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1.0 INTRODUCTION 
 
Maine Yankee is a former nuclear power electrical generating plant that, since ceasing 
generating electricity in August 1997, is being decommissioned and dismantled. The 
Maine Yankee facility is located in Wiscasset, Maine (Figure 1-1). The entire Maine 
Yankee site is about 820 acres, of which about 150 acres lies within the Bailey Point area, 
the portion of the site most impacted by construction and operation of the facility. 
 
This Corrective Measures Study (CMS) documents and evaluates remedial activities to 
address non-radiological constituents in soil, sediment and groundwater associated with 
the Bailey Point portion of the facility.  This document has been prepared as part of the 
Maine Yankee closure program being implemented in accordance with the Resource 
Conservation and Recovery Act (RCRA).  The major steps include: 
 
RCRA Facility Assessment 
RCRA Facility Investigation 
Corrective Measures Study 
Corrective Measures Implementation 
 
The Bailey Point RFI was recently completed and is the primary source document for 
data used in the CMS evaluation.   
 
A Backlands RCRA Facility Investigation (RFI) Report, based on an investigation of the 
remaining approximate 640 acres, was prepared separately to allow Maine Yankee the 
ability to expedite ownership transfer of the backlands portion of the site.  The Backlands 
RFI report documented both site investigation and remedial activities associated with 
closure of the Backlands portion of the Maine Yankee site. 
 

1.1 Purpose 
 
The purpose of this Bailey Point CMS is to present the evaluation and selection of 
remaining corrective measures necessary to close the Bailey Point portion of the Maine 
Yankee site under RCRA. This document has been prepared as part of the overall RCRA 
closure of Bailey Point.  Characterization results and Risk Assessment results for Bailey 
Point are documented in the Bailey Point RFI Report.  Several areas were remediated 
prior to and during the RFI to support decommissioning and demolition work.  These 
remedial activities are documented in the CMS.  The remedial activities conducted to 
date have been a series of soil and sediment removal actions implemented to support 
decommissioning activities.  The soils of concern under RCRA have been removed.  For 
this reason groundwater is the primary focus of this document.  Following Maine 
Department of Environmental Protection (MDEP) approval of the CMS, the remaining 
aspects of site closure will be addressed in the RCRA closure compliance order issued by 
MDEP.  
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1.2 Regulatory Framework 
 
This CMS supports closure of Bailey Point portion of the site in accordance with RCRA 
regulations (06-096 Code of Maine Rules (CMR) Chapter 851, Section 11, and Title 40 
Code of Federal Regulations (CFR) Part 265).   The data used in the CMS evaluation was 
collected in accordance with the MDEP-approved Quality Assurance Project Plan 
(QAPP) as amended in correspondence with the MDEP. 

1.3 Report Organization 
 
The remainder of this CMS is organized as follows: 
 
• Section 2 describes background information used to support the Corrective Measures 

Study.  This section includes a description of the site geology, hydrology, use history, 
topography, and previous investigations, and summarizes the characterization and 
risk assessment results from the Bailey Point RFI Report. 

 
• Section 3 presents the Corrective Measure Objectives and target remediation areas 

for soils and groundwater.  This section also summarizes areas previously remediated 
as well as planned removal actions. 

 
• Section 4 presents the technology screening and alternatives development for soils 

and groundwater.  A description of potential institutional controls is also included in 
this section. 

 
• Section 5 presents a detailed evaluation of alternatives for soils and groundwater. 
 
• Section 6 presents recommended corrective measure alternatives. 
 
Included as appendices are alternative cost spreadsheets, closure/soil remediation reports, 
and the long-term groundwater monitoring program. 
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3.0 CORRECTIVE MEASURES OBJECTIVES AND REMEDIATION AREAS 
 

3.1 Corrective Measures Objectives 
 
The Corrective Measures objectives for contaminated media at Maine Yankee are a 
function of the need to protect human health and the environment, and the need to 
maintain flexibility in future landuse options.  The future landuse for Bailey Point is 
expected to be restricted to commercial and industrial activities, and the human health 
risk assessment has demonstrated that all cancer and noncancer risks associated with soil 
are below the MDEP risk thresholds of 10-5 and 1.0, respectively, for exposure scenarios 
associated with commercial/industrial landuse.  Several areas of petroleum contamination 
have been identified on Bailey Point but did not contain target compounds amenable to 
quantitative risk characterization.  Maine Yankee has developed remedial objectives 
under which current and future risk can be considered acceptable and in accordance with 
MDEP risk reduction goals.  Based on the risk assessment results that indicated 
acceptable risk for commercial/industrial landuse and the presence of focused areas of 
petroleum contamination, Corrective Measures Objectives for soil are only developed for 
the petroleum-impacted areas.   

3.1.1 Corrective Measures Objectives and Goals for Soil 
 
The RCRA corrective measures for soil include: 
 
• Prevent human exposure through contact, ingestion, or inhalation to petroleum-

contaminated surface and subsurface soils.  
 
• Minimize further releases of contaminants from surface/subsurface soils to 

groundwater. 
 

3.1.2 Corrective Measures Objectives and Goals for Groundwater 
 
The RCRA corrective measures for groundwater are consistent with MDEP cleanup 
guidelines for groundwater.  The objectives include: 
 
• Prevent human exposure through contact, ingestion, or inhalation to contaminated 

groundwater that presents an unacceptable risk (e.g., hazard index greater than one or 
excess cancer risk greater that 10-5). 

 
• Over the long term, reduce contaminant concentrations in site groundwater to below 

MEGs. 
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3.2 Target Remediation Areas 

3.2.1 Target Areas Closed Out 
 
In addition to remedial actions conducted prior to the Bailey Point RFI study, several 
focused areas at Maine Yankee have been remediated since the completion of the RFI.  
These areas include petroleum-contaminated soils in the basement of Bailey Farm House, 
sediments at Outfall 009, and sediments in the Forebay.  These focused remedial actions 
were conducted prior to initiation of the CMS to support the Maine Yankee 
decommissioning schedule.  A summary of the pre-CMS completed remedial actions, 
where no additional action is required, is summarized in the following sections. 

3.2.1.1 Bailey Farm House 
 
Since the late 1960s, the converted wood-framed Bailey Farm House has been used as the 
Maine Yankee environmental services field office, including space for the preparation of 
environmental samples for shipment to offsite laboratories for analysis.  Chemical usage 
has been limited primarily to sample preparation, and these activities have significantly 
declined in recent years.  The Bailey Farm House building was demolished in fall 2003. 
 
Prior to the farm house demolition, soil and concrete removal was conducted in the 
basement of the Bailey Farm House to address the presence of petroleum hydrocarbons 
identified on the concrete slab of a residual 275-gallon heating oil tank and in soil 
beneath the concrete slab in the basement.  The petroleum hydrocarbons were associated 
with a former 275-gallon tank that was used to store No. 2 fuel oil (Figure 3-1).  A total 
of approximately 1.5 cubic yards of soil was removed along with a 20-foot by-10 foot 
portion of the concrete slab.  Soil samples from the excavation area were screened in the 
field using a PID, and final PID readings ranged from non-detect to 6.1 ppm.  
Confirmatory soil sampling results indicated that DRO concentrations under the former 
fuel line were 5.5 mg/kg.  Final DRO concentrations under the former tank were 54 
mg/kg and 110mg/kg for the sample and duplicate, respectively giving an average value 
of 82 mg/kg.  The PID field screening results are well below the 200-400 ppm range 
established for No. 2 fuel oil in the MDEP Decision Tree Guidance for Baseline 2 
(MDEP, 2000).  Likewise, the DRO laboratory results are also consistent with the 
Baseline 2 guidelines for DRO analysis of 100 mg/kg.   
 
A total of five cubic yards of excavated soil and concrete were shipped off-site for 
disposal at BFI/Allied landfill, Niagara, NY in fall 2003. 
 

3.2.1.2 Outfall 009 
 
Outfall 009 is located along the Back River on the east side of the Maine Yankee Bailey 
Point peninsula, immediately south of the former Circulating Water Pump House (Figure 
2-2).  The RFI investigation concluded that a localized area of petroleum-contaminated 
sediment existed near Outfall 009 that required removal (Maine Yankee, 2004a).  A 
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Remedial Plan was developed to remove contaminated sediment from the Outfall 009 
area using divers, vacuum extraction and the existing forebay water treatment system 
(Maine Yankee, 2004a).  The plan was approved by MDEP April 14, 2003 (MDEP, 
2003), and sediment removal activities were conducted from September 23 to October 9, 
2003. 
 
