.5
25
<0.16
<t.38
<0.43
<0.40

2
2120
310
3570
3970
150
<10
220
=0
<32
<12
219
320
36.8
401
23
=0.16
<0.38
<043
<040

4
1140
1
920
Moo
84
<10
<6.6
<10
<2
<¥2
118
1.14
95
14.7
1.30
<f.16
<0.38
<043
<0.40
75
-81

4

460

&9
1140
760
a3
<10
i00
<10
=12
<12
4.7
0.92
1.3
77
0.98
<0.16
<(.38
(.43
<0.40

=31

4
1280
14G
970
2050
56
<10
<6.0
<10
<12
76
13.2
1.4
10.0
207
0.87
<0.16
=0.38
<043
25
7.7
-25

8

<0.02i
014
<0.03t
<{.032
<0.077
<0.086
<0.080
77

8

L3
160
62
<20
590
33

<0.001
<0.011
=0.011
=0.011
<0.017
<0018
<0.042
<(.04¢
<0.043
-
25
8.6

Appendix 1

16 Sl
36
36
46
16
<2.0

<13
<2.0
<24
2.4
0.37
a37
047
.16
<0031
.14
<0077
<0.086
<0.080
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Former Columbia Cement Site, Freeport New York
Cost Estimate

Alternative 2
Excavation and Off-Site Disposal of Soil

Assumptions

. All costs include labor, materials, and eguipment unless otherwise stated.

. The excavation area consists of four impacted areas (Residual Source Area 1, 2, 3 and 4) as shown in Figure 4.
Contaminated soil volume is 620 cubic vards.

. 10 % of the contaminated soil (62 cubic yards) will be classified as hazardous waste.

Uncontaminated soil volume is 535 cubic yards.

. Transportation & disposal is to R3 Technologies, PA.

. Sheet piling will be used to protect the building foundation as well as protection from side wall sloughing.

N @ s

Birect Capital Costs Units Unit Rate

Qty

1. Mobilization and Demacbilization
excavator
compactor
front end loader
dozer
pile driver
dump trucks
roll off containers and frac tanks
miscellanegus construction equipment 1.00 LS $25,000
2. Construction of Soil Staging Area
poly sheeting and soil berms

1.00 LS $1,500

3. Sheet piling
total square footage is based on embedded area
Area 1 & 2: 30°X38' embedment X 2 sheet piles = 2280 sf
Area 3 15%15' embedment X 2 sheet piles = 450 sf
Area 4: 15'X15' embedment X 2 sheet piles = 450 sf 3180.00 sf 335
4. Dewatering During Excavation Operations

Equipment and one man crew, 10 days 10.00 day $800

5. Carbon Treatment and Disposal 1.00 LS $15,000
6. Frac Tanks

$3000 per month, 1 month 1.00 month $3,000
7. Excavation of Sail

Areas 1,2, 3 &4 (1,155 cu. yd.) 1155.00 cu.yd. $10

8. Transpartation and Disposal of Contaminated Soils
Non-hazardous Soils (90% = 558 cu.yd.}
558 cu.yd. X 1.5 tonfcu, Yd.= 837 tons
Hazardous (10% = 62 cu.yd)

62 cu.yd. X 1.5 tonfcu. Yd.= 93 tons

837.00 tons 356

93.00 tons $150
9. Imported Backfill, Placement, Compaction & Paving
assumes overburden soil will be reused, 20% contingency soil included
material cost $18 per cy X (610 cy x 1.2)
placement and compaction $15 per cy X 610 ¢y
sub-grade 40 cy X $29 per cy
concrete pavement 3,180 sf X $9 per sf

732.00
73200 cuyd. $15

40.00  cuyd. $29
3180.00 sf 39

cu.yd. $18

Alternative 2

Prepared for Atlantic Rlchfield (a BP Affiliated Company) 1of2

Cost

$25,000

$1,500

$111,300

$8,000

$15,000

$3,000

$11,550

$46,872

$13,950

$13,176
$10,980
$1,160

$27,030

Reference

Lump sum

Lump sum

Means

Estimate

Estimate

Estimate

Means

Means

Means

Means
Means
Experience
Experience

URS
2/15/2008



10. Decontamination and Health & Safety Facility
truck/equipment decon pad (bermed)

11. Site restoration and close storm drain sd-1

misc. repairs
pressure wash inside drain and abandon in place

Total Direct Capital Costs

. Direct Expenses

1. Design/Planning sampling
10 geotechnical sampies

2. Confirmatory Soil Sampling

eight post excavation borings to 23 ft bgs, 1 day geoprobe

48 samples (six per boring)
5 confirmatory samples for reuse of soil as backfill

2. Re-install three wells in excavation

3. Field Oversight

Confirmatory Soil Sampling 1 day
Instaltation of 3 wells 2 days
Weli development 1 days
Source area excavalion § days
Site restoration 1 day
Mob/demob 4 days

