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1. INTRODUCTION

Haley &Aldrich, Inc. (Haley & Aldrich) has prepared this Focused Remedial Alternatives Analysis for 
the East End Gas Works site (EEGW, the Site) located in Cincinnati, Ohio. This alternatives analysis 
has been prepared for Duke Energy Ohio (Duke) to support decision-making on remedial actions to 
address impacted soil, oil-like material (OLM) and tar-like material (TLM) impacts in soil, and non- 
aqueous-phase liquid (NAPL), to the extent currently feasible, on upland portions of the Site.

The Site, which is owned by Duke, is comprised of three areas, referred to (for environmental cleanup 
purposes only) as the West Parcel, the Middle Parcel and the East Parcel, as shown on Figure 1. Also 
included in this alternatives analysis is a portion of the Riverside Drive property owned by Duke that is 
located east of the former Munson Street and west of the West Parcel. This area is shown on Figure 1 
and is hereinafter referred to as “the area west of the West Parcel”. This area has been impacted by the 
EEGW former MGP operations.

The West Parcel and the East Parcel have undergone prior remediation of OLM/TLM and other 
impacts in soils to a depth of 40 feet (ft) or shallower (i.e., above the water table and the normal water 
level in the adjacent Ohio River to the south). These completed remedial activities are documented in 
the West Parcel Remediation Construction Summary Report (Haley & Aldrich, 2012) and the East 
Parcel Remediation Construction Summary Report (Haley & Aldrich, 2013).

The following locations and impacted media are considered in this alternatives analysis:

■ Soil and OLM and/or TLM impacts west of the West Parcel impacted by the former MGP 
operations, between the former Munson Street right of way and the West Parcel;

■ Remaining deep OLM impacts, below previous remediation depths, that remain on the West 
Parcel;

■ Soil and OLM and/or TLM impacts on the Middle Parcel;
■ Remaining OLM and/or TLM impacts on the west portion of the East Parcel outside the limits 

of prior remediation on the East Parcel; and
■ NAPL observed in monitoring wells on the West and Middle Parcels.

Groundwater impacts will only be addressed at this time through recovery and/or isolation of NAPL, 
and to the extent that the soil and/or OLM/TLM remedies aid in the remediation of, or isolation of 
impacted groundwater. Additional direct remediation of impacted groundwater will not be considered 
until source area remediation is completed and further analysis of on-site groundwater impacts and the 
potential for off-site downgradient impacts is investigated.

1.1 Previous Site Investigations

Site characterization activities for those areas considered in this remedial alternatives analysis have been 
documented in several prior reports as follows:

■ 2007 Site Investigation Summary Report, East End Gas Works Site (AMEC, 2008);
■ Letter Report, East End Gas Works Site Investigation (AMEC, 2008);
« Phase II Property Assessn^ent Report, East End Gas Works, West Parcel (Bums & McDonnell, 

2009);
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■ Phase II Property Assessment Report, East End Gas Works, East Parcel (Bums & McDonnell, 
2009);

■ West Parcel Remediation Construction Summary Report (Haley & Aldrich, 2012);
■ East Parcel Remediation Construction Summary Report (Haley & Aldrich, 2013);
« Subsurface Investigation Results, Former DCI Property/Keck Street Property (Haley & 

Aldrich, 2011); and
■ Phase II Property Assessment Report, East End Gas Works, Middle Parcel (Haley & Aldrich, 

2014).

The following paragraphs present a brief summary of Site conditions pertinent to the evaluation of 
remedial alternatives. More in-depth information can be found in the reports referenced above.

1.2 Site History and Current Site Use

The Site is generally located at 2801 Riverside Drive (f/k/a Eastern Ave) in Cincinnati, Ohio. The Site 
appears to have been first developed as a residential and/or agricultural property before 1875. In 1875, 
Cincinnati Gas Light and Coke Company purchased the property. Construction of the gas works began 
before 1882 and was completed after 1884. The facility operated as a manufactured gas plant (MGP) 
until 1909, when the arrival of natural gas halted MGP production. MGP production began again 
around 1925 and continued until the 1960s. Gas was manufactured using the coal carbonization, water 
gasification, carbureted water gas and oil gas processes. Other historical operations at the Site have 
been associated with the Cincinnati Consolidated Street Railway Company, B.P. Clapp Ammonia 
Company, Pendleton Car House and Generation Station, and John Frederick Manufacturer of Yellow 
Prussiate of Potash.

Currently, the Middle Parcel is used as a synthetic natural gas peaking plant in which propane, air, and 
natural gas are mixed to make synthetic natural gas. This facility is also a city gate station, which is a 
point where gas coming into the state of Ohio is measured and regulated (custody transfer point from 
Kentucky to Ohio). Also, the Site is used as a district headquarters for field operations (Construction & 
Maintenance [C&M]) - pipeline repair, installation, maintenance, etc. Propane is stored at the Site in a 
cavern. The East Parcel is currently used for gas pipelines. The West Parcel contains a vaporizer 
facility that was constructed in 2012.

The area west of the West Parcel appears to have been first developed as residential properties before 
1891 and continued with this use until 2006, while the remaining portions of the Riverside Drive 
property was utilized for commercial purposes (see Phase I report for the Riverside Drive property). A 
portion of the area west of the West Parcel appears to have been part of the former MGP. In April 2006 
and April 2007, two building permits were issued by the Cincinnati Building Department for excavation 
and filling activities by the then owner, DCI Properties, on the Riverside Drive property (including the 
area west of the West Parcel). The filling activity included the placement of 80,000 cubic yards of fill 
across the property. Duke acquired this property from DCI Properties in 2011. This property is not 
currently being used for any active gas operations, but has been utilized since its purchase by Duke for 
staging equipment for gas pipeline projects.

1.3 Site Setting

Topographically, the Site is fairly level except for a steep slope along the southern portion of the Site, 
leading to the Ohio River. Site elevations range from approximately 508 ft above mean sea level 
(MSL) near Riverside Drive to approximately 456 ft MSL, near the river (Newark Kentucky-Ohio 
Topographic Quadrangle), which corresponds to the normal Ohio River pool elevation in this area.
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The main portion of the Site is located approximately 35 to 50 ft above the river’s normal pool 
elevation. Based on investigative activities, bedrock beneath the Site slopes toward the south. Along 
Riverside Drive, gray limestone bedrock is encountered at depths of between 20 and 25 ft below ground 
surface (bgs), while nearer to the river, in the southern portion of the Site, bedrock is encountered at 
depths from 65 ft to more than 100 ft bgs.

Unconsolidated material beneath the Site consists of fill material ranging from 10 to 15 ft thick near 
Riverside Drive to more than 30 ft thick near the center/southem portions of the Site. The fill material 
generally consists of sand and gravel, with varying amounts of ash, slag, cobbles, boulders, and 
demolition debris from former MGP facilities and crushed limestone spoils from construction of the 
propane cavern. A confining clay layer is encountered below the fill material and ranges in thickness 
from 20 to 40 ft. Along the northern portion of the Site, this clay layer is deposited directly on 
bedrock, whereas in the southern portion of the Site, this clay layer overlies an outwash layer. 
Alternating layers of sand and gravel outwash deposits underlie the clay layer and range in thickness of 
30 to greater than 70 ft along the southern portion of the Site.

Based on surface topography, surface water flow at the Site is to the south, toward the Ohio River. 
Also based on topography, river flow direction, and groundwater monitoring events conducted at the 
Site, shallow groundwater flow is expected to be to the south-southwest. The water table generally 
occurs within the lower portion of the clay or the upper portion of the outwash sand and gravel, with 
water levels influenced by the Ohio River stage.

The Middle Parcel contains numerous active and abandoned buried utilities, including gas lines, water 
lines, brick storm sewer lines, concrete storm sewer lines, sanitary sewer lines, drain lines, electrical 
lines, and critical infrastructure for storage and transfer of gas and water.

1.4 Potential Source Areas

Historical MGP operations performed on the West, Middle, and East Parcels resulted in releases of 
MGP-related residuals including ash, slag, purifier materials, and coal tar. The coal tar impacts include 
sheens and staining of soils, the presence of OLM and/or TLM in soils, and the presence of a dense 
NAPL (DNAPL) in some monitoring wells. The known MGP structures containing MGP residuals on 
the East and West Parcels were removed during prior remedial actions on these parcels, however, some 
impacts remain outside of or beneath previously remediated areas.

Potential remaining sources of environmental impacts identified in soil and groundwater at the Site are 
located on the Middle Parcel and include the eastern and western gas holders, eastern and western tar 
wells, former tar separators, tar settling tanks, a former retort building, and former coal storage areas, 
as well as the former purifiers in the eastern, northern, and western buildings. Based on the results of 
Middle Parcel investigation activities completed, potential sources of MGP residuals include the 
following gas production and storage features:

■ Former Retort House: Retort buildings typically contained retorts (or ovens) that were used to 
generate coal gas by heating the coal under anoxic conditions to volatilize gaseous constituents 
of coal. The main byproducts of these procedures were coke, ash, cinders, and clinkers.

■ Tar Separators and Tar Settling Tanks: Tar separators and settling tanks (presumably below 
grade) were located adjacent to the retort building. Presumably, tar produced by the MGP
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processes was separated in this area. Tar treatment areas may be a source of OLM, TLM and 
NAPL, and other MGP residuals, observed on Site.

■ Tar Wells: Tar wells, two currently identified, were located east of the eastern holder and west 
of the western holder. In general, tar wells were below-grade structures, used to store tar for 
later sale or use. Tar storage areas may be a source of OLM, TLM and NAPL, and other 
MGP residuals, observed on Site.

■ Eastern and Western Gas Holders: Two historical gas holders have been identified at the 
Middle Parcel. These structures were used to store gas, after manufacture, at fairly low 
pressures prior to distribution. Such structures may be a source of NAPL and other MGP 
residuals.

■ Coke/Coal Storage: Coal and coke storage areas were on Site throughout the operational life of 
the MGP. Coal and coke fragments were observed in various borings and test pits installed 
during investigation activities. Such structures may be a source of MGP residuals observed at 
the Site.

■ Purifiers: After manufacture, the gas was purified (noxious materials were removed) utilizing 
purification media, which resulted in a purifier waste, often a source of cyanide contamination. 
Based on experience with other MGP sites, this waste was often disposed in pits or on the 
ground at some distance from purifier buildings, due to its noxious odor. While no obvious 
purifier waste disposal areas have been identified at the Site, this material, intermixed with Site 
fill and demolition debris may be a source of COCs in soil.

1.5 Distribution of MGP Residuals

MGP residuals such as ash, slag, and purifier materials are present primarily in the fill resulting from 
previous MGP operations. Releases of OLM and/or TLM have impacted primarily the fill and 
underlying clay (through fractures and interbedded sandy seams). OLM has also migrated into the 
outwash sand and gravel unit to the top of bedrock, and has been observed in bedrock fractures in some 
locations where bedrock coring was performed. The lateral distribution of OLM and/or TLM in the fill 
and clay, in the outwash, and atop bedrock is shown on Figures 2, 3, and 4, respectively. OLM and/or 
TLM in the fill and clay is present over a large portion of the Middle Parcel, eastward to the limits of 
in-situ solidification on the East Parcel, westward to the excavation limits on the West Parcel, and in 
the southeast corner of the area west of the West Parcel (see Figure 2). OLM has been observed in the 
outwash sand and gravel in the southern half of the Site, from the southeast comer of the area west of 
the West Parcel to the western edge of the Pittsburgh Street driveway. The OLM in this soil unit 
generally occurs in lenses from a few inches to more than 15 ft in thickness (see Figure 3). The OLM 
atop the bedrock surface generally occurs in the southern portion of the Site, from the southeast comer 
of the area west of the West Parcel eastward to Pittsburgh Street and the southwest comer of the East 
Parcel (see Figure 4). The OLM and/or TLM limits in fill, clay, outwash, and atop bedrock has not 
been fully delineated to the south as investigation activities to date have been limited to the upland 
portions of the Site.

Numerous groundwater monitoring wells have been installed at the Site. Based on monitoring 
performed to date, DNAPL has been observed to accumulate in the following deep wells screened in 
the outwash: MW-3D (West Parcel - abandoned), MW-3DR (West Parcel), MW-IOD (West Parcel - 
abandoned), MW-22D (Middle Parcel), and MW-23D (Middle Parcel). These well locations are shown
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on Figure 2. Three shallow wells previously located on the West Parcel, MW-13S, MW-14S, and MW- 
15S, also contained DNAPL, however, these wells were screened within zones excavated during 2010- 
2011 remediation of the West Parcel.

Several cross-sections have been prepared illustrating the geology and distribution of OLM, TLM and 
NAPL, as shown in Figures 5 through 8. Soil containing OLM and/or TLM does not meet applicable 
VAP standards.

