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Executive Summary

This Remedial Site Optimization (RSO) report was prepared by Ecology and En-
vironment Engineering, P.C. (EEEPC) at the request of the New York State De-
partment of Environmental Conservation (NYSDEC) to evaluate alternatives to
the existing remedy at the Mr. C’s Dry Cleaner’s Site (the Site). According to the
Interstate Technology & Regulatory Council (ITRC), RSO is the “systematic
evaluation and enhancement of site remediation processes to ensure that health
and the environment are being protected over the long term at minimum risk and
cost” (ITRC 2004). The two main criteria for prioritizing sites for RSO include
concerns regarding the protectiveness of the remedy and high annual operations
and maintenance costs (ITRC 2004). RSO at the Mr. C’s Dry Cleaner’s is war-
ranted by the declining effectiveness of the existing pump-and-treat remedy (the
Site Remedy) selected by the 2000 Explanation of Significant Differences
(NYSDEC 2000) due to the movement of contaminants beyond the zone of cap-
ture.

According to NYSDEC’s RSO guidance, an RSO plan may include a critique of
the site conceptual model, recommendations to improve a selected remedy, or
identification of a better remedy that was not available at the time of the ROD
(NYSDEC 2011). For the Mr. C’s Dry Cleaners Site, this RSO report has been
prepared in the manner of a focused feasibility study to determine whether biore-
mediation, used alone or in conjunction with the existing Site Remedy, would
constitute a significantly better remedy that would facilitate progress toward site
closure while improving the effectiveness and cost efficiency of the remedy. Bio-
remediation, which was not considered in the Mr. C’s Feasibility Study (MPI
1996), has been demonstrated to stimulate in situ anaerobic degradation of the
volatile organic compounds (VOCs) that comprise the Site’s contaminants of con-
cern (COCs): tetrachlorothene (PCE), trichloroethene (TCE), cis-dichloroethene
(cis-DCE), and vinyl chloride (VC).

A conceptual site model (CSM) using contaminant fate and transport processes
was developed as part of the Feasibility Study for the Mr. C’s Site (MPI 1996).
The Site contamination was described in the Mr. C’s Remedial Investigation (MPI
1995a) as having resulted from the release of dry cleaning fluid from the former
Mr. C’s Dry Cleaners facility in East Aurora, New York. As a result of changes
to waste management practices at the Site prior to implementation of the ROD
and the cessation of active dry-cleaning operations in 2012, there is no source for
continued release of contaminants from the Site (EEEPC 2014). However, since

02:10C3074.0011.08-B4369 1
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Executive Summary

installation of the pump-and-treat system in 2003, over 10 times the volume of
contaminated groundwater has been processed and nearly 10 times the mass of
PCE has been removed than the volume and mass identified in the responsiveness
summary of the ROD. The ROD recognized that the mass of contamination will
never be known, but it is clear that the amount is greater than initially estimated.

Despite the high rate of VOC removal through the existing Mr. C’s pumping well
system and air stripper (to date, over 90% of influent VOCs have been removed
from the air stripper effluent water), the overall concentrations and types of con-
taminants in the plume remained stable between long-term groundwater monitor-
ing events from 2006 through 2012.

A bioremediation pilot study (Pilot Study) was conducted beginning with injec-
tions in 2012. The Pilot Study showed that the largest reduction in plume PCE
concentrations occurred in the injection areas around monitoring well MPI-6S,
where PCE contamination was degraded to cis-DCE. Pilot study injections in an
area with lower initial concentrations at MW-8 successfully reduced PCE and
TCE concentrations below groundwater standards (EEEPC 2015a). The Pilot
Study demonstrated that bioremediation was technically feasible at the Site. This
RSO evaluates the cost effectiveness and appropriateness of the technology for
meeting site Remedial Action Objectives (RAOs).

Four alternatives are presented in this RSO: (1) continuation of the existing site
pump-and-treat system, (2) continuation of the existing pump-and-treat system for
source control with the use of bioremediation for migration control, (3) the use of
bioremediation for source control with use of the existing pump-and-treat system
for migration control, and (4) the use of bioremediation for both source and mi-
gration control.

Continued operation of the existing pump-and-treat system, alone or in conjunc-
tion with bioremediation technologies, is subject to several limitations. During
the first few years, the pump-and-treat system was very effective at removing
contamination; however, fewer pounds of VOCs have been removed annually in
recent years despite average VOC removal rates of 90% to 100%. The declining
trend in pounds of VOCs removed annually is matched by declines in process
volume and average influent concentrations. The decline in process volume re-
lates to system aging and fouling necessitating downtime for maintenance of the
system.

The decline in influent concentrations may be explained by the size and location
of the existing pumping wells and the location of the groundwater plume. The
pump-and-treat system was designed by Malcolm Pirnie, and well locations were
selected based on the nature and extent of contamination as summarized in the
Feasibility Study (MPI 1996). The highest-capacity well is located close to the
Mr. C’s treatment facility and the original source location, and several lower-
capacity wells are located downgradient of the treatment facility in an area with
much lower transmissivity. The capacity of the pumps seems to have been based

02:10C3074.0011.08-B4369 2
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on the transmissivity of the geologic formations. Based on the results of long-
term monitoring (LTM), the plume’s center of mass appears to have migrated
since the RI site investigations and is now located in the area of lower transmis-
sivity. The tail of the plume now extends downgradient of the pumping wells and
outside of their radius of influence. Therefore, Alternative 3, which proposed us-
ing the existing pump-and-treat system for migration control, was not considered
further.

The remaining alternatives are all subject to additional limitations that would pre-
vent them from reaching New York State Class GA groundwater standards
throughout the entire contaminant plume, because of the plume’s location in a res-
idential and commercial neighborhood with homes and buildings above the
plume. The alternatives evaluated in this RAO and their cost estimates are based
on the use of these technologies only in those areas where they would be imple-
mentable. The source and migration controls proposed in each alternative are in-
tended to address two of the three Site RAOs: reducing the migration of the plume
and achieving groundwater standards to the extent practicable. Every alternative
also includes LTM and a soil vapor intrusion investigation (SVII) and mitigation
program that is intended to address the remaining site RAO to protect human
health from soil vapor intrusion.

Based on the analysis presented in this RSO, EEEPC recommends the use of in
situ bioremediation, which offers a substantially more effective means of reducing
plume contamination than the existing pump-and treat system, and at a substan-
tially reduced cost. The recommended alternative consists of the following:

1. Installation of downgradient permeable reactive barriers (PRBs) using in situ
injections of Provectus’ antimethanogenic reagent Provect-IR ™.

2. Source control through in situ bioremediation using Provect-IR™.

Shut-off and decommissioning of the existing treatment system following in-
stallation of PRBs and temporary operation to target Pilot Study areas with
large cis-DCE concentrations (operating pumping wells PW4, PWS5, PW6,
PW7, and PWS). Several wells have been shut off to avoid secondary impacts
to the treatment system; however, cis-DCE is more mobile than PCE and may
be able to be removed more effectively through pumping.

4. Continued LTM and SVII and mitigation.

A new decision framework for response actions, including if and when addi-
tional enhancements are required to maintain degradation rates, if and when
the frequency of LTM can be changed, and when to initiate new SVIIs or im-
plement mitigation measures.

Although not the primary selection factor, EEEPC reviewed the alternatives for
consistency with NYSDEC’s Green Remediation program policy (DER-31) and
determined that in situ, passive technologies such as bioremediation would con-
tribute fewer direct and indirect greenhouse gas emissions than the pump-and-

02:10C3074.0011.08-B4369 3
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treat system by reducing vehicle miles traveled for operation and maintenance and
reducing the demand for electricity. As such, bioremediation is consistent with
NYSDEC’s current Green Remediation policy.

As this RSO is recommending a fundamental change to the Site Remedy, it must
be presented to the NYSDEC commissioner for consideration. Per NYSDEC’s
RSO policy, a change to the Site Remedy must go through the same rigorous
analysis, risk assessment, and community involvement as the original remedy.
Public participation and community involvement should be solicited for this
change in the Site Remedy, especially because site access has not historically
been granted for all residential properties. Consequently, all remedies considered,
particularly the SVII program, are limited in their ability to protect public health
and safety. Additionally, while groundwater under the site is not a drinking water
source, the RI identified four properties with wells that were typically used for
irrigation and could present a potential exposure route (MPI 1995a). At the time
of writing this RSO, it is unknown whether these wells have been decommis-
sioned or whether the off-site residents are aware of the groundwater use re-
strictions. Finally, construction workers both on- and off-site may be directly ex-
posed to contaminated soil and groundwater, and site institutional controls that
address this exposure pathway should be verified and updated, as necessary.

While this RSO documents the relative benefits and cost effectiveness of the
technology, bioremediation will result in a short-term increase in the overall tox-
icity of the COCs. While cis-DCE is less toxic than PCE, both TCE and VC are
more toxic. The final degradation byproduct, ethene, is non-hazardous. A risk
assessment may be warranted to determine whether the increased COC toxicity
poses an overall increased risk to human health. For many residences, the overall
risk has been reduced through the installation of a sub-slab depressurization sys-
tem (SSDS), which removes the exposure pathway for soil vapor intrusion.

02:10C3074.0011.08-B4369 4
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Introduction and Background

The New York State Department of Environmental Conservation (NYSDEC)
contracted Ecology and Environment Engineering, P.C. (EEEPC) to perform re-
medial site optimization (RSO) as part of operations, maintenance, and monitor-
ing (OM&M) for the Mr. C’s Dry Cleaner’s Site (the Site), NYSDEC Site No.
915157. This report presents options for RSO at the Site and was prepared by
EEEPC for NYSDEC under the 2015 modification to Work Assignment
D007617-11.1, which was approved by NYSDEC’s Division of Environmental
Remediation (DER) on May 27, 2015.

1.1 Site Description

The Site is located on an approximately 0.5-acre parcel at 586 Main Street in the
village of East Aurora, in Erie County, New York (see Figure 1-1). Mr. C’s Dry
Cleaners formerly occupied the front portion of the building along Main Street,
and the remainder of the building was occupied by other commercial businesses.

The Site is surrounded by residential homes along Whaley Avenue to the west
and Fillmore Avenue to the north. Other commercial businesses are adjacent to
the Site on the east side and across Main Street to the south. Groundwater pump-
ing wells and groundwater monitoring wells form a ring around the entire Site.

An expanded site description and history, including associated regulatory infor-
mation, is presented as part of the Site Management Plan (EEEPC 2015b).

1.2 Remedial Background

Perchloroethene (PCE), also known as tetrachloroethene, and its degradation by-
product are the primary contaminants of concern (COCs) at the Site. The contam-
ination at the Site is the result of improper handling and management of PCE, a
solvent used in the dry cleaning process. Poor management practices resulted in
contamination of the groundwater beneath and downgradient of the Mr. C’s Dry
Cleaners facility. Remedial investigations (RIs) were performed between 1993
and 1995 (MPI 1995a, b). A feasibility study was completed in 1996 (MPI 1996).

A Record of Decision (ROD) for the Site was issued by NYSDEC in 1997 and
revised in 2000. In the 2000 Explanation of Significant Differences, NYSDEC
changed the selected remedy to groundwater pumping and ex-situ air stripping
treatment (the Site Remedy). The groundwater pumping well network and the
existing air stripper were installed between 2001 and 2003 (NYSDEC 1997,

02:10C3074.0011.08-B4369 1-1
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2000). A Final Engineering Closure Report for the remedial construction was pre-
pared by EEEPC and issued to NYSDEC in March 2005 (EEEPC 2005).

SSDSs were installed at the First Presbyterian Church in 2004 and at the residen-
tial property 27 Whaley Avenue in 2005. Because of the nature of contamination
at the Site, soil vapor intrusion investigations (SVIIs) have been performed be-
neath the Mr. C’s treatment facility and in two downgradient buildings. As the
feasibility of bioremediation was being investigated, a renewed effort to investi-
gate soil vapor intrusion was also undertaken. SVIIs were performed at 16 prop-
erties between January 2013 and September 2015. New SSDSs were requested
by the New York State Department of Health (NYSDOH) through NYSDEC for
seven of these properties, all of which have been installed.

In 2011, after the pump-and-treat system had been operating successfully for 10
years, NYSDEC implemented the Mr. C’s Enhanced Bioremediation and Bio-
augmentation Pilot Study (Pilot Study). Declines in the efficiency of the pump-
and-treat system (see Section 1.6) prompted the investigation of alternate technol-
ogies for potential optimization of the Site Remedy. The Pilot Study demonstrat-
ed that bioremediation was capable of reducing PCE concentrations at the Site.
The Pilot Study concluded in 2014 and is described in the Summary Report for the
Mpr. C’s Dry Cleaners Site Enhanced Bioremediation and Bioaugmentation Pilot
Study (EEEPC 2015a).

An expanded description of the Site’s remedial background is presented as part of
the revised Site Management Plan (EEEPC 2015b).

1.3 Objectives of This RSO

Because chlorinated ethenes are the primary COCs at the Mr. C’s Site, anaerobic
bioremediation, a technology that was not available at the time of the ROD
(NYSDEC 1997), was identified as a technology that could potentially lead to
significantly better attainment of the Remedial Action Objectives (RAOs) for the
Site, improved cost efficiency, and/or a shorter time to site closure than the cho-
sen remedy. Before an RSO study could be prepared, a Pilot Study was conduct-
ed at the Mr. C’s Site between 2011 and 2014. The Pilot Study found anaerobic
remediation to be effective at reducing the concentrations of chlorinated ethenes
(EEEPC 2015a).

