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1. Introduction 
 

1.1 Purpose of Addendum Report 
 
On behalf of Solutia Inc., this Resource Conservation Recovery Act (RCRA) Facility Investigation (RFI) 

Massachusetts Contingency Plan (MCP) Phase II Comprehensive Site Assessment (CSA) Addendum Report with 

Environmental and Human Health Risk Assessment (Addendum Report) has been prepared by ARCADIS BBL 

for the Solutia Inc. (Solutia) Indian Orchard Plant in Springfield, Massachusetts (site).  This Addendum Report 

provides stand-alone comprehensive investigation results in support of the human health and environmental risk 

characterizations (HHRC and ERC), as well as a conceptual risk management plan for the site. The site 

(Massachusetts Department of Environmental Protection [MADEP] Release Tracking Number 1-0184) is an 

active manufacturing facility in an industrial zoned area of Springfield, is regulated under the MADEP Bureau 

of Waste Site Cleanup and is categorized as low priority (Tier II) as of November 1991. This site is also 

regulated under the RCRA voluntary corrective action program and achieved stabilization under RCRA’s 

environmental indicator determinations (EIs) Current Human Exposure Under Control and Migration of 

Contaminated Groundwater Under Control on December 10, 2004.  

 

This Addendum Report addresses the Solutia Inc. (Solutia, formerly Monsanto Company [Monsanto]) Indian 

Orchard Plant in Hampden County, Springfield, Massachusetts, for Massachusetts Department of Environmental 

Protection (MADEP) Release Tracking Number (RTN) 1-0184.  The MCP Phase II Completion Statement 

transmittal form is provided in Appendix A. 

 

The Addendum Report presents the results of investigations conducted since the completion of the Supplemental 

RCRA Facility Investigation/Massachusetts Contingency Plan Phase II Comprehensive Site Assessment Report 

for RTN 1-0184 (Supplemental RFI/MCP Phase II CSA Report) (Blasland, Bouck & Lee, Inc. [BBL], 1996a) on 

the approximate 170-acre plant property owned by Solutia (Figure 1-1 – Site Location Plan).  These 

investigations have been conducted to comply with the requirements of the MCP for extent delineation required 

for risk characterization per 310 Code of Massachusetts Regulations (CMR) 40.0904.  These investigations have 

also been conducted to address United States Environmental Protection Agency (USEPA) comments, dated 

November 3, 1997; March 26, 1998 (USEPA, 1998a); and January 25, 1999.  A Data Usability Assessment has 

been prepared in accordance with MCP 310 CMR 40.0017, 310 CMR 0191 (2)( c) and 310 CMR 40.1056(2)(k) 

for ensuring the adequacy of analytical and other assessment data and is presented in Appendix B.  
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The purpose of this Addendum Report is to present thorough documentation of and an evaluation of the 

additional characterization findings from 1995 to 2004 and synthesize this information to previous 

characterization to produce a stand alone comprehensive site assessment for the development of an updated site 

conceptual model.  Therefore, this report embodies the supporting material for a site conceptual model and 

should be reviewed as a whole as opposed to subdividing the risk assessment from site characterization.  

 

1.2 Scope of Addendum Report  

 
The Addendum Report addresses the additional investigations for 14 solid waste management units/areas of 

concern (SWMUs/AOCs) selected for further consideration in the RFI and MCP Phase II CSA, consistent with 

the SWMU/AOC Reconciliation document (BBL, 2005a).  The 14 SWMUs/AOCs consist of 11 of the 69 

SWMUs and one of the 18 AOCs identified in the Draft RCRA Facility Assessment, (CDM Federal Programs 

Corporation, 1991).  In addition, Solutia identified two additional AOCs selected for further consideration 

beyond the SWMU/AOC Reconciliation.  These AOCs are identified as the World War II Naval Research Area 

(WWII NR Area) and Former Vinyl Chloride Gas Holder Area.  The AOC for Former Vinyl Chloride Gas 

Holder Area is discussed in this Addendum Report as necessary for a site wide risk characterization, although a 

Phase II with a Method 3 Risk Characterization was previously prepared for this AOC.  The specific 

SWMUs/AOCs within the Indian Orchard Plant site and relationship to RTN 1-0184 include: 

 

Location Name Site RTN (1) 
SWMU/AOC 
Number(2)(3) 

RTNs Linked to 
1-0184(4)(5)(6) 

RTN  
Linked? (7) 

Solid Waste Disposal Area (SWDA) No. 1 1-0184 SWMU 35 1-10739 and 1-10748 Yes 
SWDA No. 2 1-0184 SWMU 36 1-10741 Yes 
Liquid Waste Disposal Area (LWDA) No. 1 1-0184 SWMU 34 1-10740 Yes 
LWDA No. 2 1-0184 SWMU 37 NA Yes 
Fiberloid Landfill 1-0184 SWMU 33 1-10742 and 1-10749 Yes 
Building 99 Leach Fields 1-0184 SWMU 47 1-10745 Yes 
Burning Cages or Pits A 1-0184 SWMU 38 NA Yes 
Burning Cage or Pit B 1-0184 SWMU 39 NA Yes 
Burning Pit C 1-0184 SWMU 40 1-10746 Yes 
Burning Pits D 1-0184 SWMU 41 1-10743 Yes 
Former Building 44 and Tank Farm E 1-0184 AOC 7 1-10744 Yes 
Outfall Piping adjacent to Chicopee River 
Shoreline 

1-0184 SWMU 64 NA Yes 
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Location Name Site RTN (1) 
SWMU/AOC 
Number(2)(3) 

RTNs Linked to 
1-0184(4)(5)(6) 

RTN  
Linked? (7) 

Former World War II Naval Research Area 1-0184 None NA Yes 
Former Vinyl Chloride Gas Holder Area (7) 1-11901 None NA No 
 
Notes: 
(1) RTN established by MADEP for Indian Orchard Plant site in 1987 (MADEP, 1990). 
(2) SWMU/AOCs identified 1991 (CDM, 1991). 
(3) “None”- no SWMU or AOC identified for this area in 1991, however area is proposed an AOC. 
(4) Additional notifications to MADEP in 1994 for areas already covered under RTN 1-0184 (Monsanto, 1994). 
(5) “NA” – no detections above RCs. 
(6) “–“not part of investigations prior to October 1994 or discovered until after October 1994. 
(7) FGHA not linked to RTN 1-0184 per 310 CMR 40.0317 because nature and type were considered inconsistent 

with those reported for RTN 1-0184 (B&B, 1987; Monsanto, 1994).  Separate investigations and risk 
characterizations have been completed for this area.  However, surface soil data from this area is included in 
the risk characterization for RTN 1-0184.  

(8) Gelva 12 East Storage Area – Accumulation Area #8 (SWMU – 16) was eliminated from further consideration 
based on information and results provided in the SWMU and AOC Reconciliation Report (BBL, 2005a). 

(9) 336 Drum Storage Area (SWMU – 30) was closed under 310 CMR 30.587 and was eliminated from further 
consideration based on information and results provided in the SWMU and AOC Reconciliation Report (BBL, 
2005a).  Also, SWMU – 30 is located at Burning Pits D. 

 

The locations of these 13 disposal areas under RTN 1-0184 and the 1 area under RTN 1-11901 listed above are 

shown on Figure 1-2.  RTN 1-11901 for FGHA is not included in this report, as this site was previously 

evaluated (BBL, 2006).  Data from the FGHA is however, included for site-wide MCP Method 3 risk 

characterization. 

 

The following areas were not identified as areas in the waiver application but were later added by Solutia as 

potential AOCs for consideration.  

 

• Building 85*; 

• 336 Drum Storage Area – SWMU 30*; 

• Accumulation Area/East Gelva Area*; and 

• West Resin Area/Tank Pit 1 – AOC 13 *. 

 

Although these areas were added as proposed additional AOCs, all four were later omitted from further 

consideration as a result of the SWMU/AOC Reconciliation Report (BBL, 2005a) outcome for the following 

reasons: 

 

1) Data from the former Building 85 area are below reportable concentrations; 

2) 336 Drum Storage Area was closed March 12, 1991, but is at the same location as Burning Pits D; 
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3) Accumulation Area/East Gelva Area was eliminated based on additional environmental data collection; 

and 

4) West Resins Area/Tank Pit 1 was eliminated based on additional environmental data below reportable 

concentrations. 

 

Although these four areas were eliminated, the data colleted for the study these areas have been incorporated 

into this report and site-wide MCP Method 3 risk characterization. 

 

This Addendum Report does not include portions of the Indian Orchard Plant not currently owned by Solutia 

Inc. (e.g., NOVA Chemical Inc. [NOVA]) as these areas were sold and are regulated separately from RTN 1-

0184 (Figure 1-1). 

 

1.3 Administrative Record 

1.3.1 Current Administrative Standing and Compliance Status 

 
The Solutia Indian Orchard Plant is regulated under both the federal Resource Conservation Recovery Act 

(RCRA) Voluntary Corrective Action Program (through Region 1 of the USEPA) and the MADEP’s Bureau of 

Waste Site Cleanup per the MCP.   

 

Monsanto prepared a Letter of Commitment on February 29, 1996 to acknowledge participation in the USEPA 

Region 1 RCRA Voluntary Corrective Action Program.  Prior to this, Monsanto had been implementing the 

conditions set forth in a consent order agreements prepared by USEPA and MADEP in 1984, which was signed 

by Monsanto, DEQE and USEPA.  These consent order agreements are provided in Appendix C-1a   A 

Hazardous and Solid Waste Amendments (HSWA) permit is anticipated from the USEPA in the near future 

(2006/2007). 

 

On November 13, 1991, the MADEP approved a waiver for Monsanto (B&B, 1991) to proceed with the 

implementation of the MCP 310 CMR 40.000 (MADEP, 1988) without regulatory oversight nor review or 

approvals of required deliverables by the MADEP (MADEP, 1991b).  A waiver is a voluntary program which is 

only applicable for Tier II (low priority) sites like the Indian Orchard Plant.  Remedial investigation response 

actions were on going under the requirements per MCP 310 CMR 40.0630 (4), when the waiver expired in 

November 1996.  Because additional remedial investigations were required before a response action outcome 
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could be achieved, Tier II extensions per MCP 310 CMR 40.0560 (7) were requested annually following this 

expiration of the waiver. These Tier II extensions presented a schedule for completion of the response actions 

required to achieve a response action outcome under the MADEP and to address USEPA’s comments to the 

historical investigations and meet USEPA’s performance standards per the Voluntary Corrective Action 

Program (USEPA, 1995b), as appropriate per Monsanto’s letter of commitment (Monsanto, 1996). 

 

1.3.2 Summary of Compliance History 

 

Throughout the environmental investigations at the Indian Orchard Plant, Monsanto worked to achieve the 

appropriate performance standards of both USEPA and MADEP regulatory agencies in order to jointly address 

concerns regarding past waste management, nature and extent of constituent in the environment, fate and 

transport, and potential receptors.  Both regulatory agencies were historically engaged in the remedial 

investigation process until investigation results were presented to MADEP in 1987.  Based on the preponderance 

of the data in 1987, MADEP categorize the site as Tier II “low priority”.  A low priority Tier II category still 

applies per MADEP Numerical Ranking System score 310 CMR 40.1500.  Highlights of the regulatory history 

are further described below.   

 

Beginning in 1984, Monsanto initiated the conditions of two separate a consent order agreement (COA) 

prepared jointly by the USEPA and the Massachusetts Department of Environmental Quality and Engineering 

(DEQE) (currently, MADEP) concerning past waste management at the Indian Orchard Plant.  The consent 

order between Monsanto and the DEQE was signed on April 12, 1984. Also on April 12, 1984, a Memorandum 

of Understanding (MOU) between the DEQE and Monsanto was signed to align the investigations (and their 

timing) with the technical requirements of the USEPA.  Although Monsanto signed and carried out the 

conditions of the USEPA COA, a copy of the COA signed by the USEPA has not been found.  The intent of the 

COA was to provide guidance to Monsanto of agency performance standards to adequately evaluate conditions 

for determining the appropriate response actions (Appendix C-1). 

 

Between 1984 and 1987, there was considerable USEPA, USEPA contractor (NUS Corporation), and DEQE 

involvement and oversight in the implementation of the activities identified in the COA (Table 1-1 – 

Chronology of Environmental Investigation Activities for the Administrative Records). 
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The consent order was completed up to condition number 10, Preparation of a Feasibility Study Proposal.  In 

March 1987, Monsanto submitted a Feasibility Study Proposal in the Comprehensive Site Assessment for 

Monsanto Company, Indian Orchard Plant (CSA) (Blasland and Bouck Engineers PC, 1987b).  Informal 

comments from the DEQE and USEPA were provided to Monsanto in meetings, although formal comments for 

this step would have been necessary to proceed and complete condition numbers 10 though 13 of the COA.  

However, the site was classified as a non-priority site by the DEQE on November 6, 1987. 

 

In 1989, MADEP promulgated regulations under Chapter 21 E (MCP 310 CMR 40.000 [MADEP, 1988]) that 

set forth additional site characterization requirements.  On November 13, 1991, a waiver from MADEP approval 

and oversight was approved by the MADEP (MADEP 1991b) to allow the MCP process to be completed 

voluntarily under the direction of an LSP.  The waiver approval included additional investigation conditions, 

including the implementation of the new requirements in MCP 310 CMR 40.000 (MADEP, 1988). 

 

At the same time (between 1988 and 1991), USEPA conducted a RCRA Facility Assessment (RFA) with 

Monsanto in response to a RCRA Part B permit application.  On November 4, 1991, the Final Draft RCRA 

Facility Assessment, Document Number TESV-R01014-EP-CGLT (Draft RFA) (CDM Federal Programs, 1991) 

was prepared and forwarded to Monsanto.  The draft RFA identified 69 SWMUs and 18 AOCs at the Indian 

Orchard Plant, including the Chicopee River bank and associated outfalls (SWMU 64).  Ten of the SWMUs or 

AOCs had previously been investigated in the CSA (Blasland and Bouck Engineers PC, 1987b). 

 

To address both the MCP requirements and the existing guidance for an RFI, BBL prepared a scope of work 

(SOW) on Monsanto’s behalf to supplement the previous 10 years of investigations conducted under the COA.  

The Supplemental RCRA Facility Investigation/Massachusetts Contingency Plan Phase II Comprehensive Site 

Assessment Work Plan (RFI/MCP Phase II CSA Work Plan) (BBL, 1994a) was prepared to summarize the 

previous investigation in order to develop the scope of work required to fulfill the remaining conditions of the 

MADEP waiver and RFI guidance.  This plan included a compendium of previous investigations and addressed 

14 areas where disposal had occurred or potentially occurred.  Twelve of these 14 areas were also identified as 

either an SWMU or AOC in the RFA dated November 4, 1991. 

 

In April 1996, the Supplemental RFI/MCP Phase II CSA Report (BBL, 1996a) was submitted to the MADEP 

and USEPA, followed by an MCP risk characterization in September 1996 entitled the RFI Risk 

Assessment/MCP Phase II CSA Risk Characterization (Phase II CSA Risk Characterization) (BBL, 1996b).  

This risk characterization was prepared using a combination of MCP guidance, and where applicable, USEPA 
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Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) risk assessment 

guidance.   

 

At the USEPA’s suggestion, Monsanto issued a letter of commitment to the USEPA RCRA Voluntary 

Corrective Action (dated February 29, 1996) (Appendix C-2) to achieve the broad goals and expectations 

outlined in the USEPA letter dated November 21, 1995 (Appendix C-1b).  This letter of commitment indicated 

that, where possible, Solutia has and will continue to consider and integrate relevant USEPA corrective action 

performance standards and will continue to use and reference available and applicable USEPA guidance 

documents while conducting corrective action activities.  In September 1997, the owner name of the facility 

changed from Monsanto to Solutia Inc (Solutia). 

 

On November 3, 1997, USEPA submitted to Solutia draft technical comments to the Supplemental RFI/MCP 

Phase II CSA Report (BBL, 1996a) and Phase II CSA Risk Characterization (BBL, 1996b).  These comments 

were revised by the USEPA and re-issued on March 26, 1998 (USEPA, 1998a).  In response, Solutia submitted 

responses to comments in the Responses to USEPA Final DRAFT Comments regarding the RCRA Facility 

Investigation, entitled Supplemental RCRA Facility Investigation/MCP Phase II Comprehensive Site Assessment 

Report, Indian Orchard Plant, (1998 Solutia Responses to USEPA Final DRAFT Comments) (Solutia, 1998a, ).  

Solutia also submitted an Application of Technical Impracticability, Indian Orchard Plant (Solutia, 1998b) in 

response to the USEPA draft comments.  

 

On January 25, 1999, Solutia received EPA Comments on Solutia’s Technical Responses and Preliminary Draft 

Comments on Solutia’s Draft Technical Impracticability Evaluation, Indian Orchard Site, Springfield, 

Massachusetts (1999 USEPA Comments) (USEPA, 1999a).  This document identified the remaining March 

1998 USEPA comments.  For each comment, the USEPA either requested further clarification or indicated that 

Solutia had adequately addressed the comment.  A total of six original comments required further clarification, 

and these are addressed in this Addendum Report in Appendix C-3 through C-6. 

 

To address two of the outstanding comments, Solutia submitted the following compendiums for the Indian 

Orchard Plant to the MADEP and USEPA: 

 

• Groundwater and Soil Analytical Data Compendium (BBL, 2001a); and 

• Soil Boring and Monitoring Well Compendium (BBL, 2000b). 

 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 1-8 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

These compendiums are updated with recent data and are appended to this Addendum Report as Appendix D-1- 

Analytical Data Compendium, Appendix D-2 – Laboratory Data Reports and Validation Reports (compact disc) 

and Appendix E - Soil Boring and Monitoring Well Compendium. 

 

Also in response to the January 25, 1999 USEPA comments, Solutia conducted additional investigations, 

including those of Bircham Bend Brook, the Chicopee River, and the Fiberloid Landfill/Former Building 44 

Tank Farm E.  A report was prepared to evaluate onsite environmental risks.  This report included an evaluation 

of the Bircham Bend Brook (On-Site Environmental Risk Characterization [BBL, 2001b]) and will be amended 

to include SWMU 64 (Outfall Piping Adjacent to Chicopee River Shoreline) and the Chicopee River. 

 

In October 2005, additional sediment and surface water data were collected from the Chicopee River to quantify 

existing conditions and to address uncertainty associated with 1980’s historical surface water and sediment data.  

The MCP Phase II Supplemental Chicopee River Sampling Work Plan and addendum, (BBL, 2005c; BBL, 

2005d) was executed as per comments provided by USEPA. 

   

Regulatory oversight milestones throughout the history of this project are presented in the following table. 

 

TABLE 1-2 
REGULATORY OVERSIGHT MILESTONES 

 
Date Regulatory Activity 

November 1979 Subcommittee on Oversight and Investigation, Waste Disposal Site Survey (Eckhardt 
Report) submission and Monsanto completion of survey forms  

April 1984 Memorandum of Understanding and COA between the DEQE and the USEPA. 
May 1984 COA due date – Remedial Investigation Plan. 
March 1987 COA due date –CSA/Feasibility Study. 
May 1987 COA meeting – USEPA/DEQE regarding CSA. 
May 1989 Changes to MCP re: risk characterization proposed. 
1988/1991 USEPA visual site inspections for RFA. 
November 1991 MCP waiver issued to Monsanto, Indian Orchard Plant. 
January 26, 1994 Meeting between USEPA, Solutia and BBL re: proposed SOW. 
October 19, 1995 Meeting between USEPA Solutia and BBL re: results of supplemental investigation. 
February 1996 Voluntary RCRA Corrective Action Program commitment. 
June 26, 1996 Meeting between USEPA, MADEP, Solutia and BBL.  
June 1996 Corrective Measures Study (CMS) tentative proposed due date, per letter of 

commitment. 
November 1996 MCP Response Action Outcome (RAO) due date. 
December 19, 1997 Meeting between USEPA, MADEP, Solutia and BBL re: site characterization and 

USEPA comments, dated July 23, 1997. 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 1-9 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

Date Regulatory Activity 
March 18, 1998 Meeting between USEPA, MADEP, Solutia and BBL re: risk assessment. 
May 21, 1999 Meeting between USEPA and Solutia re: USEPA Comments, dated January 25, 1999; 

site characterization; and CMS. 
September 9, 1999 Meeting between USEPA, Solutia and BBL re: risk assessment MADEP and USEPA 

agency process. 
March 7, 2002 Meeting between USEPA, Solutia and BBL re: onsite and offsite supplemental 

investigation status and planned activities. 
April 30, 2003 Meeting between USEPA, Solutia and BBL re: onsite and offsite supplemental 

investigation status. 
March 5, 2004 Meeting between USEPA, Solutia and BBL re: Project Status , end points, plans and 

schedule  
June 24, 2004 Meeting between USEPA, Solutia and BBL re: Human Health and Environmental Risk 

Assessments  proposed approach and schedule 
October 28, 2004 Meeting between USEPA, Solutia and BBL re: Human Health and Environmental Risk 

Assessments  and differences between MCP and EPA RA methods   
August 3, 2005 Presentation to USEPA by Solutia and BBL re: Chicopee River Sampling plan with revisio

per USEPA comments 
 

A detailed list of the environmental compliance activities is presented in Table 1-1.   

 

1.4 Approach 

 

The goal of this Addendum Report is to present the site characterization results, evaluate risks posed by 

constituents at the site and to preliminarily identify appropriate approaches to address identified unacceptable 

risks. To comply with Massachusetts General Law (MGL), the approach for the HHRC and ERC complies with 

the requirements of MCP 310 Code of Massachusetts Regulations (CMR) 40.0110, 310 CMR 40.0971(2) and 

the Guidance for Disposal Site Risk Characterization in Support of the Massachusetts Contingency Plan 

(MADEP, 1995) as required per 310 CMR 40.0100. The approach will enable the owner and the Licensed Site 

Professional (LSP) to certify, as required, that the response actions accomplished the following: 

 

• were implemented in accordance with applicable provisions of MGL Chapter 21E and 310 CMR 

40.0000; and  

• achieved the purpose set forth in applicable provisions of MGL Chapter 21E and 310 CMR 40.0000.   

 

The MCP Method 3 Risk Characterization is a “No-Action” alternative, given the current and identified 

foreseeable uses of the site (MADEP, 1995). An MCP Method 3 Risk Characterization can be audited by the 

MADEP to confirm compliance. 
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The intent of an MCP Method 3 Risk Characterization is similar to that of a United States Environmental 

Protection Agency (USEPA) baseline risk assessment, which is to evaluate risks under baseline, or “no-action” 

conditions. In accordance with the Risk Assessment Guidance for Superfund (RAGS) Part A (540-1-89-002) 

(USEPA, 1989), a USEPA baseline risk assessment is site specific and, therefore, the complexity and particular 

circumstances of the site may affect both the level of detail and extent to which qualitative and quantitative 

analyses are used.   

 

However, the process of an MCP Method 3 Risk Characterization differs significantly from that of a USEPA 

Baseline Human Health Risk Assessment. If the USEPA continues to define “risk assessment” exclusively 

within the context of RAGS Part A, a hybrid approach that satisfies the requirements of both the MCP and the 

USEPA will be necessary. However, a hybrid approach creates an additional step that is not pertinent to ultimate 

MADEP review, and may result in an assessment that is inconsistent with the MCP. Likewise, such additions 

are inconsistent with the USEPA’s Results-Based Approaches and Tailored Oversight Guidance for Facilities 

Subject to Corrective Action under Subtitle C of the Resource Conservation and Recovery Act (USEPA 530-R-

03-012, September 2003; RCRA Clean up Reforms [Reforms II: Fostering Creative Solutions], January 2001).   

 

Because both the USEPA and the MCP approaches are site specific, comprehensive, and vary only in detail, the 

methodology consistent with an MCP Method 3 Risk Characterization will be employed at the site, while using 

values and exposure scenarios appropriate to site-specific conditions to meet the requirements of both agencies.  

