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Executive Summary 

The United States Environmental Protection Agency (USEPA) has initiated a 
remedial investigation and feasibility study (RI/FS) for the Orchard Street/Maiden Lane 
Operable Unit (OU) 4 of the Riverfront Site in New Haven, Missouri.  The RI/FS process 
is the methodology authorized by the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) of 1980 as amended by the Superfund 
Amendments and Reauthorization Act (SARA) of 1986 (i.e., the Superfund program) for 
characterizing the nature and extent of risks posed by uncontrolled hazardous waste sites 
and for evaluating potential remedial options.   

Site History, Contamination, and Risk 
New Haven (population estimated at 2,000 in 2007) is located along the southern 

bank of the Missouri River in Franklin County, Missouri, about 50 miles west of St. 
Louis, Missouri. In 1986, the volatile organic compound (VOC) tetrachloroethene (PCE) 
was detected in two public supply groundwater wells (Wells W1 and W2) in the northern 
part of New Haven. Following the discovery of contamination, several investigations 
were conducted by the Missouri Department of Natural Resources (MDNR) and USEPA. 
The site became known as the Riverfront Site and, in December 2000, the PCE 
contamination prompted the listing of the Riverfront Site on the National Priorities List 
(NPL) for environmental clean-up under Superfund.    

The Riverfront Site consists of six OUs within and near the City of New Haven, 
Missouri. OU4, known as the Orchard Street/Maiden Lane Subsite, includes 
contaminated soils, groundwater, and the City of New Haven sanitary sewer system 
within the OU4 area. It may also include contaminated shallow bedrock.  OU4 is located 
in east-central New Haven, north of State Highway 100.   

The scope of this FS addresses only OU4, the Orchard Street/Maiden Lane 
Subsite, and as such, the other OUs will not be discussed any further in this document 
except as they relate to OU4.  Discussion of the remedial alternatives for OU1 can be 
found in Volume 1 of the OU1/OU3 FS Report (BVSPC, 2003), while the remedial 
alternatives for OU3 are discussed in the second volume of the 2003 FS Report.  The 
Final FS for OU5 was provided to USEPA under separate cover by BVSPC (BVSPC, 
2006). The investigations of OU2 and OU6 are ongoing. 

Currently (2008), the OU4 boundaries cover a 192-acre area. The boundaries of 
the OU are approximately Maupin Avenue to the west, Circle Drive to the south, and the 
Missouri River to the north. The eastern boundary runs through undeveloped land east of 
Miller Street. OU4 is mostly residential and the topography is steep. 
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At OU4, the surficial soils are loess (wind deposited) and thin. Throughout most 
of the subsite, a layer of residuum underlies the soils.  Below the residual layer are the 
bedrock layers of the Ozark aquifer.  The top two bedrock layers of the Ozark aquifer 
below OU4 are the Cotter and Jefferson City Dolomite units.  The Cotter contains two 
sandstone beds, the “upper sandstone” and the Swan Creek sandstone.  Where the upper 
sandstone is exposed along creek beds in OU4, there are often small seeps or springs. 
Below the Jefferson City Dolomite is the Roubidoux Formation.  The Roubidoux is a 
reliable water producing formation, producing sufficient water for domestic supply and 
even some industrial use.  Monitoring well results have detected PCE contamination in 
all three of these units. Below the Roubidoux is the Gasconade Dolomite unit. As of 
2007, samples from the Gasconade unit were not contaminated by PCE or other OU4 
contaminants. 

At New Haven, there are two groundwater flow systems.  In the soils and shallow 
bedrock units, groundwater flows with the topography.  Therefore, in the southern 
portions of OU4, the shallow groundwater flows to the south.  In the north, shallow 
groundwater flows north to the Missouri River. The deep groundwater is controlled by 
the northward regional flow down from the uplands of the Ozarks, which are south of 
New Haven. 

During the 1980s and 1990s, after two public supply wells for the City of New 
Haven were found to be contaminated with the VOC PCE, the MDNR and the USEPA 
investigated to determine the source of the contamination.  By 1994 the investigations 
had determined that PCE had been released at OU4, but it was unclear if this release was 
the source of the contamination that closed wells W1 and W2.  In 1998, the USEPA 
requested that the USGS provide assistance in determining the groundwater flow 
directions at New Haven. As the RI progressed, it became clear that while OU4 was 
contaminated with PCE, it was down- and side-gradient to the two contaminated City 
wells and was not the source of the contamination that closed them.   

From 2000 to 2002, the investigation was systematically installing bedrock 
monitoring wells in a “walk upgradient” of the two contaminated City wells.  The 
monitoring well investigation led to a focus on an area around Maiden Lane. At that 
time, USEPA was concerned that PCE disposed of into the City sewer system at OU2 
may have leaked from the sewer lines around Maiden Lane and created the PCE plume. 
However, by sampling various media (soils, tree cores, in-door vapor from homes, sewer 
water, surface water, and groundwater) and from discussions with residents, the 
investigation found that most likely a private citizen had disposed of significant amounts 
of PCE into his home’s grey water (sewer) line, which discharged into a low area behind 
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(south of) Maiden Lane. Here the PCE migrated through the soils into the bedrock and 
then into the bedrock aquifer. 

At this time (2008), the PCE soil contamination is nearly all confined to this small 
(less than 0.2 acre) area south of Maiden Lane.  The groundwater plume extends from the 
shallow groundwater at the soil-rock interface below the source area soils through the 
bed-rock to the north, possibly as far as the Missouri River. Groundwater contamination 
also extends slightly south of the soil source area, due to local topography. Overall, the 
PCE plume extends from the source area to wells W1 (approximately 3,800 ft 
downgradient) and W2 (approximately 3,000 ft downgradient) and probably to the 
Missouri River (approximately 4,000 ft downgradient). 

Risk assessments were performed to determine the effects of the contamination at 
OU4 on human health and the environment.  Exposure to contaminated groundwater at 
OU4 was found to pose unacceptable excess risks to future and current residents, current 
and future industrial workers, and current and future construction workers.  The risk 
assessment also found that the contaminated soils at OU4 posed significant risks to future 
residents. The ecological risk assessment for the Riverfront Site found that OU4 poses 
minimal risk to ecological receptors.  

Remedial Action Objectives
To satisfy CERCLA requirements, remedial action objectives were developed for 

OU4 at the Riverfront Site. Remedial action objectives were used to develop general 
response actions for the Site. The remedial action objectives developed for the 
contaminated groundwater and contaminated soil at OU4 are presented in Table ES-1. 

Remedial actions must comply with applicable or relevant and appropriate 
requirements (ARARs) of federal laws and more stringent, promulgated state laws. 
Chemical-specific, action-specific, and location-specific ARARs for OU4 have been 
preliminarily identified.   

Information concerning the nature and extent of contamination in the soil and 
groundwater was used to estimate the volume of contamination that would need to be 
remediated.  The RI estimated the volume of contaminated soil using a preliminary 
remediation goal (PRG) of 483 ug/kg PCE.  This FS used the slightly higher soil PRG of 
550 ug/kg PCE used in the OU4 Risk Assessment. The USEPA has already conducted 
two rounds of in-situ soil treatment (see Section 1.4.7), which should have remediated the 
contaminated soils.  However, confirmation soil sampling has not yet been conducted. 
For the soil containment and treatment alternatives, it has been conservatively assumed 
that the soil volume that will require treatment is the same as the RI soil volume.   
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The RI estimated that the volume of soil contaminated above the RI’s PRG was 
approximately 2,300 yd3. The RI calculated the contaminated soil volume by dividing 
the soil into five layers and estimating the volume of soil contaminated above the PRG in 
each layer.  However, the actual volume that must be contained is larger, approximately 
3,700 yd3 because the area of the largest layer must be continued. The surface area to be 
contained is approximately 600 yd2. The groundwater volume above the PCE federal 
maximum contaminant level (MCL) of 5 ug/L is approximately 120 million gallons 
(16,000,000 cubic feet). This volume of contaminated groundwater is contained within 
approximately 160 million cubic feet of bedrock.   

General response actions were identified for both soil and groundwater 
contamination.  Remedial technologies and process options were identified for each 
general response action. Remedial technologies refer to general categories of technology 
types, and process options refer to specific processes within each technology type.  The 
remedial technologies and process options identified were screened on the basis of 
technical implementability, effectiveness, implementability specifically at OU4, and cost.   

Remedial Alternatives 
Combining individual process options develops possible solutions for the 

contamination problem, which are referred to as remedial alternatives.  The remedial 
alternatives combine technologies to address both groundwater and soil contamination at 
OU4. 

The goals in developing the preliminary remedial alternatives are to provide both 
a range of cleanup options and sufficient detail to adequately compare alternatives. 
Alternatives are listed with the primary process option chosen for soil, followed by a 
slash, and then followed by the primary process option chosen for groundwater, (i.e., in-
situ chemical oxidation/monitoring means that the soils will be treated using in-situ 
chemical oxidation and monitoring will be used for groundwater). 

The guidance document suggests three general types of response actions:  a no 
action response, plume containment, and active remediation.  The groundwater portions 
of the remedial alternatives include the first two general types of response actions so as to 
provide ranges in the time and costs required for practicable remediation activities.  No 
active remediation alternatives have been prepared because active remediation of the 
plume would be impracticable.  See Appendix B, which contains the Groundwater 
Technical Impracticability Evaluation Report. 

Alternative 1—No Action/ No Action.  Alternative 1 would not involve any 
remedial actions other than closure of the existing monitoring wells, and the subsite 
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would remain in its present condition.  This alternative, required by the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCP) and CERCLA, is a baseline 
alternative against which the effectiveness of the other alternatives can be compared. 
Under the no action alternative, the subsite is left "as is" and no funds would be expended 
for monitoring, control, or cleanup of the contaminated groundwater and soils.  Five-year 
reviews of the subsite would be required under CERCLA, so funds would have to be 
expended to conduct the OU4 portion of the 5-year review. 

Alternative 2— Capping, Sheet Piling, and Rock Grouting, Hydraulic 
Containment and Above-Ground Treatment.  Alternative 2 would use hydraulic 
containment, above-ground groundwater treatment, monitored natural attenuation, and 
institutional controls to address the potential health risks associated with contaminated 
groundwater. This alternative would minimize the migration of the heavily contaminated 
portions of the plume farther downgradient.  The existing garage would be removed and 
then sheet piling, rock grouting, and a cap would be used to create an enclosure around 
the contaminated soils to prevent groundwater flow from contacting the contaminated 
soils. Water from within the enclosure would be pumped out, creating an inward 
hydraulic gradient. Hydraulic containment wells would also be placed within the edge of 
the heavily contaminated portion of the plume to prevent further plume migration. 
Extracted groundwater would be treated with granular activated carbon (GAC) to remove 
VOCs. With the source area soils contained, natural attenuation processes should begin 
to reduce the contaminant levels in the plume.  The contaminated groundwater would be 
monitored, as described in Alternative 3. Monitoring the plume would allow EPA to 
track the migration of the plume.  Institutional controls would consist of well certification 
and public education to prevent human contact with the contaminated groundwater. 
Institutional controls for the soils would consist of proprietary controls in the form of 
environmental covenants on the properties where the containment was built.  These 
controls would restrict activities that could damage the containment structure and would 
allow EPA, MDNR, or their contractor access. 

Alternative 3—In-Situ Chemical Oxidation Treatment/Monitoring. 
Alternative 3 would use in-situ chemical oxidation to address the potential health risks 
associated with contaminated soil.  An oxidizing chemical would be injected into the soil 
using direct push technology. As the chemical is released into the soil, it would mix with 
the contaminated soil and oxidize the contaminants.  Alternative 3 would use 
groundwater monitoring and institutional controls to address the potential health risks 
associated with the contaminated groundwater.  Monitoring of the groundwater would 
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involve the installation of monitoring wells and periodically sampling those wells. 
Sampling would allow the migration of the plume to be monitored.  Institutional controls, 
as described in Alternative 2, would be implemented to prevent contact with 
contaminated groundwater while the remediation efforts were being conducted. 

Comparison of Alternatives 
A detailed comparative analysis of the three alternatives against seven of the nine 

criteria required by the NCP was performed.  These criteria include: protection of human 
health and the environment; compliance with ARARs; long-term effectiveness and 
permanence; reduction of toxicity, mobility, or volume through treatment; short-term 
effectiveness; implementability, and costs.  The two remaining criteria, state acceptance 
and community acceptance, will be addressed in the Record of Decision after the public 
comment period. Table ES-2 provides a summary of the detailed comparative analysis.   
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Table ES-1 

Remedial Action Objectives and General Response Actions 


Operable Unit 4, Riverfront Superfund Site 

New Haven, Missouri 


Groundwater 
Remedial Action Objectives General Response Actions 

For protection of human health:  

Prevent exposure to 
groundwater with contaminant 
levels greater than MCLs and 
MCLGs. 

For protection of the 
environment: 

Minimize further migration of 
the groundwater contaminant 
plume. 

No Action 

Institutional Controls 

Other Controls 

Natural Attenuation 

Containment 

Removal 

Treatment 

Disposal 

No Action 

Activity and Use Limitations 

Alternative Drinking Water Source 
Monitoring 
Relocation 

Focused Monitoring 

Hydraulic Control 

Technically Impracticable 

Technically Impracticable 

On-site Treated Effluent Discharge 
Off-site Treated Effluent Discharge 

Soils 
Remedial Action Objectives General Response Actions 

For protection of human health:  No Action No Action 

Prevent exposure to soil 
containing contaminants at 
concentrations which result in 
an excess cancer risk greater 
than 1 x 10-6 or a Hazard 
Quotient greater than 1.0, 
whichever is less. 

For protection of the 
environment:   

Reduce the soil contaminant 
levels, or prevent migration of 
soil contaminants, to provide 
protection of groundwater. 

Institutional Controls 

Other Controls 

Containment 

Removal 

Disposal 

Treatment 

Activity and Use Limitations 

Monitoring 

Capping 
Surface Controls 
Vertical Barriers 
Horizontal Barriers 

Excavation 
Building Demolition 

Off-site Disposal 
On-site Disposal 

Physical Ex-Situ Treatment 
Physical/Chemical Ex-Situ Treatment 
Physical/Thermal Ex-Situ Treatment 
Biological Ex-Situ Treatment 
In-Situ Treatment 

Final Feasibility Study Page 1 of 1 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 
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1.0 Introduction 

The United States Environmental Protection Agency (USEPA) has initiated a 
remedial investigation and feasibility study (RI/FS) for Operable Unit (OU) 4 at the 
Orchard Street/Maiden Lane Subsite in New Haven, Missouri. The RI/FS process is the 
methodology authorized by the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) of 1980 as amended by the Superfund Amendments and 
Reauthorization Act (SARA) of 1986 (i.e., the Superfund program) for characterizing the 
nature and extent of risks posed by uncontrolled hazardous waste sites and for evaluating 
potential remedial options.  Subpart E of the National Oil and Hazardous Substances 
Pollution Contingency Plan (NCP) establishes methods and criteria for determining the 
appropriate extent of response authorized by CERCLA, as amended by SARA, and it 
outlines procedures for determining the nature and extent of contamination at a site as 
well as the appropriate extent of remedy for the site. 

This feasibility study was prepared by Black & Veatch Special Projects Corp. 
(BVSPC) for the USEPA Region VII, under contract number EP-S7-05-06 (Architect 
Engineering Services [AES] Contract), USEPA task order number 0063.  This report was 
written in accordance with the guidance documents: Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (Interim Final), Office of Solid 
Waste and Emergency Response (OSWER) Directive 9355.3-01 (USEPA, 1988a), 
Guidance on Remedial Actions for Contaminated Groundwater at Superfund Sites, 
OSWER Directive 9283.1-2 (USEPA, 1988b), and other OSWER directives including 
9355.4-03 (USEPA, 1989a) and 9283.1-06 (USEPA, 1992). 

The RI report for OU4 at the Riverfront Site was prepared for USEPA by the 
United States Geological Survey (USGS) with input from BVSPC (USGS, 2008).  The 
Human Health Risk Assessment (HHRA) for OU4 was prepared by BVSPC (BVSPC, 
2008). This FS is based on the information presented in the RI, the HHRA, and previous 
site investigation reports. The methodology used in this report allows step-by-step 
assessments of technologies and assembled alternatives by progressing through a series 
of evaluations.  Initially, general qualitative information is used. Subsequently, more 
refined and quantitative information is used to eliminate unfeasible or otherwise 
unacceptable actions from consideration.  This methodology provides a systematic 
procedure for identifying and evaluating alternatives, specifies criteria for determining 
the magnitude of effects resulting from the implementation of an alternative, and 
considers measures to mitigate the adverse effects from contaminated soil and 
groundwater at OU4 at the Riverfront Site. 
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The FS report contains an executive summary and six parts.  The executive 
summary provides a brief overview of the report and identifies key concepts, ideas, and 
conclusions. Section 1.0 provides an introduction to the project by describing the 
purpose of the report, subsite background, previous removal actions, and summarizes the 
findings of previous investigations. Section 2.0 presents a description of the method that 
will be used for screening remedial actions (RAs), including potential applicable or 
relevant and appropriate requirements (ARARs), remedial actions objectives (RAOs), 
and areas and volumes of contamination.  Section 2.0 also presents and screens potential 
remedial technologies and process options.  Section 3.0 presents the descriptions of 
alternatives developed to remediate the subsite.  Section 4.0 presents detailed evaluation 
of the alternatives, and Section 5.0 presents a comparative analysis of the alternatives for 
each media.  Section 6.0 lists the references used to prepare this report. 

1.1 Site Location and Description 
New Haven (population estimated at 2,000 in 2007) is located along the southern 

bank of the Missouri River in Franklin County, Missouri, about 50 miles west of St. 
Louis, Missouri (Figure 1-1). The New Haven downtown business district is located 
along a narrow strip of the floodplain and is surrounded by a flood protection levee. The 
principal road in the city is State Highway 100, which runs along an east-west trending 
ridge about one mile south of the Missouri River.  The ridge forms a topographic divide 
between the Missouri River valley to the north and the Boeuf Creek valley to the south. 

In 1986, the volatile organic compound (VOC) tetrachloroethene (PCE) was 
detected in two public supply groundwater wells (Wells W1 and W2) in the northern part 
of New Haven. Following the discovery of contamination, two new public supply wells 
were installed in the southern part of the city, and several investigations were conducted 
by the Missouri Department of Natural Resources (MDNR) and USEPA.  The site 
became known as the Riverfront Site and, in December 2000, the PCE contamination 
prompted the listing of the Riverfront Site on the National Priorities List (NPL) for 
environmental clean-up under Superfund.    

The Riverfront Site consists of six OUs within and near the City of New Haven, 
Missouri. OU1, known as the Front Street Subsite, encompasses approximately 2 acres 
and was an industrial area in downtown New Haven.  OU1 is located near the intersection 
of Front Street and Cottonwood Street in downtown New Haven. OU2, known as the 
Kellwood Subsite, is located south of State Highway 100 in southwestern New Haven. 
OU3, known as the Old City Dump, is located just north of State Highway 100 on the 
eastern side of New Haven.  OU4, known as the Orchard Street/Maiden Lane Subsite, 
includes the City of New Haven sanitary sewer system within the OU4 area.  OU4 is 
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located in east-central New Haven, north of State Highway 100. OU5 is located just 
south of downtown New Haven, on the corner of Maupin Avenue and Wall Street.  OU5 
is located within the boundaries of OU4.  OU6 was designated in 2002 by USEPA to 
encompass removal actions addressing groundwater contamination in domestic wells 
south of OU2. Figure 1-2 provides a detailed location map for OUs 1 through 6. 

The scope of this FS addresses only OU4, the Orchard Street/Maiden Lane 
Subsite, and as such, the other OUs will not be discussed any further in this document 
except as they relate to OU4.  Discussion of the remedial alternatives for OU1 can be 
found in Volume 1 of the OU1/OU3 FS Report (BVSPC, 2003), while the remedial 
alternatives for OU3 are discussed in the second volume of the 2003 FS Report.  The 
Final FS for OU5 was provided to USEPA under separate cover by BVSPC (BVSPC, 
2006). The investigations of OU2 and OU6 are ongoing. 

The boundaries of OU4 have expanded and changed over the course of the 
investigation. Currently (2008), the OU boundaries cover a 192-acre area. The 
boundaries of the OU are approximately Maupin Avenue to the west, Circle Drive to the 
south, and the Missouri River to the north. The eastern boundary runs through 
undeveloped land east of Miller Street. OU4 is mostly residential and the topography is 
steep. A topographic divide runs east to west through the southern portion of the OU. 
The slopes are less steep to the south of the divide and more steep to the north.  Most of 
the homes were built in the early 1900s, although some were built in the late 1800s and 
one small development was built in the 2000s.  Many of the homes are built on land from 
the Bagby Nursery, a 500-acre fruit tree nursery that closed in the 1920s, before PCE 
began to be used. Other landmarks within OU4 include the Assumption Catholic Church, 
the former Kellwood Research facility (now a private residence), the Sunfield Nursery (a 
smaller nursery that operated on some of the Bagby Nursery land after the Bagby closed), 
and the abandoned New Haven Public School. See Figure 1-3. 

At OU4, the surficial soils are loess (wind deposited) and thin, ranging from 3 to 
10 feet thick. Throughout most of the subsite, a layer of residual deposits several feet 
thick underlies the soils. Below the residual layer are the bedrock layers of the Ozark 
aquifer. The top two bedrock layers of the Ozark aquifer below OU4 are the Cotter and 
Jefferson City Dolomite units.  The Cotter contains two sandstone beds, the “upper 
sandstone” and the Swan Creek sandstone.  Where the upper sandstone is exposed along 
creek beds in OU4, there are often small seeps or springs, indicating that the sandstone is 
more permeable then the rest of the Cotter.  Because of erosion, the thickness of the 
Cotter varies from 85 feet in the north area of OU4 to 330 feet in the south.  The 
Jefferson City Dolomite, the next unit in the Ozark aquifer, is approximately 150 feet 
thick below New Haven. These two units are poor water-producing formations, with low 
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vertical and horizontal conductivities. Below the Jefferson City Dolomite is the 
Roubidoux Formation, which is approximately 115 feet thick below New Haven.  The 
Roubidoux is a reliable water producing formation, producing sufficient water for 
domestic supply and even some industrial use (a well in the Pepsi-Cola plant in New 
Haven draws from the Roubidoux).  Monitoring well results have detected PCE 
contamination in all three of these units.  Below the Roubidoux is the Gasconade 
Dolomite unit, which averages about 300 feet thick below New Haven.  The upper 
portions of this unit are less permeable than the Roubidoux above or the rest of the 
Gasconade below. As of 2007, samples from the Gasconade unit were not contaminated 
by PCE or other OU4 contaminants. 

At New Haven, there are two groundwater flow systems.  In the soils and shallow 
bedrock units (the units within 400 feet of the surface), groundwater flows with the 
topography. Therefore, in the southern portions of OU4, which lie south of the 
topographic divide, the shallow groundwater flows to the south, towards Boeff Creek. In 
the north, shallow groundwater flows north to the Missouri River.  Because the northern 
side of the OU is steeper, the shallow groundwater on the north migrates faster than the 
groundwater to the south. The deep groundwater is controlled by the northward regional 
flow down from the uplands of the Ozarks, which are south of New Haven.  The regional 
flow acts as recharge for the Missouri River (for example, the RI detected upward flow 
from the bedrock units in the regional aquifer at well W2).  Because the groundwater is 
located in limestone rock units, groundwater tends to migrate along zones of higher 
permeability, such as bedding planes or units such as the upper sandstone unit and Swan 
Creek member of the Cotter Dolomite.   

1.2 Subsite History of OU4 
In 1986, two public supply wells (W1 and W2) for the City of New Haven were 

found to be contaminated with the VOC PCE.  Two new public supply wells (W3 and 
W4) were installed in uncontaminated groundwater and the two contaminated wells were 
removed from service.  During the rest of the 1980s and 1990s, the MDNR and the 
USEPA investigated to determine the source of the contamination.  See Section 1.3 for a 
more detailed discussion of the investigation activities. By 1994 the investigations had 
determined that PCE had been released at OU4 (then known as the Riverfront Site), but it 
was unclear if this release was the source of the contamination that closed wells W1 and 
W2. 

In 1998, the USEPA requested that the USGS provide assistance in determining 
groundwater flows at New Haven. The USGS assisted the USEPA in conducting RI 
activities for the Riverfront Site.  By 2000, the USEPA had placed the Riverfront Site on 
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the NPL and had divided the Site into four OUs.  In 2002, based on the initial results of 
the RI, two additional OUs were designated; OU5, the Old Hat Factory and OU6, which 
addressed PCE contamination of several individual home supply wells south of OU2. 

As the RI progressed, it became clear that while OU1 was contaminated with 
PCE, it was down- and side-gradient to the two contaminated City wells and was not the 
source of the contamination that closed them.  From 2000 to 2002, based on the initial RI 
investigation results and unconfirmed reports of possible dumping of PCE and other 
industrial wastes, the OU4 investigation concentrated on an area east of Miller Street. At 
the same time, the investigation was systematically installing bedrock monitoring wells in 
a “walk upgradient” of the two contaminated City wells.  By 2003, the investigations east 
of Miller Street had not found significant contamination, while the monitoring well 
investigation was leading to a focus on an area around Maiden Lane, which is located 
west of Miller Street. At that time, USEPA was concerned that PCE disposed of into the 
City sewer system at OU2 may have leaked from the sewer lines around Maiden Lane 
and created the PCE plume.  However, by sampling various media (soils, tree cores, in­
door vapor from homes, sewer water, surface water, and groundwater) and from 
discussions with residents, the investigation found that most likely a private citizen had 
disposed of significant amounts of PCE into his home’s grey water (sewer) line, which 
discharged into a low area behind (south of) Maiden Lane.  Here the PCE migrated 
through the soils into the bedrock and then into the bedrock aquifer. 