This RSO report evaluates the feasibility of alternatives consisting of one or a
combination of pump-and-treat technologies using the existing site engineering
controls (ECs) and bioremediation technologies. Each alternative is evaluated
with regard to implementability, effectiveness, and cost. Costs are estimated us-
ing present worth analysis, which is a necessary component of advancing an op-
timization recommendation for NYSDEC consideration. Limited modeling and
calculations were performed to estimate the time the remedy would need to oper-
ate to attain site closure. Due to the uncertainty in calculated cleanup time
frames, present worth analyses are based on a period of 30 years. Present worth
analyses aid in comparing upfront capital investments versus recurring costs.
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1.4 Geology and Hydrology

The Site is located in a residential/commercial area with both paved and unpaved
(lawns and soil fill) sections. The Site is situated on top of fill overlaying glacial
deposits from the last glacial ice.

1.4.1 Geology

1.4.1.1 Bedrock

The Site is situated on top of the buried bedrock valley of Cazenovia Creek. The
Rhinestreet Shale member of the West Falls Formation is the uppermost bedrock
unit beneath the Site and surrounding area. The Rhinestreet Shale consists of
slightly petroliferous, fissile-to-massive, black shale interbedded with medium
and dark gray shales in the upper third of the Rhinestreet member. Bedrock be-
neath the Site is estimated to be 150 to 200 feet below ground surface (BGS; MPI
1995a). East and west of the buried valley, bedrock is found at 20 to 30 feet BGS.

1.4.1.2 Overburden

Unconsolidated sediments at the Site consist primarily of fill, glacial outwash,
lacustrine deposits, and glacial till. During the 1994 R1, fill was found to extend
approximately 11 feet BGS (MPI 1995a). Fill underneath the Site was described
as clayey silt with gravel overlaying gravel with clayey silt and trace of brick
fragments. The fill is underlain by 4 to 7 feet of glacial till composed of brown
clayey silt with varying amounts of shale fragments. The remedial investigation
identified three stratigraphic units beneath the fill and till. These stratigraphic
units are described below.

A. Gravel and Sand Outwash — Glacial outwash, encountered in each RI bore-
hole, grades from sandy gravel near the top of the unit to very fine sand at the
base. The outwash is approximately 27 feet thick and consists of 2 to 26 feet
of gravel followed by 1.5 to 12 feet of medium-to-coarse sand with varying
amounts of fine sand. Fine and very fine sands were encountered at the base
of the outwash unit in most of the RI borings (MPI 1995a).

B. Lacustrine Deposits — The glacial outwash is underlain by lacustrine sandy
silt. The lacustrine deposits were encountered at an approximate elevation of
888 feet above mean sea level and ranged in thickness from 11.5 to 14.5 feet.
These deposits may liquefy when disturbed, are uniform, and are character-
ized by mostly silt and fine to very fine sand (MPI 1995a).

C. Stratified Till and Sand — A sequence of stratified, interbedded, fine-grained
till and sand underlies the lacustrine deposits. It was encountered at 90 feet
BGS in the deepest exploratory RI boring. This layer was found to be approx-
imately 49.5 feet thick. This sequence contains lenses of stratified medium
and fine sand interbedded with clayey silt and silty clay till layers. The two li-
thologies are separated by a sharp contact, with the sand layers ranging in
thickness from thin laminae to 3 feet and the till ranging in thickness from thin
laminae to layers 5 to 11 feet thick (MPI 1995a).
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1.4.2 Hydrostratigraphic Units

Three major hydrostratigraphic units are present at the Site, including an uncon-
fined aquifer of saturated outwash deposits (outwash aquifer); the underlying la-
custrine aquifer; and a confining layer consisting of the stratified till deposits
(MPI 1995b). The outwash and lacustrine aquifers are hydraulically connected
and have nearly the same hydraulic heads. However, they are characterized by
different hydraulic conductivities and porosities.

A. Outwash Aquifer — The outwash aquifer is an unconfined aquifer with a satu-
rated thickness of approximately 18 feet. Wells screened across the entire
outwash aquifer exhibited a geometric mean hydraulic conductivity of 0.004
centimeter per second (cm/s), equal to 11.3 feet per day (ft/day). Precipitation
and infiltration are the main recharge sources for this aquifer, with possible
exfiltration from sewers located above the water table (MPI 1995b). Figure
1-2 is a groundwater contour map of the Site based on data collected in Octo-
ber 2014. Additional groundwater contour maps of the Site based on data col-
lected prior to the RI in 1994 and during Long-Term Groundwater Monitoring
in 2016 are included in Appendix A.

B. Lacustrine Aquifer — The lacustrine aquifer is a rather uniform aquifer with a
saturated thickness of approximately 13 feet. Wells screened across the lacus-
trine aquifer exhibited hydraulic conductivities that ranged from 1.5 x 10 to
4.9 x 10" cm/s (MPI 1995b), equal to 0.43 to 1.39 ft/day. During the RI,
groundwater flow direction in this aquifer appeared very similar to that in the
outwash aquifer.

C. Stratified Till Unit — The confining stratified till unit consists of interbedded
layers of clayey till and sand. The hydraulic conductivity for the unit was es-
timated at 8.8 x 10 cm/s, equal to 9.1 feet per year, based on slug testing per-
formed at well MPI-4D. A previously calculated upward vertical hydraulic
gradient for this unit indicated that the outwash and lacustrine aquifers be-
neath the Site are not the source of recharge to the stratified till unit (MPI
1995Db).

Estimates of groundwater velocities for each unit are presented in Table 1-1.

Table 1-1 Groundwater Flow Parameters

Average Estimated
Hydrostratigraphic Hydraulic Conductivity Hydraulic Groundwater
Unit (cmls) Gradient (ft/ft) Velocity (ft/day)

Outwash Aquifer 0.004 0.004 0.045
Lacustrine Aquifer 0.00049 0.004 0.006
Stratified Till 0.0000088 0.004 0.0001
Notes:

Hydraulic conductivities are taken from the Mr. C’s RI (MPI 1995a).

Key:
cm/s = centimeters per second
ft = feet
02:10C3074.0011.08-B4369 1-5
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1.5 Conceptual Site Model

A conceptual site model (CSM) is a written or pictorial representation of an envi-
ronmental system and the biological, physical, and chemical processes that deter-
mine the transport of contaminants from sources through the environmental media
to environmental receptors within the system (American Society for Testing and
Materials E1689-95). The 1995 RI previously presented the elements of the
CSM, including: (1) potential sources of contamination, (2) types of contaminants
and affected media, (3) release mechanisms and potential contaminant pathways,
and (4) actual/potential human and environmental receptors. These elements
were carried over into the 1996 Feasibility Study and used in selecting the reme-
dial alternative for the site.

1 Introduction and Background

A CSM is meant to be periodically reviewed and updated as more site data be-
come available, and long-term monitoring (LTM) at the site has additional infor-
mation with which to refine the Mr. C’s CSM. Several initiatives have been un-
dertaken that affect which contaminants are present at the site, their concentra-
tions, and potential contaminant pathways. This section aims to refine the previ-
ous presentation of the CSM to identify and set priorities for evaluation of the al-
ternatives presented in this RSO in accordance with DER-10 (NYSDEC 2010).

1.5.1 Potential Sources of Contamination

The former Mr. C’s Dry Cleaners site is believed to be the primary source of con-
tamination. The existing building that houses the Mr. C’s treatment facility and
the former Mr. C’s Dry Cleaners is believed to have been built around 1927 and
was used as a dry cleaning facility since before 1970 (NYSDEC 1997). It operat-
ed as the Mr. C’s Dry Cleaners from 1974 to 2012. Since 1985, all dry cleaning
wastes from the Site, including filters and sludges, have been disposed of through
a commercial disposal firm. Prior to 1985, waste was disposed of via the sanitary
sewer. According to the 1995 RI, the cleaning agent used at the Mr. C’s Dry
Cleaners Site between 1989 and 1991 was a solvent comprised of approximately
99.1 to 100% PCE with traces of 1,2-DCE (20 parts per million [ppm]), tetrachlo-
romethane (50 ppm), and TCE (100 ppm). Solvent usage was reportedly reduced
from 1,200 gallons in 1989 to 430 gallons in 1991 when the facility changed over
from transfer-type to closed-loop type dry cleaner machines (MPI 1995a).

Based on previous findings, the primary release mechanism was thought to be in-
filtration into the groundwater from a leaking sewer lateral. Investigations con-
ducted prior to the RI detected PCE and other chlorinated solvents in the ground-
water, soil gas, and sewers in the vicinity of the Site (MPI 1995a). The highest
concentrations of PCE in soil gas and groundwater were found near the Site’s san-
itary sewer lateral. These investigations identified the Site as the possible source
of PCE in the groundwater and soil gas. PCE levels found in the sewers were
consistent with a source located at the Site (migration possibly occurring along
sanitary sewers). Since 2012, the dry cleaning service has operated strictly as a
drop-oft and pick-up location; dry cleaning is no longer performed on the Site.
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As such, the primary release mechanism identified in the RI no longer presents a
pathway for contaminant release.

The contaminated groundwater plume was recognized to be a secondary contami-
nant source. The RI found the highest concentration of PCE beneath the Mr. C’s
Dry Cleaners building. The RI concluded that substantial volatile organic com-
pound (VOC) contamination is present in the outwash aquifer (upper unconfined
aquifer in saturated glacial outwash sand and gravel). It was determined that PCE
distribution in the lacustrine aquifer (saturated sand and silt lacustrine deposits) is
more localized and at lower concentrations. According to the RI, “concentrations
of PCE in the lacustrine aquifer that appear to increase downgradient of the Site
are most likely an artifact of a hydraulic connection along the sand pack of a deep
monitoring well” (MPI 1995a). RI analytical data indicated an increase of chlo-
rinated VOCs with depth in the outwash aquifer, with the highest concentrations
occurring near the base of the outwash aquifer in a narrow elongated plume ex-
tending downgradient (northwest) from the Mr. C’s Dry Cleaners building. The
Mr. C’s Feasibility Study defined the contaminant source as this secondary
source, 1.e., the impacted groundwater plume’s center of contaminant mass as
characterized by elevated PCE concentrations (MPI 1996). LTM results indicate
that the groundwater plume continues to be a secondary source, and it has extend-
ed in a west-northwesterly direction from the Site (EEEPC 2016c¢).

Contaminated subsurface soil was also identified as a potential secondary source.
According to the RI, the analytical results for samples collected from three shal-
low soil borings (roughly 6 to 10 feet BGS) located near the Mr. C’s sewer lateral
and the former Shoe Repair Shop exceeded the NYSDEC TAGM 4046 PCE
standards for soil (MPI 1995a). Soil contamination in other parts of the plume
may result from partitioning processes that cause some of the aqueous/dissolved-
phase contaminants to adsorb to the outwash aquifer sediments in the upper soil
strata.

1.5.2 Types of Contaminants and Affected Media

The RI chose PCE and its degradation products (TCE, 1,1-dichloroethene [DCE],
1,2-DCE, and vinyl chloride [VC]) and chloroform as contaminants of potential
concern for the Mr. C’s Superfund Site (MPI 1995a). 1,2-DCE would include
both cis- and trans- isomers. Compounds associated with petroleum spills at the
former Agway property, including benzene, toluene, ethylbenzene, and xylene,
had also been found at specific locations near the site, which had mixed with
compounds from the dry cleaning operation to create a complex groundwater con-
tamination plume (NYSDEC 1997). The ROD identified the primary COCs to be
VOC:s, specifically PCE. Current monitoring data, which are summarized in the
periodic review report (PRR), are consistent with this selection of the COPCs and
COCs (EEEPC 2014, 2015d).

Groundwater
Based on the analytical results for samples collected in April/May 2016 as part of
the long-term groundwater monitoring at the Mr. C’s Site, seven VOCs (PCE,
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TCE, cis-DCE, trans-DCE, VC, chloroform, and methyl tert-butyl ether) were
present in groundwater at levels that exceed their NYSDEC Class GA groundwa-
ter standards and the guidance values used to screen the groundwater data
(EEEPC 2016c¢). Each of the identified COPCs were detected, except for 1,1-
DCE. However, the range of concentrations detected has changed significantly
since the RI (see Table 1-2). In general, the detected concentrations have gone
down, except those for cis-DCE and VC, which have increased.

Soil Vapor and Indoor Air

Since the RI, a significant effort has been undertaken to perform soil vapor intru-
sion investigations within and around the Mr. C’s site. Additional information is
summarized in the Site’s PRRs (EEEPC 2014, 2015d).

Subsurface Soil

According to the 1995 RI Report prepared by Malcolm Pirnie, Inc., soil was ana-
lyzed at two locations to identify the source of PCE. One shallow boring (SB-1)
was located near Mr. C Cleaners’ sewer lateral and the second boring (SB-2) was
located near the side entrance of the shoe repair. Two soil samples were collected
from SB-1, and one soil sample was collected from SB-2. Detected PCE concen-
trations ranged from 6,400 to 48,000 parts per billion (NYSDEC 1997).

In 2011, samples from two additional borings were analyzed for VOCs at the lo-
cation of new wells EE-3 and EE-4 as part of the monitoring well network im-
provement initiative. Eighteen samples were collected from the soil borings in 2-
foot intervals and analyzed for VOCs (GES 2012). The total VOC concentrations
detected in these samples were below the highest PCE concentration detected
previously. The soil analytical data is presented in Table 1 of the Well Upgrade
and Installation Report prepared by Groundwater & Environmental Services, Inc.
(2012), which is provided in Attachment C to the Mr. C’s Monitoring Well Net-
work Improvements Close-out Report, in Appendix G of the 2012 PRR (EEEPC
2013).