We request that stakeholders for this project reflect on the ways in which the MCP approach satisfies the 

USEPA’s five core results-based requirements, consistent with the Government Performance and Results Act 

(GPRA) (United States Office of Management and Budget, 1993): 

 

1. Tailored Oversight — The agency lead requires that the facility implement corrective action in 

accordance with applicable requirements (MCP). 

 

2. Holistic (i.e., “Big Picture”) Approach — This approach prioritizes resources based on risk. The Solutia 

Indian Orchard Plant is a low-priority-rated site in Massachusetts. 

 

3. Procedural Flexibility — This approach places the primary focus on results rather than on process in 

support of site cleanup goals.  
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4. Performance Standards — The owner is responsible for determining the methods through which the 

performance standards are attained. Clear, reasonable, and protective performance standards are 

prescribed under the MCP program. 

 

5. Targeted Data Collection — These collection activities have been ongoing since 1984 using the site 

conceptual model, fate and transport models, innovative sampling techniques such as passive vapor 

diffusion (PVD) sampling and monitoring well clusters, and data quality objectives (DQOs) specified in 

site Quality Assurance Project Plans (QAPPs) (Blasland & Bouck Engineers, P.C. [B&B], 1984a; 

Blasland, Bouck & Lee, Inc. [BBL], 1994b, BBL, 2005b).   

 

1.5 Investigation History 

 

Based on BBL’s files, Solutia began investigations as early as 1981 at the Indian Orchard Plant.  The 

chronology of pre- and post-MCP investigations is the Chronology of Pre-MCP and Post-MCP Investigations 

for RTN 1-0184 and presented in Table 1-3 in the chronology of investigations for RTN 1-11901.  There are 

more than 70 investigations identified in this table.  Summaries of these previous investigations  were presented 

in (CSA [Blasland and Bouck Engineers, PC, 1987b], RFI/MCP Phase II CSA Work Plan [BBL, 1994a], the 

Supplemental RFI/MCP Phase II CSA Report [BBL, 1996a], and Massachusetts Contingency Plan Phase II 

Comprehensive Site Assessment Report for RTNs 1-10793, 1-10868, 1-10869, 1-11692, 1-11693, 1-11694, and 

1-11901 Investigation Areas, Indian Orchard Plant [MCP Phase II CSA Report] [BBL, 2000a]).  The results of 

these previous investigations have been considered and compiled into this report for the development of a site 

conceptual model.  This site conceptual model is based on an assessment of the analytical data usability 

assessment considering the level of quality to the data quality objective and the spatial and temporal 

representativeness of the investigations per 310 CMR 40.1056(2)(k) (Appendix B - Data Usability Assessment).  

 

1.6 Addendum Report Organization and Content 

1.6.1 Organization 

 

This section presents the purpose and scope of the Addendum Report, a review of administrative standing and 

compliance history, and a list of the previous environmental investigations conducted at the Indian Orchard 

Plant in Springfield Massachusetts. 
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Section 2 presents site-specific background regarding site land use. 

 

Section 3 presents a summary of the previous investigation, summary of previously detected compounds and site 

specific compound evaluations, including emerging compounds and results.  These previous investigation which 

had been previously submitted to MADEP and USEPA are provided as electronic copies attached to the report 

(Attachment 1 through 5).  To adequately describe the site, three-dimensional (3-D) depictions are presented in 

figures in Appendix F.  An interactive 3-D model is provided in a compact disk (CD) with Appendix F, with 2 

2-D depictions of the 3-Models attached as Figure F-1 through F-6.  The interactive model allow the viewer to 

move the 3-D model from any perspective (plan view, and 300 degree cross sectional views) by following the 

simple instructions provided in Appendix F. 

 

Section 4 presents information regarding the site’s physical setting and summary of the previously detected 

constituents along with frequency of detections and ranges of concentrations, frequency of detections above 

reportable concentrations and analytical methods. 

 

Section 5 presents a summary of the investigations conducted after the Supplemental RFI/MCP Phase II CSA 

Report was submitted in 1996 (BBL, 1996a) that have not been formally presented to the USEPA or the 

MADEP.  Because some of these investigations were conducted in response to comments, the appropriate 

USEPA comment is provided in this section.  Investigations have been ongoing since the submission of the 

Supplemental RFI/MCP Phase II CSA Report (BBL, 1996a).  The detailed reporting of these investigations 

completed from 1995 to 2004 have been divided into six parts for this report and is presented as Appendix G of 

this report reference as (Additional Site Characterizations RFI Addendum Part I through VI).  These 

investigations are presented in Appendix G in chronological order and include:  

 

• Additional Site Characterization RFI Addendum Part I, June 1995-December 1997; 

• Additional Site Characterization RFI Addendum Part II, October 1998 through September 1999; 

• Additional Site Characterization RFI Addendum Part III, October 1999 through December 2000; 

• Additional Site Characterization RFI Addendum Part IV, January 2001 through June 2002;  

• Additional Site Characterization RFI Addendum Part V, July 2002 through May 2004; and 

• Additional Site Characterization RFI Addendum Part VI, July 2004 through September 2006. 
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A summary of the results of these investigations is presented this section with the detailed investigation scope, 

objective, findings and conclusions presented in Appendix G.  An evaluation of the data usability in support of 

the risk characterization also included in this is presented in Appendix B.  Responses to specific USEPA 

comments are provided in Appendix C-3 through C-7. 

 

Section 6 summarize the fate and transport physical and chemical characteristics of the site-related constituents 

and evaluates the fate and transport of these constituents.  The details of this fate and transport evaluation are 

presented as an Appendix. 

 

Section 7 presents the potential migration pathways including soil, groundwater, soil vapor, indoor air, surface 

water and sediment. 

 

Section 8 presents a summary of the source, nature and extent of constituents (if detected) in each of the disposal 

areas (SWMU/AOC) in the media with additional details supporting the delineation of each area presented in 

Appendix Q. 

 

Section 9 presents the Environmental Risk Characterization for the Chicopee River which supplements the On-

Site Environmental Risk Characterization completed July 2001 in for the site proper and Bircham Bend Brook.  

 

Section 10 presents the MCP Method 3 Human Health Risk Characterization using USEPA guidance as 

appropriate.  

 

Section 11 presents the conclusions of the site characterizations and risk assessments. 

 

Section 12 presents alternatives to manage potential risks identified in the either the environmental or human 

health risk. 

 

Section 13 presents a reference list of works cited in the Summary Report, this Addendum Report and associated 

Appendices. 

 

Section 14 presents acronyms used in the summary Report, this Addendum Report and Appendices. 
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1.6.2 Chronology of Additional Investigations 
 

The additional investigations conducted since submittal of the Supplemental RFI/MCP Phase II CSA Report 

(BBL, 1996a) to further define the nature and extent.  Additional investigations were also conducted in response 

to USEPA comments presented in Section 5 of this Addendum Report (with details presented in Appendix G). 

 

1.6.3 Key Reference Documents 

 

Provided below is a list of key documents that were used for the development of this Addendum Report to 

respond to comments and update previous investigations with amendments to the MADEP’s regulations and 

USEPA RCRA guidance. 

 

• History of On-Site Waste Disposal Operations at Monsanto Company - Springfield and Bircham Bend 

Plants, 1938-1972 (History of Disposal Operations Report), prepared by Monsanto Company, dated 

December 1982 (Monsanto, 1982) provided in Volume II of Attachment 1; 

 

• Phase I Report, Remedial Investigation Plan (Phase I Report), Indian Orchard Plant, including the 

Interim Submissions (i.e., test pit report, soil boring investigation report), prepared by Blasland & 

Bouck Engineers PC on behalf of Monsanto, dated August 1984 (Blasland & Bouck Engineers PC, 

1984a) provided in Volume II of Attachment 1; 

 

• Comprehensive Site Assessment for Monsanto Company, Indian Orchard Plant, prepared by Blasland & 

Bouck Engineers PC on behalf of Monsanto, dated February 1987 (Blasland & Bouck Engineers, PC, 

1987b) provided in Volume II of Attachment 1; 

 

• Sampling Trip Report, Monsanto Corporation, Indian Orchard Plant, EPA Work Assignment Number 

18.1002, prepared by EBASCO Services on behalf of the USEPA, December 1987 (EBASCO, 1987) 

provided as Attachment 2; 

 

• Supplemental RCRA Facility Investigation/Massachusetts Contingency Plan Phase II Comprehensive 

Site Assessment Work Plan, prepared by BBL on behalf of Monsanto, dated May 1994 Volume I 

through III (BBL, 1994a provided as Attachment 1, Volumes I and II only; 
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• Supplemental RCRA Facility Investigation/Massachusetts Contingency Plan Phase II Comprehensive 

Site Assessment Report, Indian Orchard Plant, prepared by BBL on behalf of Monsanto, April, 1996 

Volumes I and II (BBL, 1996a) provided as Attachment 3; 

 

• Supplemental RCRA Facility Investigation Risk Assessment/Massachusetts Contingency Plan Phase II 

Comprehensive Site Assessment Report Risk Characterization, Indian Orchard Plant, prepared by BBL 

for Monsanto, September, 1996 (BBL, 1996b) provided as Attachment 4; 

 

• Responses to USEPA Final DRAFT Comments regarding the RCRA Facility Investigation Risk 

Assessment/Massachusetts Contingency Plan (RFI) entitled, Supplemental RCRA Facility 

Investigation/MCP Phase II Comprehensive Site Assessment Risk Characterization Report, Indian 

Orchard Plant, prepared by BBL for  Solutia, August, 1998a;  

 

• Application of Technical Impracticability prepared by Solutia, August, 1998b;  

 

• Massachusetts Contingency Plan (MCP) Phase II Comprehensive Site Assessment Report for RTNs 1-

10793, 1-10868, 1-10869, 1-11692, 1-11693, 1-11694, and 1-11901 Investigation Areas,, Indian 

Orchard Plant, prepared by BBL on behalf of Solutia and NOVA, February 2000 (BBL, 2000a); and 

 

• On-Site Environmental Risk Characterization, prepared by BBL for Solutia, dated July 2001 (BBL, 

2001b) provided as Attachment 5. 

 

The information from these documents are used and cited in this Addendum Report. 

 

1.6.4 Responses to USEPA Comments 

 

This section describes the status of USEPA comments and Solutia’s responses to comments since Solutia’s 

submission of the Supplemental RFI/MCP Phase II CSA Report (BBL, 1996a) in April 1996 and Phase II CSA 

Risk Characterization (BBL, 1996b) in September 1996.  On July 23, 1997, USEPA provided draft comments 

on the environmental and human health portions of Monsanto’s Phase II CSA Risk Characterization, as well as 

draft comments on the RFI (USEPA, 1997a).  On November 3, 1997, the original USEPA comments to the RFI 
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portions of the these reports were revised by the USEPA with further clarification in a letter regarding EPA 

Final Draft Comments on the Supplemental RCRA Facility Investigation/MCP Phase II Comprehensive Site 

Assessment Report, Indian Orchard Plant (1996 USEPA Final Draft Comments) (USEPA, 1996c).  Following 

these comments, a technical review meeting was held in December 1997 between the USEPA and Solutia at the 

Indian Orchard Plant to review the relevant data and previous investigations completed at the site.  Following 

this meeting on March 26, 1998 (USEPA, 1998a), the USEPA presented Solutia with Final Draft Comments on 

the Supplemental RCRA Facility Investigation/MCP Phase II Comprehensive Site Assessment Report, Indian 

Orchard Plant and associated reports/documents .  In response, Solutia prepared the 1998 Solutia Responses to 

USEPA Final DRAFT Comments (Solutia, 1998a), dated August 19, 1998.  On January 25, 1999, the USEPA 

prepared the 1999 USEPA Comments (USEPA, 1999a).  The responses to the remaining comments in the 

January 25, 1999 (USEPA, 1999a), and March 26, 1998 (USEPA, 1998a) letters from the USEPA are addressed 

within this Addendum Report and within Appendix C. 

 

March 26, 1998 (USEPA, 1998a) As noted above, this Addendum Report addresses the remaining USEPA 

comments.  Responses to the March 28, 1998 USEPA comments (USEPA, 1998a) are provided in  the 1998 

Solutia Responses to USEPA Final DRAFT Comments (Solutia, 1998a) and Application of Technical 

Impracticability, Indian Orchard Plant (Solutia, 1998b).  Responses to the 1999 USEPA Comments (USEPA, 

1999a) are provided in Appendices C-3 through C-6. 
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2. Background 
 

2.1 Site History 

 

The 170-acre Indian Orchard Plant in Springfield, Massachusetts (Figures 1-1 and 1-2) at 730 Worcester Street, 

Springfield, Massachusetts, Universal Transverse Mercator Coordination System (UTM) N-4670157 E-704225 

has been in operation as a manufacturer of plastics or resins since 1904 (Monsanto, 1982; Appendix A of the 

Supplemental RFI/MCP Phase II CSA Work Plan (BBL, 1994a).  Manufacturing began in 1904 in the northeast 

portion of the Indian Orchard Plant.  In 1938, Monsanto purchased the northeast portion of the property, and, in 

1965, Monsanto purchased the remaining operations to the northwest.  In 1996, NOVA purchased the northeast 

portion of the Indian Orchard Plant, and, in 1997, Monsanto divested interests across the company and the 

remainder of the Indian Orchard Plant was placed under the company name, Solutia.  Monsanto (currently 

Solutia) has conducted numerous investigations (beginning in the early 1980s) to characterize conditions at the 

Indian Orchard Plant.  As presented in the 1998 Solutia Responses to USEPA Final DRAFT Comments (Solutia, 

1998a) and Section 1.3 and 1.4 of this report, there have been numerous previous environmental investigations 

conducted at the site.   

 

2.2 Land Use 

2.2.1 Current Land Use 

 

The Indian Orchard Plant is, and will continue to be, used for manufacturing.  The  170-acres of land owned by 

Solutia is zoned Industrial according to a city of Springfield Planning Board, Zoning Ordinance (dated March 

11, 1996) and has been used for industrial purposes since at least 1904.  There are no outstanding proposed 

zoning changes.  Approximately 70 percent of the Indian Orchard Plant is currently used for manufacturing, 

power generation or temporary materials storage or administrative buildings.  The remainder of the site 

(approximately 50 acres) is used for parking, Solutia product and employee transportation corridors within the 

Solutia property, ash storage or open space.  A ground cover-type map is presented on Figure 2-1 and a recent 

aerial photograph is provided in Figure 2-2. 

 

The Indian Orchard Plant is secured by fencing, and entrance gates are maintained 24 hours per day by security 

guards. Transportation corridors consist of roads and railroads on which Solutia personnel move equipment or 
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materials within the site.  One railroad track with locked gates allows for railroad employee and vender access 

and egress through the Solutia properties.  The railroad was extended through the Solutia property in 1882 

before the Indian Orchard Plant was constructed (1904) to support the textile mill (Indian Orchard 

Manufacturing Company) and steel mill (Chapman Valve Manufacturing Company) located east of the Indian 

Orchard Plant, upstream along the Chicopee River (Figure 1-1). 

 

On the Solutia property, there are three gated entrances that allow for Solutia employee access and egress.  

However, no routes through the Indian Orchard Plant property are accessible to the general public.  These gates 

and access routes are secured 24 hours per day and are manned by guards to prevent unauthorized entrance.  A 

fence surrounds the entire Indian Orchard Plant boundary, prohibiting access by the general public.  In addition, 

a fence separates the Solutia portions of the Indian Orchard Plant from the portion of the property owned and 

operated by NOVA.  A gate for vehicular access between the Solutia and NOVA properties is located on Former 

Monsanto Avenue and is secured by fencing and monitored with a camera. 

 

An individual is allowed to enter the Indian Orchard Plant only after passing an annual Solutia-plant-specific 

health and safety training exam and when escorted by an authorized Solutia employee. 

 

2.2.2 Surrounding Land Use 

 
The surrounding offsite land use is primarily business/industrial/municipal; the remaining property is either 

residential or open and forested.  The Chicopee River borders the property to the north.  North of the Chicopee 

River are approximately 200 acres of open unused flood plain and more than 50 acres of forest, which comprise 

a valley wall that rises approximately 100 feet until reaching Shawinigan Drive and the Massachusetts Turnpike.  

A municipal water sewage pumping facility borders the property at the northwestern corner.  A residential area 

borders the property at the southwestern corner.  Worcester Street, a four-lane highway, borders the site to the 

southeast, south and southwest of the property.  NOVA Chemical Inc. a manufacturing facility approximately 12 

acres in size borders the northeastern corner of the property.  A forested and unused but residentially zoned area 

borders the property in the southeastern corner (BBL, 1996a).  The railroad that crosses the Indian Orchard Plant 

property enters the site from the south exits to the east onto NOVA Chemical property.  A United States Postal 

warehouse south of Worcester Street borders the property to the south.  
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2.2.3 Groundwater Use 

 
There are no known groundwater users or water supply zones within a 1.2-mile radius of the Indian Orchard 

Plant (Figure 2-2, MADEP Water Use Map).  The surrounding properties use the city of Springfield public 

water supply (Springfield Public Health Office, City of Chicopee Health Department, March 1996, Personal 

Communication).  Furthermore, the nearest aquifer that could potentially be productive is located 1.2 miles 

hydraulically upgradient of the Indian Orchard Plant, according to the MADEP GIS 21E map (MADEP, 1997c).   

 

The property is not within a zone classified as a “potentially productive aquifer” (PPA).  In addition, based on 

review of available literature, the potential well yield from the Chicopee River drainage basin would be less than 

100 gallons per minute, locally (Krejmas, 1986).  Installation of new water supply wells is controlled; new 

private wells are permitted through the local health department, and municipal water supply wells are permitted 

through the MADEP.  If this property were within a PPA, the criteria for classification as a non-potential 

drinking water source area (NPDWSA) per policy WSC-97-701 would apply because the following criteria are 

met. 

 

• The plant encompasses an area of greater than 100 acres; and  

• This 100 plus acres is used for industry and/or electrically power.   

 

The city of Springfield and surrounding areas obtain their water from a municipal water supply system 

originating from Cobble Mountain Reservoir, Quabbin Reservoir, or Springfield Reservoir, at distances ranging 

from 6 to 20 miles hydraulically upgradient of the site.  The Quabbin Reservoir is one of the world’s largest 

man-made reservoirs constructed for public supply (Krejmas, 1986).  Given that water is supplied by the city of 

Springfield and groundwater not used for drinking water nor has little potential for future use as drinking water 

due to low yield, and would meet the MADEP NPDWSA designation, the GW-1 criteria do not apply to this 

site. 

 

2.2.4 Surface-Water Use 

 
The water bodies adjacent to the Indian Orchard Plant include Bircham Bend Brook and the Chicopee River. 

Neither of these water bodies is used for drinking-water.  Bircham Bend Brook is a relatively small tributary to 

the Chicopee River, with a flow rate of 1 to 3 cubic feet per second (cfs) and a width ranging between 5 and 20 
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feet.  The Chicopee River is approximately 200 feet wide, with a mean flow rate of approximately 900 cfs (U.S. 

Geological Survey [USGS], 2000). 

 

Bircham Bend Brook is not listed in the Massachusetts Division of Water Pollution Control, 310 CMR 4.00 

Surface Water Quality Standards; however, the Chicopee River and other surface waters within the drainage 

basin are “B” designated for fish and other wildlife and for recreational uses.  The Chicopee River is also 

designated as a recreational warm-water fishery (i.e., waters not of a quality to sustain year-round cold-water or 

seasonal cold-water fisheries). 

 

Bircham Bend Brook is secured by fencing north of Worcester Street to approximately 300 feet west of 

sampling location SRP-6 (Figure 1-2).  From this fencing, Bircham Bend Brook runs south of a trailer park and 

discharges to the Chicopee River.  Bircham Bend Brook is located in the southwestern portion of the Indian 

Orchard Plant, where there has been no historical manufacturing.  SWDA No. 2, an inactive landfill, is located 

approximately 100 feet north and east of Bircham Bend Brook (Figure 1-2) and contains solid and semi-solid 

plastic remnants, brick, wood, glass, and cardboard.  A further description of SWDA No. 2 is provided in 

Section 9.3. 

 

The Chicopee River, adjacent to the Indian Orchard Plant, is classified as Class B non-potable cold water, for 

recreational purposes only.  According to the Chicopee River Watershed Council (March 6, 1996), the Chicopee 

River does not meet Class B requirements several times during the year due to excess urban runoff and 

combined sewer overflow (CSO) discharge during high rainfall events.  Because of these factors, the Chicopee 

River will not be reclassified as a drinking-water source according to the Chicopee Watershed Council.  

Historical and existing manufacturing facilities are located along the banks and tributaries of the Chicopee 

River. 

 

Upstream and downstream of the Indian Orchard Plant are city of Springfield Wet Weather Sewage Discharge 

Outfalls for overflow during storm events.  Three of these outfalls were observed upstream of the dam and the 

former textile and steel mill and the Indian Orchard Plant.  The outfalls along the Chicopee River are discussed 

further in Section 9.11.  
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2.3 Manufacturing History 

 

From 1904 to 1938, the Fiberloid Company (Fiberloid), located entirely on the property currently owned by 

NOVA, manufactured mostly nitrocellulose, cellulose nitrate sheets, and cellulose acetate sheets in buildings in 

the northwestern portion of the site (likely in former Buildings 3 through 8).  The raw products associated with 

the manufacturing of cellulose nitrate and cellulose acetate sheets included dimethyl and diethyl phthalate, 

methanol, and acetone.  Other products manufactured by Fiberloid in the northwestern portion of the site 

included cast phenolics; lacquers; and, possibly, nitrocellulose lacquer (Table 2-1 - Site Manufacturing History 

East Plant).  The manufacturing that occurred during this period at the Indian Orchard Plant is currently owned 

and operated by NOVA as of 1997. 

 

Monsanto purchased Fiberloid in 1938 and continued producing cellulose nitrate sheets in the western portion of 

the site in Buildings 10, 11, and 29, and in former Buildings F30 and F31 until 1956, and cellulose acetate sheets 

in former Building F35 until 1970.  Impact and crystal polystyrene were manufactured in the northwestern 

portion of the site in former Buildings F6, F8, and F9 beginning in 1947, and in existing Buildings 29 and 30 

beginning in 1972.  The production of polystyrene included manufacturing crystal polystyrene beads, 

polybutadiene rubber-modified polystyrene beads, styrene/acrylonitrile copolymer beads, and expandable 

copolymer beads.  The raw products used to manufacture polystyrene products include styrene, acrylonitrile, 

polybutadiene, colorants, and pentane. 

 

From 1948 to 1975, polyvinyl chloride (PVC) was manufactured in Former Buildings F84 and F85 and in 

existing Buildings 86, 88, and 92, and stored at Tank Farm K; melamine, urea resins, and formaldehyde were 

manufactured in Building 81.  Tank Farm K was also used to store alcohol, fuel oil, and formalin.  West of Tank 

Farm K, a former process vessel, known as a “gas holder,” was used to recycle vinyl chloride (VC) to gas until 

1975, when PVC production was terminated at the Indian Orchard Plant.  These buildings are located in the 

eastern portion of the site (Monsanto, 1982) (Table 2-1; Figure 1-2). 

 

From 1904 to 1964, at former Building F2 (located on the NOVA property) in the central portion of the site, 

coal was used to generate electric and steam power for the facility (Figure 1-2).  The coal ash was disposed of to 

the west in what is now known as the Fiberloid Landfill.  Coal piles were observed in aerial photographs dated 

1946 and 1957 in the northeastern portion of the site at the current location of Tank Farm B (Figure 1-2; BBL, 

2000a). 
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Between 1948 and 1983, formaldehyde (polyvinyl formal) was produced in the former Building 91 and 

surrounding area.  The raw materials for the formaldehyde process include vinyl acetate, benzene acetic acid, 

sulfuric acid, and formalin.  A release of formaldehyde to soil occurred in October 1983 (RTN 1-0183).  