1.6 Distribution of Contaminants of Concern in Soils 

1.6.1 Area West of the West Parcel

Soil sampling was performed m the area west of the West Parcel in 2011. Sample intervals 
were selected to characterize the 0 to 2-ft zone for commercial/industrial worker exposure, the 
0 tol5-ft zone for construction worker exposure and deeper zones for OLM and/or TLM 
impacts. In general, samples containing OLM and/or TLM were not analyzed due to the 
presence of visible impacts and it was assumed that soils containing OLM and/or TLM would 
likely exceed VAP Commercial/Industrial GNS. Additionally, soil containing OLM and/or 
TLM does not meet applicable VAP standards. The soil analytical data for the area west of the 
West Parcel is summarized in Appendix A. Risks to a commercial worker associated with 
potential exposures to soil from 0 to 2 ft bgs, and to a construction worker associated with 
potential exposures to soil from 0 to 15 ft bgs were evaluated by comparing the Ohio VAP 
Generic Standards (GNS) for commercial workers and construction workers (published in Table 
3 of VAP Rule 8) to the constituent concentrations reported in each sample using a multiple 
chemical adjustment (MCA) approach. The MCA was completed by establishing a ratio of the 
reported result for each constituent to the generic standard. Separate ratios were calculated for 
cancer and non-cancer health effects, based on the specific effect that each VAP generic 
standard is based on. Ratios were calculated for each chemical detected in each sample within 
the 0 to 2 ft bgs and 0 to 15 ft bgs data sets, and then summed among all constituents to derive 
total cancer and non-cancer risk ratios for each sample. Using this approach, total cancer risk 
ratios greater than 1 indicate that cancer risks exceed the Ohio Environmental Protection 
Agency (Ohio EPA) cancer risk limit of 1x10'^; non-cancer risk ratios greater than 1 indicate 
that the hazard index exceeds the Ohio EPA non-cancer risk limit of a hazard index of 1. 
Conversely, total risk ratios of I or less indicate that Ohio EPA risk limits are not exceeded.

Appendix A provides documentation of this evaluation for the area west of the West 
Parcel. Total risk ratios for soil 0 to 2 ft bgs, for potential exposures by a commercial worker, 
are below 1 for each sample, indicating that soil within this area would not pose a health risk to 
workers if left unpaved. Similarly, total risk ratios for soil 0 to 15 ft bgs, for potential 
exposures by a construction worker, are below 1 for each sample, indicating that soil within 
this area would not pose a health risk to workers who may excavate into it. No OLM was 
observed in borings within the 0 to 15-ft zone. No remediation of this shallow soil is necessary 
to allow for commercial use or excavation. However, the presence of OLM in the soils below 
15 ft bgs poses a risk to construction workers that may excavate and come into contact with 
these materials, if encountered. Soil containing OLM and/or TLM does not meet applicable 
VAP standards.
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1.6.2 West Parcel

For the West Parcel to the top of the riverbank, soil impacts up to 40 ft bgs, as detailed in the 
West Parcel Remediation Construction Summary Report, have been mitigated through a 
combination of excavation and a 2-ft thick soil cover. OLM is present at depths greater than 40 
ft. Soil containing OLM does not meet applicable VAP standards. Potential soil impacts beyond 
the top of the riverbank outside the current fence line have not been investigated and, therefore, 
are not addressed in this alternatives analysis.

1.6.3 East Parcel

For the East Parcel to the top of the riverbank, soil impacts up to 22 ft bgs, as detailed in the 
East Parcel Remediation Construction Summary Report, have been mitigated through a 
combination of excavation, in-situ solidification, and a 2-ft thick soil cover. A small area in the 
western portion of the East Parcel adjacent to Pittsburgh Street contains OLM and/or TLM and 
was not included in the East Parcel remedial construction due to facility operational 
considerations. Soil containing OLM and/or TLM does not meet applicable VAP standards. 
This area will be addressed in conjunction with the Middle Parcel remediation and has been 
considered in the development of alternatives evaluated in this report. Potential soil impacts 
beyond the top of the riverbank outside the current fence line have not been investigated and, 
therefore, are not addressed in this alternatives analysis.

1.6.4 Middle Parcel

For the Middle Parcel, remedial investigations conducted during 2012 and 2013 included soil 
sampling to characterize the 0 to 2-ft zone for commercial/industrial worker exposure, the 0 to 
15 ft-zone for construction worker exposure and deeper zones beneath OLM/TLM impacts. In 
general, samples containing OLM/TLM were not analyzed due to the presence of visible 
impacts and it was assumed that soils containing OLM and/or TLM would likely exceed VAP 
Commercial/Industrial GNS. Additionally, soil containing OLM and/or TLM does not meet 
applicable VAP standards. The soil analytical data for the Middle Parcel is summarized in the 
Middle Parcel Phase II Property Assessment Report (Phase II PA). Exceedance of VAP 
Commercial/Industrial GNS occurred for benzo(a) pyrene in several samples and naphthalene in 
one sample. Exceedances of VAP Construction Worker GNS were detected for naphthalene, 
1,2,4-trimethylbenzene, and lead.

As documented in the Phase II PA, total risk ratios for unpaved soil 0 to 2 ft bgs, for potential 
exposures by a long-term full time commercial/industrial worker, exceed 1, indicating that soil 
within the unpaved areas would pose an unacceptable risk to full time commercial/industrial 
workers. Risks are primarily contributed by benzo(a)pyrene, which are substantially influenced 
by the concentrations reported in sample HA-SB-E34 adjacent to the Pittsburgh Street 
driveway. If this sample was excluded from the calculated exposure point concentration (EPC), 
then the risk ratios would not exceed 1. That is, precluding direct contact with soil in this area 
would reduce risks to commercial/industrial workers to within acceptable levels for this 
pathway.

For the soils that are presently paved, the MCA evaluated contact with soil assuming that the 
pavement is removed. As documented in the Phase II PA, total risk ratios for unpaved soil 0 to 
2 ft bgs, for potential exposures by a long-term full time commercial/industrial worker, are less
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than 1, indicating that soil within this area would not pose an unacceptable risk to full time 
commercial/industrial workers if the pavement was not maintained. Total risk ratios for soil 0 
to 15 ft bgs, for potential exposures by a construction worker, do not exceed 1, indicating that 
soil within this area would not pose an unacceptable risk to construction workers who may 
excavate into it. However, the presence of OLM and TLM in the Site soils within the 0 to 15 ft 
bgs interval and below poses a risk to construction workers that may excavate and come into 
contact with these materials, if encountered. Soil containing OLM and/or TLM does not meet 
applicable VAP standards.

Visitors or trespassers may enter the Middle Parcel. Complete exposure pathways for on-site 
visitors may include: incidental ingestion and dermal contact with soil; inhalation of fugitive 
dust in ambient air generated due to wind erosion of non-vegetated portions of the Site; and 
inhalation of VOCs emanating from soil into ambient air. Based on evaluation of Site sampling 
data and associated MCA activities presented in the Middle Parcel Phase II PA, it is assumed 
that visitors and trespassers would remain on paved areas/on-site areas for much less time than 
Site workers. Therefore, impacts in soils present at the Site do not exceed VAP standards for 
visitors/trespassers.

1.6.5 OLM/TLM

To facilitate calculation of the approximate percentage of OLM and/or TLM removed or treated 
as part of the remedial alternatives evaluated in Section 4, percentages of soil volume 
containing OLM and/or TLM were determined for various depth intervals. Depth intervals 
were selected based on excavation/treatment depths of the various remedial technologies 
evaluated in the detailed alternatives analysis. Percentages were determined based on a review 
of the geologic cross-sections depicted in Figures 5 through 8; and are listed below:

0 to 15 ft bgs: approximately 15% of the soil volume contains OLM and/or TLM 
15 to 40 ft bgs: approximately 20% of the soil volume contains OLM 
40 to 60 ft bgs: approximately 5% of the soil volume contains OLM 
60 ft bgs - Bedrock: approximately 5% of the soil volume contains OLM

1.7 Distribution of Contaminants of Concern in Groundwater

MGP-related COCs have been detected in groundwater samples collected from shallow and deeper 
monitoring wells installed at the Middle and West Parcels at concentrations exceeding unrestricted 
potable use standards (UPUS). The most recent groundwater monitoring was performed as part of the 
Middle Parcel Phase II investigations in November 2012 and February and May 2014. Review of the 
groundwater analytical results indicates that groundwater samples collected from shallow wells are 
impacted with MGP-related COCs (typically benzene and other VOCs, various PAHs, and certain 
metals) at concentrations in excess of UPUS. Groundwater impacts in excess of UPUS were typically 
encountered in monitoring wells MW-20S, MW-21S, MW-22S, MW-24S, and MW-26S. Groundwater 
samples collected from the deeper groundwater were impacted with MGP-related COCs (typically 
benzene, ethylbenzene, toluene, and 1,2,4-trimethlybenzene, and naphthalene, and other compounds) at 
concentrations in excess of UPUS. Samples were not collected from monitoring wells MW-22D or 
MW-23D because NAPL was present in these wells during gauging. A groundwater sample was 
collected from MW-3DR in November 2012, as no NAPL was observed at that time; however, NAPL 
was encounter in MW-3DR during the February and May 2014 gauging events. Under the VAP rules.
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NAPL presence in a well is considered an UPUS exceedence. The presence of the NAPL in the deep 
wells also documents the apparent mobile nature of the OLM in the subsurface of the Site.

These results indicate that groundwater has been impacted by former MGP operations and that risks to 
current and future Site users may exist if groundwater is used or contacted. In addition, several wells 
are located on the southern boundary of the Site, closest to the Ohio River. Therefore, remediation is 
needed to meet VAP applicable standards. The east-west lateral extent of impacted groundwater appears 
to be bracketed by well MW-K09S/D in the area west of the West Parcel, and MW-7S/D on the East 
parcel. Quarterly groundwater monitoring is being performed at the Site in 2014 and will be reported 
separately.

1.8 Contaminant Transport

The occurrence, migration and accumulation of MGP residual materials in the subsurface are typically 
controlled by several factors, including:

The texture and porosity of the overburden materials;
The presence of capillary barriers and confining units which inhibit vertical migration and 
influence horizontal migration;
The occurrence of groundwater within the overburden materials; and.
The physical nature and distribution of MGP-residual materials (density relative to water).

In general, MGP-residual materials introduced to the surface or subsurface materials migrate vertically 
downward under the force of gravity through the overburden material until the material intersects a 
zone of lower permeability, such as the clay layer underlying Site fill. Once encountering a lower 
permeability zone, DNAPL has the potential to migrate laterally along the top of a lower permeability 
zone if sufficient diving head and a gradient exist. Based on review of site data, it appears that the 
MGP residuals have migrated beyond the extent of the former MGP footprint (horizontally) and below 
the native clay layer (vertically), indicating that vertical conduits (which could include fractured clays 
or desiccation cracks in unsaturated clay as well as former MGP structures, such as gas holder 
foundations, tar well foundations, etc.) may exist. It should be noted that desiccation cracks or clay 
fractures were observed in the unsaturated clay on the West Parcel in the tar lagoon area, both during 
the investigation and excavation activities.

If a continual source of residual material is present, the horizontal migration of the residual materials in 
the subsurface is expected to continue along the zones of increased porosity and/or permeability, and 
downward through vertical conduits. Removal or containment of the source(s) enables both vertical 
and lateral migration to reach equilibrium, as determined by the surface tension, density and viscosity 
of the material, porosity and permeability of the subsurface soils, and presence/absence of a continual 
source of the material.

1.9 Land Use Considerations

Current land use is for industrial purposes. All the property being considered in this remedial 
alternatives analysis is owned by Duke. The area surrounding the Site to the west, north, and east is a 
mix of commercial and residential properties. The Ohio River abuts the Site to the south. The Middle 
Parcel contains numerous active and abandoned utilities including drains, natural gas, propane, water, 
sewer, and critical gas and water infrastrucmre. Remediation of the Site, and in particular the Middle

HALEY&
Aldrich



Parcel, will need to be sequenced to accommodate relocation or protection of affected utilities as needed 
to ensure no disruption of operations or service.
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2. REMEDIAL STRATEGY AND OBJECTIVES

2.1 VAP Remedial Considerations

Based on the soil and groundwater impacts summarized in the previous Section, remediation will be 
required to meet all applicable standards under the VAP. It should be noted that under the VAP, 
remediation can include a combination of active remediation (e.g. source removal or containment) and 
passive remediation (institutional or engineering controls) designed to meet all applicable standards and 
to mitigate risks to current and future site users. A summary of applicable VAP standards is presented 
in Table I. Remedial activities that may be required to meet applicable VAP standards include:

■ Surface soil in unpaved areas poses an unacceptable risk to current Site workers and does not 
meet applicable VAP standards. To meet applicable commercial/industrial Site worker 
standards under the VAP, remediation of unpaved surface soil is required, especially focused 
on the vicinity of HA-SB-E34 which drives the EPC risk exceedance.

■ Construction workers could come into contact with OLM and/or TLM observed in certain areas 
of the Site within the upper 15 ft. Where OLM or TLM are present, VAP applicable standards 
for construction workers are not met. Therefore, to meet applicable VAP construction worker 
standards, remediation is required in areas with OLM or TLM present at depths of less than 15 
ft.

■ OLM and/or TLM are present within the soil column and have migrated from source areas and 
may continue to migrate, both horizontally and vertically. Further, OLM and TLM represent 
continuing sources of dissolved constituents in groundwater that exceed applicable standards. 
The VAP requires that current and future on-site and off-site receptors be protected. 

Remediation of OLM and TLM impacts is required in order to meet applicable VAP standards.

■ The Ohio EPA defines “free product” as “a separate liquid hydrocarbon phase that has a 
measurable thickness of greater than one one-hundredth of a foot.” Measurable free product 
(NAPL) was observed in deep monitoring wells MW-3DR, MW-22D and MW-23D. VAP 
rules state that properties with free product exceed applicable unrestricted potable use standards 
(UPUS) for ground water (O.A.C. 3745-300-08(B)(2)(c)). Further, the VAP generally requires 
that free product be removed, or mitigated to the extent practicable, prior to issuance of an 
NFA (OAC 1301:7-9-13(G)(3)(a)). As such, NAPL remediation is required to meet applicable 
VAP standards.