A RCRA Closure Report documenting the remedial activities associated with Outfall 009 
is included in Appendix A.  As described in the report, approximately 70 cubic yards of 
sediment was removed and processed through the forebay water treatment system.  
Confirmatory samples for Outfall 009 were taken in April and September 2004 to allow 
for re-sedimentation of the outfall area. 
 
The sediment removal has resulted in considerable reduction in the average PAH 
concentrations in the sediments at Outfall 009.  Although there appears to be a small 
pocket of residual contamination, the removal has been very successful at reducing the 
bioaccumulation of PAHs in blue mussel tissue in the area of concern and at restoring a 
healthy benthic invertebrate community.  Maine Yankee plans to include Outfall 009 in 
their Natural Resource Damage proposal that is currently being negotiated among the 
stakeholders for the site. 
 

3.2.1.3 Forebay 
 
The Forebay was part of the liquid waste discharge system that was located on the south 
end of Bailey Point adjacent to Foxbird Island (Figure 2-2).  The structure consisted of 
two, 225-foot, north-south oriented dikes that connected Bailey Point to Foxbird Island to 
the south.  The dikes formed a containment structure that received large volumes (up to 
420,000 gallons per minute) of circulating and service water and liquid effluents.  The 
water from the Forebay flowed to buried piping beneath Foxbird Island that carried the 
water to a submerged diffuser system in Montsweag Bay, south of Foxbird Island. 
 
In support of site decommissioning activities, the Forebay remediation was completed in 
December 2003.  The remediation was driven by the presence of radionuclides, and the 
remediation activities included: 
 
• Removal of the upper ten feet of both dikes and 
• Removal of approximately 977 cubic yards of sediment. 
 
The Forebay was backfilled and graded, and the west dike was breeched to form a 1.3-
acre wetland.  Final grading of the Forebay was completed in April 2004. 
 
Three sediment samples and a duplicate sample were taken from the remaining sediments 
following sediment removal activities in the Forebay.  A report discussing the results of 
the confirmatory samples is included in Appendix B.  As indicated in the report, TAL 
metal concentrations were either consistent with background soil concentrations or below 
MDEP RAG values established for residential soils.  The low DRO detections (8 mg/kg 
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to 19 mg/kg) were also below petroleum concentrations developed for Baseline 2 sites.  
The low, detected concentrations of PCBs, pesticides, and SVOCs are below MDEP 
RAG values developed for residential soils or are low enough to be consistent with no 
significant risk. 

3.2.2 Completed Removal Actions 
 
Based on the results of the RFI study, Maine Yankee determined that several focused 
areas required remediation via soil removal and off-site disposal.  These areas include 
Warehouse 2/3, Construction Transformer, Former Truck Maintenance Garage, and the 
west side of the radiological area adjacent to MW-401 (Figure 3-2).  The removal and 
off-site disposal approach is a proven technology that has been successfully used at the 
site.  The material to be excavated is primarily composed of petroleum and fuel-related 
VOC-contaminated soils that are readily received at asphalt recycling facilities.  Another 
important factor in choosing the excavation and disposal approach is the availability of 
on-site equipment that is associated with the site decommissioning activities. 

3.2.2.1 Warehouse 2/3 
 
Warehouse 2/3 is located in the southwestern industrial portion of the Maine Yankee site, 
northwest of the RA (Figure 3-2).  The warehouse has historically been used to receive 
and store chemical and materials associated with the operation of the facility.  Soil 
sampling conducted as part of the RCRA Field Investigation (RFI) identified an area of 
soil contamination located near the southern end of the west side of the warehouse that 
was associated with paint/paint thinner wastes with low concentrations of polychlorinated 
biphenyls (PCBs).  These chemicals were observed in both shallow and deep soils at this 
location (Maine Yankee, 2004a). 
 
Based on the soil and groundwater sampling results, Maine Yankee developed a 
remediation plan for the impacted soils at Warehouse 2/3 (Appendix C).  The plan was 
approved by MDEP and the contaminated soils at Warehouse 2/3 were removed in June 
2004.  Approximately 750 cubic yards of soil were excavated from the area on the west 
side of Warehouse 2/3.  Approximately 500 cubic yards of excavated soil were impacted 
by VOCs and were shipped for disposal to BFI Niagara Recycling Landfill, Inc., Niagara 
Falls, NY. The soil was excavated from the ground surface to bedrock approximately 
nine to 11 feet bgs, consistent with the MDEP-approved Soil Remediation Plan. 
Additionally, four 55-gallon drums of visible waste paint/soil were segregated for 
disposal by Clean Harbors, Inc. 
 
A total of 77 soil samples were collected from the sidewalls of the excavation at 10-foot 
intervals around the excavation, and vertically at two-foot intervals to the base of the 
excavation.  The soil samples were screened using a PID and two samples were collected 
from each of the four excavation sidewalls with the highest PID readings were analyzed 
for VOC and PCBs. PCBs were non-detect, except for a single detection of Aroclor 1254 
at one location, and all PCBs and VOCs were well below target cleanup levels.  The 
excavation was backfilled with the segregated, clean, soil removed from the excavation 
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and additional clean fill.  The excavation area was then graded and seeded to stabilize the 
soils.  The final remediation area for Warehouse 2/3is shown in Figure 3-3.  The 
remediation report for Warehouse 2/3 is included in Appendix C.  
 

3.2.2.2 Construction Transformer 
 
The Construction Transformer (X-5) is located in the southwestern portion of the Maine 
Yankee site, immediately south of the 115 kV Switchyard (Figure 3-2).  The transformer 
provided a source of additional power during construction of the facility, and during 
power outages associated with plant maintenance.  Currently, the transformer is 
providing site power for decommissioning activities in the Industrial and RA areas of the 
Maine Yankee site and Independent Spent Fuel Storage Installation (ISFSI) operations.  
The RCRA Field Investigation (RFI) identified an area of petroleum-contaminated soil 
adjacent to the transformer (Figure 3-4).   
 
Based on the RFI soil sampling results, the petroleum and PCB contamination in soil is 
confined to an area approximately 15 feet by 20 feet around the perimeter of the X-5 
transformer to a depth of two feet below ground surface.  Petroleum hydrocarbons (up to 
12, 000 mg/kg) and PCBs (up to 600 µg/kg) have elevated concentrations in surface soils, 
but soil samples from two feet below ground surface have less than 110 mg/kg petroleum 
hydrocarbons and non-detect PCB levels.  The sampling data demonstrates that the soil 
contamination is not significantly migrating into the subsurface soils.  The lack of 
significant migration is a function of the minimal water solubility for the heavier 
petroleum hydrocarbons and PCBs (Table 3-1).  Since these compounds do not readily 
dissolve in water, infiltrating rainwater and snowmelt do not readily leach these 
compounds from the shallow soils and transport the chemicals into the deeper soils and to 
the water table. 
 
Target soil cleanup objectives are 100 mg/kg as measured by DRO, as based on the 
MDEP Decision Tree for Baseline 2 sites (MDEP, 2000), and the PCB concentrations are 
below the TSCA cleanup level of 1.0 mg/kg.   
 
No further action is proposed for the Construction Transformer.  The transformer is 
electrically energized and operating, and provides electricity to the Maine Yankee 
decommissioning activities and the ISFSI operations.  Soil remediation of the transformer 
would require shutting the transformer down and removing the current transformer 
foundation, as the petroleum-contaminated soils are adjacent to the foundation material.  
The transformer could not be de-energized without a significant power outage.  The 
transformer is currently isolated with a six foot high, locked fence that limits access to the 
transformer area.  Maine Yankee is currently negotiating transfer of the property 
encompassing the Construction transformer. 