Remediation of the release was conducted using in situ chemical oxidation with hydrogen peroxide beginning in 

1984 and was closed under a Waiver Completion Statement apparently filed with the MADEP in 1996, 

according to the MADEP records. 

 

During World War II, from 1942 to 1947, chlorobenzene was used by the U.S. Navy (Navy) at former Building 

90 (currently building 96) for the research and development of radar equipment anti-detection coatings.  The 

maximum timeframe for this research and development activity was from 1942 to 1950.  Based on a review of 

1940 aerial photographs, the area at former Building 90 was undeveloped and forested prior to 1940.  A review 

of aerial photographs also reveals that there were three former aboveground storage tanks (ASTs) west and 

adjacent to Building 96 from 1945 to the early 1950s.  On a plant map one of these tanks was labeled as 

chlorobenzene; and the others were labeled mineral oil and presumed to contain these raw materials. From 1947 

to 1950, research may have been continues until 1950.  In 1950, a plant map records the chlorobenzene tanks 

replaced by allyl alcohol tanks.  Then based on aerial photographs, these tanks were removed for road 

construction beginning in 1958.  The raw material for this research is not included in Tables 2-1 or 2-2, as a 

product was never manufactured following this research. 

 

From 1938 to the present, butvar (polyvinyl butyral) has been manufactured in the following buildings: former 

Building 9 (F9), Building 99, Building 111, and Building 142.  The raw materials for this process included 

benzene, vinyl acetate, ethyl alcohol, sulfuric acid, and butyraldehyde (Table 2-2). 

 

Between the 1940s and 1987, phenolic and melamine resins and raw materials containing phenol were 

manufactured at Building 44.  Other materials reported to have been stored in Tank Farm E include formalin, 2-

butanone, and styrene monomer, based on Sanborn Maps (BBL, 2000a) and the RCRA Facility Assessment 

(RFA) (USEPA, 1991b). 

 

From 1962 to present, various multi-polymer solutions, including Gelva, were produced in the vicinity of 

Buildings 109 through Former Building 117.  The raw materials used in this processing include ethyl acetate, 

vinyl acetate, toluene, and others (Table 2-2). 
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As discussed, a summary of site manufacturing history is presented in Table 2-1 for the east plant and in Table 

2-2 for the west plant.  Additional details on the site manufacturing history, a review of aerial photographs, and 

Sanborn Fire Insurance maps are provided in the Solutia/NOVA Baseline Environmental Assessment (BEA) 

(BBL, 1996c) and also reported in Appendix A-1 of the MCP Phase II CSA Report (BBL, 2000a). 

 

2.4 Disposal History 

 
Historically, solid and liquid waste materials generated as part of the operations were disposed of onsite in 

accordance with accepted practice.  Waste disposal areas were established within the present Indian Orchard 

Plant boundaries for the ultimate disposal of these materials. 

 

Fiberloid Corporation began disposal activities in the eastern portion of the site in possible as early as 1904, 

when manufacturing began however the first observed disposal was in photograph dating 1930s in the Fiberloid 

Landfill.  The Fiberloid Corporation produced mainly nitrocellulose.  Table 2-1 lists the major process 

operations and their approximate durations in the eastern portion of the plant from 1904 to the present.  From as 

early as approximately 1904 to 1940s, the plant disposed of coal ash, slag and construction debris materials at 

various areas within the area now referred to as Fiberloid Landfill. 

 

The western portion of the plant (Shawinigan Resins Corporation) began operations and disposal activities in 

1938.  Shawinigan Resins Corporation produced mainly polyvinyl butyral, formalin, and acetate resins.  The 

western portion of the plant also conducted onsite waste disposal throughout its history until the early 1970s in 

Burning Pits C and D in the west plant and also used LWDA No. 1 located in the East Plant by Shawinigan 

Resins Corporation.  Table 2-2 lists the major process operations in the northwestern portion of the plant from 

1937 to the present. 

 

Materials disposed onsite from the eastern and western portions of the plant consisted of refuse, including coal 

ash, paper, cardboard, wood and off-grade resins and plastic products, construction debris, oils, sludges, inks, 

and solvents.  Based on the traces of PCB observed in two of the landfills, SWDA No. 1 and No. 2,   the 

electrical equipment may have contained polychlorinated biphenyls (PCBs).  However, the bulk of electrical 

equipment known to contain PCBs were disposed at an appropriate facility according to plant records (BBL, 

2005a).  The eastern portion of the plant disposed of waste materials onsite via landfilling at Solid Waste 

Disposal Area 1 (SWDA 1), Solid Waste Disposal Area 2 (SWDA 2), and the Fiberloid Landfill, by land 
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application at Liquid Waste Disposal Area 1 and Liquid Waste Disposal Area 2 (LWDA 1 and LWDA 2), by 

open burning (Burning Cage/Pits A and B), and by subsurface disposal via the Building 99 Leach Field. 

 

The West Plant disposed of waste materials onsite by land application at LWDA No. 1 and by open burning in 

Burning Pits C and D.  The disposal areas are shown on Figure 1-2.  These practices were discontinued by 1971.  

Further discussion on the operation period of each of the areas is discussed in Section 8. 
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3. Summary of Previous Investigation Activities 
 

This section presents a brief summary of the previous investigation activities under two subheadings: physical 

characterization investigations and chemical characterization investigations. 

 

3.1 Physical Characteristics Investigations 

 
Physical characteristics of the disposal areas and surrounding ground surface and subsurface soil were studied 

and reported in previous reports, such as the Phase I Report, Remedial Investigation Plan (Blasland and Bouck 

Engineers PC, 1984a) Phase II Report, Remedial Investigation Plan (Blasland and Bouck Engineers PC, 1984b) 

and CSA (Blasland & Bouck Engineers PC, 1987b).  This section presents a brief overview of these reports. 

 

3.1.1 Soil Borings and Monitoring Wells 

 

Prior to the additional activities conducted for this Addendum Report here in, a total of 135 soil borings and 109 

monitoring wells had been installed at the approximate 170-acre Indian Orchard Plant in Springfield, 

Massachusetts (Figure 3-1 - Site Plan with Sampling History) for environmental site characterizations from the 

early 1980s to 2000.  Another 97 geotechnical soil borings were installed from the 1960s to the early 1980s for 

construction or site development.  The dates and titles of the previous investigations for these soil borings and 

monitoring wells are indicated on Figure 3-1.  An additional 44 soil borings and 36 monitoring wells have been 

installed at the Indian Orchard Plant since 1995 and are discussed in this report.  Soil-boring and monitoring-

well logs for these activities can be found in Appendix E - Soil Boring and Monitoring Well Log Compendium 

and locations of these wells are shown on Figure 3-1 with installation history in the legend. 

 

3.1.2 Landfill Historical Topographic Comparisons  

 

A Phase I Remedial Investigation (Phase I RI) conducted by Blasland and Bouck Engineers PC included a 

historical topographic review of the site.  A topographic survey of the site, at 1-foot intervals, focusing on 

SWDA No. 1 and LWDA No. 1, was conducted by G.E. Ainsworth and Associates in spring 1984.  This 

elevation survey was compared to a 1935 topographic map (pre-kettle hole landfilling) of the site (mapped at 

10-foot contour intervals) based on the same benchmark used in 1984.  The 1935 topographic map and 1950s 
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aerial photographs clearly shows two kettlehole depressions in the glacial outwash sand as significant 

topographic features on the site.  Kettleholes are formed when a block of ice detaches from a retreating glacier.  

When the ice block melts, debris from the ice (till) lines the depression.  Glaciers retreated from this area 20,000 

years ago, carving the current surficial geology (Hartshorn, 1967) in the Hampden County and deposited silt 

form a former lake (Lake Hitchock) followed by sand from the melt waters of the glacier as deltic deposits.   

 

Based on historical maps and aerial photographs, the bottoms of the kettleholes were once swampy areas.  By 

1984, the kettleholes mapped in 1935 were no longer measurable topographic features.  Two known areas of 

filling, SWDA No. 1 and LWDA No. 1, were present within the boundaries of the previously mapped 

kettleholes (Blasland and Bouck Engineers PC, 1984a).  The historical topographic comparison provided a 

sound indication of both horizontal and vertical limits of disposal areas SWDA No. 1 and LWDA No. 1.  It 

suggested that the bottom elevations of the waste disposal areas were likely very similar to the bottom elevations 

of the kettleholes mapped in 1935.  Based on historical topographic maps and historical aerial photographs, the 

deepest portion of SWDA No. 1 was calculated to be 45 feet below the 1984 ground surface1 with both vertical 

and horizontal boundaries established; the deepest portion of LWDA No. 1 was calculated to be 30 feet below 

the 1984 ground surface with both vertical and horizontal boundaries established.  These limits have been 

proven better than just estimates—soil borings, test pits, and geophysical survey explorations from 1985 to 1994 

have confirmed that the kettleholes surveyed in 1935 and observed in aerial photographs are the present SWDA 

No. 1 and LWDA No. 1 and that the vertical and horizontal limits of the waste disposal areas are defined by the 

base and walls of these two kettleholes. 

 

3.1.3 Historical Aerial Photograph Review  

 
Historical stereoscopic aerial photographs from 1938, 1940, 1952, 1970, and 1980, as well as individual aerial 

photographs acquired from the Indian Orchard Plant, were reviewed during the completion of the Phase I RI 

(Blasland and Bouck Engineers PC, 1984a).  Known disposal areas were examined for content, topographic 

changes, and horizontal limits and included the Fiberloid Landfill; Burning Pit Cages A, B, C, and D; SWDA 

No. 1; SWDA No. 2; LWDA No. 1; and LWDA No. 2.  The aerial photograph review was used to further define 

the horizontal limits of these waste disposal areas. 

 

                                                      
1 The ground-surface elevation in 2001 at SWDA No. 1 has changed since 1984 and is higher now than in 1984.  Ash from 
onsite coal power generation was approved for storage at the former SWDA No. 1 and LWDAs No. 1 and No. 2 in 1987 by 
MADEP (DEQE). Since ash storage began, the elevation has increased to up to 20 feet above the 1984 ground surface 
elevation. 
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One kettlehole, later to become SWDA No. 1, is apparent in early site photographs from 1935, 1939, and 1940 

and appears to be swampy, indicating that the bottom of the kettlehole is either at or near groundwater level or 

lined with glacial drift (a till-like material), as kettleholes are often without surface drainage (Bates and Jackson, 

1980).  Activity is first noted in a photo from 1952, in which filling had been initiated in the kettlehole.  Water is  

visible in this 1952 photo.  By 1958, there is definitive photographic evidence of landfill activities; more fill and 

large debris had been placed in the kettlehole.  By 1970, significant amounts of fill and debris had been disposed 

of in the kettlehole, spreading to the edges of the depression.  Photos from 1976 and 1980 show no active 

disposal (Blasland and Bouck Engineers PC, 1984a). 

 

A second kettlehole, north-northwest of the first kettlehole, was observed to be filling with debris, beginning in 

1958.  In this photo, fill and large debris is sitting in standing water in the LWDA No. 1 area.  Photos from the 

1960s show barrels near the top of the eastern side of the kettlehole.  It is reported that contents of barrels were 

emptied into LWDA No. 1.  By 1972, photos show no more activity in the area (Blasland and Bouck Engineers 

PC, 1984a).  As discussed above, soil borings, test pits, and geophysical surveys have confirmed that the vertical 

and horizontal limits of the landfill are defined by the base and walls of these kettleholes established in the 

topographic survey. 

 

The vertical and horizontal extent of the landfill materials and the ash cover are presented in a three-dimensional 

(3-D) model using the 1935 elevation survey, 1984 elevation survey, and a 2001 elevation survey (Appendix F).  

A plan view of this 3-D depiction is presented on Figure F-4 of Appendix F - Kettleholes, SWDA No. 1 and 2, 

LWDA No. 1, Location from 1935, 1984, and 2001 Ground Surface Elevation Contours. 

 

Aerial photography was used to establish when Burning Pits or Cages were first observed and when terminated. 

Burning Pit A is not observed in aerial photographs from 1939, 1940, or 1946.  However, on the 1946 

photograph, a road appears to have been forged through the woods to the vicinity of Burning Pit A area.  A 

clearing and excavation are observed at the Burning Pit A area in 1946.  The first observed burning activity in 

Burning Pit A is visible on a 1952 aerial photograph (USGS, 1952).  According to the Draft RCRA Facility 

Assessment prepared for the USEPA (Federal Programs [CDM], 1991), Burning Pit A was first used 1952.  A 

burning cage was used in this area from 1952 to 1954, and a burning pit was used from 1954 to 1966 (CDM, 

1991).  According to the History of On-Site Waste Disposal Operations At Monsanto Company – Springfield 

and Bircham Bend Plant 1938 to 1972 (Monsanto, 1982), open burning was used for the disposal of cardboard, 

containers, combustible trash, and some combustible process waste.  The other burning area in the Springfield 
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Plant was Burning Cage B, which was in use for two years between 1966 and 1968. Soil boring and hand augers 

were used to confirm to location of these Burning Areas. 

 

The Bircham Bend Plant had two burning areas, Burning Pit C and Burning Pits D.  Based on an aerial 

photograph review (B&B, 1984), Burning Pit C was observed as a bermed burning area utilized between 1960 

and 1966 and terminating in 1968.  Where as, Burning Pits D was observed as early as 1939 and was active until 

1950 (B&B, 1984).  The types of materials observed in close up photographs include fiber barrels, cardboard, 

trash and residuals of the burning such as metal hoops from fiber barrels and ash. 

 

3.1.4 Geophysical Surveys 

 

As part of the Phase I RI work efforts, a magnetometer survey at SWDA No. 1, SWDA No. 2, LWDA No. 1, 

and Burning Pit C, as well as a seismic refraction survey at SWDA No. 1, SWDA No. 2, LWDA No. 1, and 

Burning Pit A, was conducted.  The magnetometer survey identified metallic anomalies within the horizontal 

boundaries of SWDA No. 1, LWDA No. 1, Burning Pit C, and, to a limited extent, SWDA No. 2 (Blasland and 

Bouck Engineers PC, 1984a). 

 

3.1.5 Test Pits 

 

Five test pit excavations were completed to evaluate the magnetic anomalies and characterize waste in the 

landfills, SWDA No. 1 and 2 and LWDA No 1.  Two test pits were excavated in SWDA No. 1 and SWDA No. 

2, and one test pit was excavated in LWDA No. l.  Each test pit contained soil and scrap plastic.  Twenty to 

thirty crushed drums containing mostly dry trash and plastic scraps were founds at each location.  Four of the 

drums found contained less than a gallon of liquid.  In no case was an intact full drum found.  A description of 

analytical results for liquid contents is presented in the section below.   

 

3.2 Previous Analytical Sampling and Analysis 

 

Between 1984 and 1996, a substantial amount of environmental sampling was conducted these analytical data 

are prepared in Appendix D-2 - Analytical Data and Data Validation Reports.  A summary of the constituents 

historically sampled, detected and number of times above relevant MADEP RCs in 310 CMR 40.1600 criteria, 
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including investigative data collected as of 1995 are presented in Appendix D-4.  The analytical investigations 

conducted from 1984 to 1996 prior to the supplemental investigations presented in this report are summarized 

below. 

 

3.2.1 Chemical Characteristics 

 

This section presents a summary of the previous groundwater and soil analytical sampling and analysis 

conducted for the Indian Orchard Plant in order to determine a site specific compound list. This analytical data 

is presented in Appendix D-1 and D-2, and a usability evaluation for this data is presented in Appendix B.   

 

The summary of the analytical data are presented below in the following order: 

 

• Groundwater analytical data; 

• Surface soil analytical data;  

• Subsurface soil analytical data; and 

• Soil/waste analytical data. 

 

3.2.1.1 Groundwater Analyses 
 

From 1983 to 1995, a total of 447 groundwater samples were collected from monitoring wells or temporary 

wells at the Indian Orchard Plant.  Of these, 458 samples were analyzed for volatile organic compounds 

(VOCs).  Semivolatile organic compounds (SVOCs) have been analyzed in 85 groundwater samples.  PCBs, 

pesticides, and/or herbicides were analyzed in 59 groundwater samples.  Appendix IX parameters for VOCs, 

SVOCs, PCB, pesticides, herbicides, inorganics and dioxins were analyzed in five groundwater samples.  

Inorganics and cyanide were analyzed in 92 groundwater samples.  Miscellaneous parameters analytical were 

also collected for up to 84 groundwater samples (consisting of acrylonitrile and allyl alcohol, volatile petroleum 

hydrocarbons (VPH), extractable petroleum hydrocarbons (EPH), and total organic carbon). 
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3.2.1.2 Soil Analyses 
 

From 1985 to 1995, a total of 57 soil samples were collected at the Indian Orchard Plant.  Of the total, 24 were 

surface soil and 33 were subsurface soil.  Soils have been analyzed for the following parameters: VOCs, 

SVOCs, PCBs, pesticides, herbicides, and inorganics. 

 

3.2.1.2.1 Surface Soil Analyses 
 

Of the 24 surface soil samples, VOCs were analyzed in 21 surface soil samples.  SVOCs were analyzed in 20 

surface soil samples.  PCBs were analyzed in 12 surface soil samples.  Inorganics, including cyanide, were 

analyzed in 21 surface soil samples.   

 

3.2.1.2.2 Subsurface Soil Analyses 
 

Of the 57 soil samples collected since 1985 at the Indian Orchard Plant, 33 were subsurface soil samples.  VOCs 

were analyzed in 33 subsurface soil samples.  SVOCs were analyzed in 25 subsurface soil samples.  PCBs were 

analyzed in six subsurface soil samples.  Inorganics, including cyanide, were analyzed in 20 subsurface soil 

samples.  Miscellaneous parameter analytical results are also available for 10 subsurface soil samples. 

 

3.2.1.3 Soil/Waste Analyses 
 

Since 1994, ten discrete soil/waste samples have been collected at the Indian Orchard Plant from the Disposal 

Areas.  All ten were collected at depth and were subsurface soil samples within disposal areas.  VOCs and 

SVOCs were analyzed in ten soil/waste samples.  PCBs were analyzed in seven soil/waste samples.  Inorganics 

were analyzed in the ten soil/waste samples. 

  

On July 22, 1986, four samples were collected by USEPA from liquid material found in four of the 

approximately 100 crushed drums found in the five test pits.  Xylene, ethylbenzene, toluene were detected.  
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3.2.2 Summary 

3.2.2.1 Site Specific Compounds 

 

Based on the historical property use, list of raw materials used at the facility, manufactured products, 

manufacturing processes and/or lack of detections of specific  media analyzed the following classes of 

parameters have been ruled out from the site specific compound list. 

 

• pesticides; and 

• herbicides. 

 

The following emerging constituents have also been ruled out given records of plant operation history, raw 

products used in manufacturing and/or waste management practices.  

 

• 1-4 dioxane; 

• n-nitrosodimethylamine (NDMA), (aka, dimethylnitrosamine,  N,N-dimethylnitrosamine); 

• cyclonite (aka, cyclotrimethylene trinitramine, royal demolition explosive); 

• perchlorate; 

• polychlorinated dibenzofurans (PCDFs) and polychlorinated dibenzodioxins (PCDDs); and 

• chloroform. 

 

Justification for elimination is presented in Appendix D-3 - Emerging Compounds and Site Specific Compound 

review.  This appendix presents precursor information on these emerging constituents, and/or the constituent 

formation requirement and/or formation pre-requisite conditions. 

 

Although select SVOCs, inorganics and PCBs were detected sporadically, intermittently and in localized areas, 

they are considered within the site specific compound list.  Select VOCs are the most predominant class of 

chemical detected at the site.  Presented below is description of the VOCs detected in groundwater and extent. 
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3.2.2.2 Groundwater Quality Monitoring Results 

 

Isoconcentration contours have been prepared for the mappable constituents (VOCs, primarily chlorobenzene) 

detected in groundwater.  Five VOC isoconcentration contour maps were prepared to demonstrate the overall 

groundwater quality, the “horizontal quantification,” and the exposure point concentrations along the Chicopee 

River in the Applicability of Technical Impracticability, Indian Orchard Plant (TI), dated August 18, 1998 

(Solutia, 1998b).  The maps presented groundwater data collected in August 1987, March 1989, November 

1990, October 1991, and August 1994 (Figures 1, 2, 3, 4, and 5 in the TI).  Based on the August 1994 

isoconcentration contour, two separate VOC groundwater plumes are present at the Indian Orchard Plant (Figure 

5 of the TI).  The western and largest plume begins along the north-northwestern edge of SWDA No. 1 and is 

composed primarily of chlorobenzene.  The second largest plume was in the vicinity of Former WW II NR 

Area/Building 44/Tanks Farm E and Fiberloid Landfill and consists primarily of ethylbenzene and 

chlorobenzene.  These plumes are located within the Indian Orchard Plant boundary and appear to discharge to 

the Chicopee River.  A third plume has been identified in the mid-eastern portion of the site at the Former Vinyl 

Chloride Gas Holder Area (FGHA) and consists of VC.  This plume is more than 600 feet from the river and has 

not migrated beyond this maximum extent since monitoring began in 1999.  The extent of VC in groundwater at 

the FGHA has been observed to shrink significantly between 1999 and 2006 post remediation (BBL, 2006).  

The FGHA has been addressed in separate reports under RTN 1-11901 and is not included in this report; 

however, data from the FGHA is used for the risk assessment in this report.  

 

3.2.2.3 Dissolved-Phase Constituent Distribution 
 

The distribution of the total dissolved-phase VOC constituents in groundwater is presented for August 1987, 

March 1989, November 1990, October 1991, and August 1994 on Figures 1, 2, 3, 4, and 5, respectively, of the 

TI (Solutia, 1998b)  The August 1987 map was revised and was presented as the Groundwater and Soil 

Analytical Data Compendium (BBL, 2001a).  These maps show the distribution of VOCs within the unconfined 

deltaic outwash sand.  This sand unit is above the till confining unit.  The distribution of the total dissolved-

phase VOCs in the shallow portion of the saturated zone above the till confining unit is presented on Figure 6 of 

the TI.  The deep portion of the saturated zone, also above the till confining unit, is presented on Figure 7 of the 

TI.  Deep and Shallow delineation is also shown on figures in Appendix J, Figure J-2 and J-3.  

 

The primary VOC constituent detected in the groundwater is chlorobenzene.  Figure 5 of the TI presents the 

chlorobenzene concentrations and the total VOC concentrations.  A three-dimensional (3-D) depiction of this 
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groundwater plume is presented in a figure in Appendix F, Figure F-5.  An interactive 3-D model is provided in 

the compact disk (CD) included with Appendix F.  The interactive model allows the viewer to move the model 

in any direction by following the simple instructions also provided in Appendix F.  In most cases, chlorobenzene 

is the only VOC detected at concentrations slightly above the most stringent USEPA and MADEP standards.  In 

addition the modeled surface-water concentrations were below Ambient Water Quality Criteria (AWQC) of 

April 1999.  When VOC concentrations in groundwater are used to calculate the predicted surface-water 

concentrations using MADEP’s surface-water dilution model and 10-year, 7-day low-flow, these modeled 

concentrations are below AWQC (Table 6-15 of the RFI Risk Assessment/MCP Phase II CSA Report) (BBL, 

1996b). 