1.5.3 Release Mechanisms

Based on the available data, a summary of contaminant fate and transport pro-
cesses was developed as part of the Feasibility Study for the Mr. C’s Site (MPI
1996). The Feasibility Study identified the following mechanisms of contaminant
transport at the Site:

m Lateral movement of groundwater, particularly in the outwash aquifer; and,

m Volatilization of VOCs from groundwater and/or subsurface soils.

The Feasibility Study also considered infiltration/percolation. It concluded that
infiltration of precipitation was not a significant release mechanism for contami-
nants immediately surrounding the Site or in the commercial areas to the east and
south of the site. Infiltration is the primary source of recharge for the outwash
aquifer, occurring primarily in the residential areas to the west and north of the
Site. It is possible that the sanitary sewer system contributed to recharge of the
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outwash aquifer through leakage. However, no dry cleaning wastes had been re-
leased to the sewers since 1985, and the sewers were flushed by the Village of
East Aurora Department pf Public Works in 1992; therefore, this is not a likely
pathway for contaminant migration (MPI 1996).

Leaching and volatilization from soil were not considered likely pathways of con-
taminant migration as the soils underlying the Site are often unsaturated and re-
ceive minimal recharge from infiltration (MPI 1996). The hydrogeological set-
ting of the site has not changed and these release mechanisms are consistent with
the current understanding of the Site.

1.5.4 Exposure Pathway Analysis

The RI identified several potential routes of exposure by which receptors could
come in contact with site COCs. Receptors considered in the RI included site oc-
cupants, off-site residents, and municipal workers (MPI 1995a). Pathways con-
sidered complete had (1) a source, (2) a contaminant migration pathway, and (3) a
point where exposure of a receptor could occur. Toxicological data were also
presented for the RI’s COPCs (since COCs had not yet been selected by the ROD)
(MPI 1995a).

Figure 1-3 presents the complete exposure pathways identified in the RI and the
means by which they are being managed under the existing site remedy. Figure
1-3 was prepared according to the American Society for Testing and Materials
E1689-95 Standard Guide for Developing Conceptual Site Models for Contami-
nated Sites. The pathways identified in the RI are consistent with the previous
and current understanding of the CSM.

No potable water supply wells are currently on or immediately downgradient of
the site; the area has been serviced by the Erie County Water Authority since
1980. However, at the time of the RI, several nearby residences had shallow
wells, which were used for irrigation purposes. At the time of writing this RSO, it
is unknown whether these wells have been decommissioned or whether the off-
site residents are aware of the groundwater use restrictions.

Based on indoor air monitoring results, PCE volatilization from groundwater is a
source of indoor air contamination in basements. This exposure pathway is being
addressed via engineering controls in the form of sub-slab depressurization sys-
tems (SSDS) and institutional controls in the form of soil-vapor intrusion investi-
gations. Periodic monitoring of these controls will continue as part of the Site’s
periodic review reporting. LTM of the site should be performed to determine
whether the SSDS systems remain protective of indoor air quality and whether
plume migration or changes in plume composition would trigger the need for ad-
ditional soil vapor intrusion investigations.

Finally, construction workers both on and off-site may be directly exposed to con-
taminated soil and groundwater. Additional discussion on health exposures and
exposure pathways can be found in Section 3.3 of the ROD, Section 1.3.6 of the
Feasibility Study, and Section 6 of the RI (NYSDEC 1997; MPI 1996, 1995a).
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1.6 Remedy Performance and Progress Made Toward Site

Cleanup Goals
1.6.1 Pump-and-Treat System Performance
From the inception of its operation in 2003 to December 2015, the Mr. C’s pump-
and-treat system has achieved 95% operational uptime and removed over 1,600
pounds of VOCs (EEEPC 2016a). However, due to the migration of the contami-
nant plume beyond the capture zones of the groundwater pumping wells, the ef-
fectiveness of the pump-and-treat system has been declining. In over 10 years of
operation it has gone from removing as much as 340 pounds of VOCs in 2003 to
removing as little as 30.8 pounds of VOCs in 2012 (prior to the Pilot Study) and
15 pounds of VOCs in 2014 (after the Pilot Study) (see Figure 1-4).

Historical Treatment Trends
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Figure 1-4  Historical Treatment Trends — Mr. C’s Dry Cleaners Site

The Mr. C’s Feasibility Study estimated the volume of VOC-contaminated
groundwater to be 1.3 million gallons (MPI 1996). However, because of tailing
and rebound, the Feasibility Study estimated that as much as 10 times this volume
would need to be processed by the pump-and-treat system to remediate the con-
taminated groundwater plume. As of December 31, 2015, the cumulative volume
of groundwater treated was 129 million gallons, or nearly 100 times the estimated
contaminated groundwater volume, with significant contamination still remaining
(EEEPC 2016a).
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Some VOC contamination within the aquifer partitions and partially adsorbs to
the aquifer soils. This is partly responsible for the difference between the ex-
pected and actual volumes needed to be processed to remove the contamination.

The responsiveness summary in the ROD acknowledged that it is difficult to
know exactly how much PCE had been released to the ground but went on to es-
timate the release at 5 to 10 gallons. Ten gallons of PCE dry cleaning fluid is the
equivalent of 135 pounds of PCE, which is far less than the estimated 1,600
pounds of PCE removed through December 2015. Thus, the original conceptual-
ization of the PCE contamination underestimated the volume of PCE contamina-
tion. As described in Section 1.5, historical solvent usage at the dry cleaning fa-
cility was as high as 1,200 gallons of 99.1 to100% PCE solution per year, which
is over 16,000 pounds of PCE per year. PCE has a density of 1.622 grams per
cubic centimeter, or 13.5 pounds per gallon.

The pump-and-treat system will likely face declining efficiencies in line with cur-
rent trends. The Pilot Study has changed the aquifer geochemistry, which is ex-
pected to contribute to the decline in efficiency. As a result of the groundwater
geochemistry, the system has experienced operation issues, particularly from the
change in influent VOC concentrations and with fouling of the system, which will
lead to increased maintenance costs.

Toward the end of the Pilot Study, cis-DCE concentrations in the pump-and-treat
system influent were nearly as high as PCE concentrations, reflecting a similar
trend in the aquifer concentrations in the study area. Given the similar concentra-
tions of cis-DCE and PCE, the air stripper has greater difficulty removing cis-
DCE because of its lower Henry’s Law constant. As a result, the pump-and-treat
system removed just 9.0 pounds of total VOCs during the year of performance
monitoring for the Pilot Study, and there have been instances of effluent VOC
concentrations exceeding the State Pollutant Discharge Elimination System
(SPDES) equivalency permit limits. Adjustments were made to the treatment sys-
tem’s blower fan speed to adjust the system operation to more effectively remove
cis-DCE and PCE. The change in the influent concentrations reflects the change
in aquifer contaminant concentrations; therefore, similar influent cis-DCE and
PCE concentrations can be expected in the future.

In three separate compliance sampling events since the beginning of the Pilot
Study, monthly effluent results exceeded the SPDES equivalency permit due ei-
ther to corrosion in the bag filters or as a result of fine particles that had passed
through the bag filters and into the air stripper. These exceedances were ad-
dressed through corrective actions as required in the Site Management Plan. The
impacts on the treatment system suggest that soluble inorganic compounds, espe-
cially iron or manganese, have been precipitating in the bag filters and fouling the
air stripper treatment system. Naturally occurring inorganic compounds in the
subsurface may be reduced to their potentially soluble form during anaerobic bio-
degradation reactions, such as iron (III) reduction to iron (II), and this reduction is
expected to continue during anaerobic bioremediation efforts.
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1.6.2 Contaminant Plume Treatment Performance

The extent of the dissolved contaminant plume at the Site was interpolated using
the results from long-term groundwater monitoring performed since 2003. From
2003 to 2013, the plume remained fairly stable in size and composition, despite
active remediation by the pump-and-treat system.

As a result of the bioremediation Pilot Study from 2013 to 2014, significant
changes were observed in the plume composition (EEEPC 2015a). Detected
VOC concentrations changed from primarily PCE to primarily cis-DCE contami-
nation. By July 2014, PCE and TCE in the injection areas had been effectively
reduced to below the NYSDEC Class GA groundwater standards in MPI-6S and
MW-8 (EEEPC 2015a). The PCE contaminant plume, as interpolated from the
October 2014 Long-term Groundwater Monitoring data, is presented on Figure
1-5. The total chlorinated VOC plume, as interpolated from October 2014 data, is
presented on Figure 1-6.

At the request of NYSDEC, the treatment system was shutdown beginning Febru-
ary 4, 2016, to evaluate the possible rebound of contaminants in groundwater.
The treatment system will be returned to service in early October 2016.

Rebound is a phenomenon usually observed after pump-and-treat processes have
stopped and sorbed chemicals equilibrate with aqueous concentrations. Pump-
and-treat operations, such as those at the Mr. C’s site, have several limitations,
one of which is the sorption of chemicals on the soil matrix. Equilibrium is not
always achieved instantaneously, but rather over a long period, which would ex-
plain why rebound occurs only after pump-and-treat stops. At the Mr. C’s site,
and especially in the vicinity of the recent bioremediation pilot study, rebound
may also occur as PCE and its degradation products are reduced. For example, as
the groundwater PCE concentration decreases, PCE sorbed to the soil matrix will
move to reestablish equilibrium with the aqueous phase, and groundwater PCE
concentrations will increase again, i.e., rebound.

PCE continued to be non-detect in MPI-6S and MW-8 during the most recent
Long-Term Groundwater Monitoring in April/May 2016. Because the Pilot Study
treated only a limited area within the contaminant plume, groundwater transport
of upgradient total VOC contamination or partitioning of VOCs sorbed to the soil
in the Pilot Study areas led to Total VOC concentrations in MPI-6S and MW-8
remaining above the groundwater standards in 2016 (EEEPC 2016¢). The PCE
contaminant plume, as interpolated from the April/May 2016 Long-term Ground-
water Monitoring data, is presented on Figure 1-7. The total chlorinated VOC
plume, also interpolated from April/May 2016 data, is presented on Figure 1-8.

The 2016 results showed only limited evidence of PCE rebound stemming from

pump-and-treat system shutdown. PCE and Total VOC concentrations increased
significantly in the vicinity of PW-5 (concentrations in PZ-5A/PZ-5B nearly dou-
bled from the 2014 results), but in other wells nearby, including MPI-4I and PW-
6/PZ-6A, PCE and Total VOC concentrations nearly halved. It is difficult to dis-
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cern without further analysis whether the changes in the plume were due to parti-
tioning or transport. The analyses presented in this report are based on the 2014
Long-Term Groundwater Monitoring Results; however, design of the selected
alternative would be based on the most current results.

While the Pilot Study was very successful in reducing the PCE mass, implementa-
tion of the Pilot Study increases the potential for off-site migration of the contam-
inated groundwater plume because (1) multiple pumping wells have been locked
out and tagged out to prevent pulling the electron donor materials into the treat-
ment system, and (2) the chemically reduced PCE daughter products are lighter
and thus more mobile. Increased migration is a concern particularly near pump-
ing well PW-8, which is located on the downgradient edge of the contaminant
plume. The next closest sentinel well downgradient of PW-8 is MPI-15B, which
is located several hundred feet to the west, with multiple residential properties in
between. Both the natural groundwater gradients and artificial cones of depres-
sion created from pumping result in groundwater flow toward PW-8.

The 2016 isopleths shown in Appendix A were developed based on data collected
when the groundwater extraction system had been deactivated for three months.
Interpretation of the isopleths shows additional evidence of the groundwater di-
vide observed in the RI (refer to Appendix A-1); however, groundwater flow in
the vicinity of the monitoring wells in which the highest concentrations of PCE
and cis-DCE were detected in 2016 is in line with bulk groundwater flow to the
west-northwest.

1.6.3 Progress Made Toward Cleanup Goals
Per the 1997 ROD for the Mr. C’s Site (NYSDEC 1997), the RAOs chosen for

the Site include the following:

1. Mitigate human health risk by reducing the potential for inhalation of vapors
in on-site and off-site basements.

2. Mitigate the source area of the contaminant plume to prevent further migra-
tion of the chlorinated VOCs and reduce volatilization into adjacent base-
ments.

3. Achieve NYSDEC groundwater quality standards to the extent practical.

Since no property owners in the vicinity of the Site rely on groundwater-derived
potable water, exposure to contaminated groundwater is not a consideration.

Mitigation of human health risk from soil vapors and sub-slab vapor intrusion has
been addressed separately from the pump-and-treat system by performing SVIIs
and, based on the results, installing ECs. The Site ECs include SSDSs installed in
structures above the contaminated groundwater plume. Figure 1-9 shows the lo-
cations where SVIIs have been performed as part of the site remediation and the
locations of the installed SSDSs. For many properties, the results of the soil va-
por intrusion samples did not indicate the need for an SSDS, based on the
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NYSDOH criteria matrix (NYSDOH 2006). If the plume migrates, additional
SVIIs should be performed, and SSDSs should be installed, as necessary, to main-
tain the protectiveness of the Site Remedy. However, implementation of remedia-
tion should contain or shrink the plume such that need for additional SVIIs would
be limited.

