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Introduction 
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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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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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(1,2,3-
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 Oil-like Materials/Tar-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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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 UST corrective action 

The 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 

Attachment SSF-2 
Page 9 of 105



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(I)(4)]. As such, NAPL 
remediation is required to meet applicable VAP standards. 
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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 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 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. 

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. 

3.3.1 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.  

3.3.2.2 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.  

3.3.4.2 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 

3.3.4.3 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 Stabilization/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. 

3.3.5.5 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 Tower 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.  
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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 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 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 soils 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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Table 1. VAP Applicable Standards and Remedial Considerations

Cincinnati, Ohio

VAP GNS and GNS with MCA Soil Direct contact, ingestion, inhalation of 
particulates

Current and future land users Must consider relevant standards related to current and reasonably 
anticipated future land use and potential receptors: Residential, 
Commercial, Industrial, and Construction Worker scenarios.

No Remedy required for current and 
future users (active remediation and 
restrictions likely).

OAC 3745‐300‐08

POGWMPUS Groundwater Future groundwater users Groundwater resources This is an anti‐degradation rule that protects currently unimpacted 
groundwater from future degradation.

No OAC 3745‐300‐10 (D)

Potable groundwater use standards Groundwater On‐site potable and non‐potable 
groundwater users

Current and future land users Groundwater must meet VAP unrestricted potable use standards (UPUS). No OAC 3745‐300‐08

Non‐potable groundwater use standards Groundwater On‐site non‐potable groundwater users Current and future land users Non‐potable use of groundwater must pose no unacceptable risk to 
receptors.

No OAC 3745‐300‐09

NAPL standard Groundwater Potable, non‐potable groundwater users and 
ecological resources

Current and future land users and 
offsite users, Ohio River

VAP rules (3745‐300‐08(B)(2)) indicate that the presence of NAPL on 
groundwater is indicative of an UPUS exceedance. 

No OAC 3745‐300‐08

Groundwater response requirements Groundwater Contact with groundwater through 
applicable potable and non‐potable 
groundwater uses

Current and future onsite and 
offsite groundwater receptors 
(e.g., Ohio River)

Response requirements are based on groundwater classification, source 
of the contaminants (onsite, offsite, or mixed) and presence of an urban 
setting designation. Additionally, groundwater exceeding UPUS that 
emanates into a surface water body adjoining the property triggers 
assessment of impacts to the surface water body.

No; to be determined. OAC 3745‐300‐10

Surface water standards Surface Water Ecological resources Current and future offsite users, 
Ohio River

Evaluated through sampling and analysis and (if needed) an ecological 
risk assessment, following VAP rules.

to be determined These have not been evaluated. OAC 3745‐300‐07

Pathways/exposure routes not 
considered by GNS or UPUS

Soil, Groundwater, and/or 
Soil Gas

All potentially complete pathways, if any, not 
considered in GNS or UPUS calculations

Current and future land users Evaluated through sampling and analysis and (if needed) a human health 
risk assessment, following VAP rules, for current and reasonably 
anticipated future land uses.

No; to be determined. These have not been evaluated. OAC 3745‐300‐09

Notes:
GNS – VAP Single Chemical Generic Numerical Standard
MCA – Multiple Chemical Adjustment
POGWMPUS – Protection Of Groundwater Meeting Potable Uses Standards UPUS – Unrestricted Potable Use Standards
a Determination of applicable standards are discussed in OAC 3745‐300‐07 (F)(5).
b Remediation considerations are based on evaluation of the individual applicable standard noted for each consideration.

Phase 3 and Tower Areas, West End Subject Areas

Groundwater response requirements 
required as described in OAC 
3745‐300‐10.
Implementation of these actions may 
include removal of NAPL, active 
remediation, and institutional or 
engineering controls.

MediaApplicable Standarda Regulatory ReferenceRemediation ConsiderationbStandard Currently Met?CommentReceptorPathway/Exposure Route
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Table 2. Remedial Technology Screening
Phase 3 and Tower Areas, West End Subject Areas
Cincinnati, Ohio

Effectiveness Technical and Adminstrative Implementability Relative Cost

No Action None No remedial, investigative, or monitoring activity. Not effective No activity to implement. No cost Yes (for baseline 
comparison)

Deed Notice/Activity Use Limitations

Covenants, conditions, and restrictions, including groundwater 
use restrictions, excavation restrictions, and vapor intrusion 
mitigation evaluations for future structure construction or 
occupancy.

Effective to limit direct exposure to soil and groundwater through 
administrative mechanisms. May also use in combination with 
engineering controls for vapor intrusion risk in future structures. Supports 
addressing RAOs for reducing exposure risk to all media.

Readily implementable for soil and groundwater. However, requires added 
costs to future intrusive activities related to site operations due to need for 
additional environmental and health and safety controls related to soil 
management during construction.

Low Yes

Soil Management Plan
Implementation of a long-term risk management plan for future 
intrusive activities necessary to support ongoing facility 
operations, maintenance, and improvements.