 

The source of the chlorobenzene in groundwater associated with the western and largest plume is attributed to 

the nonaqueous phase liquid (NAPL) detected within SWDA No. 1.  Based on groundwater samples from new 

monitoring wells (MW-90S, MW-89D, MW-102D, and MW-103S) installed along the downgradient edge of 

SWDA No. 1 and LWDA No. 1, the source of chlorobenzene to groundwater is SWDA No. 1.  The source of 

the ethylbenzene and chlorobenzene detected in the northern portion of the Indian Orchard Plant in the vicinity 

of the Former WWII NR, Fiberloid Landfill and the Former Building 44 Tank Farm E Areas are discussed 

herein in Section 6 - Additional Investigations Since 1996 and Section 9 - Nature and Extent.  The other VOC 

and SVOC detections were sporadic, infrequent, temporal, below screening values, and not contourable.  Figure 

11 of the Supplemental RFI/MCP Phase II CSA Report lists the constituent concentrations detected in the 

groundwater in August 1994 (BBL, 1996a). 

 

As of November 1995, there has not been any direct observation (e.g., sheens in soil samples or groundwater 

samples) of NAPL from the 113 continuously sampled soil borings or 89 monitoring wells, except at one soil 

boring (SB-37) installed through a perched water zone located within SWDA No. 1. BBL believes that the 

subsurface investigations and the extensive database of groundwater quality data from the Indian Orchard Plant 

provide an adequate basis to establish the lack of DNAPL in groundwater at the Indian Orchard Plant, as 

discussed in the Application of Technical Impracticability, Indian Orchard Plant (Solutia, 1998b).  

 

An elevated concentration of chlorobenzene was detected in an isolated separate-phase liquid sample observed 

in a perched saturated zone within SWDA No. 1 (SB-37) in 1994, and ethylbenzene and xylene were detected in 

a crushed drum from test pit number 1 (TP-3) in SWDA No. 1.  These observations indicate that NAPL is 

present within SWDA No. 1 and is likely the source of chlorobenzene in groundwater downgradient of this 

landfill.  The  NAPL is interpreted as limited to the immediate vicinity of SWDA No. 1 because the soil and 
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groundwater quality data obtained around the periphery of SWDA No. 1 exhibits either non-detections or 

relatively low concentrations of chlorobenzene, ethylbenzene, and xylene (at less than 1 percent of the effective 

solubility of these constituents).  Further study within SWDA No. 1, via drilling could mobilize any remaining 

DNAPL and exacerbate conditions. 

 

3.2.2.4 Groundwater Monitoring Program 

 

Solutia has reported ten site-wide groundwater-monitoring events for the Indian Orchard Plant from 1985 to 

1994 in the Supplemental RFI/MCP Phase II Report (BBL, 1996a) (Attachment 3).  For six of the ten events, 

groundwater was analyzed for VOCs from all existing monitoring wells (MW-1 through MW-69) from 1985 

until 1992, and from MW-1 through MW-80 during 1994.  During five of the ten events, the parameters (VOCs 

plus styrene, SVOCs, PCBs, pesticides, and metals) were analyzed, and, during two of these events, acrylonitrile 

and allyl alcohol were also analyzed. The results of these monitoring events (from 1985 through 1992) were 

reported in the Supplemental RFI/MCP Phase II CSA Work Plan (BBL, 1994a) (Attachment 1) and the 1994 

monitoring results were presented in the Supplemental RFI/MCP Phase II Report (BBL, 1996a).  These results 

are also presented in the Analytical Data Compendium in Appendix D. 
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4. Site Physical Setting 
 

This section presents a summary of the findings from the physical and chemical characterization investigations 

for the development of a site conceptual model. 

 

4.1 Topography 

 

In general, the site topography can be divided into two areas:  the uplands area and the lowlands area.  The 

uplands area is defined as the southeast corner of the site above the 170-foot topographic elevation contour line.  

The lowlands area is defined as the area below the 170-foot topographic elevation contour line.  The 

manufacturing portions of the plant site are located within the lowlands area.  The disposal areas (SWDA No. 1 

and LWDA No. 1) are located in the upland area (Figure 4-1).  The major geologic differences between the 

upland and lowland areas are the erosion of glacial deposits in the lowland areas by the Chicopee River and the 

subsequent deposition of river sands and gravels.  The generalized topography of the site is characterized by a 

gentle north-northwest-trending slope with gradient of 0.012 feet per foot (ft/ft) toward the Chicopee River in 

the lowland area, as shown on Figure 4-2.  At the northern edge of the Indian Orchard Plant property, the 

ground-surface elevation drops approximately 25 feet to the Chicopee River.  The extent of the 100-year flood 

plain is shown on Figure 4-1 along the Chicopee River. 

 

The mean elevation across the lowland portion of the property is approximately 145 feet above the Solutia Plant 

Datum (ASPD), which is approximately 0.45 feet higher than the USGS National Geodetic Vertical Datum 

(NGVD) of 1929.  At the southeastern corner of the property, the surface elevation rises to 230 feet ASPD.   

 

4.2 Meteorology 

 

According to the Soil Survey of Hampden County, Massachusetts (United States Department of Agriculture 

[USDA] Soil Conservation Service, 1978), the average annual precipitation is 44 inches, and the average wind 

speed is highest during the wettest season in April at 11 miles per hour.  The wind direction is predominately 

from the south, as shown on Figure 4-2 -Wind Rose Diagrams. 
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4.3 Hydrology 

4.3.1 Regional Hydrology 

 

The largest hydrologic feature in the region is the Connecticut River Watershed.  The watershed encompasses 

11,000 square miles over its 410-mile path south through New England to Long Island Sound (Connecticut 

River Watershed Council, 2004).  In the Commonwealth of Massachusetts, the watershed stretches from the 

northern Massachusetts border to the southern Massachusetts border in the west-central portion of the state.  The 

Chicopee River is located in the southern, downstream portion of the watershed near the location where the 

Connecticut River crosses the state border into the state of Connecticut.  The Indian Orchard Plant is 6 miles 

upstream of the Connecticut River.  The Chicopee River (adjacent to the site) is a two lower-order stream that is 

a tributary to the Connecticut River, as discussed in the section below. Bircham Bend Brook is an intermittent 

tributary to the Chicopee River, also discussed in the following section.  

 

4.3.2 Local Hydrology 

 

Two surface-water bodies, the Chicopee River and Bircham Bend Brook, are present in the site vicinity as 

discussed below. 

 

4.3.2.1 Chicopee River 
 

The Chicopee River borders the site to the north.  The Chicopee River, which flows westward, is a tributary to 

the Connecticut River.  The Chicopee River discharges to the Connecticut River approximately 6 miles 

downstream of the site.  Adjacent to the site, the width of the river is approximately 200 feet, and the surface-

water elevation was measured at approximately 115.8 feet ASPD in August 1994 (Table 4-1 – Historical 

Groundwater Elevations).  According to the USGS data for Water Years 1929 to 1997 at Station No. 0117700, 

the 7-day low flow is 202 cubic feet per second (cfs) (USGS, 2004).  The mean flow rate at Station No. 0117700 

is 912 cfs (USGS, 2004).  Station 011770 is located approximately 1,000 feet upstream of the site. 

 

The riverbed consists of fine to coarse gravel and cobbles.  The elevation of the river bed is approximately 113 

to 114 feet ASPD adjacent the site but has been as deep as 111 feet ASPD along the northern bank.  The 
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gradient of the river is approximately 8 feet per mile, estimated using surface-water elevation measurements 

(Table 4-2 - Historical Chicopee River Surface-Water Elevation Measurements). 

 

Fluctuations in surface-water elevations, flow rates, and river depths are largely controlled by water releases 

from a series of dams.  The closest dam is located 4,000 feet upstream of the site. 

  

The following flood insurance rate maps (United States Department of Housing and Urban Development 

[USDHUD], 1978; USDHUD, 1980) were reviewed for the 100-year flood plain along the Chicopee River: 

 

• February 1, 1980, No. 2501500005A, City of Springfield, Hampden County, Massachusetts;  

• September 29, 1978, No. 2501370005A, City of Chicopee, Hampden County, Massachusetts; and 

• June 17, 1991, No. 2501500003B, City of Springfield, Hampden County, Massachusetts. 

 

Based on this review, the site is above the 100-year flood plain along the Chicopee River, except for 100 feet 

along the northwest corner of the site (Figure 4-1). 

 

4.3.2.2 Bircham Bend Brook 
 

Bircham Bend Brook, which flows northwest and is adjacent to the site along the site’s southwest property 

boundary, is a tributary to the Chicopee River.  From bank to bank, the width of the brook is approximately 10 

feet.  Based on stream reference point measurements, surface-water elevations range from approximately 134 

feet ASPD at stream reference point (SRP) SRP-14 (located upstream) to 115 feet ASPD at SRP-6 (located 

downstream).  The maximum observed surface-water fluctuation is 0.26 feet, and the minimum fluctuation is 

0.16 feet.  Water flow rates in the brook are estimated at 5 to 15 cfs.  The bed of the brook consists of sands and 

silts and is approximately 1 to 0.1 feet below the water surface.  Bircham Bend Brook discharges to the 

Chicopee River approximately 1,500 feet downstream of the site property (Figure 4-3 - Bircham Bend Brook 

with Groundwater and Surface-Water Hydraulic Relationships). 

 

4.3.2.3 Surface-Water Use 

 
The water bodies adjacent to the Indian Orchard Plant include Bircham Bend Brook and the Chicopee River. 

Neither of these water bodies is used as a drinking-water supply.  Bircham Bend Brook is a relatively small 
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tributary to the Chicopee River, with a flow rate of 1 to 3 cfs and a width ranging between 5 and 20 feet.  The 

Chicopee River is approximately 200 feet wide, with a mean flow rate of approximately 900 cfs (USGS, 2000). 

 

Both Bircham Bend Brook and the Chicopee River are designated (non-drinking water) Class B for wildlife and 

recreational use.  According to the Chicopee River Watershed Council, the Chicopee River does not meet Class 

B requirements several times during the year due to excess urban runoff and CSO discharge during high rainfall 

events.  Because of these factors, the Chicopee River will not likely be reclassified as a drinking-water source 

according to the Chicopee Watershed Council, as discussed in Section 2.2.4. 

 

4.4 Geology  

4.4.1 Regional Geology 

 

The site is situated within the Connecticut Lowland Section of the New England Maritime Physiographic 

Province.  The Connecticut Lowland consists of a broad, triangularly shaped, generally flat-floored graben 

(tectonically down-dropped block) filled with Upper and Lower Triassic (approximately 200 million years 

before present) sandstones and conglomerates.  The valley is bordered on the west by the Berkshire Hills and on 

the east by the New England Central Uplands (Hartshorn, 1969). 

 

Overburden soils at the site consist mostly of Pleistocene glacial unconsolidated deposits (deposited 14,000 to 

10,000 years before present).  The overburden deposits range between tens and hundreds of feet in thickness and 

consist of glacial till, glacial lacustrine (lake) deposits, glacial deltaic and outwash deposits, fluvial (stream and 

river) deposits, and eolian (wind) deposits (Hartshorn, 1969) capped with native topsoil.  Fill may cover the 

overburden soils in urbanized areas within the region. 

 

4.4.2 Site Geology 

 

The site geology is composed of the following consolidated and unconsolidated geologic units in ascending 

order:  bedrock, glacial till deposits, glacial lacustrine deposits, glacial deltaic outwash deposits, Pleistocene 

fluvial deposits, and fill.  A discussion of each is presented below. 
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4.4.2.1 Bedrock 

 

The deepest geologic unit was encountered south of, and adjacent to, the site in the southeastern portion of the 

Indian Orchard Plant at monitoring well MW-23R (184 feet below ground surface [bgs]).  Soil boring and 

monitoring well construction details are presented in boring logs (Appendix E) and summarized in Table 4-3 – 

Well Construction Details.  The upper 10 feet of bedrock were characterized as red fine-grained arkosic 

sandstone and siltstone (Portland Formations of the Hartford Basin) that grades to a hard, well-cemented, 

coarse-grained conglomerate.  A 25-foot layer of coarse sand and gravel was observed above the bedrock and 

may represent either weathered bedrock or glaciofluvial sand and gravel.  Bedrock was not encountered at any 

borings in the investigation area.  These observations are consistent with the depicted formations on the geologic 

map (Hartshorn, 1969; USGS, 1983). 

 

4.4.2.2 Till 

 

A red, very dense, till glacial deposit lying above the bedrock was found across the entire Indian Orchard Plant 

and confirmed at 103 soil boring locations (Figure 3-1).  Top of till elevation contour map is provided in Figure 

4-4.  The till particle grain-size analyses indicate that the till is composed of 30% to 50% silt and clay, and up to 

50% sand; the remainder is embedded fine to coarse gravel (BBL, 1996a).  At most locations, the upper 3 to 8 

feet of till show evidence of having been reworked by glaciofluvial mechanisms.  Below this thin veneer of 

reworked till, the undisturbed till is very dense based on American Society for Testing and Materials (ASTM) 

(D3550-84[1995]) “N” values greater than 50 blows.  Based on grain-size analysis results, the average effective 

grain size (where 10% by weight are finer, d10) for the glacial till is measured at 0.003 millimeters (mm). 

 

Previous investigations at the southern and western portions of the Indian Orchard Plant found that the top of till 

ranged from 50 feet ASPD (at MW-42D) to more than 180 feet ASPD (at SB-36) (BBL, 1996a).  The thickness 

of till was 95 feet at MW-23R.  Monitoring well MW-23R is located in the southeastern portion of the Indian 

Orchard Plant.  To the southwest and northwest of the site, at least 20 and 56 feet of till were drilled at MW-27 

and MW-57D, respectively, without encountering bedrock before refusal.  In most areas of the plant, at least 10 

feet of till were encountered before the soil boring was terminated.  A total of 103 borings encountered the basal 

till across the southwestern portion of the Indian Orchard Plant.  Based upon these observations, it was 

concluded that the till unit extends and is continuous under the site.  Per the 1999 USEPA Comments (USEPA, 
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1999a) USEPA Specific Comment No.11, Geological/Hydrogeological Results, concurs that “available boring 

log data suggests the till constitutes an effective and continuous confining unit.” 

 

As a result of the supplemental soil boring program for the installation of monitoring wells and the collection of 

subsurface soil samples, additional data were generated with respect to the depth of the confining till unit 

underlying the site.  Additional till elevation data were generated adjacent to the Chicopee River at monitoring 

wells MW-77S, MW-78S, and MW-80S, and at the background location of soil boring SB-36 in the 

southeastern section of the plant. 

 

The top of till was observed approximately 120 feet ASPD along the Chicopee River in the northeastern portion 

of the site.  The depth of the till gradually decreased in elevation to 90 feet ASPD, westward along the river 

bank until the location of soil boring SB-56, where the till abruptly decreased from 55 feet to 35 feet ASPD in 

the vicinity of monitoring well MW-42D (see Figure 4-5 - Geologic Cross Section Location Map and Figure 4-6 

- Geologic Cross Section along Chicopee River A-A’).  

  

The top-of-till was observed at approximately 188 feet ASPD in the southeastern portion of the site at the 

background location of soil boring SB-36.  Foundation borings further to the south of SB-36 drilled in the 1970s 

encountered till at elevations above 200 feet ASPD.  An abrupt increase in top-of-till elevation of 140 feet was 

observed immediately west of the background area of SWDA No. 1, suggesting that a ridge of till exists in this 

section of the site.  A topological depression or trough in the till was observed east of SWDA No. 1, LWDA 

Nos. 1 and 2, and Burning Pits A with a top-of-till elevation of 80-feet at the deepest portion of the trough. The 

overlying glacial outwash sand and lacustrine deposits are within this trough creating a preferential pathway. 

This till trough extends beneath the Building 99 Leach Field, Burning Pit B, and Burning Pit C, while arcing 

northward toward the Chicopee River adjacent to Burning Pits D.  The till on a regional scale is characterized as 

irregular deposits shaped by seasonal advances and retreats of glacial ice (Jahns and Willard, 1942).  

 

To adequately describe the till surface, three-dimensional (3-D) depictions are presented in figures in Appendix 

F.  An interactive 3-D model is provided in a compact disk (CD) with Appendix F, with 2-D depictions of the 3-

D Models attached as Figure F-1 through F-6.  The interactive model allow the viewer to move the 3-D model 

from any perspective (plan view, and 300 degree cross sectional views) by following the instructions provided 

in Appendix F.  The top-of-till elevation is presented in the two geologic 3-D model depiction on Figure F-1 of 

Appendix F.  Cross sections across the site have also been prepared for:  north-south trending (Figure 4-6) and 
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east-west trending (Figure 4-7) along the Chicopee River.  The locations of the cross sections in plan view are 

provided on Figure 4-5. 

 

4.4.2.3 Lacustrine Deposits 

 
Lacustrine deposits overlie the till in the southern portions of the Indian Orchard Plant, with occasional 

remnants observed in the north.  These deposits were formed by former glacial Lake Hitchcock during the 

retreat of the continental glacier that once covered this region (Hartshorn, 1969).  These deposits are composed 

of gray varved clays, silts, and fine sands.  Grain-size analyses of the lacustrine deposit indicate that the typical 

distribution is 55% silt and clay and 45% sand (BBL, 1996a). 

 

The average thickness of the deposit is 6.5 feet and ranges from 0 to 20 feet thick at the site.  The varved clay 

zones of the lacustrine deposit are generally less than 1 foot thick. 

 

Select lacustrine deposits observed at the site are presented in the geologic cross section on Figures 4-5, 4-6 and 

4-7.  The lacustrine deposits are not show on 3-D depictions, as these features intervarved with the deltic sand 

such that 3-D mapping of it would be impractical, however the lacustrine deposits are an important feature that 

appears to have influenced groundwater migration pathways to more permeable zones with in the deltaic 

outwash sands.  

 

4.4.2.4 Glacial Deltaic Outwash Sand Deposits 

 

Above the lacustrine deposits lie post-glacial deltaic outwash sand deposits that extend across the entire site.  

These deltaic deposits are composed mainly of fine to medium sand with traces of coarse sand and gravel.  A 

typical deltaic deposit is composed of fine to medium sand with up to 25% silt and up to 15% fine gravel (BBL, 

1996a).  Within this deltaic outwash deposit, locally distributed lenses of silt, silty sands, coarse sand, sand and 

gravel, and glacial drift (till) are found.  The thickness of the deltaic outwash deposits is related to topographic 

variations in the underlying till surface and ground surface topographic changes due to surficial erosion by 

glacial meltwater that drained down the Chicopee River drainageway (Hartshorn, 1969) or to kettlehole features.  

The thickness of this unit ranges from 5 feet to greater than 90 feet across the site.  The 90-foot thickness is 

observed in the depression in the till, as described in Section 4.4.2.2. 

 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 4-8 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

There is one subsurface feature of the outwash thickness that is relevant to groundwater flow.  In the western 

portion of the site, a topographic depression in the till or a valley is present in the top of till surface.  In this 

depression, the thickness of the deltaic outwash sand deposits is 30 to 70 feet greater than the thickness of these 

deposits observed in the northeastern portion of the plant.  In the western portion of the uplands area, the 

thickness of these deposits is even greater due to the higher elevation of this area. 

 

The average effective grain size (d10) of the fine to medium sand of the glacial deltaic outwash sand was 

measured at 0.15 millimeters (mm).  The average effective grain size (d10) for the medium to course sand at 

MW-41D is 0.3 mm (Blasland and Bouck Engineers PC, 1985; grain-size analyses). 

 

The deltaic outwash deposits were encountered at all of the borings at the site.  The deltaic outwash deposits are 

also presented in the geologic cross sections on Figures 4-6 and 4-7.  

 

4.4.2.5 Sand Fill 

 

Sand fill deposits were observed in the unsaturated portion of the overburden, ranging in thickness from 5 to 20 

feet.  The sand fill was composed of fine to coarse sand with trace occurrences of brick or concrete fragments.  

Fill was encountered at locations along the bank of the Chicopee River.  Fill was also encountered along the 

northern portion of the site near River Road adjacent to the Chicopee River (Figures 4-5 and 4-6).  The sand fill 

thickness in the vicinity of the Chicopee River ranged from approximately 5 to 15 feet based soil boring 

monitoring wells TW-01 through TW-06, MW-42D, MW-43D, MW-44S, MW-56S, MW-77S, MW-96S, MW-

104S, and MW-105S (Figure 4-6).  In 1994, approximately 4 feet of sand fill was encountered over SWDA No. 

1, and SWDA No. 2.  LWDA No.1 has 10 to 28 feet of fill, composed of soil and ash from the onsite coal power 

generation.  Ash is approved for storage at SWDA No. 1 and LWDAs No. 1 and No. 2. 

 

4.4.2.6 Waste/Soil Fill 

 

Manufacturing wastes were observed in landfills SWDAs No. 1 and 2 and at LWDAs No. 1 and 2.  

Manufacturing wastes observed in these landfills through soil borings and test pits included plastic sheeting and 

pellets, resin-like materials, semi-solid materials, metal scraps, crushed drums, brick, wood, ash, and 

construction debris with intermittent fine to medium sand lenses.  A lens of slag and traces of ash wastes was 

observed at the Fiberloid Landfill, and traces of ash were observed in soil at Burning Pits D (Figures 4-6 and 4-7 
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- SWDA No. 1 & 2, LWDA No. 1 & 2 Geologic Cross Sections and Chicopee River Geologic Cross Section).  

The waste/soil fill is up to 48 feet thick at SWDA No. 1, 10 feet thick at LWDA No. 1, 20 feet thick at SWDA 

No. 2, 4 feet thick at LWDA No. 2, and up to 1 foot thick at the Fiberloid Landfill. 

 

4.5 Hydrogeology 

 
Brief descriptions of the regional and site hydrogeology, including descriptions of the hydrogeologic units 

present at the site and discussions of groundwater flow rates and directions, and groundwater and surface-water 

relationships, are provided below. 

 

The following subsection presents a summary of the physical characteristics that are consistent with results of 

previous investigations, as well as updated physical hydrogeologic characteristics based on an evaluation of the 

Supplemental RFI/MCP Phase II CSA data (BBL, 1996a).  Detailed information regarding the site physical 

hydrogeologic characteristics is also presented in the RFI/MCP Phase II CSA 1994 Work Plan (BBL, 1994a). 

 

4.5.1 Regional Hydrogeology 

 

The state of Massachusetts receives an average of 45 inches of precipitation per year.  Of this, a majority is 

returned to the atmosphere by evapotranspiration, which is a combination of direct evaporation, transpiration, 

and sublimation from snow and ice.  The remainder, up to 20 inches per year, becomes either runoff or 

infiltration to the groundwater (Backer and Costa, 1981).  Water is available to recharge groundwater and 

maintain a base flow for surficial streams.  Regionally, groundwater in both unconsolidated deposits and 

bedrock flows toward the Chicopee River.  The Chicopee River serves as a regional discharge boundary.  

Water-table elevations measured at monitoring wells at a site across the Chicopee River are higher than the 

surface-water elevation of the Chicopee River (Wagner and Associates, Inc. and Marshfield Engineering 

Services, 1985).  Based on a review of the USGS Springfield, North Quadrangle (1972), there are no other 

surface-water bodies north of the Chicopee River at a lower elevation that would suggest that groundwater flow 

from the site would discharge further north than the Chicopee River. 
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4.5.2 Site Hydrogeology 

 

A summary of the physical characteristics of the site hydrogeology from previous reports and the supplemental 

investigation is presented below. 

 

4.5.2.1 Hydrogeologic Units 

 

The three hydrogeologic units present in the region are composed of the geologic units described in Section 4.3.  

Bedrock comprises the deepest water-bearing hydrogeologic unit.  The till acts as a confining hydrogeologic 

unit between the bedrock and the overlying hydrogeologic unit, based on the hydraulic conductivity 

measurements of the till (three orders of magnitude less than the deltaic outwash).  The uppermost 

hydrogeologic unit is composed of lacustrine deposits, deltaic outwash deposits, alluvial deposits, and man-

made fill deposits.  The glacial outwash hydrogeologic unit is the primary water-bearing unit beneath the site 

(BBL, 1996a).  The water table is within this unit, and the depth to the water table varies from 10 to 20 feet bgs 

in the lowlands to 50 feet bgs in the highlands.  The water-table elevations have been observed fluctuating an 

average of 2 feet seasonally (BBL, 1996a). 