1 Introduction and Background

As described in Section 1.6.2, NYSDEC groundwater quality standards were
achieved for PCE and TCE in the Pilot Study wells MPI-6S and MW-8. Howev-
er, PCE, TCE, cis-DCE, and VC are still being detected at concentrations above
groundwater quality standards in the larger plume area, and transport or desorp-
tion caused the PCE concentration in well MPI-6S to increase to about 15 mi-
crograms per liter (ug/L) during the 2014 Long-Term Groundwater Monitoring
Event.

As discussed in Section 1.3, this RSO is focused on the potential use of anaerobic
bioremediation to better attain the RAOs in lieu of, or in conjunction with, the ex-
isting remedial system.
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Development of Remedial
Optimization Alternatives

This section first describes the general response actions considered in the devel-
opment of optimization alternatives and then presents the various remedial opti-
mization alternatives under consideration for contaminant migration management
and source control at the Mr. C’s Site. Optimization alternatives comprise multi-
ple response actions necessary to achieve the RAOs established in the ROD. (The
RAOs for the Site are identified in Section 1.6.3.) Each alternative includes long-
term groundwater monitoring, ongoing SVIIs, and installation of SSDSs.

2.1 General Response Actions and Technologies
The RAOs for the Mr. C’s Site can be met with a combination of institutional
controls (ICs) and ECs, which together would comprise the site remedy.

ICs are non-engineered methods of minimizing potential exposure to contamina-
tion, usually through the use of administrative and legal controls. ICs in place at
the Mr. C’s Site include an Environmental Notice, a long-term groundwater moni-
toring program, and an SVII and mitigation program. In order to limit exposure,
ICs generally restrict land and resource use and future land development. ICs can
be implemented as soon as contamination is discovered and are generally main-
tained until residual contamination has been reduced to levels allowing for unre-
stricted exposure and unlimited use. While not adequate for contamination con-
trol, ICs used in conjunction with ECs limit present and future risks to human
health from contaminant exposure (USEPA 2014).

ECs are designed to control/remove contamination (e.g., through pumping and
treating) and physically limit contaminant exposure (e.g., through fencing). ECs
can be associated with ICs, such as monitoring wells for LTM programs and
SSDS and vapor barriers installed to mitigate soil vapor intrusion identified from
a monitoring program. The ECs considered for remediation of a contaminated
groundwater plume consist of both source controls and migration controls.

Source controls are actions taken to remove or reduce the highest dissolved con-
taminant concentrations or residual non-aqueous-phase liquids in the area of the
original contaminant release. Three technologies determined to have the potential
to provide source control or reduction at the Mr. C’s Site are pump-and-treat, en-
hanced bioremediation, and monitored natural attenuation (MNA). These tech-
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nologies can be implemented alone or in conjunction with a migration control to
comprise a remedial optimization alternative.

Migration controls are implemented outside the source area and are used to pre-
vent contaminant migration. The technologies determined to have the potential to
provide migration control at the Mr. C’s site are pump-and-treat and a reactive
barrier that stimulates PCE degradation. The reactive barrier can be created by
the injection of emulsified oil, colloidal activated carbon, zero-valent iron, etc., or
a combination thereof.

The current ICs and ECs are described below in terms of their applicability to the
Mr. C’s Site, either as part of the existing Site remedy or as a potential optimiza-
tion of the remedy.

2.1.1 Environmental Notice
The main IC for the Mr. C’s site is an environmental notice. The notice refers to
non-physical mechanisms designed to:

m Restrict the use or development of the site;
m Limit human exposure to site contaminants;

m Prevent any action that would threaten the effectiveness or operation and
maintenance of a remedy at or pertaining to the site; and

m Implement, maintain, and monitor ECs.

In addition to the ICs identified above, the environmental notice also stipulates
the following:

m Compliance with the Site Management Plan (EEEPC 2015b);

m Restrictions on the use of groundwater as a source of potable or process water,
without necessary water quality treatment as determined by the NYSDOH;

m Periodic certification of ICs and ECs, where present, by the responsible party,
unless such party is NYSDEC or NYSDEC’s designee; and

m Restrictions on future property use that is no less restrictive than “restricted-
residential use” as defined by 6 New York Codes, Rules and Regulations Part
375.

Permanent access agreements and easements are in place to facilitate the long-
term operation and maintenance of the treatment systems and network of ground-
water pumping wells associated with the NYSDEC-approved Remedial Design
dated October 2000.

All alternatives considered in this RSO report include ICs.
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2.1.2 Long-Term Monitoring

LTM of the Site Remedy is performed to evaluate the effectiveness of the remedy
and to assess the overall reduction of groundwater contaminants. Groundwater
monitoring is performed at wells located upgradient and downgradient of the con-
taminant plume, in the source area, in the center-line of the plume, and lateral to
the plume. Currently, monitoring of the groundwater plume, on-site treatment
system, and off-site SSDSs is performed routinely. The three monitoring pro-
grams and their respective schedules are provided in Table 2-1.

Table 2-1 Mr. C’s Inspection Schedule

Monitoring
Program Inspection Frequency’ Engineering Controls??

Groundwater Annually Monitoring wells

Treatment System | Bi-monthly, or as needed | Air stripper and its compo-
nents, pumping wells, pie-
zometers

Vapor Intrusion Annually, or as needed SSDS components, seals
Notes:

! The inspection frequency will continue as indicated unless otherwise specified by NYSDEC.

% Specific requirements for inspections are described in Section 4 of the revised SMP (EEEPC 2015b).
3 Reporting requirements are summarized in Section 5 of the revised SMP (EEEPC 2015b).

Key:
SMP = Site Management Plan
SSDS = sub-slab depressurization system

Under the alternatives presented in this report, groundwater samples would con-
tinue to be analyzed for VOC:s, total organic carbon, and dissolved gases (includes
ethene). Sampling for populations of Dehalococcoides may be performed at a
less frequent rate than in the Pilot Study. Samples would be collected using low-
flow sampling methods in accordance with to the Site Management Plan. During
sampling, monitoring parameters would include oxidation reduction potential
(ORP) and dissolved oxygen (DO) levels.

Depending on the recommended alternative, changes to the monitoring program
may be warranted. The Office of Solid Waste and Emergency Response Di-
rective 9200.4-17P provides eight specific objectives for the performance moni-
toring program of an MNA alternative, which also would be applicable to an en-
gineered bioremediation alternative (USEPA 1999, 2004):

1. Demonstrate that attenuation is occurring according to expectations;

2. Detect changes in environmental conditions (e.g., hydrogeologic, geochemi-
cal, microbiological, or other changes) that may reduce the efficacy of any of
the natural attenuation processes;

Identify any potentially toxic and/or mobile transformation products;
4. Verify that the plume(s) is not expanding downgradient, laterally or vertically;
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5. Verify there is no unacceptable impact on downgradient receptors;

6. Identify new releases of contaminants to the environment that could impact
the effectiveness of the natural attenuation remedy;

7. Demonstrate the efficacy of ICs that were put in place to protect potential re-
ceptors; and

8. Verify attainment of remediation objectives.

Monitoring activities will continue until remedial objectives have been achieved,
at which time monitoring to fulfill objective no. 8 would be undertaken. For ex-
ample, once RAOs appear to have been met, two additional rounds of periodic
monitoring may be performed to verify the attainment of the RAOs. If the Site
Remedy fails to meet the RAOs, then continued monitoring or potential response
actions would be performed to maintain protection of human health until RAOs
are again attained. Figure 2-1 presents a flow chart with a proposed monitoring
decision framework, which is based on USEPA guidance (1999, 2004). Addi-
tional guidance on developing decision trees for removing wells from monitoring
programs was provided by the Interstate Technology & Regulatory Council
(ITRC 2004, 2007).

All alternatives considered in this RSO report include LTM. It is assumed that
LTM results will be periodically reviewed against site-specific decision frame-
works to identify opportunities to reduce costs by mothballing or decommission-
ing monitoring wells, as warranted, and evaluating the progress toward site clo-
sure.

2.1.3 Soil Vapor Intrusion Evaluations and Sub-Slab
Depressurization Systems
As the plume of VOCs continues to contaminate soils surrounding the basements
of businesses and residences, PCE and its daughter products may volatize and mi-
grate through gaps and cracks in the foundations and walls of the basements into
the air, where they could potentially be inhaled by occupants. To protect people
from this threat, soil vapor intrusion evaluations will be performed prior to the
construction of any enclosed structures over contaminated areas to determine
whether mitigation measures are necessary to eliminate potential intrusion of va-
pors into the proposed structure. This would address the first RAO of the 1997
ROD, which is to mitigate human health risk by reducing the potential for inhala-
tion of vapors in on-site and off-site basements. Alternatively, a soil vapor intru-
sion mitigation system may be installed in the proposed building foundation with-
out conducting an investigation. The mitigation system would include a vapor
barrier and passive SSDS capable of being converted into an active system.

An SSDS works by creating a low-pressure area beneath a building to extract
VOC:s from soil vapors. A fan is used to draw the VOC-contaminated air through
a hole cut into the building slab and into pipes, which convey the contaminated air
outside the building, where it is released to the atmosphere (MDEP 1995).
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Soil vapor intrusion will be a constant issue throughout the plume remediation
process. Therefore, SSDSs will be an important option because they directly ad-
dress the first RAO. The presence of residences and businesses above the con-
taminant plume will limit the areas in which remedial actions can access and treat
contaminated groundwater. The lack of physical access or access agreements
from property owners will limit the capture zone of a pump-and-treat system by
restricting the areas where pumping wells can be installed. Similarly, the lack of
physical access and access agreements will limit the injection zones for bioreme-
diation alternatives. Because of these limitations, some portions of the plume will
be remediated at a far slower rate than other portions. As a result, portions of the
plume will remain in place for decades, and it is important to ensure the safety of
building occupants in those areas through the use of SVIIs and SSDSs.

In addition, the plume might migrate from its current location depending upon the
remedial design. Because of this potential migration, additional SVIIs may be
required to ensure that potentially hazardous infiltrations of soil vapor into resi-
dences and business are identified and that basements with VOC concentrations
exceeding the NYSDOH’s guidance are mitigated with SSDSs and vapor barriers.
Because of these potential vapor intrusion issues, SVIIs will be considered a nec-
essary response action throughout the performance of the remedy, regardless of
the remedial optimization choice.

2.1.4 Pump-and-Treat Systems

Pump-and-treat systems primarily provide contaminant migration control. Tailing
and rebound have resulted in very long remedial timeframes to meet groundwater
cleanup objectives at many pump-and-treat remedial sites. Tailing is the asymp-
totic decrease in the concentration of contaminants present in groundwater during
pump-and-treat remediation, which can be caused by site geology as well as the
sorption and desorption of contaminants on soil particles (USEPA 1990). Areas
of low permeability in the soil can trap contaminants, reducing their ability to be
pumped out of the aquifer. The sorption of contaminants onto soil particles also
limits their ability to be removed by the pumping wells, and desorption of the
contaminants can pollute uncontaminated groundwater in the area. Rebound is
the increase in contaminant concentration that occurs when a pump-and-treat sys-
tem is shut off and is common when pumping relatively insoluble contaminants
such as PCE. When groundwater flow is slow, contaminants can dissolve into the
groundwater and approach their solubility limit. The increased groundwater ve-
locity caused by pumping wells decreases this dissolution, which decreases the
contaminant concentration present in the groundwater. When the pumps are shut
off, groundwater flow slows once more, allowing for greater dissolution and a
spike in contamination levels (USEPA 1996). Both tailing and rebound limit the
success and cost effectiveness of pump-and-treat systems.

In a pump-and-treat system, pumping wells are installed and connected through
conveyance piping to pump contaminated groundwater out of the aquifer and into
an aboveground treatment system. The pumping collects contaminated waters to
limit plume spread, and the treatment of the collected water reduces the overall
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amount of contamination. When the treated groundwater meets regulatory re-
quirements, it can be pumped back into the ground or released into a nearby body
of water.

Eight active pumping wells currently surround the Mr. C’s Site. Each groundwa-
ter pumping well is equipped with a Grundfos well pump and level transducer,
which is placed 2 feet above the pump intake. The transducers are programmed
to turn the pumps on and off at various water levels in order to maintain a cone of
depression in the water table and to extract as much of the groundwater contami-
nation as possible. These pumping wells discharge into a pipe that conveys the
extracted groundwater to the treatment system.

At the Mr. C’s Site, piezometers were installed close to the pumping wells, gener-
ally spaced at 5-, 10-, 15-, and 20-foot intervals. The piezometers are used to
monitor groundwater levels around an extraction well to ensure that a cone of de-
pression is created in the water table around the pumping well.

The configuration of the network of pumping wells was developed from data col-
lected during the RI and short-term aquifer testing program (MPI 1995a, 1995b).
The RI determined that the contaminant plume extended from the Mr. C’s build-
ing to the west in two branches: one moving to the northwest and extending be-
tween 300 and 400 feet beyond the Town of Aurora Public Library, and one mov-
ing to the southwest to slightly beyond the First Presbyterian Church. Appendix
A provides the isopotential map from the Mr. C’s RI, which shows a groundwater
flow divide in the center of the site that accounts for the branching of the contam-
inant plume (MPI 1995a).

To remediate the northwest plume, seven low-yield pumping wells (PW-2, PW-3,
PW-4, PW-5, PW-6, PW-7, and PW-8) were installed in a low-transmissivity
zone approximately 10 to 30 feet BGS and spread throughout the plume area.
One high-yield pumping well was already present in the high transmissivity zone
near the Mr. C’s Site; this well was repurposed for the pump-and-treat system and
labeled RW-1. The collection radius of the high-yield well was to encompass the
source area and the area immediately downgradient, including the groundwater
beneath the shoe repair shop and hardware store buildings.