Addresses RAO of mitigating potential future exposure to impacted soil in 
event of future site construction.

Soil management plans are common practice and considered highly 
implementable. However, requires added costs to future intrusive activities 
related to site operations due to need for additional environmental and 
health and safety controls related to soil management during construction.

Low Yes

Monitoring Monitor wells over time to evaluate presence, concentrations, 
and migration of contaminants.

Not effective at reducing toxicity, mobility, or volume for any media; 
however, can monitor trends in concentrations and effectiveness of 
remedial actions. Does not directly contribute to meeting RAOs.

Readily implementable and necessarily a part of any alternative that does 
not consist of clean closure. Low to Moderate Yes

Site Fencing /Signs Physical barrier placed around contaminated area to prevent 
access and alert to potential hazards.

Somewhat effective at mitigating direct exposures to soil if maintained 
and monitored. Supports addressing RAOs for reducing exposure risk to 
all media.

Implementable with local contractors and materials. Compatible with current 
facility use and security provisions already in place. Low Yes

Durable Covers

Durable covers may include existing pavements and building, 
new paving, hardscapes or building foundations, soil/aggregate 
covers, or multi-layered engineered covers. Durable covers 
provide a horizontal barrier that prevents direct contact with the 
subsurface soils.

Effective means of addressing RAO of mitigating potential exposure to 
impacted site soils by industrial/commercial site workers and construction 
workers. Low-permeability covers, such as pavement, reduce infiltration 
thus reducing potential for mobilization of contaminants in soils above the 
water table.

Easily implementable - much of the study area is already paved. Must be 
used in combination with institutional controls for future development to 
effectively address soil exposure potential.

Low Yes

Vertical Barrier Wall

Low-permeability wall installed by excavating 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.

Effective in mitigating future migration of NAPL and redirecting 
groundwater flow. Verification of wall continuity would be required during 
construction. The technical limitations to wall continuity would limit its 
effectiveness at this site.

Construction of a vertical barrier wall is implementable with local contractor 
and materials, and would have minimal impact on existing site structures 
and activities.The southern edge of the site adjacent to the riverbank 
contains fill and rubble, and there might be remnant MGP structures and 
piping that may pose challenges to constructing a continuous barrier wall.

High No

NAPL Recovery - Trench
Continuous permeable trench with NAPL collection piping and 
recovery risers to intercept DNAPL migration and allow for 
recovery by pumping.

Effective at intercepting NAPL in the outwash deposits; however, NAPL 
has also been observed in shallow fractured bedrock. The depth to 
bedrock would not be conducive to installing a trench into shallow 
bedrock. The technical limitations to trench continuity would limit its 
effectiveness at this site.

Construction of a recovery trench is implementable with local contractor 
and materials, and would have minimal impact on existing site structures 
and activities. The southern edge of the site adjacent to the riverbank 
contains fill and rubble, and there might be remnant MGP structures and 
piping that may pose challenges to constructing a NAPL recovery trench.

High No

NAPL Recovery - Wells (Passive or 
Active)

Extraction wells used to bail or pump separate phase DNAPL 
to the surface for collection and offsite disposal.

Effective at reducing volume of NAPL and intercepting potentially mobile 
NAPL in the vicinity of the well. Supports addressing NAPL migration 
RAO. Assessment of NAPL recoverability and zones of potential 
migration necessary for NAPL recovery wells to be effective and to 
determine whether active or passive recovery is appropriate.

Construction of the recovery wells is implementable with local contractor 
and materials, and would have minimal impact on existing site structures 
and activities. Recovery wells can be installed into bedrock in some areas 
of the site. The NAPL recovery program will likely require long term 
operation and maintenance.

Low to Moderate Yes

Shallow Excavation
Excavation of soil and subsurface structures containing OLM 
and/or TLM above the water table. Excavated soils transported 
off-site for local permitted landfill disposal.

Effective at reducing toxicity, mobility, and volume of contaminated 
media. Supports addressing RAOs for all media.

Excavation is an easily implementable technology; however, the difficulty 
increases with increasing depth, excavation below the water table, and the 
presence of known and unknown subsurface obstructions that can hamper 
shoring system installation. Offsite disposal facilities are available to accept 
the excavated soil; however, daily facility acceptance capacity can reduce 
productivity. Excavation above the water table is known to be 
implementable at the site as a similar approach was previously used for 
remediation of a portion of the West Parcel; however, river flooding 
potential and gas plant operations restrictions can limit available 
construction periods.

Moderate to High Yes

Deep Excavation
Excavation of soil containing OLM below the water table. 
Excavated soils transported offsite for local permitted landfill 
disposal.

Effective at reducing toxicity, mobility, and volume of contaminated 
media. Supports addressing RAOs for all media.

Technically, deep excavations below the water table require significant 
shoring and dewatering operations that can result in adjacent ground 
movements and affects on nearby buildings and sensitive, critical 
infrastructure. River flooding potential and the depth of excavations 
represent a high safety hazard to site workers involved in the excavation 
and shoring operations.