 

4.5.2.2 Groundwater Flow Direction 

 

Based on historical water-table elevation data (Table 4-1), groundwater flow direction across the site is toward 

the northwest and north.  From the topographic high (near MW-71S and MW-35D) to the topographic low (near 

MW-43D and MW-91D), the groundwater flow direction is initially from the west, but turns north before 

discharging to the Chicopee River (Appendix F Figure F-3 - Depiction of Groundwater Flow, Figure 4-8 - 

Shallow Groundwater Elevation Contour Map - July 2003, and Figure 4-9 - Deep Groundwater Elevation 

Contour Map - July 2003).  The groundwater flow onsite is generally from the topographically high area (the 

uplands) to the topographically low area (the lowlands) and ultimately discharges to the Chicopee River (BBL, 

1996a).  The divergence in groundwater flow to the west from SWDA No. 1 can be attributed to the increased 

depth to till and the resulting increase in the thickness of saturated deltaic outwash sand to the west of the 

highland. 
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Groundwater flow potential from bedrock is upward through till and into the overlying deposits.  The flow of 

groundwater in bedrock is most likely part of the regional flow system in the Connecticut Lowlands, and the 

upward gradients indicate the discharge of regional flow to the Chicopee River (BBL, 1996a; Solutia, 1998a). 

 

Flow in the deltaic and outwash deposits is hydraulically isolated and separate from the deeper regional flow 

observed in the till and bedrock.  The flow data, coupled with the hydraulic conductivity data for till, show that 

the till is an effective boundary to the downward migration of the potential constituents because of its lower 

hydraulic conductivity, and, more importantly, because it is also a hydraulic boundary between groundwater 

flowing upward from bedrock and groundwater flow in the unconsolidated deposits above the till. 

 

Several methods were used to calculate groundwater flow directions at the site.  The primary method was a 

digital computer program based upon the BTETRA program (Pinder and Abriola, 1982) for the CSA (Blasland 

and Bouck Engineers PC, 1987b).  This method was selected over conventional contouring due to the strong 

vertical gradients observed within the primary hydrogeologic unit.  When strong gradients are observed, 

conventional contouring can give erroneous results due to the fact that the hydraulic head surfaces are no longer 

perpendicular to the potentiometric surface.  The head value measured at a well, therefore, is dependent on both 

the aerial and vertical locations of the well screen.  Another advantage of this method is the calculation of a 3-D 

picture of groundwater flow.  The program provides a gradient for X, Y, and Z directions, based upon 

interpolation of heads between four wells.  These gradients are then used with hydraulic conductivity values and 

porosity values in the Darcy formula to compute a flow velocity.  A complete discussion of the method is also 

provided in the Phase II Report Addendum, Remedial Investigation Plan (Blasland and Bouck Engineers PC, 

1985).   

 

The groundwater flow directions calculated using the BTETRA program were from the southeast, originating 

from the upland areas, to the west-northwest, as set forth in the CSA (Blasland and Bouck Engineers, PC, 

1987b).  Along the northern edge of the uplands area, the flow directions are primarily northwest, while along 

the western edge of the uplands area, the flow directions area initially west and then change to the northwest, 

west of Building 99.  These groundwater flow patterns appear to be relatively constant over time, and are 

influenced by the sand filled trough in the till, which controls the major volume of groundwater flow and 

discharge of the site. 

 

The groundwater elevation contours provided on Figure 4-9 were prepared using groundwater elevation data 

from shallow wells at the site.  However, this contour map does not necessarily represent the groundwater flow 
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directions because of the strong vertical gradients.  The groundwater flow directions and velocities calculated 

for the CSA on Figure 6B (Blasland and Bouck Engineers, PC, 1987b) are still appropriate for this site because 

the calculations were based primarily on the BTETRA program, which addresses vertical gradients, and because 

the range of horizontal hydraulic conductivities and the vertical gradients used for the CSA are consistent with 

the hydraulic conductivities and vertical gradient values calculated from the data obtained for the Supplemental 

RFI/MCP Phase II CSA Report (BBL, 1996a). 

 

A second modeling effort was made to assess the groundwater flow direction across the site in 3-D.  Using 

groundwater hydraulic head data collected during the 2003 groundwater sampling event, an analysis similar to 

that conducted using BTETRA software was performed, although more data points were available in 2003 than 

in 1987.  This effort was coupled with the 3-D data visualization model in the Mining Visualization Software 

(MVS).  MVS contains tools to conduct 3-D vector gradient modeling of hydraulic head.  The method and 

results are described below. 

 

The 3-D spatial locations of the sample point where hydraulic head data are available were computed using the 

existing and new monitoring well logs and 2003 groundwater elevation data.  The Z-coordinates for hydraulic 

head data were quantified to plant datum, and the X- and Y-coordinates for the hydraulic head data are those 

surveyed in the site coordinate system. 

 

Once the hydraulic head data were correlated spatially, a 3-D distribution of head was interpolated using the 

MVS Kriging algorithm.  This procedure generated a hydraulic head field distribution inside the model domain 

(Appendix F) where data were honored at sampled locations, and interpolated head in three dimensions into the 

un-sampled regions between measured monitoring wells.  Once the head distribution field was generated, the 

horizontal and vertical components of hydraulic gradient were computed for the entire saturated zone in the 3-D 

model. 

 

The MVS head model uses the same numerical approach as Pinder and Abriola (1982) used in the 1987 

modeling effort to compute the 3-D groundwater gradient and velocity (C Tech, 2004).  The 3-D output of the 

MVS model in Appendix F shows a field of arrows pointing in the direction of 3-D groundwater flow and 

colored by hydraulic head.  The lowest hydraulic heads are colored blue and grade to red, which denotes the 

highest heads.  It is clear from the output that groundwater flow, especially in the upland area, is nearly vertical 

and upward.  Examination of the velocity vectors reveals rapid changes in the flow direction between deep 
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(vertical vectors) and shallow above the till (horizontal vectors).  These results are consistent with the BTETRA 

model with respect to hydraulic head surfaces parallel to the potentiometric surface.   

 

Vertical Hydraulic Gradients 

 
Groundwater flow potential from bedrock is upward through till and into the overlying deposits (BBL, 1996a).  

The groundwater flow in bedrock is most likely part of the regional flow system in the Connecticut Lowlands, 

and the upward hydraulic gradients indicate the presence of classical recharge to discharge condition (Freeze 

and Cherry, 1979) of regional flow to the Chicopee River. 

 

Groundwater flow potential from till is upward into the overburden; however, within the overburden, the 

vertical flow gradients vary between upward and downward.  Despite the variations in the overburden vertical 

gradients, the lateral flow toward the Chicopee River within the overburden is predominant and tends to 

maintain the upward vertical gradient from the till toward the overburden. 

 

This vertical gradients further supports that the till act as a confining unit (USEPA, 1999a). 

 

Variations were observed in the vertical gradients within the deltaic outwash sand overburden above the till unit.  

These vertical gradients, calculated based on August 1994 water elevation data from deep overburden (denoted 

at each well by a "D") and shallow overburden (denoted at each well by an "S") well clusters, were consistent 

with the vertical gradients calculated in 1985 for the CSA, except in the center of the site in the vicinity of 

monitoring well MW-18D.  This change in vertical gradient is probably due to the cessation of pumping in this 

area as part of the Formaldehyde Remediation in the 1980s.  From early 1985 to late 1989, groundwater was 

evacuated from a well located in the vicinity of monitoring wells MW-14S, MW-15S, MW-17D, and MW-18D 

as part of a groundwater treatment system.  Since 1989, no groundwater evacuation has been necessary in this 

area. 

 

Vertical gradients (dh/dl) were calculated by dividing the difference between the hydraulic head in the deep well 

("D") and the hydraulic head of the shallow well ("S") in the same cluster (dh), by the difference between the 

average well screen elevation of the shallow well and the average well screen elevation of the deep well (dl).  

Example vertical gradient calculations are presented in Table 4-4 – Vertical Gradients.  As shown on Table 4-4, 

strong vertical gradients were observed at the following well clusters:  MW-10S/MW-9D, MW-32S/MW-35D, 

MW-37D/MW-38S, MW-40S/MW-41D, MW-45D/MW-46S, and MW-51D/MW-52S. 
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The strong vertical gradients observed at the site are controlled by: 

 

• topographic relief; 

• stratified heterogeneities associated with the geologic deposits; and 

• areas available for recharge via precipitation (Freeze and Cherry, 1979). 

 

The vertical gradients observed are divided into three areas at this site:  two downward areas and one upward 

area.  Downward vertical gradient areas observed in the southeastern and northwestern portion of the site 

indicate that the net saturated groundwater flow is directed away from the water table in these areas.  The 

localized upward vertical gradient area observed between the two downward vertical gradient areas indicates 

that the net saturated groundwater flow is directed toward the water table.  A discussion of these areas is 

provided below. 

 

The downward vertical gradient area in the southeastern portion of the site and the local upward vertical 

gradient area in the central portion of the site are likely due to the topographic relief observed between these 

areas.  The southeastern area is approximately 50 feet above the central portion of the site.  The water table 

configuration historically follows the topography (Figure 4-9, Table 4-1).  Based on a hypothetical flow net 

assuming isotropic conditions and the calculated vertical gradients, a portion of the groundwater flows from the 

topographic high in the southeast and discharges to the topographic low in the central portion of the site. 

 

The downward vertical gradient area measured in the northwestern portion of the site is probably part of the 

regional groundwater flow system observed across the site.  The downward vertical gradient is probably the 

result of the stratified heterogeneities observed within the saturated zone and the complexities in the lacustrine 

and deltaic outwash glacial and post-glacial depositional environment, because there is very little or no 

topographic relief between the northwestern portion of the site and the central portion of the site. 

 

Lenses of gravelly sands and fine sands, with approximate hydraulic conductivities ranging from 1.0 x 10-2 

centimeters per second (cm/sec) to 1.0 x 10-4 cm/sec, are observed within the outwash sand (saturated zone) 

within the depression in the till (Figures 4-6 and 4-7), which may influence the measured vertical gradients in 

this area .  Therefore, most of the gradient is probably horizontal between these two areas.  As discussed further 

in Section 8, the distribution of VOCs dissolved in groundwater appears to coincide with vertical gradients.  

Therefore, the vertical gradient aids in the evaluation of source nature and extent. 
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4.5.2.3 Hydraulic Conductivities 

 
Previous investigations at the Indian Orchard Plant indicated in situ hydraulic conductivities (“slug test”) for the 

glacial deltaic outwash deposits ranging from 1.8 x 10-2 cm/sec to 9.0 x 10-4 cm/sec.  The till was measured at 

5.0 x 10-6 cm/sec, and the lacustrine unit was measured at 1.0 x 10-3 cm/sec (BBL, 1996a). 

 

Results of a specific capacity test performed at RW-3 on property adjacent to the Solutia site on February 12, 

1997 indicated a hydraulic conductivity of the medium to coarse sand unit within the glacial deltaic outwash 

deposit at 2.7 x 10-2 cm/sec (BBL, 2000a), consistent with the higher end of the values determined previously.  

A summary of the hydraulic conductivities obtained for the site are presented in Table 4-5 - Hydraulic 

Conductivities. 

 

4.5.2.4 Groundwater Flow Velocities 

 

Average linear groundwater flow velocities were computed for the site based on groundwater elevation data 

obtained during 1985, 1994, and 2001.  The average linear groundwater velocities calculated for the 

investigation areas ranged from 50 to 2,000 feet per year (ft/yr), with an average of 850 ft/yr across the entire 

site based on the following: 

 

• Average linear groundwater velocity (V) is equal to the hydraulic conductivity (K) times the hydraulic 

gradient (I) divided by effective porosity (n) (Freeze and Cherry, 1979). 

 

• An effective porosity of 0.3 was assumed for the site lithologies (BBL, 1996a). 

 

Groundwater flow velocities were computed across the site for dates corresponding to water-level 

measurements, which were obtained from 1985 to 2004 (Table 4-1 - Historical Groundwater Elevations).  The 

highest groundwater velocities (June 1985) were calculated using an assumed porosity value of 0.2, a horizontal 

hydraulic conductivity range of 5 x 10-3 cm/sec to 1 x 10-2 cm/sec for the X and Y directions, and an assumed 

vertical hydraulic conductivity range of 5 x 10-4 cm/sec to 1 x 10-3 cm/sec for the Z direction.  These values were 

based upon the high ranges of hydraulic conductivity calculated from the in situ hydraulic conductivity tests and 

upon the assumption that, in stratified sands and silts, such as those observed at the site, the vertical hydraulic 

conductivity would be at least one order of magnitude less than horizontal hydraulic conductivity. 
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The computed groundwater flow velocities in the deltaic and outwash deposits ranged from 150 ft/yr to 3,200 

ft/yr.  The highest flow velocities were seen along the Chicopee River, a discharge area where gradients increase 

sharply.  The groundwater velocities within the till depression were generally lower than elsewhere onsite 

because the saturated thickness of the outwash sand is thickest in the till depression.  These velocities were 

generally on the order of 200 ft/yr to 400 ft/yr.  Groundwater velocities outside the above two areas were on the 

order of 600 ft/yr to 1,200 ft/yr.  When the average hydraulic conductivity value of 5 x 10-3 cm/sec is substituted 

for the maximum of 1 x 10-2 cm/sec, the computed groundwater velocities across the site range from 50 to 2,000 

ft/yr.  The lowest flow velocities were seen in August 1985, when flow velocities were approximately half of 

those computed for June 1985.  The observed groundwater flow velocities are variable; however, the 

groundwater flow direction appears to remain fairly constant.  The highest groundwater velocities are observed 

in the spring when recharge and hydraulic gradients are at a maximum.  Groundwater velocities are expected to 

decrease in the summer and fall when recharge is at a minimum. 

 

4.5.2.5 Hydraulic Relationship to Surface Water 

4.5.2.5.1 Chicopee River 

 
The hydraulic head elevation relationships between the water table and the Chicopee River indicate that the river 

is “gaining” both regional and local groundwater flow, as discussed in the CSA presented in Appendix C of the 

RFI/MCP Phase II CSA Work Plan (BBL, 1994a).  The hydraulic relationship between the river and 

groundwater was evaluated by comparing the groundwater elevations in monitoring wells adjacent to the river 

with the river elevation.  The groundwater elevations from both deep and shallow monitoring wells were 

consistently higher than the elevation of the Chicopee River (BBL, 1996a).  Ground-surface elevations and 

surface-water bodies north of the Chicopee River are also higher than the Chicopee River.  Two piezometers 

(PZ-1 and PZ-2) were installed in the Chicopee River to further evaluate the groundwater/surface-water 

relationships in October 2001.  Upward vertical gradient was observed in the piezometers in the Chicopee River, 

as shown in Table 4-6 below.  The location of these two piezometers is shown on Figure 1-2. 

 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 4-17 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

TABLE 4-6 
CHICOPEE RIVER PIEZOMETER MONITORING 

 
Peizometer Monitoring October 4, 2001 at 10:45 am

Piezometer
Location 

Top of 
Casing 

Elevation
(ft) 

Depth to 
water in PZ 

at 10:45 
10/4/01

(ft)

PZ Water 
Elevation

(ft)

Surface 
Water 

Elevation(1,2) 

(ft)   

Projected 
Surface Water 

Elevation Based 
on Chicopee 

River Gradient (3) 

(ft)

Measured 
Vertical 

Gradient (ft)

Approximate 
Vertical 
Gradient 

(ft) 
PZ-1 at V-46 117.79 3.11 114.68 113.72 -- 0.96 --
PZ-2 at V-55 117.13 3.53 113.6 NA 112.12 NA 1.48

Piezometer Monitoring October 4, 2001 at 4:45 pm

Piezometer
Location 

Top of 
Casing 

Elevation 
(ft)

Depth to 
water in PZ 

at 16:45 
10/4/01 (ft)

PZ Water 
Elevation (ft)

Surface 
Water 

Elevation(1,2) 

(ft)   

Projected 
Surface Water 

Elevation Based 
on Chicopee 

River Gradient (3) 

(ft)

Measured 
Vertical 

Gradient (ft)

Approximate 
Vertical 
Gradient 

(ft) 
PZ-1 at V-46 117.79 3.22 114.57 113.72 -- 0.85 --
PZ-2 at V-55 117.13 3.55 113.58 NA 112.12 NA 1.46

Notes:
(1) Surface water elevation is based on survey elevation obtained at PZ-1 from Chicopee River.
(2) Based on USGS data surface water elevations remained relatively unchanged through out the day on 
   October 4, 2001.
(3) Project surface water is based on a Chicopee River gradient measured at approximately 8 feet per mile.
PZ = Piezometer.
NA = Not available.
-- = Actual surface water elevation measured projection not needed.
Temporary peizometers (PZ-1 and PZ-2) installed on October 4, 2001 in the Chicopee River. 
Vertical Gradient represents the potential (hydraulic head) for groundwater flow.  A positive number has an upward
     vertical gradient; a negative number has a downward vertical gradient. 
According to Dacy's Law, a difference in hydraulic head is needed for groundwater to flow.

 

Therefore, the Chicopee River should be considered a regional discharge boundary for groundwater north and 

south of the river (Wagner and Associates, Inc. and Marshfield Engineering Services, 1985).  A groundwater 

flow 3-D representation is presented in Appendix F. 

 

However, during surface-water high flows in spring, the Chicopee River could be a losing stream immediately 

adjacent to the riverbank (5 to 10 feet).  Immediately adjacent to the bank in the vicinity of MW-104S and MW-

105S, water levels in the Chicopee River are elevated relative to groundwater elevations at these monitoring 

wells, as presented in Table 4-7 below, during low flow in the Chicopee River. 
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TABLE 4-7 
GROUNDWATER AND SURFACE-WATER ELEVATIONS 

 

Location ID
Well Depth
(ft., TOIC)

Casing Elevation
(ft.)

July 16, 2004 DTW
(ft., TOIC)

July 16, 2004 
Water Level 

Elevation
(ft.)

MW-56S NA 133.6 NA NA
MW-96S 21.86 133 15.09 117.91

MW-104S 23.62 138.5 19.13 119.37
MW-105S 21.46 132.5 15.55 116.95
MW-107S 21.23 144.61 13.33 131.28

SG-8 NA 123.93 3.95 119.98
 

Notes:

     mean of 438 cfs.
DTW = Depth to water.
TOIC = Top of inner casing.
NA = Data not available.
cfs = Cubic feet per second.
SG = Chicopee River Stream Gage.

On July 16, 2004, the Chicopee River flow was low at 280 cfs which is below the average daily

 
 

4.5.2.5.2 Bircham Bend Brook 

 
Hydraulic Relationships between Bircham Bend Brook and Groundwater 
 
The hydraulic head relationships between groundwater and Bircham Bend Brook in 1985 and 1994 indicate that, 

for the section of the brook from SRP-15 south of Worcester Street in the swampy area and upstream, the brook 

was a source of groundwater recharge, as set forth in the CSA, Appendix C of the RFI/MCP Phase II CSA Work 

Plan (BBL, 1994a) and On-Site Environmental Risk Characterization (BBL, 2001b).  Downstream of SRP-15, 

hydraulic head relationships between groundwater and the brook downstream of Worcester Street suggest that 

the brook receives groundwater.  However, constituents from SWDA No. 2 have not been detected in 

groundwater from monitoring wells in this area of the brook (MW-19D, MW-20S, MW-47D, or MW-48S) and 

have not been detected above method quantitation limits in these wells).  Elevations of the brook were compared 

to groundwater elevations at adjacent wells to evaluate the relationship and hydraulic connection between the 

surface water and the groundwater. 
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4.5.2.6 Saturated Thicknesses 

 
Based on top-of-till and water-table elevations (see Appendix F - 3-D Site Conceptual Model, Figures F-1 and 

F-2, and site geologic cross sections on Figures 4-5 and 4-6), the saturated thickness of the uppermost 

hydrogeologic unit, which consists of the deltaic outwash sand and lacustrine units above the till at the site, 

ranges between 0 and 80 feet throughout the site.  The saturated thickness is zero where till is shallow or above 

the water table near TW-4 and MW-56S along the Chicopee River and at SB-36 in the uplands.  The greatest 

saturated thickness is in the topologic depression in the till surface (Figures 4-4 and 4-6). 

 

The saturated thickness depictions were revised in the central portion of the site along the Chicopee River 

(Figure 4-6) based on additional soil borings and monitoring wells installed along the Chicopee River.  The 

saturated thicknesses along the Chicopee River are less extensive than those previously reported in the CSA 

(Blasland and Bouck Engineers PC, 1987b).  As a result, the calculated volumes of groundwater discharge to the 

Chicopee River are slightly less than those previously reported in the CSA. 

 

4.5.2.7 Groundwater Discharge Volume Calculations to the Chicopee River 

 

The volume of groundwater discharge from the Indian Orchard Plant to the Chicopee River was calculated while 

assuming that groundwater discharges to the river through a fully saturated thickness along a 3,000-foot section 

of the river bank (the distance between the east and west Indian Orchard Plant property lines) and that the river 

fully penetrates the saturated thickness.  An area of 54,300 square feet was used to calculate the volume of 

groundwater discharge to the Chicopee River.  The area is based on the saturated thickness information from 

monitoring wells (MW-42D, MW-43D, MW-56S, MW-77S, MW-80S, MW-96S, MW-104S, MW-105S, and 

MW-117S) along the Chicopee River and riverbed elevations. 

 

Using the cross section area of 54,300 square feet along the river, a hydraulic conductivity range of 5 x 10-3 to 1 

x 10-2 cm/sec, and a gradient range of 0.03 (the average) to 0.06 (the maximum) observed onsite, the estimated 

groundwater discharge rate to the Chicopee River ranges from 0.26 to 1.07 cfs [1.7 x 105 to 6.9 x 105 gallons 

per day (gpd)]. 
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4.5.2.8 Relationship between Groundwater and Underground Utilities/Outfalls 

 

The potential for underground utilities and the associated utility backfill\bedding material to be in contact with 

groundwater was evaluated for potential preferential migration pathways.  This was accomplished by comparing 

the water table depths (Table 4-1) at the water-table monitoring wells to a maximum invert depth of 12 feet bgs 

for the buried water, sewer, electrical utilities, and former drains and outfalls.  Areas where the depth to water 

table is 12 feet or less are presented on Figure 4-10.  Within these areas, which contain buried utilities or 

sections there of that may be at or below the water table, groundwater quality for locations adjacent to those 

utilities was evaluated for potential infiltration into or ex-filtration of the buried utility or utility bedding 

material. 

 

Three areas were identified at the site where the depths to groundwater were found to be less than 12 feet and 

constituents were detected in the groundwater.  These three areas include: 

 

• SWDA No. 2/Building 99 Leach Fields/Burning Pits A and B Areas at MW-7S, MW-72S, and MW-

74S; 

• East Plant – Former Vinyl Chloride Gas Holder Area (Buildings 81, 85, 89, and 92) at MW-58S, MW-

59S, and MW-60S; and 

• Building 96, Portion of Building 100, Portions of the Fiberloid Landfill, and Former World War II 

(WWII) Naval Research (NR) Area.  

 

Plant maps were examined, and it was determined that underground utilities are present at these areas.  Invert 

elevations were not available on all maps; therefore, an assumed groundwater depth of 12 feet bgs or less was 

used to evaluate whether the underground utilities or associated backfill could intercept the groundwater at these 

areas. 

 

A discussion of the utilities in the three areas is provided below. 

