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1.0 INTRODUCTION 
 
The purpose of this Revised Phase III Remedial Action Plan is to perform an evaluation of 
remedial action alternatives to address contaminants of potential concern (COPCs) for a portion 
of the Oxford Paper Mill (OPM) (the Site) in Lawrence, Massachusetts. The revision addresses 
the options of either reusing on the Site or shipping off the Site for disposal approximately 1,855 
Cubic Yards (CY) of asbestos contaminated soil.  This reduced volume is a result of maximizing 
excavation requirements with the design of the Site as a public passive park and thereby 
reducing overall remedial costs.    The general site location is depicted on Figure 1 and the entire 
site is depicted on Figure 2.  This Phase III is for the area north of the raceway including both the 
wedge area and the North area (See Figure 3).  This Phase III was conducted by Stone & 
Webster Massachusetts, Inc. (Stone & Webster or S&W), a Shaw Group Company, in 
accordance with the Massachusetts Contingency Plan (MCP), 310 CMR 40.0850, on behalf of 
the City of Lawrence (COL), the owner of the Oxford Paper Mill property.  Oxford Paper Mill 
has been assigned release tracking number (RTN) 3-2691 by the Massachusetts Department of 
Environmental Protection (MADEP), to whom this report will be provided. 
 
The objectives of the Phase III evaluation were to identify and evaluate remedial action 
alternatives and technologies that would be reasonably likely to achieve a level of no significant 
risk, and to select a remedial action alternative that will result in a Permanent or Temporary 
Solution for areas north of the raceway.  The contents of this report provide detailed description 
of each of the selected remedial alternatives with a final recommendation for the most 
appropriate technology to achieve the remedial goals established for areas north of the raceway 
at the Oxford Paper Mill. 

2.0 BACKGROUND 

2.1 Site Description and General Information 
 
The former Oxford Paper Mill (OPM) Site, Release Tracking Number 3-2691, is located on 
approximately three acres of land in Lawrence, Massachusetts, immediately northwest of the 
intersection of Canal Street and the Spicket River (refer to the Site Locus Map attached as Figure 
1).  A small portion of the OPM is also located north of Canal Street on the eastern bank of the 
Spicket River (an urban surface water body that abuts the OPM).  The OPM is transected by a 
raceway, which discharges to the Spicket River.  All nine buildings (Building Nos. 1, 2, 3, 4, 5, 
6, 13, 1A, and 28) that once occupied the south side of the OPM have been demolished.  
Buildings north of the raceway were demolished in the 1970s.  Oxford Paper ceased operations 
at the Site in the mid-1970s.  The City of Lawrence took ownership of the property in 1983. 
 
Site Subject Area – North of Raceway (Wedge Area and North Area) 
 
Currently the areas north of the raceway at the Oxford Paper Mill are in an area of commercial 
development within downtown Lawrence, Massachusetts.  The property does not contain any 
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buildings or structures and is unpaved.  The Site is relatively flat throughout and slopes down to 
the Spicket River on the north and east sides.  The Site consists mainly of tall grass and shrubs 
with portions consisting of wooded areas.  The Site is bounded to the north and east by the 
Spicket River, to the west by commercial property (the O’Gara Building), and to the south by the 
raceway.  Access to the property is partially restricted by fencing along the western boundary.  
However, the Site can be accessed from the Spicket River or via an exit door from the O’Gara 
Building.  A Site Plan for the area north of the raceway is presented in Figure 3.  The property 
will be used in the future as a passive park. 
 
Properties surrounding the OPM are used for commercial, institutional, and industrial purposes.  
GenCorp, Inc. (GenCorp), the Everett Mills property, and Union Street are west of the Site.  Canal 
Street and the North Canal are south of the OPM beyond where there are other historic mill 
buildings.  The Spicket River is north and east of the Site.  The Lawrence General Hospital is 
beyond the Spicket River to the north.  The Everett Mills property is currently used for commercial 
purposes.  The GenCorp facility, which was formerly occupied by Bolta Products and used for 
manufacturing rubber and plastic products, is currently vacant.  The GenCorp facility was used most 
recently for manufacturing plastics and vinyl coated fabrics; polyvinyl chloride, resins; methyl 
isobutyl ketone (MIBK), methyl ethyl ketone (MEK), and tetrahydrofuran (THF) were used as part 
of these manufacturing operations.  
 
Based on a review of the Massachusetts Geographic Information System (GIS) map, (refer to Figure 
4), the OPM is not within an Interim Wellhead Protection Area (IWPA) or Zone II.  Mr. Madden at 
the Lawrence Water Department indicated that the City of Lawrence obtains its water from the 
Merrimack River.  Water is drawn from one well in the Merrimack River; this well is located in the 
river at the foot of Ames Street (i.e., at the intersection of Ames Street, Water Street, and Riverside 
Drive), approximately one and one-half miles west and cross gradient of the OPM.  The city's 
reservoir is approximately one and one-half miles northeast of the OPM on Ames Hill.  According to 
Mr. Madden, several car washes and only one residence have private water supply wells in the city.  
The closest private well is at a car wash approximately one mile from the OPM. Based on a review 
of Massachusetts Surface Water Quality Standards (314 CMR 4.00), the Spicket and Merrimack 
Rivers are Class B surface water bodies (i.e., designated as habitat for fish, other aquatic life, and 
wildlife, and for primary and secondary contact recreation).   
 
According to the Federal Emergency Management Agency, Flood Insurance Rate Map (FIRM) for 
the City of Lawrence, Massachusetts (Community Panel Number 250087 0002B), the northwestern 
portion of the OPM is within Zone A17 (i.e., an area of 100-year flood) and portions of the north and 
southeastern areas of the Site are within Zone B (i.e., an area between the limits of the 100-year and 
500-year flood). 

2.2 Ownership History and Historic Paper Mill Activities 
 
HMM Associates conducted a preliminary site assessment in 1992, which summarized the 
history of the OPM.  The following information is drawn from the HMM report (HMM, 1992).  
The HMM report states that paper making had been conducted on the Site for 135 years, first 
under the name Russell Paper Company, then Champion International, Oxford, Ethyl, and finally 
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Pleasant Valley Paper Mills.  Operations ceased completely in 1974.  The City of Lawrence took 
ownership of the OPM in 1983. 
Pulping of the wood chips was done by the “soda and sulphite” chemical process, which 
produced a foul odor (HMM, 1992) and typically used a base (lime or sodium hydroxide) plus 
sulfurous acid (HSO3).  Another pulping process, called the kraft chemical pulping process, uses 
sodium hydroxide (NaOH) and sodium sulfide (Na2S), and may have also been used at the 
Oxford Site.  The process was most likely conducted in steel digesters under steam pressure.  
Some papers were coated with clay, which was stored in silos that were once present on the 
property.  Buildings identified on the Sanborn maps include the “soda pulp mill”, the “chemical 
mill” (No. 15), a machine building, (No. 3), and a building containing “beating engines” and a 
“rotary bleacher” (No. 6).  Bleaching of pulp may have been done using chlorine or 
hypochlorite.  An open coal bin, boiler room, and “black ash room” are also identified on some 
Sanborn maps.  Note that building numbers, arrangements, and uses changed over the years 
according to the Sanborn maps. 
 
Contaminants that may be present on the Site, due to former paper mill operations, include 
polycyclic aromatic hydrocarbons (PAHs) from coal, coal ash, and other combustion operations, 
chlorinated organic compounds that may have been formed during pulp bleaching operations,  
and sulfides from chemical pulp residues.  The chlorinated organic compounds and sulfides 
would most likely have been released to surface water and air, as opposed to soil, because they 
are associated with mill operations that involved water discharges (to the raceway most likely) 
and air emissions (sulfur compounds and other volatile organic compounds (VOCs) from stacks 
and process tanks).  In addition, underground storage tanks containing fuel oils and therefore, 
petroleum hydrocarbons (PHCs) may be present in soil and groundwater.  Transformers 
containing polychlorinated biphenyls (PCBs) have historically been present on-site. 

2.3 Previous Response Actions and Assessment Activities 
 
Information on the status of storage tanks, drums and containers is provided in various letters 
and reports regarding the area north of the raceway and is summarized below.  
 
According to a review of City of Lawrence Fire Department records by Briggs Associates, Inc. 
in the 1984 study, no aboveground storage tanks were present at the OPM.  However, the records 
indicated that one 20,000-gallon and three 30,000-gallon underground storage tanks (USTs) 
were present at the Site.  The license for these tanks was issued on July 6, 1953.  Fire 
Department records also indicated that gasoline was stored in two 300-gallon USTs.  One tank 
was installed in 1921 and the other one was installed in 1928; both gasoline tanks were removed 
on July 23, 1968. 
 
A March 19, 1992 letter from Mr. Robert J. Devaney, Jr., Director of Environmental Engineering 
at GenCorp to the City of Lawrence Community Development Department summarizes the 
results of Camp Dresser & McKee’s (CDM) December 1985 report titled "Final Technical 
Memo Report #3 - Oxford Paper Site."  The letter indicates that the presence of three 30,000-
gallon tanks at the Site was confirmed in April 1989. 
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The May 15, 1989 NOR letter from MADEP to the City of Lawrence indicates that based on 
MADEP's review of a July 25, 1967 plan of the Site, seven fuel oil storage tanks were located on 
the property (three 30,000-gallon, one 20,000-gallon, one 10,000-gallon, and two 1,000-gallon 
tanks).  Figure 3 depicts the former tank locations on the north side of the property.  The letter 
indicates that these tanks were abandoned in 1976. According to the letter, two of the tanks (one 
20,000-gallon and one 1,000-gallon) were located on April 19, 1989 and were removed. 
 
A Commonwealth of Massachusetts, Department of Public Safety, Division of Fire Prevention, 
Permit for Removal and Transportation to Approved Tank Yard was obtained for the 20,000-
gallon tank on April 18, 1989.  The tank was removed on April 19, 1989 and no leakage was 
observed.  The tank was transported off-site to John C. Tombarello & Sons of Lawrence, 
Massachusetts. The permit indicates that the tank was accepted at this location on June 9, 1989.  
 
The 1,000-gallon tank was excavated on April 20, 1989.  This 1,000-gallon tank was removed 
from the location of a supposed 10,000-gallon fuel oil tank shown on a historical map of the Site.  
According to a Commonwealth of Massachusetts, Department of Public Safety, Division of Fire 
Prevention, Permit for Removal and Transportation to Approved Tank Yard, the tank was 
transported off-Site to John C. Tombarello & Sons of Lawrence, Massachusetts.  The permit 
indicates that the tank was accepted at this location on June 9, 1989. 
 