 

Maine Yankee  March 2005 
Bailey Point CMS Report 3-6  

 

3.2.2.3 West Side of Radiological Area (MW-401B) 
 
Groundwater sampling results for MW-401B have consistently demonstrated elevated 
concentrations of petroleum hydrocarbons in groundwater above the State of Maine MEG 
established for diesel range organics (DRO) (50 µg/l).  Monitoring well 401B is screened 
in the shallow overburden (6 to 16 feet below ground surface) and is located 
approximately 100 feet west of the Containment Building (Figure 3-2).  The subsurface 
soils in the area of MW-401B are comprised of glaciomarine, clayey silts.  Groundwater 
in MW-401B is relatively shallow and has varied from 3.89 to 4.94 feet below ground 
surface.  The groundwater flow direction in this portion of Bailey Point is to the south or 
southwest (Maine Yankee, 2004a). 
 
DRO concentrations in MW-401B ranged from 2,300 µg/l to 2,410 µg/l based on two 
sampling events (Maine Yankee, 2004a.  Based on the post-RFI soil sampling results, 
Maine Yankee developed a remediation plan for soils in the western portion of the 
radiological area adjacent to MW-401B.  The plan was submitted to and approved by 
MDEP.  Soil excavation activities were completed in November 2004.  Approximately 
355 cubic yards of soil were removed from an area 40 feet by 60 feet adjacent to and 
north of the location of MW-401B (Figure 3-5).  No indication of petroleum-
contaminated soils was observed in any portion of the excavation, and confirmatory 
samples from both the sidewalls and base of the excavation were generally non-detect for 
DRO.  Based on these observations, the excavation was backfilled with the excavated 
soil.  A report documenting the soil excavation and sampling activities is included in 
Appendix D. 
 

3.2.2.4 Former Truck Maintenance Garage 
 
The Former Truck Maintenance Garage (FTMG) was located east of the Plant Access 
Road adjacent to the ISFSI (Figure 3-2).  The garage was used to conduct maintenance 
activities on concrete trucks and other vehicles during construction of the Maine Yankee 
facility.  The location of the garage was confirmed by both aerial and project photographs 
taken during plant construction from 1968 to 1972.  The garage was removed prior to 
operation of the Maine Yankee facility. 
 
To assess the FTMG and the surrounding area, a phased approach was conducted.  Initial 
studies incorporated as part of Phase 1A of the Maine Yankee RFI included the 
installation of test pit trenches on the east side of the FTMG building and monitoring 
wells MW-316, MW-303A, and MW-303B (Figure 3-6).  Additional test pit trenches in 
the FTMG building footprint and west of the FTMG were excavated and MW-425 was 
installed on the east side of the FTMG area during Phase 1B RFI sampling (Figure 3-6).  
The Phase 1A and 1B studies demonstrated that petroleum hydrocarbons (PHC) were 
present in both soil (up to 2,830 mg/kg) and groundwater (up to 650 µg/l) in the FTMG 
area.  Examination of chromatograms associated with the petroleum hydrocarbons (PHC) 
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analysis indicated that the PHC-impacted soil was associated with lighter, diesel-range 
constituents, as opposed to the heavier PHC observed at other locations on Bailey Point.  
The soil sampling activities also identified three areas of PHC-impacted soil; one located 
on the north side of the FTMG building, and two areas approximately 100 feet east of the 
FTMG building (Figure 3-6).  To support the Corrective Measures Study (CMS) for 
PHC-impacted soils in the FTMG area, a soil sampling and analysis plan was developed 
for the FTMG (FTMG Investigation Plan).  The plan was submitted to MDEP and 
approved on September 20, 2003.  The study included the installation of geoprobe 
borings, continuous soil sampling to the water table, field screening using a PID, and the 
use of an on-site field analytical laboratory. 
 
The results of the geoprobe sampling study are reported in Appendix E.  The geoprobe 
investigation conducted in the FTMG area has confirmed three areas of PHC-impacted 
soils.  The concentration of PHCs at each of the three locations exceeded the 100 mg/kg 
MDEP cleanup criteria established for Baseline 2 (MDEP, 2000).  Kerosene-
contaminated soils were present in shallow glaciomarine soils adjacent to the north side 
of the FTMG building location.  The kerosene PHCs were also detected in shallow 
glaciomarine soils directly below fill material (Figure 3-6).  The soils were visibly 
stained and included a 30-foot by 30-foot area four to six feet thick.  This zone of PHC-
impacted soil represents approximately 200 cubic yards of PHC-impacted soil.  Deeper 
PHC-impacted soil was also present in thin sand lenses at or near the water table, but the 
soil volume associated with the sand lenses was insignificant compared to the volume of 
PHC-impacted shallower soils.  The source of the deeper PHCs present in the thin sand 
lenses was the shallow PHC–impacted soils present above the deeper sand lenses. 
 
Two areas of PHC-impacted soil were also confirmed in shallow glaciomarine soils 
approximately 100 feet east of the FMTG building (Figure 3-6).  In contrast to the 
kerosene PHCs observed adjacent to the FTMG building, the PHC-impacted soils east of 
the FTMG building are consistent with diesel fuel.  Each of the two shallow areas of 
diesel PHC-impacted soil have approximately 90 cubic yards (20 feet by 20 feet, 6 feet 
thick) giving a total of 180 cubic yards of PHC-impacted soil.  PHCs were also observed 
in the deeper, thin sand lenses at or near the water table.  Consistent with the deeper 
PHCs associated with the kerosene-impacted soil, the volume of PHC-impacted soil 
present in the deeper sand lenses was insignificant when compared to the volume of 
PHC-impacted shallow glaciomarine soils.  The source of the deeper PHC contamination 
present in the thin sand lenses was the shallow PHC contamination present above the 
deeper sand lenses. 
 
Based on the results of the geoprobe investigation, a soil remediation plan was submitted 
to and approved by MDEP.  Soil removal activities at the FTMG were initiated on July 
14, 2004 and completed on August 9, 2004.  Soil removal was conducted using a track-
mounted John Deere 892 excavator with a 1.5-yard bucket.  Soil was excavated from the 
three soil contamination areas using the excavator and placed in a large dump truck that 
was used to stockpile the excavated soil.  A total of approximately 730 cubic yards of soil 
was removed from three excavations.  The soil in the three areas was excavated from the 
ground surface to depths ranging from six to nine feet below ground surface, consistent 
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with the MDEP-approved Soil Remediation Plan (Figure 3-7).  The contaminated soil 
was shipped to Commercial Recycling Systems in Scarborough, Maine. 
 
A total of 182 soil samples were collected from the sidewalls of the excavations at 10-
foot intervals around each excavation, and vertically at two-foot intervals to the base of 
each excavation.  Two samples were also collected from the base of each excavation.  
The soil samples were screened using a PID and two samples from each of the sidewalls 
and one sample from each end of the excavations with the highest PID values were 
collected for laboratory analysis.  Two soil samples from the base of each excavation 
were also included for laboratory analysis.  The soil samples were analyzed for DRO 
using MDEP Method 4.1.25.  Several focused areas of elevated DRO were identified 
based on the initial confirmatory samples.  Follow-up soil excavation was conducted to 
remove the focused areas of petroleum-contaminated soil associated with each 
excavation.  Additional confirmatory soil samples were taken from the areas of follow-up 
soil removal and analyzed for DRO.  Average values of DRO were calculated for each of 
the three excavations, and all average DRO values were less than 58 mg/kg, consistent 
with the MDEP Decision Tree guidance of 50 to 100 mg/kg DRO (MDEP, 2000).   
 
Following the soil removal activities at the FTMG, oxygen release compound (ORC) was 
spread along the base of each of the three excavations.  The ORC was utilized to 
remediate the DRO that was present in the deeper sand lenses at or near the water table.  
The remediation plan and a report documenting the soil remediation activities are 
included in Appendix E. 
 