High No

Off-Site Landfill Transportation and disposal of contaminated soils at an 
approved off-site landfill.

Effective at reducing toxicity, mobility, and volume of contaminated media 
from the site. Provides secure containment of contaminated material 
preventing migration to the environment. Supports addressing RAOs for 
all media.

Permitting and approvals are need prior to implementation, and analytical 
testing will be required to determine an appropriate facility. Dewatering may 
be required prior to transport

Low to Moderate Yes

Biological Treatment Utilize aerobic or anaerobic bacteria and/or other 
microorganisms to breakdown organic constituents.

Effectiveness is affected by pH, temperature, availability of nutrients, and 
the presence of heavy metals within

Easily implementable - utilizes existing and/or additional bacteria and 
microorganisms, and would have minimal impact on existing site structures 
and activities.Biological treatment will require long term operation and 
maintenance.

Low No

In-Situ Soil Flulshing

Injection or percolation of a flushing solution into the soil 
requiring remediation in order to increase the mobility of the 
contaminants. The mobilized contaminants and flushing 
solution are then collected.

Effectiveness is affected by the permeability of the soil and the type of 
flushing solution used.

Flushing is implementable with local contractor and materials, and would 
have minimal impact on existing site structures and activities. Recovery 
wells can be installed in surface soils. Recovery program will likely require 
long term operation and maintenance.

Moderate No

In-Situ Stabilization (ISS) via Auger Soil 
Mixing - Shallow

Mix OLM/TLM-impacted soil within the fill and clay layers to 
depths up to 60 feet in situ with solidifying reagents using large-
diameter augers to reduce permeability and reduce water 
contact with contaminated soils, thereby containing the 
impacted soils in a solidified matrix with limited groundwater 
contact.

ISS has been effectively applied at another local MGP site in Cincinnati in 
similar fill and clay strata, and depths to 60 feet are generally achievable 
in similar soil types. ISS of OLM/TLM-impacted soils to the outwash layer 
is an effective means of eliminating the NAPL phase, mitigating the 
potential for OLM/TLM migration, and limiting leaching of contaminants to 
groundwater.

ISS is technically and administratively feasible and is a commonly used 
treatment technology on MGP sites. Qualified contractors and equipment 
are available regionally. Subsurface obstructions and structures could limit 
the suitability of this equipment in some areas or require prior removal of 
obstructions or structures. 

Moderate Yes

ISS via Auger Soil Mixing - Deep

Mix OLM-impacted soil within the outwash layer to depths up to 
110 feet in situ with solidifying reagents using large-diameter 
augers to reduce permeability and reduce water contact with 
contaminated soils, thereby containing the impacted soils in a 
solidified matrix with limited groundwater contact.

ISS is effective at treating sand and gravel soils containing OLM; 
however, it would be of limited effectiveness at this site due to technical 
limitations with implementation. The intermittent lenses of OLM in the 
outwash soils would require treatment of large zones of overlying clean 
soil to reach deep OLM lenses.

ISS of sand and gravel soils below 60 feet using soil mix augers is 
challenging and requires a site-specific drilling evaluation. Smaller-diameter 
augers and large amounts of drilling fluids (grout) are typically required to 
achieve these depths, resulting in greater than 50% spoils generation.

High No

In-Situ Thermal Treatment of OLM/TLM-
Impacted Soil

An electrical current is passed between arrays of electrodes 
(electrical resistance heating) or heat is applied directly through 
wells and radiates outward (thermal conductive heating) for the 
purpose of heating the subsurface. The resultant heat reduces 
the viscosity of the DNAPL, reduces the residual saturation, 
and volatilizes contaminants. Groundwater and NAPL are 
recovered as treatment progresses.

For impacted soils above the water table, thermal treatment can destroy 
organic compounds as temperatures above the boiling point of water can 
be achieved.
Below the water table, thermal treatment is limited to the boiling point of 
water and enhanced recovery of NAPL, but nonvolatile organic compound 
destruction is limited. Proximity to the river and high water table 
fluctuation potential may limit the effectiveness of this technology and 
may present increased risks for contaminant migration to the river during 
treatment.

Thermal treatment is not considered to be implementable at this site as 
heating of large volumes of varying fill and clay soils over extended periods 
presents potential settlement issues and associated risks to structures and 
active gas piping.