An April 23, 1991 letter from Eckenfelder, Inc. to Mr. Robert J. Devaney, Jr., Director of 
Environmental Engineering at GenCorp, indicates that GenCorp responded to the 1988 oil 
release to the Spicket River by assisting with UST location, identification, and removal on the 
former OPM property.  The letter also indicates that subsequent excavations conducted by the 
City of Lawrence confirmed the presence of several large diameter USTs, which contained 
petroleum residuals of unknown composition. 
 
According to information gathered, as part of HMM's Preliminary Site Assessment in 1992, five 
underground storage tanks were identified on the Site to the north of the raceway.  Two of these 
tanks (one 500-gallon and one 1,000-gallon) were removed by Clean Harbors in 1988.  Records 
maintained by the City of Lawrence Fire Department indicate that one 1,000-gallon tank was 
removed in 1989.  The remaining USTs were each 30,000-gallons.  The contents of the tanks 
were sampled by Clean Harbors in 1988; analytical results indicated that petroleum was stored in 
the tanks.  Clean Harbors reportedly removed the contents of two of the USTs.  According to 
records at the City of Lawrence Fire Department, the contents of the third tank had solidified. 
 
ENPRO, Inc. removed the three 30,000-gallon fuel oil USTs in November 2000.  Analytical data 
showed no exceedances of the MCP reportable concentrations.  Based on the above information, 
it appears that there are no remaining underground storage tanks in the North area of the former 
OPM Site.  Figure 3 shows areas north of the raceway where former USTs were once located. 
 
A Phase II - Comprehensive Site Assessment (CSA) Report for areas north of the raceway was 
submitted to MADEP in August, 2006.  The Phase II CSA included a Method 3 Human Health 
Risk Characterization and Stage I Environmental Screening.  The Risk Characterization 
concluded that under current site activities and uses, potential exposures to COPCs in soil and 
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surface water (as estimated based on groundwater discharge to the Spicket River, and a dilution 
factor of 10) pose no significant risk of harm to current adolescent trespassers. 
 
Under future foreseeable site activities and uses, potential direct contact exposures of COPCs in 
soil pose a significant risk of harm to human health.  Significant risk of harm is posed to: (1) the 
future hypothetical young child user; and (2) the future hypothetical adult user.  The risks are 
primarily attributable to the presence of carcinogenic PAHs and arsenic in soil.  Future 
exposures to construction/utility workers or adolescent trespassers pose no significant risk to 
harm to health.  Note that the assessment of future risk includes data for all soils currently 
present at the Site north of the raceway, including those in the wedge area.  Removal of wedge 
area soils was not assumed in estimating future risk.   
 
The Method 3 Human Health Risk Characterization for the areas north of the raceway also 
concluded that risk of harm to safety and public welfare is not significant under both current and 
future foreseeable site conditions.  Also since the water Exposure Point Concentrations (EPC), 
modeled from groundwater contaminant concentrations, do not exceed Ambient Water Quality 
Criteria (AWQC) for aquatic receptors, it is concluded that the area north of the raceway does 
not pose a significant risk to the environment.  
 
Risk of harm to the aquatic organisms was evaluated by comparison of the modeled surface 
water EPCs to Massachusetts AWQC provided by MADEP (MADEP, 1994).  COPC EPCs are 
below the corresponding AWQCs, and thus pose no significant risk of harm to aquatic receptors. 
 
Based on the findings of the Stage I Environmental Screening, current and future foreseeable site 
conditions pose no significant risk of harm to the environment, as defined in 310 CMR 40.09.  In 
addition, a Stage II Environmental Risk Characterization (as defined in 310 CMR 40.0995(4)) is 
not required. 
 
2.4 Regional and Site Specific Geology 
 
Based on the soil survey for the northern part of Essex County, Massachusetts, the overlying 
surficial deposits consist primarily of loamy soils formed over compact glacial till.  Two 
drumlins are located near the Site, including Prospect Hill to the northeast and a smaller hill 
located to the northwest.  The thickness of glacial till is often on the order of 15 to 20 feet, 
although thicknesses of up 175 feet have been observed in the drumlin area (Eckenfelder, Inc., 
1998). 
  
According to the GenCorp Phase II Groundwater Model Report conducted by Eckenfelder, Inc. 
in 1998, bedrock underlying the Oxford Paper Mill site lies within the Merrimack Belt 
lithotectonic zone.  Major faults further subdivide the Merrimack belt into individual tectonic 
zones – each of which has a different and distinct lithology.  Furthermore, the OPM site is 
located north of the Clinton-Newbury fault, which is accompanied by a series of many smaller 
faults and associated disrupted geologic strata.  The bedrock lithology consists of a series of 
meta-sedimentary rock types of the Berwick formation.  The encountered bedrock of the OPM 
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site is composed of phyllite, argillite, and quartzite with minor amounts of calcareous 
metagraywacke and schist (Eckenfelder, Inc., 1998). 
 
The area north of the raceway is relatively flat with the eastern portion of the Site sloping 
downward to the Spicket River.  The average elevation of the Site is approximately 100 feet 
above mean sea level (msl).  
 
The soils on site are part of Urban Land, which consists of nearly level to moderately steep areas 
where the soils have been altered or obscured by urban works and structures.  The site soils are 
part of the Paxton-Woodbridge-Monatauk association where the area is nearly level to steep, 
well drained and moderately well drained, loamy soils formed over compact glacial till (Soil 
Survey of Essex County, Massachusetts Northern Part, 1981).   
  
The geology on the north side of the OPM was assessed through a subsurface boring program 
and test pits excavations.  Based on observations of the test pits and split spoon samples, the 
general geologic profile was found to consist primarily of an assemblage of loamy and sandy 
soils.  The mixture of differing sediment sizes indicates that the materials are not well sorted, and 
are consistent with glacial deposits.  The soil borings also revealed similar conditions of 
differing amounts of loam, sand and gravel with coal ash, bricks, and debris encountered 
throughout the area north of the raceway.    
 
Bedrock was not encountered on the north side of the OPM.  Bedrock coring was not conducted 
as part of the Phase II CSA.  Soil borings were advanced from 0 to 24 feet below ground surface 
(bgs) and test pits were advanced from 0 to 15 bgs.  A detailed description of Site geology is 
presented in Section 3.0 of the Phase II CSA dated August 2006, presented by Stone & Webster. 

2.5 Nature and Extent 
 
The following section of this report provides a summary of the nature and extent of the 
contamination that has been identified for areas north of the raceway at the OPM.  A detailed 
description of the nature and extent of site contamination is presented in Section 6.0 of the Phase 
II CSA dated August 2006, prepared by Stone & Webster.  In general, contamination in surface 
(0 to 3 feet below ground surface (bgs)) and subsurface (> 3 feet bgs) wedge area soils consist of 
extractable petroleum hydrocarbon (EPH) carbon fraction ranges, PAHs, metals (namely 
arsenic), PCBs, and asbestos.  In general for the North area, contamination in surface (0 to 3 feet 
bgs) soils consists of EPH carbon fraction ranges, PAHs, metals (namely arsenic, beryllium, and 
lead), and asbestos.  North area subsurface (> 3 feet bgs) soils consists of EPH carbon faction 
ranges, PAHs, and metals (namely arsenic, beryllium, and vanadium).  PAH contamination in 
soils north of the raceway is not likely to be due solely to coal ash and wood ash.  Since the 
contribution of background materials to the elevated concentrations of PAHs cannot readily be 
determined, the PAHs are not treated as meeting the MCP definition of “background”.  The risk 
characterization includes those PAHs that were detected above MADEP background levels for 
natural soils, and does not screen COPCs on the basis of MADEP background concentrations for 
soil associated with fill material, or any other source of background concentrations.  A detailed 
description of the rationale is provided in Section 5.5 of the August 2006 Phase II CSA Report.   
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Soil 
 
For screening purposes, the analytical results for soils were compared to applicable MCP 
Standards.  Surface and subsurface soil samples were compared to RCS-1 Standards.  Results of 
the Phase II CSA established that RCS-1 Standards were exceeded in both the wedge area and 
North area soils of the OPM.  Tables 2-1 through 2-6A indicates which samples collected had 
concentrations above the applicable RCS-1 Standards for areas north of the raceway.   
 
Specifically, in the wedge area, both surface and subsurface soils contained concentrations of 
EPH carbon fraction ranges, PAHs, metals (namely arsenic), PCBs, and asbestos above 
applicable MCP Standards.  Wedge area soil data collected from the Phase II CSA are 
summarized in Tables 2-2 through 2-5, and Table 2-6A.  The laboratory analytical reports for the 
wedge area soil data are presented in Appendices C, E, and L of the Phase II CSA.  In the North 
area, surface soil contained concentrations of EPH carbon fraction ranges, PAHs, metals (namely 
arsenic, beryllium, and lead), and asbestos above applicable MCP Standards.  Lead impacted 
surface soils are only found in select locations within the North area.  North area subsurface soil 
contained concentrations of EPH carbon fraction ranges, PAHs, and metals (namely arsenic, 
beryllium, and vanadium) above applicable MCP Standards.  Asbestos samples were not 
collected during subsurface investigations.  North area soil data collected from the Phase II CSA 
is summarized in Tables 2-1 and 2-6.  The laboratory analytical reports for the North area soil 
data is presented in Appendices D and E of the Phase II CSA.  A summary of minimum and 
maximum statistics for surface and subsurface soil analytical data for both the wedge area and 
north area is presented in Tables 2-8 and 2-9.  
 
The total volume of impacted wedge area soil removed from the Site is 3,377 CY.  The total 
volume of impacted soil in the North area is approximately 16,900 CY. 
 
Groundwater 
 
For screening purposes, the groundwater analytical results were compared to applicable MCP 
reportable concentration GW-2 Standards.  Results of the Phase II CSA groundwater analyses 
revealed that only metals (selenium and vanadium) were detected exceeding the GW-2 
Standards.  No other analytes were detected above applicable GW-2 Standards.  North area 
groundwater data collected from the Phase II CSA are summarized in Table 2-7.  The laboratory 
analytical reports for the North area groundwater data is presented in Appendix F of the Phase II 
CSA.  There was no groundwater data collected during the May 2002 and July 2006 wedge area 
investigations.   
 