■ Site shallow groundwater is classified as a Class B under the VAP; however, the deeper 
groundwater is classified as a Critical Resource under the VAP. Because Site groundwater is 
impacted above UPUS, response requirements (including but not limited to institutional or 
engineering controls) are required to prevent on-site human exposure to groundwater 
exceeding UPUS, in accordance with VAP rules (OAC 3745-300-10 (E)(2)(a)). In addition, 
the extent of groundwater impacts, particularly to the south, has not been determined. 
Therefore, further response requirements related to on-site and off-site groundwater cannot 
currently be determined until the extent of groundwater impacts have been defined and after 
evaluating the effect of the source remediation activities.
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2,2 Remedial Action Objectives

Remedial Action Objectives (RAOs) are overall protection of human health and the environment, 
including meeting all applicable VAP standards. For the areas of the Site considered in this Remedial 
Alternatives Analysis, the threshold criteria for achieving RAOs include the following (VAP applicable 
standards included in parentheses);

Overall protection of human health and the environment;
Mitigate exposure that exceeds applicable standards for Site workers, trespassers, and 
construction workers (OAC 3745-300-08 and OAC 3745-300-09);
Mitigate the potential for future vapor intrusion risks if Site uses change (OAC 3745-300- 
07(I)(l)(a)(iii));
Mitigate the potential for COCs in soil to leach into groundwater (OAC 3745-300-08, OAC 
3745-300-09, and OAC 3745-300-10);
Mitigate NAPL impacts to groundwater and the potential for migration of NAPL off-site (OAC 
3745-300-08 and OAC 1301:7-9-13(G)(3)(a));
Mitigate potential future exposure to impacted groundwater for potable and non-potable uses 
(OAC 3745-300-08, OAC 3745-300-09, and OAC 3745-300-10), and
Evaluate the potential for Site groundwater to impact downgradient receptors (this 
investigation/evaluation will be performed in the future and, therefore, is not included in 
remedial alternatives identified in this report) (OAC 3745-300-08 (A)(1) and (H), and OAC 
3745-300-09 (E)).

The above RAOs are then further evaluated and screened using the criteria in Section 4.1 of this report.
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3. TECHNOLOGY SCREENING

3.1 General Response Actions

General response actions (GRAs) describe the broad range of actions that individually, or in 
combination, will satisfy the RAOs and applicable VAP standards. GRAs may include no action, 
institutional controls, engineering controls, containment, removal, treatment, disposal, monitoring or a 
combination of these. Similar to RAOs, GRAs are typically medium-specific; however, specific GRAs 
as applied to a given site may address multiple impacted media. The GRAs presented below may be 
applied to multiple media and pathways.

To meet the RAOs for the Site, the following potential GRAs have been identified for consideration in 
remedial alternatives:

■ No Action. Used for baseline comparison. No remedial measures are implemented in the No 
Action GRA. This would not satisfy the RAOs, nor the applicable VAP standards.

■ Institutional Controls. Institutional controls may involve administrative actions that restrict 
access to, contact with or use of contaminated areas. Examples of common institutional controls 
include environmental covenants regarding land or groundwater use, a soil management plan 
establishing protocols for disturbing impacted media, among others. The VAP allows 
implementation of such controls to meet some or all applicable standards, as appropriate.

■ Engineering Controls. Engineering controls involve physical measures to restrict access to, 
contact with or use of contaminated areas. Examples of common engineering controls include 
fencing, soil or paving covers, capping, engineered barriers, and vapor intrusion barriers, 
among others. The VAP allows implementation of such controls to meet some or all applicable 
standards, as appropriate. VAP compliant operation and maintenance (O&M) requirements, 
after receipt of the No Further Action (NFA) or Covenant Not To Sue (CNS), may be 
necessary.

■ Containmeiit. Containment actions include control, isolation and encapsulation technologies 
(such as vertical barrier walls combined with engineering controls) that involve little or no 
treatment but provide protection of human health and the environment by reducing mobility of 
contaminants and/or eliminating pathways of exposure. The VAP allows containment remedies 
to meet applicable standards, although VAP compliant O&M, after receipt of NFA or CNS, 
may be necessary.

■ Removal. These actions are taken to physically remove the contaminated media. These actions 
reduce the volume, and in some cases, the mobility of contaminants. The VAP encourages 
removal actions by not requiring subsequent actions beyond the receipt of the NFA or CNS.

■ Treatment. These are in-situ or ex-situ actions taken to treat groundwater, soil or NAPL using 
physical, chemical, thermal and/or biological processes to reduce the toxicity, mobility and/or 
volume of contamination and the availability of these contaminants for contact, consumption 
and environmental transport and uptake. The VAP encourages treatment actions, through use of 
consolidated site permits and by not requiring subsequent actions beyond the receipt of the NFA 
or CNS.
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3.2 Technology Screening Criteria

Each GRA (except for No Action) can be addressed by various remedial technologies. Remedial 
technologies are defined as the general categories of remedies under a GRA, such as a barrier wall, 
cap, in-situ solidification etc. Many technology types and process options are available to implement the 
GRAs described in Section 3.1. Table II provides an initial list of technologies and process options 
considered. The purpose of initially considering a wide range of technologies and process options is to 
ensure that potentially applicable options for the site media and COCs are not overlooked. Technologies 
were screened using the criteria of effectiveness, implementability and relative cost; which are further 
defined as follows:

■ Effectiveness - Considers 1) the ability of a process option to address the estimated areas or 
volumes of contaminated media and meet the RAOs and applicable VAP standards; 2) the 
potential impacts to human health and the environment during the construction and 
implementation phases; and, 3) the reliability and demonstrated success the process has shown 
with respect to the types of contamination and site conditions that will be encountered.

■ Implementability - Implementability includes both the technical and administrative feasibility 
of implementing a technology process option. The administrative feasibility considers the 
administrative or institutional aspects of using a process option such as potential restrictions of 
future land use, the availability and capacity of treatment, storage and disposal services and the 
availability of the equipment and workers to implement the technology.

■ Relative Cost - Cost plays a role in the screening of process options, but not to the same level 
as the other criteria. Relative capital and operation and maintenance (O&M) costs are used 
rather than detailed estimates. The costs for each process option are evaluated on the basis of 
engineering judgment as high, medium or low relative to the other process options in the same 
technology type.

3.3 Technology Screening Results Summary

The technology screening is presented in Table II. The technology screening resulted in the selection of 
the following effective and implementable technologies for use in developing remedial alternatives to be 
included in the detailed alternatives evaluation presented in Section 4. No Action is also retained for 
baseline comparison, although it is not effective at meeting RAOs or applicable VAP standards.

■ No Action

■ Institutional Controls - Access and use restrictions in the form of deed restrictions or 
environmental covenants (also referred to as institutional controls), a soil management/risk 
mitigation plan and long-term groundwater monitoring. These remedial actions will be 
included in all the alternatives, except No Action;

■ Engineering Controls - Durable covers, fencing/signs and potential future building vapor 
intrusion barriers are retained for consideration in remedial alternatives. Durable cover types 
may include buildings, paving, hardscapes, soil covers and multi-layered engineered covers;
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Contaimnent - Installation of NAPL monitoring and recovery wells at the southern edge of the 
Middle and West Parcels and in the area west of the West Parcel was retained to address 
containment of potentially mobile NAPL by interception and removal;

Removal - Excavation of OLM/TLM-impacted soils above the water table with off-site landfill 
disposal was retained as a viable technology for remediation of MGP residual source areas and 
is consistent with remedies implemented on adjacent parcels of the Site and at other MGP sites;

Treatment - In-situ solidification (ISS) to depths up to 60 ft was retained as an effective in-situ 
treatment technology for OLM/TLM-impacted soil and is consistent with remedies implemented 
on and adjacent parcel of the Site and at other MGP sites.
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4. REMEDIAL ALTERNATIVES

In this section, remedial alternatives are assembled to address the RAOs and comply with applicable 
VAP standards. There are many possible combinations of technologies and process options that could 
be used to formulate the alternatives. It is not practical to assemble every possible combination, nor is it 
necessary for the purposes of the alternative development and evaluation because many of the possible 
combinations are similar in performance and cost. The intent of the alternative assembly process is to 
create a set of alternatives that represents a range of performance and cost options so that the feasible, 
effective and implementable alternatives can be comparatively evaluated against each other to determine 
a preferred alternative while meeting the RAOs and addressing applicable VAP standards. Once a 
preferred alternative is selected, changes to the specific process options within a given technology type 
can be made during remedial design and subsequently implemented without compromising the remedy 
selection process in the remedial alternatives analysis. Likewise, the remedy selection process would 
be the same if areas identified in this analysis were remediated with multiple mobilizations.

Remedial alternatives have been assembled to span the range of GRAs identified in Section 3 including 
no action, institutional and engineering controls, containment, treatment and removal. A total of five 
alternatives, including a No Action Alternative, were developed.

The following alternatives were developed and are described in the following sections.

■ Alternative 1 - No Action.
■ Alternative 2 -Durable Covers, Institutional and Engineering Controls and Groundwater 

Monitoring.
■ Alternative 3 - OLM/TLM Excavation in Construction Worker Zone, NAPL Monitoring and 

Recovery, Institutional and Engineering Controls and Groundwater Monitoring.
■ Alternative 4 - OLM/TLM Excavation to Water Table, NAPL Monitoring and Recovery, 

Institutional and Engineering Controls and Groundwater Monitoring.
■ Alternative 5 - In-Situ Solidification, NAPL Monitoring and Recovery, Institutional and 

Engineering Controls and Groundwater Monitoring.

These remedial action alternatives are depicted in Figures 9 through 12 and are described below.

Alternative 1 - No Action: The No Action Alternative includes no remedial activities and will leave the 
Site in its present condition. Contaminated media will remain in place with no treatment to prevent 
further contaminant migration and will not provide any additional protection to human health and the 
environment over current conditions. Site conditions will not be monitored to document the natural 
attenuation or mobility of contamination. No action is required to implement the technology and there is 
no associated cost. This alternative is retained as a baseline for comparison to other remedial 
alternatives, but would not meet applicable VAP standards or be protective of human health or the 
environment.

Alternative 2 - Durable Covers, Institutional and Engmeering Controls and Groundwater 
Monitoring: This alternative is intended to provide the minimum actions necessary to address risks to 
site workers associated with soils impacted by MGP residuals. Similar to the No Action alternative, this 
alternative does not meet all RAOs or address all applicable VAP standards and is retained for 
comparison. Alternative 2 includes the following remedial technologies:
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■ Engineering controls (fencing and signs, durable covers) and institutional controls (land use 
restriction for commercial/industrial use only, groundwater use restriction for potable or non- 
potable uses, and a soil management/risk mitigation plan for future intrusive activities).

■ The surface soils (0 to 2 ft bgs) in paved areas of the Middle Parcel and on the area west of the 
West Parcel do not pose a risk to visitors or Site workers, and the existing surface soils in these 
areas constitute a current durable cover. For unpaved portions of the Middle Parcel, risks to 
Site workers from exposure to surface soils are primarily driven by the benzo(a)pyrene 
concentration at boring location HA-SB-E34 (see Section 1.6). Therefore, removal of the top 2 
ft of soil in the area between the east edge of Pittsburgh Street and the East Parcel fenceline 
between the northern property line at Riverside Drive and the sewer manhole west of boring 
HA-SB-EIO is included;

■ A 2-ft soil cover in the area of soil excavation east of Pittsburgh Street.
■ Groundwater monitoring will be performed for up to 30 years using the existing monitoring 

well network at the Site, which includes the following 21 wells:
o West Parcel: MW-19S, MW-3DR, MW-4DR;
o Area west of the West Parcel (east of Munson Street): MW-K09S, MW-K09D; 
o East Parcel: MW-6, MW-7S, MW-7D, MW-8S, MW-8D; and
o Middle Parcel: MW-20S, MW-20D, MW-21S, MW-21D, MW-22S, MW-22D, MW-23D, 

MW-24S, MW-24D, MW-25D, and MW-26S.

The components of this remedial alternative are illustrated on Figure 9.

Alternative 3 - OLM/TLM Excavation in Construction Worker Zone, NAPL Monitoring and 
Recovery, Institutional and Engineering Controls and Groundwater Monitoring: This alternative is 
intended to provide the minimum amount of remedial construction required to meet applicable VAP 
standards. Alternative 3 includes the following remedial technologies:

■ Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses 
and a soil management/risk mitigation plan for future intrusive activities).

■ Excavation of OLM/TLM in soil to potential construction worker exposure depth of 15 ft, 
backfill with imported clean soil, and surface restoration with paving, gravel, or vegetated 
cover, varying based on current Site use.

■ Installation of a 2-ft clean soil cover between the east edge of the Pittsburgh Street paving and 
the East Parcel fenceline from the northern limit of OLM/TLM excavation to the northern 
property limit at Riverside Drive;

■ NAPL monitoring and recovery in up to 8 wells (Middle Parcel, West Parcel, west of the West 
Parcel); and

■ Groundwater monitoring will be performed for up to 30 years in up to 13 wells, including: 
o West Parcel: MW-19S, MW-3DR, MW^DR;
o Area west of the West Parcel (east of Munson Street): MW-K09S, MW-K09D; 
o East Parcel: MW-6, MW-7S, MW-7D, MW-8S, MW-8D; and 
o Middle Parcel: Up to 3 new groundwater monitoring wells installed post-remediation.

The components of this remedial alternative are illustrated on Figure 10.