At this time (2008), the PCE soil contamination is nearly all confined to this small 
(less than 0.2 acre) area south of Maiden Lane.  The groundwater plume extends from the 
shallow groundwater at the soil-rock interface below the source area soils through the 
bed-rock to the north, possibly as far as the Missouri River. Groundwater contamination 
also extends slightly south of the soil source area, due to local topography. Overall, the 
PCE plume extends from the source area to wells W1 (approximately 3,800 ft 
downgradient) and W2 (approximately 3,000 ft downgradient) and possibly to the 
Missouri River (approximately 4,000 ft downgradient). 

1.3 Investigation Activities and Removal Actions at OU4 
From November 2000 through 2007, the USGS conducted a variety of sampling 

activities as part of the RI for OU4.  During these various sampling efforts, the USGS 
collected vegetation (tree-core sampling), surface water, groundwater, soil, and sanitary 
sewer samples from OU4 (USGS, 2008).  The USEPA collected indoor vapor samples. 
These sampling efforts are discussed in detail in the RI (USGS, 2008).  The USEPA has 
also conducted a removal action at the OU4 source area soils.  The efforts are 
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summarized in the following sections and the results of these investigations and the 
removal action are discussed in Section 1.4. 

1.3.1 Vegetation (Tree-Core) Reconnaissance Sampling 

The USGS conducted four tree-core sampling efforts at OU4.  The first was 
conducted during April 2000 at suspected dump site A, east of Miller Street and along 
residential fence lines along the east side of Miller Street.  The USGS also conducted 
three rounds of tree-core sampling at the Maiden Lane area.  The first effort occurred in 
September 2001, the second in July 2003, and the last in October 2003. 

Tree core samples were collected by boring a core sample from trees in the 
investigation area and placing the core into a standard volatile organic analysis (VOA) 
vial. The cores were generally taken from trees with diameters greater than three inches. 
If available in the investigation area, trees that were fast growing and had deep root 
systems (mulberry, poplar, or cottonwood) were sampled first.  The samples were held 
overnight to allow equilibrations between the vial headspace and the core material.  After 
equilibration, a sample of the headspace was analyzed using a gas chromatograph (GC). 
Overall, 148 tree core samples were collected from OU4. 

1.3.2 Surface Water Sampling 

Four small creeks flow through and out of OU4.  The 710 tributary flows south, 
towards Boeff Creek, since it is located on the south side of the topographic high that 
runs along the southern portion of OU4. The 210 tributary runs along the eastern side of 
OU4, while the 300 tributary drains the north portion.  A part of the 400 tributary drains 
the northwestern portion of the OU. 

The USGS collected 132 samples from streams and springs in OU4 during the RI. 
Streams were sampled by walking upstream and sampling each stream segment and just 
below each stream junction.  All three springs in the OU4 area were also sampled.  The 
usual method of sampling was to submerge an empty VOA vial in the stream or spring 
and cap it below the water’s surface, thus avoiding any contact with the atmosphere. 
While most samples were analyzed within 12 to 16 hours, all the samples were analyzed 
with 48 hours. In general, any locations with PCE or other VOA detections were 
resampled for confirmatory analysis. 

1.3.3 Groundwater Sampling 

During the course of the investigations of the various New Haven OUs, the 
USEPA has installed 38 bedrock monitoring wells. Of these, 24 are in OU4 or were 
useful in the investigation of OU4. Groundwater samples were also collected from three 
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industrial wells near OU4: the “Pepsi” well, which is located south of OU4 in the Pepsi 
warehouse along Highway 100; well JS-30 east of OU4 on Orchard Street, and; JS-34, 
north of OU4 in downtown New Haven, just west of public supply well W1.  In addition, 
three shallow (from ground surface to the top of bedrock, all three 11.5 feet or shallower) 
monitoring wells were installed at the OU4 source area to monitor the RA (see Section 
1.3.5). Finally, the sample results from public supply wells W1 and W2 were also used 
during the OU4 RI. 

Many of these wells were installed using cable tool drilling for all or some of their 
depth. Cable tool drilling does not inject air or water into the formation during drilling, 
allowing representative samples of the groundwater to be collected during drilling and 
allowing the well to sample representative water from the formation much sooner than if 
air rotary drilling (which injects large volumes of air into the bore hole during drilling 
that strip the volatile contaminants from the groundwater near the well) had been used. 
To minimize costs, 18 of the wells are pairs installed in the same bore hole.  In these 
wells, two depths of interest were isolated from each other by installing a packer, then 
placing a grout plug on top of the packer. 

The USGS collected over 200 groundwater samples during the investigation of 
OU4. In general, monitoring wells have been sampled at least annually since they were 
installed. In addition, because cable tool drilling was used for many of the wells, over 
600 samples were collected from drill cuttings or from groundwater collected from the 
boreholes as the boreholes for the monitoring wells were being drilled. 

The vertical distribution of PCE in the bedrock aquifer at OU4 was examined by 
portable GC analysis of drill cuttings at the time of drilling and from comparison of PCE 
concentrations in samples from completed monitoring well clusters.  Selected samples 
were sent to an off-site laboratory for confirmatory analysis. 

1.3.4 Soil Sampling 

The USGS conducted six soil sampling efforts at OU4.  The first was conducted 
during December 2000 and the last was conducted in January 2007.  The table below lists 
the dates of the sampling efforts, the number of soil borings, and the location of the 
borings. 
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Table 1-1
 
Summary of Soil Sampling Efforts 


Operable Unit 4, Orchard Street/Maiden Lane Subsite 

New Haven, Missouri 


Date of Effort 
Location of 
Sampling 

Number of 
Borings Comments 

December 2000 East Miller St 17 16 borings in Area A and one at the 
future location of BW-08. 

March 2003 Circle Drive 6 Two shallow groundwater samples 
were also collected from the boreholes. 

June 2003 Assumption Church 10 
September and 
October 2004 

Kellwood Research 
Center and S. 
Maiden Lane 

21 total 11 borings were installed at the former 
Kellwood Research Center and 10 
along South Maiden Lane. 

November 2005 S. Maiden Lane 11 The borings were installed around the 
old garage behind 104 Maiden Lane. 

January 2007 S. Maiden Lane 3 3 borings were installed around the 
garage at 104 Maiden Lane to support 
the Removal Action conducted later in 
2007. 

The soil samples from the last four efforts were collected using a GeoProbe rig. 
Samples would be collected every 4 feet from the surface to the desired depth for the 
boring. The December 2000 samples were collected by advancing a hand auger to the 
desired depth (3 ft. below ground surface (bgs) for all the samples) and then removing the 
auger. The samples were collected from core tubes driven to the 3 ft. sample depth inside 
the borehole made by the auger.  The March 2003 sampling effort also used an auger rig 
to sample, because the area to be sampled was very soft.  After the boreholes had been 
installed in this area they were allowed to remain open for 4 hours to see if they would 
collect sufficient shallow groundwater to obtain a sample.  Two of the six boreholes did 
collect sufficient water and were sampled. 

1.3.5 Sanitary Sewer Sampling 

Earlier sampling efforts by the USGS had confirmed that the sanitary sewers in 
New Haven were contaminated with PCE (USGS, 2005).  The USGS conducted five 
sewer sampling efforts during the OU4 RI.  The first was done in September 2001. The 
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other efforts were conducted in October 2001, April 2002 (both on the 1st and 29th and 
30th), November 2003, and February 2004. Eleven sewer manholes were sampled over 
the course of these five events.   

1.3.6 Indoor Air Sampling 

During the investigations of the various OUs, the USEPA conducted three rounds 
of indoor air sampling.  Five homes and one public building in OU4 had indoor air 
samples collected.  Samples were collected by placing vacuum canisters with a special 
sampling valve in two locations within each building.  One location was usually a 
basement, where the sampler would not be disturbed.  The other location was a high-use 
area such as a living room or bedroom.  The sampling valve collected a sample over 24 
hours. If possible, two samples were collected on consecutive days. 

The public building in OU4 was sampled in September 2002 as part of an initial 
reconnaissance sampling of indoor air samples at OU1, OU2, and OU4.  It was sampled 
again in May 2003, in a second wide scale sampling of properties in OU1, OU2, and 
OU4. In February 2004, as a result of the detection of PCE in samples from tree-cores, 
soils, and shallow groundwater in the Maiden Lane area (discussed earlier in sections 
1.3.1, 1.3.2, and 1.3.3), the USEPA collected indoor-air samples from five residences in 
the Maiden Lane area. 

1.3.7 In-Situ Chemical Oxidation Removal Action 

In 2007, the USEPA conducted a removal action at the OU4 source area soils 
south of Maiden Lane.  The treatment selected was in-situ chemical oxidation using 
sodium permanganate (NaMmO4). A treatment chemical solution containing sodium 
permanganate was injected into the contaminated soils, where the solution would oxidize 
the PCE and other contaminants to carbon dioxide, water, and salts.    

The treatment effort was conducted in two phases, one in May and one in October 
of 2007. The May 2007 effort treated an area primarily southwest and adjacent to the 
east side of the old garage, while the October effort treated a smaller area east of the old 
garage. The May effort was hampered by very high perched groundwater levels.  At 
some locations, the injected chemical mixture was forced to the surface by the pressure of 
the groundwater. By the time of the October effort, shallow groundwater levels in the 
source area had decreased and the treatment proceeded without complications.   

Before mobilization for the permanganate injection effort, the USEPA determined 
permanganate solution strength and injection volumes based on analysis of potential soil 
oxidant demand (PSOD) soil samples from three borings. In addition, three temporary 
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monitoring wells (T1, T2, and T3) were installed to monitor the effect of the treatment 
injection on PCE concentrations in the perched groundwater below the injection area. 

1.4 Nature and Extent of Contamination at OU4 
A full discussion of the nature and extent of contamination at OU4 of the 

Riverfront Site can be found in the USGS’s RI report for OU4 (USGS, 2008). The 
following subsections and figures provide a brief summary of sample results. 

1.4.1 Vegetation (Tree Core) Sampling Results 

The USGS collected approximately 140 tree core samples during four sampling 
efforts for the OU4 RI. See Section 1.3.1 for more details of the sampling locations, 
schedule, and methods. 

During the first vegetation sampling effort (east of and along Miller Street), 
approximately 50 samples were collected and very little contamination was found (only 
eight samples even had detectable levels of PCE and the highest level was less than 5 
micrograms per kilogram (ug/kg)).  Most (five) of the detections occurred just 
downstream of the junction of the 214 and 210 tributaries.  This information was helpful 
in determining where to sample the 210 tributary during the stream sampling (see Section 
1.4.2). 

During the three efforts at Maiden Lane, very high levels of contamination were 
detected along Maiden Lane and especially in the area south of (behind) Maiden Lane. 
During the first effort, 37 trees were sampled.  Four samples along Maiden Lane had PCE 
levels between 5 and 49 ug/kg, while three trees near a detached garage behind 104 
Maiden Lane had even higher levels. The highest PCE level detected in this round was 
117 ug/kg, from a tree next to the garage behind 104 Maiden Lane.  The second effort 
investigated the trees near the former Kellwood research facility.  Fifteen trees were 
sampled but only four had detectable levels of PCE and all the levels were 4.99 ug/kg or 
less. The third effort sampled 41 trees in and around Maiden Lane.  Only two samples 
had PCE levels over 50 ug/kg (the highest was 100 ug/kg) and both of these samples 
were from behind (south of) 104 Maiden Lane.  The order of magnitude larger detections 
behind 104 Maiden Lane, compared to the levels detected in the first effort and the low 
levels detected around the Kellwood research facility were very helpful in focusing the 
investigation into the Maiden Lane area.  

1.4.2 Surface Water Sampling Results 

Four small creeks flow through and out of OU4.  The 710 tributary flows south, 
towards Boeff Creek, since it is located on the south side of the topographic high that 
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runs along the southern portion of OU4. The 210 tributary runs along the eastern side of 
OU4, while the 300 tributary drains the north portion.  A part of the 400 tributary drains 
the northwestern portion of the OU. 

See Section 1.3.2 for more details of the surface water sampling locations, 
schedule, and methods. 

The 710 tributary is dry except during rain events, so no samples were collected 
from the stream segments in OU4.  Farther down stream, the 710 tributary becomes 
perennial. Samples collected in these segments were all non-detect for PCE or other 
OU4 contaminants.  Samples from the portions of the 400 tributary that drain OU4 were 
also non-detect for PCE and other OU4 contaminants. 

The 300 tributary is fed by a small (> 0.3 gallon per minute [gpm]) perennial 
spring, called the Bates Spring in the RI. The 300 tributary and Bates Spring were 
sampled in November 2000 and April 2001.  In November 2000, PCE was detected in 
Bates Spring at 5.4 micrograms per liter (ug/L), just barely over the PCE maximum 
contaminant level (MCL) of 5 ug/L.  The PCE rapidly dissipated, so that a sample 
collected just 50 ft downgradient had a PCE level of 0.5 ug/L and all the other samples, 
collected from farther down stream, were non-detect for PCE and other OU4 
contaminants.  In April 2001, the PCE level in Bates Spring was 3.8 ug/L and all three 
downstream samples were non-detect for PCE and the other OU4 contaminants.  Three 
more samples collected from the 300 tributary in February 2005 were all non-detect for 
PCE and the other OU4 contaminants, confirming the earlier results. 

A very small spring, discharging between 40 and 100 milliliters per minute 
(ml/min) or (approximately 1.5 gallons per hour at maximum [100 ml/min] flow) was 
discovered in the 210 tributary. This spring has been sampled 19 times between April 
2000 and September 2006.  PCE levels in the spring have ranged from 3.0 ug/L to 30.3 
ug/L, averaging 17.2 ug/L. Only six of the spring’s PCE results were less than 10 ug/L. 
trichloroethene (TCE) and cis-1,2-dichloroethene (cis-DCE) have also been detected in 
the spring. The contamination in the spring dissipates as it flows downstream.  By the 
time the flow reaches the junction with the small, un-numbered stream to the west of the 
210 segment, the PCE levels have declined to below MCLs.   

Both of these contaminated springs occur where groundwater flowing along the 
upper sandstone bed seeps out into the streams.  These seep samples confirmed that the 
groundwater at the upper sandstone bed was contaminated upgradient of the seeps.  This 
information was useful in the placing of monitoring wells farther upgradient and, 
combined with the vegetation data, focused the investigation effort up the slopes towards 
the Maiden Lane area. 
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1.4.3 Groundwater Sampling Results 

Analysis of the groundwater samples collected for the OU4 RI shows that a plume 
of PCE contamination in the bedrock aquifer extends from just south of the Maiden Lane 
source area near the old garage northeast to the Missouri River. The plume is more than 
3,800 ft long and nearly 3,000 ft wide at the downgradient edge near the Missouri River 
(see Figure 1-4). Within the plume, PCE concentrations range from less than 1 ug/L in 
shallow well BW-08A (on the western edge of the OU4 plume) to more than 9,000 ug/L 
in well BW-13 (located immediately downgradient of the source area soils). 
Concentrations of PCE decrease from thousands of ug/L in wells less than 700 ft 
downgradient from the source area soils (BW-10 and BW-13) to several hundred ug/L 
approximately 2,100 ft downgradient (wells BW-02 and BW-05) and continue to 
decrease farther downgradient. For example, wells BW-01 and JS-34 have PCE levels 
less than 30 ug/L. These two wells are approximately 3,000 ft downgradient of the 
source area, near the Missouri River. 

The PCE results from monitoring wells and drill cuttings indicate that the PCE 
contamination from the Maiden Lane source area migrates to deeper bedrock units as 
groundwater from the source area soils flows generally northward toward the Missouri 
River. The contaminant migration is driven by the steep downward vertical gradients and 
uncontaminated recharge downgradient (north) of the source area. In addition, the PCE 
plume is probably not a homogenous plume.  Instead, just as the groundwater migrates 
along zones of higher permeability, such as bedding planes or within units such as the 
upper sandstone unit and the Swan Creek member of the Cotter Dolomite, the dissolved 
PCE plume in the bedrock probably resembles “fingers” of contamination oriented along 
zones of higher permeability.  This would explain why two of the upper sandstone 
springs in OU4 were seeping contaminated water.  Near the source area, the dissolved 
phase contamination appears restricted to the Cotter Dolomite but further downgradient 
migrates into the deeper Jefferson City Dolomite and Roubidoux Formation units. The 
maximum depth of contamination is probably limited by the extent of vertical migration 
of pure phase PCE in the bedrock and by upward flow as groundwater from deeper units 
in the Ozark aquifer discharge into the Missouri River. At city well W2, borehole 
measurements made during the expanded site investigation/remedial investigation 
(ESI/RI) indicated upward flow in the borehole from units beneath the Roubidoux 
Formation and that groundwater was migrating out of the borehole into the Roubidoux 
Formation (USEPA, 2001). Based on these measurements, the RI hypothesized that 
unless dense non-aqueous phase liquid (DNAPL) migration has carried pure phase PCE 
contamination into the deeper Roubidoux Formation, the dissolved PCE contamination 
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migrating from the Maiden Lane source area probably migrates no deeper than the 
Roubidoux Formation.  

1.4.4 Soil Sampling Results 

The USGS collected 296 soil samples from 68 soil borings during six sampling 
efforts for the OU4 RI. See Section 1.3.4 for more details of the soil sampling locations, 
schedule, and methods. 

The first five sampling efforts found that the soils east of Miller Street, around the 
former Kellwood Research facility, and the Assumption Church were not contaminated 
with PCE or the other OU4 contaminants.  As discussed in Sections 1.3.2 and 1.3.1, 
surface water sampling had indicated that the source of the PCE plume was upgradient of 
the two contaminated springs (Bates Spring and the 210 tributary spring), and vegetation 
sampling had indicated that the soils around the old garage behind 104 Maiden Lane were 
heavily contaminated with PCE.  The soil sampling in the South Maiden Lane area 
confirmed the indications of the other media samples.  The soil samples from Maiden 
Lane were very heavily contaminated.  In some samples from the Maiden Lane area, pure 
PCE product was detected. A summary of the soil sampling results at Maiden Lane is 
provided on Figure 1-5. Once the degree of contamination at Maiden Lane was 
established, USEPA scheduled an in-situ treatment of the soils (this type of action is 
known as a removal action, even though the soils were treated in place).  See Section 
1.3.6. The January 2007 sampling effort (see Table 1-1) was conducted to provide 
information to support the removal action.   

1.4.5 Sanitary Sewer Water Sampling Results 

The USGS conducted five sewer sampling efforts during the OU4 RI.  Eleven 
sewer manholes were sampled over the course of these five events.   

The sample results showed that while there were low levels of PCE and TCE in 
the sewer gray water, in all but one case the levels were less than upstream levels.  A 
“walk upstream” through the sewer system found that the highest PCE levels were 
occurring just downstream of OU2 and that the contaminant levels decreased as the grey 
water moved downstream and was diluted by new flows.  In one case, a trace amount of 
PCE (0.44J ug/L) was detected in the east inflow to manhole 113.  This inflow only 
serves the Assumption Catholic Church and the four homes along Maiden Lane.  Overall, 
the sewer sampling at OU4 confirmed that nearly all the PCE in the grey water was 
arriving from upstream and that the Kellwood research facility in particular, and the rest 
of OU4 in general, were not sources of the PCE detected in the sewers. 
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1.4.6 Indoor Air Sampling Results 

The USGS conducted three indoor air sampling efforts during the OU4 RI. 
Approximately 25 samples were collected over the course of these events.   

PCE was detected in every sample while TCE was detected in all but one sample. 
However, because of their wide use in many industrial and consumer compounds, the 
detection of trace (less than 1 ug/m3 [micrograms per cubic meter]) levels of PCE and 
TCE inside homes is commonplace and not indicative of contamination from soil vapor 
intrusion. Only four of the PCE and four of the TCE detections exceeded 1 ug/m3. The 
highest detections were 6.4 ug/m3 PCE and 7.4 ug/m3 TCE. None of the other detections 
exceeded 1.7 ug/m3 . 

1.4.7 Results of the Removal Action 

In 2007, the USEPA conducted a removal action at the OU4 source area soils 
south of Maiden Lane. The treatment selected was in-situ chemical oxidation.  In 
January 2007, the USGS collected soil samples that were used to determine the 
permanganate soil oxidant demand (PSOD).  Once these samples had been analyzed, the 
removal action was designed such that the treatment would be sufficient to treat the 
contaminant levels and the PSOD in the soils.  The treatment effort was conducted in two 
phases, one in the May and one in the October of 2007. A treatment chemical solution 
was injected into the contaminated soils, where the solution would oxidize the PCE and 
other contaminants to carbon dioxide, water, and salts.    

Confirmatory sampling to determine the effectiveness of the in-situ treatment is 
scheduled to be conducted during the Remedial Design (RD) phase of the alternatives 
(see Section 3). 

1.5 Media and Contaminants of Concern 
Because this FS is for OU4, the media of concern are the contaminated soils 

behind Maiden Lane and the contaminated groundwater plume that extends from the 
contaminated soils to the Missouri River.   

For this FS, the contaminants of concern (COCs) have also been categorized into 
two groups: soil COCs and groundwater COCs. The primary soil COCs are PCE, TCE, 
and vinyl chloride (VC). The primary groundwater COCs are nearly the same, PCE and 
TCE along with cis- and trans-DCE. VC is not a COC for groundwater. The indicator 
contaminant for both soil and groundwater is PCE.  The following is a list of all the 
COCs and other contaminants at OU4: 
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•	 COCs:
 
- Soil:
 

VOCs - PCE, TCE, and VC 

-	 Groundwater: 

VOCs - PCE, TCE, cis-DCE, and trans-1,2-Dichloroethene (trans-DCE) 

•	 Other Contaminants: 

- Soil:
 

None 

-	 Groundwater:


 None 


1.6 Contaminant Fate and Transport 
Previously, detailed assessments of the contaminant fate and transport of the 

chlorinated VOCs (PCE, TCE, cis-DCE, trans-DCE, and VC) in the soils and 
groundwater at OU4 were provided in the RI (USGS, 2008). The fate and transport 
predictions provided in this assessment were based on data collected during the RI.  The 
major fate and transport processes are listed below in the order of their effects on the 
contaminants.  The effects on the soil contamination are listed first, then the effects for 
the groundwater.   

Soil processes: 
1) Dispersion, (the migration of a contaminant from soils to groundwater or soil 

gas), is currently the major transport process.  Chlorinated VOCs (nearly all PCE) 
are desorbing from the soils and dispersing into the groundwater and soil gas. 
The annual rise and fall of the groundwater table (the source area soils are located 
in a small local depression that fills with perched groundwater) causes the soil 
contamination to diffuse into a new volume of perched groundwater every year. 
However, the very slow groundwater velocity once the contaminated 
groundwater migrates into the bedrock means that much of the groundwater 
around the contaminated soils has already been contaminated, so the amount of 
soil contamination that disperses to the groundwater each year is low.  Dispersion 
is probably the controlling transport process for any DNAPL in the soil and 
shallow bedrock. DNAPL films and globules disperse downward through the 
voids in the soil and shallow bedrock, pulled by gravity and pushed by the 
hydrostatic head of the perched groundwater. 

2)	 Volatilization, (the migration of a contaminant from being adsorbed onto a solid 
to the gaseous phase or from an aqueous solution to the gaseous phase), is not a 
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major contributor to the attenuation of the VOC contaminant mass in the soils 
when compared to dispersion.  Because most of the contamination in the soils is 
deep, the contaminated soils are essentially capped by the much less 
contaminated surface soil.  This capping makes the soil gas exchange rate low. 
In addition, volatilization is a two or three step process. First the VOCs must 
desorb from the soils into the soil gas or soil pore moisture.  Next, the 
contaminated soil gas must make its way to the surface.  If the VOCs disperse 
into the soil pore moisture, there is a third step because the VOCs must strip out 
of the soil moisture into the soil gas.  All these factors minimize the amounts of 
VOCs being volatilized from the soils.  It is likely that in the past, as the PCE was 
being disposed of in the shallow soils, volatilization was as important, or even 
more important, than dispersion in controlling the fate of the PCE contamination. 
Volatilization certainly played a significant role in removing the contaminants 
from the upper shallow soils.   

3) Sorption (the tendency of a contaminant to be adsorbed or absorbed on the 
subsurface media, which typically reduces the rates of dispersion and 
volatilization) does not appear to have retarded the migration of the chlorinated 
VOCs, especially in the soils and shallow rock below the source area soils.  This 
conclusion is based on the RI soil sampling data, which found that the deeper 
soils were substantially contaminated with PCE (possibly up to pure product 
[DNAPL]) compared to the shallow soils.  Given the age of the contamination 
(40+ years), it is likely that the chlorinated VOC contamination in the vadose 
zone below the source area is at equilibrium with the perched water and 
groundwater. The VOC contaminant mass in these soils will act as a source of 
groundwater contamination for a very long (100+ years) time. 

Groundwater processes: 
1) Dispersion, (the lateral migration of contaminants within an aquifer), is the major 

transport process affecting the VOCs in the groundwater. This conclusion is 
supported by comparing the length (the north to south extent) of the plume to its 
width (the east to west extent). The ratio of the contaminant plume’s length to its 
width is approximately four to three, as shown on Figure 2-1.  It is likely that the 
groundwater flow velocity (assumed to be approximately 30 to 60 feet/year) is 
not sufficient to limit dispersion.   

2) Advection, (moving the contaminants downgradient along with the groundwater 
in an aquifer), is not as large a contributor to the attenuation of the plume as 
dispersion, primarily because of the low groundwater velocity.  While the plume 
ends when it intersects the Missouri River, the low groundwater velocity limits 
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the amount of the plume that enters the river in any given year.  On average, 
approximately one percent of the plume flows into the Missouri River each year. 