2.6 Selection of Remediation Goals 
 
Selection of an appropriate and cost-effective remedial action plan requires the development of 
remediation goals based upon site-specific data.  The MCP calls for selection of remedial action 
alternatives that reduce, to the extent feasible, the overall mass of contaminants in the 
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environment to background levels, and therefore favors active removal or recovery alternatives 
over containment only.  The goal for the areas north of the raceway is to achieve a permanent 
solution through a Response Action Outcome (RAO). 
 
Stone & Webster has identified the following remediation goals and some of the remedial action 
alternatives that may be capable of achieving each goal. 
 

Remediation Goals Activities to Attain the Remediation 
Alternative 

Potential as or 
Feasible as a 

Remediation Goal? 
Perform response actions on the entire site to 
achieve background or approaching 
background conditions for a Class A-1 RAO. 

▪      Excavation and disposal of 16,900  
       CY contaminated soil at the  
        Site 

No 

Perform response actions only on portions of 
the Site to attain of condition of no 
significant risk for a Class A-2 RAO, without 
land use restrictions. 

▪      Excavation and disposal of select   
       areas    
•      Phytoremediation 
•      Enhanced Bioremediation 
▪      Soil Flushing 
 

No 
 

No 
No 
No 

Perform response actions to create a 
condition of no significant risk with the 
implementation of an Activity and Use 
Limitation and a Class A-3 RAO, which 
would limit land use to a public passive park. 
 

▪     Excavation and disposal of   3,377  
       CY of contaminated wedge area soils 
▪      Geotextile capping/containment of  
        wedge area and North area soils 
after  
        excavation and sisposal of 1,855 CY  
        of contaminated soil at the Site. 
▪      Geotextile capping/containment of 
        wedge area and North area soils      
        after relocating 700 CY of con- 
        tamination to the North area and 
        1,155 CY to the South. 
▪      On-site stabilization/solidification 
▪      Enhanced Bioremediation 
▪      Phytoremediation 
▪      Soil Flushing 

Completed 
 

Yes 
 
 
 

Yes 
 
 
 
 

No 
No 
No 
No 

Perform response actions for a Temporary 
Solution or a Class C RAO. 

▪      Institutional Controls 
 

Yes 

 
Based on the results of the site assessment activities and risk characterization, Stone & Webster 
has selected, as identified in the table, to achieve an RAO at the Site.  The first goal is the 
performance of response actions to attain a condition of no significant risk without the need for 
an Activity and Use Limitation (AUL).  The second goal is the reduction of exposure to 
contaminant concentrations in soil through soil removal or capping to attain a condition of no 
significant risk with the implementation of an AUL.  The third remediation goal would be to 
perform response actions to attain a Temporary Solution.  The results of the Phase II will 
determine the appropriate remediation goal for the site based on a review of the pros and cons of 
remediation alternatives. 
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3.0 IDENTIFICATION OF REMEDIAL ACTION ALTERNATIVES 
 
Remediation technologies are available to address the presence of EPH carbon fraction ranges, 
PAHs, metals (namely arsenic), PCBs, and asbestos in wedge area soil matrixes at the OPM.  
Likewise, there are remediation technologies available to address the presence of EPH carbon 
fraction ranges, PAHs, metals (namely arsenic, beryllium, and vanadium), and asbestos in North 
area soil matrixes at the OPM.  Each of these can be considered a stand-alone technology or as 
part of an integrated remedial approach.  As part of the Phase III evaluation, several alternatives 
were identified and screened based on effectiveness, reliability, implementability and cost to 
implement.  Based on these factors, appropriate alternatives will be selected for detailed 
evaluation.   

3.1 Description of Remedial Action Alternatives 
 
Remedial action alternatives for areas north of the raceway include in-situ and ex-situ treatment, 
containment and other miscellaneous options.  In-situ treatment involves treatment of 
contaminated soil in place onsite.  This does not involve removing soils.  In-situ treatment 
includes the following technologies: enhanced bioremediation, phytoremediation and soil 
flushing.  Ex-situ treatment involves treatment of contaminated soils after they have been 
removed from the ground.  Ex-situ treatment includes; chemical extraction, 
solidification/stabilization, separation, soil washing, and chemical reduction/oxidation.  
Containment would not involve extensive excavation activities and/or off-site removal and 
would consist of in place capping of contaminated areas on site.  Containment with on-site 
relocation of contaminated soil or off-site disposal would involve some excavation activities for 
on-site placement or off-site disposal and would consist of in place capping of contaminated 
areas on site.  Other options include excavation and disposal of contaminated soils, institutional 
controls or no further action with institutional controls.  Descriptions of these remedial 
alternatives are provided in Table 3-1. 

3.2 Initial Screening of Remedial Action Alternatives 
 
As presented in Table 3-1, Stone & Webster has performed an initial screening of the applicable 
remediation technologies to select remedial action alternatives for detailed evaluation.  During 
the initial screening, a technology was considered feasible if the technology was reasonably 
likely to achieve a Permanent Solution pursuant to the MCP and achieve the remedial goals set 
for areas north of the raceway at a reasonable cost.   The screening of alternatives indicated that: 
 
▪   Enhanced bioremediation, solidification/stabilization, and separation do not adequately  
    address all of the contaminants of concern at the site; 
 
▪   Phytoremediation is not feasible due to the amount of time it would take to remediate the  
     site; and  
 
▪   Soil flushing, chemical extraction, soil washing, and chemical reduction/oxidation are not  
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     feasible due to the extremely high costs and the availability of other options that are less  
     expensive. 
 
Therefore, the initial screening identified three remedial technologies that are feasible for areas 
north of the raceway at the OPM and need further evaluation to determine the most appropriate 
action.  The three possible remedial actions are: (1) no further action with institutional controls; 
(2) soil excavation and off-site disposal; or (3) geotextile capping/containment combined with 
relocating excavated soils on-site or with excavation and disposal of contaminated soils off-site.  
An evaluation of these feasible remedial actions is presented in Section 4.0. 

4.0 EVALUATION OF FEASIBLE REMEDIAL ACTION ALTERNATIVES 
 
The following section discusses and compares the three remedial action alternatives chosen from 
the initial screening: no further action, soil excavation and off site disposal, or geotextile 
capping/containment with excavation of contaminated soil relocated on-site or disposed off-site.  
According to the Phase II Report, there are two areas that must be addressed in order to achieve 
one of the three remediation goals selected for areas north of the raceway at the OPM.  These 
two areas consist of the wedge area and the North area. 
 
Each technology is described in detail with site specific information explaining how it would be 
applied to achieve site cleanup goals.  The general effectiveness, implementability, and 
estimated cost of each technology are then presented.  Some of the technologies have several 
options, such as capping, while others have no alternatives within the overall action, such as the 
need for excavation and disposal.   For the technologies with two or more alternatives, 
effectiveness, implementability, and costs are presented with some discussion that compares 
alternatives. 

4.1 No Further Action - Institutional Controls 
 
No further action is used on sites where remedial actions are either not necessary or not possible.  
This alternative often relies on the presence of permanent structures and or institutional controls 
(such as fencing).  No further action often relies on natural degradation of contaminants of 
concern. 
 
Selection of the no further action alternative for areas north of the raceway at the OPM was 
elected for further evaluation as a base alternative.  With this selection, the contaminated media 
located throughout the site would remain in place, and fencing would be installed and 
maintained completely surrounding areas that may pose an imminent hazard and/or risk to the 
public.  A Class C RAO, which is not a permanent solution, would be completed for the site and 
periodic maintenance reports would be required to indicate that the effectiveness of the fencing 
remained.  Additional sampling would be required and eventually a Permanent Solution would 
have to be achieved through the performance of response actions because COPCs at the site do 
not undergo natural attenuation.      
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4.1.1 Effectiveness 
 
A no further action alternative would not be effective as a Permanent Solution, but rather as a 
temporary solution because a condition of no significant risk would not be reached by this 
alternative.  No further action would not eliminate any contamination, but would rather reduce 
potential exposure to the contaminants of concern.  Also, the North area will be used as a passive 
park in the future and the area currently does not have the means to separate the contaminants of 
concern from the would be park users.  Installing a fence around the area would not allow the 
space to be used as a park in the future. 

4.1.2 Short Term and Long Term Reliability 
 
No further action would be reliable as a short term solution as long as the fences remained in 
good repair and were periodically checked.  For the long term this solution is not reliable 
because a permanent solution has not been achieved and the contaminants of concern do not 
undergo significant natural attenuation.   No contamination would be removed in this process 
and a level of no significant risk would not be reached for areas north of the raceway at the 
OPM. 

4.1.3 Difficulty in Implementing Alternative 
 
Minimal work would be required to install additional fencing, and therefore would not be 
difficult to implement. 

4.1.4 Cost of the Alternative 
 
Minimal work would be required, and therefore this option would involve minor additional costs 
for the installation of fencing around sections of areas that are currently not fenced or for the 
installation of new permanent fencing.  Periodic site visits would be required to assess the 
condition of the fences and to ensure that certain areas of the site remain inaccessible.  A 
maintenance schedule would have to be developed and the execution of the schedule would have 
to be monitored.  The cost of a new permanent fence around the entire area (wedge and North 
areas) would range from $35,000 to $45,000.  The cost of maintenance (assuming 8 hours a day 
four times a year for 10 to 20 years at $60/hour) would be $20,000 to $40,000.  The cost of the 
five year evaluation would be $20,000 and additional costs for one of the other alternatives.  
Therefore, the cost of this option would range from $75,000 to $105,000. 

4.1.5 Risks of the Remedial Action Alternative 
 
Due to the presence of PCBs and asbestos located in the surface soils as well as the area not 
being controlled by an engineered barrier, the no further action alternative would not 
permanently eliminate risk at for areas north of the raceway at the OPM and therefore only a 
Class C RAO, Temporary Solution could be obtained.  This alternative will disrupt the intended 
use of the property for areas north of the raceway and additional remedial actions would be 
required within five years. 
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4.1.6 Benefits of the Alternative 
 
No further action would be the least cost for the owner and would include minimal work.  

4.1.7 Timelines of Alternative 
 
No further action will not require additional time and is immediately implementable. 