High No

Treatment

Screening Criteria
DescriptionTechnology/AproachGeneral Response Action Retained (Y/N)

Containment

Removal

Engineering Controls

Institutional Controls
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Table 3. Detailed Alternatives Analysis
Tower Area, West End Subject Area
Cincinnati, Ohio

0 1 1 3 4

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

●Does not mitigate potential exposure for for site workers, trespassers, or 
construction workers to soil exceeding VAP Commercial/Industrial and 
Construction/Excavation Worker GNSs

0
●Does not mitigate potential exposure for for site workers, trespassers, or 
construction workers to soil exceeding VAP Commercial/Industrial and 
Construction/Excavation Worker GNSs

0 ●Does not mitigate potential exposure for for site workers, trespassers, or 
construction workers to soil exceeding VAP Commercial/Industrial GNS

0 ●Risk of exposure is mitigated through the excavation of impacted soils within the 
potential construction worker zone (top 20')

4 ●Risk of exposure is mitigated through the excavation of impacted soils within the 
potential construction worker zone (top 20')

4

●Mitigate the potential for future vapor intrusion 
risks ●Does not include any measures to mitigate potential future vapor intrusion risks 0 ●Does not include any measures to mitigate potential future vapor intrusion risks 0 ●Does not include any measures to mitigate potential future vapor intrusion risks 0

●Reduces potential future vapor intrusion risks through the implementation of 
institutional controls and excavation of potential source material within the top 
20'

4
●Reduces potential future vapor intrusion risks through the implementation of 
institutional controls and excavation of potential source material within the top 
20'

4

●Mitigate potential for COCs in soil to leach into 
groundwater

●Does not reduce, treat, or contain source material that has the potential to leach 
COCs to groundwater

0 ●Does not reduce, treat, or contain source material that has the potential to leach 
COCs to groundwater

0 ●Does not reduce, treat, or contain source material that has the potential to leach 
COCs to groundwater

0
●Reduces potential for COCs to leach to groundwater through the excavation of 
source material in the top 20'. No identified contamination deeper than 20' on 
site.

4
●Reduces potential for COCs to leach to groundwater through the excavation of 
source material in the top 20'. No identified contamination deeper than 20' on 
site.

4

●Mitigate NAPL impacts to groundwater and the 
potential for migration of NAPL offsite

●Does not reduce, treat, or contain NAPL 0 ●Does not reduce, treat, or contain NAPL 0 ●Does not reduce, treat, or contain NAPL 0 ●Reduces potential for NAPL migration by removing source material in the top 
20'.  No identified NAPL below 20' identified on site.

4 ●Reduces potential for NAPL migration by removing source material in the top 
20'.  No identified NAPL below 20' identified on site.

4

●Mitigate potential future exposure to impacted 
groundwater for potable and non-potable uses

●Alternative does not include any measures to mitigate potential future exposure 
to groundwater

0 ●Alternative does not include any measures to mitigate potential future exposure 
to groundwater

0 ●Alternative does not include any measures to mitigate potential future exposure 
to groundwater

0
●Through the implementation of institutional controls, including deed 
restrictions, this alternative substantially mitigates potential future exposure to 
impacted groundwater

4
●Through the implementation of institutional controls, including deed 
restrictions, this alternative substantially mitigates potential future exposure to 
impacted groundwater

4

0 1 1 7 8

0 0 0 4 4

●No removal or treatment is accomplished in this alternative 0 ●No removal or treatment is accomplished in this alternative 0 ●No removal or treatment is accomplished in this alternative 0 ●Limited removal of impacted soils driving the current site worker and
construction worker risks is accomplished in this alternative.

4 ●Removal of impacted soils driving the current site worker and
construction worker risks is accomplished in this alternative.

4

% of Impacted Soil Treated/Removed: 0% 0 % of Impacted Soil Treated/Removed: 0% 0 % of Impacted Soil Treated/Removed: 0% 0 % of Impacted Soil Treated/Removed: 100% 3 % of Impacted Soil Treated/Removed: 100% 4

1 1 1 2 2

4 4 4 3 3

0 1 1 3 3

4 3 3 2 1

9 9 9 17.5 17

9 10 10 24.5 25

Scoring Key:
4 Alternative substantially meets/addresses criterion
3 Alternative mostly meets/addresses criterion
2 Alternative partially meets/addresses criterion
1 Alternative slightly meets/addresses criterion
0 Alternative does not meet/address criterion

Note: See Section 4.1 for description of evaluation criteria.

Alternative 4

Limited Soil Excavation, Institutional and Engineering Controls

● Reduces risk to human health by controlling exposure to impacted media onsite. 
Contaminated soil is eliminated from the construction worker zone

4

●Exposure to impacted soil and groundwater by site workers and construction workers is 
effectively controlled by institutional controls and source removal. Long-term source reduction 
and leaching to groundwater is mitigated with this alternative.

3.5

● Implementation of this alternative will require close coordination with facility operations both 
for construction logistics and sequencing and for health and safety protection of site workers 
during excavation of impacted soils. This alternative requires offsite transport of contaminated 
soils. Current risks to site workers are immediately addressed by implementation of this 
alternative. Potential exposure to impacted groundwater at the site is addressed through 
groundwater use restrictions.

● Placement of durable covers and establishment of institutional controls are highly 
implementable activities. Excavation to 20 feet is above the water table; however, given the 
active site operations, gas infrastructure, and buildings, phased excavation and backfill and 
excavation shoring systems will be necessary to implement this alternative.