3.2.3 Residual Petroleum-Impacted Soils 
 
In addition to the completed and planned soil remediation areas, results from the Bailey 
Point RFI identified petroleum-containing soils in locations on Bailey Point.  Typically, 
these areas have petroleum hydrocarbons ranging from at or near the detection level (1 to 
20 mg/kg) to values in excess of 100 mg/kg(Maine Yankee, 2004a).  As described in all 
soil remediation plans submitted to and approved by MDEP, the petroleum soil removal 
activities completed to date have used 100 mg/kg as the target cleanup level.  Based on 
that approach, residual petroleum hydrocarbons with concentrations less than 100 mg/kg 
are present in those areas where petroleum remediation has been conducted.  Although 
the petroleum hydrocarbons present in these locations are consistent with the 
commercial/industrial cleanup standard approved by MDEP for the site, they exceed the 
10 mg/kg cleanup standard established in the MDEP Decision Tree Guidance for 
stringent cleanup (MDEP, 2000).  The stringent cleanup standard is established to be 
protective of both groundwater used as a source for drinking water, and for residential 
soil exposure (MDEP, 2000).  A summary of the 18 locations on Bailey Point with 
petroleum concentrations in soil in excess of the 10 mg/kg Stringent cleanup standard and 
an estimate of the volume of soil in excess of 10 mg/kg of petroleum hydrocarbon are 
presented in Table 3-3.   
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3.2.4 Potential Groundwater Remediation Areas 
 
Groundwater contamination at the Maine Yankee site includes both site-wide 
contaminants and focused areas of compound-specific contamination.  DRO and metals 
(sodium, iron, and manganese) occur across the Site, while VOCs are focused on both the 
east and west sides of Warehouse 2/3.  Paint-related solvents (ethylbenzene, xylenes, and 
toluene) occur in shallow groundwater on the west side of Warehouse 2/3 (see Section 
3.2.2.1), and chlorinated-VOCs (1,1,1-trichloroethane and degradation products) are 
present in shallow groundwater on the east side of Warehouse2/3.  The following sections 
summarize the groundwater contamination for both the site-wide contaminants and the 
focused areas of groundwater contamination. 

3.2.4.1 VOCs on West Side of Warehouse 2/3 
 
On the southwest corner of Warehouse 2/3, paint derivatives (ethylbenzene, xylenes, and 
toluene, among others) were discovered in relatively high concentrations in surface and 
subsurface soils (see Section 3.2.2.1).  The fate and transport behavior of the paint-
related VOCs in soil has resulted in high concentrations of the VOCs in soils at the 
soil/bedrock interface, and elevated concentrations of xylenes and ethylbenzene in the 
shallow bedrock groundwater directly downgradient of the soil contamination.  Based on 
groundwater contours developed from groundwater elevation measurements, it appears 
that groundwater in this area is moving westerly towards Bailey Cove (Figure 3-8). 
 
Currently, ethylbenzene exceeds the MEG of 70 µg/l in MW-404, and vinyl chloride 
exceeded the MEG of 0.2 µg/l in the second round of MW-405 testing, but was non-
detect in the first sampling round.  Other VOCs present were benzene, xylenes, and 
toluene.  These VOCs have relatively high water solubilities and low Koc values and 
readily partition into groundwater (Ney, 1995) (Table 3-1).   
 
Petroleum hydrocarbons, such as benzene, xylenes, and toluene, are biodegraded via 
biological oxidation when electron donors and electron acceptors are combined to 
produce energy for microbial growth (and metabolic byproducts).  The petroleum 
hydrocarbons serve as the electron donor in microbial metabolism.  Electron acceptors in 
groundwater systems typically include dissolved oxygen, nitrate, manganese (IV), iron 
(III), sulfate, and carbon dioxide.  Carbon dioxide, water, nitrogen gas, manganese (II), 
iron (II), hydrogen sulfide, and methane are some of the metabolic byproducts typically 
produced from the biodegradation of petroleum hydrocarbons.  The biodegradation of 
petroleum hydrocarbons is mainly limited by electron acceptor availability, and will 
proceed until all of the contaminants that are biochemically accessible to the microbes are 
oxidized (Wiedemeier, et.al, 1995). 
 
Monitoring wells MW-404 and MW-405, located downgradient of the VOC soil 
contamination has 1.8 mg/l to 4.3 mg/l of dissolved oxygen and total iron and manganese 
concentrations up to 43.5 mg/l and 16 mg/l, respectively (Maine Yankee, 2004a).  The 
presence of the large concentrations of dissolved iron and manganese and the dissolved 
oxygen indicates that iron (III) and manganese (IV) and dissolved oxygen are functioning 
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as electron acceptors resulting in the biodegradation of the petroleum hydrocarbon 
compounds. 
 
These VOCs are present in the unsaturated soil nearby and we expect that once the source 
is removed (see Section 3.2.2.1), the VOC and related parameter concentrations will 
decrease to background concentrations via biodegradation and natural attenuation 
processes. 

3.2.4.2 Chlorinated VOCs on East Side of Warehouse 2/3 
 
Maine Yankee historically stored trichloroethane (TCA), a solvent, in 55-gallon drums at 
Warehouse 2/3.  A leaking drum of TCA reportedly resulted in a small amount of TCA 
released to the ground on the east side of Warehouse 2/3.  Although very little residual 
soil contamination by TCA remains, there is an identifiable TCA plume in the bedrock 
groundwater (Figure 3-9A).  The upgradient portion of the impacted area is defined by 
MW-420, while the downgradient area of the plume is defined by MW-422A/B, MW-
423A/B, and MW-429 (Figure 3-9A).  The lateral plume boundaries are determined by 
MW-421 and MW-407A/B (Figure 3-9A).  The center portion of the plume is 
determined by MW-311 and MW-409A, while the historic source area is characterized by 
MW-408 (Figure 3-9A).   
 
Soils in the historic source area were characterized by a geoprobe soil sampling study that 
determined that little or no VOCs were currently present in the former source area.  The 
lack of significant residual TCA in soil adjacent to the east side of Warehouse 2/3 is a 
function of the relatively low Koc and high solubility for TCA which have enhanced the 
effectiveness of leaching and infiltration processes.  The TCA has migrated through the 
overburden soils via infiltration processes, and has degraded groundwater quality in the 
shallow bedrock aquifer.  The observed concentrations of TCA and other chlorinated 
VOCs is well below the solubility concentration, indicating only the presence of a 
dissolved phase, and no separate dense non-aqueous phase liquid (DNAPL).  A DNAPL 
would only be indicated when TCA concentrations in groundwater were within 1% of the 
solubility limit (9,500 µg/l).  The highest observed TCA concentration is 670J µg/l, 
orders of magnitude below the 1% solubility value. 
 
In addition to TCA, the monitoring wells also have daughter compounds 1,1 
dichloroethane (1,1-DCA), 1,1-dichloroethene (1,1-DCE), and vinyl chloride (VC) 
associated with the reductive de-chlorination and abiotic degradation of TCA (McCarty, 
1997).  TCA degrades to these daughter compounds once dissolved in groundwater. 
Thus, monitoring wells near the source area would be expected to have a high ratio of 
TCA to degradation compounds, and monitoring wells downgradient of the source would 
be expected to have lower ratios.  Figures 3-9A, B and C show overlays of contoured 
1,1-DCA, 1,1-DCE, and VC groundwater concentrations relative to contours of TCA.  
The center of the TCA plume is on the east edge of Warehouse 2/3, the known source 
area for the TCA release(s).  The centers of the 1,1-DCA, 1,1-DCE and VC plumes are 
shifted at least as far south as MW-409A, and possibly farther.  The State of Maine 
MEGs for the four constituents of concern in this plume are 200 µg/l for TCA, 70 µg/l for 
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1,1-DCA, 0.6 µg/l for 1,1-DCE, and 0.2 µg/l for VC.  MEGs are exceeded for all four 
parameters but by the largest magnitude with 1,1-DCE where the concentration at MW-
409A is 190 µg/l. 
 
Monitoring well MW-408 is located in the vicinity of the former drum handling area and 
has the highest TCA concentration and TCA ratio to degradation compounds.  Both MW-
311 and MW-409A have lower TCA concentrations and lower TCA to degradation 
compound ratios.  These observations indicate that the source area for the TCA is in the 
former drum handling area adjacent to the northeast corner of the warehouse.  The TCA 
has migrated via infiltration into the thin soils and shallow bedrock in this area, resulting 
in the observed region of groundwater contamination along the east side and to the south 
of Warehouse 2/3.  As TCA has dissolved into the site groundwater in the source area, 
degradation reactions in the shallow bedrock groundwater have resulted in a decrease of 
TCA and an increase of DCA, DCE, and VC over time, most prominent at MW-409A. 
 