 

SWDA No. 2/Building 99 Leach Fields/Burning Pits A and B Areas 

 

In the vicinity of SWDA No. 2/Building 99 Leach Fields/Burning Pits A and B Areas, the depth to groundwater 

ranges from 7 to 10 feet bgs.  Underground storm sewer, water, and electric lines are located in this area.  All 

three lines run parallel to the west side of Building 99.  At the southwestern corner of Building 99, the storm 
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sewer turns southwest and discharges to Bircham Bend Brook.  This storm water sewer also receives storm 

water south of Building 99 and east of Building 99, as shown on Figure 1-2.  The depth of the storm sewer at the 

southwest corner of Building 99 was measured at 8 feet bgs approximately 1 foot into the water table.  Because 

this storm sewer is on the western edge of SWDA No. 2, a sample (C-SR-11) was collected from the storm 

sewer at the culvert located on Bircham Bend Brook.  A single constituent was detected in this sample: a low 

concentration of PCB Aroclor 1260 at 0.00019 J milligrams per liter (mg/L), where “J” indicates the compound 

was detected at a concentration below the method quantitation limits. 

 

The water line surrounds both Building 99 and Building 97 and runs north of Burning Pits A and west of 

Burning Pit B.  However, north of these buildings and areas, the depth to groundwater is greater than 10 feet.  

The water line is subject to a constant pressure inside the pipe, which is greater than the surrounding system, and 

is, therefore, not considered a potential migration pathway.  However, the backfill surrounding this line may 

provide a migration pathway.  The section of water line potentially below or into the water table in the vicinity 

of Building 99 and Building 97 are limited in extent and are within the extent of the chlorobenzene plume 

associated with SWDA No. 1.  Therefore, no migration beyond the current extent is likely. 

 

The electric line and associated backfill are believed to be less than 4 feet bgs and are not a considered a 

potential migration pathway.  The potential for these underground utilities and/or the backfill for these utilities 

to act as preferential pathways is further discussed in Section 8 - Potential Migration Pathways. 

 

East Plant Former Vinyl Chloride Gas Holder Area 

 

An underground processing sewer, a storm sewer, a water line, and an electric line are located in this area.  

These four lines run parallel north of Buildings 81, 85, and 89 along SB-57 through SB-61. 

 

The process sewer and the adjacent storm sewer are approximately 1 foot into the water table from SB-57 to SB-

61 and may provide a migration pathway.  A soil and groundwater investigation was conducted along the sewer 

line in December 1994 to evaluate whether the process sewer impacted the surrounding soils or groundwater.  

None of the parameters analyzed were detected in the soils, although the quantitation limit for formaldehyde 

was elevated.  Formaldehyde was detected in the groundwater at all but one of the five soil borings (SB-57 

through SB-61).  Based on the results, the process sewer had leaked at the manhole locations and/or the backfill 

of the sewer acted as a preferential pathway for the formaldehyde to migrate along the sewer line.  The 
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detections of formaldehyde in the groundwater were all below the MADEP Reportable Concentrations (RCs) 

and Upper Concentration Limits (UCLs). 

 

The water line is subject to a constant pressure inside the pipe line, which is greater than the surrounding soils 

and is not considered a potential migration pathway.  However, the backfill may provide a preferential migration 

pathway where depth to groundwater is greater than 12 feet. 

 

The electric line and associated backfill are believed to be less than 4 feet bgs and are not considered a potential 

migration pathway.   

 

The potential for these underground utilities and/or backfill to act as preferential pathways is further discussed in 

Section 8 - Potential Migration Pathways. 

 

Fiberloid Landfill/Former Building 44 and Tank Farm D and E/Former WWII NR Area 

 

Based on measurements of the site underground utility inverts and former outfalls inverts to Chicopee River, the 

majority of these utilities and outfalls are between 2 and 5 feet above the water table (Table 4-8 - Evaluation of 

Potential Seeps to Chicopee River and Bircham Bend Brook). 

 

Utilities in these areas include: 

 

• City of Springfield Ludlow Interceptor Sewer; 

• Bay State Gas; 

• City of Springfield Water 30-inch main, 48-inch sewer line; 

• electrical and electric substations; 

• clean water storm sewer; 

• process water sewer; 

• telephone; 

• former underground  fill pipeline from railroad unloading station to former tanks for WWII NR Area; 

and 

• all but one former outfalls to Chicopee River. 
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The backfill around the water line may provide a potential migration pathway where depth to groundwater is 

less than 12 feet.  The electric lines in this area and associated backfill are less than 4 feet bgs and are not 

considered a potential migration pathway.  The potential for these underground utilities, outfall, and/or backfill 

for these utilities to act as preferential pathways is further discussed in Section 8 - Potential Migration Pathways. 
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5. Additional Investigations Conducted Since 1996  
 

5.1 Introduction  

 

Additional confirmatory investigations were completed from 1996 to 2005 to address USEPA comments 

(Appendix C).  These work efforts are documented in six parts listed below in Appendix G. 

 

• Additional Site Characterization RFI/MCP Addendum Part I, 1995 through 1997; 

• Additional Site Characterization RFI/MCP Addendum Part II, 1998 through 1999; 

• Additional Site Characterization RFI Addendum Part III, October 1999 to December 2000; 

• Additional Site Characterization RFI Addendum Part IV, January 2001 through July 2002; 

• Additional Site Characterization RFI Addendum Part V, October 2002 through May 2004; and 

• Additional Site Characterization RFI Addendum Part VI, June 2004 through November 2005. 

 

For each of these parts, separate and distinct investigations were conducted.  The detailed documentation of 

these investigations, including project objectives, data quality objectives, scope of work, findings, and 

conclusions are presented in Appendix G.  These additional work efforts and findings are summarized in this 

section, per disposal area:    

 

• SWDA No. l; 

• SWDA No. 2; 

• SWDA No. 1 and No. 2; 

• Former WW II NR Area/Fiberloid Landfill; 

• Former Building 44 and Tank Farm E; 

• Chicopee River - Outfall Pipes Adjacent to Chicopee River Shoreline; and 

• Bircham Bend Brook. 
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5.2 SWDA No. 1 Additional Site Characterizations  

 

Additional investigations were conducted at SWDA No. 1 to further evaluate the following: 

 

• source of chlorobenzene to groundwater;  

• natural attenuation of VOCs in groundwater; 

• SWDA No. 1 cover  hydraulic conductivity; 

• post-SWDA No.1 ash storage cover and groundwater flow; and 

• presence of NAPL. 

 

Six soil borings (i.e., SB-90 and SB-99 through SB-103), seven monitoring wells (i.e., MW-89, MW-90, MW-

91, MW-100D, MW-101S, MW-102D, and MW-103S), two groundwater sampling events  from select 

monitoring wells and 55 passive vapor diffusion samplers were installed in conjunction with these 

investigations.  Findings are summarized below. 

 

5.2.1 Source of Chlorobenzene to Groundwater 

 

SWDA No. 1 appears to be the sole source of chlorobenzene to groundwater in the plume downgradient of 

SWDA No. 1 for the following reasons: 

 

• NAPL presence in soil boring SB-37 drilled within SWDA No.1; 

• elevated chlorobenzene in groundwater at shallow monitoring well MW-90S at the northwest perimeter 

of the landfill, but not at depth in monitoring well MW-89D; 

• downgradient of SWDA No. 1, chlorobenzene in groundwater is detected in deeper portion of the water 

table aquifer, except where there is an upward vertical gradient (incomplete migration pathway of 

chlorobenzene from other areas along the SWDA No. 1 plume path); 

• no opportunity for chlorobenzene to be disposed in areas other than SWDA No. 1 and LWDA No. 1 

according to plant operation and ownership history; 

• no detection of chlorobenzene in soils other than from SWDA No.1  and LWDA No. l (except at WWII 

NR Area, which is associated with a separate chlorobenzene plume); and 

• 10 years of historical analytical groundwater data for VOCs.   
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Chlorobenzene was once used in a research and development project for a short period by the United State Navy 

during World War II near Building 96 from 1942 until 1947 and possibly 1950 when the chlorobenzene tanks 

were removed and chlorobenzene use was discontinued (Appendix D-3-2).  Disposal of chlorobenzene could 

have occurred at SWDA No. 1 and LWDA No. 1 based on waste management practices and disposal area 

operation timeframes.  SWDA No. 1 was in operation beginning in 1946; however, records indicate that LWDA 

No. 1 was not operational until 1954.  Burning Pit D was owned and operated by another company during this 

time frame.  Burning Pit A was not in operation until 1952.  None of the other areas were in operation until the 

1960s, except Fiberloid Landfill.  Fiberloid Landfill was received ash, slag, and construction materials but 

terminated operation before the 1940s.  

 

A preferential pathway for leachate migration from SWDA No. 1 is evident along the north-northwest perimeter 

of the landfill between MW-32S and SB-4, in the vicinity of MW-90S and SB-3.  The following is a 

compilation of the information that supports the presence of a preferential migration pathway from SWDA No. 

1 to groundwater. 

 

A coarser sand lens (medium to course sand) was observed in SB-90 at 44 to 45 feet bgs; this was not observed 

in other surrounding borings (except MW-41D).  The average effective grain size (d10) for the medium to 

coarse sand at MW-41D and MW-90S is 0.3 mm (Blasland and Bouck Engineers, P.C., 1985).  In comparison, 

the average effective grain size for glacial till and deltaic outwash fine to medium sand is much lower and 

measured at 0.003 mm and 0.15 mm, respectively. The medium to coarse sand observed in MW-41D and MW-

90S is likely a preferential pathway for the dissolved chlorobenzene in groundwater to migrate from SWDA No. 

1.  In addition, from hydraulic conductivity tests at the site (Table 4-5), typical hydraulic conductivities vary in 

these units.  The till hydraulic conductivity is typically low (1 x10-6 cm/sec), the fine to medium deltaic outwash 

sand is typically between 1 x 10-4 cm/sec and 1 x 10-3 cm/sec, and the medium to coarse deltaic outwash sand 

has been measured at approximately 1 x-10-2 cm/sec. 

 

Elevated PID and FID field screening measurements were observed above the water table in vadose zone soils 

from the new soil borings (i.e., MW-90S and MW-89D) and the previous soil boring (i.e., SB-3).  PID and FID 

were generally not observed or were relatively insignificant in the vadose zone at the 18 other SWDA No. 1 

perimeter soil borings (i.e., SB-1, through SB-13, SB-66, SB-90, MW-38D, MW-100D, MW-102D).  PID and 

FID field screening measurements were observed in the perimeter soils borings upon encountering the water 
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table at SB-4, SB-5, SB-7, SB-8, SB-9, SB-10, SB-11, and SB-13 (Appendix E, Updated Soil Boring and 

Monitoring Well Compendium). 

 

Based on an evaluation of PID field screening around the perimeter of SWDA No. 1 (recorded in the soil boring 

and monitoring well logs located in Appendix E), and water table elevations (Figure 4-8), the VOCs in 

groundwater appear to be migrating from SWDA No. 1 in the vicinity of MW-89D/MW-90S, and SB-3, east of 

the glacial drift (lens of till material) downgradient of SWDA No. 1 at SB-4 and SB-90.  To a lesser degree, 

VOCs appear to be migrating from SWDA No. 1 in the vicinity of MW-31S and MW-101S to the west of the till 

lens at SB-4 and SB-90 (Figure 1-2).  At SB-90 and SB-4, the PID field screening results of the continuously 

sampled soil were low compared to MW-89D, approximately 100 feet east of SB-90 and SB-4.  At monitoring 

well cluster MW-89D/MW-90S, PID readings in the vadose zone and below the water table were elevated, 

suggesting a preferential migration pathway from the landfill located hydraulically upgradient of MW-

98D/MW-90S along the western portion of the north side of SWDA No. 1. 

 

Chlorobenzene was detected in groundwater in both the deep (MW-89D) and shallow well (MW-90S).  The 

shallow monitoring well had the higher concentration (2.6 mg/L) compared to the deeper well (0.3 mg/L), 

suggesting the shallower well is closer to the source than the deep monitoring well.  The shallow well (MW-

90S) is likely closer to the source in the landfill, and the downward vertical gradient at this monitoring well 

cluster explains the lower concentrations in the deeper monitoring well.   

 

The screened interval of shallow monitoring well MW-90S is located at approximately the depth of the landfill 

within the former glacial kettlehole (based on a 1935 survey prior to landfilling in the 1950s), whereas the deep 

monitoring well (MW-89D) is approximately 30 feet below the landfill depth. 

 

Although 2.6 mg/L is the highest concentration detected in groundwater associated with the SWDA No. 1 plume 

since 1994, neither concentration detected at these wells indicates NAPL presence outside the landfill.  Based on 

the solubility of 471 mg/L for chlorobenzene, the concentration at MW-90S is 0.5% of the chlorobenzene 

solubility.  The concentration of 0.3 mg/L in MW-89D is an even lower concentration. 

 

Based on a comparison of historical groundwater monitoring results for VOCs, the concentration of 

chlorobenzene in MW-90S is the highest concentration detected around the perimeter of the landfill.  The soil 

vapor PID and FID field screening measurements observed in the vadose zone are also the highest observed 

around the landfill, suggesting that monitoring well MW-90S is close to the area where landfill is leaching to 
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groundwater.  Because monitoring wells MW-89D/MW-90S are hydraulically downgradient of SWDA No. 1 

and upgradient of LWDA No. 1, the source of chlorobenzene at these two monitoring wells is SWDA No. 1. 

 

Lower concentrations of chlorobenzene in the deeper well are likely due to diffusion and a downward vertical 

gradient observed within the thick deltaic outwash sand above the basal till.  The vertical gradient measurements 

are presented in Table 4-4.  Groundwater analytical results are presented in Appendix D-1, Updated Analytical 

Data Compendium. 

 

As shown in the 3-D groundwater flow direction map (Appendix F, 3-D Site Conceptual Models; Figures F-2 

and F-3), groundwater in the vicinity of MW-90S flows beneath LWDA No. 1, which accounts for the detection 

of chlorobenzene in the deep well next to LWDA No 1.  Based on the concentrations in MW-41D, dissolved 

chlorobenzene in groundwater from SWDA No. 1 migrates beneath LWDA No. 1.  Elevated chlorobenzene 

concentrations were detected in deep well MW-41D (1.2 mg/L), but were not detected in the shallow monitoring 

well (MW-40S) located adjacent to MW-41D and LWDA No. 1.  The same pattern is also observed at the 

downgradient edge of LWDA No. 1 at MW-102D and MW-103S.  Although a low concentration was detected, 

elevated chlorobenzene detections were not observed in soils from within LWDA No. 1, whereas they were 

observed in SWDA No. 1.  Therefore, for the reasons stated previously in this section, it is concluded that the 

source of chlorobenzene in MW-41D and MW-90S is SWDA No. 1, and a preferential pathway for 

chlorobenzene is observed along the western portion of the north perimeter of SWDA No. 1 and to a lesser 

degree along the western edge of SWDA No. 1.  Further discussion of the investigations is presented in 

Appendix G.2.1. 

 

5.2.2 Natural Attenuation of VOCs in Groundwater  

 

The natural attenuation (NA) study was conducted to evaluate whether VOC degradation is occurring in 

groundwater hydraulically downgradient of SWDA No. 1 and whether NA could be considered as a component 

of the groundwater remedy for the plume associated with SWDA No. 1.  The rate of degradation and whether 

the rate is sufficient to support a monitored NA (MNA) remedy for groundwater associated with SWDA No. 1 

will be addressed in the CMS/Phase III Remedial Action Plan (RAP). 

 

Three monitoring events were conducted.  The first monitoring event included the sampling and analysis of 21 

of the 56 existing monitoring wells downgradient of SWDA No. 1 for VOCs and the NA parameters listed in 
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Appendix G, Section 1.3.6.  The second monitoring event was focused on 11 monitoring wells along the axis of 

the plume to confirm the initial NA groundwater sampling event, Appendix G, Section 1.6.4.  The third 

groundwater monitoring event for NA was accessed from the Chicopee River, where 55 passive vapor diffusion 

(PVD) samplers were installed beneath the hyporheic zone to evaluate the fate of the chlorobenzene Appendix 

G, Section 1.5.1. 

 

The concentration contours of analytical data form the NA study were prepared and are presented in Appendix J. 

Results of the PVD sampling are presented in Appendix L. Further discussion of these NA studies is presented 

Section 5 and Appendix G.  

 

In summary, NA is sufficient to mitigate offsite migration of dissolved benzene, ethylbenzene, and xylene in 

groundwater at the site downgradient of SWDA No. 1 due to in situ NA processes, including biodegradation.  

Initial groundwater investigations did not demonstrate that chlorobenzene is naturally attenuating at a rate 

sufficient to mitigate offsite migration; however, further investigation below the hyporheic zone of the Chicopee 

River further supported it was.  These conclusions are firmly supported by the following information: 

 

• a variety of redox processes known to destroy VOCs is occurring in groundwater at the site; 

 

• abundant metabolic byproducts of VOC biodegradation in site groundwater (including carbon dioxide, 

methane, ammonia, and dissolved iron) indicate complete destruction of VOCs; 

 

• sufficient biomass is present in site groundwater, as indicated by PLFA concentrations, facilitating the 

redox reactions that oxidize VOCs; 

 

• BTEX and chlorobenzene concentrations versus time graphs indicate that BTEX has readily decreased 

to below detection, whereas the chlorobenzene concentration decrease is less evident; and 

 

• a population of anaerobic microorganisms is present in site groundwater, as indicated by the PLFA 

analyses, which is capable of producing enzymes known to biodegrade VOCs. 

 

Results of the second monitoring event, occurring in 2002, support that VOC concentrations are either 

consistent with or lower than the initial NA sampling event.  The NA parameters monitored in 2002 are 

consistent with the 1999 sampling event, except in monitoring wells adjacent to the Chicopee River (MW-43D 
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and MW-78S), supporting ongoing NA as discussed Appendix G Sections 1.3.6, and 1.6.4.  The variations in 

MW-43D and MW-78S may be attributed to seasonal variations.  The presence of chloride suggests active 

dechlorination; however, some chloride observed onsite may be attributed to road salt. 

 

During a third NA monitoring event, an additional investigation was conducted to evaluate the fate of 

chlorobenzene between detections in groundwater at depth in MW-43D near the Chicopee River and the 

hyporheic zone of the Chicopee River.2  Results of this additional investigation near and in the Chicopee River 

are presented below.  

 

A total of 55 PVD samplers were installed in the Chicopee River below the hyporheic zone along nine transects 

(Figure 1-2) downgradient of SWDA No. 1.  Of these, four PVDs were positive for chlorobenzene above the 

detection limit.  However, the temperature-adjusted value for the highest chlorobenzene detection in pore vapor 

below the hyporheic zone was a factor of 10 below the MADEP GW-3 standard. Therefore, it is concluded that 

chlorobenzene is attenuating to a degree that is protective of health, safety, and the environment before 

discharging to the Chicopee River.  The source of chlorobenzene to surface water in this area is assumed to be 

associated with the deep plume (MW-43D) from SWDA No. 1, located at a nearby area hydraulically upgradient 

of the PVD sampling location (V-8) where chlorobenzene has been detected.  Further discussion of the PVD 

installation and findings is presented in Section Appendix G, Section 1.5.1.  

 

5.2.3 SWDA No. 1 Cover Hydraulic Conductivities 

 

The ash stored above SWDA No. 1 was tested for grain size and hydraulic conductivity.  Based on pre-ash 

storage ground elevations and post-ash elevations, the cover above SWDA No. 1 is up to approximately 20 feet 

thick, and has a low hydraulic conductivity of 2.96 x 10-4, which is comparable to but lower than the surface 

soils around SWDA No. 1. Based on soil boring observations and grain-size analysis, the ash consists of fine to 

medium sandy silt.  This ash, stored above SWDA No. 1, could allow for dissolved oxygen needed for aerobic 

degradation to replenish the groundwater via precipitation.  This investigation is further discussed in Appendix 

G, Section1.3.4. 

 

                                                      
2 The hyporheic zone is the groundwater/surface-water interface known to exhibit dynamic biologic communities due to 
typical abundance of carbon sources and oxygen (USGS, 2004). 
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5.2.4 Post-SWDA No.1 Cover and Groundwater Flow 

 

Water levels were obtained from existing monitoring wells across the site to evaluate any changes in 

groundwater flow direction since storage of ash at SWDA No. 1. There have been no significant changes in 

groundwater elevation and, therefore, flow direction since installing the ash over SWDA No. 1 and LWDA No. 

1 in early 1994 (Appendix G; Section 1.6.5).  In addition, the monitoring wells are in good condition. 

 

5.2.5 Presence of NAPL Associated with SWDA No. 1 

 

NAPL was detected once in soil boring SB-37 installed within SWDA No. 1.  NAPL was not present in the 

other 90 soil borings or 91 monitoring wells across the site based on field screening and/or visual observation 

and water-level measurements.  NAPL is not likely to exist beyond SWDA No.1 landfill boundary based on the 

following information: 

 

• lack of NAPL or sheen detection in monitoring wells or soil borings outside the boundary of the landfill; 

• estimated analytical solution calculated volume (55 gallons) of chlorobenzene source remaining in the 

landfill SWDA No. 1 , based on an advection-dispersion equation  (Appendix C-4); 

• calculated entry pressure and thickness of potential NAPL (i.e., chlorobenzene) required to penetrate the 

saturated peat or the saturated fine to medium sand at the base of the landfill (USEPA, 1999a); and 

• VOC concentrations in groundwater compared to the solubilities of the VOCs (Solutia, 1998b). 

 

5.3 SWDA No. 2 Additional Site Characterizations  

 

Additional investigations were conducted at SWDA No. 2 to further evaluate the following: 

 

• extent of wastes beneath Gate 2 entrance road; 

• extent of PCBs in surface soil; and  

• source of chlorobenzene to groundwater.  
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Three soil borings (i.e., SB-86, SB-87, and SB-88), and four surface soil samples (i.e., SB-25 through SB-28), 

were installed in conjunction with these investigations Appendix G, Sections 1.2.2.  Findings are summarized 

below. 

 

5.3.1 Waste Extent beneath Gate 2 Entrance Road 

 

Wastes are encountered at approximately 10 feet belowgrade beneath the Gate 2 Entrance Road, as illustrated on 

the geologic cross section (Figure 4-7).  Analytical results for soil samples from SB-88 detected traces of 

xylenes at an estimated 0.005 milligrams per kilogram (mg/kg) and acetone at 0.028 mg/kg; both below the 

RCs.  These results are presented in Appendix D-1, Updated Analytical Data Compendium.  The waste appeared 

to be sand fill with traces of hardened scrap pieces of plastic.  These results are discussed in Appendix G, 

Section 1.2.2. 

 

Given the low concentration of VOCs in soils and lack of detections in monitoring wells, it does not appear that 

the waste materials contained within SWDA No. 2 and beneath the Gate No. 2 Entrance Road are leaching into 

groundwater at the site. However, the area west of the Gate No. 2 Entrance Road is a groundwater discharge 

area (i.e., groundwater discharges to Bircham Bend Brook) based on vertical flow gradients and surface-water 

versus groundwater elevation data (Figure 4-3).  The SWDA No. 2 Area east of the Gate No. 2 Entrance Road is 

a groundwater recharge area (i.e., groundwater is recharged by Bircham Bend Brook (Figure 4-3) (Freeze and 

Cherry, 1979). 

 

5.3.2 PCBs in SWDA No. 2 Surface Soil  

 

Based on analytical results, PCBs detected in the four new surface soil samples were below RCs and, therefore, 

the extent of PCBs in surface soil is limited.  These results are summarized in Appendix G, Section 1.3.5, 

Updated Analytical Data Compendium (Appendix D-1).  Analytical data reports are presented on a compact 

disk located in Appendix D-2. 

 

Topography and drainage patterns influence surface soil erosion occurring in the eastern portion of SWDA No. 

2 and discharging northward to the storm drain located along the northern edge of SWDA No. 2.  This storm 

drain discharges to Bircham Bend Brook. Water from the storm drain was sampled and analyzed previously, and 

contained a low concentration of PCBs (Aroclor-1260) at 0.00019J mg/L in 1994 (Table D-3 of the On-Site 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 5-10 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

Environmental Risk Characterization [BBL, 2001b]).  The soil above SWDA No. 2 has a maintained vegetative 

cover that acts to reduce potential soil erosion.   