●This alternative presents minor construction impacts to the community during contaminated 
soil excavation, however,  long-term site risks are reduced by the extent of source removal 
accomplished.

Medium

Alternative 3

Engineering Controls

●Reduces risk to human health by controlling exposure to impacted media onsite by means of a 
barrier
●Does not mitigate potential risks to the environment

0

●This alternative is ineffective at reducing long-term risks to human health and the 
environment since no remedial actions are implemented

0

● No impacts to community, workers, or environment associated with implementation of this 
alternative, however, current site risks are not addressed with this alternative as no remedial 
actions are implemented.

● Engineering Controls are highly implementable

●This alternative presents no construction impacts to the community, however long-term site 
risks are not addressed

Low

0

● No impacts to community, workers, or environment associated with implementation of this 
alternative, however, current site risks are not addressed with this alternative as no remedial 
actions are implemented.

● Institutional Controls are highly implementable

●This alternative presents no construction impacts to the community, however long-term site 
risks are not addressed

Low

Alternative 2

Institutional Controls

●Reduces risk to human health by indirectly controlling exposure to impacted media onsite
●Does not mitigate potential risks to the environment

0

Alternative 5

Soil Excavation, Institutional and Engineering Controls

● Reduces risk to human health by controlling exposure to impacted media onsite. 
Contaminated soil is eliminated from the construction worker zone

4

Low High

●Exposure to impacted soil and groundwater by site workers and construction workers is 
effectively controlled by institutional controls and source removal. Long-term source reduction 
and leaching to groundwater is mitigated with this alternative.

4

● Implementation of this alternative will require close coordination with facility operations both 
for construction logistics and sequencing and for health and safety protection of site workers 
during excavation of impacted soils. This alternative requires offsite transport of contaminated 
soils. Current risks to site workers are immediately addressed by implementation of this 
alternative. Potential exposure to impacted groundwater at the site is addressed through 
groundwater use restrictions.

● Placement of durable covers and establishment of institutional controls are highly 
implementable activities. Excavation to 20 feet is above the water table; however, given the 
active site operations, gas infrastructure, and buildings, phased excavation and backfill and 
excavation shoring systems will be necessary to implement this alternative.

●This alternative presents minor construction impacts to the community during contaminated 
soil excavation, however,  long-term site risks are reduced by the extent of source removal 
accomplished.

●This alternative is ineffective at reducing long-term risks to human health and the 
environment since no remedial actions are implemented

Short-term Effectiveness

●This alternative is ineffective at reducing long-term risks to human health and the 
environment since no remedial actions are implemented

0

● No impacts to community, workers, or environment associated with implementation of this 
alternative, however, current site risks are not addressed with this alternative as no remedial 
actions are implemented.

Compliance with RAOs and 
Applicable VAP Standards

THRESHOLD CRITERIA COMBINED SCORE

0

BALANCING CRITERIA

Reduction of Toxicity, Mobility, or Volume Through Removal or Treatment

Long-term Effectiveness

TOTAL SCORE

No Action

Alternative 1

●Does not mitigate potential risks to human health
●Does not mitigate potential risks to the environment

Criteria

THRESHOLD CRITERIA

Overall Protection of Human Health and the Environment

BALANCING CRITERIA COMBINED SCORE

Cost

Community Acceptance

Implementability

●This alternative presents no construction impacts to the community, however long-term site 
risks are not addressed

● No action is highly implementable
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Table 3. Detailed Alternatives Analysis
Phase 3, West End Gas Subject Area
Cincinnati, Ohio

0 1 1 2 3 4

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

●Does not mitigate potential exposure for for site workers, trespassers, or 
construction workers to soil exceeding VAP Commercial/Industrial and 
Construction/Excavation GNSs

0
●Does not mitigate potential exposure for for site workers, trespassers, or 
construction workers to soil exceeding VAP Commercial/Industrial and 
Construction Excavation GNSs

0 ●Does not mitigate potential exposure for for site workers, trespassers, or 
construction workers to soil exceeding VAP Commercial/Industrial GNS

0 ●Risk of exposure is mitigated through the excavation of impacted soils within the 
potential construction worker zone (top 20')

4 ●Risk of exposure is mitigated through the excavation of impacted soils within the 
potential construction worker zone (top 20')

4
●Risk of exposure is mitigated through the excavation of impacted soils within the 
potential construction worker zone (top 20') and through stabilization of deeper 
soils.