4.1.8 Relative Effectiveness of the Alternative upon Non-Pecuniary Interests 
 
The no further action alternative would not impact current site activities and would allow for the 
site to remain as is with areas not accessible to the public.  The no further action alternative 
would impact future site activities.  This alternative does reduce the overall use and aesthetics of 
the site.  The fences and the inaccessibility of the portions of the property decrease the value 
gained by not spending money on the remediation. 

4.1.9 Summary of Detailed Evaluation 
 
According to the MCP, the goal of the Phase III is the identification, evaluation, and selection of 
a comprehensive remedial action alternative that will address the identified risk, which is likely 
to achieve a permanent solution.  A detailed evaluation has been conducted in accordance with 
the requirements specified in 310 CMR 40.0850, which presents the detailed evaluation criteria 
to be utilized in the comparison of potential alternatives.  This remedial alternative does not 
present a permanent solution for the site, but does have short term merit as a temporary solution 
due to the minimal cost required. 

4.2 Soil Excavation with Off-Site Disposal  
 
Soil excavation with off-site disposal of contaminated media was elected for further evaluation 
as a remedial action alternative for areas north of the raceway at the OPM.  This is a common 
method of directly removing contaminated material from a site.  This remedial action alternative 
involves removal of media from within areas of contamination with ultimate disposal of 
contaminated materials to an appropriately permitted off-site disposal facility.  This option has 
been evaluated for the removal of North area soils that presents significant risk for the City of 
Lawrence.  The excavation and removal of 3,377 CY of contaminated wedge area soils was 
completed on May 12, 2006.  The volume of contaminated soil to be removed from the North 
area is approximately 16,900 cubic yards.  Since this process physically removes the COPCs 
from all areas of the Site, this alternative is usually the quickest method of site remediation.  If 
the site is fully accessible and proper field screening and sampling is conducted, this method also 
provides the greatest assurance that cleanup levels will be achieved.  Restoration of the 
excavation area(s) would be completed once confirmatory samples have been collected and 
confirmed to meet site cleanup standards. 
 
The excavation and disposal of North area soils (approximately 16,900 CY) would allow for the 
submittal of a RAO without the implementation of an AUL.  This would also allow for the Site 
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to achieve background or approach background conditions and ultimately be a permanent 
solution for the Site.  The excavation and disposal of only wedge area soils (3,377 CY) would 
allow for the submittal of a RAO with the implementation of an AUL if a geotextile cap were to 
be utilized.  The removal of wedge area soils reduces the average concentrations of COPCs 
across this portion of the Site.  The degree and the amount of contamination are greater in the 
wedge area than that of the North area.    
 
According to Metcalf & Eddy’s site investigation report (August 2003) for areas north of the 
raceway, soil contamination was determined to be approximately 15 feet bgs for the North area.  
Therefore, the volume of contaminated soil to be removed from the rest of the North area would 
be approximately 16,900 CY, which is greater than the wedge area volume.   
 
The activities associated with this alternative are: 
 
▪  Design of the final landscaping plan for    
    the area after excavation 
▪  Preparation of specifications and for  
    performing the work 
▪  Permitting (Conservation Commission,  
   DEP, etc.) 
▪  Attendance at Town Meetings 
▪  Clearing and grubbing 
▪  Excavation 
▪  Confirmatory Sampling 
▪  Transportation and disposal  
▪  Backfill and grading 

▪  Landscaping and planting grass, etc. 
▪  Preparation of DEP Submittals (Release  
    Abatement Measure (RAM) Plan, RAM  
    Completion, RAO, etc.) 
▪  Load and go and stockpile  
   characterization of soil for off-site  
   disposal 
▪  Health and Safety Plan 
▪  Watering of soil 
 
 
 

 

4.2.1 Effectiveness 
 
If proper field screening and sampling procedures were performed, soil excavation would be the 
most effective alternative.  This is the only alternative that will achieve a permanent solution 
without the requirement for the implementation of an AUL.   

4.2.2 Short Term and Long Term Reliability 
 
Soil excavation is the most reliable of the alternatives both short term and long term, since the 
mass of contamination would be removed by a proven technology.  A level of no significant risk 
could be reached and concentrations of contaminants would be significantly reduced for areas 
north of the raceway at the OPM.  Excavation and off site disposal does not require future 
activities to manage remaining contamination. 

4.2.3 Difficulty in Implementing Alternative 
 



Stone & Webster Massachusetts, Inc.  Revised Phase III- Remedial Action Plan 

  
Office of Planning & Development – City of Lawrence Page 14 
Oxford Paper Mill – Areas North of the Raceway   
 

 

Excavation of soils for off site disposal is complex and requires use of large open areas for 
stockpiling soils and storing equipment.  Off-site disposal of 3,377 CY of wedge area material 
was a significant undertaking.  An even greater undertaking would be the off-site disposal of 
16,900 CY of North area soils.  Staging areas and disposal facilities that could accept such a 
large volume of soil would have to be identified.  Numerous logistic issues relative to the future 
land use, as a passive park, would have to be resolved.  Overall this would be a difficult 
undertaking, but no more difficult than any other type of contaminated soil removal project.  
Also since the possibility of asbestos fibers becoming airborne exists, extensive measures are 
needed to control asbestos fiber releases to the ambient air.  Continuous wetting of soil to 
prevent asbestos fibers releases into ambient air is needed.  Perimeter air monitoring for asbestos 
is also needed for this remedial alternative.  However, extensive measures would be in place and, 
therefore, this remedial option could be implemented.     

4.2.4 Cost of the Alternative 
 
Capital costs for excavation are relatively moderate but could increase significantly with the 
presence of rocks and old building foundations once excavation activities are underway.  There 
are no operating and maintenance costs associated with excavation.   
 
A summary of the costs associated with the excavation/disposal alternative of contaminated soils 
from the North area is provided in the following table.   
 

Excavation/Disposal Alternative Estimated Cost ($)
North area  $4,160,000 

Note:  A 15% contingency is included in the above costs. 
 
Also there would be additional costs for backfill material for the North area excavation in order 
to get the area to site grade.  An estimated amount for this alternative is not included in the table 
above.  This was not be the case for the wedge area excavation/disposal alternative. 

4.2.5 Risks of the Remedial Action Alternative 
 
The wedge area required remediation through soil excavation and off-site disposal (completed in 
May 2006) since the degree and the amount of contamination was greater than that of the North 
area.  The North area, which is the area that would not require remediation through soil 
excavation and off-site disposal, is located in an area that the public has no access to on a daily 
basis.  The OPM will be closed to the public during construction activities and therefore the risk 
of soil excavation/disposal impacting the public would be minimal.  However, construction 
activities would involve exposing workers to contaminated soils through the use of heavy 
machinery and the presence of stockpiles and open excavations on-site.  This alternative would 
require the development and implementation of a site specific health and safety plan to reduce 
risk (mainly asbestos fibers) during the performance of this alternative.  The other risk would be 
of discovering, during construction, more contamination to be removed than currently identified, 
which could significantly increase the cost.  
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4.2.6 Benefits of the Alternative 
 
Since contamination would be removed and a condition of no significant risk would be reached, 
excavation and off-site disposal would be the most beneficial for the soils at OPM.  Soil 
excavation and disposal would result in a condition of no significant risk for the wedge area and 
an AUL would not be required if all the area were excavated. 

4.2.7 Timelines of Alternative 
 
If a large enough crew were obtained the implementation of this project could be completed in 
one construction season or approximately three months.  The upfront work for the design would 
most likely take three months.  The on-going construction work by the Massachusetts Highway 
Department (MHD) on the south side of the OPM would not affect the excavation and disposal 
work that will be implemented in the North area. 

4.2.8 Relative Effectiveness of the Alternative upon Non-Pecuniary Interests 
 
The overall value of the OPM would be increased by this alternative.  No use limitations will be 
placed on the wedge area and the North area will require an engineered barrier to be utilized as a 
passive park by the public and use restricted due to contaminants on the site.  

4.2.9 Summary of Detailed Evaluation 
 
According to the MCP, the goal of the Phase III is the identification, evaluation, and selection of 
a comprehensive remedial action alternative that will address the identified risk and which is 
likely to achieve a permanent solution.  A detailed evaluation has been conducted in accordance 
with the requirements specified in 310 CMR 40.0850, which presents the detailed evaluation 
criteria to be utilized in the comparison of potential alternatives.  The excavation/disposal 
alternative of wedge area soils would be extremely effective at achieving a condition of No 
Significant Risk and will require the implementation of an AUL.  Due to high costs associated 
with excavating and disposing of North area soils, an associated option would be to place a 
geotextile cap on this area.  This would allow for the submittal of a RAO with the 
implementation of an AUL. 
 
Due to the reduced interference of structural voids from old building foundations and the level of 
contamination found within the soil of the wedge area as compared to the North area, it would be 
beneficial to remove only the wedge area soil.  The cost as well as the reduction of average 
concentrations of COPCs across the Site would be more beneficial to the project if wedge area 
soil was excavated and disposed of.  The excavation and disposal of wedge area material would 
allow for the submittal of a RAO with the implementation of an AUL.  Due to the presence of 
PAHs at locations throughout the wedge area at the OPM, an AUL would be placed on the 
property. 
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4.3 Containment/Capping ofWedge Area and North Area after Excavation and Disposal 
Off-Site of 1,855 CY of Asbestos Contaminated Soil  

 
Containment is a remedial action alternative where physical barriers are installed in an effort to 
prevent further contaminant migration and/or to eliminate potential exposure to contamination.  
This alternative would combine containment/capping with the excavation and disposal of 
approximately 1,855 CY of asbestos contaminated soil. This volume of soil was identified in  
Shadley Associates’ preliminary design to address asbestos contaminated soil in the North  area 
and the final plan for the site’s eventual use as a passive public park.  The volume calculations 
and site plans are attached as Appendix A.       For areas north of the raceway as part of this 
remedial action, the two existing areas, designated as the wedge area and the North area, would 
be contained under one continuous geotextile cap that would encompass the area from the toe of 
the wedge area excavation to the northern extent of the North area.  Containment in this context 
means a secure geotextile cap meeting the capping requirements applicable to the solid waste 
regulations.  
The activities associated with this alternative are: 
 
▪  Preparation of specifications and for  
    performing the work 
▪  Installing erosion preventative measures 
▪  Permitting (Conservation Commission,    
   DEP, etc.) 
▪  Town Meetings 
▪ Clearing and grubbing 
▪  Load and go and stockpile 
characterization     of soil for off-site 
disposal 

▪  Excavation 
▪  Transportation and  disposal 
▪  Confirmatory Sampling  
▪  Backfill and grading  
▪  Installing a geotextile cap 
▪  Landscaping and planting grass, etc. 
▪  Preparation of DEP Submittals RAM  
   Plan, RAM Completion, RAO, etc.) 
 