3) Sorption, (the tendency of a contaminant to be adsorbed or absorbed on the 
subsurface media, which typically reduces the rates of advection and dispersion) 
does not appear to have retarded the migration of the contaminants.  This 
conclusion is based on the relatively low levels of organic carbon in the bedrock 
and vadose zone soils. While it is likely that some contaminants are sorbed to the 
vadose zone soils of the source area and possibly to elements in the bedrock 
below the source area soils, there is also evidence that there is DNAPL in the 
deep soils and possibly the bedrock.  Because there is pure product in the soils, 
the sorption capacity of the soils must have been exceeded at the source area. 
Given the plume’s age (40+ years) and the low groundwater velocity, it is likely 
that farther downgradient the sorption/desorption rates from the groundwater to 
the bedrock (and vice-versa) are approximately equal.   

4)	 Volatilization, (the migration of a contaminant from an aqueous solution to the 
gaseous phase), is not as large a contributor to the attenuation of the plume as the 
previous fate mechanisms. Volatilization is a multi-step process for these 
contaminants to actually escape from the vadose zone, (see the volatilization 
discussion for contaminants in soils).  For the contaminants deep within the 
plume, volatilization is impossible.  Also, the entire source area of the plume is 
covered by vegetation, buildings, and roads, all of which act to limit the amount 
of air exchanged with the subsurface, while the bulk of the plume is located in 
bedrock, which also minimizes the amount of volatilization possible. 

5) Biodegradation, (transformation of chemical compounds through the action of 
microorganisms), does not appear to contribute to contaminant degradation in the 
downgradient areas of the plume.  Sampling results from these areas of the 
aquifer have detected some of PCE’s degradation (daughter) products:  TCE, cis-
DCE, trans-DCE, and VC. However, the levels of daughter products are very 
low. As low levels these compounds also occur as contaminants in the original 
PCE solvent, it is not clear that the levels of the daughter products being detected 
in the plume are due to biodegradation.  They may simply be contaminants that 
were shipped in the PCE solvent. 

6) Hydrolysis, (chemical reactions between the contaminants and water), is not a 
significant fate (degradation) process for any of the primary COCs (e.g., 
chlorinated VOCs) within the plume.  
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1.7 Risk Assessment 
BVSPC prepared a HHRA simultaneously with the USGS RI to determine the 

risks posed by contamination at OU4 to human receptors.  The HHRA was completed in 
July 2008. A complete assessment of the human health risk associated with OU4 at the 
Riverfront Site can be found in the Final Human Health Risk Assessment Report, 
Riverfront OU4, City of New Haven, Franklin County, Missouri (BVSPC, 2008). A 
complete assessment of the ecological risks for the Riverfront Site can be found in the 
Ecological Risk Assessment Riverfront Superfund Site, City of New Haven, Franklin 
County, Missouri, (BVSPC, 2002). The following subsections provide summaries of the 
conclusions of the HHRA and the ecological risk assessment. 

1.7.1 Human Health Risk Assessment at OU4 

BVSPC evaluated exposure to carcinogenic and non-carcinogenic contaminants at 
OU4. USEPA considers a risk unacceptable when the total excess lifetime cancer risk for 
a reasonable maximum exposure exceeds 1x10-4 (1 in 10,000). Total excess lifetime 
cancer risks below 1x10-6, (1 in one million), are considered to be acceptable.  Risk 
management decisions are required when total excess lifetime cancer risks are in the 
1x10-4 to 1x10-6 range (risks may be acceptable or unacceptable, depending on the site 
conditions and other factors). Non-carcinogenic human health risks may exist when the 
total hazard index calculated for a target population exceeds 1.0. 

The calculated excess cancer risks for soil exposures were 2.2x10-3 for future 
residents and 4.8 x 10-4 for current/future industrial workers.  Soil risks were also greater 
than 1 in a million (1x10-6) for current/future construction workers (2.3x10-5) and current 
residents (3.4x10-6). Except for future residents, all non-carcinogenic risks from soils had 
total hazard indexes less than 1. The non-carcinogenic risk from soils for future residents 
was 4. Therefore, because the soils at OU4 do pose significant risks for future residents, 
the soil contamination risk is unacceptable and the soil contamination will be addressed 
in the remedies prepared in Section 3.0. 

The calculated excess cancer risks for outdoor air exposures ranged from 2.5x10-3 

to 1.7x10-4 for current and future residents, industrial workers, and construction workers. 
Except for industrial workers, all non-carcinogenic risks from outdoor air exposure had 
total hazard indexes greater than 1.  With regard to these estimated risks, the outdoor air 
exposure concentrations were modeled from soil and groundwater at OU4.  As discussed 
in the HHRA, considerable uncertainty is associated with these estimated outdoor air 
concentrations, and it is likely that these risks are overestimated.  However, even with 
these uncertainties, because the soils at OU4 are the source of significant risks from 
outdoor air exposures for current and future residents, construction workers, and 
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industrial workers, the soil contamination risk will be addressed in the remedies prepared 
in Section 3.0. 

Because all residences and businesses in OU4 are currently supplied with potable 
water by the City, there is no current carcinogenic or non-carcinogenic risk from 
groundwater. However, it is possible that groundwater may be used by residents in the 
future. Future carcinogenic risks for residents ranged from 4.8x10-1 to 5.4x10-1 (4.8 to 
5.4 excess cancers in 10 people). Therefore, because the groundwater at OU4 poses 
significant risks for future residents, the groundwater contamination risk is unacceptable 
and the groundwater contamination will be addressed in the remedies prepared in Section 
3.0. 

The HHRA identified cancer risks from surface water due to the groundwater 
contamination in the range of 1.6 x 10-7 to 6.9 x 10-6 for workers and residents.  These 
estimates are at the lower boundary of USEPA's target cancer risk range (1x10-4 to 1x10­

6). Remediation efforts that affect groundwater will also ultimately protect against the 
risk from the contaminants in surface water.  Therefore, except for additional sampling of 
the contaminated springs in OU4, surface water will not be discussed in the remedies 
prepared in Section 3.0. 

The HHRA identified cancer risks from vapor intrusion due to the soil 
contamination in the 1.1x10-4 to 2.4x10-6 range. These estimates fall within USEPA's 
target cancer risk range (1x10-4 to 1x10-6) and are barely above the upper boundary of the 
target risk range (1x10-4). Since all hazard indices are less than 1, non-carcinogenic 
health effects from vapor intrusion are not expected.  With regards to vapor intrusion due 
to soil contamination, the HHRA concluded in its Uncertainties Section that based on site 
conditions, "it is likely that except for the homes around the source area, the HHRA 
overestimates the exposure point concentration (EPC) from soil vapor intrusion."  Given 
that even when assuming reasonable maximum scenarios the health risks from vapor 
intrusion exposure fall right at the upper boundary of USEPA's target risk range, the 
vapor intrusion pathway is likely not a concern. Therefore, except for additional 
confirmatory sampling around the source area soils, vapor intrusion will not be discussed 
in the remedies prepared in Section 3. 

The various populations, exposure pathways, and associated risks are summarized 
on Table 1-2. 

1.7.2 Ecological Risk Assessment 

The Ecological Risk Assessment concluded that OU4 poses minimal risk to 
ecological receptors (BVSPC, 2002). Environmental risks at OU4 will be addressed in 
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the discussion of ARARs, which include all of the standards set to protect the 
environment under Federal law and under Missouri State law.  

1.8 Identification of Preliminary Remediation Goals 
Preliminary Remediation Goals (PRGs) have been developed for the COCs in the 

groundwater at OU4. Based on the risk assessment, the only COCs for OU4 are PCE, 
TCE, cis-1,2-DCE, trans-1,2-DCE and VC.  While groundwater from beneath OU4 is 
not currently used for drinking water, PRGs have been set at federal MCLs for PCE and 
the other COCs because groundwater from the aquifer that is below OU4 has been and 
may be used as a drinking water source.  Table 1-3 lists the PRGs for each of the COCs at 
OU4. 

Final Feasibility Study 1-20 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 

http:044706.01.12


 
   

 
 

 

 

 

Table 1-2
 
Summary of Human Health Risks 


Operable Unit 4, Orchard Street/Maiden Lane Subsite 

New Haven, Missouri 


Carcinogenic Risks at OU4 

Population Scenario Exposure Pathways Total Excess Lifetime 
Cancer Risk 

Contaminant(s) 
Driving Risk 

Current Resident 
Surface Water 

Soil 
Indoor Air 

Outdoor Air 

6.9 x 10-6 

3.4 x 10-6 

8.1 x 10-5 

2.5 x 10-3 

PCE and TCE in 
outdoor air 

Future Resident 

Surface Water 
Soil 

Groundwater 
Indoor Air 

Outdoor Air 

6.9 x 10-6 

2.2 x 10-3 

5.4 x 10-1 

8.1 x 10-5 

2.5 x 10-3 

PCE in soil; PCE and 
TCE in groundwater; 

PCE and TCE in 
outdoor air 

Current/Future 
Industrial Worker 

Surface Water 
Soil 

Indoor Air 
Outdoor Air 

1.2 x 10-6 

4.8 x 10-4 

3.8 x 10-5 

1.2 x 10-3 

PCE in soil; 
PCE in outdoor air 

Current/Future 
Construction Worker 

Surface Water 
Soil 

Outdoor Air 
Sewer Water 
Sewer/Trench 

Vapors 

1.6 x 10-7 

2.3 x 10-5 

1.7 x 10-4 

6.9 x 10-8 

2.8 x 10-5 

PCE in outdoor air 

Note 1: Human health risks may exist when the total lifetime excess cancer risk exceeds 
1.0 x 10-6.  The USEPA considers risks greater than 1.0 x 10-4 to be unacceptable.  From 
BVSPC, 2008. 
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Table 1-2, Continued 

Summary of Human Health Risks 


Operable Unit 4, Orchard Street/Maiden Lane Subsite 

New Haven, Missouri 


Non-Carcinogenic Risks at OU4 

Population Scenario Exposure Pathway Total Hazard 
Index 

Contaminant(s) 
Driving Risk 

Current Resident 

Surface Water 
Soil 

Indoor Air 
Outdoor Air 

0.008 
0.02 
0.1 
3 

PCE in outdoor air 

Future Resident 

Surface Water 
Soil 

Groundwater 
Indoor Air 
Outdoor 

0.008 
4 

900 
0.1 
3 

PCE in soil; 
cis-DCE, PCE and 

TCE in groundwater; 
PCE in outdoor air 

Current/Future 
Industrial Worker 

Surface Water 
Soil 

Indoor Air 
Outdoor Air 

0.001 
0.3 
0.03 
0.9 

None 

Current/Future 
Construction Worker 

Surface Water 
Soil 

Outdoor Air 
Sewer Water 

Sewer/Trench Vapor 

0.005 
0.2 
10 

0.001 
1 

PCE in outdoor air 

Note 1: Human health risks may exist when the total hazard index for non-carcinogenic 
effects exceeds a value of 1.0. 
From BVSPC, 2008. 
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Table 1-3
 
Preliminary Remediation Goals for Groundwater and Soil 


 Operable Unit 4, Orchard Street/Maiden Lane Subsite  

New Haven, Missouri 


Soil 

Analyte 
Sample 
Dates 

On-site 

Maximum 
On-site 

Detection 
ug/kg 

Sample 
Dates 

Off-site 

Maximum 
Off-site 

Detection 
ug/kg 

Preliminary 
Remediation Goal 

ug/kg 

PCE 11/07/2005  8,000,000 11/08/2005 6,100,000 550 * 
TCE 11/07/2005 

/ 
42,800 11/07/2004 7,700 43 * 

VC NA NAF NA NAF 43 * 

Groundwater 

Analyte 
Sample 
Dates 

On-site 

Maximum 
On-site 

Detection 
ug/L 

Sample 
Dates 

Off-site 

Maximum 
Off-site 

Detection 
ug/L 

Preliminary 
Remediation Goal 

ug/L 

PCE 9/29/2005 9,100 9/21/2003 9,100 5 ^ 
TCE 9/11/2007 100 NA 5 ^ 

cis-DCE 2/06/2006 210 NA 70 ^^ 
trans-DCE 9/22/2006 30 NA 100 ^^ 
Notes 
NA = Not Applicable 
NAF = Not Analyzed For 
On-site results from USGS on-site screening with portable GC.  Off-site results from off-site 
verification laboratory.
 * U. S. Environmental Protection Agency Region 6 Human Health Medium- Specific 
Screening Levels 2008 at http://www.epa.gov/Region06/6pd/rcra_c/pd-n/screen.htm. 
^ Federal MCL. 
^^ Federal maximum contaminant level goal (MCLG).  
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2.0 Identification and Screening of Technologies 

Results of the RI investigative efforts and the HHRA at OU4 indicate that 
contaminants are present at OU4 in the groundwater and soil at concentrations that pose 
potential risks to human health and the environment.  This section presents the remedial 
action objectives (RAOs), general response actions (GRAs), remedial technologies, and 
process options for remediation of OU4. 

The first step in the remedial process is to establish the RAOs.  An RAO is an 
OU-specific goal for protecting human health and the environment.  RAOs are based on 
the nature and extent of contamination identified at each OU.  Next, ARARs are reviewed 
to determine which may apply to the remediation of OU4.  GRAs are then selected to 
satisfy the RAOs at OU4. Each GRA consists of specific remedial technologies and 
process options. These remedial technologies and process options are screened by 
evaluating their applicability to the nature and extent of the contamination and the 
physical characteristics of the OU. Finally, the technologies and process options are 
screened according to their effectiveness, implementability, and cost.  The technologies 
and process options that survive the screening process are retained for assembly into the 
remedial action (RA) alternatives.  These alternatives are described in Section 3.0 and 
evaluated in Section 4.0. 

2.1 Remedial Action Objectives 
CERCLA, as amended by Section 121(b) of SARA, requires selection of remedial 

actions that: attain a degree of cleanup that ensures protection of human health and the 
environment; are cost effective; and use permanent solutions and alternative treatment 
technologies or resource recovery technologies to the maximum extent practicable. 

To satisfy CERCLA requirements, RAOs were developed for OU4 of the New 
Haven Site.  RAOs will be used to develop GRAs for the operable units.  The RAOs 
developed for OU4 groundwater and soil are discussed below and are presented in Tables 
2-1 and 2-2, respectively. All the tables discussed in this section are located at the end of 
this section. Tables 2-1 and 2-2 also include a preliminary list of GRAs and remedial 
technology types for groundwater and soils, respectively. The specific technologies 
within the technology types are evaluated in Sections 2.4 through 2.7. 
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The following RAOs were developed for OU4 groundwater: 
•	 For protection of human health, prevent exposure to groundwater with 

contaminant levels greater than MCLs or maximum contaminant level goals 
(MCLGs). 

•	 For protection of the environment, minimize further degradation of the local 
groundwater by the containment plume.   

The following RAOs were developed for the OU4 soils: 
•	 For protection of human health, prevent exposure to soil with contaminant 

concentrations which result in an excess cancer risk of greater than 1 x 10-6, or 
a Hazard Quotient greater than 1.0, whichever is less. 

•	 For protection of the environment, reduce the soil contaminant levels, or 
prevent migration of soil contaminants, to provide protection of the 
groundwater. 

Current regulatory drinking water standards include: 
•	 MCLs, which are the maximum permissible levels established by the Safe 

Drinking Water Act (40 Code of Federal Regulations [CFR] Part 141) for 
contaminants in water that is delivered to any user of a public water system. 
MCLs are discussed further in Section 2.2.1.1. 

2.2 CERCLA Compliance with ARARs 
Section 121(d) of CERCLA, as amended, requires that remedial actions comply 

with ARARs. ARARs include the requirements of federal environmental laws and 
promulgated state environmental laws that are more stringent than the equivalent federal 
law. Applicable requirements include federal or state cleanup standards, standards of 
control, and other substantive requirements, criteria, or limitations that specifically 
address a hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance at OU4.  Relevant and appropriate requirements include federal and state 
cleanup standards, standards of control, and other substantive environmental protection 
requirements, criteria, or limitations that, while not applicable, address problems or 
situations sufficiently similar to those at OU4 that their use is well suited (USEPA, 1987). 
USEPA's Interim Guidance on Compliance with Applicable or Relevant and Appropriate 
Requirements (USEPA, 1987) and CERCLA Compliance with Other Laws Manual Part 
II (USEPA, 1989b) establish how requirements of federal and state laws are generally 
identified and applied to remedial actions at CERCLA sites.  ARARs are determined by 
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applying a two-tiered test. First, a determination is made as to whether the requirement is 
applicable.  If the requirement is not applicable, a determination is made as to whether 
the requirement is relevant and appropriate.  The interim guidance defines "applicable" 
and "relevant and appropriate" as follows: 

•	 Applicable requirements are those cleanup standards, standards of control, and 
other substantive environmental protection requirements, criteria, or limitations 
promulgated under Federal or State law that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a CERCLA subsite (USEPA, 1987).    

•	 Relevant and appropriate requirements are those cleanup standards, standards of 
control, and other substantive environmental protection requirements, criteria, or 
limitations promulgated under Federal or State law that, while not "applicable" to 
a hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a CERCLA subsite, address problems or situations sufficiently 
similar to those encountered at the CERCLA subsite that their use is well suited 
to the particular subsite (USEPA, 1987). 

There are three types of ARARs:  chemical-specific, location-specific, and action-
specific. Chemical-specific ARARs establish health or risk-based contaminant 
concentration limits for various media.  Chemical-specific ARARs may set cleanup levels 
for specific chemicals or discharge limits.  Action-specific ARARs establish controls or 
restrictions on the remedial activities that are part of the remedial activity.  Action-
specific ARARs are triggered by the specific remedial activity rather than the 
contaminants present.  Location-specific ARARs set limitations on remedial activities as 
a result of the subsite’s location or characteristics. 

The following subsections present the ARARs identified for OU4. These 
determinations are based on the RI and MDNR’s letter identifying State ARARs for the 
Riverfront Site (MDNR, 2002). 

In addition, USEPA guidance documents also identify non-promulgated 
advisories or guidance documents issued by federal or state governments as "to-be­
considered" materials (TBCs) for OU4.  TBCs are not considered legally enforceable 
and, therefore, are not considered to be applicable or relevant and appropriate for OU4, 
but are evaluated along with ARARs as part of the risk assessment to set protective 
cleanup level targets. TBCs should be used in the absence of ARARs, when ARARs are 
not sufficiently protective to develop cleanup goals, or when multiple contaminants may 
be posing a cumulative risk (USEPA, 1987).    
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2.2.1 Chemical-Specific ARARs 

Chemical-specific ARARs set contaminant treatment levels that are considered 
protective of human health and the environment.  The levels are media specific. 
Chemical-specific ARARs may also set acceptable levels for the contaminants in 
discharged media if discharge occurs as part of a remedial activity.  A state requirement 
is an ARAR only if it is more stringent than the corresponding federal requirement. 

The COCs in OU4 are discussed in Section 1.4. The indicator COC is PCE. 
Table 2-3 lists potential chemical-specific ARARs and their applicability or relevance 
and appropriateness to OU4. The numerical values in the chemical-specific ARARs for 
the contaminants in OU4 are listed in Table 2-4.  The requirements that may be ARARs 
are discussed below. 

If necessary, EPA may waive attainment of ARARs.  CERCLA (in section 
121(d)(4)) specifies six reasons for waiving ARARs, including technical impracticability 
from an engineering perspective (a TI waiver).  TI waivers usually apply to ARARs that 
set cleanup standards or levels. These standards are usually chemical-specific ARARs, 
especially Federal MCLs or State groundwater quality critera. 

2.2.1.1 Federal Maximum Contaminant Levels 

Federal MCLs have been adopted as enforceable standards for public drinking 
water systems.  MCLs are based on the allowable lifetime exposure for a 70 kg adult who 
is assumed to consume 2 liters of water per day.  MCLs take into account the technical 
and economic feasibility of removing the contaminant from the water and must be set as 
close as possible to the Maximum Contaminant Level Goal (MCLG), given the best 
available technology and treatment techniques.  MCLGs are discussed in Section 2.2.1.2. 
The primary jurisdictional requirement to determine applicability is that MCLs apply to 
public water systems having at least 15 service connections or serving at least 25 persons. 

MCLs would be applicable to water delivered to customers of a public drinking 
water system. Promulgated Federal MCLs are relevant and appropriate to groundwater 
that is a current or potential drinking water source (see 40 Code of Federal Regulations 
[CFR] 300.430(e)(2)(i)(C)) which requires that the MCL “shall be attained” where it is 
relevant and appropriate). 
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2.2.1.2   Federal Maximum Contaminant Level Goals 

The Federal MCLGs are non-enforceable health goals for public water systems. 
MCLGs are set at levels that should result in no known or anticipated adverse health 
effects and that provide an adequate margin of safety.  MCLGs for substances considered 
to be probable human carcinogens are set at zero.  MCLGs for other substances are based 
upon chronic toxicity and are often set at levels equivalent to the MCLs. 

MCLGs are relevant and appropriate for the subsite if the MCLG is greater than 
zero, or if the USEPA determines a level more stringent than the MCL is appropriate [see 
40 CFR 300.430(e)(2)(i)(B)]. 

2.2.1.3 National Pollutant Discharge Elimination System (NPDES) 
Standards 

The NPDES standards determine the maximum concentrations of contaminants 
that can be discharged from a point source (such as a treatment plant’s effluent pipe) to 
the “waters of the United States”. These standards are applicable to any remedial 
alternatives that discharge treated groundwater to surface waters.   

2.2.1.4 National Pretreatment Standards 

The national pretreatment standards determine the maximum concentrations of 
contaminants that can be discharged from a point source (such as a treatment plant’s 
effluent pipe) to a publicly owned treatment works (POTW). These standards are 
applicable to any remedial alternatives that discharge treated groundwater to a POTW.   

2.2.1.5   Missouri Waste Characterization Requirements 

This requirement, which appears in 10 Code of State Regulations (CSR) 25­
3.260(1)(H), provides that the wastes at OU4 must be characterized to determine if they 
meet the definition of hazardous waste found in that regulation. 

2.2.1.6 Missouri Identification and Listing of Hazardous Waste 
Requirements 

This requirement defines those solid wastes which are subject to regulations as 
hazardous wastes under 10 CSR 25.  This requirement appears in 10 CSR 25-4.261.   
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2.2.2 	Action-Specific ARARs 

Action-specific requirements control or restrict the activities that are selected to 
accomplish the remedy, not a specific contaminant.  Action-specific ARARs may 
establish performance levels, actions, or technologies as well as specific levels for 
discharged or residual contaminants. Table 2-5 presents the potential action-specific 
ARARs for OU4. The action-specific ARARs for each alternative will vary depending on 
the technologies employed by the alternative. The actual requirements for each 
alternative are determined during the FS process for OU4 and are presented in Section 
4.0. A discussion of when the ARAR would be applicable or relevant and appropriate is 
included in Table 2-4. 

2.2.3 	Location-Specific ARARs 

Location-specific ARARs set restrictions on contaminant concentrations or on 
remedial activities because the contaminants or activities are in, or affect, specific 
locations, such as wetlands, flood plains, historical places, or sensitive habitats. Table 2-6 
presents the potential location-specific ARARs for OU4 and a discussion of when the 
ARAR would be applicable or relevant and appropriate. The applicability or relevancy 
and appropriateness of the location-specific ARARs for each alternative will be evaluated 
in Section 4.0. 

2.3 	 Delineation of Areas and Volumes of Contaminated 
Media and Contaminant Travel Velocities 

These subsections delineate the areas and volumes of contaminated soil and 
groundwater at OU4. The delineation is based on information obtained during the RI 
(USGS, 2008). 

2.3.1 	 Area and Volume of Contaminated Soil 

The USEPA has already conducted two rounds of in-situ soil treatment (see 
Section 1.4.7) but has not yet conducted confirmatory sampling to determine the post­
treatment contaminant levels.  The soil treatments were designed to treat the contaminant 
levels found in the RI soil sampling and the PSOD so it is likely that much of the existing 
soil contamination has been remediated.  Therefore, when generating the soil treatment 
alternatives for this FS, it has been assumed that the soils will only require additional 
treatment to remediate any remaining hot spots.  The containment and soil treatment 
alternatives (see Section 3) will conduct soil sampling to confirm the effectiveness of the 
soil treatments.   
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While generating the active soil remediation and containment alternatives for this 
FS it has been conservatively assumed that the soil volume that will require treatment in 
the remediation alternatives is the same as the contaminated soil volume calculated in the 
RI. This assumption was made because confirmatory soil sampling has not yet been 
conducted. As discussed above, the actual contaminated soil volume (if any) should be 
less, due to remediation from the in-situ soil treatments.  For the active soil remediation 
and containment alternatives, confirmatory soil sampling would be conducted during the 
Remedial Design (RD) phase for the alternatives.  These soil sampling results would be 
used to design the soil treatment or containment portions of the remedial action. 

In addition, the RI estimated the volume of contaminated soil using a PRG of 483 
ug/kg PCE. The HHRA used the USEPA Region VI Medium-Specific Screening Level 
of 550 ug/kg PCE to calculate the risks from the soils and this slightly higher cleanup 
level is identified as the soil PRG for this FS.  It is not expected that the slightly higher 
FS soil PRG will substantially change the volumes of contaminated soil identified in the 
RI. Therefore, the RI soil volume estimates were used when generating the active soil 
remediation and containment alternatives for this FS. 

The RI found that most of the contamination (99 percent by mass) was deeper 
than 10 ft bgs. For the in-situ treatment technology, it may be possible to only treat the 
soils deeper than 10 ft bgs.  In general, however, the alternative in Section 3 that provides 
for in-situ soil remediation assumes that the entire volume of contaminated soil will be 
treated (from the ground surface to the top of bedrock).  The RI found that the surface 
soils (0-2 ft bgs) contained essentially no contamination and the soils from 2 to 10 ft bgs 
contained approximately 3 kg of PCE in more than 1,100 cubic yards of soil.  When the 
removal action in-situ soil treatments were conducted, they treated the heavily 
contaminated deep soils.  The contaminant levels in the upper 10 feet of soil may have 
been treated as the treatment solution flooded the soils.  Therefore, given that the very 
low contaminant levels in the upper 10 feet of the soil may have been treated, it is not 
necessary to place institutional controls on the soils until soil sampling has been 
conducted and the results evaluated. It is reasonable to assume that even deep work, such 
as placing footings or laying a utility line, will be done in the upper 10 feet of the soil, 
which was not significantly contaminated even before 2007 treatments. 