Alternative 4 - OLM/TLM Excavation to Water Table, NAPL Monitoring and Recovery, 
Institutional and Engineering Controls and Groundwater Monitoring: This alternative includes the 
following remedial technologies:
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Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses 
and a soil management/risk mitigation plan for future intrusive activities).
Excavation of OLM/TLM in soil that is present above the water table, to a maximum depth of 
approximately 40 ft, backfill with imported clean soil, and surface restoration with paving, 
gravel, or vegetated cover, varying based on current Site use.
Installation of a 2-ft clean soil cover between the east edge of the Pittsburgh Street paving and 
the East Parcel fenceline from the northern limit of OLM/TLM excavation to the northern 
property limit at Riverside Drive;
NAPL monitoring and recovery in up to 8 wells (Middle Parcel, West Parcel, west of the West 
Parcel); and
Groundwater monitoring will be performed annually for up to 30 years in up to 13 wells, 
including:
o West Parcel: MW-19S, MW-3DR, MW-4DR; 
o Area west of the West Parcel: MW-K09S, MW-K09D; 
o East Parcel: MW-6, MW-7S, MW-7D, MW-8S, MW-8D; and

Middle Parcel: Up to 3 new groundwater monitoring wells installed post-remediation.

The components of this remedial alternative are illustrated on Figure 11.

Alternative 5 - In-Situ Solidification, NAPL Monitoring and Recovery, Institutional and 
Eng^eering Controls and Groundwater Monitoring: This alternative includes the following remedial 
technologies:

■ Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses 
and a soil management/risk mitigation plan for future intrusive activities).

■ Excavation of OLM/TLM in soil that is present in the upper 20 ft, followed by ISS of OLM in 
soil to a maximum depth of 60 ft which generally includes OLM impacts to the bottom of the 
clay layer or the upper portion of the outwash layer). ISS swell placement will be limited to no 
shallower than 15 ft bgs. Tbe upper 15 ft will be backfilled with imported clean soil and surface 
restoration with paving, gravel, or vegetated cover, varying based on current Site use.

■ Installation of a 2-ft clean soil cover between the east edge of the Pittsburgh Street paving and 
the East Parcel fenceline from the northern limit of OLM/TLM excavation to the northern 
property limit at Riverside Drive;

■ NAPL monitoring and recovery in up to 8 wells (Middle Parcel, West Parcel, west of the West 
Parcel); and

■ Groundwater monitoring will be performed annually for up to 30 years in up to 13 wells, 
including:
o West Parcel: MW-19S, MW-3DR, MW-4DR; 
o Area west of the West Parcel: MW-K09S, MW-K09D; 
o East Parcel: MW-6, MW-7S, MW-7D, MW-8S, MW-8D; and 
o Middle Parcel: Up to 3 new groundwater monitoring wells installed post-remediation.

This alternative considers the use of ISS to remediate NAPL impacts. Including ISS increases the 
maximum practical depth of remediation to the bottom of the clay layers, or approximately 60 ft bgs 
(i.e., 20 ft below the water table). The alternative would be implemented with excavation to 
approximately 15 to 20 ft bgs, then ISS to the bottom of clay or approximately 60 ft bgs where NAPL
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extends to this deep (not on Pittsburgh Street), leaving room for ISS swell, and leaving the upper 15 ft 
(future construction worker zone) to be backfilled with clean soil. This approach would apply to both 
the Middle Parcel and NAPL area west of the West Parcel.

The components of this remedial alternative are illustrated on Figure 12.

4.1 Evaluation Criteria

The remedial alternatives were subjected to a detailed evaluation against a series of criteria, which were 
divided into two categories; threshold criteria and balancing criteria. Threshold criteria define the 
minimum level of acceptable performance for an alternative that must be met for an alternative to be 
considered eligible for selection, and include:

Overall Protection of Human Health and the Environment - This criterion must be met for an 
alternative to be eligible for selection and is used to assess whether and how the alternative, as a whole, 
achieves and maintains protection of human health and the environment, including the attainment of the 
RAOs and applicable VAP standards. The overall assessment of protection draws on the assessments 
conducted under other evaluation criteria, especially long-term effectiveness and permanence, short
term effectiveness and compliance with applicable VAP standards. The evaluation of this criterion is 
also based on the evaluation of how risks are eliminated, reduced or controlled through treatment, 
engineering or administrative controls. Overall protection of human health and the environment 
considers reduction in baseline risks and protection of human health and the environment from effects 
caused by implementing the remedial alternative. This criterion is intended to ensure that the selected 
remedial action alternative would:

■ Protect human health and the environment;
■ Attain media cleanup goals; and
■ Control sources of releases.

Compliance with RAOs and Applicable VAP Standards ~ Evaluates the degree to which an 
alternative meets the RAOs and applicable VAP standards identified in Section 2.2.

The balancing criteria are used to weigh trade-offs among the alternatives that meet the threshold 
criteria and include:

Long-term Effectiveness - This criterion is an evaluation of the long-term effectiveness of an 
alternative in maintaining protection of human health and the environment after RAOs and applicable 
VAP standards have been met. It assesses whether the alternative provides reliable protection over 
time. This criterion addresses:

■ Magnitude of residual risk remaining from untreated media or treatment residuals at the 
conclusion of remedial activities; and,

■ Adequacy and reliability of controls such as containment systems and instimtional controls 
necessary to manage the untreated media or treatment residuals which remain on-site.

The residual risk from treatment residuals or untreated media can be measured by chemical 
concentrations or material volume remaining at the Site after remedial action is complete.
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Reduction of Toxicity, Mobility, or Volume Through Removal or Treatment - This criterion 
considers the degree to which alternatives employ removal or treatment technologies, as well as the 
anticipated performance of the removal or treatment technologies, by evaluating the amount of 
hazardous material removed or treated and the amount remaining on-site. The evaluation considers the 
magnitude of the reductions in toxicity, mobility or chemical volume and the extent to which the 
treatment is irreversible as follows:

■ Amount of impacted media removed, destroyed or treated;
■ Degree of expected reduction in toxicity, mobility and volume;
■ Degree to which treatment is irreversible; and,
■ Type and quantity of residual remaining after treatment.

Short-term Effectiveness - This criterion evaluates the effects of an alternative during the construction 
and implementation period of the remedial action before and until the time the RAOs are achieved and 
applicable VAP standards are addressed. This criterion addresses:

■ Time until RAOs are achieved and whether any short-term risks are promptly addressed;
■ Protecting the community and Site workers during remedial action by evaluating effects such as 

dust or other emissions, visual considerations or transportation;
■ Protecting workers during remedial action by evaluating reliability of health and safety 

protective measures during implementation; and,
■ Protecting the environment during remedial action by evaluating potential effects on sensitive 

resources, including disturbance to cultural resources and wildlife.

Implementability - This criterion evaluates the technical and administrative feasibility of alternatives 
and the availability of various services and materials required during its implementation. This criterion 
addresses:

■ Technical feasibility as the ability to construct, operate and maintain the technology and the 
ability to monitor its effectiveness;

■ Administrative feasibility as the ability to obtain approvals, rights-of-way and permits; and,
■ Availability of services and materials considering off-site treatment, storage capacity, disposal 

capacity, equipment and specialists.

Community Acceptance - This criterion evaluates the issues and concerns the public may have 
regarding each alternative. Impacts to or concerns of the community may include construction traffic 
and noise, odors and site emissions, hauling contaminated soils through the community to the disposal 
facility, degree to which human health or ecological risks are mitigated, among others.

Cost - This criterion evaluates the direct and indirect capital costs required to implement the alternative 
as well as the projected operation, maintenance and monitoring costs. This criterion addresses;

■ Direct costs, including expendihires for the equipment, labor and materials necessary to 
install/perform remedial actions;

■ Indirect costs, including expenditures for engineering, administrative and other services 
required to complete the implementation of remedial alternatives; and,

■ Periodic operation, maintenance and long-term monitoring costs.
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The costs of the remedial action include the direct and indirect costs. The operation, maintenance and 
monitoring costs have not been discounted for present worth, but are presented in total present day 
amounts for a 30-year period. The estimated costs provided for the remedial alternatives have an 
accuracy of -30% to +50%, which is typical for an alternatives analysis stage. Costing detail is 
provided in Appendix B.

4.2 Evaluation of Alternatives

The results of the alternatives evaluation through comparison to the eight criteria is presented in Table 
HI and discussed below. A relative scoring is used on Table III to provide a relative ranking of the 
alternatives. The numeric scoring for the various criteria ranges from 0 through 4, with a score of 0 
indicating the criteria is not met and a score of 4 indicating the criteria is substantially achieved by the 
alternative. The scoring is not intended to identify the preferred alternative, rather, it provides a semi- 
quantitative means to illustrate and compare the relative benefits and short-comings of the various 
alternatives. This evaluation assumes that the property use remains industrial.

4.2.1 Alternative 1: No Action

The No Action alternative does not satisfy any of the RAOs nor does it meet applicable VAP 
standards and is not protective of human health or the environment. This alternative is the 
lowest cost to implement as there are no remedial actions implemented.

4.2.2 Alternative 2: Durable Covers, Institutional and Engineering Controls and Groundwater 
Monitoring

Implementation of engineering and institutional controls mitigates potential risks associated with 
direct contact with impacted media thru installation of durable covers, implementation of a soil 
management/risk mitigation plan, groundwater use restrictions, and land use restrictions. 
However, this alternative does not remove or treat any OLM/TLM impacted soils and does not 
address the potential migration of NAPL or the potential leaching of COCs from soil to 
groundwater. As such, Alternative 2 is not considered to be protective of the environment and 
only marginally meets some of the RAOs and VAP applicable standards. Additionally, despite 
the implementation of engineering and institutional controls, the presence of OLM/TLM in 
shallow Site soils within the construction zone will continue to pose a potential risk to 
construction workers, even with the implementation of a soil management/risk management 
plan. The cost of this alternative is estimated at $1.3 million.

4.2.3 Alternative 3: OLM/TLM Excavation in Construction Worker Zone, NAPL Monitoring 
and Recovery, Institutional and Engineering Controls and Groundwater Monitoring

Excavation of the top 15 ft of OLM/TLM-impacted soil mitigates the potential for construction 
workers to be exposed to impacted soils during maintenance or future infrastructure 
improvements. This alternative will remove approximately 30% of the identified OLM/TLM- 
impacted soils at the Site, and will remove former MGP structures containing MGP residuals 
including the tar wells, tar settling tank, tar separator, and the upper portion of the gas holders 
in the Middle Parcel. However, a significant proportion of OLM impacts will remain, which 
are mobile and are a source of COCs to groundwater. Inclusion of NAPL monitoring and 
recovery wells may address potential NAPL migration off-site. RAOs and applicable VAP 
standards are partially met with this alternative and to a greater extent than Alternative 2. This
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alternative will have moderate impacts to Site workers and the community during excavation 
and off-site hauling of impacted soils and will required phased construction to accommodate 
active facility operations and infrastructure. The cost of this alternative is estimated at $18.3 
million.

4.2.4 Alternative 4: OLM/TLM Excavation to Water Table, NAPL Monitoring and Recovery, 
Institutional and Engineering Controls and Groundwater Monitoring

Excavation of OLM/TLM-impacted soil above the water table (up to approximately 40 ft bgs) 
will mitigate the potential for Site and construction workers to be exposed to impacted soils 
during maintenance or future infrastructure improvements. This alternative will remove 
approximately 85% of the identified OLM/TLM impacted soils at the Site, and will remove 
former MGP structures containing MGP residuals including the tar wells, tar settling tank, tar 
separator, and the gas holders in the Middle Parcel. A portion of OLM impacts will remain, 
which are mobile and are a source of COCs to groundwater. Inclusion of NAPL monitoring and 
recovery wells may address potential NAPL migration off-site. RAOs and applicable VAP 
standards are partially met with this alternative and to a greater extent than Alternatives 2 and 
3. The proportion of OLM -impacted soil that will remain in this alternative is significantly less 
than in Alternative 3; as such, this alternative is expected to result in a greater reduction in the 
potential for NAPL migration and COC leaching to groundwater. This alternative will have the 
greatest impacts to Site workers and the community during excavation and off-site hauling of 
impacted soils and will required phased construction to accommodate active facility operations 
and infrastructure. This alternative is also the most prone to delays or extended construction 
schedules due to river flooding potential between November and May. This alternative has the 
highest cost of all the alternatives estimated at $44.6 million.

4.2.5 Alternative 5: In-Situ Solidification, NAPL Monitoring and Recovery, Institutional and 
Engineering Controls and Groundwater Monitoring

Excavation of OLM/TLM-impacted soil in the upper 20 ft and solidification of impacted soils 
to a maximum depth of 60 ft bgs will mitigate the potential for Site and construction workers to 
be exposed to impacted soils during maintenance or future infrastructure improvements. Use of 
ISS to address OLM-impacted soils allows for a larger proportion of source material to be 
addressed as compared to excavation. This alternative will remove or treat approximately 90% 
of the OLM/TLM impacted soils at the Site, and will remove former MGP structures 
containing MGP residuals including the tar wells, tar settling tank, tar separator, and the gas 
holders. A portion of OLM impacts will remain, which are mobile and are a source of COCs to 
groundwater. Inclusion of NAPL monitoring and recovery wells may address potential NAPL 
migration off-site. RAOs and applicable VAP standards are partially met with this alternative 
and to a greater extent than Alternatives 2, 3 and 4. The proportion of OLM -impacted soil 
that will remain in this alternative is significantly less than in Alternative 3 and Alternative 4; as 
such, this alternative is expected to result in a greater reduction in the potential for NAPL 
migration and COC leaching to groundwater. This alternative will have moderate impacts to 
Site workers and the community during excavation and off-site hauling of impacted soils, 
although less than Alternative 4, and will required phased construction to accommodate active 
facility operations and infrastructure. This alternative is somewhat prone to delays or extended 
construction schedules due to river flooding potential between November and May. The cost of 
this alternative is estimated at $44.5 million.
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SEaiON 1

ntrod action
On behalf of Duke Energy Ohio, Inc. (Duke), CH2M HILL, Inc. (CH2M) completed this remedial 
alternatives analysis (RAA) for the Phase 3 Area and Tower Area (collectively referred to as the Subject 
Area) at Duke's West End Property (West End Property). The West End Property is located at 646 West 
Mehring Way In Cincinnati, Ohio. This remedial alternatives analysis has been prepared for Duke based 
on the results of a Phase II Property Assessment to address source areas, keep sources from migrating, 
and meet applicable standards under the Voluntary Action Program (VAP).