The 1996 Feasibility Study estimated pump capacities based on the aquifer tests
performed during the RI and proposed a high-yield well with a capacity of 55 gal-
lons per minute (gpm) and several low-yield wells with capacities of 5 gallons per
minute (MPI 1996); actual pump capacities are 65 gpm for the high-yield well
and 2.75 gpm, 4 gpm, and 4.5 gpm for wells PW-2, PW-5, and PW-7, respective-
ly (EEEPC 2005). The remaining pumping wells were pump tested because the
construction contract specified testing for only four wells.

Contaminated groundwater from these wells is pumped into a treatment facility
behind the Mr. C’s Site where it passes through a bag filter, a 3,000-gallon equal-
izing tank, and a 150-gpm shallow-tray air stripper. Once treated, the water is
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discharged through a 1,350-foot-long force main to an outfall on Tannery Brook
(EEEPC 2007).

Over time, the highest VOC concentrations moved to a 480- by 240-foot area cen-
tered between PW-5 and PW-6, behind the Town of Aurora Public Library park-
ing lot, and the highest PCE concentrations are centered on PW-5 (EEEPC
2015d). With the plume now further from RW-1, groundwater intake from this
well dilutes the influent concentration of VOCs into the treatment system, reduc-
ing the annual mass removed from the aquifer.

Use of the existing pumping network will be considered in the evaluation of the
RSO alternatives in the context of the limitations imposed by the existing loca-
tions and capacities of the pumping wells and the current location of the ground-
water plume.

2.1.5 Downgradient Reactive Barriers

The primary purpose of a downgradient reactive barrier is to control contaminant
migration. Several types of barriers have been installed at contaminated ground-
water sites. Two barrier technologies are commonly used, either alone or in com-
bination: (1) a bio-wall trench, which is backfilled with a solid substrate such as
mulch or compost, and (2) a series of closely spaced injections of an electron do-
nor product. The reactive barriers would be designed and installed to intercept
and treat groundwater flow, preventing impacted groundwater from reaching
downgradient receptors. The barrier would need to be installed in a line perpen-
dicular to the direction of flow and should be engineered to provide a long-term
source of organic carbon. The design of reactive barriers requires determination
of the degradation rates for the COCs as they pass through the barriers and the
required residence time for treatment to reach RAOs on the downgradient side of
the barrier.

Because the Mr. C’s Site’s is located in a commercial/residential neighborhood, it
would be easier to mobilize direct-push injection equipment to this area than the
machinery for trenching. Physical restrictions and access limitations would pre-
clude the use of trenching downgradient of the contaminated plume; therefore,
options that require trenching are not evaluated further.

Many electron-donor products are available that can stimulate anaerobic degrada-
tion of PCE and its degradation products, including non-proprietary products
(e.g., methanol, ethanol, molasses, sucrose, and vegetable oils) and proprietary
products (e.g., Regenesis HRC, which is a polyacetate ester) (AFCEE 2002a).
Electron-donor reagents are not standard products. Each reagent differs in the
amount and length of time that it supplies hydrogen to the subsurface, the amount
of total organic carbon that it supplies to the subsurface, its ability to provide mi-
cro-nutrients or buffering capacity, and its ability to be distributed evenly
throughout the subsurface. Because electron-donor products are not standard
products, it is recommended that any electron-donor product be field-tested
through a site-specific pilot or microcosm study.
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The Pilot Study conducted at the Mr. C’s Site used a Regenesis emulsified oil
product called Regenesis Hydrogen Release Compound Primer (HRC Primer®)
and Regenesis 3D-Microemulsion® (3DMe). Based on the results of the Pilot
Study, this RSO report evaluates both of these two different electron-donor prod-
uct combinations for a reactive barrier wall design: (1) Regenesis HRC Primer®
and 3DMe, and (2) Regenesis 3DMe and PlumeStop®.

Final selection of an electron-donor product(s) can be made during the design of
the in situ chemical reduction remedy, if such a remedy is selected.

The HRC Primer® is immediately available to microbes that dechlorinate PCE,
whereas the 3DMe mixture is a slow-release compound intended to provide a
food source to the microbes for the engineered timeframe of two years. The Re-
genesis product 3DMe includes a buffered solution to protect against the inhibito-
ry effects of pH on degradation reactions. Regenesis PlumeStop® is comprised
of fine particles of colloidal activated carbon suspended in water using organic
polymer dispersion technology, which binds the chemicals of concern within the
reactive zone. Because contamination binds to the colloidal activated carbon, it
remains in the treatment zone longer, and a thinner barrier wall is required. Re-
genesis product information and application instructions are provided in Appen-
dix B. When PlumeStop® is used in conjunction with source control, this RSO
assumes that the grid spacing can be designed to achieve both downgradient con-
trol and source mitigation in the same locations.

The injection of bioremediation products into the subsurface via either permanent
wells or temporary direct-push injections requires a Class V Underground Injec-
tion Control (UIC) Permit. United States Environmental Protection Agency
(USEPA) Region 2 is responsible for issuing and administering UIC permits in
New York State.

Downgradient barriers considered in the optimization alternatives presented in
this RSO report will be limited to permeable reactive barriers (PRBs) consisting
of a series of closely spaced injections of an electron-donor product. However,
multiple electron-donor products will be considered as the basis of the cost esti-
mates presented in this RSO report.

2.1.6 Monitored Natural Attenuation

MNA can be used as a contaminant source control only if a site has been thor-
oughly investigated and the investigations have revealed that contaminant concen-
trations are decreasing by natural processes, or if an engineered process has stabi-
lized or reduced a contaminant plume and established ongoing conditions favora-
ble for MNA to degrade the remainder of the contamination. In general, MNA
alone will take a very long time—on the order of centuries—to reduce contami-
nant concentrations to below groundwater standards.
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The main processes involved in MNA are sorption, evaporation, chemical reac-
tions, dilution, and biodegradation (USEPA 2012). Sorption is the process of
contaminants becoming attracted by and sticking to soil particles, removing them
from the groundwater. When contaminants evaporate into a gaseous phase, they
can leave the soils and groundwater of an area and volatize into the atmosphere.
Under ideal conditions, some chemicals will undergo reactions that transform
them into compounds that are no longer hazardous. While dilution does not de-
grade contaminants, in situations with low level contamination it may reduce con-
taminant concentrations to levels that fall beneath pertinent standards. Biodegra-
dation is the process by which microbes metabolically degrade contaminants. Bi-
odegradation may occur without human intervention at sites where microbes are
present that are able to ingest the COC. These microbes may be added to sites
that do not have viable microbes present, although this may require altering the
site conditions to support microbial growth. This is known as enhanced bioreme-
diation and is described below in Section 2.1.7. At the Mr. C’s Site it was deter-
mined that unaided natural attenuation was not progressing at a rate sufficient to
meet the RAOs set by the ROD.

2.1.7 In Situ Enhanced Bioremediation

During the Pilot Study it was concluded that MNA was not occurring at the Mr.
C’s Site, and that bioremediation could be stimulated with an engineered technol-
ogy. The Pilot Study demonstrated that bioremediation technologies could be ef-
fectively employed at the Site to achieve the third RAO (see Section 1.3) by meet-
ing NYSDEC groundwater quality standards.

To achieve effective distribution within the subsurface, the electron donor can be
injected with direct-push technology in a grid pattern. Because of the site geolo-
gy, a fairly tight injection grid spacing of 10 feet by 15 feet was used during the
Pilot Study. The electron donor was injected from 30 feet BGS to 10 feet BGS,
which is generally the depth of the outwash aquifer.

Injection of bioremediation products into the subsurface via either permanent
wells or temporary direct-push injections require a Class V UIC Permit. USEPA
Region 2 is responsible for issuing and administering UIC permits in New York
State.

Figure 2-2 shows an interpretation of the aquifer ORP values. An ORP in the
range of -200 to -400 millivolts is optimal for the fastest dechlorination rates
(Moretti 2005). The Pilot Study summary report suggested that full-scale injec-
tions in the vicinity of MPI-4S would have better success than the Pilot Study,
because the geochemistry is initially more favorable for the anaerobic biodegrada-
tion to occur (EEEPC 2015a). However full-scale injections in the vicinity of
MW-7 would have poorer success than the Pilot Study or cost more to implement,
because the geochemistry is initially less favorable for the anaerobic biodegrada-
tion to occur (EEEPC 2015a).
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2.1.7.1 Reductive Dechlorination

The alternatives presented in Section 2.2 of this RSO report include in situ en-
hanced bioremediation for source control using the same electron donor product
combination used in the Pilot Study: HRC Primer® and 3DMe.

When native populations of the microbes capable of reductive dechlorination are
absent or present at concentrations that are too low to maintain the desired reac-
tion rate, the subsurface can be augmented with commercially available microbial
cultures. Regenesis Bio-Dechlor INOCULUM® Plus (BDI PLUS) was used in
the Pilot Study and was shown to increase the population of the Dehalococcoides
spp. responsible for dechlorination. BDI PLUS was injected in the subsurface
with direct-push technology in the same injection locations as the HRC Primer
and 3DMe. The culture canister was combined with nitrogen-sparged water (to
remove the DO) to form an injectable solution. Future bioremediation enhance-
ments can be made without bioaugmentation in the Pilot Study areas, but the use
of bioaugmentation may be considered in upgradient areas.

Injections of HRC primer provide nutrients that are immediately available to the
microbes to ensure their growth and ability to dechlorinate upon injection, while
injections of 3DMe provide a more continuous, slow-release source of nutrition
for continued dechlorination. Additional injections of 3DMe should be consid-
ered every three years to ensure that nutrients are present at sufficient levels in the
subsurface to sustain the Dehalococcoides spp. for the timeframe required to re-
duce all PCE, TCE, DCE, and VC to ethene.

2.1.7.2 Anti-methanogenic Reagents

The Regenesis electron donor supplied to facilitate the degradation of chlorinated
ethenes by microbes of the Dehalococcoides genus is also consumed in a compet-
ing reaction by indigenous microbes that produce dissolved methane. The biotic
production of dissolved methane is referred to as methanogenesis. Methane is
non-toxic, but if it partitions out of the groundwater and into soil vapor, it could
migrate upward and accumulate, potentially resulting in an explosion risk. Litera-
ture reviewed to date by EEEPC has not identified any known instances of me-
thane accumulation to explosive levels under these circumstances; however, some
risk remains and may factor into the acceptance of the Alternative.

Provectus Environmental Products, Inc., offers a product called Provect-IR®,
which is an alternative in situ reagent that inhibits methanogenic bacteria to miti-
gate the excessive production of methane, such as that observed during the Pilot
Study. Provect-IR® combines the stimulation of reductive dechlorination by
Dehalococcoides spp. with zero-valent iron, chemical oxygen scavengers, and
vitamin and mineral sources. The key ingredient that inhibits methanogenesis is a
red yeast rice extract, which contains a compound called Monacolin K, which is a
naturally occurring statin compound. Statins are also the key ingredient in choles-
terol-lowering drugs, and the mechanism of methanogenesis inhibition is similar
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2 Development of Remedial Optimization Alternatives

to the inhibition of an enzyme in the biosynthesis of cholesterol. Provect-IR® has
been accepted for use by the Florida Department of Environmental Protection and
has been used in other states, including North Carolina. Additional Provect-IR®
documentation is provided in Appendix C. This anti-methanogenic reagent was
also considered for source and migration bioremediation alternatives.

2.2 Remedial Optimization Alternatives

Table 2-2 presents the remedial optimization alternatives as a matrix of source
and migration control technologies. 1Cs, LTM, continued SVIIs, and SSDS in-
stallations as described in Sections 2.1.1, 2.1.2, and 2.1.3 are required elements of
each optimization alternative. Each alternative is described below.

Table 2-2 Remedial Optimization Alternatives
Source Control

Pump and Treat with Existing

Migration Air Stripper System and In- Targeted grid Injections for
Management creased Pump Capacity Enhanced Bioremediation
Pump and Treat with the Existing Alternative 1 Alternative 3

Air Stripper System

Permeable Reactive Barrier Injec- Alternative 2a Alternative 4a

tions of Regenesis 3DMe®

Injections of Regenesis Alternative 2b Alternative 4b
PlumeStop® Liquid Activated PRB injections only Source injections only
Carbon and 3DMe®

Permeable Reactive Barrier Injec- Alternative 2¢ Alternative 4¢

tions of Provectus Provect-IR®

Notes:

1. All alternatives include sub-slab depressurization systems, institutional controls, and long-term monitoring.

2. The Final Principles and Practices of Enhanced Anaerobic Bioremediation of Chlorinated Solvents (AFCEE 2004) states that a
down-gradient barrier must be installed at a site prior to full-scale application of a bioremediation remedy for source control.

3. A pump-and-treat system primarily achieves migration management but can also provide some source control. Migration
management by the pump-and-treat system can be supplemented by reactive barriers.

2.2.1 Alternative 1: Pump and Treat for Source and Migration Control
Alternative 1 is the current pump-and-treat system with the existing air stripper
system. The cost estimate for Alternative 1 assumes that new pumps would be
installed. The current system has a high-yield well with a pump capacity of 65
gpm and seven low-yield wells. Historical pump test results were reviewed.
Pump tests performed on the low-yield wells showed pumping rates between 2.75
and 4.5 gpm. Because the current pump-and-treat system is a batch operation, the
pumps turn off when water levels are beneath a certain level and turn back on
when groundwater recharge raises the water level. Because of this, pumps do not
operate continuously and recharge does not appear to occur fast enough to allow
for pumps to operate above historical pumping rates. New pumps would be in-
stalled with the same capacity as existing pumps.