For the active soil remediation and containment alternatives, the RI estimated that 
the volume of soil contaminated above the RI’s PRG was approximately 2,300 yd3 (see 
Figure 2-1).  The RI calculated the contaminated soil volume by dividing the soil into 
five layers, from 0 to 1.9 feet, 2 to 5.9 feet, 6 to 9.9 feet, 10 to 14.9 feet, and 15 to 19 feet, 
and estimating the volume of soil contaminated above the PRG in each layer.  The 
bottom layer is the soil-bedrock interface and is quite irregular.  The RI assumed that this 
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layer actually averaged about 1.5 feet thick, instead of 4 feet.  The area of each of the 
layers is different, with the deeper layers being larger than the shallower layers.  The 
actual volume that must be contained is the area of the largest contaminated depth times 
the total contaminated depth.  By containing the area of the largest layer, all the 
contaiminated soil above the cleanup goals will be inside the containment.  The volume 
that must be contained is approximately 3,700 yd3. The surface area to be contained is 
approximately 600 yd2. 

For any above-ground treatment or removal alternatives, the volume of soil that 
must be excavated is larger than the volume that must be contained or treated in-situ, 
because the excavation’s slopes must be cut back to reach the deeper contaminated soils. 
The RI found that the largest contaminated volume was between 10 and 14.9 feet bgs. 
Assuming that the amount of soil that must be removed for each of the layers used in the 
RI volume calculations is 25% greater than the one below, and using the 10 to 14.9 foot 
layer as the base, the volume that needs to be excavated is approximately 6,200 yd3. This 
volume includes approximately 500 yd3 from the heavily contaminated 15 to 19 foot 
layer, which is approximately double the RI volume estimated for this layer.  The 
additional volume from the deepest layer was assumed to be weathered rock that could be 
excavated with standard soil excavation equipment (no rock teeth or other special 
equipment needed).  The upper soils (from 0 to 15 feet) are much less contaminated than 
the deep layer. Therefore, the FS alternatives assumed that only about one third (2.000 
yd3) of the excavated volume would require treatment or disposal.  The non-contaminated 
soils (approximately 4,200 yd3) could be used as backfill for the remediated excavation. 

2.3.2 Area and Volume of Contaminated Groundwater 

The RI estimated that the area of the contaminated plume with detectable PCE 
levels was approximately 164 acres (7.1 million square feet) and the area of the plume 
above the PCE MCL of 5 ug/L was approximately 82 acres (3.6 million square feet) (see 
Figure 2-2). The RI calculated the contaminated groundwater volume by separating the 
plume into three sections.  Zone A is directly below the source area soils and was 
estimated to be 100 feet thick.  Zone B was the contaminated bedrock in the Maiden Lane 
area and was estimated to be 10 feet thick.  Zone C was the remaining portion of the 
plume from Maiden Lane to the Missouri River and was estimated to be 25 feet thick. 
The groundwater volume in the three zones is approximately 120 million gallons 
(16,000,000 cubic feet). This volume of contaminated groundwater is contained within 
approximately 160 million cubic feet of bedrock.  Most of the contamination is traveling 
within higher permeability zones such as the sandstone layers, chert beds, or along 
bedding planes and fractures. 
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2.4 General Response Actions 

2.4.1 General Response Actions for Groundwater 

GRAs have been identified for the groundwater contamination at OU4 of the 
Riverfront Site.  The GRAs for groundwater include: 

•	 No action 

•	 Institutional controls 

•	 Natural attenuation 

•	 Containment 

•	 Removal 

•	 Treatment 

•	 Disposal 

Under the no action response, the subsite would be left “as is,” and no provisions 
would be made for groundwater monitoring, control, or remediation of the aquifer. 
Institutional controls would involve the implementation of legal, administrative, and/or 
informational devices to minimize public and environmental contact with the 
groundwater contaminants.  Natural attenuation involves the remediation of the 
contaminant plume by natural means.  Containment involves physically restricting 
groundwater contaminant mobility.  Removal involves the direct physical removal of the 
contaminated groundwater.  Treatment involves on-site and off-site measures to render 
the contaminated groundwater less hazardous.  Disposal involves measures to relocate 
treated groundwater and treatment residue in a manner that will reduce their interaction 
with the public and the environment. 

Remedial technologies and process options have been identified for each GRA. 
Remedial technologies refer to general categories of technology types, and process 
options refer to specific processes within each technology type. 

Table 2-1 lists the RAOs, GRAs, and the remedial technology types for the 
groundwater remediation at OU4.  Technical experience and a variety of technical 
sources, including USEPA documents and professional journals, were used to identify the 
technologies. 
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2.4.2 	 General Response Actions for Soil 

GRAs have been identified for the soil contamination at OU4 of the Riverfront 
Site. The GRAs for soil include: 

• No action 

• Institutional controls 

• Natural attenuation 

• Containment 

• Removal 

• Treatment 

• Disposal 

Under the no action response, the subsite would be left “as is,” and no provisions 
would be made for soil monitoring, control, or remediation of the aquifer.  Institutional 
controls involve the implementation of legal, administrative, and/or informational devices 
to minimize public and environmental contact with the soil contaminants.  Natural 
attenuation involves the remediation of the soil contamination by natural means. 
Containment involves physically restricting the mobility of the soil contaminants to 
minimize migration to uncontaminated soils or to the groundwater.  Removal involves 
the direct physical removal of the contaminated soils.  Treatment involves on-site and 
off-site measures to render the contaminated soil less hazardous.  Disposal involves 
measures to relocate treated soils and treatment residue in a manner that will reduce their 
interaction with the public and the environment. 

Remedial technologies and process options have been identified for each GRA. 
Remedial technologies refer to general categories of technology types, and process 
options refer to specific processes within each technology type. 

Table 2-2 lists the RAOs, GRAs, and the remedial technology types for the soil 
remediation at OU4.  Technical experience and a variety of technical sources, including 
USEPA documents and professional journals, were used to identify the technologies. 

2.5 	 Initial Screening of Technologies and Process Options 
for Groundwater and Soil 

The remedial technologies and process options identified were first screened on 
the basis of technical implementability.  The technologies and process options for 
groundwater were screened in Table 2-7, while the technologies and process options for 
soil were screened in Table 2-8. These initial screenings eliminate technologies that are 
clearly ineffective or unworkable on the basis of the subsite and contaminant 
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characteristics. Table 2-7 summarizes the initial technology screening for the 
remediation of groundwater at the subsite and Table 2-8 summarizes the initial screening 
for soil remediation.  These tables present the general response actions, remedial 
technologies, process options, descriptions of each process option, and screening 
comments. A brief description of each process option is included in the tables to 
facilitate understanding of each option and to assist in evaluating its technical 
implementability.  The screening comments address the technical feasibility and ability of 
the process option to serve its intended purpose. The screening comments include a 
statement of whether the process option is retained or rejected.  Retained process options 
are further evaluated in Section 2.6 on the basis of effectiveness, implementability, and 
cost. 

2.6 	 Further Evaluation of Process Options for Groundwater 
and Soil 

The process options for groundwater and soil that were retained during the initial 
screening (Section 2.5) were evaluated in greater detail for effectiveness, 
implementability, and cost.  Process options were evaluated on their effectiveness relative 
to other options within the same technology type.  The evaluation focused on three main 
points: 

•	 The potential effectiveness of the process options in handling the estimated 
volume of contaminated groundwater and meeting the goals identified in the 
general response actions. 

•	 The effectiveness of the process options in protecting human health and the 
environment during the construction and implementation phases. 

•	 The reliability and certainty of process options with respect to the contaminants 
and conditions at OU4. 
The implementability of a process option encompasses both the technical and 

institutional feasibility of implementing a process.  Because technical feasibility of the 
process options was considered during the initial screening, the primary emphasis during 
this more detailed evaluation was institutional feasibility.  Institutional feasibility 
includes consideration of the ability to obtain the necessary permits for off-site actions; 
the availability of treatment, storage, or disposal facilities; and the availability of the 
necessary equipment and workers. 

The cost evaluation included a qualitative estimation of the capital and operation 
and maintenance (O&M) costs associated with the process options.  Because more 
detailed cost estimates will be included in the screening and detailed evaluation of 
alternatives, costs are not greatly emphasized at this point.  The greatest costs during 
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subsite remediation are usually associated with the degree to which the different 
technology types are used, not the specific process options. 

The results of the process options evaluations are summarized on Tables 2-9 and 
2-10, for groundwater and soil, respectively. 

2.7 	 Retained Technologies and Process Options for 
Groundwater 

The GRAs, remedial technologies, and process options that were retained for the 
groundwater and soil in Section 2.6 are listed in Tables 2-11 and 2-12, respectively, and 
are further described in this subsection. These GRAs, technologies, and process options 
represent a pool from which remedial alternatives will be developed in Section 3.0.  The 
rejected process options have been eliminated from consideration and further discussion. 
The process options that were not retained fall into three groups: process options that 
have been eliminated from further consideration and discussion; process options that 
were rejected but should be re-evaluated during the remedial design phase; and process 
options that would be used to support other process options.  Process options that were 
rejected but should be re-evaluated have the statement “should be evaluated during 
remedial design.  Not retained as a representative process option” in the screening 
column of Table 2-10.  Process options that were not retained but would be used to 
support a retained process option have the statement “Would be used ….  Not retained as 
a primary process option” in the screening column of Table 2-10.   

2.7.1 	 Groundwater Technologies and Process Options 

The GRAs, remedial technologies, and process options that were retained for the 
groundwater are described in this subsection. 

2.7.1.1 	 No Action 

A no action alternative is required for consideration in accordance with the NCP. 
This option will serve as a baseline against which the other technologies can be 
compared.  Under this alternative, no additional groundwater use restrictions would be 
implemented, and treatment of contaminated groundwater would not be performed.  This 
option would not provide any protection to the public or the environment and would be 
the least protective of all actions.  The no action alternative usually requires no capital 
expenditures; however, this alternative would have periodic O&M costs associated with 
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the 5-year regulatory reviews that would be required in accordance with CERCLA and 
costs for closing the existing groundwater monitoring wells.   

2.7.1.2 Institutional Controls 

This subsection discusses institutional controls such as well construction 
standards and public education. 

2.7.1.2.1 Well Construction Restrictions 

Pursuant to the Missouri Water Well Drillers’ Act (sections 256.600 – 256.940 
RSMo), an area encompassing OU4 has been designated as “Special Area 3”.  Strict well 
construction standards have been imposed by the State of Missouri on the construction or 
extension of wells in that area.  These standards, found at 10 CSR Division 23, Chapter 3, 
create enforceable, stringent standards throughout OU4, and provide a reliable and 
durable control on groundwater exposures. These well construction standards would be 
effective in protecting human health if properly enforced.  These well construction 
standards would have low capital costs because the Special Area 3 regulations have 
already been promulgated.   

2.7.1.2.2 Public Education/ Information 

Public education and informational devices, such as notices to residents, can be 
used effectively to protect public health. Key components include informing the public 
about the potential risks associated with using the contaminated groundwater and 
discouraging the use of it for drinking or bathing. 

2.7.1.3 Groundwater Monitoring   

This subsection discusses periodic groundwater monitoring. 
This technology would involve continued periodic monitoring of the groundwater 

to detect changes in the migration of contaminants and to assess the effectiveness of any 
RAs. This technology would not treat or reduce the contamination at OU4.  Monitoring 
wells would be added to the existing monitoring well network to provide additional 
definition of the contaminant plume.  In addition, a sampling and chemical analysis 
program would be implemented.  Additional wells could be installed using conventional 
techniques.  Because OU4 is very steep and rugged terrain and is also completely 
developed as a residential area, installation of additional monitoring well will be more 
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difficult than at many locations.  Costs for installing monitoring wells are relatively low 
and are typically a small portion of the total cost of any alternative.  The capital costs 
would depend on the depth and number of new wells required. The O&M costs would 
depend on the frequency and magnitude of sampling.  Groundwater sampling is a proven 
technology for monitoring groundwater contamination.   

2.7.1.4 Containment 

Containment technologies would control the migration of contaminated 
groundwater from within OU4.  Two containment technologies were retained:  hydraulic 
controls using vertical wells and hydraulic controls using angle drilled wells. 

2.7.1.4.1  Hydraulic Containment, Vertical and Angled-Drilled Wells 

Hydraulic controls consist of installing one or more extraction wells.  The 
extraction well creates a cone of depression in the water table which alters the water 
table’s hydraulic gradient to control contaminant migration.  The extraction wells would 
be strategically located within the OU4 plume to prevent further migration of the plume 
at the source area.  Hydraulic controls are used in conjunction with treatment and 
disposal response actions; however, groundwater would only be removed at a rate to 
control further migration of the plume. 

The location, size, spacing, and pumping capacity of the containment well or 
wells would be determined by hydrogeological analysis.  Usually, the wells installed are 
vertical wells. However, given the steep topography of OU4 and that the area above the 
plume is fully developed for residential uses, it may be necessary to drill angled wells to 
be able to place some wells in the correct location for containment.   

Typically, submersible electric or pneumatic pumps are used to withdraw water 
from the wells.  Piping would connect the well pump to a central location for treatment or 
disposal. If necessary, multiple, smaller treatment or disposal locations might be used. 
Extraction wells are easy to install, are effective in containing groundwater plumes, and 
are low in capital and maintenance costs.   

2.7.1.5 Treatment 

One process option was retained for treatment of groundwater.  The technology, 
granular activated carbon (GAC) adsorption, involves the physical ex-situ treatment of 
contaminated groundwater.  A discussion of this treatment process is included in the 
following subsection. 
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If above-ground, ex-situ treatment of the groundwater is selected, the following 
technologies should be further evaluated during the remedial design phase: 

• Air Stripping with tray aeration; 
• Air Stripping with packed columns; 
• Ion Exchange; 
• Chemical Oxidation, and; 
• Ultraviolet/Chemical Oxidation. 

2.7.1.5.1 GAC Adsorption 

This process option involves the passage of groundwater through a treatment 
system that contains canisters of GAC.  Activated carbon has a large volume of very 
small pores (micropores), which create a large surface area in each grain of carbon. 
Groundwater contaminants adsorb to the GAC, leaving contaminant-free groundwater to 
proceed through to the discharge of the process system.  The adsorption of VOCs occurs 
in the micropores of the carbon, and the macropores act as a conduit for groundwater 
movement.  

GAC adsorption is an effective and proven technology for the removal of VOCs 
from groundwater.  The adsorption capacity of the carbon is finite, so the GAC canisters 
must be changed-out when the carbon is “spent”.  Therefore, there are O&M costs 
associated with this treatment process.   

2.7.1.6 Disposal 

Disposal of groundwater will be necessary if ex-situ treatment of the groundwater 
is conducted. The two remedial technologies retained are on-and off-site, treated effluent 
disposal. 

Treated groundwater from OU4 would be piped to the Missouri River for 
discharge. The discharge point may either be within OU4 (on-site discharge) or outside 
OU4 (off-site discharge). 

The substantive requirements of an NPDES permit would have to be met for on-
site discharge, and it would be necessary to meet NPDES limitations on discharge flow 
rate, daily maximum concentrations of contaminants, and maximum average 
concentrations of contaminants.   

An NPDES permit would be required for off-site discharge, and it would be 
necessary to meet NPDES limitations on discharge flow rate, daily maximum 
concentrations of contaminants, and maximum average concentrations of contaminants.   
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For either type of discharge, monitoring by sampling and analysis of the discharge 
water would be performed.   

2.7.2 Soils Technologies and Process Options 

The remedial technologies and process options that were retained for soil are 
further described in this subsection. 

2.7.2.1 No Action 

A no action alternative is required for consideration in accordance with the NCP. 
This option would serve as a baseline against which other technologies can be compared. 
This option would not provide any protection to the public or environment and would be 
the least protective of all actions.  Under this alternative, activity and use limitations 
would not be implemented, excavation and/or treatment of contaminated soil would not 
be performed, and the soil would not be monitored.  This option would not provide any 
protection to the public or environment and would be the least protective of all actions. 
The no-action alternative does not require any capital expenditures.  However, five-year 
regulatory reviews would be required in accordance with CERCLA, so the alternative 
does have some periodic costs.   

2.7.2.2 Institutional Controls 

This subsection discusses institutional controls. Public education and 
informational devices were the only process options retained from this GRA group. 
Fencing was not retained as a primary treatment option but could be used to support some 
primary soil process options, such as excavation. 

Public education and informational devices can be used effectively to protect 
public health. Key components include informing the public about the potential risks 
associated with very deep (10+ ft bgs) soil excavations, which might result in workers 
encountering soils that are still contaminated despite the removal action soil treatments. 
After the soil confirmation sampling results are evaluated, it may be possible to 
discontinue public education/information about the soil contamination, assuming that the 
results show that, as expected, the soils have been treated to less than the PRGs. 
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2.7.2.3 Containment 

Capping, sheet piling, and rock grouting, were the only remedial technologies 
retained for the containment GRA.  Due to its high effectiveness, multi-layer capping was 
the favored process option for horizontal containment. Native soil caps, 
revegetation/stone covers, and drainage controls were not retained as primary treatment 
options but would be used to support some primary soil process options, such as 
excavation. Sheet piling and rock grouting were retained as primary vertical containment 
options. 

2.7.2.3.1 Capping 

Multi-layer capping involves the covering of the contaminated soils with an 
impermeable liner, a drainage layer and a native soil layer.  These layers work together to 
prevent surface water migration into the contaminated soils and to prevent contact with 
the contaminated soils.  The multi-layer cap would be several feet thick.  A multi-layer 
cap would need to be maintained, since the native soil layer can become overgrown with 
weeds, which will decrease the effectiveness of the cap’s surface drainage, or trees, 
whose roots can clog the drainage layer or pierce the impermeable barrier, and the 
drainage layer can become clogged.  Also, a multi-layer cap would require the imposition 
of activity and use limitations on future use of the land at OU4, which might cause public 
acceptance issues. 

2.7.2.3.2 Sheet Piling 

Due to its cost, effectiveness and the ability to be installed with less disruption 
than other vertical containment technologies, sheet piling was the favored process option 
for vertical containment of the soils.  Sheet piling involves driving metal sheets down 
from ground level to the bedrock below the contaminated soils.  The metal sheets have 
interlocking edges and create a wall or box around the contaminated soils to prevent 
groundwater migration through the contaminated soils.  The sheet pile enclosure usually 
has a groundwater extraction well inside to lower the groundwater head within the box. 
The lower head in the containment enclosure ensures that the direction of groundwater 
flow is into the enclosure, thereby preventing the flow of contaminated groundwater out 
of the enclosure. 
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2.7.2.3.3 Rock Grouting 

Because the contamination may extend into the shallow bedrock below the source 
area soils, rock grouting was selected to complete the containment of the shallow 
contaminants.  Due to its effectiveness in bedrock, rock grouting was the favored process 
option for vertical containment of the contamination in the shallow bedrock.  Rock 
grouting involves installing injection wells in the bedrock below the contaminated soils. 
Grout is injected into the bedrock and fills the solution voids, faults, vugs, and channels 
in the rock. The volume of grout needed at each well depends on the number and size of 
the channels the well has intersected.  After the grout sets, the permeability of the 
bedrock would be reduced and the available paths for contaminant migration would be 
minimized. 

2.7.2.4 Treatment 

One remedial technology, in-situ chemical oxidation was retained for soil 
remediation at OU4.   

If above-ground treatment of the soil is selected, the following technologies 
should be further evaluated during the remedial design phase: 

• Solvent Extraction; 
• Soil Venting; 
• Soil Washing;  
• Thermal Desorption, and; 
• Bioslurry Reactors. 

In addition, mechanical excavation will have to be conducted to remove the soils for the 
above-ground treatments.  The above-ground treatment technologies may be necessary if 
the soil contamination proves to be recalcitrant to in-situ chemical oxidation treatment or 
if DNAPL is detected in the deep soils. 

If in-situ treatment of the soil is selected, the following technology should be 
further evaluated during the remedial design phase: 

• Thermally Enhanced Soil Vapor Extraction 
The thermally enhanced soil vapor extraction technology may be necessary if the soil 
sampling and DNAPL investigations find that there is DNAPL and that it is located in the 
shallow bedrock at depths that can not be excavated.   
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2.7.2.4.1 In-situ Chemical Oxidation 

In-situ chemical oxidation is a proven technology for remediating VOCs in soils. 
In-situ chemical oxidation uses shallow, vadose zone wells to allow the injection of a 
solution of water and a chemical oxidant into the soils.  The oxidant can be hydrogen 
peroxide, potassium permanganate, or others.  As the solution permeates the soils, the 
VOC contaminants are destroyed by the oxidant.  Vertical or horizontal wells may be 
installed and variable screen lengths may be used to provide a variety of injection 
patterns, depending on site characteristics.  In-situ chemical oxidation is a cost-effective 
treatment option but depending on site characteristics require several applications to be 
completely effective.  In-situ oxidation and will take substantially longer than excavation 
followed by disposal or treatment.  This option should be less costly than excavation 
followed by treatment and substantially less costly than off-site disposal. 
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Groundwater 
Contaminant ARAR Value

Volatile Organic Compounds 
* cis-1,2-Dichloroethene 70 �g/L 1 

* trans-1,2-Dichloroethene 100 �g/L 1 

* Tetrachloroethene 5 �g/L 2 

* Trichloroethene 5 �g/L 2 

Soils 
Contaminant Soil Cleanup Goal Value 

Volatile Organic Compounds 
* Tetrachloroethene 550 ug/kg 3 

* Trichloroethene 43 ug/kg 3 

* Vinyl Chloride 43 ug/kg 3 

Notes: 
* Contaminant of Concern (COC). 
1 National Primary Drinking Water Standards, 40 CFR Part 141, Subpart F, Maximum Contaminant Levels Goals.  These standards 

are ARARs because non-zero MCLGs for these contaminants have been promulgated. 
2 National Primary Drinking Water Standards, 40 CFR Part 141, Maximum Contaminant Levels.  These standards are ARARs because 

non-zero MCLGs for these contaminants have not been promulgated. 
3 USEPA Region 6 Human Health Medium-Specific Screening Levels, 2008. 

Table 2-4 

Numerical Values of Chemical-Specific ARARs for 


Groundwater and Soil Contaminants of Concern 

Operable Unit 4, Orchard Street/Maiden Lane Subsite 


New Haven, Missouri
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Table 2-11
 
Groundwater Process Options Retained for the Development of Remedial Alternatives 


Operable Unit 4, Orchard Street/Maiden Lane Subsite 

New Haven, Missouri 


General Response Action Process Options 

No Action None 

Institutional Controls Well Construction Restrictions 

Public Education/ Information 

Monitoring Groundwater Monitoring 

Containment Hydraulic Controls, Vertical Wells 

Hydraulic Controls, Horizontal/Angle-Drilled 
Wells 

Treatment Granular Activated Carbon (GAC) 

Disposal On-Site Discharge of Treated Effluent to 
Floodway 

Off-site Discharge of Treated Effluent to 
Floodway 

Final Feasibility Study Page 1 of 1 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 

http:044706.01.12


 
   

Table 2-12
 
Soil Process Options Retained for the Development of Remedial Alternatives 


Operable Unit 4, Orchard Street/Maiden Lane Subsite 

New Haven, Missouri 


General Response Action Process Options 

No Action None 

Institutional Controls Public Education/ Information 

Monitoring Groundwater Monitoring 

 Soil Monitoring 

Containment Multi-Layer Cap 

 Sheet Piling 

 Rock Grouting 

Treatment  In-situ Chemical Oxidation  

Final Feasibility Study Page 1 of 1 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 

http:044706.01.12


 

 Approximate 
property line 

Chemical oxidant 
injection area 1 
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Chemical oxidant 
injection area 2 
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garage 

Shallow 
Ditch 
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ML405 

Buried 
telephone 
line 

TW2 

Generalized extent of PCE 
contamination above the 

RI residential PRG 

Residential Grey 
Water Line 

0 12.5 25 50 FeetEXPLANATION 

TW3 
Monitoring well and number 

RI PCE PRG IS 483 ug/kg 

Maximum PCE concentration detected by the 
laboratory or portable gas-chromatograph in samples 
from soil boring. Concentrations in micrograms per 
kilogram (ug/kg) kilogram 

Less than 1 

1.0 to 239.9 

240 to 479.9 

480 to 479,999 

480,000 to 8,000,000 FIGURE 2-1 
APPROXIMATE EXTENT OF SOIL 
PCE CONTAMINATION ABOVE 
THE RESIDENTIAL PRG 
RIVERFRONT SUPERFUND SITE 
OPERABLE UNIT 4 FS 

SOURCE: USGS OU4 RI, 2008 
Z:\044706\C0008334.ai 8/6/2008 
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BW-04 

BW-10 

BW-13 
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BW-06 

BW-08 

BW-01 

W1 
JS34 

JS30 

ZONE C 

ZONE B 
ZONE A 

0 750 1,500 375 Feet 

BW-07 

Base from U.S. Geological Survey digital orthophoto, 1:24,000, 1927 Universal Transverse 
Mercator projection Zone 15 

EXPLANATION 

MAXIMUM TETRACHLOROETHENE (PCE) CONCEN - ESTIMATED TETRACHLROETHENE (PCE) CONCENTRATION IN 
TRATION IN MONITORING WELL CLUSTER -Concen - GROUND-WATER  -Concentrations in micrograms per liter 

Less than 0.1trations in micrograms per liter
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3.0 Development of Alternatives 

The process options that appear to be the most applicable for the subsite 
conditions at OU4 were identified in Section 2.0. The individual process options have 
been combined to develop possible solutions for the contamination problem at OU4. 
These possible solutions are referred to as remedial alternatives.  The Guidance for 
Conducting Remedial Investigations and Feasibility Studies Under CERCLA, (USEPA, 
1988a) indicates that each alternative shall combine the technologies and the media to 
which they apply into an alternative that addresses site-wide contamination. 