6. Field Oversight Expenses
19 days X $100/day

7. SPDES permit monitoring
1 sample per day for 10 days
contractor fabor 8hrs/day, 10 days
Total Direct Expenses
Indirect Capital Costs
1. Engineering {25% of total direct and capital costs)
2.- Project Management (10% of total direct and capital costs)
3. Contingency (20% of tatal direct and capital costs)

Total Indirect Capitaf Cosis

Total Capital Cost

Prepared for Atlantic Richfield (a BP Affiliated Company)

Alternative 2
2of 2

1.00

1.00

10.00

1.00
48.00
5.00

10.00
20.00
10.00
80.00
10.00
46.60

19.00

10.00
80.00

LS

LS

each

day
each
each

3 each

hours
hours
hours
hours
hours
hours

days

each
hours

$5,000

$15,060

$300

$1,400
$200
£200

$2,000

$75
$75
$75
$90
$75
$75

$100

$200
$55

$5,000

$15,000

$308,518

$£3,000

$1,400
$9.600
$1,000

$6,000
$750

$1,500
$750

57,200

$750
$3.000

51,900

$2,000

$4,400

$43,250

$87,942
$35,177
$70,354
$193,472

$545,240

Lump sum

Lump Sum

Estimate

Estimate
Estimate
Estimate

Experience

Estimate
Eslimaie
Eslimale
Estimate
Estimate
Estimale

Estimate

Estimate
Estimate

URS
2/15/2008



Former Columbia Cement Site, Freeport New York
A Cost Estimate

Alternative 3
In Situ Chemical Oxidation of Soil

Assumptions

. Ali costs include labor, materials, and equipment unless otherwise stated.

. In Situ Chemical Oxidation with Sedium Permanganate activated with Hydrogen Peroxide

. The treatment area consists of four impacted areas (Residual Scurce Area 1, 2, 3 and 4) as shown in Figure 4
. Chemical costs obtained frorm FMC, Chemical Products Groups

. Chesmical dosing rate based on bench-scale testing conducted by Adventus Americas in April 2005

. Assumes two injection events spaced 3 months apart

OO R W =

Direct Capital Costs Qty tnits  Unit Rate Cost Reference
1. Rental Equipment
Geoprobe - injection and point installation
Injection pumps and equipment 2 LS 25000 $50,000 Lump sum
2. Chemical Costs
Sodium permanganate 87800 LBS 1.1 $96,360 Vendor Quate
Hydrogen peroxide 357200 LBS 0.245 487,514 Vendor Quote
Freight costs for chemicals 10286 EACH 1 $10,286 Vendor Guote
3. Equipment charges
Tanker truck for peroxide 2 MONTH 1200 $2,400 Vendor Guote
Mixing pump with tanker truck 2 MONTH 800 $1,200 Vendor Quoate
Shipping 2 LS 1000 $2,000 Vendor Quate
Total Direct Capital Costs $249,760
L sect Expenses
1. Confirmatory Scil Sampling
eight posi treatment borings per event (2 events total) to 24 ft bgs, 1 day geoprobefevent 2.00 day 51,400 $2,800 Estimate
48 samples laverage of six per boring) 96.00 each 5400 $33.400 Estimate
2. 1SCO Supplies
Equipment (pumps, mixers) 2.00 LS £5,000 $10,000 Estimate
Consumables (PPE, sampling equipment, efc) 2.00 LS £1,000 $2,000 Estimate
4. Field Oversight {total for two events)
maob/demob/chemical storage area {2 days/event} 4 day 40 heurs 55 $2,200 Estimate
ISCQ injection oversight (10 days/event) 20 days 200G hours 75 415,000 Estimate
Post-injeclion soil sampling (2 days/event) 4 days 40 hours i) $3,600 Estimate
site restoration (1 day/event) 2 day 30 hours 55 $1,650 Estimata
30 days
5. Field Oversight Expenses
30 days X $100/day 30 days 100 $3,000 Estimate
Total Direct Expenses 178,650
Indirect Capital Costs
1. Engineering {15% of total direct capital costs) $49,261
2. Project Management (10% of total direct and capital costs) $32.841
3. Contingency {20% of total direct capital costs) $65,682
Tatal indirect Capital Costs $147,784
Total Capital Cost $476,194
h g
Alternative 3 URS3

Prepared for Atlantic Richfield (a BP Affiliated Company) 10f1 2/15/2008



Former Columbia Cement Site, Freeport New York
N Cost Estimate

Alternative 5
Monitored Natural Attenuation of Groundwater

Assumptions

1. Al costs include labor, materials, equipment and O&M unless ctherwise stated.
2. MNA is for 22 years based on preliminary modeling using Biochlor software program.