4

●Mitigate the potential for future vapor intrusion 
risks ●Does not include any measures to mitigate potential future vapor intrusion risks 0 ●Does not include any measures to mitigate potential future vapor intrusion risks 0 ●Does not include any measures to mitigate potential future vapor intrusion risks 0

●Reduces potential future vapor intrusion risks through the implementation of 
institutional controls and excavation of potential source material within the top 
20'

4
●Reduces potential future vapor intrusion risks through the implementation of 
institutional controls and excavation of potential source material within the top 
20'

4
●Reduces potential future vapor intrusion risks through the
implementation of institutional controls and excavation and solidification of 
potential source material within the top 60'

4

●Mitigate potential for COCs in soil to leach into 
groundwater ●Does not reduce, treat, or contain source material that has the potential to leach 

COCs to groundwater
0 ●Does not reduce, treat, or contain source material that has the potential to leach 

COCs to groundwater
0 ●Does not reduce, treat, or contain source material that has the potential to leach 

COCs to groundwater
0

●Slightly reduces potential for COCs to leach to groundwater through the 
excavation of source material in the top 20'; however, residual contamination 
deeper than 20' may continue to act as a source of potential groundwater 
contamination

2

●Slightly reduces potential for COCs to leach to groundwater through the 
excavation of source material in the top 20'; however, residual contamination 
deeper than 20' may continue to act as a source of potential groundwater 
contamination

3

●Reduces potential for COCs to leach to groundwater through the excavation and 
solidification of source material in the top 60'; however, residual contamination 
deeper than 60' may continue to act as a source of potential groundwater 
contamination

4

●Mitigate NAPL impacts to groundwater and the 
potential for migration of NAPL offsite ●Does not reduce, treat, or contain NAPL 0 ●Does not reduce, treat, or contain NAPL 0 ●Does not reduce, treat, or contain NAPL 0 ●Slightly reduces potential for NAPL migration by removing source material in the 

top 20', potentially mobile NAPL below 20' will remain
2 ●Slightly reduces potential for NAPL migration by removing source material in the 

top 20', potentially mobile NAPL below 20' will remain
2

●Reduces potential for NAPL migration by removing source material in the top 
20' and stabilizing source material to a depth of 60'. Potentially mobile NAPL 
below 60' will remain

3

●Mitigate potential future exposure to impacted 
groundwater for potable and non-potable uses ●Alternative does not include any measures to mitigate potential future exposure 

to groundwater
0 ●Alternative does not include any measures to mitigate potential future exposure 

to groundwater
0 ●Alternative does not include any measures to mitigate potential future exposure 

to groundwater
0

●Through the implementation of institutional controls, including deed 
restrictions, this alternative substantially mitigates potential future exposure to 
impacted groundwater

4
●Through the implementation of institutional controls, including deed 
restrictions, this alternative substantially mitigates potential future exposure to 
impacted groundwater

4
●Through the implementation of institutional controls, including deed 
restrictions, this alternative mitigates potential future exposure to impacted 
groundwater

4

0 1 1 5.2 6.4 7.8

0 0 0 2 2 4

●No removal or treatment is accomplished in this alternative 0 ●No removal or treatment is accomplished in this alternative 0 ●No removal or treatment is accomplished in this alternative 0

●Removal of impacted soils driving the current site worker and construction 
worker risks is accomplished in this alternative. NAPL recovery is implemented to 
remove mobile NAPL where feasible. While this alternative removes OLM/TLM 
impacted soils within the top 20', OLM/TLM impacted soil will remain as a source 
of leaching to groundwater.

2

●Removal of impacted soils driving the current site worker and construction 
worker risks is accomplished in this alternative. NAPL recovery is implemented to 
remove mobile NAPL where feasible. While this alternative removes OLM/TLM 
impacted soils within the top 20', OLM/TLM impacted soil will remain as a source 
of leaching to groundwater.

2

●Removal of impacted soils driving the current site worker and construction 
worker risks is accomplished in this alternative. A significant volume of OLM/TLM-
impacted soil in the upper 20' is removed, and OLM/TLM-impacted soil is treated 
to a depth of 60' in this alternative.

4

% of OLM/TLM Impacted Soil Treated/Removed: 0% 0 % of Impacted Soil Treated/Removed: 0% 0 % of Impacted Soil Treated/Removed: 0% 0 % of OLM/TLM Impacted Soil Removed: 31% 2 % of OLM/TLM Impacted Soil Removed: 32% 2 % of OLM/TLM Impacted Soil Treated/Removed: 100% 4

1 1 1 2 2 2

4 4 4 3 3 2

0 1 1 2 2 2

4 3 3 2 1 1

9 9 9 13 12 15

9 10 10 18.2 18.4 22.8

Scoring Key:
4 Alternative substantially meets/addresses criterion
3 Alternative mostly meets/addresses criterion
2 Alternative paritally meets/addresses criterion
1 Alternative slightly meets/addresses criterion
0 Alternative does not meet/address criterion

Note: See Section 4.1 for description of evaluation criteria.