3.1 Basis for Alternative Development 
This section discusses the basis used to formulate remedial alternatives for the 

contaminated groundwater and soils at OU4.  In this section, the retained process options 
described in Section 2.0 are developed into viable remedial alternatives.  These 
alternatives were formulated in accordance with USEPA guidance criteria (USEPA, 
1988a; USEPA 1988b; USEPA, 1989a; and USEPA, 1992). 

The goals in developing the preliminary remedial alternatives are to provide both 
a range of cleanup options and sufficient detail to adequately compare alternatives.  The 
USEPA guidance document for remedial actions for contaminated groundwater at 
Superfund sites (USEPA, 1988a) recommends that alternatives be developed that achieve 
cleanup levels with varying time frames using different methodologies.  The guidance 
document suggests three general types of response actions:  a no action response, plume 
containment, and active remediation.  The groundwater portions of the remedial 
alternatives include the first two general types of response actions so as to provide ranges 
in the time and costs required for practicable remediation activities.  No active 
remediation alternatives have been prepared because active remediation of the plume 
would be impracticable. See Appendix B, which contains the Groundwater Technical 
Impracticability Evaluation Report. 

For soils, in conformance with the NCP and the FS guidance, alternatives were 
developed that fit into five general compliance categories: (1) no action, (2) attaining 
ARARs, (3) exceeding ARARs, (4) meeting CERCLA criteria without attaining all 
ARARs and (5) off-site treatment or disposal. 

The operational period for each of the alternatives was determined by the process 
options used in the alternative, subsite conditions, and the amounts of contamination. 
The operational periods were used to calculate the costs, especially the O&M costs, for 
the alternatives. The operational period selected was 30 years, for the no action, limited 
action, and containment alternatives.  While it is likely that these alternatives would have 
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to continue to operate beyond 30 years, the operational period was limited to 30 years 
because of general uncertainties concerning conditions beyond 30 years. 

The RI (USGS, 2008) concluded that significant contamination had already 
migrated from the source area soils through the groundwater and probably on to the 
Missouri River. The HHRA found that there was soil contaminated with COCs at levels 
that caused unacceptable risks to human health and would continue to cause 
contamination of groundwater at levels above MCLs and that the groundwater was 
contaminated with COCs at levels that posed unacceptable risks to future residents and 
that exceeded MCLs.  However, because the contaminant plume is located in deep 
bedrock, the surface topography is very rugged, and the area above the plume fully 
developed as residences, remediation of the plume is impracticable.  See Appendix B, 
which contains the Groundwater Technical Impracticability Evaluation Report. 
Therefore, the remedial alternatives in this FS were developed to remediate the remaining 
soil contamination in OU4 and monitor the groundwater contamination.  Figure 2-1 
summarizes the extent of the soil contamination while Figure 2-2 shows the lateral extent 
of the PCE groundwater plume. 

The remedial alternatives have been grouped into three categories, no action, 
containment, and active remediation, based on the soil remedy selected.  The categories 
and the alternatives are briefly discussed in the following subsections. For the 
groundwater plume, no action, monitoring, and containment alternatives have been 
prepared. The soil no action and containment alternatives have been paired with the 
groundwater no action and containment alternative, respectively. The soil treatment 
alternative has been paired with the groundwater monitoring alternative, as treatment of 
the groundwater plume is impracticable. 

Table 3-1 summarizes the alternatives by illustrating which process options are 
included in each alternative.  All tables are located at the end of this section. 

The following sections discuss the soil remedial alternatives and the groundwater 
remedial alternatives.   

3.1.1 Soil Remedial Alternatives 

The following sections provide general descriptions of the alternatives.  For 
detailed descriptions, see Section 3.2. 

3.1.1.1 No Action 

The no action response would not attempt to remediate or monitor the 
contamination in the soils.  One No Action Alternative has been developed for the OU4 
soils. Soil Alternative 1 (S1) would involve no on-site actions. The no action alternative 
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is discussed in Section 3.2.1. As discussed above, a 30-year life was assumed for the no 
action alternative.   

3.1.1.2 Containment 

Soil containment refers to preventing the migration of soil contaminants to the 
groundwater contaminant plume by using various technologies.  As discussed above, a 
30-year life was assumed for the containment alternatives.  To develop the containment 
alternatives and their costs, current subsite data and various assumptions were used. 
Different decisions could be made at the time of remedial design and during the course of 
the remedy based on the most current available data. 

Alternative S2 would contain the contaminated soils. The soils would be 
contained by installing a cap over the contaminated soils, a sheet pile enclosure around 
the perimeter of the contaminated soils, and conducting rock grouting in the shallow 
bedrock below the contaminated soils.  With the source of the plume isolated, natural 
attenuation processes (dispersion and advection) should begin to restore the plume.  As 
discussed in Section 2.3.2, for this alternative it was conservatively assumed that the 
volume of soil that would require containment would be equal to the volume of 
contaminated soil provided in the RI.  Because the soils have been treated, it is probable 
that the remaining soil volume that would require containment is less than the RI 
estimate.  This alternative is further discussed in Section 3.2.1. 

3.1.1.3 Active Remediation 

Active remediation refers to alternatives that use treatment to reduce the 
contaminated soil contaminant levels to the required cleanup levels in the minimal time 
feasible. Unlike the 30-year operational period assumed for the no action and 
containment alternatives, the operational periods for the active soil remediation 
alternatives vary. To develop the active remediation alternatives and their costs, current 
subsite data and various assumptions were used.  Different decisions could be made at the 
time of remedial design and during the course of the remedy based on the most current 
available data. As discussed in Section 2.3.2, for these alternatives it was conservatively 
assumed that the volume of soil that would require treatment would be equal to the 
volume of contaminated soil provided in the RI.  Because the soils have been treated, it is 
probable that the remaining soil volume that would require remediation is less than the RI 
estimate.   

Based on the RI, several observations can be made about the soil contamination in 
OU4: there was residual contamination at the vadose zone of the source area soils and the 
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shallow bedrock; the source area soils and the contaminated bedrock both have low 
permeability; the possibility of DNAPL contamination in the deep soils and shallow 
bedrock must be investigated, and; the degree of soil remediation from the two removal 
actions has not been determined.  Because of these observations, considerable uncertainty 
exists about the time frame of the remediation of the remaining soil contaminants.  While 
most of the soil contaminants are in the deep soils and residuum above the bedrock, it is 
possible that DNAPL has migrated into the shallow bedrock below the soils.  Therefore, 
the active soil remediation alternative is designed to determine the location and levels of 
remaining contamination in the source area soils and shallow bedrock first, then 
concentrate on remediating the contamination. 

Active remediation alternatives generally reduce soil contaminant levels more 
rapidly than containment alternatives and much more rapidly than the no action 
alternative. However, active remediation alternatives generally entail higher costs. 
Active remediation alternatives have higher costs because the active remediation 
alternatives generally require more equipment (such as treatment chemical injection 
equipment) and have higher fees (such as off-site disposal fees), which results in higher 
capital costs and they usually treat more aggressively, which results in higher O&M 
costs. 

One alternative has been developed that would provide active soil remediation. 
Alternative S3 would use in-situ chemical oxidation to treat the contaminated soils. This 
alternative is discussed in Section 3.2.1. 

If the soil contamination proves to be recalcitrant to the in-situ treatment, it may 
be necessary to excavate the soils and either dispose of them offsite or treat them on-site 
and use the treated soils as backfill. As discussed in Section 2.7.2.4, various above 
ground treatment technologies should be evaluated if above ground treatment is found to 
be necessary. Likewise, if substantial amounts of DNAPL are found at depths were 
excavation is impracticable, other in-situ treatment technologies may need to be 
evaluated. 

3.1.2 Groundwater Remedial Alternatives 

The following sections provide general descriptions of the alternatives.  For 
detailed descriptions, see Section 3.2. 

3.1.2.1 No Action 

The no action response would not attempt to remediate or monitor the 
contamination in the groundwater.  One No Action Alternative has been developed for 
the OU4 groundwater plume.  Groundwater Alternative 1 (GW1) would involve no on-
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site actions. The no action alternative is discussed in Section 3.2.2.  As discussed above, 
a 30-year life was assumed for the no action alternative. 

3.1.2.2 Monitoring 

Groundwater Alternative 2 (GW2), the monitoring alternative, would monitor the 
plume to determine if the plume was migrating beyond its current location, the plume’s 
current contaminant levels, and if any new sensitive receptors were threatened. 
Alternative GW3 would also use institutional controls to minimize contact with the 
contaminated groundwater.  The limited action alternative is discussed in Section 3.2.2. 
As discussed above, a 30-year life was assumed for the limited action alternative.  

3.1.2.3 Containment 

Plume containment refers to preventing the migration of a contaminant plume by 
using various technologies. Groundwater Alternative 3 (GW3) would use hydraulic 
controls (groundwater extraction wells) to minimize further contaminant migration.  The 
extracted groundwater would require treatment and disposal by other technologies 
retained in Section 2.0.  This alternative is further discussed in Section 3.2.2. To develop 
the containment alternative and its costs, current subsite data and various assumptions 
were used. Different decisions could be made at the time of remedial design and during 
the course of the remedy based on the most current available data. As discussed above, a 
30-year life was assumed for the containment alternative, GW3.     

3.1.3 Five-Year Review 

For all the alternatives, 5-year reviews would be required pursuant to CERCLA 
and the NCP because contamination above MCLs would be present in the groundwater 
for the operational period of the alternative.  It should be noted that the operational period 
for the groundwater no action, limited monitoring, and containment alternatives has been 
assumed to be 30 years.  The operational period for the soil RA alternatives has been 
assumed to be between 1 and 5 years.  

3.2 Description of Alternatives 
Three soil and three groundwater alternatives have been developed for OU4. 

They are discussed below. Section 3.2.1 describes the soil alternatives, while Section 
3.2.2 describes the groundwater alternatives. The alternatives developed include: a no 
action alternative for both the soil and groundwater, which is required as a baseline for 
comparison; an on-site soil containment alternative; an active soil remediation 
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alternative; a groundwater monitoring alternative, and; a groundwater containment 
alternative. No active groundwater remediation alternatives have been developed, as 
active remediation of the groundwater plume is impracticable.  See Appendix B, which 
contains the Groundwater Technical Impracticability Evaluation Report. 

3.2.1 Soil Alternative Descriptions 

The following sections describe the three soil remedial alternatives. 

3.2.1.1 Alternative S1 -- No Action 

Alternative 1 would not involve any RAs, and the subsite would remain in its 
present condition. This alternative, required by the NCP and CERCLA, is a baseline 
alternative against which the effectiveness of the other alternatives can be compared. 
Under the no action alternative, the subsite is left "as is" and no funds would be expended 
for monitoring, control, or cleanup of the remaining contaminated soils.  However, a 5­
year review of the subsite would be required under CERCLA, so funds would have to be 
expended to conduct the review. The 5-year reviews for OU4 would actually be 
conducted on the 5-year review schedule for OU1, because the long term remedial action 
(LTRA) of OU1 has already begun. The 5-year review would be a site-wide review, with 
OU4 being one of the OUs reviewed. 

3.2.1.2 Alternative S2 – On-Site Containment Using Capping, Sheet 
Piling, and Rock Grouting 

Alternative S2 would isolate the contaminated soils from the groundwater by 
containing them inside a capped, sheet piling enclosure with a rock grout “floor”. 

Soil sampling and a DNAPL investigation would be conducted to determine the 
edge of the soil volume contaminated above the soil cleanup goals.  The cleanup goals 
used to determine the limits of the sheet piling enclosure and cap would be based on the 
soil COCs for OU4. The cleanup goals are summarized in Table 3-2. 

The soil monitoring would consist of direct push sampling of the source area soils 
and a DNAPL investigation of the shallow bedrock during installation of the two new 
monitoring wells in the source area.  The direct push sampling of the source area soils 
would be conducted to determine the effectiveness of the two in-situ treatment efforts 
conducted in 2007 (Section 1.4.7). Direct push sampling would be conducted in a grid 
within the contaminated volume.  The cleanup goals used to determine the effectiveness 
of the treatment would be based on the three soil COCs for OU4 and are listed in Table 
3-2. The DNAPL investigation would consist of sampling the shallow bedrock during 
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installation of the two new monitoring well nests in the source area.  The DNAPL 
sampling would determine the extent and depth, if any, of DNAPL into the bedrock.  The 
wells would be installed in the boreholes after the DNAPL investigation had been 
completed.  During the installation of the well nests in the boreholes, care would be taken 
to seal off any DNAPL zones detected in the boreholes to prevent migration of DNAPL 
to deeper zones. If necessary, the well boreholes would be abandoned to ensure that any 
DNAPL zones are sealed off and the new well nests would be installed at nearby offset 
locations. 

The USEPA has conducted two rounds of in-situ soil treatment (see Section 1.4.7) 
of the source area soils but has not yet conducted confirmatory sampling to determine the 
post-treatment contaminant levels.  The soil treatments were designed to treat the 
contaminant levels found in the RI soil sampling and the PSOD so it is probable that 
except for recalcitrant hotspots the soil contamination has been remediated.  Therefore, 
the USEPA and MDNR will evaluate the source area soil confirmation sample results and 
the DNAPL results to determine the remediation status of the source area soils and the 
shallow bedrock.  After the current soil contamination levels are determined by the 
soil/DNAPL sampling efforts, the soil contamination activities would be planned. 

In addition to the soil and DNAPL sampling, in-door air sampling of the 
residences around the source area soils would be conducted in the first year of the 
alternative. After access was granted by the homeowner, in-door air samples would be 
collected twice, once during a season when the home was closed up (Winter or Summer) 
and once during a season when the home was open (Spring or Fall). 

A detailed sampling and quality assurance plan would be written before the soil 
monitoring activities began.  The sampling and quality assurance plans would include 
sample locations, sampling frequency, sampling procedures, sample analysis methods, 
and sample documentation procedures.  This sampling could also be conducted during 
the RD. See Table 3-2. 

Based on the information obtained during the DNAPL investigation, rock 
grouting would be conducted below the depth of any DNAPL contamination in the 
shallow bedrock. If DNAPL is not found in the shallow bedrock, the rock grouting will 
be conducted in the layer of competent rock below the soils.  The rock grouting could be 
conducted before or after the sheet piling installation.   

The building that covers part of the contaminated soils (the old garage) would be 
demolished and the debris disposed of in a construction landfill.    

Next, sheet piling would be driven from the ground surface to the Cotter dolomite 
formation below the subsite (15 to 20 feet below ground surface [bgs]) to enclose the soil 
contaminated above the soil cleanup levels.  At least one electric power pole would have 
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to be moved before the sheet piling could be installed.   
The multi-layer cap would then be placed to cover the area defined by the direct 

push sampling.  It would direct surface water runoff to the edges of the cap and would be 
laid so as to prevent water from pooling on the cap.   

After the sheet piling had been installed, three extraction wells and three 
piezometers would be installed within the containment volume.  Their installation would 
be coordinated with the cap installation to minimize the amount of repairs (from 
trenching and well installation) to the cap. 

The multi-layer cap would require regular maintenance to check for vegetation 
growth (especially trees), blockages of the drainage channels, or subsidences. These 
types of damage would have to be regularly repaired to maintain the integrity of the cap. 

Institutional controls for the soils would consist of proprietary controls in the form 
of environmental covenants on the properties where the containment structures were 
built. These controls would restrict activities that could damage the cap or the sheet 
piling enclosure and would allow USEPA, MDNR, or their contractors access to maintain 
the cap, the enclosure’s pumping wells, and the pipe from the wells to the treatment 
system.  

The groundwater inside the enclosure would be pumped to keep the groundwater 
table inside the enclosure lower than the surrounding perched groundwater. The 
extraction wells in the enclosure would only be pumped at the minimum rate to ensure 
that groundwater flow would be into the enclosure.  This would minimize further 
migration of PCE from the soils to the groundwater plume.  For this alternative, is has 
been assumed that three extraction wells within the soil containment volume would be 
sufficient to control the groundwater flow gradient. The wells would be pumped at 
between 0.5 and 2.5 gpm, for an approximate total of 3 gpm combined.  Five 
piezometers, three inside and two outside the enclosure would be installed to monitor the 
groundwater flow gradient and groundwater table elevation inside the enclosure. 

The groundwater would be pumped to a treatment system through double 
contained piping with a leak detection system.  This treatment system would be similar to 
the system described in Alternative GW3.  See Section 3.2.2.3 for the detailed description 
of the treatment system.  The proposed locations of the underground piping between the 
wells and the treatment system and of the discharge piping from the treatment system are 
shown on Figure 3-1. The final location of the piping, the treatment system, and the 
discharge point would be determined during the RD.     

The cost estimate for this alternative includes costs for discharging the treated 
water into one of the storm drains that go through the United States Army Corps of 
Engineers (USACE) flood control levee to the Missouri River.  During the RD, the costs 
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of installing a dedicated pipeline to carry the treated water over the levee should be 
investigated. 

The continuing source of the groundwater plume should be removed once the 
contaminated soils are enclosed within the sheet piling and rock grouting and capped. 
Future contaminant migration from the soils to the groundwater should be minimized, 
both by the sheet piling/rock grouting and by the extraction wells within the sheet 
piling/rock grouting enclosure.  As discussed above, the RI found that most of the 
downgradient plume is dissolved (very little contaminant mass is sorbed to the aquifer 
materials).  Therefore, once the source of the groundwater contamination is removed by 
containment of the source area soils, NA processes should begin to restore the aquifer. 
The time necessary for NA processes to restore the aquifer is unknown due to many 
complicating factors.  The primary uncertainties include the distribution of contaminants 
in the bedrock (including the possibility that there may be some amount of DNAPL 
outside the containment), the rates of dispersion and advection of these contaminants in 
the downgradient plume groundwater, and the degree of success in isolating the source 
area soils from the aquifer.  However, Alternative S2 should restore the downgradient 
portion of the aquifer (essentially, Zone C) more quickly than Alternative S1.   

3.2.1.3 Alternative S3 - In-Situ Chemical Oxidation Treatment 

Alternative S3 would use in-situ chemical oxidation to treat the contaminated 
soils. 

Soil sampling and a DNAPL investigation would be conducted as described in 
Alternative S2 to determine the edge of the soil volume contaminated above the soil 
cleanup goals. The cleanup goals used to determine the limits of the treatment volume 
would be based on the soil COCs for OU4. The cleanup goals are summarized in Table 
3-2. 

Indoor air monitoring of the residences near the source area soils would also be 
implemented as described in Alternative S2. 

To develop this alternative and provide cost estimates, a combination of 
engineering judgment, assumptions, and technical information were used.  Different 
decisions about the application rate and application quantities could be made at the time 
of RD based on the most current available data.  

One primary reason for the selection of chemical oxidation is that when PCE is 
chemically oxidized, it is not oxidized sequentially into its biodegradation products. 
Instead it degrades in one step into carbon dioxide, water, and salt. If the PCE was 
degraded sequentially (as occurs during biodegradation, for example), it would degrade 
into TCE, then cis-DCE, and finally VC. As PCE’s degradation products all pose as 
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great a threat to human health and the environment as PCE itself, having PCE degraded 
in one step would be preferable, and would minimize the time needed to remediate the 
soils. 

The contaminated source area soils would be treated in-situ by chemical 
oxidation. The treatments would be very similar to the two in-situ chemical oxidation 
treatment efforts conducted during the RA.  The 2007 source area treatments are shown 
on Figure 2-2. During the RD, the source area soils would be sampled on a grid pattern 
using direct push technology to determine the current extent of contamination.  The 
injection efforts would be conducted during the period with the lowest perched water 
table levels (late summer or early fall).  For costing purposes, it was assumed that one 
more injection effort covering the entire source area would be necessary.  This effort 
would be conducted in Year 1. Direct push sampling would be conducted in Year 2 to 
evaluate the effectiveness of the injection. It was assumed that in Year 3 an additional 
effort over half the source area would be needed and that in Year 5 the final injection 
effort would be conducted, on 25% of the source area (the volume that contained the 
8,000,000 ug/kg of PCE). Direct push sampling efforts (appropriately scaled down) 
would be conducted in Year 4 to determine the locations of the residual soil 
contamination and in Year 6 to confirm that the soils have been remediated.  As a final 
confirmation that no rebound contamination has occurred, the soils will be sampled again 
in Year 9, just before the second 5-year review. The sample results would be used to 
plan the chemical injection efforts during remediation and to confirm that no additional 
treatment is necessary (Years 6 and 9).     

Institutional controls for the soils would consist of public education/ information. 
Institutional controls would only be necessary until the soil treatment had been completed 
and sampling had confirmed that no soil contamination above cleanup goals remained.     

3.2.2 Groundwater Alternative Descriptions 

The following sections describe the three groundwater remedial alternatives. 

3.2.2.1 Alternative GW1 -- No Action 

Alternative GW1 would not involve any RAs, and the subsite would remain in its 
present condition. This alternative, required by the NCP and CERCLA, is a baseline 
alternative against which the effectiveness of the other alternatives can be compared. 
Under the no action alternative, the subsite is left "as is" and no funds would be expended 
for monitoring, control, or cleanup of the contaminated groundwater. However, a 5-year 
review of the subsite would be required under CERCLA, so funds would have to be 
expended to conduct the review. The 5-year reviews for OU4 would actually be 
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conducted on the 5-year review schedule for OU1, because the long term remedial action 
(LTRA) of OU1 has already begun. The 5-year review would be a site-wide review, with 
OU4 being one of the OUs reviewed. In addition, the monitoring wells currently being 
used to monitor OU4 must at some time be properly closed, so capital costs for this work 
have been included because the wells would not be used in the future under this 
alternative. 

3.2.2.2 Alternative GW2 – Monitoring 

Alternative GW2 would use groundwater monitoring and institutional controls to 
address the potential health risks associated with the contaminated groundwater.  This 
alternative would not actively restore the aquifer, but would monitor the plume to ensure 
that any migration of the plume towards sensitive receptors would be detected. 

For the purpose of developing this alternative, it was assumed that five new 
monitoring wells would be installed. Two wells would be installed in or near the source 
area soils; one would be installed at the downgradient edge of the plume, to determine the 
depth of the plume at that location; one additional well would be installed west of BW­
08, and; the last additional well on the eastern side of the plume.  The five proposed well 
sites are shown on Figure 3-2. The final locations and depths of the wells would be 
determined during design and would be contingent on current data results from the 
existing wells and upon access agreements with the property owners and the City of New 
Haven. 

It was assumed that nineteen existing wells (with 29 sampling depths) and the five 
new wells (with ten sampling depths) would be sampled quarterly for 2 years, twice a 
year for 3 years, and annually thereafter or until RAOs are attained.  The frequency of the 
monitoring could be reevaluated and modified after the five-year reviews or after review 
of monitoring data by the USEPA and MDNR.  The groundwater samples would be 
sampled for the following parameters: 

• VOCs 
• Dissolved oxygen (DO) (field parameter) 
• Specific conductance (field parameter) 
• pH (field parameter) 
• Oxidation reduction potential (ORP) (field parameter) 
• Temperature (field parameter) 

Given the depth of the wells that must be sampled, the samples would have to be 
collected using pumps. 
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The results of the sample analysis would be used, possibly with aquifer screening 
models, to evaluate the rate and direction of groundwater contaminant migration.  If the 
monitoring results indicate that the plume is migrating towards new receptors, further 
RAs could be initiated. 

A detailed sampling and quality assurance plan would be written before the 
groundwater monitoring activities began.  The sampling and quality assurance plans 
would include sample locations, sampling frequency, sampling procedures, sample 
analysis methods, and sample documentation procedures.  Wells from the existing 
monitoring well network would be used as much as possible to avoid duplication of effort 
and to minimize the number of new monitoring wells installed.  New monitoring wells 
would be added to the existing monitoring well network to provide further definition of 
the plume and to provide data on especially important areas of the plume, such as the 
western edge of the plume near BW-08.   

Alternative GW2 would include well construction restrictions and public 
education/ information to prevent human use of the groundwater at OU4.  Well 
construction restrictions would prevent the construction of substandard wells, which 
could spread contamination at or near OU4.  The rules for Special Area 3, which includes 
all of OU4, have been finalized by the State of Missouri. Therefore, any new wells 
installed within OU4 will have to comply with the well construction standards in the Area 
3 rules as well as the Missouri New Water Supply Well requirements.  Public education/ 
information would be performed to inform the city officials and land owners residing in 
OU4 of the restrictions on well drilling within the boundaries of OU4.  Public education 
would be conducted through informational meetings and flyers.  As in Alternative GW1, 
5-year reviews would be required under CERCLA 121(c). 

3.2.2.3 Alternative GW3 – Hydraulic Containment and Above Ground 
Treatment 

Alternative GW3 would use hydraulic containment, above ground groundwater 
treatment, groundwater monitoring, and institutional controls to address the potential 
health risks associated with the contaminated groundwater.  This alternative would 
contain the contaminant plume and minimize contaminant migration from the source area 
soils and the shallow bedrock. It would not actively restore the aquifer, but would rely on 
the aquifer’s ability to lower contaminant concentrations by natural attenuation processes. 
The extracted groundwater would be treated by GAC to meet discharge standards.  At 
this time, the only identifiable discharge location is the Missouri River. 