 

Although one of the six surface soil samples was above the MADEP RC for PCBs at SS-13, the surrounding 

surface soil samples were below MADEP RCs and are thus considered limited in extent.  However, soil erosion 

from SWDA No. 2 could discharge surface soil into a storm drain that discharges to Bircham Bend Brook.  The 

consolidation and cover remedy planned at SWDA No. 2 would be used to prevent further migration of PCBs to 

surrounding surface soil, storm drains, or surface water in Bircham Bend Brook in the future. 

 

5.4 SWDA No. 1 and No. 2 Additional Site Characterizations  

 

Additional investigations were conducted at SWDA No. 1 and No. 2 to further evaluate the extent of wastes to 

the south of these areas. 

 

Two soil borings (SB-66 and SB-67) were installed south of these landfills to confirm the extent.  Results were 

previously provided in responses to USEPA comments (Solutia, 1998a).  The findings are summarized below. 

 

Two additional soil borings (SB-66 and SB-67) were installed south of the known extents of SWDA No. 1 and 

SWDA No. 2.  Based on the lack of wastes in either of these soil borings and the previous investigation data, the 

extent of wastes in these landfills has been defined to the south.  Previous investigation data included the visual 

observation of continuous vertical soil sampling profiles at 43 soil borings (38 perimeter soil borings and six 

waste characterization soil borings); dates of the Worcester Street installation (1965) and date that SWDA No. 2 

was initiated (1966); and previous horizontal extent results from ground-penetrating survey, magnetometer 

geophysical survey, and pre- and post-waste disposal location and topographic survey comparisons.  The extent 

of wastes within SWDA No. 1 and SWDA No. 2 is limited within the 38 perimeter soil borings, and the extent 

of SWDA No. 1 and SWDA No. 2 is north of, not beneath, Worcester Street (Figure 1-2).  The USEPA had 

concurred with the results of the southerly extent of SWDAs, indicating: “It would appear the topographic 

boundaries of the S/LWDAs do not extend under Worcester Street” (USEPA, 1999a).  This additional 

investigation is discussed in Appendix G, Section 1.2.1. 
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5.5 Former WWII NR Area Additional Site Characterizations  

 

Additional investigations were conducted at Fiberloid Landfill and Former Building 44 Tank Farm E Area that 

led to the discovery of the Former WWII NR Area.  These investigations were conducted to further evaluate the 

following: 

 

• source and extent of chlorobenzone in soil;  

• source and extent of chlorobenzene in groundwater; 

• source, nature, and extent of chlorobenzene in soil vapor; and 

• fate of chlorobenzene to the Chicopee River.  

 

Eleven soil borings (i.e., SB-121 through SB-131), and 14 monitoring wells (i.e., MW-96S, MW-104 through 

MW-116S), four soil vapor probes (i.e., SV-01 through SV-04), and 25 PVDs were installed in conjunction with 

these investigations.  The findings are summarized below. 

 

An additional 25 soil borings and four soil vapor probes were installed to evaluate the source, nature, and extent 

of the chlorobenzene associated with the Former WWII NR Area SB-121 through SB-131. Fourteen of these 

were converted to monitoring wells.  This investigation was completed to address USEPA Specific Comment 10 

dated July 23, 1997, November 3, 1997, and March 26, 1998 (USEPA, 1998a) (see Page 24, Solutia responses 

dated August 12, 1998 [Solutia, 1998a]) regarding the sufficiency of investigation at the Fiberloid Landfill area. 

 

These additional investigations in the Fiberloid Landfill lead to the discovery of the Former WWII NR Area, 

located upgradient of the Fiberloid Landfill area.  Based on an additional review of historical records for 

buildings located upgradient of Fiberloid Landfill, Solutia discovered that a U.S. Navy research and 

development project was undertaken in the building now known as Building 96 (Figures 5-1, 5-5, and 5-6).  

Chlorobenzene was apparently used as a raw material in this research project.  Aboveground storage tanks 

(ASTs) were previously located west of Building 96, and one of these ASTs contained chlorobenzene.  The 

chlorobenzene was conveyed to the AST via underground piping from a railcar loading pit under Monsanto 

Avenue. 
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5.5.1 Source and Extent of Chlorobenzene in Soil  

 

Soil borings were installed to determine the source and extent of chlorobenzene in soil, including one at the 

railcar unloading pit, one between the loading pits near the underground piping, two at the unloading pit, and six 

within the AST area.  None of the soil borings encountered chlorobenzene in soils above RCs.  Chlorobenzene 

was not detected until the water table was encountered at approximately 12 feet belowgrade.  The highest 

concentrations of chlorobenzene in soil were 3.7 mg/kg at SB-124 (in the former AST area near the 

chlorobenzene AST) and 3.9 mg/kg at SB-131 (near the unloading pit). Both of these concentrations were below 

RCs.  Both of these detections in soil were, however, 2 feet into the water table at 12 to 14 feet bgs with no 

indication of chlorobenzene in the unsaturated soils.  Based on the lack of detection of VOCs with the PID or 

FID in the unsaturated zone, the source of the release appears to have been removed, possibly upon terminating 

operations in the 1950s (Appendix D-3-2) or during construction. The operating landfill at this time was SWDA 

No. 1. 

 

5.5.2 Source and Extent of Chlorobenzene in Groundwater  

 

Groundwater was found to contain chlorobenzene above upper concentrations in two monitoring wells (one 

shallow and one deep), both within the water table aquifer.  Groundwater analytical results identify 

chlorobenzene downgradient of the Former WWII NR Area at concentrations above MCP UCLs at the shallow 

monitoring well (MW-116S at 34 mg/L) located near the former underground conveyance piping, and at the 

deep monitoring well further downgradient (MW-112D at 42 mg/L).  Concentrations decrease significantly from 

MW-112D and MW-116S toward the Chicopee River.  Concentrations from the seven monitoring wells (i.e., 

MW-54D, MW-55S, MW-56S, MW-77S, MW-96S, MW-104S, and MW-105S) along the Chicopee River 

hydraulically downgradient of the WWII NR Area range from non-detect to 3.6 mg/L. 

 

The source of chlorobenzene is not contiguous with or connected to the groundwater plume associated with 

SWDA No.1 because groundwater samples from three monitoring wells (i.e., MW-9D, MW-113D, and MW-

115D) hydraulically upgradient of the Former WWII NR Area and sidegradient of the dissolved chlorobenzene 

plume associated with SWDA No. 1 were below detection limits for VOCs (Figure 5-6).  In addition, PID and 

FID measurements for continuously sampled soil from four borings soils advanced to the top of till were 

insignificant or not detected at locations upgradient (i.e., SB-34, MW-9D, MW-113D, and MW-115D) of 

Building 96 and the Former WWII NR Area. 
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A depression in the shallow till running north-south toward the Chicopee River, hydraulically downgradient of 

the Former WWII NR Area, appears to provide a narrow pathway beneath the former Fiberloid Landfill toward 

the Chicopee River.  Reportedly, a former stream channel flowed from the east to the Chicopee River near the 

depression in the top of till surface.  Peat is observed in this depression in the till at MW-76S and MW-107S.  A 

top-of-till contour map is provided on Figure 4-4.  Cross sections on either side of the depression and in the 

depression are provided on Figures 5-2, 5-3, and 5-4. These cross section locations are found on Figure 4-5.  

The chlorobenzene plume extent is shown on Figures 5-1 and 5-2, and in the 3-D site conceptual model located 

in Appendix F-5.  A water-table elevation contour map in the vicinity of the Former WWII NR Area is shown 

on Figure 4-8.  Current and historical concentrations of chlorobenzene and ethylbenzene detected in soil are 

provided on Figure 5-5 and in groundwater on Figure 5-6. 

 

5.5.3 Source and Extent of Chlorobenzene in Soil Vapor  

 

Results of the soil vapor show that, although chlorobenzene was detected, soil vapor concentrations were well 

below the soil vapor intrusion guidance values. 

 

TABLE 5-1 
VOCS IN GROUNDWATER AND SOIL VAPOR – POTENTIAL FOR MIGRATION TO INDOOR AIR 

 

Area 

Potential 
Occupied 
Building 

Nearby 
Monitoring 

Wells 

Approx. 
Depth to 

Groundwater 
(feet) VOC 

Conc.   
in Shallow 

Groundwater 
(mg/L) 

Soil 
Vapor 
Point 

Conc.  
in Soil 
Vapor 

(µg/m3) 

 Vapor 
Intrusion 
Guidance 

Values 
 (µg/m3) 

WWII NR Building 96 MW-116S 6 Chloro- 
benzene 

34 SV-4 3.9 2000 

MW-106S 7 0.061 SV-1 
(east) 

31 2000 

MW-107S 13 4.2 SV-2 
(north) 

ND (3.9) 2000 

WWII NR Building 100 

MW-110S 10 

Chloro- 
benzene 

0.16 SV-3 
(north) 

ND (4.1) 2000 

WWII NR Building 61 MW-110S 10 Chloro- 
benzene 

0.16 SV-3 ND (4.1) 2000 

 
Notes: 
µg/m3 = Micrograms per cubic meter. 
ND () = Not detected above detection limit in parentheses. 
Shaded = Concentration above MCP Method 1 GW-2 groundwater standard of 1 mg/L for groundwater to indoor air. 
Vapor intrusion values are from Table 2 of the USEPA (2001) Supplemental Guidance for Evaluating the Vapor Intrusion to 
Indoor Air Pathway. 
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The details of this soil vapor study is presented in Appendix G, Section 1.5.2.3 and soil vapor sampling 

procedures are presented in Appendix I-7. 

 

5.6 Former Building 44 and Tank Farm D&E  

 

Additional investigations were conducted at Former Building 44 and Tank Farm D&E in conjunction with 

investigation activities at the Fiberloid Landfill and Former WWII NR Area.  These investigations were 

conducted to further evaluate the following: 

 

• source and extent of phenol in soil;  

• source and extent in groundwater; and   

• source and extent of phenol in soil gas.   

 

Phenol with a very high solubility was monitored in groundwater at and around Building 44 and the Tank Farm 

D&E area.  In the Building 44 area, 19 monitoring wells have been sampled and analyzed at least once for 

phenol in addition to the five soil samples from SS-18, SS-19, SS-20, SB-50, and SB-51 previously analyzed for 

phenol. Three soil vapor probes near former Building 44 (SV-01 through SV-03) were also evaluated for phenol.  

Findings are summarized below. 

 

5.6.1 Source and Extent of Phenol in Soil  

 

Phenol was used for processing at Former Building 44 and was therefore evaluated in soil.  Phenol was detected 

once above the detection limits in soil at SB-51, but below Method 1 standards in the former footprint of 

Building 44 at 4 to 6 feet belowgrade.  Phenol was not detected in the surface soil sample at this location. 

 

5.6.2 Source and Extent of Phenol in Groundwater  

 

Phenol was detected in six monitoring wells, all well below Method 1 standards (except once at MW-67S).  

Phenol was detected slightly above the RC of 2 mg/L in groundwater in the vicinity of former Building 44 at 

MW-67S once in 1989, but not since.  2-Chlorophenol was detected in 12 groundwater samples at estimated 

values below the method detection limits of 0.01 mg/L, and below RCs of 40 mg/L. The extent of the phenolic 
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compounds is limited and was delineated to below detection limits.  2-Chlorophenol may be associated with 

chlorobenzene degradation by mineralization (as discussed in Section 8 – Environmental Fate and Transport).  

 

Phenol detected in the sediment sample in 2005 (SE-2005-14) is located upstream of former Building 44 and 

was the highest detected concentration in soil or groundwater at the Building 44 Area.  

 

5.6.3 Source and Extent of Phenol in Soil Vapor 

 

No phenol was detected in the soil vapor probes in the Former Building 44 and Tank Farm D&E area; as such 

an incomplete migration pathway exists to indoor air. 

 

5.7 Chicopee River Additional Site Characterizations  

 

Additional investigations were conducted in the Chicopee River to further evaluate the following: 

 

• potential migration of site-related constituents to surface water;  

• potential migration of site-related constituents to sediment; and  

• former outfall piping and potential for migration pathway. 

 

Seven additional surface-water samples and 26 sediment samples were collected from the Chicopee River to 

supplement the surface-water sampling events completed in 1995 and 1987.  Findings are summarized below. 

 

5.7.1 Potential Migration of Site-Related Constituents to Surface Water 

 

Surface-water results indicate that the PAH fraction of SVOCs and PCBs was not detected, similar to the 1987 

and 1995 results.  This result is significant because the method quantitation limits in 2005 (Appendix G, Table 

G-39) were at least one order of magnitude lower for these constituents than available in 1995, 1989, and 1987 

(BBL, 2005c) (Appendix G, Table G-41). 

 

In addition, concentrations of inorganics in surface water were higher during surface-water sampling events in 

1987 and 1995 (results summarized in Appendix G, Table G-41, reported in BBL, 2005c) than the 
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concentrations measured in the 2005 sampling effort.  In 1987, levels of chromium, cobalt, and copper at several 

locations were high enough to exceed the current project action limits (PALs) established in the work plan and 

quality assurance plan for this activity (BBL, 2005b, BBL, 2005c; BBL, 2005d) at both upgradient and 

downgradient locations.  The current 2005 concentrations of these inorganics in surface water do not exceed the 

PALs (Appendix G, Table G-39). 

 

In surface water, of the three site-related inorganic compounds detected above PALs (i.e., barium, lead, and 

manganese), lead was only detected at an upstream reference location.  Barium and manganese were found at 

similar concentrations between upstream and downstream locations.  The other non-site-related inorganic 

compounds were also detected at similar concentrations between upstream and downstream locations.  

 

5.7.2 Potential Migration of Site-Related Constituents to Sediment  

 

In general, there were no significant differences in concentrations of constituents analyzed in sediment samples 

observed between upgradient and downgradient sampling locations, except for one detection of phenol in 

sediment.  In fact, with respect to PAHs and inorganic compounds, upstream reference samples had higher 

concentrations than samples collected downstream (i.e., adjacent to the site).  

 

In sediment, five of the six phthalate compounds were not detected above method detection limits.  The one 

phthalate detected in sediment [bis (ethylhexyl) phthalate] was below PALs.  In contrast, the PAH fraction of 

SVOCs were detected in most of the samples (28 out of 30), but the highest concentrations were from upstream 

locations.  Three non-site-related SVOCs were detected above the method detection limits.  Carbazole, 

dibenzofuran, and phenol were detected only once and at concentrations below their respective PALs (except 

phenol).  Carbazole and dibenzofuran were detected only upstream below PALs; however, phenol was detected 

once adjacent to the site above PALs.  PCBs were detected sporadically (nine of 30 samples), but at similar 

concentrations as detected in the Quaboag River (part of the Chicopee River watershed).  Inorganic compounds 

were detected above PALs in both upstream and downstream locations, with the highest concentrations found 

upstream of the site in sediment, but these levels were below the MADEP screening level Probable Effects 

Concentrations (PECs) (MacDonald et al, 2000) for sediments.  

 

Therefore, it does not appear that constituents (perhaps with the exception of phenol) are entering the river 

adjacent to the site in sufficient quantities to have a measurable impact on ambient conditions. 
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5.7.3 Former Outfall Piping and Potential for Migration Pathway  
 

In general, an embankment constructed by the City of Springfield along the south bank of the Chicopee River 

and plant pavement prevents soil erosion from the plant to the Chicopee River.  The embankment, installed to 

provide enough safe cover to keep the a sewer line protected, was constructed of layers of gravel bedding, filter 

cloths, and rip rap, and keyed into the original riverbed to protect the embankment from river scour and erosion.   

 

During construction, most of the outfalls were plugged and abandoned.  Those not plugged were permitted 

through NPDES.   

 

According to the BEA (BBL, 1996c), up to 37 outfalls discharged to the Chicopee River from 1947 to 1952 at 

the site currently owned by Solutia; another 36 outfalls discharged to the Chicopee River from the portion of the 

plant property currently owned by Nova Chemical Inc.  By 1968, 56 of the 73 outfalls were terminated and 

plugged during construction of the City of Springfield sewer along the riverbank adjacent to the Indian Orchard 

Plant.  Documentation of outfall decommissioning is presented in Appendix P.  The remaining 17 outfalls were 

permitted through NPDES.  Currently, there are three active permitted outfalls to the Chicopee River at the site 

along the portion of the plant owned by Solutia.  The former and existing outfalls were found above the water 

table when compared to nearby monitoring well elevations, except for one that could have been a migration 

pathway; however, this outfall had been plugged.  

 

The riverbank where this former outfall would likely have existed was inspected on three separate occasions.  

No seeps or staining were observed on the riverbank.   

 

5.8 Bircham Bend Brook Additional Site Characterizations  

 

Additional investigations were conducted in Bircham Bend Brook to complete an Environmental Risk 

Assessment and to further evaluate the following: 

 

• potential migration of site-related constituents to surface water;  

• potential migration of site-related constituents to sediment;  

• storm drain and potential for migration pathway. 
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Seven additional sediment samples were collected from Bircham Bend Brook to supplement the surface-water 

sampling events completed in 1995, 1987, and 1986.  Findings are summarized below. 

 

Results of the sediment sampling analysis are presented in the On-Site Environmental Risk Characterization 

(BBL, 2001b).  The benchmark screening values were compared to the maximum concentration.  In all cases, 

the maximum concentration was associated with one of the four downstream samples.  The exception was 

potassium, where the maximum concentration was detected in upstream sample S-13.  The only compound 

exceeding a benchmark was lead, which was detected at 36 mg/kg at one location (S-9) above the benchmark 

screening level. 

 

Based on the environmental risk characterization completed and reported in the On-Site Environmental Risk 

Characterization (BBL, 2001b), the chemicals detected in Bircham Bend Brook do not pose a significant risk to 

the receptors considered.  Comparison of the maximum detected concentrations to the sediment benchmarks 

show that the only compound exceeding a benchmark was lead (see Tables 4-4 through 4-6 of the On-Site 

Environmental Risk Characterization [BBL, 2001b]), and the hazard quotient associated with this maximum 

concentration only slightly exceeded unity (i.e., 1.2).  Therefore, this constituent was not considered to represent 

a significant ecological risk. Also, there is no indication that this elevated lead was site related.  The source of 

lead in Bircham Bend Brook could be from leaded gasoline from Worcester Street or from surface soils at or 

near SWDA No. 2.  Lead levels in soil from urban environments, particularly in traffic areas, are known to be 

elevated and in some cases exceed 1,000 mg/kg.   

 

Aroclor-1016 and Arochlor-1260 both had benchmark values, specifically the lower effects level (LEL) 

(Persaud et. al., 1993) values, which were lower than the reported limits of detection.  These mixture-specific 

LELs were identified as tentative, so use of the values is highly uncertain.  Additionally, PCB concentrations 

(specifically Aroclor-1242) show decreasing concentrations when the current data (0.02 mg/kg) are compared to 

the data collected in 1987 (1.6 mg/kg). 

 

In summary, results of the screening-level assessment for Bircham Bend Brook habitats lead to the conclusion 

that further investigation is not needed.  The constituent levels did not represent a risk to resident receptors. 

Therefore, with the exception of investigating the potential transport mechanism of soil-associated PCBs, no 

further assessment of ecological risk is required for either onsite areas or Bircham Bend Brook. 
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5.9 Miscellaneous Site Wide Studies 

5.10 Evaluation of Potential Metals in Groundwater 

 

Given that the 1999 analytical results are below method detection limits and/or below RCs for GW-2, the 

previous groundwater inorganic analysis from MW-78S in 1994 is attributed to turbidity and is not considered 

representative of groundwater.  The groundwater sample collected in January 1999 from MW-78S is considered 

representative of groundwater inorganic conditions. 

 

5.10.1 Further Evaluation of Background Metals in Soil (Beryllium) 

 

There does not appear to be an increase of beryllium concentrations in soil in the vicinity of Burning Pits A, B, 

C, and D compared to background concentrations.  The slight increase in beryllium concentrations at SWDA 

No.1 and Fiberloid Landfill may be attributed to former and/or ongoing coal ash burning and or ash storage at 

Fiberloid Landfill and SWDA No. 1.  None of the concentrations detected were above MADEP RCs effective at 

the time of sampling or Region 9 Industrial Preliminary Remediation Goals. 

 

5.10.2 Reconciliation of Remaining Onsite SWMUs/AOCs 

 

Based on analytical results, there is no evidence of a release from the three SWMUs and four AOCs listed below 

that were above MADEP RCs for VOC, SVOCs, or PCBs. 

 

• SWMU 20 Maintenance Shops: Buildings 60, 100, and 103; and Former Buildings 133 and 141. AOC 

14: Building 102 Underground Storage Tank. AOC 10: Formvar Still House 

 

All PID headspace readings were below meter detection; however, there was an odor noticed from 9 to 

18 feet bgs.  Soil samples were collected from sample intervals 10 to 12 feet and 12 to 14 feet, and 

submitted for VOCs and SVOCs.  Groundwater samples were collected from temporary well point TW-

04 and submitted for VOC and SVOC analyses.  Groundwater results are presented in Appendix G, 

Table G-14 for VOCs and Appendix G, Table G-15 for SVOCs.  Additionally, one saturated soil sample 

was collected from 16 to 18 feet and submitted for TOC analysis to supplement ongoing investigations, 

as discussed in Appendix G, Section 1.4.5.  Soil analytical results are presented in Appendix G, Table 

G-16 for VOCs and Appendix G, Table G-17 for SVOCs. 
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• SWMU 56: Accumulation Area No. 10 (Solvent and Monomers Wastes from Research and 

Development). SWMU 27: Building 43 Dispensing Area. 

 

Temporary well TW-05 was drilled and sampled continuously to a depth of 10 feet.  No PID 

measurements above background were detected. Groundwater analytical results from TW-05 are 

presented in Tables G-14, G-15, and G-18 for VOCs, SVOCs, and metals, respectively, and in the 

groundwater and soil analytical compendium (Appendix D).  No VOCs, SVOCs, or TOCs were 

detected above the method detection limits.  However, the inorganics nickel and lead were detected at 

concentrations above the MCP UCLs in this groundwater sample.  The compounds arsenic, beryllium, 

cadmium, chromium, mercury, vanadium, and zinc were also detected above MCP GW-3 standards 

from this sample.  Given that these constituents have not previously been detected at these 

concentrations at this site, and the samples collected were from small-diameter-driven well points 

(which typically result in very turbid water samples), the results were suspect.  A replacement 

monitoring well was installed to assess the validity of the sample collected from TW-05, a turbid 

undeveloped driven well point (see Appendix G; Section 1.6.6).   

 

• AOC 4:  Tank Pit 7. 

 

To provide more data to support NFA for AOC 4 (Tank Pit 7), one soil boring (SB-112) was installed 

adjacent to the southern diked area of Tank Pit 7.  Soil boring SB-112 was sampled continuously to a 

depth of 22 feet bgs (4 feet below the water table).  Although PID readings were 0 ppm throughout this 

soil boring, there was an unrecognizable odor detected from 18 to 20 feet bgs.  One soil sample was 

collected from the 18- to 20-foot interval for VOC and SVOC analyses (Tables G-16 and G-17).  

Additionally, one saturated soil sample was collected from 20 to 22 feet for TOC analysis for ongoing 

NA studies (Appendix G, Table G-10). 

 

• AOC 11: Tank Farm F. 

 

One soil boring (SB-111) was installed at the downgradient side of Tank Farm F. The glacial till at this 

location was confirmed at approximately 26 feet bgs.  PID headspace readings were 0 ppm throughout 

the boring, with the exception of the 6- to 8-foot interval, where a PID reading of 4.7 ppm was detected.  