Direct Capital Costs . Oy Units Unit Rate
1. Additional Wells for MNA
Two deep wells (30 ft bgs) 2.00 each $3,000
Two nested wells (shallow/intermediate/deep) 3.00 each $5,000
Twao well clusters {shallow/deep) 2.00 each $4,000
Well development 12.00 each $1,000
Total Direct Capital Cosis
Direct Expenses
1. Field Oversight
Well Installation 16 days 160.00  hours $75
Well development 5 days 50.00 hours §75
Groundwater mode! development 90 days 720.00  hours $a5
2. Field Oversight Expenses
21 days X $100/day 21.00 days $100
va! Direct Expenses
Indirect Capital Costs
1. Engineering {15% of total direct and capital costs)
2. Project Management (10% of total direct and capital costs)
3. Contingency (20% of total direct and capital costs)
Total Indirect Capital Costs
Total Capitai Cost
Operations And Maintenance Costs
1. MNA sampling of 15 weils for five years
2 samples per well per year for 5 years, 20 QA samples per year 250.00 samples $500
MNA sampling of 15 wells for seventeen years
1 sample per well per year for 17 years, 6 QA samples per year 357.00 samples $500
2. Consumables and Expenses for sampling
$ 1000 per event, 27 events 27.00 events $1,000
3. Sampling Labor 120 hrievent, 27 events 324000 hours $70
4. Progress reports 20 hr/event, 27 events 540.00  hours $95

Total Operations And Maintenance Costs

Alternative 5
Prepared for Atlantic Richfield (a BP Affiliated Company) 1of 1

Cost

$6,000
$15,000
$8,000
$12,000

$41,000

$12,000
$3,750
$68,400
$2,100

586,250

$19,088
$12,725
$25,450
357,263

3$184,513

$125,000

$178,500

$27,000
$226,800
$51,300

$608,600

Reference

Experience
Experience
Experience
Experience

Estimate
Estimate
Estimate

Estimate

Experience

Expenence

Estimate

Experience

Experience

URS
215/2008



Direct Expenses

t. Field Oversight

Mob/demob 4 days
Installation of P&T extraction wells 4 days
Oversee instaliation of treatment systems 15

P&T abaveground piping and system hookup 5days
P&T system start up 5 days

2. Field Oversight Expenses
33 days X $100/day

Total Direct Expenses

Indirect Capital Costs

1. Engineering {25% of total direct and capital costs)

2. Project Management {10% of total direct and capital costs)
3. Contingency {20% of total direct and capital costs)

Tofal Indirect Capital Costs

Total Direct Capital Costs

Operations And Maintenance Costs

1. GW sampling of 15 wells
4 samples per well per year for 7 years
{includes 8 QA samples for each event)

2. Consumables and Expenses for sampling
$ 1000 per event, 2B events

3. Sampling Labor 60 hrievent, 28 events

4. Treatment System Supervision and Maintenance
24 hriwk field labor, 364 wks
8 hriwk PM iabor, 56 wks

6. Treatment system consumables and maintenance
liquid-phase carbon change out, 8 events per year
vapor-phase carbon change out, 8 events per year
chemicals, bag filters etc,
sludge disposal

7. Air sampling and monitoring
monthly inflrent and effluent sample for VOCs

8. SPDES permit manitoring
1 sample collection & analysis per day for 1st wk
1 samgple per month
VOCs, TSS, pH
2V0OCs samples per month for system performance