This report presents and analyzes remedial alternatives for the Subject Area, specifically, the Tower Area 
and the Phase 3 Area. The report Is organized into the following sections:

Section 1 - Introduction and Background information 
Section 2 - Remedial Strategy and Objectives 
Section 3 - Technology Screening 
Section 4 - Remedial Alternatives 
Section 5 - References

1.1 West End Property Setting
The West End Property is in Hamilton County, Ohio, approximately 0.5 mile southwest of downtown 
Cincinnati and directly west of the Brent Spence Bridge (Interstate 71/75). The West End Property is 
bisected by Mehring Way, with the northern part referred to as the "Front and Rose Parcel," and the 
southern part the "West End Parcel."

On the Front and Rose Parcel, the remedial action will focus on the southeast portion of the parcel, in 
what is referred to as the "Tower Area." A tower was erected (circa 1965), following the removal of 
historical structures. The tower has since been removed and the parcel contains no other structures and 
is used as an equipment storage and lay down area. The Tower Area is bounded by Mehring Way to the 
south and Rose Street to the east. Surface grades are generally flat with a slight slope towards the 
southwest.

On the West End Parcel, the remedial action will focus on the eastern portion of the parcel, identified as 
"Phase 3 Area." The Phase 3 Area is bounded by Mehring Way to the north, Rose Street to the east, and 
the Ohio River to the south. The surface is covered mostly with gravel, except for a few paved areas. It 
most recently housed the former eastern substation which was de-energized and removed following the 
construction of a new substation immediately adjacent to the west of the Phase 3 Area. Surface grades 
are generally flat, with a steep slope along the southern edge leading to the Ohio River.

1.2 West End Property History and Current Use
The West End Property was home to a manufactured gas plant (MGP), which began operations in the 
mid-1800s, and continued until the early-1900s, when it was transitioned to use as an electric
generating station. In the 1970s, all aboveground structures associated with the MGP operations were 
removed. Today, two large substations (Middle Station and West Station) operate in the central and 
western portions of West End Property, south of Mehring Way. The Front and Rose Parcel, to the north, 
is currently used as an equipment storage and lay down area by Duke.
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SECTION 1 - INTRODUCTION

1.3 Previous Investigations
VAP Phase I Environmental Assessment Report (Phase I) - The Phase I was completed in May 2010 by 
AECOM for the entirety of the West End Property. The Phase I Identified no known previous 
environmental investigations at the site. It was found that a geotechnical investigation had been 
conducted in 1992 on the western end of the West End Property for the installation of a proposed 
transformer and circuit breaker pad (AECOM, 2010a).

The Phase I resulted in the recognition of two Identified Areas for the West End Property, consisting of 
the Front and Rose Parcel (Identified Area #1) and the West End Parcel (Identified Area #2). Under the 
VAP, an Identified Area is defined as a location where a release of a hazardous substance or petroleum 
has or may have occurred.

VAP Phase II Property Assessment Report (Phase II) - The Phase II was completed in December 2010 by 
AECOM on the West End Property, except for the Phase 3 and Tower Areas which were not accessible at 
that time. The Phase II assessment concluded that chemicals of interest associated with the former MGP 
processes were present above the Ohio EPA VAP standards in both surface and subsurface soil, including 
the presence of oil-like material (OLM) and tar-like material (TLM) at the site (AECOM, 2010b).

Remedial Action Completion Report - Based on the results of the Phase II, remedial activities were 
undertaken on the Phase 1, Phase 2 and Phase 2A Areas at the West End Property and a Remedial 
Action Completion Report was completed by Burns and McDonnell (2014) in July 2014. The Remedial 
Action Completion Report summarizes the remedial action that took place on the West End Property, 
immediately to the west of the Phase 3 Area and the Tower Area.

2017 VAP Phase II Property Assessment - A Phase II Property Assessment was completed by CH2M HILL 
Engineers, Inc. (CH2M) In 2017 on the Tower Area and the Phase 3 Area. Soil and TarGOST borings were 
advanced, and groundwater monitoring wells were installed and sampled to obtain additional 
information to allow for evaluation of conditions In these two areas and to evaluate remedial 
requirements applicable to the Subject Area.

1.4 Potential Source Areas
Historical MGP operations resulted in releases of the following MGP residuals to the environment: ash, 
slag, purifier materials, and coal tar. Both the West End and Front and Rose Parcels have undergone 
Ohio EPA VAP site assessments, and It was determined that chemicals of interest associated with these 
processes were present above the Ohio EPA VAP standards in both surface and subsurface soil. Several 
remediation projects have occurred on these parcels (Phase 1, 2, and 2A areas) to remove and/or 
stabilize contaminated materials and remove MGP structures known to contain residuals; however, it 
was likely that some residuals existed outside the footprint of these previously remediated areas based 
on historical operations and as confirmed In the 2017 Phase II Property Assessment.

The following gas production and storage features have been identified in previous investigations onsite 
and other MGP sites as potential sources of MGP residuals. Residuals may be present, even though 
some of these features have since been removed from the sites.

• Former Retort House: Retort buildings typically contained retorts (or ovens) that were used to 
generate coal gas by heating the coal under anoxic conditions to volatilize gaseous constituents of 
coal. The main byproducts of these procedures were coke, ash, cinders, and clinkers. Several retort 
buildings were historically present in the Phase 3 Area, but have since been demolished.

• Fuel and Oil Storage: Both a fuel oil house and an oil storage house were present on the southern 
edge of the Phase 3 Area. Only the fuel oil house currently remains. Presumably, fuel and oil
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SECTION 1 - INTRODUCTION

produced by or needed for the MGP processes was stored in these buildings. These areas may be a 
source of OLM, TLM, nonaqueous phase liquid (NAPL), and other MGP residuals.

• Tar Wells: Several former tar wells are in the Tower Area. In general, tar wells were below-grade 
structures used to store tar for later sale or use. Tar storage areas may be a source of OLM, TLM, 
NAPL, and other MGP residuals observed onsite.

• Coal/Coke and Ash Storage: Coal/coke and ash storage areas were onsite throughout the operational 
life of the MGP. Several coal piles, a coke bin, and an ash pit were present along the southern edge of 
the Phase 3 Area, and may be a source of MGP residuals. Additionally, a Coal House was present along 
the western edge of the Phase 3 Area and may be a source of MGP residuals.

1.5 Distribution of MGP Residuals
MGP residuals include ash, slag, and purifier materials resulting from previous MGP operations. 
Significant MGP residuals were identified in previous studies in the area to the west of both the Tower 
Area and Phase 3 Area. In the Phase 3 Area, MGP residuals were found to be present along the western 
edge. At most of the borings where probable MGP impacts were observed, the impacts were at or near 
the boring termination depth.

1.6 Distribution of Chemicals of Concern in Soils
Chemicals of concern associated with MGP sites typically consist of naphthalene; polycyclic aromatic 
hydrocarbons (PAHs), which include benzo(a)anthracene, benzo(a)pyrene (BAP), benzo(b)fluoranthene, 
benzo(g,h)perylene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(l,2,3- 
cd)pyrene; and heavy metals.

1.6.1 Tower Area
In general, elevated PAH concentrations were found to be present within the upper 20 feet in the Tower 
Area, with the main constituent being BAP. BAP does not generally partition to groundwater; however, 
analytical results indicated concentrations exceeding the Industrial/Commercial direct-contact standards 
for Construction/Excavation. Considering the analytical results from previous investigations for the site, 
it is likely that elevated BAP concentrations exist in the upper 20 feet across the entirety of the Tower 
Area. It should be noted that concentrations of benzene and naphthalene were found below action 
levels in the Tower Area.

1.6.2 Phase 3 Area
The main chemicals of concern found in the Phase 3 Area is BAP and is found at depths reaching up to 
55 feet below ground surface (bgs). Likewise, the Phase 3 Area exhibited high concentrations of benzene 
as well. It should be noted that the locations exhibiting higher benzene concentrations generally also 
exhibited high naphthalene concentrations and exceedances of lead.

The surficial soil in the Phase 3 Area (0 to 15 feet bgs) exhibits high concentrations of chemicals of 
concern over most of the site. High concentrations of BAP are limited to the northwest portion of the 
site in the 16- to 30-foot depth interval. Below 30 feet, the contaminants are generally found along the 
western edge of the Phase 3 Area.

1.6.3 Oii-like MaterialsAar-like Materials
TarGOST testing performed during the Phase II Investigation was used to identify and delineate the 
extent of OLM and TLM at the Subject Area. The data obtained from the TarGOST investigation was 
evaluated to allow for a more accurate estimation of the extent of OLM and TLM impacts. The process
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SECTION 1 - INTRODUCTION

used is described in the VAP Phase II Property Assessment Report for the Phase 3 and Former Tower 
Areas (CH2M, 2017). Confirmatory soil borings were used to confirm the findings of the TarGOST results. 
During that investigation, no direct evidence of TLM was identified; however, OLM was observed (NAPL 
or free-product) at several locations within the Phase 3 Area (primarily along the western boundary). No 
TLM or OLM was Identified within the Tower Area. Figure 1 shows the two-dimensional depiction of the 
TarGOST results, Figure 2 shows the depth, thickness, and interpreted distribution of OLM/TLM, and 
cross sections are presented in Figures 3 and 4.

1.7 Distribution of Chemicals of Concern in Groundwater
Collectively, the data produced during investigations shows evidence of MGP-related impacts to 
groundwater, and concentrations do not meet VAP standards. Natural attenuation appears to be 
limiting the migration of dissolved organic constituents within the groundwater. It Is likely that several 
biodegradation pathways are occurring at the site.

1.8 Chemicals of Concern Subsurface Transport
The occurrence, migration, and accumulation of MGP residual materials in the subsurface are typically 
controlled by several factors, including the following:

• The texture and porosity of the overburden materials

• The presence of capillary barriers and confining units that inhibit and influence vertical and 
horizontal migration

• The occurrence of groundwater within the overburden materials

• The physical nature and distribution of MGP-residual materials (density relative to water)

Generally, MGP residuals tend to migrate vertically (infiltrate) into surface and subsurface materials 
until they intersect a barrier. Barriers can consist of lower-permeability soil, such as clay, or bedrock or 
other impenetrable surfaces. Once MGP residuals encounter a barrier, they have the potential to travel 
laterally along the barrier if sufficient gradient exists. If the MGP residual source remains present, the 
lateral migration will continue along the barrier through zones of increased porosity, and vertical 
migration will continue through cracks or other vertical conduits. Only by removing the source of the 
MGP residuals can the migration of residuals be stopped.

1.9 Land Use Considerations
Current land use Is for industrial purposes. The Subject Area being considered in this remedial 
alternatives analysis is owned and will be owned in the future by Duke, although construction of the 
new bridge is anticipated to cross over the Subject Area and would impede Duke's ability to remediate 
or address the area in the future.
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Remedial Strategy and Objectives
Given the Subject Area is anticipated to be the future location of a new bridge, the main remedial 
strategy is to manage exposures on the Subject Area relating to future construction and to manage long
term liability associated with the source areas and groundwater impacts. Additionally, the remedial 
action will be conducted in a manner to adhere to the VAP regulations. To accomplish this, remedial 
action objectives (RAOs) have been developed to serve as goals of the remediation.

2.1 Remedial Action Objectives
RAOs serve to ensure the overall protection of human health and the environment, including meeting all 
applicable VAP standards. This RAA will focus only on soil remedies, with groundwater remedies 
following completion under a separate RAA. Threshold criteria for achieving RAOs include the following 
Ohio EPA VAP applicable standards:

Ohio Administrative Code (OAC) 3745-300-08 - Generic numerical standards

OAC 3745-300-09 - Property-specific risk assessment procedures

OAC 3745-300-10 - Groundwater classification and response requirements

OAC 1301;7-9-13(G)(3)(a)- Petroleum LIST corrective action

he RAOs for the Subject Area include the following:

Overall protection of human health and the environment for future industrial/commercial land use.

Mitigate exposure that exceeds applicable soil standards for site workers, trespassers, and 
construction workers.

Mitigate the future potential for chemicals of concern (COCs) In soil to leach into groundwater. 

Mitigate the potential for migration of NAPL.

The above RAOs are further evaluated and screened using the criteria In Section 4.1 of this report. 

Groundwater will continue to be monitored and evaluated for site groundwater impacts.

2.2 Voluntary Action Program Remedial Considerations
Remediation of the Subject Area is required to meet the standards set under the VAP. It should be noted 
that under the VAP, remediation can include a combination of active remediation (e.g., source removal 
or containment) and passive remediation (e.g., institutional or engineering controls) designed to meet 
all applicable standards and to mitigate risks to current and future site users. A summary of applicable 
VAP standards is presented in Table 1. Remedial activities that may be required to meet applicable VAP 
standards include the following:

• Surface soil in unpaved areas poses an unacceptable risk to current site workers and does not meet 
applicable VAP standards. To meet applicable commercial/industrial site worker standards under 
the VAP, remediation of unpaved surface soil is required.