02:10C3074.0011.08-B4369 2-15
R_Final RSO for Mr. C's Site 09-23-16.docx-09/23/16



@c-mluu_\ and environment engineering, p.c.

2 Development of Remedial Optimization Alternatives

Operation of the pump-and-treat system would continue until the RAOs are met,
such that:

1. Human health risks have been mitigated through the installation of SSDSs and
the LTM program at the site includes a decision framework for continued pro-
tection of human health against soil vapor intrusion until NYSDEC groundwa-
ter quality standards are met;

2. LTM has shown that the plume would be stable without pump-and-treat
providing migration control; and

3. NYSDEC groundwater quality standards have been achieved to the extent
practical.

In the event that Alternative 1 fails to meet the RAOs and the air stripper system
has not treated groundwater effectively in over 6 months, a response action would
be taken to address the decline in efficiency (see Figure 2-1).

As a caveat, protection of human health from soil vapor intrusion may not be
achievable by SSDSs and SVIIs in all residences/buildings above the plume, be-
cause property owners have the right to refuse to have an SVII performed on their
property, and some have refused. Residences/buildings where SVIIs have not
been performed may still have soil vapor intrusion issues, and to stop treating the
groundwater would put the occupants of these residences/buildings at risk. Other
locations have recently undergone SVIIs, but SSDSs have not yet been installed at
those locations. Lastly, the resident at 27 Whaley Avenue has not allowed access
for inspection/repair of the SSDS unit at that location. As a result, the SSDS unit
may have issues with that prevent it from working properly and venting VOCs as
designed. All of these factors necessitate continued operation of the pump-and-
treat system.

2.2.2 Alternative 2: Pump-and-Treat Source Control with
Bioremediation for Migration Control
Alternatives 2a, 2b, and 2¢ consist of the existing pump-and-treat system, the ex-
isting air stripper system, the existing low-yield wells equipped with 7 gpm ca-
pacity pumps, and PRB walls. Under Alternative 2a, the barrier walls would
comprise injections of Regenesis 3DMe that extend to a depth of 30 feet with a
thickness of 20 feet. Under Alternative 2b, the barrier walls would comprise in-
jections of 3DMe and PlumeStop®. Under Alternative 2¢ the PRB would com-
prise injections of Provectus Provect-IR®. Alternatives 2b and 2¢ would have the
same injection zone depth and treatment thickness as Alternative 2a. The pro-
posed barrier locations for migration control are shown on Figure 2-3.

Operation of the pump-and-treat system would continue until the RAOs are met
as described under Alternative 1.
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2.2.3 Alternative 3: Bioremediation Source Control with Pump and
Treat for Migration Control
Alternative 3 consists of the existing pump-and-treat system, the existing air
stripper system, and targeted grid injections. The grid injections would consist of
HRC Primer and 3DMe throughout the zones and BDI PLUS in zone 3A. BDI
PLUS increases the presence of Dehalococcoides spp. The other zones would
already have the bacteria present from previous injections of BDI PLUS during
the Bioremediation Pilot Study. The proposed grid locations for source treatment
are shown on Figure 2-3.

Engineered bioremediation through enhancement would continue until the RAOs
are met, meaning that:

1. Human health risks have been mitigated through the installation of SSDS sys-
tems and the LTM program at the site includes a decision framework for con-
tinued protection of human health against soil vapor intrusion until NYSDEC
groundwater quality standards are met;

2. LTM has shown that the plume is stable; and

3. NYSDEC groundwater quality standards have been achieved to the extent
practical.

Limitations with regard to reducing human health exposure through SSDSs
(RAO) 1) are described under Alternative 1. As observed in the Pilot Study, the
plume may migrate as PCE is degraded into its lighter, more mobile daughter
products; installation of the PRBs would mitigate the extent to which the daughter
products can travel. The spread of the contaminated groundwater plume has the
potential to increase vapor intrusion into the basements of the buildings located
above the plume. However, the conversion of PCE to cis-DCE actually has the
potential to reduce soil vapor concentrations, because less of the VOC mass is
likely to partition into the soil vapor from the groundwater. Thus, a plume con-
taminated primarily with cis-DCE would likely pose a lower risk for soil vapor
intrusion than one that is contaminated primarily with PCE.

In the event that engineered bioremediation is not proceeding as expected, then a
response action must be taken to address the decline in efficiency. Figure 2-1
shows the preliminary decision framework, which would need to be developed
further if a bioremediation control is implemented at the Site.

2.2.4 Alternative 4: Bioremediation for Source and Migration Control
Alternatives 4a, 4b, and 4c all include the grid injections from Alternative 3. For
each of Alternatives 4a, 4b, and 4c, injection zone depths and treatment thick-
nesses would be the same as in Alternative 2. The proposed barrier and grid loca-
tions for migration control and source treatment are shown on Figure 2-3.

Engineered bioremediation through enhancement would continue until the RAOs
are met as described under Alternative 3. Alternative 4 includes the eventual de-
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commissioning of the existing pump-and-treat system. Shutoff of the system
would occur prior to decommissioning at the time the PRBs are installed for mi-
gration control.

2.2.41 Alternative 4a

Under Alternative 4a, the grid source injections would be paired with the PRB
injections from Alternative 2. Injections of Regenesis 3DMe would be performed
to facilitate bioremediation via reductive dechlorination. Augmentation of source
zones upgradient of the bioremediation pilot study area would also be performed.
Injections of 3DMe typically provide a continuous source of electron donor in the
subsurface to support microbial growth and activity for up to three years, as sug-
gested by Regenesis product data (Regenesis 2015). The cost estimates for re-
injections assume two rounds of re-injection of electron donor three and seven
years following the initial injections, based on product literature and Pilot Study
results.

2.2.4.2 Alternative 4b

Under Alternative 4b, source injections of Regenesis 3DMe would be performed
with augmentation, as described in Alternative 4a, and with Regenesis
PlumeStop®. The PlumeStop® activated carbon would sorb the contaminants in
place, reducing the need for a downgradient barrier; therefore, no PRB injections
are included in Alternative 4b. The PlumeStop® product would retain the con-
taminants in place, thereby increasing the efficiency of the bioremediation, reduc-
ing the need for maintenance injections.

2.2.4.3 Alternative 4c

Under Alternative 4c¢, Provectus Provect-IR® would be used in both the PRB in-
jection locations from Alternative 2 and the grid source areas from Alternative 3
to mitigate potential impacts from methanogenesis. Injections in the source zones
upgradient of the bioremediation pilot study would also be augmented with an
inoculum of PCE-reducing microbes. The Provect-IR® reagent mixture is de-
signed to address competition for reagent from methanogenic bacteria, which re-
duces reagent demand and the amount of methane produced. Maintenance injec-
tions may still be required due to dilution of the reagent from bulk groundwater
flow; however, product literature indicates longevity of over five years.
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Alternative Analysis Methodology
and Results

This section describes the modeling and calculations performed to support the
evaluation of alternatives in Section 4. Various calculations were performed to
determine the cleanup timeframes for pump-and-treat alternatives, enhanced bio-
remediation degradation rates, PRB thicknesses, and other parameters. These da-
ta were then used to evaluate remediation optimization alternatives and develop
cost estimates. Three modeling programs (BIOCHLOR, SourceDK, and REM-
Chlor) were screened, and SourceDK was selected to determine the estimated
cleanup timeframes for the source bioremediation alternatives.

3.1 General Approach for the Alternatives Analysis

3.1.1 Source Controls

As described in Section 2.1, three principal technologies were considered for
source control: (1) pump and treat with the existing remedy, (2) enhanced biore-
mediation, and (3) MNA. Source controls were evaluated with respect to their
ability and efficiency in reducing groundwater COCs to NYSDEC Class GA
groundwater standards. A reduction in source concentrations would reduce the
contaminant concentration in the downgradient portion of the plume and the time
needed to achieve site RAOs.

Pump and Treat

Pump-and-treat alternatives assume continued operation of the existing eight
pumping wells and the on-site air stripper treatment system, which has been ac-
tive since 2003. The system has experienced declining efficiency over time, and
significant contamination still remains at the site. The time it would take for a
majority of the contaminated groundwater to be pumped out of the aquifer and
treated can be determined based on the average pumping rate of the eight pump-
ing wells, the flow of the groundwater on site, and the length of the contaminant
plume. The length of time would increase as the plume spreads, and the plume
may migrate beyond the capture zone of the pumping wells. It is assumed that all
treated groundwater would be remediated to the NYSDEC Class GA groundwater
standard for PCE (5 pg/L).
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Bioremediation

In areas where bioremediation is enhanced with the addition of a reagent and/or
augmented with an inoculant, a faster degradation rate may be achieved than in
the surrounding contaminated areas of the plume. When enhanced bioremediation
is used in the areas of the plume with the highest concentrations, it is considered a
source control. Treatment of the entire portion of the plume above the 5 pg/L con-
tour (the groundwater standard for PCE), or even above the 1,000 ug/L contour,
would not be practicable or implementable because of the businesses and resi-
dences located above the plume. Enhanced bioremediation could be implemented
only where physical access is available for direct-push equipment and where
property owners grant permission to access their property.

Figure 2-3 shows the areas proposed for enhanced bioremediation in the Alterna-
tives presented in this report: Zone 1, the grassy area on People’s Inc., Property;
Zone 2A, the area around MPI-6S behind the Aurora Public Library; Zone 2B, the
area around MPI-41 next to the library; Zone 3A, the area around MW-8 on the
Former Agway Site; and Zone 3B, the area around MW-11 on the Former Agway
Site. These locations are accessible and enhanced bioremediation could be im-
plemented in these source areas.

As mentioned in Section 2.2.3, inoculation with the Dehalococcoides spp. is re-
quired upgradient of the Pilot Study, which means Zone 3A from Figure 2-3.
Dehalococcoides spp. are already present in the remaining grid injection zones.

The results of future performance monitoring efforts would be used to determine
the timing, amount, and locations of re-injections of reagents required to maintain
the biodegradation rates needed to achieve remediation within the desired
timeframe.

3.1.2 Migration Controls

As described in Section 2.1, three principal technologies were considered for
source control: (1) pump and treat with the existing remedy, (2) a reactive barrier
of emulsified oil, and (3) a reactive barrier of emulsified oil and colloidal activat-
ed carbon. Migration controls were evaluated with respect to their ability to keep
the plume from spreading and further contaminating groundwater and soil. Con-
trolling migration will also protect against additional soil vapor intrusions into the
basements of homes and businesses above the contaminant plume. Migration
controls would, therefore, address the first and second RAOs.

Pump and Treat

When properly placed downgradient of groundwater contamination, the capture
zones of pumping wells can keep plumes from spreading by pumping contaminat-
ed water before it can migrate off the site. For the entirety of the plume to be cap-
tured, pumping wells would have to operate continuously and pump at a rate suf-
ficient to ensure that all contaminated groundwater that enters the wells’ radius of
influence would be captured. Wells would also have to be configured in such a
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way that all of the migrating contaminant plume would have to pass through a
well’s radius of influence.

Pump-and-treat alternatives assume continued operation of the existing eight
pumping wells and the on-site air stripper treatment system, which has been ac-
tive since 2003. The wells at the site were designed for source control, not migra-
tion control. Although the well are spread throughout the contaminant plume and
capture much of the source contamination, they are not present downgradient of
the contamination in sufficient numbers to capture the entire migrating contami-
nant plume. Because the pumps operate in batch, turning on only when ground-
water reaches certain levels, there are times that the pumping wells are off and
incapable of capturing contamination and controlling plume migration. For this
reason, Alternative 3, which consists of using the pump-and-treat technology sole-
ly for migration control, was not evaluated further.

Bioremediation

The reactive barriers proposed for the remedial optimization alternatives work
similarly to the enhanced bioremediation source controls described above in Sec-
tion 3.1.1. The difference is that the barriers are placed downgradient of the
source to control off-site migration. The thickness of the barrier is determined by
the degradation rate that can be achieved and the hydraulic residence time re-
quired to reduce the concentrations of contaminants coming into the barrier to be-
low the groundwater standards. The lower the contaminant concentration into a
reactive barrier, the thinner a reactive barrier needs to be. The reactive barrier can
be augmented with colloidal activated carbon, which will increase the contami-
nant residence time within the barrier and reduce the thickness of a reactive barri-
er. Alternatives for reactive barriers both with and without the colloidal activated
carbon are considered to determine whether the addition of the colloidal activated
carbon is cost effective.

BDI PLUS would be optional in the injections for migration control, because the
Dehalococcoides spp. microbes would migrate from the upgradient plume to the
barriers along with the bulk groundwater flow. HRC Primer would also be op-
tional in the injections for migration control, because while 3DMe does not im-
mediately provide an electron donor, it would likely make them available by the
time microbes migrate into the area. LTM of the barrier effectiveness would de-
termine when and if reinjection of the 3DMe electron donor would be required.

3.2 Modeling Approach and Limitations

Per the NYSDEC’s Draft RSO Guidance, a net present worth analysis is used to
support an RSO recommendation for optimization efforts not associated with op-
eration and maintenance (such as installing a new well to decommission two
wells) or to advance a recommendation that the selected remedy “is not appropri-
ate, will not reach the remedial goals, or identifies a significantly better remedy
that was not available at the time of the ROD” (NYSDEC 2011). The RSO Guid-
ance document describes the net present worth analysis as based on a “realistic
projection of the anticipated time that the remedy will need to operate.”
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For pump-and-treat alternatives, no modeling was performed; instead, the remedy
timeframes have been estimated based on the given pumping rates, the volume of
contamination that can be removed by the treatment system, and the time for the
contamination in the groundwater to move toward the pumping wells. The calcu-
lation methodology is described in the USEPA document “Basics of Pump-and-
Treat Ground-Water Remediation Technology” (USEPA 1990).