The transformation of TCA to the daughter compounds provides one line of evidence that 
the TCA is undergoing natural degradation in the environment, and as demonstrated in 
many recent cases, will ultimately result in natural attenuation (McCarty, 1997).  Other 
important lines of evidence of natural degradation include the presence of electron 
acceptors, electron donors, and the oxidation state of the groundwater.   
 
The degradation pathways for 1,1,1-TCA includes reductive dechlorination: 
 
1,1,1-TCA 1,1-DCA Chloroethane  Ethane,  
 
and the abiotic transformation to 1,1-DCE.  1,1-DCE will degrade to VC via reductive 
chlorination, or oxidize to CO2.  Similarly, VC will degrade via reductive dechlorination 
to ethene or oxidize to CO2.  Oxidative degradation of 1,1-DCA and chloroethane to CO2 
is also possible (USEPA, 1999).  Reductive dechlorination is most efficient under 
reducing conditions, and with the more chlorinated species.  Oxidative degradation 
occurs most effectively under more oxidizing conditions and with the lower chlorinated 
compounds (McCarty, 1997). 
 
To assess the oxidation state and the degradation conditions of the aquifer in the vicinity 
of Warehouse 2/3, parameters associated with natural attenuation including electron 
acceptors (nitrate and sulfate), compounds indicative of electron acceptors (Fe2+and 
methane), and additional degradation compounds (ethane and ethene) were analyzed in 
groundwater samples from the Warehouse 2/3 area including MW-408, MW-409A, MW-
407A, MW-429, ME-422A, and MW-423A (Table 3-3).  Oxygen reduction potential 
(ORP) and dissolved oxygen (electron acceptor) were also measured in the field at each 
of the monitoring wells (Table 3-3).  Sulfate is present at all of the monitoring wells (21 
mg/l to 64 mg/l) and nitrate is present at all of the wells except MW-409A and MW-
407A.  Methane was not detected in any of the wells.  The data indicate that the greatest 
reducing conditions occur at MW-409A, where low values of ORP and dissolved oxygen 
and non-detect nitrate levels occur, along with elevated concentrations of Fe2+, relative to 
that observed in the other monitoring wells.  The iron reducing conditions observed at 



 

Maine Yankee  March 2005 
Bailey Point CMS Report 3-12  

MW-409A are correlated with the highest concentrations of daughter compounds and 
indicate that reductive dechlorination of 1,1,1-TCA is occurring.  The continued 
reductive dechlorination of 1,1-DCE and 1,1-DCA would be expected to produce VC, 
chloroethane, ethane, and ethene in wells downgradient of MW-409A.  These compounds 
are not detected in the downgradient monitoring wells, and the aquifer conditions are 
indicative of a more oxidizing environment as indicated by the lack of Fe2+, measurable 
nitrate, and greater ORP and dissolved oxygen concentrations (Table 3-3).  The highest 
concentration of 1,1,1-TCA in the monitoring wells downgradient of MW-409A (MW-
422A and MW-423A) is 6 µg/l, and 1,1-DCA and 1,1-DCE have concentrations less than 
1 µg/l in the downgradient wells.  These observations indicate that downgradient of MW-
409A the predominant degradation process is oxidation of 1,1-DCE and 1,1-DCA to CO2 
and chloride.  The reductive and oxidative degradation processes have resulted in 
significant natural degradation and attenuation of the chlorinated compounds to 
concentrations below the State of Maine MEGs in the downgradient monitoring wells. 
 

3.2.4.3 Metals on Bailey Point 
 
There are several groundwater regimes on Bailey Point including the upper regime that 
encompasses the phreatic surface and a deep bedrock regime.  Flow generally moves 
perpendicular to ground surface topography in the soils and shallow bedrock.  In the 
deeper bedrock, flow is generally down the axis of the peninsula from north to south.  As 
bedrock flow approaches the edge of the shore, it turns toward it and flows upward to 
discharge in the nearshore area. 
 
Iron, manganese, and, to a much lesser extent, arsenic are naturally occurring geologic 
materials that have dissolved into the groundwater.  The metal solubility is a function of 
Eh-pH conditions that occur at the site and the biodegradation of organic material.  The 
Eh-pH conditions of the site have been established by the burying of former organic 
marsh deposits with marine dredge spoils, by the presence of petroleum spills and VOC 
spills, and by other oxygen-consuming contaminants.  These metals are not likely to 
become lower in concentration with time.  Molybdenum is more complicated and may 
have exceeded the State of Maine MEG over a large area of Bailey Point due to a 
possible combination of having entered the groundwater through petroleum lubricants 
containing molybdenum and a natural occurrence from minerals in the granite and 
pegmatite bedrock. 
 
Another contaminant source on the site is residual sodium that is moving from the solid 
phase to the liquid phase and degrading the groundwater quality.  This sodium has a 
number of sources on the site and occurs broadly over the site in concentrations 
exceeding the State of Maine MEG. 
 
Iron and Manganese 
 
The distribution of iron and manganese in groundwater across Bailey Point is illustrated 
on Figures 3-10A/B and 3-11A/B, which are isocon maps of the total iron and 
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manganese in the Bailey Point groundwater.  Although the State of Maine does not have 
a standard for iron in groundwater and there is no MCL for iron, the USEPA PRG for 
iron (11 mg/l) is exceeded in the north-central and northwestern portion of Bailey Point.  
The State of Maine MEG for manganese is 0.5 mg/l, and much of the Bailey Point 
groundwater exceeds the MEG.  The highest manganese concentrations are coincident 
with the highest iron concentrations in the northwestern portion of Bailey Point (Figures 
3-10A/B and 3-11A/B).  The source of iron and manganese in groundwater is the natural 
geologic materials. 
 
Both iron and manganese occur in several valence states that typically are a function of 
the redox potential of the environment.  Iron occurs as Fe2+ or Fe3+, while Manganese 
occurs as Mn2+, Mn3+and Mn4+.  For both iron and manganese, the divalent species (Fe2+ 
and Mn2+) are readily dissolved in water, while the more oxidized forms of iron and 
manganese are typically stabilized in solid phases (Hem, 1985).  The distribution of iron 
and manganese in groundwater is typically controlled by the presence of iron- and 
manganese-bearing hydrous oxide minerals (i.e., limonite, goethite, and MnOOH), and 
the pH and redox potential established in the groundwater.   
 
The Eh-pH conditions of the northern portion of the site have developed as a function of 
the history associated with this portion of the site.  This northern area of Bailey Point is a 
former salt marsh and wetland area that was filled with primarily excavated soil and 
dredge spoils.  As the organic material associated with the salt marsh and wetland 
decayed beneath the fill material, pH was decreased by the formation of organic acids, 
and oxygen was consumed by the degradation of the organic material, resulting in both a 
reducing and low-pH environment.  These Eh-pH conditions gave rise to significant 
solubilities for iron and manganese, and naturally occurring iron and manganese in the 
soils occurring in hydrous oxide minerals have dissolved into the groundwater.  The zone 
of very high iron and manganese concentrations in the northern portion of Bailey Point 
coincides with the known location of the former salt marsh under the dredge spoils fill 
area.  Based on these conditions, iron and manganese are not likely to decrease in 
concentration in this area in the foreseeable future.   
 
Locally, iron and manganese concentrations can also be high in the vicinity of organic fill  
(such as the area of construction demolition debris placed under the 345 kV transmission 
lines) and near releases of petroleum or fuel-related VOCs.  Elevated concentrations of 
fuel-related VOCs (ethylbenzene, xylenes, and toluene) occur in MW-404 adjacent to 
Warehouse 2/3, and both manganese and iron are elevated in this monitoring well.  The 
oxidative degradation of the fuel-related VOCs often will result in a decrease of the redox 
potential of the local environment and dissolve iron and manganese from natural geologic 
materials. 
 
Molybdenum 
 
Molybdenum is a constituent of petroleum-based lubricants, it is part of some steel alloys 
(such as high strength tools and high temperature steel), and it can occur naturally.  The 
natural occurrence of molybdenum is typically in aplites or pegmatites associated with 
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the water-rich fluids that occur during the late stages of the crystallation of some granites.  
The molybdenum-bearing minerals associated with the late-stage aplites and pegmatites 
include molybdenite (molybdenum sulfide), powellite (calcium molybdate) and wulfenite 
(lead molybdate).  Molybdenite has been identified in the Tunk Lake area of Maine and 
in southwestern New Brunswick, but there is no literature describing its occurrence in the 
Wiscasset area (Yang et al., 2003).   
 