• Construction workers could come into contact with OLM and/or TLM observed in certain areas of 
the Subject Area within the upper 20 feet. Where OLM or TLM are present, VAP applicable 
standards for construction workers are not met. Therefore, to meet applicable VAP construction
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SECTION 2 - REMEDIAL STRATEGY AND OBJECTIVES

worker standards, remediation is required in areas with OLM or TLM present at depths of less than 
20 feet.

• OLM and/or TLM are present within the soil column and have migrated from source areas and may 
continue to migrate, both horizontally and vertically. Further, OLM and TLM represent continuing 
sources of dissolved constituents in groundwater that exceed applicable standards. The VAP 
requires that current and future onsite and offsite receptors be protected and that future 
degradation of unimpacted groundwater does not occur. Remediation of OLM and TLM impacts is 
required to meet applicable VAP standards.

• The Ohio EPA defines "free product" as "a separate liquid hydrocarbon phase that has a measurable 
thickness of greater than one one-hundredth of a foot" [Ohio Administrative Code (OAC) 3745-300- 
01(A)(53)]. Measurable free product (NAPL) was not observed in monitoring wells; however, it was 
observed in soil borings onsite. VAP regulations state that properties with free product exceed 
applicable unrestricted potable use standards (UPUS) for groundwater (OAC 3745-300-08(B)(2)(c)]. 
Further, the VAP generally requires that free product be removed, or mitigated to the extent 
practicable, prior to issuance of a no further action (NFA) [OAC 3745-300-07(l)(4)]. As such, NAPL 
remediation is required to meet applicable VAP standards.
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SECTION 3

echnology Screening
3.1 General Response Actions
General response actions (GRAs) describe the broad range of actions that individually, or in 
combination, will satisfy the RAOs and applicable VAP standards. GRAs may include no action, 
institutional controls, engineering controls, containment, removal, treatment, disposal, monitoring, or a 
combination of these activities. Similar to RAOs, GRAs are typically medium-specific; however, specific 
GRAs as applied to a given site may address multiple impacted media. The GRAs presented below may 
be applied to multiple media and pathways.

To meet the RAOs for the West End Property, the following potential GRAs have been Identified for 
consideration in remedial alternatives:

• No Action. Used for baseline comparison. No remedial measures are implemented in the No Action 
GRA. This would not satisfy the RAOs, nor the applicable VAP standards.

• Institutional Controls. Institutional controls may involve administrative actions that restrict access 
to, contact with, or use of contaminated areas. Examples of common institutional controls include 
environmental covenants regarding land or groundwater use and a soil management plan 
establishing protocols for disturbing impacted media, among others. The VAP allows 
implementation of such controls to meet some or all applicable standards, as appropriate.

• Engineering Controls. Engineering controls involve physical measures to restrict access to, contact 
with, or use of contaminated areas. Examples of common engineering controls include fencing, soil, 
or paving covers, capping, engineered barriers, and vapor intrusion barriers, among others. The VAP 
allows implementation of such controls to meet some or all applicable standards, as appropriate. 
VAP-compliant operation and maintenance (O&M) requirements, after receipt of the NFA or 
Covenant Not to Sue (CNS), may be necessary.

• Containment. Containment actions include control, isolation, and encapsulation technologies (such 
as vertical barrier walls combined with engineering controls) that involve little or no treatment but 
provide protection of human health and the environment by reducing mobility of contaminants 
and/or eliminating pathways of exposure. The VAP allows containment remedies to meet applicable 
standards, although VAP-compliant O&M, after receipt of NFA or CNS, may be necessary.

• Removal. These actions are taken to physically remove the contaminated media. These actions 
reduce the volume, and in some cases, the mobility of contaminants. The VAP encourages removal 
actions by not requiring subsequent actions beyond the receipt of the NFA or CNS.

• Treatment. These are in situ ot ex situ actions taken to treat groundwater, soil, or NAPL using 
physical, chemical, thermal, and/or biological processes to reduce the toxicity, mobility, and/or 
volume of contamination and the availability of these contaminants for contact, consumption, and 
environmental transport and uptake. The VAP encourages treatment actions, through use of 
consolidated site permits and by not requiring subsequent actions beyond the receipt of the NFA 
or CNS.

3.2 Technology Screening Criteria
Each GRA (except for No Action) can be addressed by various remedial technologies. Remedial 
technologies are defined as the general categories of remedies under a GRA, such as a barrier wall, cap, 
in situ stabilization, etc. Many technology types and process options are available to implement the
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GRAs described in Section 3.1. Table 2 provides an initial list of technologies and process options 
considered. The purpose of initially considering a wide range of technologies and process options is to 
ensure that potentially applicable options for the site media and COCs are not overlooked. Technologies 
were screened using the criteria of effectiveness, implementability, and relative cost, which are further 
defined as follows:

• Effectiveness ~ Considers (1) the ability of a process option to address the estimated areas or 
volumes of contaminated media and meet the RAOs and applicable VAP standards; (2) the potential 
impacts to human health and the environment during the construction and implementation phases; 
and, (3) the reliability and demonstrated success that the process has shown with respect to the 
types of contamination and site conditions that will be encountered.

• Implementability - Implementability includes both the technical and administrative feasibility of 
implementing a technology process option. The administrative feasibility considers the 
administrative or institutional aspects of using a process option such as potential restrictions of 
future land use, the availability of treatment, storage, and disposal services, and the availability of 
the equipment and workers to implement the technology.

• Relative Cost - Relative cost refers to the net-present cost to Implement each technology.

3.3 Initial Evaluation of Technologies
Potential remedial technologies for addressing the impacted soils at the Subject Area are identified by 
drawing on a variety of sources including previous experience, EPA guidance documents, references 
specifically developed for application to the VAP and other contaminated sites, vendor-supplied data, 
and standard engineering texts. To help streamline the evaluation and screening of potential remedial 
technologies, and in consideration of the previous evaluations conducted, the initial identification of 
technologies in this RAA has been focused to include only those technologies with a reasonable 
potential for achieving the remedial action objectives.

33.1 Institutional Controls
Institutional action technologies reduce potential exposure to site contaminants by way of indirect 
methods rather than by containment or treatment of the contaminants or contaminated media. These 
technologies do not meet applicable standards by themselves, however, they may be combined with 
other technologies to meet standards.

3.3.1.1 Deed Restrictions

Description: Deed restrictions place legal limitations on future West End Property use. These restrictions 
would prohibit future uses of the property that could result in increased exposure to site contaminants 
(e.g., residential development, underground utility installation). The established boundaries and 
approved deed restriction language would be recorded on the property deed(s) and filed in accordance 
with applicable laws in the office of the recorder of deeds, and/or any other offices as required by 
applicable law where land ownership and transfer records are maintained for real property. Deed 
restrictions can be implemented with consent of the West End Property owner, but their effectiveness Is 
dependent upon continued monitoring and enforcement.

Initial Screening: Deed restrictions can be effective in reducing the potential for disturbance of 
contaminated media. By restricting and/or controlling future site uses and activities, exposure risks can 
be controlled. Based on its effectiveness, this technology is retained for further consideration.

3.3.1.2 Soil Management Plan

Description: The purpose of a soil management plan (SMP) is to provide the requirements needed to 
ensure that soil disturbed during any construction activities does not adversely impact human health or
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the environment and that soils are handled, stored, and disposed of, or reused onsite, in accordance 
with applicable laws, and regulations. In addition, all requirements for soil specified in the SMP will also 
apply to the use of fill material as well, since some disturbance of in-place soils may occur during those 
activities.

Initial Screening: Soil Management Plans can be effective in managing the risks regarding the potential 
disturbance of contaminated media. By managing the site activities, exposure risks can be controlled. 
Based on its effectiveness, this technology is retained for further consideration.

3.3.1.3 Monitoring

Description: Environmental monitoring can be defined as the systematic sampling of air, water, soil, and 
biota in order to observe and study the environment conditions at a particular site. Monitoring can be 
conducted for a number of purposes, including to establish environmental baselines, trends, to test 
environmental modeling processes, to educate the public about environmental conditions, to ensure 
compliance with environmental regulations or to conduct an inventory of natural resources.

Initial Screening: Monitoring can be effective in assessing changed conditions, thus assessing the risks 
regarding the potential exposure of contaminated media. By monitoring the environmental media, 
exposure risks can be controlled. Based on Its effectiveness, this technology is retained for further 
consideration

3.3.2 Engineering Controls
Engineering actions reduce the potential for direct exposure to site contaminants and the potential for 
migration of contaminants by removing hazardous conditions or by placing a barrier between the 
individual and the hazard. These technologies do not meet applicable standards by themselves, 
however, they may be combined with other technologies to meet standards.

3.3.2.1 Site Fencing

Description: A security fence provides an easily Implemented, low cost method for restricting pedestrian 
traffic across areas of concern, thus decreasing the potential for exposure to contaminants or damage to 
on-site storage or containment structures. Periodic Inspection and maintenance is required to maintain 
the integrity of a fence.

Initial Screening: Fencing is an effective method of restricting site access. Access to the West End 
Property is currently restricted by a chain-link fence, but repairs to this fence and some additional 
fencing may be required to adequately restrict site access. Thus, this technology is retained for further 
consideration.

5.3.2.2 Durable Covers

Description: Durable covers may include existing pavements and building, new paving, hardscapes or 
building foundations, soil/aggregate covers, or multi-layered engineered covers.

Initial Screening: Durable covers provide an effective method of restricting exposure to site 
contaminants. Low-permeability covers, such as pavement, reduce infiltration thus reducing potential 
for mobilization of contaminants in soils above the water table. Thus, this technology is retained for 
further consideration.

3.3.3 Containment
Containment technologies reduce the potential for direct exposure to site contaminants and the 
potential for migration of contaminants by physically isolating the contaminated media or wastes.
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3.3.3.1 Vertical Barrier Wall
Description: A low-permeability wall is installed by excavating a trench supported by bentonite slurry 
and backfilling with a low-permeability material (or other suitable construction methods such as sheet 
pile walls) to prevent lateral NAPL migration and intercept and/or redirect groundwater flow for 
containment collection, or controlled discharge.

Initial Screening: A vertical barrier wall would reduce the potential for migration of site contaminants 
through groundwater movement. However, the site is bounded by the Ohio River on the south side with 
several pipeline discharges along the waterfront that would penetrate the wall and would require 
significant excavation through a thick rubble fill layer that could potentially compromise the long-term 
integrity of the wall as large debris could penetrate softer low-permeable materials. Therefore, a vertical 
barrier wall is eliminated from further consideration.

3.3.3.2 NAPL Recovery Trench
Description: A NAPL recovery trench is installed by excavating trench supported by slurry consisting of a 
biodegradable guar and backfilling with a permeable material (such as pea gravel or other suitable 
materials) to prevent lateral NAPL migration and intercept NAPL flow for containment, collection, or 
controlled discharge.

Initial Screening: A NAPL recovery trench would reduce the potential for migration of site contaminants 
through NAPL movement. However, the site is bounded by the Ohio River on the south side with several 
pipeline discharges along the waterfront that would penetrate the trench, thus allowing potential 
bypass through the collection trench. There are collars and sealants available for use, however, long
term settlement of the pipelines would provide an avenue for NAPL breakthrough. Therefore, a NAPL 
recovery trench is eliminated from further consideration.

3.3.3.3 NAPL Recovery Wells

Description: A NAPL recovery well network is installed by drilling a series of vertical wells that are 
screened along the interface where NAPL is known to exist. The wells are slotted to an adequate size 
opening to allow for NAPL collection and filter pack materials are tailored to NAPL collection to avoid 
clogging to prevent lateral NAPL migration and capture NAPL flow for containment, collection, or 
controlled discharge.

Initial Screening: A NAPL recovery well system would reduce the potential for migration of site 
contaminants through NAPL movement. However, placement of the wells Is critical to the performance 
of the system. Due to the heterogeneity of the NAPL occurrence at the site, there is a high potential that 
pockets of NAPL may not be completely captured and such systems are typically operated over an 
extended period of time. Despite this, a NAPL recovery well system is retained for further consideration.

3.3.4 Removal
Removal technologies focus on the physical removal of contaminated media. Removal technologies are 
commonly required to facilitate treatment and/or disposal actions.

3.3.4.1 Excavation - Shallow
Description: Shallow excavation of contaminated soils would be required for subsequent treatment 
and/or disposal actions. Contaminated soils could be excavated using standard practices and equipment, 
although a large volume of material to be removed may necessitate staged excavation or other special 
handling requirements. The disturbance of contaminated materials during excavation activities could 
result in fugitive dusts and increased inhalation and direct contact exposure risks, although engineering 
controls (e.g., keeping excavation faces damp) and personal protective equipment (e.g., dust masks) can 
mitigate the magnitude and impacts of such fugitive emissions.
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Initial Screening: Although excavation alone is not a remedial technology, it may be required in 
conjunction with containment, treatment and/or disposal actions. Therefore, shallow excavation will be 
retained for further consideration.

33.4.2 Excavation • Deep

Description: Deep Excavation of contaminated soils would be required for subsequent treatment and/or 
disposal actions. Deep excavation of contaminated soils would require extraordinary means to achieve 
the goal of removing all impacted soils. In addition, significant dewatering would be necessary to 
manage soil excavations required. The disturbance of contaminated materials during excavation 
activities could result in fugitive dusts and increased inhalation and direct contact exposure risks, 
although engineering controls (e.g., keeping excavation faces damp) and personal protective equipment 
(e.g., dust masks) can mitigate the magnitude and impacts of such fugitive emissions.