Criteria

Alternative 1 Alternative 5 Alternative 6

No Action OLM/TLM Excavation, NAPL Monitoring and Recovery, and Institutional and Engineering Controls OLM/TLM Excavation, In-Situ Solidification, and Institutional and Engineering Controls

Alternative 2 Alternative 3

Institutional Controls Engineering Controls

Alternative 4

Limited OLM/TLM Excavation, NAPL Monitoring and Recovery, and Institutional and Engineering Controls 

THRESHOLD CRITERIA

Overall Protection of Human Health and the Environment

●Does not mitigate potential risks to human health
●Does not mitigate potential risks to the environment

● Reduces risk to human health by controlling exposure to impacted media onsite. OLM/TLM is 
eliminated from the construction worker zone
●OLM/TLM impacted soil will remain below the construction worker zone, resulting in 
continued long-term leaching to groundwater. Migration of residual NAPL is mitigated through 
installation of NAPL recovery wells. This alternative partially addresses protection of the 
environment.

● Reduces risk to human health by controlling exposure to impacted media onsite. OLM/TLM is 
eliminated from the construction worker zone, and is treated to a depth of 60'.
●NAPL impacts will be substantially mitigated through excavation and treatment; however, 
there is a potential for impacted soil to remain below the treatment zone, resulting in potential 
long-term leaching to groundwater. This alternative substantially addresses protection of the 
environment.

●Reduces risk to human health by indirectly controlling exposure to impacted media onsite
●Does not mitigate potential risks to the environment

●Reduces risk to human health by controlling exposure to impacted media onsite by means of a 
barrier
●Does not mitigate potential risks to the environment

● Reduces risk to human health by controlling exposure to impacted media onsite. OLM/TLM is 
eliminated from the construction worker zone
●OLM/TLM impacted soil will remain below the construction worker zone, resulting in 
continued long-term leaching to groundwater. Migration of residual NAPL is mitigated through 
installation of NAPL recovery wells. This alternative partially addresses protection of the 
environment.

Compliance with RAOs and 
Applicable VAP Standards

0 3.4 3.8

THRESHOLD CRITERIA COMBINED SCORE

0 0 3.2

BALANCING CRITERIA

Long-term Effectiveness ●This alternative is ineffective at reducing long-term risks to human health and the 
environment since no remedial actions are implemented

●Exposure to impacted soil and groundwater by site workers and construction workers is 
effectively controlled by institutional controls and partial source removal. NAPL recovery is 
implemented to remove mobile NAPL where feasible. Long-term source reduction and leaching 
to groundwater is partially mitigated with this alternative.

●Exposure to impacted soil and groundwater by site workers and
construction workers is effectively controlled by institutional controls, partial source removal, 
and ISS. Long-term source reduction and leaching to groundwater is substantially mitigated 
with this alternative.

●This alternative is ineffective at reducing long-term risks to human health and the 
environment since no remedial actions are implemented

●This alternative is ineffective at reducing long-term risks to human health and the 
environment since no remedial actions are implemented

●Exposure to impacted soil and groundwater by site workers and construction workers is 
effectively controlled by institutional controls and partial source removal. NAPL recovery is 
implemented to remove mobile NAPL where feasible. Long-term source reduction and leaching 
to groundwater is partially mitigated with this alternative.

Reduction of Toxicity, Mobility, or Volume Through Removal or Treatment 0 2 4

Short-term Effectiveness
● No impacts to community, workers, or environment associated with implementation of this 
alternative, however, current site risks are not addressed with this alternative as no remedial 
actions are implemented.

● Implementation of this alternative will require close coordination with facility operations both 
for construction logistics and sequencing and for health and safety protection of site workers 
during excavation of impacted soils. This alternative requires offsite transport of contaminated 
soils. Current risks to site workers are immediately addressed by implementation of this 
alternative. Potential exposure to impacted groundwater at the site is addressed through 
groundwater use restrictions.

● Implementation of this alternative will require close coordination with
facility operations both for construction logistics and sequencing and for
health and safety protection of site workers and construction workers
during excavation and solidification of impacted soils. This alternative
requires offsite transport of contaminated soils. Current risks to site
workers are immediately addressed by implementation of this
alternative. Potential exposure to impacted groundwater at the site is
addressed through groundwater use restrictions.

0 0

● No impacts to community, workers, or environment associated with implementation of this 
alternative, however, current site risks are not addressed with this alternative as no remedial 
actions are implemented.

● No impacts to community, workers, or environment associated with implementation of this 
alternative, however, current site risks are not addressed with this alternative as no remedial 
actions are implemented.

2

● Implementation of this alternative will require close coordination with facility operations both 
for construction logistics and sequencing and for health and safety protection of site workers 
during excavation of impacted soils. This alternative requires offsite transport of contaminated 
soils. Current risks to site workers are immediately addressed by implementation of this 
alternative. Potential exposure to impacted groundwater at the Site is addressed through 
groundwater use restrictions.

Implementability ● No action is highly implementable

● Placement of durable covers and establishment of institutional controls are highly 
implementable activities. Active or passive NAPL recovery from wells is an established 
technology for MGP sites. Excavation to 20 feet is above the water table; however, given the 
active site operations, gas infrastructure, and buildings, phased excavation and backfill and 
excavation shoring systems will be necessary to implement this alternative.