The State of Maine MEG for molybdenum is 35 µg/l.  The range of molybdenum in 
Maine Yankee groundwater is non-detect to 3,170 µg/l.  Figures 3-12A and 3-12B show 
the distribution of molybdenum on Bailey Point.  Although the number of data points in 
the middle of Bailey Point is small, the contouring of the most recently collected sample 
data suggests a large area of Bailey Point exceeds the MEG for molybdenum. 
 
Most of the monitoring wells with elevated molybdenum are screened in bedrock that is 
commonly granite or aplite/pegmatite-rich granite.  Similarly, shallow-deep paired wells 
typically have much higher molybdenum concentrations in the deep well that is screened 
in bedrock relative to the shallow well screened in the overburden (e.g., MW302A/B, 
MW303A/B, MW 304A/B, and MW305A/B).  These relationships indicate the potential 
for a natural source of the molybdenum (Maine Yankee, 2004a). 
 
 
Sodium 
 
Figures 3-13A and 3-13B show the distribution of sodium in groundwater.  Because of 
all the sources for sodium, most of Bailey Point has groundwater with sodium 
concentrations exceeding the MEG.  The highest concentrations are in the northwest 
portion of the Point, coincident with the high iron and manganese concentrations and 
related to the filling of marine dredge spoils in that area.  In areas of Bailey Point away 
from potential sodium sources, concentrations are typically in the 10 mg/l to 25 mg/l 
range (Maine Yankee, 2004a).  The gradual purging of the groundwater of high sodium is 
taking place from east to west in the shallow wells in the fill, as groundwater in that fill is 
generally flowing from east to west.  The State of Maine MEG for sodium is 20 mg/l, 
which is relatively close to background values of sodium that would normally occur in 
wells within about 100 feet of the ocean in Maine (Hem, 1985, Gerber, 1986 and Gerber 
and Rand, 1982). 
 
Miscellaneous Metals 
 
There were isolated exceedences of MEGs and MCLs of some additional metals in the 
Bailey Point groundwater, including aluminum, arsenic, boron, lead, silver, and thallium. 
 
Aluminum and arsenic are most likely derived from natural geologic materials.  MEG 
exceedences for both parameters are less than three times the respective standard.  
Arsenic is well known in metasedimentary rocks of Maine as a naturally occurring 
contaminant.  It is often elevated in areas affected by petroleum spills or decaying 
organic deposits that produce low oxygen and reducing conditions.  Aluminum is very 
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abundant in soils and rock.  Where monitoring wells are located in clayey soils or broken 
rock zones, aluminum-bearing minerals can be transported into the well in colloidal form.  
Both acidic and basic conditions favor the dissolution of aluminum, with the lowest 
aluminum concentrations associated with more neutral pH conditions.  Elevated 
aluminum was found in wells with high pH as well as wells with pH below 7, suggesting 
a pH control on the elevated aluminum groundwater concentrations in lower and higher 
pH samples (Maine Yankee, 2004a). 
 
Boron is a natural constituent of seawater.  Elevated boron concentrations were observed 
in groundwater in the northwestern corner of Bailey Point, under the 345 kV line (Maine 
Yankee, 2004a).  These elevated boron levels are associated with high sodium in that 
area, which was derived from the seawater that formed the pore water of the deposited, 
dredged marine sediments in this area.  The presence of elevated boron concentrations in 
this area is consistent with the presence of the marine sediments, and will eventually 
flush from the system (see Section 5.3.1.5 for discussion of boron flushing). 
 
A single lead exceedence of the MCL occurred at MW-305A located in the northern 
portion of Bailey Point downgradient of the current ISFSI.  The detected lead 
concentration in MW-305A was 18.6 µg/l relative to the MCL of 10 µg/l.  There is no 
known or suspected source of lead contamination at this location, and other monitoring 
wells in the area do not have elevated lead concentrations (Maine Yankee, 2004a).   
Silver exceeded its MEG (49.9 versus 35 µg/L) only from MW-405 (southwest corner of 
Warehouse 2/3).  Small concentrations of silver were found in some of the soil samples in 
this area next to Warehouse 2/3, but not enough to draw any connections.  Thallium was 
found at MW-313 (2.9 µg/L) and MW-322 (3.3 µg/L) to slightly exceed the MEG (0.5 
µg/L).  Concentrations ranging from 1.4 µg/ to 1.9 µg/l were observed in the reference 
wells located in the Backlands, but follow-up sampling of those same Backland wells had 
non-detect thallium concentrations (Maine Yankee, 2004b).  There are no known sources 
of thallium on the site and other monitoring wells in the vicinity of MW-322 and MW-
313 were either non-detect for thallium or had thallium concentrations less than 1 µg/l 
(Maine Yankee, 2004a). 
 
Based on the limited distribution and lack of a site-related source of lead, silver, and 
thallium, no additional sampling is planned for these constituents. 

3.2.4.4 DRO on Bailey Point 
 
The most prevalent groundwater contaminant on the Maine Yankee site is petroleum 
hydrocarbons.  Numerous lubricant and fuel spills have been documented, and all of the 
identified spills have been and will be remediated to an industrial standard according to 
the MDEP Decision Tree (MDEP, 2000).  The distribution of DRO on Bailey Point is 
shown on Figure 3-14.  The highest DRO concentrations in groundwater occur in the 345 
kV silt spreading area and in the western portion of the RA area (Figure 3-14) 
 
The solubility of petroleum hydrocarbons in groundwater is a function of the size or 
carbon number of the specific petroleum hydrocarbon mixture, and decreases with 
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increasing carbon number for both aliphatic and aromatic petroleum hydrocarbons (Table 
3-1).  Aromatics with the same carbon number as aliphatics typically have water 
solubilities two to three orders of magnitude greater than the corresponding aliphatics 
(Table 3-1). Similarly, the Koc for aromatics is two to three orders of magnitude lower 
than that for aliphatics of the same carbon number (Table 3-1).  These relationships 
indicate that aromatics will be preferentially leached from DRO-contaminated soils, and 
that groundwater concentrations in excess of 500 µg/l are mostly composed of aromatics 
due to the limited solubility of aliphatic fractions (solubility of total aliphatic fraction C8-
C21 is less than 500 µg/l).  Once dissolved in groundwater, the petroleum hydrocarbons 
will biodegrade oxidatively if a source of oxygen or other electron acceptor is available. 
 
The highest concentrations of DRO were found in the northern portion of Bailey Point at 
several locations including the north end of the 345 kV switchyard, wells to both east and 
west of the former concrete truck maintenance garage, the area from the northern side of 
the ISFSI to the reflecting pond, and the northwestern portion of the fill under the 345 kV 
line area.  Concentrations are typically in the range of several hundred micrograms per 
liter.  Based on simple linear interpolation contouring, most of Bailey Point appears to 
have groundwater concentrations greater than 50 µg/l DRO. 
 
The DRO distribution shown on Figure 3-12 demonstrates that most of the RA and 
Industrial Area has relatively high concentrations of DRO, most of which are in the 
hundreds of micrograms per liter.  The highest observed concentration of DRO in the RA 
is MW-401B (2,350 µg/l of DRO).  Two petroleum sources were identified in deep fill 
material in the RA: 1) in the PAB alleyway in November 2002 (the contaminated soil 
was removed in December 2002), and 2) in deep fill material south of the Spray building 
(contaminated soil removed during removal of the PCC/SCC piping in April 2004).  
These sources have likely contributed to elevated DRO groundwater concentrations in 
several adjacent and downgradient wells (MW-312, B-202, B-205, and B-206), but are 
not sources for the elevated DRO observed in MW-401B (Maine Yankee, 2004a). 
 
Another area with relatively high DRO concentration is just west and downgradient of 
the area of the kerosene spill that originated at the spare generator enclosure.  MW-413 
had 1,700 µg/l of DRO (Maine Yankee, 2004a).  MW-414 to the north of MW-413, but 
probably unrelated as to source, had a DRO concentration of 940 µg/l.  MW-413 is 
apparently measuring the residual effects of the kerosene leak.  The chromatogram of 
MW-413 indicates a relatively fresh source consistent with the kerosene as a source, 
compared with the chromatograms of most other samples, which are indicative of older, 
more degraded sources.  One other relatively high DRO result was found in MW-318 
(930 µg/l), which is located just southeast of the area of the main transformer where 
transformer oil was released as a result of the failure of the Maine Transformer in 1991. 
 