Alternative GW3 would pump sufficient groundwater to establish a hydraulic 
barrier to control further migration of the heavily contaminated portion of the plume 
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(Zones A and B of the plume [see Section 2.3.2]).  The barrier would be established by 
using extraction wells. The extraction wells would be pumped at rates sufficient to 
overcome the existing groundwater flow gradient around the wells.  Given the steep 
topography and highly developed character of OU4, it may be necessary to drill some of 
the extraction wells as angle wells to reach the necessary locations to establish the 
barrier. The amount of contaminated groundwater removed would be the minimum 
required to contain the migration of the plume.  The well locations and pumping rates 
would not be designed to actively restore the plume.  The extraction wells would be 
located so that their radii of influence overlap the width of the contaminant plume.  For 
this alternative, it has been assumed that seven extraction wells would be sufficient to 
contain the heavily contaminated portion of the plume.  Preliminary locations for the 
extraction wells are shown on Figure 3-1. The wells would be pumped at between 0.5 
and 2.5 gpm each, for an approximate total of 7 gpm.  Monitoring wells would be 
installed to monitor the extraction wells’ hydraulic performance.  In addition, five 
monitoring wells would be installed during the RD, as described in Alternative 2. 
Overall, it is anticipated that eight new monitoring wells would be installed (four wells 
for the RD investigation and four for the hydraulic monitoring). 

As discussed above, five new monitoring wells would be installed, during the RD 
before the extraction wells were installed.  Sampling of the new and existing monitoring 
wells would be conducted before the extraction wells were installed to confirm the depth 
of the contaminant plume, the approximate center line of the plume, and the eastern and 
western edges of the plume along the line where the extraction wells would be installed. 
The actual number, location, pumping rate, depth, and size of the extraction wells and 
monitoring wells would be determined during the RD and would be contingent upon 
access agreements with the property owners and the data from the new monitoring wells. 
This effort is necessary to ensure that the capture radius of the wells is sufficient to 
contain the entire width of the plume. 

A submersible electric or pneumatic pump would be installed in each well and the 
pump controls would be housed at the top of the well casing.  Automatic shut-off controls 
would be installed with each pump to shut it off if predetermined low water levels were 
reached in the extraction wells.  These level controls would prevent damage to the well 
pumps during low water levels.  The pumps’ controls might also include a high water 
level to stop pumping during heavy rains or high Missouri River flood stages. 

The groundwater would be pumped to a treatment system through double 
contained piping with a leak detection system. The proposed locations of the 
underground piping between the wells and the treatment system and of the discharge 
piping from the treatment system are shown on Figure 3-3.  The final location of the 
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piping, the treatment system, and the discharge point would be determined during the 
RD. For this alternative, it has been assumed that one treatment system and building 
would be constructed and that the water extracted by the plume barrier wells would be 
combined and treated by one system.   

The groundwater treatment system would be a package system that would be 
delivered to the subsite. The treatment system would be housed in a building to reduce 
noise, improve appearance, insulate the treatment process, and protect equipment.  The 
building would be heated for freeze protection. The above-ground pumps would have 
individual high-temperature overloads, but the building would not be cooled.  Controls 
for the treatment system and for the wells, valves, and pumps would be housed within the 
building for year-round operation. Power lines would be connected and wiring and 
controls would be installed to operate the process pumps, lighting, and other equipment 
(i.e., heating and ventilation equipment).  Control wiring (on/off controls) to the wells 
would also be installed. Signs would be posted to prevent unauthorized entry into the 
building and security measures, such as alarms and a fire department key box, would also 
be implemented to be consistent with local codes and best practice.  The building would 
also be locked to limit general accessibility to the facility and the potential for public 
exposure. 

The groundwater would be pumped through a GAC adsorption system to remove 
the contaminants.  The GAC system would have at least two absorber vessels, piped so 
that either vessel could be the lead or the lag vessel.  Normally, the system would be 
operated with one vessel as the lead and the other as the lag. When operational sampling 
data indicated that the carbon in the lead vessel was spent (no longer adsorbing 
contaminants), it would be taken out of service.  A new carbon vessel or replacement 
carbon would be put in place, the lag vessel would be set up as the lead vessel, and the 
new carbon would be used as the lag vessel. Operating the system in this manner ensures 
that the full adsorption capacity of the lead vessel is used before the carbon is replaced. 
A flow schematic for the treatment system is shown on Figure 3-3.  It was assumed that 
the spent GAC would be transported off-site for disposal in a RCRA-permitted facility. 

The cost estimate for this alternative includes costs for discharging the treated 
water into one of the storm drains that go through the USACE flood control levee to the 
Missouri River. During the RD, the costs of installing a dedicated pipeline to carry the 
treated water over the levee should be investigated. 

Groundwater monitoring would be included under this alternative.  The 
performance of the extraction wells must be monitored to ensure that the plume is 
contained. The performance of the extraction wells would be monitored by collecting 
groundwater samples for chemical analysis and by collecting groundwater levels to 
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determine the groundwater flows around the extraction wells.  Wells from the existing 
monitoring well network would be used as much as possible to avoid duplication of effort 
and to minimize the number of new monitoring wells installed.  The number and location 
of any new monitoring wells necessary to monitor the extraction well’s performance 
would be reevaluated during the RD. 

In addition to the four new monitoring wells installed for plume definition during 
the RD, monitoring wells would be installed during the remedy’s construction phases to 
monitor the performance of the extraction wells.  The general location of the plume was 
confirmed during the RI, so the purpose of the four new plume definition monitoring 
wells is to confirm the depth of the plume and the western edge of the plume, while the 
other four monitoring wells will be used to monitor the performance of the extraction 
wells. The final location of the wells and the depths of the wells would be determined 
during RD and would be contingent upon access agreements with the property owners 
and the City of New Haven. 

For all the soil alternatives except S1, it is expected that the contaminant levels in 
the downgradient extraction wells would decrease steadily, since the contaminants in the 
source area soils and shallow bedrock would have been contained or treated. Depending 
on the rate of contaminant flushing from the plume in the bedrock between the source 
area soils and the downgradient extraction wells, the levels may decrease to less than 
MCLs. However, the containment alternative would be functioning correctly as long as 
no contaminants from Zones A and B of the plume were migrating downgradient of the 
extraction well line.    

Natural attenuation (NA) occurs to some degree in all groundwater systems. 
However, the rate of the process varies widely for different classes of contaminants and 
for different hydrogeologic systems. Even though some natural attenuation always 
occurs, the RI (USGS, 2008) determined that the rates of the processes in the OU4 plume 
are not protective of human health and the environment.  The RI examined most of the 
issues required to evaluate the effectiveness of NA, especially the relative rates of 
degradation and contaminant transport.  The RI found that: 

1) Except for dispersion and advection (essentially dilution processes), very little 
natural attenuation (especially biodegradation) was occurring within the plume. 

2) While disposal of PCE ended over twenty years ago, the contaminant levels for 
PCE and its degradation products still exceed MCLs from the source area to 
where the plume joins the Missouri River.  

3) The likely presence of DNAPL at the source area and the very slow rates of 
destructive or sorptive NA processes in the OU4 plume make it unlikely that NA 
processes would lower the concentrations of the groundwater COCs sufficiently 
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as the contamination migrates to the current downgradient edge of the plume 
(assumed to be the Missouri River). 

The continuing source of the groundwater plume should be removed once the 
contaminated soils are remediated by one of Alternatives S2 or S3.  As discussed above, 
the RI found that most of the downgradient plume is dissolved (very little contaminant 
mass is sorbed to the aquifer materials).  Therefore, once the source of the groundwater 
contamination is removed by treatment or containment of the source area soils, NA 
processes should begin to restore the aquifer.  The time necessary for NA processes to 
restore the aquifer is unknown due to many complicating factors.  The primary 
uncertainties include the distribution of contaminants in the bedrock, the rates of 
dispersion and advection of these contaminants in the downgradient plume groundwater, 
and the degree of success in isolating the source area soils from the aquifer.  However, 
Alternative GW3 should restore the downgradient protion of the aquifer (essentially, 
Zone C) more quickly than Alternative GW1.   

A detailed sampling and quality assurance plan would be written before the 
groundwater monitoring began.  The sampling and quality assurance plans would include 
sample locations, sampling frequency, sampling procedures, sample analysis methods, 
and sample documentation procedures.  Wells from the existing monitoring well network 
would be used as much as possible to avoid duplication of effort and to minimize the 
number of new monitoring wells installed.  New monitoring wells would be added to the 
existing monitoring well network to provide further definition of the plume; data on 
especially important areas of the plume, such as the eastern and western edges at the 
extraction well line; and data regarding the hydraulic performance of the extraction wells. 

It was assumed that eight new and the existing monitoring wells and the seven 
extraction wells (for a total of 34 wells with approximately 50 sampling depths) would be 
sampled quarterly for 2 years, twice a year for 3 years and annually thereafter or until 
RAOs are attained. The frequency of the monitoring could be reevaluated and modified 
after the 5-year reviews or after review of monitoring data by the USEPA and MDNR. 
The groundwater samples would be sampled for the following parameters: 

• VOCs 
• DO (field parameter) 
• specific conductance (field parameter) 
• pH (field parameter) 
• ORP (field parameter) 
• Temperature (field parameter) 

The results of the sample analysis would be used, along with water level data and 
aquifer flow models, to evaluate the rate of contaminant migration, the degree of plume 
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containment in Zones A and B, and the rate of natural attenuation in Zone C.  If the 
monitoring results indicate that Zones A and B of the plume are not being contained, 
further RAs could be initiated. 

The treatment plant’s influent and effluent would be monitored as required to 
meet NPDES requirements.  For the purpose of developing this alternative, it was 
assumed that the influent and effluent would be monitored quarterly for VOCs until 
RAOs were met. 

The institutional controls for groundwater would be the same as those described 
in Alternative GW2. 

3.3 Combined Soil and Groundwater Remedial Alternatives 
Because both the soils and groundwater at OU4 are contaminated, the remedial 

alternatives need to address both media.  In order to limit the analyses in Chapters 4 and 5 
to a manageable number of alternatives, while still meeting the requirements for 
generating specific alternatives (especially the No Action and the containment 
alternatives), the soil and groundwater alternatives will be paired.  The following 
combined alternatives will be analyzed: 

1) Alternative 1 - No Action/ No Action 
2) Alternative 2 - Capping, Sheet Piling, and Rock Grouting/ Containment by 

Hydraulic Control 
3) Alternative 3 - In Situ Chemical Oxidation Treatment/ Monitoring 
Table 3-3 summarizes the combined alternatives by illustrating which process 

options are included in each alternative. The periodic costs and the present worth cost of 
Alternatives 1, 2, and 3 are shown in Appendix A, Table A-1, A-2, and A-3, respectively. 
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Table 3-2 

Contaminant Soil Cleanup Limits and Disposal Limits 

Operable Unit 4, Orchard Street/Maiden Lane Subsite 


New Haven, Missouri 


Contaminant Soil Cleanup Limit * 
(ug/kg) 

Maximum Level for Disposal at a Solid 
Waste Facility ** 

(ug/kg) 
PCE 550 14,000 
TCE 43 10,000 
VC 43 4,000 
All soils with contaminant levels greater than the maximum level acceptable to the solid waste 
disposal facility would be disposed of in a RCRA permitted facility. 
* USEPA Region 6 Human Health Medium-Specific Screening Levels, 2008. 
** Based on the “20 times the TCLP limits” rule of thumb for determining disposal requirements. 
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4.0 Detailed Evaluation of Alternatives 

In this section, the remedial alternatives were evaluated in detail to provide 
enough relevant information about each alternative so that an appropriate remediation 
measure can be selected for OU4 at the Riverfront Site.  Each alternative is evaluated 
against the NCP-required criteria. 

The remedial alternative evaluation criteria have evolved as a result of statutory 
requirements that must be addressed in the ROD.  CERCLA requires that RAs meet the 
following criteria: 

•	 Be protective of human health and the environment. 
•	 Attain ARARs (or provide grounds for invoking a waiver). 
•	 Be cost-effective. 
•	 Use permanent solutions and alternative treatment technologies or resource 

recovery technologies to the maximum extent practicable. 
•	 Satisfy the preference for treatment that reduces toxicity, mobility, or volume as a 

principal element or provide an explanation in the ROD of why it does not. 
The NCP and the “Interim Final Guidance for Conducting Remedial 

Investigations and Feasibility Studies Under CERCLA” (USEPA, 1988a) provide nine 
evaluation criteria to address the CERCLA statutory requirements considerations: 

•	 Overall protection of human health and the environment. 
•	 Compliance with ARARs. 
•	 Long-term effectiveness and permanence. 
•	 Reduction of toxicity, mobility, or volume through treatment. 
•	 Short-term effectiveness. 
•	 Implementability. 
•	 Cost. 
•	 State acceptance. 
•	 Community acceptance. 

Table 4-1 describes the evaluation factors for each of the nine criteria.  In this 
section, each individual alternative is evaluated against seven of the nine criteria. State 
and community acceptance criteria cannot be adequately addressed until after the FS 
report is released for regulatory and public review. These criteria should, therefore, be 
assessed in the ROD responsiveness summary. 

The following discussion presents the primary components of each of the seven 
criteria that will be used to complete the detailed evaluation of alternatives.  The first two 
criteria, overall protection of human health and the environment and compliance with 
ARARs, are considered threshold criteria. These criteria must be met for an alternative to 
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be considered a remedy for the site.  The five remaining criteria are considered balancing 
criteria. Tradeoffs can be made between the alternatives with respect to the balancing 
criteria. State acceptance and community acceptance are considered modifying criteria 
and are used to identify the preferred alternative after the public comment period. 

•	 Overall Protection of Human Health and the Environment 
This criterion provides an overall assessment of whether each alternative would 
adequately protect human health and the environment.  The overall protectiveness 
focuses on whether an alternative would achieve adequate protection and how site 
risks would be eliminated, reduced, or controlled through treatment, engineering, 
or institutional controls.  This criterion is considered a threshold criterion; that is, 
overall protection must be provided for an alternative to be considered a remedy 
for the site. 

•	 Compliance with ARARs 
This criterion, also a threshold criterion, assesses whether an alternative would 
meet all federal and state ARARs for the site. 

•	 Long-Term Effectiveness and Permanence 
This balancing criterion assesses the residual risk that would remain at the site 
after the RAOs are achieved. The extent and effectiveness of the controls needed 
to manage any treatment residuals or untreated media would be assessed by 
qualitatively determining the magnitude of any residual risk remaining at the site 
at the conclusion of remedial activities.  Also, the adequacy and reliability of the 
controls that would be used to manage any treatment residuals or monitor 
untreated media remaining at the site would be assessed. 

•	 Reduction of Toxicity, Mobility, or Volume Through Treatment 
This balancing criterion assesses the degree to which site media would be treated 
to permanently and significantly reduce the toxicity, mobility, or volume of site 
contaminants.  This is accomplished by analyzing the destruction of toxic 
contaminants, the reduction of the total mass of toxic contaminants, the 
irreversible reduction in contaminant mobility, or the reduction in total volume of 
contaminated material. 

•	 Short-Term Effectiveness 
This balancing criterion addresses the effects of an alternative on-site 
surroundings during the construction and implementation phases of the RA, 
before RAOs would be achieved. These effects include consideration of the 
protection of workers and the community during RA implementation, 
environmental impacts that might result from construction or implementation, and 
the length of time until the RAOs would be achieved. 

Final Feasibility Study 4-2 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 

http:044706.01.12


 
   

 
 

 

 

•	 Implementability 
This balancing criterion addresses the technical and administrative feasibility of 
implementing an alternative and the availability of the various services and 
materials required during implementation.  Technical feasibility encompasses the 
technical difficulties and the unknowns associated with the alternative, the 
reliability of the technologies, the ease of undertaking additional RAs if 
necessary, and monitoring requirements.  Administrative feasibility includes the 
activities required for coordination with other offices and agencies. Availability 
of services and materials includes the availability of necessary equipment and 
specialists, the ability to obtain competitive bids, and the availability of 
prospective technologies. 

•	 Cost 
The cost criterion involves the evaluation of the capital costs, the annual O&M 
costs, and a present worth analysis.  The cost estimates would be order-of­
magnitude level estimates, which would be defined by the American Association 
of Cost Engineers as approximate estimates made without detailed engineering 
data. It is normally expected that an estimate of this type would be accurate to 
+50 percent and -30 percent. The actual costs of the project would depend on the 
final scope of the RA, the schedule of implementation, competitive market 
conditions, and other variable factors that may impact project costs.   
Direct capital costs include expenditures for the equipment, labor, and materials 
necessary to implement RAs.  Types of capital costs considered direct capital 
costs are: 

� Installation of wells, 
� Construction of treatment systems, and 
� Implementation of institutional controls. 

Indirect capital costs include expenditures for engineering, permitting, and other 
services that are not part of actual installation activities but are required to 
complete the installation of remedial alternatives.  Types of capital costs 
considered in indirect capital costs are bid and scope contingencies, permitting 
and legal costs, construction services, and engineering design costs. 
O&M costs are the annual or periodic costs necessary to ensure the continued 
effectiveness of an alternative. These include costs for groundwater monitoring, 
on-going costs for treatment chemicals or treatment system utilities, preparation 
of newsletters, and 5-year reviews. 
The present worth analysis of the alternative costs evaluates expenditures that 
occur over different time periods by discounting all future costs to a common base 
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year. Costs of the alternatives are then compared on the basis of a single figure 
representing the amount of money that, if invested in the base year, would be 
sufficient to cover all costs associated with the alternative over its planned life. 
The following sections present discussions of the three RA alternatives developed 

for OU4 of the Orchard Street/Maiden Lane Site in relation to the first seven evaluation 
criteria. 

4.1 Alternative 1 – No Action/ No Action 
The no action alternative would not implement any RAs so OU4 would remain in 

its present condition. Alternative 1, required by the NCP and CERCLA, is the baseline 
alternative against which the effectiveness of the other alternatives is compared.  More 
detailed descriptions of the soil and groundwater portions of Alternative 1 were presented 
in Sections 3.2.1.1 and 3.2.2.1, respectively. 

4.1.1 Overall Protection of Human Health and the Environment 

Because no remedial or monitoring activities would be conducted as part of 
Alternative 1, human health and the environment would not be adequately protected by 
this Alternative. 

Currently (August 2008), two subsite-specific factors protect human health from 
the contaminated soil at OU4.  The RI found that the surface soils (0-2 ft bgs) and the 
subsurface soils to 10 ft bgs were not substantially contaminated.  In addition, the 
USEPA has conducted two rounds of in-situ soil treatment (see Section 1.4.7) but has not 
yet conducted confirmatory sampling to determine the post-treatment contaminant levels. 
The soil treatments were designed to treat the contaminant levels found in the RI soil 
sampling and the PSOD, so it is likely that the existing soil contamination has been 
remediated.   

However, if there is recalcitrant soil contamination, it would continue to migrate 
into the groundwater and continue to discharge into the Missouri River. Because of the 
possible presence of DNAPL in the source area soils and shallow bedrock, the slow 
average groundwater velocity, and the distance of the source area soils from the Missouri 
River, the potential exists for untreated contaminants (if any) in the source area 
soils/shallow bedrock to migrate into the groundwater.  The current contaminated 
groundwater plume may migrate into currently uncontaminated volumes of groundwater 
downgradient of the source area. The concentrations of PCE, TCE, cis-DCE, and trans-
DCE in the groundwater currently exceed the MCLs. The concentrations of PCE 
remaining in the soil may exceed the soil cleanup goals.   
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Currently (August 2008), two subsite-specific factors protect human health from 
the contaminated groundwater at OU4.  The City of New Haven provides potable water 
to OU4 and the surrounding area, so no one is currently exposed to the contaminated 
groundwater. In addition, all of OU4 is within Special Area 3.  If any new water supply 
wells are installed in OU4, they must comply with the well construction requirements 
listed in the Special Area 3 regulations. However, the potential for future ingestion or 
direct contact with contaminated soil and groundwater would remain.  One existing water 
supply well in OU4 (JS-34) is contaminated and Alternative 1 does not include any 
mechanisms for monitoring wells or warning the public of the potential dangers from 
using the contaminated groundwater.   

Because monitoring would not be performed the future location of the 
contaminants, the levels of contamination in the soil (if any) and groundwater, and the 
extent of natural attenuation, could not be determined.  If this alternative were 
implemented, it would not be possible to determine if the RAOs were satisfied.   

4.1.2 Compliance with ARARs 

The potential ARARs are presented in Section 2.2, and set out in Tables 2-3, 2-5 
and 2-6. The chemical-specific ARARs specific to the present quality of the groundwater 
include the National Primary Drinking Water Standards.  The concentrations of PCE, 
TCE, cis-DCE, and trans-DCE in the groundwater currently exceed the MCLs and 
MCLGs. Thus, the present quality of the groundwater does not meet these standards, so 
this alternative would not comply with the chemical-specific ARARs.  No chemical-
specific ARARs were identified for the soils at OU4. The concentrations of PCE and 
other COCs in the soil may exceed the soil cleanup goals.  Because the soil would not be 
monitored under this alternative, it will not be possible to determine if the soil cleanup 
goals are being met.   

No location-specific ARARs would apply to Alternative 1. 
The only RA that would be taken is closure of the existing monitoring wells.  The 

only action-specific ARAR that would have to be complied with is the Missouri 
Monitoring Well Construction Code (10 CSR 23-4), which would apply to the 
monitoring well closures. 

Any new domestic water supply well installations in or near OU4 would have to 
comply with the Missouri Well Construction rules (which are under 10 CSR 23-3).  In 
particular, the Special Area 3 regulations (10 CSR 23-3.700(7)), a subset of Chapter 3 of 
the Well Construction rules, specifically apply to new wells constructed at OU4. 
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4.1.3 Long-Term Effectiveness and Permanence  

The residual risk to human health and the environment associated with 
Alternative 1 would be the same as the current risk.  While there are four subsite-specific 
factors that minimize current and future human risk from the OU4 contaminants, 
Alternative 1 does not include any mechanisms of warning the local population of the 
risks from the OU4 contaminants.  The concentrations of PCE, TCE, cis-DCE, and trans-
DCE in the groundwater currently exceed the MCLs. In addition, contamination may be 
present in the soil that results in risks to the environment and at levels that would 
continue to act as a source of groundwater contamination.  The existing groundwater 
plume may migrate into currently uncontaminated volumes of groundwater.  Because 
monitoring would not be conducted, there would be no mechanism to evaluate the 
effectiveness of this alternative. Therefore, the long-term effectiveness of the current 
protective factors is uncertain.  An evaluation of the adequacy and reliability of controls 
is not applicable to this alternative.  Because contamination above cleanup goals would 
remain at the subsite, 5-year reviews would be required.   

4.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Because no remedial activities would be conducted, there would be no reduction 
in the toxicity, mobility, or volume of the contaminants except by natural fate and 
transport processes. Monitoring would not be conducted and therefore no mechanism 
would exist to determine the reductions, if any, of the toxicity, mobility, or volume of the 
contaminants in the soil or groundwater.  

4.1.5 Short-Term Effectiveness 

Because the only action that would be conducted is well closure, there would be 
no increase in the short-term risk to the community.  There would be very minor 
increases in risks to workers and the environment as the equipment used to close the 
wells was decontaminated, but these risks are easily controlled.  The amount of time 
required for the contaminants in the groundwater and soil to degrade or dilute to 
concentrations at or below the MCLs or risk-based levels is unknown, but is expected to 
be significantly greater than 30 years. 

4.1.6 Implementability 

Monitoring well closure, the only on-site activity required in this alternative, is 
easily implemented.  Well closure vendors and the materials needed to close the wells are 
readily available. Except for closing the wells, services, materials, and activities 
normally needed to coordinate with other agencies would not be necessary.  Five-Year 
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reviews would be required and the services, materials, and personnel needed to complete 
the required 5-year reviews are readily available.   

4.1.7 	Cost 

The costs for this alternative are presented in Table A-1 of Appendix A. While no 
RAs would be conducted, the existing groundwater monitoring wells must be closed. 
Therefore, capital costs have been included for the wells’ closure. Because 5-year 
reviews of the subsite would be required, there are also O&M costs.  Five-year reviews 
have been assumed to consist of a 2-day subsite visit by two people and the labor and 
expenses associated with producing a 5-year review report. The cost for the OU4 portion 
of the 5-year review was assumed to be 25% of the 5-year review cost, as to date only 
OU1, OU3, OU5, and now OU4 have had their FS completed.  Each 5-year review has 
been estimated to cost $52,000, so costs of $13,000 are listed for the OU4 5-year reviews.  
In order to generate the cost estimate, the duration of this alternative is assumed to be 30 
years. The total present worth of Alternative 1 is estimated to be $121,000. 

4.2 	 Alternative 2 – Capping, Sheet Piling, and Rock Grouting/ 
Hydraulic Containment, Above Ground Treatment, and 
Monitored Natural Attenuation 

Alternative 2 includes the containment of the contaminated source area soils and 
shallow bedrock by capping over, sheet piling around, and rock grouting below the 
contaminated soil/ shallow bedrock volume and extraction of groundwater at a rate to 
contain the head of the groundwater contaminant plume.  It is estimated that ten 
extraction wells, pumping at a total rate of approximately 10 gpm, would be necessary to 
contain the groundwater contaminant plume and remove the groundwater from the soil 
containment volume.  Extracted groundwater would be treated by GAC. The treated 
groundwater would then be discharged to a local tributary or storm drain and ultimately 
to the Missouri River. 

As discussed in Section 2.3.2, for this alternative it was conservatively assumed 
that the volume of soil that would require containment would be equal to the volume of 
contaminated soil provided in the RI.  Because the soils have been treated, it is probable 
that some of the soils meet the RAOs and soil containment of the entire RI defined area 
would not be necessary.  After soil monitoring determined the limits of the containment 
volume, the existing garage on-site would be demolished and the volume of contaminated 
soil and shallow bedrock would be enclosed by rock grouting to seal off the shallow 
bedrock, sheet piling keyed into the top of the bedrock and a multi-layer cap over the 
contaminated soils.  The alternative also includes groundwater monitoring to determine 
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the effectiveness of the plume containment and institutional controls including the 
existing requirements for new well certification and public education. 

The operational life of this alternative is expected to be greater than 30 years. 
More detailed descriptions of the soil and groundwater portions of Alternative 2 were 
presented in Sections 3.2.1.2 and 3.2.2.3, respectively. 