 

 

4.3.1 Effectiveness 
 
By installing a geotextile cap over the wedge area and the North area soils, after excavcation,  
COPCs are isolated from public contact as well as to prevent further contaminant migration. 

4.3.2 Short Term and Long Term Reliability 
 
The capping of the areas north of raceway is a reliable remedial solution on both a short and long 
term basis, as long as accidental disturbance does not breach the cap.  Cap disturbance is highly 
unlikely in these areas.  The most likely cause of accidental disturbance would be the installation 
of new utilities or the construction of a new park structure.  As a long term measure, this 
alternative will not be as reliable if maintenance and inspection was not performed, if they are 
performed it will be very reliable.  

4.3.3 Difficulty in Implementing Alternative 
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The geotextile capping alternative combined with the excavation and disposal of the 1,855 CY of 
asbestos contaminated soils would be more difficult than No Further Action/Institutional 
Controls and would be the less difficult than the excavation only alternative of the entire site. 
 
The excavation and capping of areas north of the raceway will require significant ground surface 
disturbance.  Since the possibility of asbestos fibers becoming airborne exists, extensive 
measures are needed to control asbestos fiber releases to the ambient air.  However, extensive 
measures would be in place and therefore this remedial option could be implemented.  Due to the 
absence of paved roads and parking areas on site, the capping of the entire area north of the 
raceway would not be as overly difficult than if these structures were in place.    
 
Protection of the adjacent Spicket River during all phases of construction will be implemented. 
 
 

4.3.4 Cost of the Alternative 
 
Capital costs for the excavation, transportation and disposal and capping both the wedge and 
north areas are relatively moderate but could increase significantly with the presence of rocks 
and old building foundation once capping activities are underway.  There are also operating and 
maintenance costs associated with capping.   
 
A summary of the costs associated with the geotextile capping alternative for contaminated soils 
for the entire Site is provided in the following table.   
 

Capping Alternative Estimated Cost ($)
Capping Wedge and North areas after 

excavation, transportation and disposal of 
1,855 CY of asbestos contaminated soil  

$655,000 

Note:  A 15% contingency is included in the above costs. 
 
The cost above does not include landscaping costs after the entire Site has been capped. 

4.3.5 Risks of the Remedial Action Alternative 
 
Three risks are associated with the capping of the entire area north of raceway.  They are 1) the 
risk of finding, during construction, more contamination to be removed than currently identified; 
2) the public exposure and environmental risk of release of contamination during construction, 
and 3) future disruption of the geotextile cap.   
 
Increased Extent of Contamination 
 
During construction, should the contamination area and depth increase beyond the current 
assessment; the project costs would also increase.  This may lead to an incomplete remediation 
project.  The corresponding unresolved human and environmental risk factors that currently exist 
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would remain.  This project risk can be minimized by the order of construction.  The wedge area 
was initially excavated and completed first due to the level and characteristics of contamination 
in this area before the capping activities are to take place for the entire site.  The implementation 
of the geotextile cap with additional excavation  will be associated with a separate remedial 
contract.  
 
Public and Environmental Risks During Construction. 
 
Public health risk is best minimized by closing and/or marking off areas during remediation 
activities. Exposure risk to contamination and physical hazard risk to construction activities are 
of key concern, and can be eliminated from the public by closing and/or marking off 
construction areas.  Workers should be properly trained and outfitted with the necessary personal 
protection equipment to minimize their risks. 
 
Environmental risks are controlled by proper containment of the contaminated materials by dust 
control and runoff control measures. 
 
 
Geotextile Cap Disruption 
 
As identified above, contamination areas left in place and capped, will always be susceptible to 
future cap disruption.  This is especially true for the North area, where this area will be the most 
publicly used area of the passive park.  Future site facility construction, while not currently 
planned, may include additional structures or utility work.  After 50 years, the capping here 
could be forgotten and then accidental disruption is possible. 
 
The wedge area disruption is not as large of a concern as the North area due to its location as 
being an area that will support a bridge that will transect the site.  Due to the bridge, there will be 
greater public restrictions for use of the wedge area than the North area (passive park). 
 
The risks associated with the capping of both areas are similar.  The cap will eliminate exposure 
and, therefore, eliminate risks associated with exposure to the soil.  The only risks are associated 
with erosion and degradation of the cap, which would lead to exposure to impacted soils.  If the 
caps are maintained, there is little risk associated with this option.   

4.3.6 Benefits of the Alternative 
 
Risk reduction at a lower cost is the primary benefit of the capping option combined with the 
excavation and disposal of asbestos contaminated soils. .  This is a lower cost alternative other 
than the no further action alternative, which does not eliminate risk. Capping the contaminated 
areas in place will always require attention since the contamination remains on site and may 
present a future human and environmental risk.  

4.3.7 Timelines of Alternative 
 



Stone & Webster Massachusetts, Inc.  Revised Phase III- Remedial Action Plan 

  
Office of Planning & Development – City of Lawrence Page 19 
Oxford Paper Mill – Areas North of the Raceway   
 

 

The time to excavate and dispose of  the asbestos contaminated soils and  construct a geotextile 
cap (with all layers) should be possible in a three to six month time frame, excluding 
establishment of vegetative cover.  

4.3.8 Relative Effectiveness of the Alternative upon Non-Pecuniary Interests 
 
The overall value of the park would be increased by this alternative because complete use of the 
park would be gained for passive activities.  An AUL would have to be placed on the site and 
future development of the passive park would be restricted in the capped areas.  Due to the 
current and projected use of the site as a passive public park, the implementation of an AUL 
would not have a significant impact on the projected utilization of the park.  

4.3.9 Summary of Detailed Evaluation 
 
The option for capping combined with the excavation and disposal of asbestos contaminated soil 
was evaluated.  The evaluation determined that this alternative is a less expensive remediation 
option and provides a reasonable cost effective solution to create a condition of no significant 
risk with the implementation of an AUL.   
 
According to the MCP, the goal of the Phase III is the identification, evaluation, and selection of 
a comprehensive remedial action alternative that will address the identified risk and which is 
likely to achieve a permanent solution.  A detailed evaluation has been conducted in accordance 
with the requirements specified in 310 CMR 40.0850, which presents the detailed evaluation 
criteria to be utilized in the comparison of potential alternatives.  A selection of an alternative is 
presented in Section 5.0. 
 

4.4 Containment/Capping of Wedge Area and North Area after Excavation and 
Relocation of 1,855 CY of Asbestos Contaminated Soil On-Site   

 
As stated in section 4.3, containment is a remedial action alternative where physical barriers are 
installed in an effort to prevent further contaminant migration and/or to eliminate potential 
exposure to contamination.  This alternative would combine containment/capping with the 
excavation and relocation on-site of approximately 1,855 CY of asbestos contaminated soil.  
Two areas have been identified to receive the soils.  One area is at the wedge area adjacent to 
and north of the raceway and will be able to accept approximately 700 CY of soil. The other area 
is in the south area adjacent to the raceway and will accept approximately 1,160 CY of soil.  
These areas will eventually be capped.  The south area will be discussed in the “Revised Phase 
III-Remedial Action Plan for Areas South of the Raceway” which will be submitted 
simultaneously with this report.   The soil relocation areas, site plans and volume calculations are 
identified in  Shadley Associates’ preliminary design to address asbestos contaminated soil in the 
North  area and the final plan for the site’s eventual use as a passive public park and are attached 
as Appendix A.   For areas north of the raceway as part of this remedial action, the two existing 
areas, designated as the wedge area and the North area, would be contained under one 
continuous geotextile cap that would encompass the area from the toe of the wedge area 
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excavation to the northern extent of the North area.  Containment in this context means a secure 
geotextile cap meeting the capping requirements applicable to the solid waste regulations.  
The activities associated with this alternative are: 
 
▪  Preparation of specifications and for  
    performing the work 
▪  Installing erosion preventative measures 
▪  Permitting (Conservation Commission,    
   DEP, etc.) 
▪  Town Meetings 
▪ Clearing and grubbing 
▪  Excavation and temporary stockpiling 

▪  Relocation of soils on-site 
▪  Confirmatory Sampling  
▪  Backfill and grading  
▪  Installing a geotextile cap 
▪  Landscaping and planting grass, etc. 
▪  Preparation of DEP Submittals RAM  
   Plan, RAM Completion, RAO, etc.) 

 

4.4.1 Effectiveness 
 
By installing a geotextile cap over the wedge area and North area soils, after excavation and 
relocation of the soils on-site, COPCs are isolated from public contact as well as to prevent 
further contaminant migration. 

4.4.2 Short Term and Long Term Reliability 
 
The capping of the areas north of raceway is a reliable remedial solution on both a short and long 
term basis, as long as accidental disturbance does not breach the cap.  Cap disturbance is highly 
unlikely in these areas.  The most likely cause of accidental disturbance would be the installation 
of new utilities or the construction of a new park structure.  As a long term measure, this 
alternative will not be as reliable if maintenance and inspection was not performed, if they are 
performed it will be very reliable.  

4.4.3 Difficulty in Implementing Alternative 
 
The geotextile capping alternative combined with the excavation and relocation of the 1,855 CY 
of asbestos contaminated soils would be more difficult than No Further Action/Institutional 
Controls and Containment/Capping of Wedge Area and North  Area after Excavation and 
Disposal Off-Site.  It would be the less difficult than the excavation only alternative of the entire 
site. 
 
The excavation/relocation of contaminated soils and capping of areas north of the raceway will 
require significant ground surface disturbance.  Since the possibility of asbestos fibers becoming 
airborne exists, extensive measures are needed to control asbestos fiber releases to the ambient 
air.  However, extensive measures would be in place and therefore this remedial option could be 
implemented.  Due to the absence of paved roads and parking areas on site, the capping of the 
entire area north of the raceway would not be as overly difficult than if these structures were in 
place.    
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Protection of the adjacent Spicket River during all phases of construction will be implemented. 
 
 

4.4.4 Cost of the Alternative 
 
Capital costs for capping both the wedge and north areas are relatively moderate but could 
increase significantly with the presence of rocks and old building foundation once capping 
activities are underway.  There are also operating and maintenance costs associated with 
capping.   
 