For alternatives employing bioremediation as a source control, modeling was per-
formed to determining the remedial timeframe. Three different models were con-
sidered: BIOCHLOR, SourceDK, and REMChlor. The SourceDK model was se-
lected for use because it was the most appropriate for the site as described below.
The following sections describe the models in general and in the context of the
Mr. C’s Site.

3.2.1 BIOCHLOR

BIOCHLOR is a modeling program that simulates the natural attenuation of PCE
and its daughter products in groundwater. It is based on the Domenico analytical
solute transport model and simulates 1-D advection, 3-D dispersion, linear ad-
sorption, and biotransformation via reductive dechlorination assuming a first-
order decay process (AFCEE 2002b).

BIOCHLOR did not generate a valid model for the Mr. C’s Site due to assump-
tions the program makes regarding contaminant plume shape and a field data
check that was not supported by the information collected during the Pilot Study.

BIOCHLOR assumes a teardrop-shaped contaminant plume with a hot spot in the
middle and one trail of lessening contaminant migrating in the direction of
groundwater flow. The Mr. C’s Site has two major contaminant hot spots at MPI-
6 and MW-11, with groundwater flowing radially toward MPI-6S and varying
groundwater flow directions throughout a majority of the site. This unique
groundwater flow pattern generates contaminant plumes of varying lengths and
widths that disperse in a variety of directions and, on occasion, remain stagnant in
water table depressions. Not only does BIOCHLOR create a model based on a
vastly different plume shape, but the field data for comparison input requires con-
taminant concentrations along the centerline of the plume at one instance in time.
The monitoring well installations at this site do not allow for sampling along the
centerline, and due to the plume shape, there are many different centerlines from
which data could be chosen, each of which would yield different results when the
model is run. After several runs of the model with varying inputs and a lack of
reasonable results, it was concluded that BIOCHLOR modeling is not appropriate
for the Mr. C’s Site.

3.2.2 SourceDK

Tier 2 of the SourceDK program was used to determine the remedial timeframe
for PCE. Tier 2 utilizes an enhanced version of the simple box model developed
for the BIOSCREEN model to include source mass estimation and other features
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(AFCEE 2011). With Tier 2, estimates of source attenuation, mass flux of con-
stituents leaving the source zone, and biodegradation of the source zone generated
a remedial cleanup timeframe of one year to degrade PCE to the groundwater
standard of 5 ug/L with a factor of safety of 2. This factor of safety does not take
into account the generation of daughter products, which will also pose a risk to
human health. The Pilot Study provided data on daughter product generation and
degradation as a combined rate, but the time it would take to completely reduce
PCE and its daughter products to ethene was unclear. Assuming daughter prod-
ucts will degrade throughout the contaminant plume at roughly the same rate as
PCE did during the Pilot Study, the plume will degrade to ethene in about four
years.

3.2.3 REMChlor

REMChlor assumes that the migration of the plume due to groundwater transport
is in one direction, but this is not the case at the Mr. C’s site. Due to a groundwa-
ter flow divide, the PCE plume breaks into two branches; one moving to the
northwest and extending between 300 and 400 feet beyond the Town of Aurora
Public Library, and one moving to the southwest to slightly beyond the First Pres-
byterian Church. REMChlor was designed for single-branch plumes and thus
fails to consider both branches.

3.3 Results

Remediation cleanup timeframes were subject to large sources of uncertainty.
Treatment times for pump-and-treat alternatives were estimated based on the
pumping necessary to facilitate complete plume removal and treatment. Howev-
er, the tailing and rebound of contaminant concentrations in the plume has shown
that this underestimates treatment timeframes; therefore, the estimated treatment
time was increased by a factor of safety.

Bioremediation has short remedial timeframes, but only in areas where injections
are possible, leaving the rest of the plume to naturally degrade. Natural attenua-
tion is not known to have occurred at the Site prior to the engineered attenuation
facilitated by the Pilot Study. In the absence of natural or engineered attenuation
at the Site, the untreated plume may remain indefinitely. Natural attenuation oc-
curs on most sites; however, the geochemical conditions must be favorable for
MNA to clean sites properly and quickly enough (USEPA 2002). Attenuation has
been observed in the Mr. C’s groundwater plume following the completion of the
Mr. C’s Pilot Study. This RSO presents alternatives to reduce the source concen-
trations through additional engineered attenuation.

Once source concentrations are reduced, additional monitoring would be required
to determine whether the engineered remedy has established geochemical condi-
tions sufficient for natural attenuation to reduce the remaining contamination
within an acceptable timeframe. The decision framework presented in Figure 2-1
would have to be followed to implement response actions to maintain biodegrada-
tion rates to reduce contamination in the injection areas within the desired
timeframe. Since some areas of the plume would be inaccessible by either pump-
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and-treat or bioremediation alternatives, LTM and ICs would have to continue for
the foreseeable future. Net present worth analyses were performed using a dura-
tion of 30 years for the periodic and annual costs described herein.

3.3.1 Cleanup Timeframe for Pump-and-Treat Alternatives

The Mr. C’s Feasibility Study estimated the PCE contaminated plume volume at
1.3 million gallons. The annual volume of contaminated groundwater treated per
year by the pump-and-treat system is approximately 3.1 million gallons. The total
volume treated would equal the contaminated plume volume in less than a year of
treatment; however, contaminant transport processes such as sorption and diffu-
sion affect the time it takes contaminants to migrate to the pumping wells for
treatment. The contaminant velocity is proportional to the water velocity, with
the difference described by the inverse of the contaminant’s retardation factor.
Given the assumptions shown in Table 3-1 and based on the methodology de-
scribed in the EPA’s guidance document Basics of Pump-and-Treat Groundwater
Remediation Technology (1990), EEEPC calculated a cleanup timeframe for the
pump-and-treat alternatives of 68 years. Net present worth analyses have been
performed using a duration of 30 years for periodic and annual costs.

Table 3-1 Assumptions: Cleanup Timeframe for Pump-and-Treat Alternatives

Parameter Assumption / Input Value

D Contaminant distance from pump (max) 360 ft
St Saturated thickness of contaminated aquifer / 20 ft
depth of plume
N Porosity 0.25
Ysoil Soil bulk density 2.34 g/lem’ or 146 lbs/cf
Qqw Groundwater flow 390 ft/yr
Pumping rate (upgraded pumps) 10 gpm
foc Fraction organic carbon' 0.00755
Koc Organic carbon partitioning coefficient” 364
Ywater ~ Water density 1 g/cm3
R Retardation factor 20
Q. Contaminant flow 19 ft/yr
FS Factor of safety 3
Notes:

1. The average f, is taken from the 1996 Malcolm Pernie RI.

2. The K, is based on literature values reported in USEPA, "Basics of Pump-and-Treat Groundwater Remediation Technol-

ogy", 1990.
Key:
ft = feet
ft/yr = feet per year
g/lem® = gram per cubic centimeter
gpm = gallons per minute
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3.3.2 Enhanced Bioremediation Degradation Rates

Three types of first-order attenuation rate constants were considered for plume
degradation modeling (USEPA 2002). The first is the point decay rate constant,
Kpoint, Which represents concentration versus time. Kkpqint Was used to estimate
timeframes for reduction based on Pilot Study data. The second is the bulk atten-
uation rate constant, k, which represents concentration versus distance and can
estimate changes in plume size as a result of sorption, dispersion, and biodegrada-
tion. The third is the biodegradation rate constant, A, which represents biodegra-
dation and contaminant migration. The biodegradation rate constant was generat-
ed using BIOCHLOR, but due to limitations of the model discussed in Section
3.2.1, it was not accurate and could not be used for degradation estimates.

Of the rate constants described, kpoin¢ 1s the only one that can be used to estimate
the time required to reduce the contaminant plume to groundwater standards
(USEPA 2002). This is because the rate is created from contamination at specific
points in time. The accuracy of kpoin 1s limited by the amount of raw data availa-
ble for its calculation. In general, kpqine should be generated using well data from
the center of the plume, as higher concentrations of contamination will generally
take the longest to degrade. For the Mr. C’s site, Kyoinc Was calculated from PCE
concentrations over time at MPI-6S. PCE concentrations used in the calculation
are taken from the Mr. C’s Bioremediation Summary Report (EEEPC 2015a).
Site-specific degradation rates for daughter products of PCE were difficult to de-
rive with accuracy from well data because daughter products were being generat-
ed and biodegraded simultaneously during the Pilot Study.

First-order kinematic degradation rates were estimated for PCE and its daughter
products based on the results of the Pilot Study at MPI-6S. EEEPC calculated a
degradation half-life at MPI-6S of 0.84 months for PCE and 8.8 months for TCE.
However, these rates were based on the Pilot Study results at MPI-6S, for which
degradation of cis-DCE or VC were not observed. Cis-DCE concentrations at
MPI-6S fell in October 2014 after the Pilot Study, but it is unclear how much of
this is a result of biodegradation or transport. Both degradation and generation
were observed from month to month at MW-8. Cis-DCE degradation half-lives
calculated at MW-8 during the Pilot Study ranged from 0.7 to 2.1 months.

3.3.3 Permeable Reactive Barrier Thicknesses

The required thickness of the PRBs was calculated by (1) determining the resi-
dence time in the PRB required to degrade PCE and achieve the NYSDEC Class
GA groundwater standard for VOCs and (2) multiplying that residence time by
the velocity of the groundwater and a factor of safety. The Interstate Technology
& Regulatory Council suggests a factor of safety between 2 and 3 for the design
of PRBs (ITRC 2011). Due to the contaminant sorbing nature of PlumeStop®,
the PlumeStop® barrier was allocated a factor of safety of 2, while the barrier of
3DMe alone was allocated a factor of safety of 3. Given the assumptions shown
in Table 3-2, EEEPC calculated reactive barrier thicknesses of 31 feet for 3DMe
and 20 feet for 3DMe and PlumeStop® combined.
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Table 3-2 Assumptions: Permeable Reactive Barrier Thicknesses

Parameter Assumption / Input Value

St Saturated Thickness of Contaminated Aquifer / 20 feet
Depth of Plume
Cgwo  Initial Concentration into Barrier at Time =0 2,400 pg/L
(max)
Caa Class GA Groundwater Standard for VOCs 5 ug/L
Vaw Groundwater Velocity 0.045 ft/yr
FS:p Factor of Safety for 3DMe alone 3
FSpume Factor of Safety for 3DMe and PlumeStop® 2
kpcE Average PCE degradation rate 0.8270/month (equal to a half-life
of 0.84 months)
0 Residence time in barrier 227 days
Key:
ft = feet
ft/yr = feet per year
kg = kilogram
Hg/L = micrograms per liter
mg/kg = milligram per kilogram

3.3.4 Cleanup Timeframe for Source Bioremediation Alternatives
Cleanup timeframes for source bioremediation alternatives were determined using
the modeling program SourceDK. This program used aquifer data and historical
PCE cleanup times from the Pilot Study to determine a timeframe for remedia-
tion. The various inputs to SourceDK are presented in Table 3-3.

Given the inputs and assumptions in Table 3-3, SourceDK predicted a bioremedi-
ation cleanup timeframe of approximately 4 years for PCE. However, based on
site experience, this cleanup rate does not consider cis-DCE or VC degradation.
Multiple injections of electron donor would be required to maintain degradation
rates capable of achieving the cleanup goals in the treated areas within the desired
timeframe. However, site access limitations would result in residual contamina-
tion in untreated portions of the contaminated plume. Therefore, net present
worth analyses were performed using a duration of 30 years for periodic and an-
nual costs.

Table 3-3 Assumptions and Input Parameters: Cleanup Timeframe For Source Bio-
Remediation Alternatives

Parameter Assumption / Input Value

k Hydraulic conductivity 11 ft/day

1 Gradient 0.004 ft/ft

Vb Darcy groundwater velocity 16.1 ft/yr

S Source length (maximum) 840 ft

Sw Source width 480 ft

St Source thickness 20 ft
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Table 3-3 Assumptions and Input Parameters: Cleanup Timeframe For Source Bio-
Remediation Alternatives

Parameter Assumption / Input Value

Cowo | Average source groundwater concentration at 1160 pg/L
time = 0
Csil | Average source soil concentration at time = 0 0.21 mg/kg
Mo Source mass of VOCs at time = 0 112.4 kg
Q Specific discharge 1.5E+05 ft’/yr
Ysoil Soil bulk density 2.34 kg/L
A PCE degradation rate constant 9.33/yr
Key:
ft = feet
ft/yr = feet per year
ft/day = feet per day
f*/yr = cubic feet per year
kg = kilogram
Hg/L = micrograms per liter
kg/L = kilograms per liter
mg/kg = milligram per kilogram
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Alternatives Evaluation

This section evaluates the remedial optimization alternatives described in Section
2 based on the modeling results discussed in Section 3. The alternatives are eval-
uated in terms of the following criteria: implementability, effectiveness, costs, and
time to achieve the RAOs.