Initial Screening: Deep excavations would require use of deep sheet pile systems or secant pile wall 
systems to provide lateral support for side wall soils adjacent to the excavation area. Likewise, 
groundwater within the excavation would need to be removed to allow excavation to continue to the 
necessary depths. Extraordinary safety precautions would be necessary for both equipment and 
workers in and near the excavation area. Therefore, deep excavation will be eliminated from further 
consideration

33.43 Off-Site Landfill

Description: This technology refers to the transportation and disposal of contaminated soils at an 
approved off-site landfill. An off-site landfill could provide for the secure containment of contaminated 
materials, thereby restricting the migration of constituents into the environment. The risk of exposure 
to chemicals of concern in the Subject Area would be eliminated by removing the affected soils from 
them. Excavation would be required prior to the off-site disposal of materials, and approvals would be 
required for the transportation and disposal of wastes at a permitted facility. Dewatering may be 
required prior to the off-site transportation and/or disposal of contaminated soils.

Initial Screening: Based on the current understanding of the previous operations conducted at the 
Subject Area, the contaminated soils would not be considered to be RCRA-listed hazardous waste.
Under current regulations regarding manufactured gas plant waste [40 CFR 261.24(a)], hazardous waste 
characterization testing such as the toxicity characteristic leaching procedure (TCLP) Is not considered 
applicable. As a result, it is likely that materials excavated from the Subject Area could be disposed of 
off-site as non-hazardous waste in a non-hazardous waste landfill. Because this technology provides an 
effective and proven means of containing contaminated soils that are removed from the Subject Area, it 
is retained for further consideration.

3.3.5 Treatment
Treatment technologies reduce the toxicity, mobility, or volume of contaminated media or wastes, thus 
reducing the potential for exposure to contaminants. Removal and disposal technologies are commonly 
used in conjunction with treatment alternatives.

3.3.5.1 Biological Treatment

Description: Biological treatment, sometimes referred to as bioremediation, generally refers to the 
breakdown of organic constituents by microorganisms. The most common processes are based on 
aerobic or anaerobic bacteria, such as those processes utilized in the treatment of municipal 
wastewaters. In-situ, pump and treat, solid-phase, slurry-phase, and soil heaping biological treatment 
techniques have been used to remediate contaminated soils at other sites, but this technology has not 
proven effective to address OLM and TLM. Soil flushing and soil washing/chemical extraction 
technologies (discussed below) may utilize biological degradation processes to enhance the remediation 
efficiency.
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Initial Screening: The effectiveness of biological treatment can be influenced by a number of parameters 
including pH, temperature, availability of nutrients, and the presence of heavy metals. The potential 
effectiveness of biological treatment at the site is limited by unfavorable hydrogeologic conditions, 
specific contaminants that are resistant to biological degradation. Because this technology is not 
expected to be effective for the site conditions and contaminants, it is eliminated from further 
consideration.

3.3.5.2 In-Situ Soil Flushing
Description: Soil flushing involves the in-situ Injection or percolation of a flushing solution into an area of 
waste or soil requiring remediation. This process could be applicable to the removal of contaminants 
from the soils and sludges in the vadose zone. The flushing solution is used to increase the mobility of 
constituents as it passes through the affected media, and the mobilized contaminants and flushing 
solution are subsequently collected. Water is a potential flushing solution, although aqueous surfactant 
solutions, organic solvents and biological processes (e.g., solutions of microorganisms, nutrients, and 
oxygen) have also been used. Well points, subsurface drains, or another type of collection system 
typically must be installed in the subsurface to collect the constituent-laden solution. In-situ soil flushing 
has not been proven effective at addressing OLM and TLM. The recovered solution would require 
treatment. This technology is typically not appropriate for soils with low permeabilities.

Initial Screening: By introducing a potentially toxic flushing solution into the ground, and increasing the 
mobility of contaminants, this technology could contribute to ground water contamination if the 
contaminant-laden solution is not completely recovered. Based on the relatively fine-grained nature of 
many of the site soils, the effectiveness of this technology would be limited by Inadequate distribution 
of the flushing solution and incomplete contaminant removal. This technology would require long-term 
system operation. Due to the unfavorable site conditions, potential contribution to ground water 
contamination, long implementation time, and high costs associated with solution recovery, treatment 
and disposal, this technology is eliminated from further consideration.

3.3.5.3 In-Situ Stabilization/Solidification - Shallow
Description: Shallow in-situ stabilization/solidification can be employed to immobilize organic and 
inorganic compounds in wet or dry media, using reagents to produce a stable mass. The most common 
stabilization/solidification methods include cement-based methods, silicate-based (pozzolanic) methods, 
thermoplastic methods and organic polymer methods. Waste materials and/or affected soils can be 
mixed in-place with various soil mixing systems. Typically, this technology does not destroy constituents, 
but incorporates them into a dense, homogeneous, low-porosity structure that reduces their mobility. 
Because a reagent must be added to the soil, the volume of treated material may be greater than the 
original material volume by as much as 20 to 100 percent. This process is readily available and can 
sometimes be implemented for a relatively low cost.

Initial Screening: Shallow augering stabilization/solidification processes are potentially effective for 
inorganic and organic constituents Identified at the site, have been shown to be effective in the 
Cincinnati area to depths of 60 ft and the number and type of constituents present can readily be 
optimized into a solidification mix. The heterogeneity of material types (e.g., sands, clays, etc.) and 
constituent types and concentrations across the site would require adequate mixing, but sites with 
similar conditions (e.g.. East End) have been shown to be successful in treating in-place contaminants 
effectively. Because of its effectiveness and long-term benefits, this technology is retained for further 
consideration.

3.3.5.4 In-situ Stabiltzation/Solidification - Deep

Description: Deep in-situ stabilization/solidification can be employed to immobilize organic and 
inorganic compounds in wet or dry media, using reagents to produce a stable mass in deeper portions of 
the soil profile at the site. Similar to shallow in-situ stabilization/solidification, the most common
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stabilization/solidification methods Include cement-based methods, silicate-based (pozzolanic) methods, 
thermoplastic methods and organic polymer methods. This process is readily available, however, deeper 
penetration at the site would require treatment through clean soil layers to the required depth of 110 ft 
below ground surface. Treatment of these cleaner portions of the soil strata cannot be avoided due to 
the mixing requirements of the equipment and process.

Initial Screening: The available stabilization/solidification processes are potentially effective for inorganic 
and organic constituents identified at the site and the number and type of constituents present can 
readily be optimized into a solidification mix, however, the feasibility of reaching the deeper 
contaminated pockets of OLM result in treatment of clean soil areas which result in significant additional 
costs with very limited environmental benefit. Because of its limited effectiveness and significantly 
higher costs, this technology is eliminated from further consideration.

3.3.5.S Thermal Desorption

Description: In general, thermal desorption employs a process In which soils, sludges and solids with 
organic contamination are heated to temperatures of 300 to 1,200‘’F (depending on the unit and the 
constituents of concern), driving off water and organic contaminants. The vapors are conveyed to a gas 
handling system where they are scrubbed to remove particulate solids. With some units, the scrubbed 
off-gases are cooled to condense water and the organics, and then passed through a carbon adsorption 
system to remove the remaining organics. In other units, the exhaust gases are sent to a secondary 
burner where the residual organics are oxidized, followed by quenching and acid gas scrubbing, if 
required. Several full-scale, mobile thermal desorption (or thermal separation) units are commercially 
available. Treated soils may be returned to their original location If the levels achieved meet the clean
up criteria. Treatment residuals such as the recovered organics and the spent carbon from the gas 
treatment step require further treatment before disposal. Organic contaminants that can be effectively 
treated by this system range from relatively high-boiling point, semi-volatile compounds to low-boiling 
point, volatile compounds. This technology is not effective for the removal of heavy metals or OLM and 
TLM. Treatability studies are typically required to determine the effectiveness of this technology.

Initial Screening: Based on engineering experience and discussions with various vendors of this 
technology, thermal desorption Is potentially effective for the treatment of the contaminated soils at 
the site. Vendors have preliminarily indicated that, given the material types, constituents and 
concentrations present at the site, thermal desorption would be challenging. Fine-grained soils, as well 
as soils with relatively high moisture contents, may require additional processing prior to treatment. 
Recovered organics will require additional treatment and/or disposal. Because of its potential low level 
of effectiveness and relative cost comparison to other equally appropriate treatment technologies, 
thermal desorption is eliminated from further consideration.

3.4 Technology Screening Results Summary
The technology screening is presented in Table 2. The technology screening resulted in the selection of 
the following effective and implementable technologies for use in developing remedial alternatives to 
be included in the detailed alternatives evaluation presented in Section 4. The No Action alternative is 
also retained for baseline comparison, although it is not effective at meeting RAOs or applicable VAP 
standards.

• No Action

• Institutional Controls - Access and use restrictions In the form of deed restrictions or environmental 
covenants (also referred to as institutional controls), a soil management/risk mitigation plan, and 
long-term groundwater monitoring. These remedial actions will be included in all the alternatives, 
except No Action.
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• Engineering Controls - Durable covers and fencing/signs are retained for consideration in remedial 
alternatives. Durable cover types may include buildings, paving, hardscapes, soil covers, and multi
layered engineered covers.

• Containment - Installation of NAPL monitoring and recovery wells at the Phase 3 Area was retained 
to address containment of NAPL by interception and removal.

• Removal - Excavation of OLM/TLM-impacted soils above the water table with offsite landfill disposal 
was retained as a viable technology for remediation of MGP residual source areas and is consistent 
with remedies implemented on adjacent parcels of the West End Property and at other MGP sites.

• Treatment - In situ stabilization (ISS) to depths ranging up to 55 feet was retained as an effective 
in situ treatment technology for OLM/TLM-impacted soil and is consistent with remedies 
implemented on an adjacent parcel of the West End Property and at other MGP sites.
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Remedial Alternatives
This section presents the remedial alternatives for the Subject Area that were developed to address the 
RAOs, applicable VAP standards, and future land use considerations. Since there are many possible 
combinations of technologies that can be used in each alternative, the alternatives presented represent 
a range of performance and cost options that feasibility, effectiveness, and implementability can be 
evaluated to determine the best alternative. Once an alternative is selected, the specific technologies 
implemented may be changed during the remedial design, assuming the change does not substantially 
alter the intent of the original alternative.

4.1 Evaluation Criteria
The remedial alternatives were subjected to a detailed evaluation against a series of criteria, which were 
divided Into two categories; threshold criteria and balancing criteria. Threshold criteria define the 
minimum level of acceptable performance for an alternative that must be met for an alternative to be 
considered eligible for selection, and include the following:

• Overall Protection of Human Health and the Environment - This criterion must be met for an 
alternative to be eligible for selection and is used to assess whether and how the alternative 
achieves and maintains protection of human health and the environment, including the attainment 
of the RAOs and applicable VAP standards. The overall assessment of protection draws on the 
assessments conducted under other evaluation criteria, especially long-term effectiveness and 
permanence, short-term effectiveness, and compliance with applicable VAP standards. The 
evaluation of this criterion is also based on the evaluation of how risks are eliminated, reduced, or 
controlled through treatment, engineering, or administrative controls. Overall protection of human 
health and the environment considers reduction in baseline risks and protection of human health 
and the environment from effects caused by implementing the remedial alternative. This criterion is 
intended to ensure that the selected remedial action alternative would:

- Protect human health and the environment.
- Attain media cleanup goals.
- Control sources of releases.

• Compliance with RAOs and Applicable VAP Standards - Evaluates the degree to which an 
alternative meets the RAOs and applicable VAP standards identified in Section 2.2.

The balancing criteria are used to weigh trade-offs among the alternatives that meet the threshold 
criteria and Include the following:

• Long-term Effectiveness - This criterion is an evaluation of the long-term effectiveness of an 
alternative in maintaining protection of human health and the environment after RAOs and 
applicable VAP standards have been met. It assesses whether the alternative provides reliable 
protection over time. This criterion addresses the following:

- Magnitude of residual risk remaining from untreated media or treatment residuals after 
remedial activities

- Adequacy and reliability of controls such as containment systems and institutional controls 
necessary to manage the untreated media or treatment residuals that remain onsite

The residual risk from treatment residuals or untreated media can be measured by chemical 
concentrations or material volume remaining at the site after the remedial action is complete.
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• Reduction of Toxicity, Mobility, or Volume Through Removal or Treatment - This criterion 
considers the degree to which alternatives employ removal or treatment technologies, as well as the 
anticipated performance of the removal or treatment technologies, by evaluating the amount of 
hazardous material removed or treated and the amount remaining onsite. The evaluation considers 
the magnitude of the reductions in toxicity, mobility, or chemical volume and the extent to which 
the treatment Is irreversible as follows:

- Amount of impacted media removed, destroyed, or treated
- Degree of expected reduction In toxicity, mobility, and volume
- Degree to which treatment is irreversible
- Type and quantity of residual remaining after treatment

• Short-term Effectiveness - This criterion evaluates the effects of an alternative during the 
construction and Implementation period of the remedial action before and until the time the RAOs 
are achieved and applicable VAP standards are addressed. This criterion addresses the following:

- Time until RAOs are achieved and whether any short-term risks are promptly addressed

- Protecting the community and site workers during remedial action by evaluating effects such as 
dust or other emissions, visual considerations, or transportation

- Protecting workers during remedial action by evaluating reliability of health and safety 
protective measures during implementation

- Protecting the environment during remedial action by evaluating potential effects on sensitive 
resources, including disturbance to cultural resources and wildlife.

• implementability - This criterion evaluates the technical and administrative feasibility of 
alternatives and the availability of various services and materials required during its 
implementation. This criterion addresses the following:

- Technical feasibility as the ability to construct, operate, and maintain the technology and the 
ability to monitor its effectiveness

- Administrative feasibility as the ability to obtain approvals, rights-of-way, and permits

- Availability of services and materials considering offsite treatment, storage capacity, disposal 
capacity, equipment, and specialists.