Because many of the petroleum sources may be somewhat dispersed, limited in size, and 
associated with the construction activities during the 1960 and early 1970s, most of the 
readily leachable fraction of petroleum has most likely been removed from the original 
source material and dissolved in groundwater.  Additional leaching of petroleum 
hydrocarbon constituents to the groundwater is expected to be slow, but relatively 
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constant. 
 
An important factor in the distribution of DRO in groundwater is the potential for natural 
biodegradation.  Petroleum hydrocarbons, such as DRO, are biodegraded via biological 
oxidation when electron donors and electron acceptors are combined to produce energy 
for microbial growth (and metabolic byproducts).  The petroleum hydrocarbons serve as 
the electron donor in microbial metabolism.  Electron acceptors in groundwater systems 
typically include dissolved oxygen, nitrate, manganese (IV), iron (III), sulfate, and carbon 
dioxide.  Carbon dioxide, water, nitrogen gas, manganese (II), iron (II), hydrogen sulfide, 
and methane are some of the metabolic byproducts typically produced from the 
biodegradation of petroleum hydrocarbons.  The biodegradation of petroleum 
hydrocarbons is mainly limited by electron acceptor availability, and will proceed until 
all of the contaminants that are biochemically accessible to the microbes are oxidized 
(Wiedemeier, et.al, 1995). 
 
Recent groundwater sampling to support the CMS has demonstrated that significant 
concentrations of electron acceptors and metabolic byproducts are present in groundwater 
across the Site (Table 3-2).  The presence of both electron acceptors and metabolic 
byproducts indicates that natural biodegradation of dissolved DRO is occurring in 
groundwater.   
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4.0 TECHNOLOGY SCREENING AND ALTERNATIVE DEVELOPMENT 
 
This section identifies and screens applicable technologies, and develops remedial 
alternatives for remediation of soil and groundwater associated with the Maine Yankee 
site.  This process was completed in accordance with USEPA Guidance (USEPA, 1988), 
and included identifying those technologies that attain the corrective measure objectives 
identified in Section 3.1 of this report.  The result of the screening and alternative 
development is a list of potential remedial technologies that can be combined to form a 
range of corrective measure alternatives.   
 
The demonstrated performance and applicability of each technology is established by 
considering site and waste characteristics.  Site characteristics include site geology, 
hydrogeology, availability of space, and resources necessary to implement the 
technology.  Waste characteristics include contaminated media, types and concentrations 
of waste constituents, and physical and chemical properties of the waste (e.g., 
oxidation/reduction state, solubility, and mobility). 
 
The technology screening process reduces the number of potentially applicable 
technologies by evaluating each technology as to its: 
 
• Effectiveness in providing protection to human health and the environment, and to the 

reduction in toxicity, mobility, or volume of the waste; 
• Implementability, as a measure of both the technical and administrative feasibility of 

constructing, operating, and maintaining a remedial technology; and  
• Cost, as compared among technologies. 
 
Technically feasible technologies passing this initial screening process are grouped into 
potential remedial alternatives that will be evaluated in Section 5.0. 

4.1 Technology Screening and Alternative Development for Soils 
 
The nature and extent of contaminants of concern in Bailey Point soils limit the range of 
cost-effective remedial alternatives.  Overall, source removal has been identified as the 
preferred technology for the majority of areas of concern.  This is due to a number of 
factors including: 
 
• Readily available excavation equipment currently mobilized; 
• Cost-effective Disposal contracts in place; 
• Co-mingling of soils impacted with radiological constituents with soils impacted with 

non-radiological constituents; 
• Decommissioning Schedule; and 
• Nature of Contaminants of Concern (i.e., DRO, PAHs). 
 
Based on the above considerations, soil removal and offsite disposal has been the primary 
technology employed at the site.  A description of the specific soil removals that have 
been implemented is summarized above in Section 3.2.1 Areas Closed Out (Bailey 



 

Maine Yankee  March 2005 
Bailey Point CMS Report 4-2  

Farmhouse, Outfall 9, Forebay and ISFSI), and Section 3.2.2 Completed Removal 
Actions (i.e., Warehouse 2/3, Former Truck Maintenance Garage, and West Side of the 
Radiological Area).  While the areas closed out and the completed and planned removal 
actions have had a target cleanup concentration of 100 mg/kg DRO, these areas and other 
locations across Bailey Point have DRO concentrations in excess of the Stringent MDEP 
Decision Tree concentration of 10 mg/kg.  The primary contaminant of concern in these 
areas is DRO.  The primary objective for remediation would be to reduce the volume and 
concentration of the source(s) to both reduce the source to groundwater contamination 
and minimize the potential for exposure to surface and subsurface soils.  A summary of 
these areas is included in Table 3-3.   
 

4.1.1 Identification and Screening of Applicable Technologies for Soil 
 
Because of the potential volume and depth of impacted soils, it is appropriate to evaluate 
technologies other than removal and offsite disposal.  The primary technologies that have 
been identified include: 
 
Institutional Controls - This would include limiting exposure to impacted soils through 
use restrictions placed on the property deed and municipal zoning.  Use restrictions 
would apply to both soil and groundwater and are discussed below under Section 4.4. 
 
Soil Removal - Soil removal would include excavation followed by offsite disposal or 
onsite treatment.  This has been the primary remedial technology implemented at the site 
to date to address RCRA areas of concern.  The reason being is the readily available 
equipment and relative cost effectiveness compared to insitu treatment or containment 
options given the nature of predominately petroleum-contaminated soil present at the site. 
 
The following two technologies are potentially applicable.  However, they have been 
screened out due to their relative technical and cost effectiveness compared to the 
technologies described above: 
 
Insitu Oxidation - Insitu oxidation is the process of enhancing contaminant degradation 
by introducing oxygen to subsurface soils.  This would include addition of an oxygen-
releasing compound in conjunction with soil removal or as a separate technology.   
 
Bioremediation/Land Farming - This technology would include onsite landfarming of 
impacted soils following removal.  Landfarming would entail removal, addition of 
nutrients (e.g., fertilizer) and periodic tilling to keep soils aerated.   
 
Solidification/stabilization:  Solidification through the addition of pozalanic materials has 
been eliminated since it would be more costly without greater effectiveness at achieving 
remedial goals. 
 
Containment/Capping:  This would include a clay or asphalt cap to reduce infiltration.  
This has been screened out based on the lack of effectiveness at achieving remedial goals. 
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Thermal Technologies: Both low temperature and high temperature thermal, as well as, 
asphalt batching would be significantly more costly than soil removal without providing 
increase effectiveness at meeting remedial goals. 
 
Other technologies such as soil flushing, vitrification, and steam stripping are potentially 
applicable to the contaminants of concern.  However, these technologies are substantially 
more expensive than the technologies considered without increased benefit.  Therefore, 
they have not been considered.  Phyttyoremediation, which is the use of select plants and 
trees to remediate contamination in soils and groundwater, could potentially have some 
application. However, phytoremediation can be dismissed based on the very low 
likelihood of increased effectiveness over technologies considered, as well as the 
extended timeframe for implementation in comparison to the Maine Yankee 
Decommissioning schedule.   
 

4.1.2 Development of Soil Remedial Alternatives for Bailey Point 
 
The technologies that have been carried forward include soil removal and offsite 
disposal.  The alternatives that have been developed for soil include the following: 
 
Alternative Soil-1: No Additional Action with Institutional Controls to manage future 
land use. 
 
Alternative Soil-2: Excavation to target cleanup level of 10 mg/kg and offsite disposal of 
petroleum-contaminated soil. 
 
 

4.2 Technology Screening and Alternative Development for Groundwater  
 
The groundwater contaminants in groundwater at the Maine Yankee site include VOCs 
(both chlorinated and non-chlorinated), DRO and metals.  The technology screening and 
alternative development for groundwater recognizes that the three classes of 
contaminants are present in site groundwater. 
 