● Placement of durable covers and establishment of institutional
controls are highly implementable activities. Excavation to 20 feet is above the water table, 
however, given the active site operations, gas infrastructure, and buildings, phased excavation 
and backfill and excavation shoring systems will be necessary to implement this alternative. ISS 
of OLM/TLM in soil between 20-60 ft bgs is achievable with standard ISS equipment, however, 
river flooding potential between November and May may limit allowable construction 
timeframes for ISS within a 20-ft excavation.

Community Acceptance ●This alternative presents no construction impacts to the community, however long-term site 
risks are not addressed

●This alternative presents minor construction impacts to the community during contaminated 
soil excavation, however, long-term site risks are only partially addressed.

●This alternative presents moderate construction impacts to the
community during contaminated soil excavation and hauling, however, long-term site risks are 
reduced by the extent of source removal accomplished.

● Institutional Controls are highly implementable ● Engineering Controls are highly implementable

●This alternative presents no construction impacts to the community, however long-term site 
risks are not addressed

●This alternative presents no construction impacts to the community, however long-term site 
risks are not addressed

● Placement of durable covers and establishment of institutional controls are highly 
implementable activities. Active or passive NAPL recovery from wells is an established 
technology for MGP sites. Excavation to 20 feet is above the water table; however, given the 
active site operations, gas infrastructure, and buildings, phased excavation and backfill and 
excavation shoring systems will be necessary to implement this alternative.

●This alternative presents minor construction impacts to the community during contaminated 
soil excavation, however, long-term site risks are only partially addressed.

TOTAL SCORE

Cost Low High High

BALANCING CRITERIA COMBINED SCORE

Low Low Medium
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FIGURE 1
Planview Contours of TarGOST Response Data
Remedial Alternatives Analysis Report
Duke West End Site - Phase 3 and Tower Areas
Cincinnati, Ohio

0 8040 Feet

Notes:
1. %RE - percent of the reference emitter
2. Contours illustrate the maximum value at any depth for each grid node following 3D interpolation of TarGOST response data . 
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FIGURE 2

Depth, Thickness, and Interpreted Distribution

of OLM/TLM

Remedial Alternatives Analysis Report

Duke West End Site - Phase 3 and Tower Areas

Cincinnati, Ohio

0 8040 Feet

Note:

Approximate extents of oil-like material and tar-like material (OLM/TLM) based on multip le lines

of evidence including the distribution of TarGOST laser -induced fluorescence responses, visual

observations of non-aqueous phase liquid (NAPL) or fr ee-product in soil, and laboratory analytical data

Location Top Bottom

SB-P3-A02 28 31

Visual Evidence of OLM/TLM Observed (ft bgs)

Locations Top Bottom

SB-P3-A07 48 54

Visual Evidence of OLM/TLM Observed (ft bgs)

Location Top Bottom

SB-P3-A04 12.5 27

SB-P3-A04 30.5 32

SB-P3-A04 41 46

SB-P3-A04 50 58

Visual Evidence of OLM/TLM Observed (ft bgs)

Locations Top Bottom

SB-P3-A14 11 12

Visual Evidence of OLM/TLM Observed (ft bgs)

Locations Top Bottom

SB-P3-A06 40.5 47.5

Visual Evidence of OLM/TLM Observed (ft bgs)

Locations Top Bottom

SB-P3-A22 14 19

SB-P3-A22 24 24.5

Visual Evidence of OLM/TLM Observed (ft bgs)
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FIGURE 5
Alternative 4 - Tower Area
Remedial Alternatives Analysis Report
Duke West End Site - Phase 3 and Tower Areas
Cincinnati, Ohio

0 3015 Feet
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FIGURE 6
Alternative 5 - Tower Area
Remedial Alternatives Analysis Report
Duke West End Site - Phase 3 and Tower Areas
Cincinnati, Ohio

0 3015 Feet
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FIGURE 7
Alternative 4 - Phase 3 Area
Remedial Alternatives Analysis Report
Duke West End Site - Phase 3 and Tower Areas
Cincinnati, Ohio

0 6030 Feet

Notes:
1. %RE - percent of the reference emitter
2. Contours illustrate the maximum value at any depth for each grid node following 3D interpolation of TarGOST response data . 
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FIGURE 8
Alternative 5 - Phase 3 Area
Remedial Alternatives Analysis Report
Duke West End Site - Phase 3 and Tower Areas
Cincinnati, Ohio

0 6030 Feet

Notes:
1. %RE - percent of the reference emitter
2. Contours illustrate the maximum value at any depth for each grid node following 3D interpolation of TarGOST response data . 
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FIGURE 9
Alternative 6 - Phase 3 Area
Remedial Alternatives Analysis Report
Duke West End Site - Phase 3 and Tower Areas
Cincinnati, Ohio

Notes:
1. %RE - percent of the reference emitter
2. Contours illustrate the maximum value at any depth for each grid node following 3D interpolation of TarGOST response data.
3. Depth shown in parenthases are depth of ISS in each specified area. 
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