4.2.1 Overall Protection of Human Health and the Environment 

Alternative 2 would protect the public and the environment from the risks posed 
by the groundwater contamination by preventing the migration of the heavily 
contaminated portion of the plume (essentially, the portion of the plume in Zones A and 
B). The contaminated water that is extracted would be treated to levels below the 
cleanup goals (MCLs and MCLGs). The cap/sheet piling/rock grouting enclosure would 
eliminate direct contact with the contaminated soil and minimize migration of the 
contaminants into the groundwater.  This is a containment alternative, so some risk would 
remain because the bulk of the contaminants would not be actively remediated.   

No long-term residual risk would be associated with the groundwater that is 
extracted and treated. GAC adsorption is proven to be effective for the removal of 
organics from contaminated groundwater.  Groundwater monitoring would be 
implemented to monitor how effectively the groundwater contaminant plume is 
contained. Discharge of the treated effluent to the Missouri River should not pose a 
significant risk because contaminant concentrations in the effluent would be regulated by 
the NPDES program.   

Unacceptable cross-media impacts should not occur.  The soil currently acts as a 
source of the groundwater contamination.  Contaminants migrate from the soil to the 
groundwater by two mechanisms: 1) contaminants are carried from the soil to the 
groundwater by water infiltrating from the surface, through the contaminated soils, to the 
groundwater below and 2) contaminants in the soil transfer directly to the groundwater 
when the water table rises and fills contaminated soil in the source.  Capping the 
contaminated soil would minimize the transfer of contaminants through infiltration. 
Installing sheet piling around the contaminated soil volume would minimize direct 
transfer of contaminants from the soil to the groundwater.  Grouting the bedrock below 
the contaminated soil and shallow bedrock would minimize migration of contaminated 
groundwater and possibly DNAPL from the perched water table to the local groundwater 
aquifer. 
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4.2.2 Compliance with ARARs 

A full spectrum of potential ARARs for the subsite is discussed in Section 2.2, 
and set out in Tables 2-3, 2-5 and 2-6. The chemical-specific ARARs specific to the 
present quality of the groundwater include the National Primary Drinking Water 
Standards., 40 CFR Part 141, Subparts B & G. 

No chemical-specific ARARs were identified for the soils at OU4.  The 
concentrations of PCE and other COCs in the soil may exceed the soil cleanup goals. 
Because the contaminated soils would be contained with the cap/sheet piling/rock 
grouting enclosure under this alternative, any migration of contaminants in the soil to the 
groundwater should be minimized.   

These cleanup standards are derived from the following chemical-specific 
ARARs: 

•	 Safe Drinking Water Act. 
- National Primary Drinking Water Standards; 40 CFR Part 141, Subparts B 

& G. 
This alternative would meet ARARs, but would most likely fail to achieve a 

permanent cleanup.  A containment remedy, such as this one, would be limited to 
preventing migration of contamination above these levels.  

The following are the federal and state location-specific and action-specific 
ARARs that pertain to Alternative 2:  

•	 Clean Water Act. 
-	 NPDES, 40 CFR Parts 122, 125: These standards would need to be complied 

with when discharging the treated groundwater. 
•	 Missouri Water Quality Effluent Regulations and Water Quality Standards, 10 

CSR 20.7010 and 20-7.031: These standards would need to be complied with for 
discharge of the treated groundwater to the Missouri River. 

•	 RCRA: Wastes would be evaluated by complying with 40 CFR 260-268.  This 
alternative does not include on-site disposal regulated by RCRA. RCRA would 
need to be complied with for any off-site disposal of hazardous waste such as drill 
cuttings. 

•	 Solid Waste Disposal Act, 40 CFR Part 257:  These requirements would be 
applicable to wastes disposed of at a solid waste landfill. 

•	 Missouri Sanitary Landfill Regulations, 10 CSR 80-3.010 (2) & (3):  These 
requirements would be applicable to wastes disposed of at a sanitary landfill. 

•	 Clean Air Act and Missouri Air Pollution Control Program:  Fugitive emissions 
(such as dust) would need to be controlled during the sheet pile driving and cap 
construction activities.   
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•	 Noise Control Act of 1972; 42 USC Sect 4901 et seq. Noise during operation can 
be addressed by placing systems within a building and adding sound-absorbing 
insulation if required.  Noise during construction (building demolition, capping, 
well installation, etc.) would have to comply with the Act.  Noise during 
excavation and drilling operations can be addressed by restrictions on when 
excavation or drilling was performed (no activities early in the morning or after 
dark, for example). 

•	 Missouri Board of Geological Registration Regulations, 4 CSR 145-1.010: 
Activities that require interpretation of the subsite geology, including monitoring 
well installation, would have to comply with these regulations.   

•	 Missouri Monitoring Well Construction Code, 10 CSR 23-4: Extraction and 
monitoring well installation at the subsite would have to comply with these 
regulations. 

•	 NHPA, 36 CFR Parts 65, 800: Portions of OU4 are also located in the New 
Haven Residential Historical District. Monitoring well installations within the 
Historical District would have to comply with these regulations. 
In addition, all remedial activities for the subsite would need to comply with 

OSHA and USACE requirements.   
Any new domestic water supply well installations in or near OU4 would have to 

comply with the Missouri Well Construction rules (which are under 10 CSR 23-3).  In 
particular, the Special Area 3 regulations (10 CSR 23-3.700(7)), a subset of Chapter 3 of 
the Well Construction rules, specifically apply to new wells constructed at OU4. 

4.2.3 Long-Term Effectiveness and Permanence  

The residual risk to human health and the environment from the contaminated 
soils would be reduced by eliminating the threat of direct contact with the contaminated 
soils. The cap/sheet pile/rock grout enclosure would minimize infiltration and the 
transfer of contaminants from the soils and shallow bedrock to the groundwater. 

In this alternative, the contaminated groundwater aquifer would not be actively 
restored, so there would be a long-term risk from the contaminants remaining in the 
aquifer. Pumping contaminated groundwater is considered an adequate and reliable 
method of plume hydraulic containment.  By containing the heavily contaminated portion 
of the groundwater plume, controlling further migration of the contaminants, and 
removing and treating contaminant mass, the long-term risk would be reduced.  

Groundwater monitoring would be conducted to evaluate the effectiveness of this 
alternative. Because contamination above cleanup goals would remain at the subsite, 5­
year reviews would be required.  The long-term effectiveness of new well certification 
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requirements are uncertain.  However, the Special Area 3 regulations have been finalized, 
so this institutional control is in place.  If the heavily contaminated portion of the plume 
is not contained under this alternative, the groundwater might have to be extracted at a 
greater flow rate or additional extraction wells might have to be installed and pumped to 
contain the plume.   

Implementation of this alternative would reduce the long-term risk to health that 
is associated with potential human use of the contaminated groundwater.  However, 
because contaminated groundwater would remain in the aquifer, a long-term risk would 
continue to exist for the environment.  The environmental risks would remain until 
natural attenuation processes reduced the groundwater contaminant levels to the MCLs 
and MCLGs. 

Eventually, groundwater contaminants in Zone C would be diluted through 
natural processes. However, contaminated groundwater would remain at OU4 for a long 
time.  In order to estimate costs, it has been assumed that Alternative 2 will last 30 years. 
Because groundwater monitoring would be conducted, there would be a mechanism to 
evaluate the contaminant levels in the plume, future migration of the plume, and the 
attenuation of contaminants from natural processes (if any).   

The long-term risk from the extracted groundwater would be eliminated by the 
treatment of the extracted water.  Treatment of contaminated groundwater with GAC 
should permanently and effectively lower the contaminant levels in the extracted 
groundwater to levels less than the NPDES discharge standards.  During the remedial 
design, an evaluation could be conducted to determine if one of the process options not 
retained as the representative process option (in Section 2.0) should be used instead of or 
in conjunction with GAC. 

Long-term O&M activities associated with this alternative would include repair 
and maintenance of the extraction and monitoring wells, the groundwater treatment 
system equipment, and the multi-layer cap.  Cap maintenance and sampling and analysis 
of groundwater and treated effluent would be performed on a regular basis.  The O&M 
activities would be moderate and relatively easy to implement.  No difficulties or 
uncertainties are foreseen during the performance of these activities. The long-term 
effectiveness of institutional controls are uncertain, but if properly maintained and 
enforced, should be good. As discussed, the Special Area 3 regulations have been 
finalized, so this institutional control is in place.  The need for unscheduled replacement 
of major components such as pumps would be minimal if proper maintenance activities 
are performed regularly. 
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4.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

This alternative meets the statutory preference for treatment as a principal 
element.  Extraction and treatment of contaminated groundwater would effectively 
reduce the mobility of the contaminants in the groundwater.  Capping, sheet piling, and 
rock grouting would minimize the movement of contaminants from the soil and shallow 
bedrock to the groundwater. Groundwater extraction and treatment is essentially 
irreversible. Spent carbon would be the only residual waste generated from the treatment 
processes. 

It is anticipated that the spent GAC from the groundwater treatment system would 
be non-hazardous wastes. The spent carbon would be disposed of in accordance with 
applicable State and Federal waste regulations. 

4.2.5 Short-Term Effectiveness 

Community risk associated with this remedial alternative would be relatively low 
during construction of this alternative. Proposed activities include building demolition, 
cap and sheet piling installation, rock grouting, groundwater treatment system 
construction, and installation of the extraction wells and the new monitoring wells.  The 
risk would be greater for workers, but would be minimized by compliance with OSHA 
requirements and guidelines for hazardous waste site activities.  Installation and 
maintenance activities would require that workers be trained and certified to perform 
hazardous waste site activities, and workers would be required to wear Level D personal 
protective equipment during well installation. 

Environmental impacts resulting from installation of the cap, sheet piling, and 
rock grouting, and the groundwater extraction and treatment system would include noise 
pollution during building demolition, cap construction, sheet piling installation, and well 
installation and minimal fugitive dust emissions during construction.  During 
construction, the soil cuttings removed from the contaminated aquifer would be 
containerized to minimize possible contact with the contaminants.  Any contaminated 
water generated during well installation would be collected and treated in the 
groundwater treatment facility.   

The amount of time required for the contaminants in the groundwater throughout 
Zone C to dilute to concentrations at or below the MCLs is unknown, but is expected to 
be greater than 30 years. However, because of uncertainties about the contaminants’ 
migration velocity and about how effectively the contaminated soils would be contained, 
there is considerable uncertainty about the time required to achieve the groundwater 
cleanup levels through natural attenuation. For costing purposes, it has been assumed that 
this alternative would operate for 30 years. 
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The time to actually construct the alternative would be approximately: 

 8 months: Engineering design. 

8 months: Equipment lead time/installation of monitoring and extraction 
wells, demolition of building, installation of rock grading and sheet 
piling, and cap construction. 

4 months: Construction, startup, inspections, and related testing of 
groundwater treatment facility. 

Some of these tasks could be performed concurrently.  For example, well 
installation could be conducted concurrently with equipment lead time.  However, the 
soil remediation activities (i.e., building demolition, installation of the sheet piling and 
cap) would have to be completed after the rock grouting and before new wells are 
installed in the area to be capped.  It is estimated that the time from the notice to proceed 
with the design to limited startup of the groundwater treatment system would be 
approximately 12 to 18 months.   

4.2.6 Implementability 

Implementability of this alternative would be moderately difficult.  Demolition of 
the existing garage could be easily implemented.  Installation of the sheet piling would 
require re-routing of utilities, which would require coordination with state and local 
entities. Cap construction is readily implemented and contractors are readily available. 
Installation of wells and rock grouting and construction of a treatment facility are 
relatively simple activities. Established procedures for well installation are already in use 
at the subsite.  Contractors that specialize in these types of work are readily available. 
Building demolition, sheet pile installation, capping, rock grouting, and well installation 
activities would create noise and inconvenience to nearby citizens.  Electricity would be 
required at each extraction well location as well as the treatment plant to implement this 
alternative. Monitoring and hydraulic control (extraction) well closure, when needed in 
the future, should also be easy to implement.  Technical problems are not expected to 
lead to schedule delays during remediation because evaluations during the RD would be 
performed before the RA was implemented. 

The use of GAC adsorption to remove organic contaminants is proven and 
reliable. Caps are proven and effective for minimizing infiltration.  Sheet piling with 
wells installed within the sheet piling and rock grouting would be effective in controlling 
the movement of groundwater through the contaminated soil.  O&M requirements for this 
alternative would be moderate and easily completed by one individual, supported by 
subcontractors as needed (for GAC change-out, for example). 
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Groundwater monitoring, including installation of additional monitoring wells, is 
easily implementable.  Additional coordination activities would be needed to ensure that 
any monitoring wells installed in the New Haven Residential Historical District comply 
with the NHPA. Placement of the monitoring wells would have to be coordinated with 
the private citizens and the City of New Haven.  Monitoring well closure, when needed in 
the future, should also be easy to implement.  Technical assistance regarding appropriate 
safety procedures can be provided by OSHA, which also has the authority to inspect 
Superfund sites to ensure compliance with OSHA standards. 

Frequently, the implementation of institutional controls can be somewhat 
difficult. However, the implementability of institutional controls at OU4 should be 
simple.  The Special Area 3 well construction regulations have already been finalized for 
the entire Riverfront Site, not just OU4. New well certifications would be implemented 
and overseen by the State of Missouri (MDNR’s Wellhead Protection Section).  Public 
education/information could be easily implemented through public notices in the 
newspaper, through direct mailings, and through public meetings.  Five-year reviews 
would be required, and the services, materials, and personnel needed to complete the 
required 5-year reviews are readily available. 

This alternative would not interfere with additional remediation at the site, if 
required. Additional remedial activities might include excavating the contaminated soil, 
installing more extraction or monitoring wells, or modifying the treatment system. 
Sampling the existing and proposed monitoring wells should be sufficient to determine if 
the extraction system is successfully containing the heavily contaminated portion of the 
groundwater plume.  Placement and design of the extraction and monitoring wells would 
have to be coordinated with the private citizens and the City of New Haven.  In the parts 
of OU4 that are in the Historical District the design of the placements must comply with 
the NHPA. Any wells in the floodplain on the land side of the levee would need to have 
locking valves to prevent the well from becoming artesian when the Missouri River 
floods. 

Technical assistance regarding appropriate safety procedures can be provided by 
OSHA, which has the authority to inspect Superfund sites to ensure compliance with 
OSHA standards. 

4.2.7 Cost 

The detailed cost summary of the capital and O&M costs associated with the 
implementation of Alternative 2 is presented in Table A-2 of Appendix A. 

The capital costs include both direct and indirect capital costs.  The direct capital 
costs include: building demolition; installation of sheet piling and rock grouting, cap 
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construction; installation of additional monitoring and extraction wells; construction of 
the treatment facility and associated supply and discharge piping; purchase of process 
equipment, and; supporting the MDNR Wellhead Protection Section with new well 
certifications.  With the addition of indirect costs, the total capital cost is estimated to be 
$825,000. 

The O&M costs associated with implementing this alternative include 
groundwater monitoring, maintenance of the groundwater extraction and treatment 
system, equipment replacement, cap maintenance, and 5-year reviews.  O&M costs are 
divided into two types, yearly and intermittent costs. Yearly costs are those items that do 
not change over the life of the alternative.  An example of a yearly cost is the extraction 
well treatment plant’s NPDES monitoring.  Intermittent costs are those periodic costs that 
differ over the life of the alternative.  Examples of intermittent costs are the costs for the 
groundwater monitoring and 5-year reviews.  In addition, costs to close the monitoring 
wells have been included in the Year 30 costs.  While monitoring will probably have to 
continue beyond 30 years, closure of the wells will be required at some time, so the costs 
have been included in Year 30 for completeness. 

Annual O&M costs for the first year are estimated to be $223,400 and are 
estimated to be between $110,000 and $229,200 for every year thereafter.  The total 
annual O&M costs for Alternative 2 are $3,921,000.  The total present worth of the O&M 
costs for Alternative 2 is $1,738,000. 

The total present worth of Alternative 2 is estimated to be $2,563,000.   

4.3 Alternative 3 – In-situ Chemical Oxidation / Monitoring 
Alternative 3 includes in-situ chemical oxidation of the contaminated soil.  The 

alternative also includes soil monitoring to determine the effectiveness of the two 
previous soil remediation efforts.   

As discussed in Section 2.3.2, for this alternative it was conservatively assumed 
that the volume of soil that would require treatment would be equal to the volume of 
contaminated soil provided in the RI.  Because the soils have been treated, it is probable 
that some of the soils meet the RAOs and additional soil treatment of the entire RI soil 
volume would not be necessary.  A more detailed discussion of soil alternative S3 was 
presented in Section 3.2.1.5. 

Alternative 3 would also include groundwater monitoring and institutional 
controls to mitigate the effects of the groundwater contamination at OU4.  This 
alternative would not actively restore the groundwater. This alternative would monitor 
the plume to ensure that any migration of the contaminated groundwater towards 
sensitive receptors would be detected. Monitoring would be accomplished through the 
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collection and analysis of groundwater samples.  Institutional controls would consist of 
the existing requirements for new well construction certification, including the Special 
Area requirements, and public education/information.  A more detailed description of 
groundwater alternative GW3 was presented in Section 3.2.2.3.   

4.3.1 Overall Protection of Human Health and the Environment 

The long-term residual risk from the soil that is treated in-situ would be 
substantially less than the current risk.  In-situ chemical oxidation is effective for 
removing the VOCs present in the soils at OU4.  In fact, this process option, in-situ 
chemical oxidation, was used in the 2007 removal action at OU4.  Soil sampling would 
be conducted to determine the degree of soil remediation achieved during the removal 
action conducted during the RI and by the in-situ soil treatments conducted as part of this 
alternative. However, if there is DNAPL in the deepest soils or shallow bedrock, it may 
be difficult to locate and treat. Therefore, some residual risks may remain to the 
environment.   

Human health would be adequately protected from the contaminated groundwater 
by Alternative 3. Currently (September 2008), two subsite-specific factors protect human 
health from the contaminated groundwater at OU4.  The City of New Haven provides 
potable water to the residents in OU4 and the surrounding area, so no one is currently 
exposed to the contaminated groundwater.  In addition, all of OU4 is within Special Area 
3. If any new water supply wells are installed in OU4, they must comply with the well 
construction requirements listed in the Special Area 3 regulations.  These existing factors, 
combined with the monitoring of the contaminant plume and the public 
education/information on the dangers of using the contaminated groundwater that would 
be conducted under Alternative 3, should prevent current and future human exposure to 
the contaminated groundwater. 

Institutional controls provide no protection to the environment.  The existing 
groundwater plume may migrate into currently uncontaminated volumes of groundwater 
downgradient of the source area. The concentrations of PCE, TCE, cis-DCE, and trans-
DCE in the groundwater currently exceed the MCLs.  If there is recalcitrant soil 
contamination, it could continue to migrate into the groundwater and continue to 
discharge into the Missouri River.  Because of the possible presence of DNAPL in the 
source area soils and shallow bedrock, the slow average groundwater velocity, and the 
distance of the source area soils from the Missouri River, the potential exists for 
untreated contaminants (if any) in the source area soils/shallow bedrock to migrate into 
the groundwater.  The concentrations of PCE in the soil may exceed the soil cleanup 
goals. 
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Monitoring would be performed to determine the levels of contamination in the 
groundwater and would be one of the tools used to determine if the human health RAO 
had been met. Monitoring would also be performed to confirm that the soil treatments 
were effective and that the existing soil contamination had been remediated.  Monitoring 
would also provide some protection to the environment, by detecting any expansion of 
the plume or migration of the plume towards new sensitive receptors.  However, overall, 
this alternative would not meet the RAO for the protection of the environment.     

4.3.2 Compliance with ARARs 

The potential ARARs are presented in Section 2.2, and set out in Tables 2-3, 2-5 
and 2-6. No chemical-specific ARARs were identified for the soils at OU4.  The 
concentrations of PCE and other COCs in the soil may exceed the soil cleanup goals. 
Because the contaminated soils would be treated in-situ under this alternative, any 
migration of contaminants in the soil to the groundwater should be minimized.  However, 
contamination, possibly including DNAPL contamination, may remain in the deep soils 
and shallow bedrock (at depths greater than approximately 18 ft bgs).   

The chemical-specific ARARs specific to the present quality of the groundwater 
include the National Primary Drinking Water Standards., 40 CFR Part 141, Subparts B & 
G. The concentrations of PCE, TCE, cis-DCE, and VC in the groundwater currently 
exceed the MCLs and MCLGs. Because the present and probable future quality of the 
groundwater does not and will not meet all of these standards, this alternative would not 
comply with the chemical-specific ARARs unless a waiver is received.  Any remaining 
contaminated soils could continue to act as a source of the groundwater contamination. 

The Federal and State location-specific and action-specific ARARs that pertain to 
Alternative 3 include the following: 

•	 RCRA: Wastes would be evaluated by complying with 40 CFR Parts 260-268. 
This alternative would not include on-site disposal regulated by RCRA. RCRA 
regulations would need to be complied with for any off-site disposal of hazardous 
waste, such as soil cuttings from well installations. 

•	 Solid Waste Disposal Act, 40 CFR Part 257:  These requirements would be 
applicable to wastes disposed of at an off-site solid waste landfill. 

•	 Missouri Sanitary Landfill Regulations, 10 CSR 80-3.010 (2) & (3):  These 
requirements would be applicable to wastes disposed of at an off-site sanitary 
landfill. 

•	 Hazardous Materials Transportation Act, 40 CFR Parts 107, 171-177: 
Transportation of hazardous soil cuttings to their disposal facility would have to 
comply with these regulations. 
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•	 Clean Air Act: Fugitive emissions (such as dust) would need to be controlled 
during well drilling and injection activities. 

•	 Noise Control Act of 1972; 42 USC §§ 4901 - 4918. Noise from drilling 
activities could be addressed through use of hearing protection during drilling 
activities and restrictions on when drilling was performed (no drilling early in the 
morning or after dark, for example). 

•	 Missouri Monitoring Well Construction Code, 10 CSR 23-4: Monitoring well 
installation and closures at the subsite would have to comply with these 
regulations. 

•	 Missouri Board of Geological Registration Regulations, 4 CSR 145-1.010: 
Activities that require interpretation of the subsite geology, including monitoring 
well installation, would have to comply with these regulations. 

•	 National Historic Preservation Act (NHPA), 16 USC § 470 et seq., 36 CFR Parts 
65, 800: Portions of OU4 are also located in the New Haven Residential 
Historical District.  Monitoring well installations within the Historical District 
would have to comply with these regulations. 
In addition, all remedial activities for the subsite would need to comply with the 

Occupational Safety and Health Act (OSHA) requirements. 
Any new domestic water supply well installations in or near OU4 would have to 

comply with the Missouri Well Construction rules (codified at 10 CSR 23-3).  In 
particular, the Special Area 3 regulations (10 CSR 23-3.700(7)), a subset of Chapter 3 of 
the Well Construction rules, specifically apply to new wells constructed at OU4. 

4.3.3 Long-Term Effectiveness and Permanence  

In this alternative, the contaminated soils would be actively restored, so there 
would be a substantial decrease in the long-term risk from the contaminants remaining in 
either media at OU4.  In-situ treatment (by in-situ chemical oxidation) of contaminated 
soil is considered an adequate and reliable method of contaminant removal.  All the 
contaminated soil exceeding the cleanup goals would be treated by in-situ chemical 
oxidation. The period for the remediation of the soils is approximately 5 years.  Five-
year reviews would be conducted until the cleanup goals were met to ensure protection of 
human health and the environment. 

The in-situ soil chemical oxidation would occur by injecting an oxidizing agent 
into the soils. The oxidizing agent would degrade the PCE and other COCs to carbon 
dioxide, salt, and water. If the desired results are not achieved in the estimated 5 years 
for the soils, additional chemical applications might have to be made to remediate the 
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recalcitrant hot spots.  If these measures do not succeed in remediating the soils, other 
alternatives discussed in Section 3.2.3 would have to be considered. 

The long-term risk from the soil contaminants treated in-situ would be minimal 
because the contaminants would be degraded to harmless by-products.  The treatment of 
the OU4 soil contaminants by in-situ chemical oxidation should permanently and 
effectively remove the contaminants from the soil.   

Implementation of this alternative would reduce the long-term risk to health that 
is associated with potential human use of the contaminated groundwater.  However, 
because contaminated groundwater would remain in the aquifer, a long-term risk would 
continue to exist for the environment.  The environmental risks would remain until 
natural attenuation processes reduced the groundwater contaminant levels to the MCLs. 
While not expected, if recalcitrant to treatment contaminated soils remain in the source 
area, the soil contaminants may continue to contaminate the groundwater above MCLs.    

Eventually, groundwater contaminants would be diluted through natural 
processes, but because no active remediation would be conducted, contaminated 
groundwater would remain at OU4 for a long time.  In order to estimate costs, it has been 
assumed that Alternative 3 will last 30 years.  Because groundwater monitoring would be 
conducted, there would be a mechanism to evaluate the contaminant levels in the plume, 
future migration of the plume, and the attenuation of contaminants from natural processes 
(if any).  The long-term effectiveness of institutional controls are uncertain, but if 
properly maintained and enforced, should be good.  As discussed, the Special Area 3 
regulations have been finalized, so this institutional control is in place. Because 
contamination would remain at the subsite, 5-year reviews would be required.  The long-
term effectiveness of well construction restrictions and public education/information 
efforts are uncertain. 

O&M activities associated with Alternative 3 would include groundwater and soil 
monitoring, support of MDNR as it conducts new well certifications, public education 
activities, and 5-year reviews. No difficulties or uncertainties are foreseen during the 
performance of these activities. 

4.3.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

This alternative meets the statutory preference for treatment as a principal element 
for the soil. In-situ chemical oxidation of contaminated soil would effectively reduce the 
toxicity and volume of the contaminants in the source area soils.  Chemical oxidation of 
PCE and the other COCs is an irreversible treatment. 