A summary of the costs associated with the geotextile capping alternative for contaminated soils 
for the entire Site is provided in the following table.   
 

Capping Alternative Estimated Cost ($)
Capping Wedge and North areas after 

excavation and relocation of 1,855 CY of 
asbestos contaminated soil on-site.  

$450,000 

Note:  A 15% contingency is included in the above costs. 
 
The cost above does not include landscaping costs after the entire Site has been capped. 

4.4.5 Risks of the Remedial Action Alternative 
 
Three risks are associated with the capping of the entire area north of raceway.  They are 1) the 
risk of finding, during construction, more contamination to be removed than currently identified; 
2) the public exposure and environmental risk of release of contamination during construction, 
and 3) future disruption of the geotextile cap.   
 
Increased Extent of Contamination 
 
During construction, should the contamination area and depth increase beyond the current 
assessment; the project costs would also increase.  This may lead to an incomplete remediation 
project.  The corresponding unresolved human and environmental risk factors that currently exist 
would remain.  This project risk can be minimized by the order of construction.  The wedge area 
was excavated and completed first due to the level and characteristics of contamination in this 
area before the capping activities are to take place for the entire site.  The implementation of the 
geotextile cap with additional excavation will be associated with a separate remedial contract.  
 
Public and Environmental Risks During Construction. 
 
Public health risk is best minimized by closing and/or marking off areas during remediation 
activities. Exposure risk to contamination and physical hazard risk to construction activities are 
of key concern, and can be eliminated from the public by closing and/or marking off 
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construction areas.  Workers should be properly trained and outfitted with the necessary personal 
protection equipment to minimize their risks. 
 
Environmental risks are controlled by proper containment of the contaminated materials by dust 
control and runoff control measures. 
 
 
Geotextile Cap Disruption 
 
As identified above, contamination areas left in place and capped, will always be susceptible to 
future cap disruption.  This is especially true for the North area, where this area will be the most 
publicly used area of the passive park.  Future site facility construction, while not currently 
planned, may include additional structures or utility work.  After 50 years, the capping here 
could be forgotten and then accidental disruption is possible. 
 
The wedge area disruption is not as large of a concern as the North area due to its location as 
being an area that will support a bridge that will transect the site.  Due to the bridge, there will be 
greater public restrictions for use of the wedge area than the North area (passive park). 
 
The risks associated with the capping of both areas are similar.  The cap will eliminate exposure 
and, therefore, eliminate risks associated with exposure to the soil.  The only risks are associated 
with erosion and degradation of the cap, which would lead to exposure to impacted soils.  If the 
caps are maintained, there is little risk associated with this option.   

4.4.6 Benefits of the Alternative 
 
Risk reduction at a lower cost is the primary benefit of the capping option combined with 
excavation and relocation of soils on-site.  This is the lowest cost alternative other than the no 
further action alternative, which does not eliminate risk. Capping the contaminated areas in place 
will always require attention since the contamination remains on site and may present a future 
human and environmental risk.  

4.4.7 Timelines of Alternative 
 
The time to excavate and relocate the soils on-site and construct a geotextile cap (with all layers) 
should be possible in a three to six month time frame, excluding establishment of vegetative 
cover.  

4.4.8 Relative Effectiveness of the Alternative upon Non-Pecuniary Interests 
 
The overall value of the park would be increased by this alternative because complete use of the 
park would be gained for passive activities.  An AUL would have to be placed on the site and 
future development of the passive park would be restricted in the capped areas.  Due to the 
current and projected use of the site as a passive park, the implementation of an AUL would not 
have a significant impact on the projected utilization of the park.  
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4.4.9 Summary of Detailed Evaluation 
 
The option for capping combined with the excavation and relocation of asbestos contaminated 
soil on-site was evaluated.  The evaluation determined that this  alternative is the least expensive 
remediation option while providing the best fit to institute a Permanent Solution for the entire 
site. 
 
According to the MCP, the goal of the Phase III is the identification, evaluation, and selection of 
a comprehensive remedial action alternative that will address the identified risk and which is 
likely to achieve a permanent solution.  A detailed evaluation has been conducted in accordance 
with the requirements specified in 310 CMR 40.0850, which presents the detailed evaluation 
criteria to be utilized in the comparison of potential alternatives.  A selection of an alternative is 
presented in Section 5.0. 
 

5.0 SELECTION OF THE FINAL REMEDIAL ACTION ALTERNATIVE  
 
Three remedial alternatives have been evaluated for areas north of raceway at the OPM; no 
further action, soil excavation and disposal, geotextile capping combined with excavation and 
transportation and disposal off-site and geotextile capping combined with excavation and 
relocation of soils on-site.  No further action with institutional controls was evaluated as a 
baseline, however this would not be effective for areas north of the raceway at the OPM, due to 
the future use as being a passive park.  If no further action was conducted for areas north of the 
raceway at the OPM, contamination would remain on site, exposure to the contamination would 
still be present and a permanent solution would not be reached.   
 
Due to the level and characteristics of contamination of the wedge area soil, the best remedial 
alternative was excavation and disposal since it would achieve a permanent solution for this 
heavily contaminated area.  This has been completed.  The best remedial alternative for the 
excavated wedge area and North area for future use as a passive park, based on the screening 
provided in Section 4, is the geotextile capping alternative combined with excavation of 
approximately 1,855 CY of asbestos contaminated soil  and relocation of excavated soils on site.  
The capping of the Wedge and North areas with the relocation of the excavated soils on site 
would save the project significant amount in costs.  The significant cost savings are due largely 
to the elimination of the disposal costs and the reduction of backfill needed to bring the North 
area back up to site grade.  Based on cost and risk reduction, this is the best remedial alternative 
for the entire site.   
 
The table below summarizes the costs, cleanup time, and feasibility associated with all 
remediation goals for areas north of the raceway. 
 

Remediation Goal Cost Cleanup Time Feasibility
Class A-1 RAO $4,160,000 6 months Not Feasible 
Class A-2 RAO $700,000 3 months Not Feasible 

Class A-3 RAO, AUL    
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(Wedge area Excavation 
Completed on May 12, 

2006 – Costs 
Approximately $700,000) 

 

 
$450,000 

 
3 to 6 months 

 
Feasible 

     Class C RAO $105,000 Less than 3 months Not Feasible 
 
Based upon the table above, the Class A-3 RAO and AUL option for areas north of the raceway 
is the best remedial goal.  The feasibility, cleanup time, and the cost for this remedial option 
work best for site closure and the City of Lawrence.   
 

6.0 PROJECTED SCHEDULE FOR IMPLEMENTATION OF PHASE IV 
 
The Phase IV and Phase V reports are anticipated to occur within the deadlines established 
within the MCP.  The Phase IV will be submitted within the next year and the Phase V will be 
completed within the following year.  Completion of the work and the submittal of a RAO is 
anticipated to occur within the next three years. 

7.0 LIMITATIONS  
 
This report was prepared for the use of the City of Lawrence.  The observations made and results 
presented in this report are believed to be representative of current conditions at the time of 
Stone & Webster’s assessment.  Any additional information regarding Site conditions or 
past/current Site use should be brought to Stone & Webster’s attention so it may be addressed 
and incorporated in the Site study.  This information could potentially result in modification of 
Stone & Webster’s conclusions and recommendations. 
 
Stone & Webster is not responsible for the accuracy and veracity of information provided to us by 
outside parties with respect to areas north of the raceway at the Oxford Paper Mill and adjacent 
properties.  This report presents the opinions of Shaw/Stone & Webster Massachusetts Inc. with 
the respect to the environmental conditions of areas north of raceway at the Oxford Paper Mill.  
The actual determination of compliance of present or former operators of areas north of the 
raceway at the Oxford Paper Mill with federal or state regulations can only be made by the 
appropriate regulatory agencies.  The opinions rendered herein are not intended to imply a 
warranty or a guarantee and are based solely upon areas north of the raceway at the Oxford 
Paper Mill conditions at the time of our investigation.  
 
Chemical analyses were performed for certain parameters during this assessment.  The parameters 
selected were based upon site knowledge and potential sources.  However, chemical constituents not 
searched for during the studies may be present in soil and/or groundwater at areas north of raceway 
at the Oxford Paper Mill.  Chemical conditions reported reflect conditions only at the locations 
tested at the time of testing and within the limitations of the methods used.  Such conditions can 
differ rapidly from area to area and from time to time.  No warranty is expressed or implied that 
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chemical conditions other than those reported do not exist within areas north of the raceway at the 
Oxford Paper Mill.  
 
Negative findings at a test location do not guarantee that the soil or groundwater at a greater 
depth is free of contaminants because geologic and/or hydrologic conditions may be present that 
prevents upward diffusion of contaminants from deeper horizons.  Additionally, positive findings 
at a sample location can arise from soil contamination only and do not confirm that the 
underlying groundwater has been impacted.  
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Table 2-6A - Summary of Analytical Results for Subsurface Samples Below the Wedge Area (Greater Than 15 Feet Below Original Ground Surface)
July 2006 Site Investigation

City of Lawrence - 21 Canal Street
RTN 3-2691

Sample ID    Wedge DUP1
Sample Depth
Date Sampled

Analytes
Result QL Result QL Result QL Result QL Result QL Result QL Result QL Result QL Result QL Result QL Result QL

Metals

Arsenic 2.8J 1.3 NT NT NT NT NT NT NT NT NT NT 1.8J 1.4 NT NT NT NT 2.9J 1.5 NT NT
Barium 21 0.12 NT NT NT NT NT NT NT NT NT NT 42 0.13 NT NT NT NT 15 0.14 NT NT
Beryllium U 0.069 NT NT NT NT NT NT NT NT NT NT U 0.074 NT NT NT NT U 0.079 NT NT
Cadmium 0.14J 0.10 NT NT NT NT NT NT NT NT NT NT 0.25 0.11 NT NT NT NT 0.18J 0.11 NT NT
Chromium 30 0.26 NT NT NT NT NT NT NT NT NT NT 13 0.28 NT NT NT NT 19 0.29 NT NT
Lead 2.8 0.61 NT NT NT NT NT NT NT NT NT NT 110 0.64 NT NT NT NT 2.4 0.69 NT NT
Selenium U 0.88 NT NT NT NT NT NT NT NT NT NT U 0.93 NT NT NT NT U 1.0 NT NT
Silver U 0.20 NT NT NT NT NT NT NT NT NT NT 0.22J 0.21 NT NT NT NT U 0.23 NT NT
Zinc 15 0.62 NT NT NT NT NT NT NT NT NT NT 58 0.66 NT NT NT NT 16 0.71 NT NT
Mercury U 0.031 NT NT NT NT NT NT NT NT NT NT 0.055J 0.034 NT NT NT NT U 0.031 NT NT