4.2.1 Identification and Screening of Applicable Technologies for Groundwater 
 
Table 4-1 identifies general response actions and potential remedial technologies for 
groundwater at the Maine Yankee site.  The general response actions for groundwater 
include the following: 
 
• No Further Action, 
• Institutional Action, 
• Groundwater Monitoring, 
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• Groundwater Collection, 
• Groundwater Treatment, and 
• Groundwater Disposal 
 
Technology screening is presented in Table 4-2.  Technologies judged not effective or 
implementable were eliminated from further consideration.  The No Further Action 
response action was retained as a baseline for comparison for other potential alternatives. 
 
One technology was retained under the Institutional Action response. Institutional 
Controls include the use of restrictive covenants, fencing, or permits to limit use and 
exposure to contaminated groundwater and may be used alone or in combination with 
other alternatives where contaminants remain onsite.   
 
Groundwater monitoring was retained under the Environmental Monitoring general 
response action.  Numerous monitoring wells are currently located at the Maine Yankee 
site and would be available to be incorporated into a groundwater monitoring program. 
 
Under the Groundwater Collection response action both collection trenches and 
extraction wells were retained.  The collection trenches would be used for the low 
permeability glaciomarine soils where extraction wells would be ineffective.  Extraction 
wells would be utilized in the bedrock and portions of the overburden that are more sand-
rich and have greater permeability. 
 
A number of potential treatment technologies were screened under the Ex Situ 
Groundwater Treatment response action.  Air stripping, UV/oxidation, and Publicly 
Owned Treatment Works (POTW) were eliminated based on their ineffectiveness on the 
specific groundwater contaminants.  While air-stripping and UV/oxidation would be 
effective for the VOCs in groundwater, the heavier petroleum hydrocarbons would not be 
removed by the technologies.  Due to combination of metals and organics present in 
groundwater, the POTW approach would also not be effective.  Due to the high 
concentration of iron and manganese in the groundwater, 
precipitation/flocculation/oxidation and microfiltration technologies were retained to 
remove these contaminants as a pre-treatment option before the organic treatment.  
Reverse osmosis was retained for the removal of sodium.  Carbon absorption was 
retained, as it is the most effective treatment option for the dissolved petroleum 
hydrocarbons present in site groundwater and would also be effective for the minor 
VOCs present as well. 
 
Due to the low permeability of the soil and bedrock across the site, all of the in situ 
treatment technologies were eliminated except for natural attenuation. 
 
The disposal options that were retained include groundwater discharge and surface water 
discharge.  The POTW technology was eliminated due to the potential long-term 
operation of the treatment system, uncertainties associated with the POTWs ability to 
receive the treated water into the future, and the likely need to pre-treat the water. 



 

Maine Yankee  March 2005 
Bailey Point CMS Report 4-5  

4.2.2 Development of Groundwater Remedial Alternatives 
 
This section of the CMS presents four remedial alternatives that were developed for the 
VOC, DRO, and metal contamination in Site groundwater.  The alternatives are 
developed based on the screening evaluation completed in Section 4.2.1 and Table 4-2.  
The major technical components of the alternatives are summarized in Table 4-3 and are 
described below. 
 
Alternative GW-1: No Further Action/Institutional Controls.  The alternative 
consists of no remedial activities, and represents the minimum proposed remedial action 
for groundwater.  Institutional controls would be implemented to prevent future 
groundwater use, as public water is currently available at the Site. 
 
Alternative GW-2: Long-Term Monitoring/Institutional Controls.  This alternative 
would provide for a long-term groundwater monitoring plan to document natural 
attenuation of groundwater contaminants.  The natural attenuation processes (e.g., abiotic 
degradation, biodegradation, dispersion, sorption, and dilution) would gradually reduce 
contaminant concentrations in groundwater to below MCLs and MEGs.  An 
environmental monitoring plan would be developed to verify the continued effectiveness 
of the alternative.  Institutional controls would be implemented to restrict future 
groundwater use, as public water is currently available at the Site.   
 
Alternative GW-3: Groundwater Extraction and Treatment/Institutional 
Controls.  This alternative would capture and extract contaminated groundwater around 
the Maine Yankee site.  The capture and extraction of contaminated groundwater would 
be accomplished using a combination of overburden and bedrock wells and shallow 
extraction trenches.  The extracted groundwater would be treated onsite in a multi-stage 
system to meet drinking water quality regulations, and then discharged back into the 
ground in the soil on the site.  The treated groundwater would be discharged to 
infiltration trenches located upgradient of the extraction wells/trenches.  Institutional 
controls would be implemented to restrict future groundwater use during the operation of 
the extraction/treatment system, as public water is currently available at the Site.   

4.3 Initial Screening of Soil and Groundwater Remedial Alternatives 
 
In accordance with USEPA Guidance the remedial alternatives developed in Sections 4.1 
and 4.2 are screened against effectiveness, implementability, and cost based on the 
criteria presented in Table 4-4. The objective of this screening is to eliminate from 
further consideration alternatives that have undesirable results, while still preserving a 
range of options that will undergo a more thorough and extensive analysis in the Detailed 
Analysis of Corrective Measures. 

 
Because estimation of remedial time frames for each alternative requires conceptual 
design details developed in the Detailed Analysis of Alternatives, specific time frames 
are not discussed in this section, but rather in Section 5.0.  Similarly, conceptual design 
details of institutional controls (e.g., area to be covered, etc.) will be developed as part of 
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6.0 RECOMMENDED CORRECTIVE MEASURES  
 
This section presents the recommended corrective measures alternatives for soil and 
groundwater at Maine Yankee. The recommendations are based on the results of the 
evaluations presented in earlier sections of this CMS. 

6.1 Soil 
 
The results of the alternative ranking for soil indicates that Alternative Soil-2, Excavation 
and Offsite Disposal has the highest score (Table 5-4).  Although Alternative 2 has the 
high score, the costs associated with the alternative are very high, in excess of 28 million 
dollars.  Maine Yankee has conducted numerous soil removals for petroleum-
contaminated soil across Bailey Point.  These removal actions have historically targeted 
100 mg/kg DRO as the soil cleanup level and have significantly reduced the volume of 
petroleum-contaminated soils at the site.  The 100 mg/kg cleanup level for DRO is 
consistent with MDEP’s remedial criteria for the site based on with Maine Yankee’s 
plans to restrict future use at the site to commercial/industrial activities. 
 
Based on the use of institutional controls to limit future land use to commercial/industrial 
activities, the removal of petroleum-contaminated soils to the 100 mg/kg cleanup levels 
completed to date, and the high cost associated with Alternative Soil-2, Alternative Soil-1 
is the recommended alternative for soil. 

6.2 Groundwater 
 
The results of the alternative ranking for groundwater are shown in Table 5-13.  
Alternatives GW-2 and GW-3 were similarly ranked, while Alternative 1 was ranked 
lower than Alternatives 2 and 3.  Due to the use of institutional controls, all of the three 
alternatives are protective of human health.  The results of the groundwater modeling and 
geochemical evaluation presented in Sections 5.3.1 and 3.2.4 indicate that groundwater 
will naturally attenuate and ultimately reach cleanup goals for most of the site-related 
groundwater contamination.   
 
Based on the lack of groundwater monitoring associated with the no further action 
alternative, Alternative GW-1 was ranked lowest, and will not be considered as a stand 
alone approach for site groundwater.  Although Alternative GW-3 could ultimately 
restore the aquifer faster than GW-2, the alternative has substantial technical uncertainty 
(see Section 5.3.5), significantly high costs (in excess of 60 million dollars) and, if 
successful, would take many years of operation and maintenance to complete.  
Additionally, if a pump and treat alternative were combined with the most aggressive soil 
remedial alternative (Soil-2), the total cost of remediation is estimated to be in excess of 
89 million dollars.  This appears to be cost prohibitive since significantly less costly 
alternatives would achieve risk-based closure criteria for the site.  Alternative GW-2 is 
the preferred alternative for groundwater.  Based on the results of groundwater modeling 
and geochemical evaluation that indicate significant reduction in contaminant 
concentrations with time via natural attenuation and the high cost and technical 
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uncertainty associated with Alternative GW-3; Alternative GW-2 is the recommended 
alternative for groundwater. 
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