Groundwater monitoring and institutional controls, including the Special Area 3 
well construction requirements, would not reduce the toxicity, mobility, or volume of the 
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contaminants except by natural fate and transport processes.  Monitoring would be 
effective in determining the reductions, if any, of the toxicity, mobility, or volume of the 
contaminants in the groundwater.  Monitoring would be effective in determining the 
reductions of the toxicity, mobility, or volume of the soil contaminants from the two 
rounds of soil treatment conducted previously.   

4.3.5 Short-Term Effectiveness 

Community risk associated with this remedial alternative would be low during the 
application of the oxidizing chemical to the soil.  The risk would be greater for workers, 
but would be minimized by compliance with OSHA requirements and guidelines for 
hazardous waste site activities. Direct push point installation activities would require that 
workers be trained and certified to perform hazardous waste site activities.  Workers 
would be required to wear Level D personal protective equipment during chemical 
application and well installation activities.  Because all treatment would be in-situ, no 
short-term or cross-media should occur.      

Environmental impacts resulting from the groundwater remediation activities 
would include:  noise pollution during well installation and minimal fugitive dust 
emissions during well construction.  During the well installation activities, rods and 
equipment would be decontaminated after each use.  During well construction, the 
contaminated soil cuttings removed from the aquifer would be containerized to minimize 
possible contact with the contaminants.  Any decontamination water generated during the 
direct push applications or well installation would be collected and treated. 

The time required to achieve the completion of the soil RA portion of this 
alternative is estimated to be 5 years.  The time to actually construct the alternative would 
be approximately:   

8 months: Engineering design, including direct push sampling to confirm the 
extent of the soil contamination. 

12 months: Install monitoring wells to monitor the groundwater plume.  
60 months: Conduct in situ treatment of the contaminated soils.  
108 months: Conduct two rounds of confirmation sampling of the remediation 

of the source area soils. 
There would be a minimal increase in the short-term risk to the workers, the 

community, or the environment during installation of new monitoring wells.  The amount 
of time required for the contaminants in the groundwater to degrade or dilute to 
concentrations at or below the MCLs or risk-based levels is unknown, but is expected to 
be significantly greater than 30 years. Design and installation of additional monitoring 
wells would take a few months to a year. 
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4.3.6 Implementability 

Implementability of the soil remediation efforts would be relatively easy given the 
source areas location (behind four residences).  Chemical oxidation of the COCs at OU4 
is technically and administratively feasible.  Two in-situ chemical oxidation injection 
efforts have already been conducted on the source area soils.  There are numerous 
suppliers of several different types of oxidizers and contractors to conduct the in-situ 
chemical injections are also available.   

Technical assistance regarding appropriate safety procedures can be provided by 
OSHA, which also has the authority to inspect Superfund sites to ensure compliance with 
OSHA standards. 

This alternative would not interfere with additional remediation, if required.  This 
might include installation of additional soil treatment efforts, pumping the oxidizing 
chemical at a different concentration or a higher volume, or using a different remedial 
process option. Sampling of the existing and proposed monitoring wells should be 
sufficient to determine the success of the groundwater’s remediation.  Implementation of 
this alternative would also require coordination with the MDNR, the City of New Haven, 
and several private citizens. 

Groundwater monitoring, including installation of additional monitoring wells, is 
easily implementable.  Additional coordination activities would be needed to ensure that 
any monitoring wells installed in the New Haven Residential Historical District comply 
with the NHPA. Placement of the monitoring wells would have to be coordinated with 
the private citizens and the City of New Haven.  Monitoring well closure, when needed in 
the future, should also be easy to implement.  Technical assistance regarding appropriate 
safety procedures can be provided by OSHA, which also has the authority to inspect 
Superfund sites to ensure compliance with OSHA standards. 

Frequently, the implementation of institutional controls can be somewhat 
difficult. However, the implementability of institutional controls at OU4 should be 
simple.  The Special Area 3 regulations have already been finalized for the entire 
Riverfront Site, not just OU4. New well certifications would be implemented and 
overseen by the State of Missouri (MDNR’s Wellhead Protection Section).  Public 
education/information could be easily implemented through public notices in the 
newspaper, through direct mailings, and through public meetings.  Five-year reviews 
would be required, and the services, materials, and personnel needed to complete the 
required 5-year reviews are readily available. 
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4.3.7 Cost 

The detailed summary of the costs associated with the implementation of 
Alternative 3 is presented in Table A-3 of Appendix A.   

The capital costs include both direct and indirect capital costs.  This alternative 
would have capital costs consisting of installation of five new monitoring wells, soil 
monitoring, and supporting the MDNR Wellhead Protection Section with new well 
certifications.  With the addition of indirect costs, the total capital cost is estimated to be 
$223,000. 

The O&M costs associated with implementing this alternative include 
groundwater monitoring and placement of the oxidizing chemical in the soil.  The 
duration of this alternative is assumed to be 30 years. O&M costs are divided into two 
types, yearly and intermittent costs.  An example of a yearly cost is the preparation, 
publication, and mailing of an annual newsletter.  Intermittent costs are periodic costs and 
those costs that differ over the life of the alternative.  Examples of intermittent costs are 
the costs for the 5-year reviews and the costs for sampling the monitoring wells.  In 
addition, costs to close the monitoring wells have been included in the Year 30 costs. 
While monitoring will probably have to continue beyond 30 years, closure of the wells 
will be required at some time, so the costs have been included in Year 30 for 
completeness.  See the cost assumptions in Appendix A, Table A-3 for details on the 
intermittent costs.   

Annual O&M costs for the first year are estimated to be $330,500, and the costs 
are estimated between $165,500 and $32,200 for every year thereafter.  The total present 
worth of the O&M costs for Alternative 3 is $1,178,000. The total annual O&M costs are 
$2,081,000. 

The total present worth of Alternative 3 is estimated to be $1,401,000.  
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5.0 Comparative Analysis of Alternatives 

This section compares the groundwater remedial alternatives on the basis of the 
evaluation criteria developed and discussed in the introduction of Section 4.0. These 
criteria include protection of human health and the environment; compliance with 
ARARs; long-term effectiveness and permanence; reduction in toxicity, mobility, or 
volume through treatment; short-term effectiveness; implementability; and cost.  A 
summary of this detailed evaluation is provided in Table 5-1.  A cost sensitivity analysis 
is presented in Section 5.7.2. 

5.1 	 Criteria 1--Overall Protection of Human Health and the 
Environment 

Alternative 1 would not provide additional protection of the environment from the 
contaminants in the groundwater.  Currently (August 2008), two subsite-specific factors 
protect human health from the contaminated groundwater at OU4.  However, the 
potential for future ingestion or direct contact with contaminated groundwater would 
remain.  Existing water supply wells in OU4 may be contaminated and Alternative 1 does 
not include any mechanisms for monitoring wells or warning the public of the potential 
dangers from using the contaminated groundwater.  Currently (August 2008), two 
subsite-specific factors protect human health from the possibly contaminated soil at OU4. 
In addition, untreated contaminants in the soil (if any) could continue to migrate into the 
groundwater and continue to discharge into the Missouri River.  Because no RAs would 
occur under Alternative 1, the groundwater contaminants would continue to migrate and 
increase the size of the plume and ultimately continue to discharge contaminants into the 
Missouri River. 

Alternatives 2 and 3 would meet the groundwater and soil RAOs for protection of 
human health.  Alternative 1 should meet the soil RAO for the protection of human health 
and may meet the groundwater human health RAO.  However, Alternative 1 does not 
include any actions to ensure that human health remains protected.  Alternatives 1, 2, and 
3 would not meet the groundwater environmental protection RAO and would require 
waivers. 

Waivers and the grounds for invoking them are discussed in the NCP, 
40 CFR 300.430(f)(1)(ii)(C).  As discussed in earlier sections and in Appendix B, it is 
impracticable to contain or treat the entire groundwater plume.  Therefore, all three 
alternatives would have to have the environmental protection RAO waived.   

The soils have been treated and some portion may meet the RAOs.  Alternative 1 
would not sample the soils, so it would not be possible to determine if they meet the soil 
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environmental protection RAO.  Alternative 2 would sample the soils and contain any 
contaminated soils so this alternative would also meet the RAO for protection of the 
environment from soil contamination.  Under Alternative 3, the soils would sampled, so it 
will be possible to determine if the soils were sufficiently remediated during the RA to 
meet the RAOs.   

Alternatives 2 and 3 would be more protective of human health and the 
environment than Alternative 1.  Alternative 2 would provide containment of the most 
contaminated groundwater and the source area soils and shallow bedrock.  Overall, the 
groundwater protection provided in Alternative 2 would be greater than Alternative 3 
because the contamination in the source area soils would be isolated from the 
groundwater and the heavily contaminated groundwater in Zones A and B would be 
contained. By minimizing the replenishment of the downgradient plume contaminants 
from the contaminated soils and the heavily contaminated upgradient portion of the 
plume, Alternative 2 should allow natural attenuation processes to begin to decrease the 
groundwater contaminant levels.  Alternative 3 would include groundwater monitoring to 
evaluate the migration, if any, of the plume.     

The groundwater extraction and treatment technologies in Alternative 2 are 
proven effective for removal of VOCs from groundwater and have been used at many 
sites. However, uncertainties exist concerning the length of time to achieve cleanup 
goals because of the potential for re-contamination of the groundwater through 
desorption of contaminants from contaminated portions of the aquifer not enclosed in the 
containment.   

Chemical oxidation (Alternative 3), is a proven effective technology for 
remediating VOC-contaminated soil.  Contractors and materials to perform these 
activities would be readily available. 

5.2 Criteria 2--Compliance with ARARs 
Alternative 1 would not comply with the chemical-specific ARARs because 

groundwater with contaminant levels in excess of the cleanup goals would remain 
unremediated and unmonitored.  Alternative 2 includes containment of the heavily 
contaminated head of the groundwater plume, treatment of extracted groundwater and 
groundwater monitoring, while Alternative 3 would include groundwater monitoring to 
monitor the location and contaminant levels in the plume.  However, both Alterntives 2 
and 3 would still not comply with ARARs unless a waiver was received.  Waivers and 
the grounds for invoking them are discussed in the NCP, 40 CFR 300.430(f)(1)(ii)(C). As 
discussed in earlier sections and in Appendix B, it is impracticable to contain or treat the 
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entire groundwater plume.  Therefore, all three alternatives would have to have the 
requirement to meet the chemical-specific ARARs waived.   

The Missouri Well Construction Code would apply to the well closures in all the 
alternatives. 

Alternatives 2 and 3 would comply with all federal and state location- and action-
specific ARARs.  Alternative 2, a containment alternative, would prevent further 
migration of the heavily contaminated portions of the contaminant plume and contain 
soils and shallow bedrock containing contaminants above cleanup levels.  By isolating 
the primary source of the groundwater contamination (the downgradient source area soils 
and shallow bedrock), Alternative 2 would allow natural attenuation processes to “treat” 
the plume without new contaminant loading from the source area soils/shallow bedrock 
or the heavily contaminated groundwater from Zones A and B.  Alternative 3 would 
actively remediate the source area soils (Alternative 7).  Both Alternatives 2 and 3 would 
monitor the contaminated groundwater plume over the operational life of the alternative. 

Any new domestic water supply well installations in or near OU4 would have to 
comply with the Missouri Well Construction rules (codified at 10 CSR 23-3).  In 
particular, the Special Area 3 regulations (10 CSR 23-3.700(7)), a subset of Chapter 3 of 
the Well Construction rules, specifically apply to new wells constructed at OU4. 

5.3 Criteria 3--Long-Term Effectiveness and Permanence 
Because Alternative 1 would conduct no RAs, there would be a long-term risk 

associated with Alternative 1 as long as cleanup goals are exceeded.  Under Alternative 1 
it is probable that the contaminant plume would continue to migrate downgradient, 
ultimately discharging into the Missouri River.  Any treated source area soils still above 
the soil cleanup goals could continue to release contaminants into the groundwater. 
Alternative 1 would provide minimal long-term effectiveness through the well 
construction and certification requirements. It should be noted that Special Area 3 
regulations have been finalized and would provide some protection from future exposure 
to groundwater through well construction restrictions. Alternative 1 would not include a 
mechanism (such as monitoring) to determine if: contaminant concentrations are 
increasing or decreasing; if the plume was migrating towards new receptors, or; if the 
contaminated soils have been remediated.  The risks from Alternative 1 are higher than 
the current risk because any future excursions by the plume would not be detected and 
the effectiveness of the 2007 soil treatments would not be determined.  In any case, the 
risks from Alternative 1 would not be less than the current risks. 

Alternative 2 would have the least long-term risk because it would contain the 
source area soils with capping, sheet piling, and rock grouting and the heavily 
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contaminated portion of the plume (Zones A and B) with hydraulic control.  This 
alternative would also monitor the groundwater plume.  Alternative 2 would include 
monitoring to determine if: groundwater contaminant concentrations are increasing or 
decreasing; if the plume was migrating towards new receptors, and; the location of 
contaminated soils above the cleanup goals.  Alternative 2 would also provide additional 
long-term effectiveness through the well construction and certification requirements and 
public education/information. It should be noted that Special Area 3 regulations have 
been finalized and would provide some protection from future exposure to groundwater 
through well construction restrictions. 

Alternative 3 would have less long-term risk than Alternative 1 because it would 
treat the source area soils with in-situ chemical oxidation until they meet the clean up 
goals and would monitor the groundwater plume.  Alternative 3 would include 
monitoring to determine if: contaminant concentrations are increasing or decreasing; if 
the plume was migrating towards new receptors, and; the degree the contaminated soils 
have been remediated.  Alternative 3 would also provide additional long-term 
effectiveness through the well construction and certification requirements and public 
education/information.  It should be noted that Special Area 3 regulations have been 
finalized and would provide some protection from future exposure to groundwater 
through well construction restrictions. 

Because Alternatives 2 and 3 would monitor the plume, any migration of the 
plume towards sensitive receptors would be detected, allowing USEPA and MDNR to 
take appropriate action. The proposed monitoring plans in Alternatives 2 and 3 should 
also provide adequate and timely information on the effectiveness of the alternatives and 
the soil and groundwater contaminant levels at OU4.     

Five-year reviews would be required for all three alternatives.  Alternatives 1, 2, 
and 3 would require at least six 5-year reviews because they all would last at least 
30 years. 

Because no active remediation would occur in Alternative 1, and because it is 
technically impracticable to treat the downgradient portion of the plume (Zone C), it is 
probable that the RAO for protection of the environment would not be met by any of the 
alternatives. 

Long-term management is required for Alternatives 2 and 3, but not Alternative 1. 
Long-term management of Alternative 2 would include preparation, publication, and 
mailing of an annual newsletter and regularly scheduled groundwater monitoring. 
Maintenance of the groundwater treatment system treating the groundwater extracted 
from the soil containment and the plume containment wells would need to be performed 
on a regular basis for Alternative 2. Long-term management of Alternative 3 would also 

Final Feasibility Study 5-4 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 

http:044706.01.12


 

 

 
   

 

 

 

 

include preparation, publication, and mailing of an annual newsletter and regularly 
scheduled groundwater monitoring. The monitoring program for Alternatives 2 and 3 
would be extensive but easily implemented.  The groundwater treatment system 
maintenance necessary for Alternative 2 would also be easily implemented.  Some 
components of Alternative 2’s treatment systems, such as pumps, may require 
replacement over the life of the alternative.  However, proper maintenance of the 
equipment should minimize the need for costly repairs and unscheduled replacements. 

5.4 	 Criteria 4--Reduction of Toxicity, Mobility, or Volume 
Through Treatment 

Because Alternative 1 does not include any treatment or source removal, no 
decreases in the toxicity, mobility, or volume of the soil and groundwater contamination 
are anticipated. Also, Alternative 1 would not provide mechanisms (such as monitoring) 
to determine if any reductions are occurring due to natural attenuation, to ensure that the 
plume is not migrating towards sensitive receptors, or to confirm that the soils have been 
remediated.   

Alternative 2 would significantly reduce the mobility of the contaminants in the 
soil and shallow bedrock by containing the contamination in the cap/sheet pile/rock 
grouting enclosure. Alternative 2 would provide reduction in the mobility and volume of 
some of the groundwater contaminants by extraction and treatment within the source 
area. Reductions in the volume of the downgradient groundwater contaminants should 
occur as natural attenuation processes begin to remove more contaminant mass from the 
downgradient portion plume than is added from the isolated source area soils or through 
desorption from the downgradient aquifer rock.  Alternative 2 would have residual spent 
carbon from the groundwater treatment system. 

Alternative 3 would reduce the volume and toxicity of the soil contaminants by 
using in-situ chemical oxidation to degrade the contaminants to harmless by-products. 
Alternative 3 would include monitoring to determine if the plume is migrating towards 
sensitive receptors and soil monitoring to confirm the remediation of the soils.    

The soil (in-situ chemical oxidation) and the groundwater treatment technology 
(GAC) are irreversible. Residuals should only be generated with Alternative 2. The 
residual generated by Alternative 2 would be spent GAC. Only Alternative 3 meets the 
statutory preference for treatment as a principal element although Alternative 2 does treat 
the groundwater that is extracted to contain the head of the plume.   
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5.5 Criteria 5--Short-Term Effectiveness 
There would be no increased risk to the community or workers with Alternative 1. 

Minimal increased risks would occur with Alternative 3 from installation of additional 
monitoring wells and the soil monitoring and treatment.  The risks from Alternative 2 
would be moderately low, mainly due to the installation of the sheet piling around the 
source area soils and the demolition of the old garage.   

The short-term risks for all alternatives could be controlled by following proper 
precautions.  The risk to construction workers would be controlled by proper use of 
personal protection equipment, equipment decontamination, monitoring during subsite 
activities, and enforcing OSHA construction safety standards.  The risk to the community 
would be reduced by limiting access to the areas where construction activities are being 
conducted. Nearby residents may be exposed to noise during installation of monitoring, 
treatment, and extraction wells; during the installation of pipelines; during direct push 
application of oxidizing chemical; demolition of buildings, installation of sheet piling, 
and rock grouting activities. Noise would be controlled by limiting the hours of work.   

The time to achieve clean up levels would be greatest for Alternative 1 and is 
estimated to be significantly greater than 30 years.   

Alternative 2 would encapsulate the source area soils and shallow bedrock with a 
cap/sheet piling/rock grouting enclosure and hydraulically contain the heavily 
contaminated head of the groundwater plume.  Alternative 2 would likely reach cleanup 
goals earlier than Alternative 1 and possibly Alternative 3 but it is estimated that it will 
still take more than 30 years.   

Alternative 3 would treat in-situ the remaining contaminated soils, which should 
remove the source of the groundwater contamination and allow groundwater cleanup 
levels to be reached through natural attenuation earlier than Alternative 1.  Because 
Alternative 2 would contain the heavily contaminated groundwater at the head of the 
plume as well as the source area soils, it may reach the groundwater cleanup levels before 
Alternative 3. Based on the history of the plume, no estimate of the time to achieve the 
groundwater environmental protection RAO under Alternatives 1, 2, and 3 can be made.  
Containment of the contaminated soil in Alternative 2 would likely occur within 12 
months. It is anticipated that the soil treatment for Alternative 3 would occur over five 
years, with rebound sampling occurring in Years 6 and 9. 

5.6 Criteria 6--Implementability 
Implementation of Alternative 1 would be easy to complete.  Closure of the 

existing monitoring wells and 5-year reviews would be required, and the services, 
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materials, and personnel needed to close the wells and complete the reviews are readily 
available. 

Implementation of Alternative 3 would also be easy to accomplish, but slightly 
more difficult than Alternative 1.  In-situ chemical oxidation treatment of the 
contaminated soils has already been conducted twice so it can be implemented.  The 
installation of monitoring wells is a common practice which has also been done before at 
OU4, and technical assistance for health and safety concerns for both the soil treatment 
and well installation is readily available.   

The Special Area 3 regulations have already been finalized for the entire 
Riverfront Site, not just OU4.  The MDNR would enforce the Special Area 3 regulations, 
including well certifications.  Public education/information could be easily implemented 
through public notices in the newspaper, through direct mailings, and through public 
meetings.  As with Alternative 1, well closure (in Year 30) and 5-year reviews would be 
required, and the services, materials, and personnel needed to install monitoring wells, 
conduct sampling, close the wells, and complete the reviews are readily available. 

Alternative 2 would be the hardest alternative to implement because it would 
require installation of extraction wells, the soil enclosure elements (especially the sheet 
piling and cap) and the groundwater treatment system as well as nearly the same number 
of monitoring wells as Alternative 3. 

As with Alternative 3, well construction standards and certifications and public 
education/information could be implemented and enforced by the MDNR, and/or the 
USEPA. Public education/information could be easily implemented through public 
notices in the newspaper, through direct mailings, and through public meetings.  As with 
both Alternatives 1 and 2, well closure (in Year 30) and 5-year reviews would be 
required, and the services, materials, and personnel needed to install monitoring wells, 
conduct sampling, close the wells, and complete the reviews are readily available. 

The soil remediation technology, in-situ chemical oxidation, is proven and 
reliable. 

It is anticipated that Alternative 1 would not be effective and would likely require 
additional RAs.   

It is anticipated that Alternatives 2 and 3 would be effective in containing 
(Alternative 2) or treating (Alternative 3) the contaminated soils.  Alternative 2 should 
also be effective in containing the heavily contaminated head of the plume.  However, 
both Alternatives 2 and 3 would only monitor the downgradient (Zone C) portion of the 
plume.  If the alternative selected is not effective in meeting the RAOs, there would be no 
technical difficulties in implementing additional RAs.  All the alternatives except 
Alternative 1 would adequately monitor all migration or exposure pathways. 
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The necessary equipment and personnel required to implement each alternative 
are available. 

5.7 Criteria 7--Cost 
A cost comparison for the remediation alternatives is included in this subsection. 

Also included are the detailed cost estimates for each alternative and the sensitivity 
analysis that evaluates the impact of changes on the total present worth of each 
alternative. These estimates are approximate and made without detailed engineering 
data. The actual cost of the project would depend on the final scope of the RA and on 
other unknowns. The costs of the alternatives are summarized in Table 5-2. 

5.7.1 Individual Cost Comparison 

The total present worth of Alternative 1 would be the lowest at a cost of 
$121,000. The total present worth cost of Alternative 2 would be the greatest at a cost of 
$2,563,000. The total present worth cost of Alternative 3 are $1,401,000. 

5.7.2 Cost Sensitivity Analysis 

Cost estimates involve approximation, assumptions, estimations, interpretation, 
and engineering judgment.  The purpose of this sensitivity analysis is to evaluate the 
effects of varying key parameters on the total present worth of an alternative while 
holding all other factors constant. 

The following changes to the alternatives are evaluated: 

•	 Varying the discount rate used to calculate the present worth of the alternatives 
from 7 percent to 5 and 10 percent for all alternatives.   

•	 Varying the volume of contaminated soils that must be contained or treated.  For 
Alternatives 2 and 3, the costs to contain or treat the soils were increased doubled 
or decreased by 50 percent. 

•	 Varying the amount of O&M required by the alternatives.  For Alternatives 2 and 
3, the effect of quarterly monitoring throughout the life of the alternative was 
evaluated. For Alternative 2, the O&M costs for the containment were doubled.   
A summary of the alternative cost array from varying these parameters is 

presented in Table 5-3. A summary of the cost sensitivity analysis results for the 
alternatives is presented in the following paragraphs. 

The present worth cost represents the amount of money that would have to be 
invested at the beginning of a RA at a given interest rate (discount rate) to pay for all 
expenditures throughout the life of an alternative. Therefore, decreasing the discount rate 

Final Feasibility Study 5-8 Riverfront Superfund Site 
OU 4, Orchard Street/Maiden Lane Subsite 044706.01.12 
November 12, 2008 

http:044706.01.12


 
   

 

  

 

 

would increase the present worth costs of the alternatives and increasing the discount rate 
would decrease their present worth costs. 

Changing the discount rates affected Alternative 2 the most and Alternative 1 the 
least. Alternative 3 changed nearly as much as Alternative 2.  Alternative 2 and 3 
showed the greatest percent change in present worth because a large percentage of their 
total costs are O&M costs.  Alternative 1 showed the least percent change because the 
large majority of its costs are capital costs.  When the discount rate is decreased to 5 
percent, the present worth of Alternatives 1, 2, and 3 increased 6.8, 14.3, and 11.6, 
percent, respectively. When the discount rate is increased to 10 percent, the present 
worth of Alternatives 1, 2 and 3 decreased by 6.5, 14.5 and 12.3 percent, respectively. 

Varying the soil or treatment costs affected Alternative 3 more than Alternative 2. 
Alternative 3 showed the greatest percent change in present worth because a large 
percentage of its total costs are the costs for the soil treatment, which occur in the early 
years of the Alternative. Alternative 2 showed the least percent change because a larger 
percentage of its costs are O&M costs for groundwater treatment.  When the soil volume 
or costs are doubled, the present worth of Alternatives 2 and 3 increased 16.3 and 29.1 
percent, respectively.  When the soil volume or costs are decreased by 50 percent, the 
present worth of Alternatives 2 and 3 decreased by 8.5 and 14.9 percent, respectively. 
This case was not applicable to Alternative 1 because it does not contain or treat the soils.   

Doubling and halving the O&M costs (Alternative 2) or continuing quarterly 
monitoring for the life of the alternative (Alternatives 2 and 3) affected Alternative 3 
more than Alternative 2. Alternative 3 showed the greatest percent change in present 
worth because more of its total costs are monitoring costs.  Alternative 2 showed less (but 
still significant) change because a larger percentage of its costs are costs for soil 
treatment.  When the O&M costs are doubled, Alternative 2’s costs increased 35.3 
percent. Decreasing O&M costs by 50 percent decreased Alternative 2’s costs by 17.6 
percent. Continuing quarterly monitoring for the life of Alternatives 2 and 3 increased 
their costs by 42.8 and 43.8 percent, respectively. This case was not applicable to 
Alternative 1, because it’s only O&M costs were for 5-year reviews. 
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Alternative Cost Estimates 
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Groundwater Technical Impracticability Evaluation Report 