• Community Acceptance -This criterion evaluates the issues and concerns the public may have 
regarding each alternative. Impacts to or concerns of the community may include construction 
traffic and noise, odors and site emissions, hauling contaminated soils through the community to 
the disposal facility, and the degree to which human health or ecological risks are mitigated, among 
others.

• Cost-Cost encompasses all engineering, construction, and O&M costs incurred over the life of the 
project. The assessment, with respect to this criterion, is based on the qualitative cost for each 
alternative. These qualitative costs are reflected as "low, medium, or high".

4.2 Description of Selected Alternatives
Remedial alternatives have been assembled to span the range of GRAs identified in Section 3, Including 
no action, institutional and engineering controls, containment, removal, and treatment. A total of five 
alternatives for the Tower Area and six for the Phase 3 Area, including a No Action alternative, were 
developed.
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The following alternatives were developed for the Tower Area and are described in the following 
subsections.

Alternative 1 - No Action 

Alternative 2 - Institutional Controls 

Alternative 3 - Engineering Controls

Alternative 4 - Limited Soil Excavation, Institutional and Engineering Controls 

Alternative 5 - Soil Excavation, Institutional and Engineering Controls 

The following alternatives were developed for the Phase 3 Area:

Alternative 1 - No Action 

Alternative 2 - Institutional Controls 

Alternative 3 - Engineering Controls

Alternative 4 - Limited OLM/TLM and Soil Excavation, NAPL Monitoring and Recovery, Institutional 
and Engineering Controls

Alternative 5 - OLM/TLM and Soil Excavation, NAPL Monitoring and Recovery, Institutional and 
Engineering Controls

Alternative 6 - OLM/TLM and Soil Excavation, ISS, Institutional and Engineering Controls

These remedial action alternatives are depicted in Figures 5 through 9 and are described in the following 
subsections.

4.2.1 TowerArea
Alternative 1 - No Action: The No Action alternative includes no remedial activities and will leave the 
site in its present condition. Contaminated media will remain in place with no treatment to prevent 
further contaminant migration and will not provide any additional protection to human health and the 
environment over current conditions. Site conditions will not be monitored to document the natural 
attenuation or mobility of contamination. No action is required to implement the technology, and there 
is no associated cost. This alternative is retained as a baseline for comparison to other remedial 
alternatives, but would not meet applicable VAP standards or be protective of human health or the 
environment.

Alternative 2 - Institutional Controls: The Institutional Controls alternative includes implementing deed 
restrictions, a soil management/risk mitigation plan, and long-term groundwater monitoring plan. No 
remedial activities will occur and the site will remain in its present condition. Contaminated media will 
remain in place with no treatment to prevent further contaminant migration and no additional 
protection to human health and the environment over current conditions will be provided. In and of 
itself, this alternative will not meet applicable VAP standards or be protective of human health or the 
environment.

Alternative 3 - Engineering Controls: The Engineering Controls alternative includes implementing 
durable covers and fences to limit access to contaminants. No remedial activities will occur on site and 
contaminated media will remain in place with no treatment to prevent further contaminant migration.
In and of itself, this alternative will not meet applicable VAP standards or be protective of human health 
or the environment.
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Alternative 4 - Limited Soil Excavation, Institutional and Engineering Controls: This alternative is 
Intended to provide the minimum amount of remedial construction required to meet applicable VAP 
standards. Alternative 4 includes the following remedial technologies:

• Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses, 
and a soil management/risk mitigation plan for future intrusive activities).

• Limited excavation of contaminated soil in areas, as shown in Figure 5, to potential construction 
worker exposure depth of 20 feet, backfill with imported clean soil, and surface restoration with 
paving or gravel.

The components of this remedial alternative are illustrated in Figure 5.

Alternative 5 - Soil Excavation, Institutional and Engineering Controls: This alternative is similar to 
Alternative 4, but the difference Is to completely remove contaminated material in order to meet 
applicable VAP standards. Alternative 5 includes the following remedial technologies:

• Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses, 
and a soil management/risk mitigation plan for future intrusive activities).

• Excavation of contaminated soil to potential construction worker exposure depth of 20 feet, backfill 
with imported clean soil, and surface restoration with paving or gravel.

The components of this remedial alternative are illustrated in Figure 6.

4.2.2 Phase 3 Area
Alternative 1 - No Action: The No Action alternative includes no remedial activities and will leave the 
site in its present condition. Contaminated media will remain in place with no treatment to prevent 
further contaminant migration and will not provide any additional protection to human health and the 
environment over current conditions. Site conditions will not be monitored to document the natural 
attenuation or mobility of contamination. No action is required to implement the technology, and there 
is no associated cost. This alternative is retained as a baseline for comparison to other remedial 
alternatives, but would not meet applicable VAP standards or be protective of human health or the 
environment.

Alternative 2 - Institutional Controls: The Institutional Controls alternative includes implementing deed 
restrictions, a soil management/risk mitigation plan, and long-term groundwater monitoring plan. No 
remedial activities will occur and the site will remain in its present condition. Contaminated media will 
remain in place with no treatment to prevent further contaminant migration and no additional 
protection to human health and the environment over current conditions will be provided. In and of 
Itself, this alternative will not meet applicable VAP standards or be protective of human health or the 
environment.

Alternative 3 - Engineering Controls: The Engineering Controls alternative includes implementing 
durable covers and fences to limit access to contaminants. No remedial activities will occur on site and 
contaminated media will remain in place with no treatment to prevent further contaminant migration.
In and of itself, this alternative will not meet applicable VAP standards or be protective of human health 
or the environment.

Alternative 4 - Limited OLM/TLM and Soil Excavation, NAPL Monitoring and Recovery, Institutional 
and Engineering Controls: This alternative is intended to provide the minimum amount of remedial 
construction required to meet applicable VAP standards. Alternative 4 includes the following remedial 
technologies:
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• Engineering controls (fencing and signs} and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses, 
and a soil management/risk mitigation plan for future intrusive activities).

• Limited excavation of OLM/TLM in soil in areas, shown in Figure 7, to potential construction worker 
exposure depth of 20 feet, backfill with Imported clean soil, and surface restoration with paving or 
gravel.

• NAPL monitoring and recovery In up to 2 wells.

The components of Alternative 4 are illustrated in Figure 7.

Alternative 5- OLM/TLM and Soil Excavation, NAPL Monitoring and Recovery, Institutional and 
Engineering Controls: Alternative 5 is similar to Alternative 4, but is intended to remove more impacted 
soil and includes the following remedial technologies:

• Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses, 
and a soil management/risk mitigation plan for future intrusive activities).

• Excavation of OLM/TLM in soil to potential construction worker exposure depth of 20 feet, backfill 
with imported clean soil, and surface restoration with paving or gravel.

• NAPL monitoring and recovery in up to 2 wells.

The components of Alternative 5 are illustrated in Figure 8.

Alternative 6 - OLM/TLM and Soil Excavation, In Situ Stabilization, Institutional and Engineering 
Controls: This alternative includes the following remedial technologies:

• Engineering controls (fencing and signs) and institutional controls (land use restriction for 
commercial/industrial use only and groundwater use restriction for potable or non-potable uses, 
and a soil management/risk mitigation plan for future intrusive activities).

• Excavation of OLM/TLM in soil that is present in the upper 20 feet, followed by ISS of OLM In soil to 
a maximum depth of 55 feet. ISS swell placement will be limited to no shallower than 20 feet bgs. 
The upper 20 feet will be backfilled with Imported clean soil and surface restoration with paving or 
gravel.

Alternative 6 considers the use of ISS to remediate NAPL impacts to a depth of 1 foot below the lowest 
depth at which OLM was identified in borings. Including ISS increases the maximum practical depth of 
remediation to 55 feet bgs at the deepest area. The alternative would be implemented with excavation 
to 20 feet bgs, then ISS ranging from 22 to 55 feet bgs, leaving room for ISS swell, and leaving the upper 
20 feet (future construction worker zone) to be backfilled with clean soil.

The components of this Alternative 6 are illustrated in Figure 9.

4.3 Evaluation of Selected Alternatives
The results of the alternatives evaluation through comparison to the eight criteria is presented in 
Table 3 and discussed in the following subsections. A relative scoring is used in Table 3 to provide a 
relative ranking of the alternatives. The numeric scoring for the various criteria ranges from 0 through 4, 
with a score of 0 Indicating the criteria is not met, and a score of 4 indicating the criteria is substantially 
achieved by the alternative. The scoring is not intended to identify the preferred alternative, rather, it 
provides a semi-quantitative means to illustrate and compare the relative benefits and short-comings of 
the various alternatives.
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4.3.1 Tower Area
4.3.1.1 Alternative 1: No Action

The No Action alternative does not satisfy any of the RAOs, nor does it meet applicable VAP standards 
and is not protective of human health or the environment. This alternative is the lowest cost to 
implement as there are no remedial actions implemented.

4.3.1.2 Alternative 2: Institutional Controls

The Institutional Controls alternative does not satisfy any of the RAOs, nor does it meet applicable VAP 
standards and is not protective of human health or the environment. This alternative has a low cost to 
implement as there are no remedial actions implemented.

4.3.1.3 Alternative 3: Engineering Controls

The Engineering Controls alternative does not satisfy any of the RAOs, nor does it meet applicable VAP 
standards and is not protective of human health or the environment. This alternative has a low cost to 
implement as the work only requires the use of durable covers and fencing/signs as remedial 
alternatives. Therefore, this alternative is not considered acceptable to meet all the VAP requirements.

4.3.1.4 Alternative 4: Limited Soil Excavation, Institutional and Engineering Controls

Excavation of the top 20 feet of contaminated soil in a limited area to mitigate the potential for 
construction workers to be exposed to impacted soils. RAOs and applicable VAP standards are met with 
this alternative. This alternative will have moderate impacts to site workers and the community during 
excavation and offsite hauling of impacted soils and will require phased construction due to the 
excavation depth and active operations on and/or adjacent to the site.

4.3.1.5 Alternative 5: Soil Excavation, Institutional and Engineering Controls

Excavation of the top 20 feet of contaminated soil across the Tower Area to mitigate the potential for 
construction workers to be exposed to impacted soils. RAOs and applicable VAP standards are met with 
this alternative. This alternative wilt have moderate impacts to site workers and the community during 
excavation and offsite hauling of impacted soils and will require phased construction due to the 
excavation depth and active operations on and/or adjacent to the site.

4.3.2 Phase 3 Area
4.3.2.1 Alternative 1: No Action

The No Action alternative does not satisfy any of the RAOs, nor does it meet applicable VAP standards 
and is not protective of human health or the environment. This alternative is the lowest cost to 
implement as there are no remedial actions Implemented.

4.3.2.2 Alternative 2: Institutional Controls

The Institutional Controls alternative does not satisfy any of the RAOs, nor does it meet applicable VAP 
standards and is not protective of human health or the environment. This alternative has a low cost to 
implement as there are no remedial actions implemented.

4.3.2.3 Alternative 3: Engineering Controls

The Engineering Controls alternative does not satisfy any of the RAOs, nor does it meet applicable VAP 
standards and is not protective of human health or the environment. This alternative has a low cost to 
implement as the work only requires the use of durable covers and fencing/signs as remedial 
alternatives. Therefore, this alternative is not considered acceptable to meet all the VAP requirements.
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4.3.2.4 Alternative 4: Limited OLM/TLM and Soil Excavation, NAPL Monitoring and Recovery, 
institutional and Engineering Controls

Excavation of the top 20 feet of a limited area of OLM/TLM-Impacted soil mitigates the potential for 
construction workers to be exposed to impacted soils. However, a significant proportion of OLM impacts 
will remain, which are mobile and are a source of COCs to groundwater. NAPL monitoring and recovery 
wells will monitor NAPL migration offsite. RAOs and applicable VAP standards are partially met with this 
alternative. This alternative will have moderate impacts to site workers and the community during 
excavation and offsite hauling of impacted soils and will require phased construction due to the 
excavation depth and active operations on and/or adjacent to the site.

4.3.2.5 Alternative 5: OLM/TLM Excavation, NAPL Monitoring and Recovery, Institutional and 
Engineering Controls

Excavation of the top 20 feet of OLM/TLM-impacted soil across the Tower Area mitigates the potential 
for construction workers to be exposed to impacted soils. A significant proportion of OLM impacts will 
remain, which are mobile and are a source of COCs to groundwater, but less than Alternative 4. NAPL 
monitoring and recovery wells will monitor NAPL migration offsite. RAOs and applicable VAP standards 
are partially met with this alternative. This alternative will have moderate impacts to site workers and 
the community during excavation and offsite hauling of impacted soils and will require phased 
construction due to the excavation depth and active operations on and/or adjacent to the site.

4.3.2.6 Alternative 6: OLM/TLM Excavation, In Situ Stabilization, NAPL Monitoring and Recovery, 
Institutional and Engineering Controls

Excavation of OLM/TLM-impacted soil In the upper 20 feet and stabilization of impacted soiis to a 
maximum depth of 55 feet bgs will mitigate the potential for site and construction workers to be 
exposed to impacted soils during maintenance or future infrastructure improvements. Use of ISS to 
address OLM-impacted soils allows for a larger proportion of source material to be addressed as 
compared to excavation. OLM Impacts will not remain. RAOs and applicable VAP standards are met with 
this alternative. This alternative is expected to result in a greater reduction in the potential for NAPL 
migration and COC leaching to groundwater. This alternative will have moderate Impacts to site workers 
and the community during excavation and offsite hauling of impacted soils, and will require phased 
construction due to the excavation depth and active operations on and/or adjacent to the site.
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