Polychlorinated Biphenyls - PCBs

Aroclor-1016 U 0.055 U 0.054 U 0.056 U 0.057 U 0.055 U 0.054 U 0.061 U 0.054 U 0.058 U 0.060 U 0.067
Aroclor-1221 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130
Aroclor-1232 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130
Aroclor-1242 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130
Aroclor-1248 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130
Aroclor-1254 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130
Aroclor-1260 U 0.077 U 0.076 U 0.078 U 0.079 U 0.077 U 0.075 0.38 0.086 U 0.076 U 0.081 U 0.084 U 0.093
Aroclor-1262 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130
Aroclor-1268 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.110 U 0.120 U 0.110 U 0.120 U 0.120 U 0.130

Volatile Organic Compounds - VOCs

1,1-Dichloroethene U 0.00076 NT NT NT NT NT NT NT NT NT NT U 0.00088 NT NT NT NT 0.0011J 0.0010 NT NT

Semi-Volatile Organic Compounds - SVOCs

2-Methylnaphthalene U 0.076 NT NT NT NT NT NT NT NT NT NT UJ 0.088 NT NT NT NT U 0.087 NT NT
Acenaphthene U 0.080 NT NT NT NT NT NT NT NT NT NT UJ 0.093 NT NT NT NT U 0.091 NT NT
Acenaphthylene U 0.081 NT NT NT NT NT NT NT NT NT NT UJ 0.094 NT NT NT NT U 0.093 NT NT
Anthracene U 0.078 NT NT NT NT NT NT NT NT NT NT UJ 0.091 NT NT NT NT U 0.090 NT NT
Benzo(a)anthracene U 0.075 NT NT NT NT NT NT NT NT NT NT UJ 0.088 NT NT NT NT U 0.087 NT NT
Benzo(a)pyrene U 0.078 NT NT NT NT NT NT NT NT NT NT UJ 0.091 NT NT NT NT U 0.090 NT NT
Benzo(b)fluoranthene U 0.110 NT NT NT NT NT NT NT NT NT NT UJ 0.130 NT NT NT NT U 0.120 NT NT
Benzo(g,h,I)perylene U 0.110 NT NT NT NT NT NT NT NT NT NT UJ 0.130 NT NT NT NT U 0.130 NT NT
Benzo(k)fluoranthene U 0.085 NT NT NT NT NT NT NT NT NT NT UJ 0.099 NT NT NT NT U 0.097 NT NT
Chrysene U 0.079 NT NT NT NT NT NT NT NT NT NT UJ 0.092 NT NT NT NT U 0.091 NT NT
Dibenzo(a,h)anthracene U 0.140 NT NT NT NT NT NT NT NT NT NT UJ 0.160 NT NT NT NT U 0.150 NT NT
Fluoranthene U 0.053 NT NT NT NT NT NT NT NT NT NT UJ 0.062 NT NT NT NT U 0.061 NT NT
Fluorene U 0.077 NT NT NT NT NT NT NT NT NT NT UJ 0.089 NT NT NT NT U 0.088 NT NT
Indeno(1,2,3-cd)pyrene U 0.130 NT NT NT NT NT NT NT NT NT NT UJ 0.150 NT NT NT NT U 0.140 NT NT
Naphthalene U 0.073 NT NT NT NT NT NT NT NT NT NT UJ 0.084 NT NT NT NT U 0.083 NT NT
Phenanthrene U 0.080 NT NT NT NT NT NT NT NT NT NT UJ 0.093 NT NT NT NT U 0.092 NT NT
Pyrene U 0.100 NT NT NT NT NT NT NT NT NT NT UJ 0.120 NT NT NT NT U 0.120 NT NT

Extractable Petroleum Hydrocarbons (EPH)

C9-C18 Aliphatics Hydrocarbons U 3.70 U 3.70 U 3.70 U 3.6 U 3.9 U 3.9 U 4.30 U 3.6 U 3.9 U 4.2 U 4.4
C19-C36 Aliphatics Hydrocarbons U 3.70 U 3.70 U 3.70 U 3.6 U 3.9 U 3.9 U 4.30 U 3.6 U 3.9 U 4.2 U 4.4
C11-C22 Aromatics Hydrocarbons(unadjusted) U 3.70 U 3.70 U 3.70 U 3.6 U 3.9 U 3.9 U 4.30 U 3.6 U 3.9 U 4.2 U 4.4
C11-C22 Aromatics Hydrocarbons(adjusted) U 3.70 U 3.70 U 3.70 U 3.6 U 3.9 U 3.9 U 4.30 U 3.6 U 3.9 U 4.2 U 4.4
Acenaphthene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Acenaphthylene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Anthracene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Benzo(a)anthracene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Benzo(a)pyrene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Benzo(b)fluoranthene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Benzo(g,h,I)perylene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Benzo(k)fluoranthene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Chrysene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Dibenz(a,h)anthracene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Flouranthene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Flourene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Indeno[1,2,3-cd]pyrene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
2-Methylnaphthalene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Napthalene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Phenanthrene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44
Pyrene U 0.37 U 0.37 U 0.37 U 0.36 U 0.39 U 0.39 U 0.43 U 0.36 U 0.39 U 0.42 U 0.44

All concentrations and quantitation limits expressed in mg/kg
U = Not Detected

J = Quantitation is approximate due to limitations identified in the quality control review
NT = Not Tested

Wedge Area - East of Building No. 22 Below Building No. 22 Sub-Basement

(0-5')
Wedge-SB 2Wedge-SB 1 Wedge-SB 3

(0-5') (0-5')
Wedge-SB 4 Wedge-SB 6

UJ = Sample-specific detection limit is approximate

7/12/06
(0-5')

7/12/06
(0-5')

7/12/067/12/06
(0-05')(0-5')

7/12/06

Wedge-SB 7
(0-5')

7/12/06

Wedge-SB 8
(0-5')

Wedge-SB 5

7/13/06

Wedge-SB 9
(0-5')

7/12/06

Wedge-SB 10
(0-5')

7/12/067/12/06 7/12/06





     Table 2-8
     Surface Soil Minimum and Maximum Results 

     Areas North of the Raceway - City of Lawrence RTN 3-2691

Minimum Maximum Minimum Maximum
Analytes mg/kg mg/kg mg/kg mg/kg

Extractable Petroleum Hydrocarbons (EPH)

C9-C18 Aliphatics U U 4.3 26
C19-C36 Aliphatics U 57 10 270
C11-C22 Aromatics 16 460 35 400

Polycyclic Aromatic Hydrocarbons (PAH)

Acenaphthene U 64 U 2.9
Acenaphthylene U U U 0.95
Anthracene U 14 U 6.9
Benzo(a)anthracene U 35 U 21
Benzo(a)pyrene U 24 U 16
Benzo(b)fluoranthene U 35 0.9 27
Benzo(g,h,i)perylene U 13 U 8.0
Benzo(k)fluoranthene U 12 U 8.9
Chrysene 0.66 38 0.72 20
Dibenzo(a,h)anthracene 0.69 22 U 3.3
Fluoranthene 1.0 74 1.4 44
Fluorene U 6.3 U 2.4
Indeno(1,2,3-cd)pyrene 0.69 22 U 11
Naphthalene 0.54 2.0 U 0.8
Phenanthrene 0.66 58 0.96 23
Pyrene 1.0 73 1.3 42
2-Methylnapthalene U 1.4 U 0.64

Polychlorinated Biphenyls (PCB)

Aroclor 1016 NT NT U U
Aroclor 1221 NT NT U U
Aroclor 1232 NT NT U U
Aroclor 1242 U U U U
Aroclor 1248 U 18 U U
Aroclor 1254 U 2.5 U 1.8
Aroclor 1260 U U U 0.47

Metals

Antimony 0.22 1.6 0.64 8.8
Arsenic U 140 7.0 49.1
Barium 16 150 20.8 143
Beryllium 0.14 1.0 0.33 1.0

Wedge Area North Area



Chromium 6.8 66 5.8 62.9
Cadmium 0.16 2.5 U 4.2
Copper 12 91 U 70.3
Lead 16 330 13.2 1,970
Mercury 0.073 5.3 0.23 3.3
Nickel 14 130 11.8 100
Selenium U 0.76 U 1.8
Silver 0.04 0.33 U 0.87
Thallium 0.063 1.3 U 1.08
Vanadium 20 520 30.7 376
Zinc 35 390 24.1 274

Asbestos

Total Asbestos (%) U 7.0 U 2.9

U - Not Detected
NT - Not tested



     Table 2-9
     Subsurface Soil Minimum and Maximum Results 

     Areas North of the Raceway - City of Lawrence RTN 3-2691

Minimum Maximum Minimum Maximum
Analytes mg/kg mg/kg mg/kg mg/kg

Extractable Petroleum Hydrocarbons (EPH)

C9-C18 Aliphatics U 15 U 460
C19-C36 Aliphatics U 82 U 76
C11-C22 Aromatics U 360 U 280

Polycyclic Aromatic Hydrocarbons (PAH)

Acenaphthene U 6.2 U 4.1
Acenaphthylene U U U 1.9
Anthracene U 11 U 8.1
Benzo(a)anthracene U 29 U 14
Benzo(a)pyrene U 21 U 9.2
Benzo(b)fluoranthene U 27 U 16
Benzo(g,h,i)perylene U 14 U 4.4
Benzo(k)fluoranthene U 16 U 5.4
Chrysene U 28 U 15
Dibenzo(a,h)anthracene U 21 U 1.8
Fluoranthene U 56 U 39
Fluorene U 5.1 U 3.9
Indeno(1,2,3-cd)pyrene U 21 U 6.6
Naphthalene U 2.4 U 1.1
Phenanthrene U 41 U 38
Pyrene U 56 U 35
2-Methylnapthalene U 1.5 U 2.0

Polychlorinated Biphenyls (PCB)