4.1 Evaluation Criteria

m Implementability: This includes factors such as access, constructability, mi-
crobial biofouling (i.e., the undesirable accumulation of microorganisms on a
wetted surface, such as an inner well casing or the air stripper).

m Effectiveness: For purposes of this RSO report, the effectiveness of an alter-
native is defined as the ability of the option to reduce contaminant mobility
and protect human health. Human health impacts are considered reduced
when toxicity, mobility, and mass of contamination are reduced or when an
exposure pathway is incomplete. Bioremediation, while it has the potential
for complete degradation of PCE to ethene, a nonhazardous substance, first
degrades to its daughter products such as cis-DCE and VC, which have a
higher toxicity and cancer risk. In addition, bioremediation may produce sec-
ondary water quality impacts such as an increase in dissolved metals contami-
nation or the generation dissolved methane gas and its potential accumulation
or vapor intrusion.

m Costs: NYSDEC’s Draft Remedial Site Optimization (RSO) Guidance indi-
cates that a net present worth analysis is used to support an RSO recommen-
dation for optimization efforts not associated with operation and maintenance
(such as installing a new well to decommission two wells) or to advance a
recommendation that the selected remedy ““is not appropriate, will not reach
the remedial goals, or identifies a significantly better remedy that was not
available at the time of the ROD” (NYSDEC 2011). The RSO Guidance doc-
ument describes the net present worth analysis as based on a “realistic projec-
tion of the anticipated time that the remedy will need to operate.” Screening-
level cost estimates were developed for the alternatives and include both capi-
tal and long-term annual costs, such as ICs, system operation/maintenance,
and LTM. Feasibility-style cost estimates, such as those presented in this re-
port, have an expected accuracy range from -30 to +50 percent for detailed
analysis of alternatives (USEPA 2000). Estimated capital costs are added to
the annual costs as total costs and presented in both present value and life-
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cycle costs for comparison purposes. The present value is the amount needed
to be set aside at an initial point in time (base year) to ensure that funds will
be available in the future, assuming a discount factor. Life-cycle costs are the
sum of annual costs into the future assuming a discount factors.

Time to Achieve the RAOs: Based on either modeling performed in Section
3 or other measurable goal, the time to achieve RAOs (Class GA Groundwater
Standards) were estimated.

Sustainability: The recommended alternative must always meet the thresh-
olds and programmatic requirements for the protection of public health and
the environment. The purpose of this criteria is to consider cleanups in the
context of the larger environment and consistently and proactively apply more
sustainable methods to remediate the site. Per NYSDEC’s Green Remediation
Program Policy (2010), qualitative green metrics can help determine which al-
ternative has the greatest net benefit or least impact.

4.2 Evaluation of Alternatives

Table 4-1 summarizes and compares the alternatives presented in Section 2
against the evaluation criteria presented in Section 4.1. Cost estimates are provid-
ed in Appendix D.
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Table 4-1 Alternative Evaluation
Net Present
Value of
Life-cycle
Costs

Estimated Time
to Reach RAOs'

Effectiveness Sustainability

Implementability
Alternative 1 Pump and Treat for Source and Migration Control

¢t

Readily
implementable as
the existing remedy
is in place.

Pump-and-treat technologies are effective at controlling exposure to
PCE due to off-site migration; however, pump-and-treat technolo-
gies face declining efficiencies with respect to source control.
Therefore, the effectiveness of this alternative to reduce the volume
of contaminated groundwater is expected to decrease over time. Site
SVIIs and mitigation with vapor barriers and SSDSs will reduce the
exposure pathway for VOCs in the properties whose owners agree to
them.

Over 30 years

Pump and treat technologies
contribute to a higher direct
production of green-house
gases through vehicle miles
travels for OM&M and site
visits and a higher indirect
production of green-house
gases through electricity
consumption.

$3.4 million

Alternative 2a Pum

p-and-Treat Source Control with Bioremediation for Migration Control — 3D Microemulsion® PRBs

Feasible; design
would accommo-
date access agree-
ments on private
properties.

As in Alternative No. 1, this Alternative will face declining efficien-
cies with respect to source. A PRB, when properly designed and
implemented, can effectively reduce contaminant mass, toxicity, and
migration. However, anaerobic degradation of PCE creates more
toxic degradation products before arriving at a non-toxic end prod-
uct. Anaerobic degradation also has the potential to create second-
ary water quality impacts such as methane generation. In addition,
human health risks may be increase if contamination is not fully de-
graded before it leaves the permeable reactive zone. Site SVIIs and
mitigation with vapor barriers and SSDSs will reduce the exposure
pathway for VOCs in the properties whose owners agree to them.

Over 30 years

Pump and treat technologies
contribute to a higher direct
production of green-house
gases through vehicle miles
travels for OM&M and site
visits and a higher indirect
production of green-house
gases through electricity
consumption.

$3.6 million

Alternative 2b Pum

p-and-Treat Source Control with Bioremediation for Migration Control — 3D Microemulsion® and PlumeStop® PR

Bs

Feasible; design
would accommo-
date access agree-
ments on private

See Alternative No. 2a. PlumeStop® will increase the efficiency of
the Alternative, because it increases the sorptive capacity of the soil
to prevent off-site migration.

properties.

Over 30 years

Same as 2a

$4.1 million
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Implementability
Alternative 2c Pump-and-Treat Source Control with Bioremediation for Migration Control — Provect-IR® PRBs

Effectiveness

Estimated Time
to Reach RAOs'

4 Alternatives Evaluation

Sustainability

Net Present
Value of
Life-cycle
Costs

Feasible; design
would accommo-
date access agree-
ments on private
properties.

See Alternative No. 2a. Provect-IR® will increase the efficiency of
the Alternative because it reduces competition from methanogenic
bacteria for the injected reagents.

Over 30 years

Same as 2a

$3.8 million

Alternative 3 Bioremediation for Source Control with Pump and Treat for Migration Control

Poor. Bioremedia- | This Alternative is not expected to be effective, because the existing NA This Alternative is not con- NA
tion as source con- |pump-and-treat system is not designed for migration control. sidered effective and is

trol would conflict therefore not sustainable.

with pump-and-

treat operation.

Alternative 4a Bioremediation for Source and Migration Control — 3D Microemulsion®

Feasible; design Bioremediation when properly designed and implemented can effec- | As few as 5 years | Bioremediation will produce | $2.6million

would accommo-
date access agree-
ments on private
properties.

tively reduce contaminant mass, toxicity, and migration. However,
anaerobic degradation of PCE creates more toxic degradation prod-
ucts before arriving at a non-toxic end product. Anaerobic degrada-
tion also has the potential to create secondary water quality impacts
such as methane generation. In addition, human health risks may
increase if contamination is not fully degraded before it leaves the
permeable reactive zone.

Site SVIIs and mitigation with vapor barriers and SSDSs will reduce
the exposure pathway for VOCs in the properties whose owners
agree to them. Alternative 4 would be effective in the long term at
reducing both migration through the use of PRBs and reducing tox-
icity with the transformation of PCE to a non-hazardous byproduct
(ethane).

in injection zones,
over 30 years
where injections
are limited by
structures over the
plume.

fewer direct and indirect
green-house gases than
pump-and-treat because less
OM&M will be required and
no electricity is used.
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Table 4-1 Alternative Evaluation

Net Present

Value of
Estimated Time Life-cycle
Implementability Effectiveness to Reach RAOs' Sustainability Costs
Alternative 4b Bioremediation for Source and Migration Control — 3D Microemulsion® and PlumeStop®
Feasible; design See Alternative No. 4a. PlumeStop® will increase the efficiency of |Same as 4a Same as 4a $2.5 million
would accommo-  |the Alternative, because it increases the sorptive capacity of the soil
date access agree- |to prevent off-site migration.
ments on private
properties.
Alternative 4c Bioremediation for Source and Migration Control — Provect-IR®
Feasible; design See Alternative No. 4a. Provect-IR® will increase the efficiency of |Same as 4a Even fewer green-house gas- | $2.1 million
would accommo- | the Alternative because it reduces competition from methanogenic es will be produced than Al-
date access agree- | bacteria for the injected reagents. ternatives 4a and 4b, since
ments on private methane generation is
properties. inhibited.
Notes:

1. The RAO considered is that for reaching the NYSDEC Class GA Groundwater Standards.
2. SVII and SSDS contribute to the remedy effectiveness for each alternative considered by reducing the contaminant exposure pathway via soil vapor intrusion.

Key:

NYSDEC = New York State Department of Environmental Conservation
PRB Permeable reactive barrier
SVII Soil Vapor Intrusion Investigation
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Recommended Alternative for
Remedial Optimization

EEEPC recommends that NYSDEC consider Alternative 4¢, Provect-IR® Biore-
mediation Source Control and PRB for Migration Control, for remedial site opti-
mization at the Mr. C’s Dry Cleaners Site. Alternative 4c is recommended be-
cause it is the most cost-effective option that meets the evaluation criteria and is
readily implementable. Alternative 4c¢ is estimated to cost $2.1 million dollars
over 30 years, whereas Alternative 1, continued pump and treat only, is estimated
to cost $3.4 million dollars over the same time period. Alternative 4c would re-
duce annual operating costs from an estimated $197,289 to $36,633. NYSDEC
would break even on the total capital costs and begin to realize the cost savings in
year 9 of operation.

Bioremediation source control is an effective long-term control for the PCE
plume. Although it increases PCE toxicity in the short term, SSDSs in areas expe-
riencing soil vapor intrusion problems and continuing SVII and SSDS installa-
tions will protect human health during this increase in toxicity. It will also protect
human health in areas where grid injections are not implementable for plume
treatment due to the presence of residential and commercial buildings.

PRBs would provide an effective means to control plume migration. While
PlumeStop® would increase contaminant residence time in the barriers, it is not
necessary for the barrier to be effective and adds a substantial cost, not only for
the material but also for injection, which requires personnel to have specialized
training from the manufacturer. Currently, the manufacturer requires injection of
PlumeStop® by an approved contractor, which more than doubles the cost of the
PRB injections. As a result, the PRBs comprised of 3DMe alone are the most
cost-effective migration control.

Bioremediation technologies are in line with the objectives of NYSDEC’s Green
Remediation Program Policy. As an in-situ technology, bioremediation would
constitute a green-house gas reduction because less OM&M would be required
and no electricity would be used.

Implementation of Alternative 4c would require an update to the Site Manage-
ment Plan. Sections pertaining to operation, maintenance, and monitoring of the
pump-and treat-system would be removed. Updates would clearly define the el-
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ements of the monitoring program, response actions, and decision framework pre-
sented in Section 2. The monitoring program would be supplemented with addi-
tional monitoring parameters for enhanced bioremediation, such as monitoring for
secondary groundwater quality impacts and methane generation. Groundwater
monitoring is currently performed annually; however, the net present cost analysis
for the alternatives presented in this RSO report assumes that groundwater moni-
toring can be reduced to every 3 years after implementation of the Alternative.

OM&M of the SSDSs may in the future be transferred for performance under
NYSDEC’s current statewide vapor mitigation system maintenance program.
Environmental restrictions must be filed with the Village of East Aurora Clerk for
new buildings constructed over the contaminant plume and should include institu-
tional controls to protect construction and utility workers from potential exposure
to site contamination. Periodic reporting on the remedy would continue and serve
as the avenue for monitoring the adequacy of these Site ICs.

Monitoring, reporting, and response actions such as maintenance injections would
continue until the RAOs are met, meaning that:

1. Human health risks have been mitigated through the installation of SSDS sys-
tems and vapor barriers and reduction of PCE; and the LTM program at the
site includes a decision framework for continued protection of human health
against soil vapor intrusion until NYSDEC groundwater quality standards are
met;

2. LTM has shown that the plume is stable; and,

3. NYSDEC groundwater quality standards have been achieved to the extent
practical.

Based on this RSO analysis, EEEPC concludes that bioremediation is a substan-
tially better alternative for reducing site contamination at a substantial cost sav-
ings. Implementation of bioremediation under Alternative 4c includes the even-
tual decommissioning of the existing pump-and-treat system. The system may be
shut off prior to decommissioning at the time the PRBs are installed for migration
control. However, prior to shutdown of the treatment system, it could be tempo-
rarily operated to target Pilot Study areas with high cis-DCE concentrations (op-
erating pumping wells PW4, PWS5, PW6, PW7, and PW8). Several wells have
been shut off to avoid secondary impacts on the treatment system; however, cis-
DCE is more mobile than PCE and may be able to be removed more effectively
than PCE through pumping before secondary impacts on the treatment system be-
come an issue. Increased cis-DCE in the influent may require some adjustments
to the treatment system fan speeds during operation.

Implementation of Alternative 4c constitutes a fundamental change to the Site
Remedy, which must ultimately be recommended by the NYSDEC Bureau Direc-
tor to Division management for consideration. Per NYSDEC’s RSO policy, a
change to the Site Remedy must go through the same rigorous of analysis, risk
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assessment, and community involvement as the original remedy. Public participa-
tion and community involvement should be solicited for this change in the Site
Remedy, especially because site access has not historically been granted for all
residential properties. Consequently, all remedies considered, particularly the
SVII program, are limited in their ability to protect public health and safety.

While this RSO substantially documents the relative benefits and cost effective-
ness of the technology, bioremediation will result in a short-term increase in the
overall toxicity of the COCs. While cis-DCE is less toxic than PCE, both TCE
and VC are more toxic. The final degradation byproduct, ethene, is non-
hazardous. A risk assessment may be performed to determine whether the in-
creased COC toxicity poses an increased risk to human health. For many resi-
dences, the overall risk has been reduced through the installation of a SSDS,
which removes the exposure pathway for soil vapor intrusion. Groundwater un-
der the site is not a drinking water source; however, the RI identified four proper-
ties with wells that were typically used for irrigation and could present a potential
exposure route (MPI 1995a).
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