9. Post-treatment of of 10 wells
2 samples per well per year for 5 years
(includes 4 QA samplas for each event)

10. Consumables and Expenses for sampling
5 750 per event, 20 events

11. Sampling Labor 40 hrievent, 20events

Total Operations And Maintenance Costs

Alternative 6
Prepared for Atlantic Richfield (a BP Affiliated Company) 20f2

40.00 hours
40.00 hours
200.00  hours
50 hours
50 hours
33.00 days
644.00

2B.00 events

1680.00 hours

8736.00 hours
448.00  hours

56 evants
56 events
56 months
56 months

84 samples
10 samples
84 samples

168 samples

110.00 samples

20,00  events

1680.00  hours

$75
$75
$90
$90
$90

$100

100

$1,000

$75

$60
3120

54,000
$2,000
$1,000

$600

$250
$150
$150

$95

5100

$750

575

$2,000
$3,000
$18,000
$4,500
$4,500

$3,300

$36,300

$163,475

$65,390
$130,780
$359,645

$1,013,545

$64,400

$28,000

$126,000

$524,160
$53,760

$224,000
$112,000
$56.000
$33,600

$21,000
1,500
512,600

$15,960

$11,000

$15,000

$126,000

$1,424,980

Estimafe
Estimate
Estimate
Estimate
Estimate

Estimate

Experience

Estimate

Expenence

Experience
Experignce

Esfimate
Estimate
Estimate
Estimate

Estimate

Estimate

Estimate

Estimate

Experience

Estimate

Experience

URS
2115/2008



Former Columbia Cement Site, Freeport New York
Cost Estimate

Alternative 7
In Situ Aerobic Biodegradation - Groundwater

Assumptions

1. All costs include labor, materials, and equipment unless otherwise stated.

2. In Situ Aerobic Biodegradation uses EHC-0

3. The freatment area consists of 200 ft long streich of area at the west end of the property boundary along Hanse Ave with injection points
on 10-ft cenlers and a 300 ft long stretch along the south side of the property with injection points on 15-ft centers.

4. Chemical costs obtained from Adventus

5. Required EHC-O amount based on a BOD of 11 mg/L

6. Assumes fwo injection events spaced 9 months apart

Direct Capitat Costs Oty Units  Unit Rate Cost
1. Rental Equipment

Geoprobe

Injection pumps and mixing equipment 20 LS 3000 $60,000
2. Chemical Costs

EHC-O 8200 LBS 45 $36,900

Freight 2 LS 1000 $2,000
Total Direct Capital Costs $98,900
Direct Expenses
1. Field Gversight (total for two events)

mob/demob/chemical slorage area (4 days/event) B days a0 hours 55 $4,400

EHC-O injection oversight (10 days/event) 20 days 200 hours 75 $15,000

Post-injection sampling (2 days/event) 4 days ac hours S0 $3,600
2. Field Oversight Expenses

32 days X $100/day 32 days 100 $3,200
Total Direct Expenses $28,200
Indirect Capital Costs
1. Engineering (15% of totat direct capital costs) $18,765
2. Project Management (10% of total direct and capital costs) $12,510
3. Comtingency {20% of total direct capital costs}) $25,020
Total indirect Capital Costs $56,295
Total Direct Capital Cost $181,395
Dperations And Maintenance Costs
1. GW sampiing of 12 wells

4 samples per well per year for 3 years: 180.00 samples $250 $45,000

2 samples per year for 4 years {MNA sampling) 126,00 samples $250 $30,000

(includes 3 QA samples for each event)
2. Consumables and Expenses for sampling

$ 750 per event, 20 events 20.00 events $750 $15,000
3. Sampling Labor 30 hifevent, 20 events 600.00 hours 375 $45,000
Total Operations And Maintenance Costs 5135000

Alternative 7
Prepared for Affantic Richfield (2 BP Affiliated Company) 1o0f1

Reference

tump sum

Vendor Quote
Vendor Quote

Estimate
Estimate
Estimate

Estimate

Experience
Experience

Estimate

Experience

URS
2/15/2008



Former Columbia Cement Site, Freeport New York

Cost Estimate

Alternative 9
Storm Drain Soil Removal

Assumptions

. AlE costs include labor, materials, and equipment unless otherwise stated.

. The excavation area consists of four impacied storm drains (8D0-1, SD-5 and SD-8).
. Contaminated soil volume is 6 cubic yards,

. Contaminated soil will be removed with a vac-truck.

. Transportation & disposal is to R3 Technologies, PA.

DWW N2

Direct Capital Costs Qty

1. Mobilization and Demobilization
vac truck 1.00

2. Vac-truck remaval of sediment
SD-1, SD-5 & SD-8 (6 cu. yd.) 1.00

3. Transportation and Eisposal of Contaminated Soils
§ cu.yd. X 1.5 ton/cu. Yd.= 9 tons 9.00

4. Imported Backfill, Placement & Compaction
material cost $18 per cy X (B cy x 1.2) 6.00
placement and compaction $15 per cy X 6 cy .00

Total Direct Capital Costs

Direct Expenses

3. Field Oversight
Vac-truck sediment removal t day 10.00
Backfil 1 day 10.00

B. Field Oversight Expenses
2 days X $100/day 2.00

Total Direct Expenses

Total Capital Cost

Alternative 9
Prepared for Atlantic Richfield (a BP Affiliated Company) 1 of 1

. Soil in each storm drain will be removed to the water table, then replaced with clean sand filk.

Units  Unit Rate

LS

day

tons

cuyd.
cu.yd.

hours
hours

days

$500

51,500

$56

$18
$15

875
§75

$100

$500

$1,500

$504

$108
$90

$2,702

3760

3750

$200
$1,700

54,402

Reference

Lump sum

Means

Means

Means
Means

Eslimate
Estimate

Estimate

URS
2/15/2008
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