Aroclor 1016 U U U U
Aroclor 1221 U U U U
Aroclor 1232 U U U U
Aroclor 1242 U 7.0 U U
Aroclor 1248 U 15 U U
Aroclor 1254 U 16 U 0.68
Aroclor 1260 U 0.38 U 0.042

Metals

Antimony 0.33 3.8 0.17 2.3
Arsenic 1.8J 97 2.3 47.4
Barium 15 300 9.8 113
Beryllium U 1.0 0.44 1.1

Wedge Area North Area



Chromium 13 50 10.9 36
Cadmium 0.13 2.3 U 2.4
Copper 30 140 U 64.1
Lead 2.4 250 2.4 208
Mercury U 17 U 1.4
Nickel 16 86 9.4 90.3
Selenium U 0.82 U 0.54
Silver U 0.89 U 0.33
Thallium 0.11 1.0 U 1.2
Vanadium 27 360 7.7 598
Zinc 15 560 14.5 429

Asbestos

Total Asbestos (%) U 8.0 NT NT

U - Not Detected
J - Quantitation is approximate due to limitations identified in the quality control review



Table 3-1 
Initial Screening Matrix of Remedial Action Alternatives 

Areas North of the Raceway, Lawrence, MA 
City of Lawrence 

 

REMEDIAL ACTION 
ALTERNATIVE DESCRIPTION LIMITATIONS FEASIBILITY CLEANUP 

TIME COST 

SELECTED 
FOR 

DETAILED 
EVALUATION 

IN-SITU TREATEMENT       
Enhanced Bioremediation The activity of naturally occurring microbes is stimulated by 

circulating water-based solutions through contaminated soils to 
enhance in situ biological degradation of organic contaminants. 
Nutrients, oxygen, or other amendments may be used to enhance 
biodegradation and contaminant desorption from subsurface 
materials.  Typically used for petroleum hydrocarbons. 

 

• High concentrations of heavy metals are likely to be toxic to 
microorganisms. 

• Cleanup goals may not be attained if the soil matrix prohibits 
contaminant-microorganism contact. 

• Bioremediation slows at low temperatures. 
• The circulation of water-based solutions through the soil may 

increase contaminant mobility and necessitate treatment of 
underlying ground water. 

Not feasible for 
remediation of 
heavy metals. 

1-3 years Average No 

Phytoremediation Phytoremediation is a set of processes that use plants to clean 
contamination in soil, ground water, surface water, sediment, 
and air. 

 

• Depth of treatment zone is determined by plants used in 
phytoremediation.  In most cases, it is limited to shallow soils. 

• High concentrations of hazardous materials can be toxic to 
plants. 

• Seasonal treatment technology. 
• The technology is still in the demonstration stage. 
• Transfer of contaminants across media possible (i.e. soil to air) 
• Requires extensive maintenance (planting, fertilizing, and 

watering). 
• May expose ecological habitat. 

Not feasible due 
to the duration 

needed to 
achieve site 

cleanup levels 
and maintenance 

required. 

More than 3 
years 

Average No 

Soil Flushing Water, or water containing an additive to enhance contaminant 
solubility, is applied to the soil or injected into the ground water 
to raise the water table into the contaminated soil zone. 
Contaminants are leached into the ground water, which is then 
extracted and treated. 

 

• Low permeability or heterogeneous soils are difficult to treat. 
• Surfactants can adhere to soil and reduce effective soil porosity. 
• The potential of washing the contaminant beyond the capture 

zone and the introduction of surfactants to the subsurface 
concern regulators.  The technology should be used only where 
flushed contaminants and soil-flushing fluid can be contained 
and recaptures. 

• Aboveground separation and treatment costs for recovered 
fluids can drive the economics of the process. 

Not feasible due 
to high costs and 

difficulty in 
containing 

groundwater at 
areas north of 
the raceway at 

the OPM. 

1-3 years High No 
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Table 3-1 
Initial Screening Matrix of Remedial Action Alternatives 

Areas North of the Raceway, Lawrence, MA 
City of Lawrence 

 

REMEDIAL ACTION 
ALTERNATIVE DESCRIPTION LIMITATIONS FEASIBILITY CLEANUP 

TIME COST 

SELECTED 
FOR 

DETAILED 
EVALUATION 

EX-SITU TREATMENT       
Chemical Extraction Waste contaminated soil and extractant are mixed in an 

extractor, dissolving the contaminants. The extracted solution is 
then placed in a separator, where the contaminants and extractant 
are separated for treatment and further use. 

 

• Some soil types and moisture content levels will adversely 
impact process performance. 

• Organically bound metals can be extracted along with the target 
organic pollutants, which restricts handling of the residuals. 

• Traces of solvent may remain in the treated solids; toxicity of 
the solvent is an important consideration. 

• Capital costs can be relatively high and the technology may be 
more economical at larger sites. 

• Meeting highly stringent heavy metals criteria may prove 
uneconomical. 

Not feasible due 
to high costs. 

1-3 years High No 

Solidification/Stabilization Contaminants are physically bound or enclosed within a 
stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants to 
reduce their mobility (stabilization). 

 

• Depths of contaminants may limit some types of application 
processes. 

• Certain wastes are incompatible with variations of this process. 
•  Treatability studies are generally required. 
• Reagent delivery and effective mixing are more difficult than 

for ex-situ applications. 
• The solidified material may hinder future site use. 
• Confirmatory sampling can be more difficult than for ex-situ 

treatment. 
• Eliminates exposure to leachable contaminants but not total 

concentrations. 

Not feasible due 
to nature of the 

use of the site as 
a protected open 
space (passive 
park) and does 

not prevent 
exposure to total 
concentrations. 

Less than 1 
year 

Average No 

Separation Separation techniques concentrate contaminated solids through 
physical and chemical means. These processes seek to detach 
contaminants from their medium (i.e., the soil, sand, and/or 
binding material that contains them). 

 

• High clay and moisture content will increase cost. 
• Gravity separation processed rely on a difference in the solids 

and liquid phase densities.  Specific gravity of particles will 
affect settling rate and process efficiency.  Additionally, settling 
velocity is dependent on the viscosity of the suspending fluid, 
which must be known to estimate process efficiency and to size 
equipment. 

• Special measures may be required to mitigate odor problems, 
resulting from organic sludge that undergoes septic conditions. 

• Successful in treating halogenated SVOCs, pesticides, PCBs, 
and selected halogenated VOCs. 

Not feasible for 
remediation of 

PAHs and heavy 
metals. 

Less than 1 
year 

Average No 

Soil Washing Contaminants sorbed onto fine soil particles are separated from 
bulk soil in an aqueous-based system on the basis of particle 
size. The wash water may be augmented with a basic leaching 
agent, surfactant, pH adjustment, or chelating agent to help 
remove organics and heavy metals. 

 

• Complex waste mixtures (i.e. metals with orgaincs) make 
formulating washing fluid difficult. 

• The aqueous stream will require treatment at demobilization. 
• Additional treatment steps may be required to address hazardous 

levels of washing solvent remaining in the treated residuals. 

Not feasible due 
to high costs and 
nature of the use 

of the site 
(passive park). 

Less than 1 
year 

High No 

Chemical Reduction/Oxidation Reduction/oxidation chemically converts hazardous 
contaminants to non-hazardous or less toxic compounds that are 
more stable, less mobile, and/or inert. The oxidizing agents most 
commonly used are ozone, hydrogen peroxide, hypochlorites, 
chlorine, and chlorine dioxide. 

 

• Incomplete oxidation or formation of intermediate contaminants may 
occur depending upon the contaminants and oxidizing agents used. 

• The process is not cost-effective for high contaminant concentration 
because of the large amounts of oxidizing agent required. 

• Oil and grease in the media should be minimized to optimize 
process efficiency. 

Not feasible due 
to high costs. 

Less than 1 
year 

High No 
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Table 3-1 
Initial Screening Matrix of Remedial Action Alternatives 

Areas North of the Raceway, Lawrence, MA 
City of Lawrence 

 
 
 

REMEDIAL ACTION 
ALTERNATIVE 

 
 
 

DESCRIPTION 

 
 
 

LIMITATIONS 
FEASIBILITY CLEANUP 

TIME COST 

SELECTED 
FOR 

DETAILED 
EVALUATION 

CONTAINMENT       
Capping Geotextile caps are used for contaminant source control. 

 
• Capping by itself cannot prevent the horizontal flow of ground 

water through the waste, only the vertical entry of water into the 
waste. 

• Vegetation (trees and shrubs), which has the tendency for deep 
root penetration, must be eliminated from the cap area.  Grass 
will be the primary vegetation around the cap area. 

• Precautions must be taken to ensure that the integrity of the cap 
is not compromised by land use activities. 

Feasible Less than 1 
year 

Average Yes 

OTHER       
Excavation and Disposal Off-Site Contaminated material is removed and transported to permitted 

off-site treatment and disposal facilities. Pretreatment may be 
required. 

 

• Generation of fugitive emissions and/or asbestos fiber release to 
the ambient air may be a problem during operations. 

• The distance from the contaminated site to the nearest disposal 
facility with the required permit(s) will affect cost. 

• Depth and composition of the media requiring excavation must 
be considered. 

• Disposal options for certain waste may be limited. 

Feasible Less than 1 
year 

Average Yes 
 

Excavation and Relocation of 
Contaminated Soils On-Site 

Contaminated material is removed and transported to on-site 
areas prepared for receiving the excavated materials.  
Pretreatment may be required. 
 
 

• Generation of fugitive emissions and/or asbestos fiber release to 
the ambient air may be a problem during operations. 

• Depth and composition of the media requiring excavation must 
be considered. 

Feasible Less than 1 
year 

Average Yes 
 

No Further Action /  
Institutional Controls 

Contaminated material is left in place. 
Fencing is installed around areas that showed risk. 

• Existing conditions won’t change. 
• Fences enclose large potions of the park. 
• Trespassers still exposed to risk. 

Feasible Less than 6 
months 

Low Yes 
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APPENDIX A 
 

Shadley Associates; Lawrence Gateway Park, Contaminated Soil Relocation Grading 
Plan and Volume Calculation 
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LABORATORY ANALYTICAL REPORTS FOR THE PHASE III – AREAS 
NORTH OF THE RACEWAY ARE PROVIDED IN THE PHASE II REPORT 

 
LABORATORY ANALYTICAL REPORTS FOR THE PHASE III REPORT 

WERE PROVIDED FOR THE MADEP AND EPA SUBMITTALS 
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