One soil sample was collected from the 6- to 8-foot interval and submitted for VOC and SVOC analyses 
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(Tables G-16 and G-17).  Although there were no PID readings below 8 feet, there was a slight odor 

detected from 24 to 28 feet bgs.  Because an odor was detected below the water table, a temporary well 

point (TW-06) was installed, and groundwater was later collected and analyzed for VOCs and SVOCs 

(Tables G-14 and G-15).  One additional soil sample was collected at SB-111 from 24 to 26 feet bgs for 

TOC analysis as part of ongoing investigations (Appendix G, Table G-10). 

 

5.10.3 SWMU/AOC Reconciliation – May 2004 

 

One monitoring well was installed at the former location of TW-05 and sampled. Given that inorganic results 

using current low-flow sampling procedures were below MADEP GW-3 exceedance values at this location, it is 

concluded that turbidity was the primary factor contributing to inorganic detections in TW-05 and sporadic 

historical inorganic detections in groundwater.  Therefore, the detection in TW-05 is not representative of 

dissolved inorganics in groundwater but, rather, a result of suspended particulates in the groundwater sample. 

 

 



 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 6-1 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

6. Environmental Fate and Transport 
Characteristics 

 

This section presents the fate and transport characteristics of constituent groups detected in soil or groundwater 

at the site (Figure 2-1 – Site Plan).  The fate and transport characteristics of the chemicals used and/or 

manufactured at the Indian Orchard Plant are also discussed in this section. 

 

6.1 Fate and Transport Characteristics 

 

This section is organized by the chemical groups observed at the site.  The four main chemical groups discussed 

include: 

 

• VOCs;  

• SVOCs; 

• PCBs; and 

• inorganics. 

 

The physical and chemical properties of organic constituents detected at the site are presented in Table 6-1.  The 

physical and chemical properties of the materials used in manufacturing are presented in Table 6-2.  Other 

chemical characterization data, such as inorganics, TOC, pH, temperature, conductivity, turbidity, and DO and 

other dissolved gases (ethene/ethane/methane) are discussed where appropriate under these groups. 

 

6.1.1 Volatile Organic Compounds  

 

VOCs are the primary constituents detected at the site.  The VOCs detected above the relevant RCs in soil or 

groundwater at the site, as discussed in Section 5, include: 

 

• chlorobenzene; 

• ethylbenzene; 

• styrene; 

• VC; 
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• 1,2 dichloroethane (1,2-DCA);  

• tetrachloroethene (TCE), 

• xylene; and  

• toluene. 

 

The VC, 1,2-DCA, and TCE identified in Section 5 are primarily from the Former Vinyl Chloride Gas Holder 

Area (FGHA), which has been addressed in a separate report and has undergone remediation.  The 

chlorobenzene is associated with SWDA No. 1 and Former WWII NR Area. 

 

The environmental fate and transport characteristics of these VOCs are presented below. 

 

VOCs, such as acetone and methylene chloride, are typically miscible or highly soluble in water.  However, the 

VOCs predominantly detected in soil and groundwater at the site are above RCs for certain aromatic 

hydrocarbons (i.e., ethylbenzene, toluene, xylene, and styrene) and chlorinated hydrocarbons (i.e., 

chlorobenzene, VC, 1,2-DCA, and TCE).  These VOCs are characterized by their relatively high volatility and 

moderate water solubility, as presented in Table 6-1.  Geochemical factors influencing the water solubilities 

provided in Table 6-1 include temperature and salinity.  In general, the solubilities of VOCs in water increase as 

temperature increases, and decrease as salinity increases. 

 

The VOCs detected in the site soils are expected to partition to groundwater, as observed in the vicinity of 

chlorobenzene source areas.  The groundwater monitoring data collected at the FGHA are not consistent with 

source concentrations.  VC, 1,2-DCA, and TCE concentrations in groundwater at the FGHA are much lower 

than expected and/or non-detect at the source area, given the concentrations in soil.  The reason this may be 

occurring is that the solubility is lower.  According to a bench-scale study of the source material (VC, 1,2-DCA, 

and TCE), the source material, a “white powder,” was identified as a standard-grade PVC by Environmental 

Research Institute at the University of Connecticut (ERI, 1999).  It is likely that the white powder is a poor-

quality batch of PVC and that the VC, 1,2-DCA, and TCE in the PVC is not soluble in this polymerized state, as 

each would be in a pure and unprocessed state. 

 

The fate of VOCs in soil is generally dominated by volatilization, sorption to soil, and biodegradation.  The 

potential for volatilization is greater in unsaturated surface soils due to the availability of air within the soil pore 

spaces (Howard, 1989).  As the moisture content of soil increases from unsaturated to saturated conditions, the 
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potential for volatilization decreases.  Once VOCs reach saturated soils, the fate of the VOCs is controlled by 

processes such as advection, dispersion, diffusion, sorption, and degradation. 

 

The octanol-water partition coefficient (Kow) is a chemical-specific value that represents the tendency of a 

chemical to sorb to soil or sediment.  The logarithm of the Kow values for VOCs of interest is provided in Table 

6-1.  In general, as Kow values increase, the sorption to soil organic carbon increases and chemical mobility 

decreases.  Kow values for most VOCs suggest moderate to limited adsorption potential, with mobility ranging 

from very high for acetone to moderately high for chlorobenzene, ethylbenzene, styrene, and VC.  The TOC in 

site soil is presented in Appendix G, Table G-10.  TOC ranges between the low of less than detection (550 

mg/kg) to very high (50,000 mg/kg).  The higher TOC value was from one soil sample collected in a peat zone 

near the Chicopee River at MW-107S.  The average TOC concentration is 3,755 mg/kg, excluding the non-

detected value and the lowest and highest TOC measurements. 

 

In surface waters, volatilization is generally the dominant removal process for VOCs.  The actual rate of 

volatilization depends on such factors as temperature, water movement and depth, and wind speed (Lyman, 

1982).  Biodegradation within the surface-water column (Howard, 1989; Howard, 1990) or the hyporheic zone 

(groundwater and surface-water interface) may also be a significant fate process (Brunke and Gonser, 1997; 

Boulton et al., 1998; O’Rourke et al., 2000; USGS, 2001).  In the hyporheic zone, the zone below and adjacent 

to a stream bed where surface water and interstitial groundwater mix and where surface water exceeds 10% of 

the waters, factors enhancing biodegradation are commonly observed.  These factors include increased TOC and 

microbial activity of both aerobic and anaerobic condition regimes.   

 

Biodegradation may limit the extent of VOC migration in saturated soils because most VOCs are biodegradable 

under aerobic and/or anaerobic conditions (Howard, 1989, 1990). The following paragraphs summarize the 

biodegradability of naturally and synthetically derived VOCs above RCs in soil and groundwater at the site. 

 

Chlorobenzene was detected 194 times in 566 groundwater samples from 60 of the 114 monitoring wells at the 

site (Table 5-1).  Chlorobenzene is potentially biodegradable in groundwater by means of both aerobic and 

anaerobic metabolic processes (Spain, 1998; Wyndham et al., 1994; MacKay et al., 1996).  Based on the 

University of Minnesota Biocatalysis/Biodegradation Database, the degradation pathway includes degradation 

products such as 3-chloro-cis-1,2-dihydroxycyclohexa-3,5-diene, 3-chlrocatechol, and 3-oxoadipate, depending 

on the presence of key enzymes (e.g., chlorobenzene dioxygenase) (Appendix N) (University of Minnesota, 
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2004).  Other studies have identified chloro-cis, cis-muconic acids, maleyactic acid, and ketoadipic acid, 

depending on the presence of key enzymes (Nishimo et al., 1992; McLeish, 1997). 

 

Aerobic degradation of chlorobenzene can lead to the end products of halogens in the form of hydrochloride or 

chloride ions (HCL) (Spain, 1996).  Based on a column study, chlorobenzene degradation rates are limited by 

the availability of oxygen (Herrington and Hicks, 2000).  When chlorobenzene is in the presence of other 

hydrocarbons (e.g., BTEX), where the carbon is more readily assessable to bacteria in the naturally derived 

hydrocarbons (BTEX) than the synthetic-derived chlorobenzene, the natural hydrocarbons may likely be 

degraded preferentially before the chlorobenzene because hydrocarbon-degrading bacteria are usually already 

present in the environment.  Based on a study, chlorobenzene-degrading bacteria may not initially be present 

(and may not normally be present in the environment); however, the existing bacteria were shown to evolve (by 

gene transfer between ancestral genes via transponors3) to adapt to chlorobenzene for degradation as a food 

source (Meer et al., 1998).  The enzymes (chlorobenzene dioxygenase) involved in the microbial degradation of 

chlorobenzene are believed to have evolved from similar enzymes catalyzing the degradation of benzene and 

toluene (McLeish, 1997; Meer et al., 1998).  The rapid reduction of oxygen within the extent of the 

chlorobenzene plume downgradient of SWDA No. 1, as compared to background conditions, presents a strong 

indication that aerobic degradation processes are in effect at the site (Figures J-4 and J-5 of Appendix J). 

 

A large number of bacterial and fungi found in the environment are capable of degrading chlorobenzene and 

mineralizing4 it with intermediate products of 2- and/or 4-chlorophenol (Howard, 1989).  The intermediate 

product 2-chlorophenol was detected in three monitoring wells (i.e., MW-41D, MW-25D, and MW-28D) 

downgradient of the chlorobenzene source from SWDA No. 1 and in 10 monitoring wells (i.e., MW-65S, MW-

76S, MW-77S, MW-96S, MW-105S, MW-107S, MW-109S, MW-110S, and MW-112D) downgradient of the 

source associated with Former WWII NR Area.  2-Chlorophenol degrades to phenol (Xiaoming and Wiegel, 

1992; Howard, 1998).  Although phenol has been used at the facility, the degradation by mineralization of 

chlorobenzene to chlorophenol and then phenol may explain the detection of phenol in one sediment sample 

downgradient of the Former WW II NR Area. 

 

                                                      
3 Transposors are genes that can move from one location to another on a chromosome.  This phenomenon was discovered 
by Dr. Barbara McClintock in 1983.  Transposors have been linked with the evolution of bacteria that are responsible for 
degradation of chlorobenzene (Meer et al., 1998; Wyndham, 1994).  
4 Mineralization is a complete biodegradation of an organic substance into organic or mineral elements.  Under this 
transformation, the microbes use the organic substance for growth.  Some of the organic carbon is used to form intracellular 
components, and some of the carbon and energy are assimilated for biosynthesis, which is associated with an increase in 
biomass. 
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Chlorobenzene also degrades anaerobically via reductive dehalogenation (i.e., dechlorination) (Spain, 1996; 

Lorenz et al., 1998).  However, as in one study where the methanogenic bacteria were shown to compete with 

dechlorinating bacteria for electron donors, dechlorination may be less active. In the presence of sulfate in one 

study, dechlorination began only after the sulfate was reduced to sulfide (Lorenz et al., 1998).  Both methane 

and sulfate are found in the groundwater coincidental with the chlorobenzene plume (Figures J-12 through J-15 

of Appendix J).  Therefore, although anaerobic degradation may not be as active a process, it may occur to some 

degree because chloride concentrations are elevated above background concentrations near the source (SWDA 

No. 1) in MW-90S, MW-53D, and MW-41D, but below background at monitoring wells near the Chicopee 

River in MW-42D, MW-43D, MW-78S, and MW-91D (Appendix G, Table G-24, 2002 Analytical Results for 

Groundwater).  

 

Upon chlorobenzene exposure to air in laboratory studies, approximately 71% of the chlorobenzene is advected 

out of the environment into air where it has a residence time of 4 days (MacKay et al., 1996; ATSDR, 1990a), 

and is then degraded via hydrolysis5 with an intermediate product of phenol (2-and 4- chlorophenol) and an end-

product of hydrochloride acid (Mackay et al., 1996; Howard, 1989; Xiaoming and Wiegel, 1992).   

 

Another source reports the half-life of chlorobenzene in air to be 9 days (USEPA, 1988a).  In water, under 

laboratory conditions, approximately 85% of chlorobenzene remains in water, with 15% partitioning to air and 

small amounts to soil and sediment (MacKay et al., 1996).   

 

In water, the major removal processes of chlorobenzene are reported as vaporization and biodegradation 

(MacKay et al., 1996; Howard 1989).  The residence time in water is reported as 0.3 days to 13 days, with 

volatilization as the dominant transfer process from water (MacKay et al., 1996; Howard 1989).   

 

Based on Henry’s Law constant, chlorobenzene as a dissolved-phase constituent will volatize within 1 to 12 

hours in surface water (Howard, 1989).  In addition, chlorobenzene has been reported to have a biodegradation 

half-life of 150 days in river water and 75 days in river sediment (Howard, 1989).  According to scientific 

judgment presented in the Handbook of Environmental Degradation Rates (Howard, 1991b), the half-life of 

chlorobenzene in soil is 68 to 150 days under ideal aerobic conditions.  Under ideal anaerobic conditions, 

aqueous biodegradation half-life could range between 270 and 600 days (Howard, 1991b). 

 

                                                      
5 Hydrolysis is a chemical reaction in which H20 or –OH substitutes for an electron-withdrawing group, such as chlorine 
(Committee on Intrinsic Remediation, 2000). 
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In soil, evaporation is expected to be the main removal process for chlorobenzene. In 1 day, chlorobenzene 

disappeared at a rate of 86% and 25% in soil at depths of 1 cm to 10 cm, respectively (USEPA 1988a).  Based 

on these rates, volatilization was estimated at 0.3 and 12.6 days, respectively (Howard, 1989).  Chlorobenzene 

has not been detected in any of the 17 pre-1995 surface soil analytical data, and was detected below RC S-2 

beneath the asphalt at the FGHA in one of 23 additional surface soil samples collected post-1995 (Appendix D; 

Appendix G, Table G-36). 

 

Ethylbenzene was detected 62 times in 570 groundwater samples at the site.  Ethylbenzene is potentially 

biodegradable in groundwater by means of both aerobic and anaerobic metabolic processes, with end products 

consisting primarily of carbon dioxide, water, and methane (Howard, 1989).  Aerobic biodegradation of 

ethylbenzene in groundwater has been shown to be rapid, with laboratory half-lives on the order of days to 

weeks.  Ethylbenzene has been shown to be recalcitrant in groundwater under anaerobic conditions, with 

laboratory half-lives on the order of months to years (Howard, 1989). 

 

Styrene detected in 19 of 562 groundwater samples at the site is potentially biodegradable in groundwater by 

means of both aerobic and anaerobic metabolic processes, with end products consisting primarily of carbon 

dioxide, water, and methane (Howard, 1989).  Styrene was detected only three times above the RC for GW-2.  

Aerobic and anaerobic biodegradation of styrene in groundwater has been shown to be moderate, with 

disappearance times on the order of weeks to months (Howard, 1989). 

 

Although VC was detected at concentrations lower than expected based on concentrations observed in saturated 

soil, VC was detected above RCs but below UCLs.  VC was detected in 53 of 568 groundwater samples, all 

located in the FGHA.  VC was detected above the MCP RC of 0.002 mg/L in eight monitoring wells in the 

FGHA.  VC is potentially biodegradable in groundwater by means of aerobic metabolic processes, with an 

intermediate byproduct of ethene (Fetter, 1999) and end products consisting primarily of carbon dioxide, water, 

methane, and chloride ions (Howard, 1989).  Laboratory studies have shown aerobic biodegradation of VC in 

groundwater to be moderate, with half-lives on the order of weeks to months.  VC can be anaerobically 

dechlorinated in groundwater under reducing conditions, with intermediate byproducts consisting of ethene and 

ethane. 

 

Although 1,2-DCA was detected in only one monitoring well (MW-83S) below the MCP RCs (Appendix D and 

Appendix G, Table G-24), 1,2-DCA is potentially biodegradable in groundwater by means of both aerobic and 

anaerobic metabolic processes, with end products consisting primarily of carbon dioxide, water, and chloride 
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ions.  Intermediate byproducts of 1,2-DCA biodegradation may include chloroethane, VC, ethane, and ethene 

(Fetter, 1999). 1,2-DCA can be biodegraded by means of aerobic respiration, anaerobic respiration, 

fermentation, cometabolic processes, and a variety of reductive dechlorination processes.  In the absence of 

other electron donors (substrates), 1,2-DCA biodegradation is expected to be slow to moderate at best. 

 

Although TCE was detected only once in two monitoring wells (MW-83S and MW-37S) below RCs (Appendix 

D-1; Tables G-2 and G-24), TCE is potentially biodegradable in groundwater by means of both aerobic and 

anaerobic metabolic processes, with end products consisting primarily of carbon dioxide, water, and chloride 

ions (Howard, 1989).  Intermediate byproducts of TCE biodegradation may include TCE-epoxide, 

dichloroethene isomers, VC, and ethene (Fetter, 1999).  Generally, TCE biodegradation in groundwater occurs 

most rapidly in the presence of other electron donors (substrates) and reducing (anaerobic) conditions.  TCE can 

be biodegraded by means of aerobic respiration, anaerobic respiration, fermentation, cometabolic processes, and 

a variety of reductive dechlorination processes; however, TCE is typically recalcitrant under oxidizing (aerobic) 

conditions (Howard, 1989).  In the absence of other electron donors (substrates), and possibly sufficient 

nutrients, TCE biodegradation is expected to be slow. 

 

Based on the above discussion of VOC biodegradability, analysis of dissolved gases such as DO, methane, 

ethane, and ethane; and ions such as chloride, ferrous/ferric iron, sulfate/sulfide, or nitrate/nitrite in groundwater 

samples can provide information necessary for evaluation of the potential for in situ biodegradation of VOCs in 

site groundwater.  DO concentration measurements indicate the type of metabolic process (aerobic or anaerobic) 

potentially occurring in groundwater samples.  Methane can be an end product of VOC fermentation 

(methanogenesis), and dissolved methane concentration measurements can be used to indicate the presence of 

reducing (anaerobic) conditions in groundwater samples.  Ethane can be an intermediate product during 

reductive dechlorination of chlorinated alkanes (e.g., 1,2-DCA), and dissolved ethane concentration 

measurements can be used to confirm the presence of in situ biodegradation of chlorinated VOCs in 

groundwater samples.  Similar to ethane, ethene can be an intermediate product during the reductive 

dechlorination of chlorinated alkenes (e.g., TCE), and dissolved ethene concentration measurements can be used 

to confirm the presence of in situ biodegradation of chlorinated VOCs in groundwater samples (Norris et al., 

1993).  Chloride can be an end product of the dechlorination or mineralization of chlorobenzene. 

 

Additionally, measurements of groundwater pH and ORP can be used to aid to evaluate the potential for in situ 

biodegradation of VOCs in groundwater.  Biodegradation kinetics are pH and Eh dependent, with optimal 

conditions occurring within a pH range of approximately 5 to 8.  Therefore, pH and Eh measurements of 
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groundwater samples can indicate whether VOC biodegradation may be rate-limited.  ORP measurements 

indicate oxidation-reduction (oxidizing or reducing) conditions of the water sampled. 

 

6.1.2 Semivolatile Organic Compounds  

 

Three groups of SVOCs have been detected in the soil or groundwater in the site: PAHs, phthalates, and 

phenolics.  The PAH, phthalate, and phenolic SVOCs detected above relevant RCs in soil or groundwater at the 

site, as discussed in Section 7, include: 

 

• PAHs: 

o benzo(a)anthracene; 

o benzo(a)pyrene; 

o benzo(b)fluoranthene; and 

o indeno(1,2,3-cd)pyrene. 

 

• Phthalates: 

o bis(2-chloroethyl)ether; 

o bis(2-ethylhexyl)phthalate; and 

o diethyl phthalate. 

 

• Phenolics: 

o 2,4,5 trichlorophenol; 

o 2-chlorophenol; and   

o phenol. 

 

The characteristics of these three SVOC groups are presented below.  The SVOCs used in manufacturing at the 

site are included in Table 6-2 with fate characteristics. 
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6.1.2.1 Polycyclic Aromatic Hydrocarbons  

 

PAHs are characterized by their affinity to bind with soil, low volatility, and low water solubility, as indicated in 

Table 6-1.  The fate and transport of PAHs depends upon the number of cyclic rings in the chemical structure.  

For example, PAHs with just two or three rings are generally more water soluble, volatile, and susceptible to 

natural degradation than other PAHs. 

 

The Kow value for an organic compound correlates with the tendency for a constituent to bind to soil.  As the 

Kow and soil TOC content increases, the environmental mobility of a constituent decreases.  As a class, PAHs 

have a strong tendency to adsorb to organic matter in soil and sediments (Kow values range from 3.30 to 6.58).  

In general, the more rings the structure contains, the greater its tendency to adsorb to organic matter.  When 

released to soil, PAHs tend to remain immobilized by strong adsorption to soil particles. 

 

Susceptibility to biodegradation is dependent on the number of rings in the structure.  For example, 

benzo(a)pyrene (five rings) tends to be the most resistant to biodegradation among the PAHs, whereas 

phenanthrene (three rings) is somewhat less resistant to biodegradation. 

 

Three processes determine the fate of most PAHs in surface-water systems:   

 

• adsorption onto particulate matter; 

• subsequent sedimentation; and 

• microbial degradation. 

 

PAHs have been detected in subsurface soil and surface soil infrequently at the site, but have been detected 

above RCs for GW-2 only once in surface soil and once in subsurface soil.  PAHs have also been detected in 

Chicopee River sediment.  A review of PAH ratios indicated that the source of PAHs was comparable to grass/ 

wood/coal combustion (Appendix O).  
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6.1.2.2 Phthalates 

 

Phthalates consist of 0-phthalic acid esters composed of varying combinations of straight- and branched-alkyl 

and aryl groups.  The ester group structures influence the chemical/physical properties; therefore, the fate and 

transport characteristics of phthalate compounds vary (Table 6-1). 

 

The water solubilities of the phthalates range from low for bis(2-ethylhexyl)phthalate (0.3 mg/L at 25°C) to 

moderate for diethylphthalate (1,080 mg/L at 25°C) (Howard, 1989).  The volatility of phthalates as a group is 

relatively low, especially from moist soil surfaces.  Adsorption of phthalates to soils is inversely related to water 

solubility and ranges from strong for bis(2-ethylhexyl)phthalate (Kow of 5.11) to moderate for diethylphthalate 

(Kow of 4.72) (Howard, 1989).  The mobility of phthalates is dependent on ester groups.  For example, 

diethylphthalate is reasonably mobile, whereas large or banded chain phthalates adsorb strongly to soils. 

 

Where the mobility of phthalates varies from compound to compound, biodegradation is a potential fate process 

for all phthalates (Fetter, 1999).  Laboratory studies indicate that all the phthalates of interest are readily 

biodegradable under aerobic conditions (Howard, 1989).  In anaerobic environments, the biodegradability of 

phthalates is highly variable, depending on the compound.  Laboratory studies have shown degradation of 

diethylphthalate, di-n-butyl phthalate, and butylbenzyl phthalate under anaerobic conditions, whereas bis(2-

ethylhexyl)phthalate has been found to be essentially non-degradable under these conditions (Howard, 1989). 

 

The bis(2-ethly hexyl)phthalate detected in groundwater in validated data were considered laboratory artifacts.  

Tubing and containers used in the laboratory to transfer sample media into the measuring equipment introduced 

this compound into the sample.  In addition, this compound was detected in the laboratory blanks. 

 

6.1.2.3 Phenolics 

 

Phenolic SVOCs are characterized by their relatively high rate of biodegradation under aerobic and anaerobic 

conditions, low adsorption of soils, and relatively moderate to high solubilities (Table 6-1). 

 

Biodegradation is generally the dominant removal process for phenolics in surficial soils, subsurface soil, and 

groundwater. Phenolic biodegradation usually occurs within days (Howard 1989) and more quickly in aerobic 

conditions than anaerobic.  One factor influencing the biodegradation rate is the compound’s tendency for 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 6-11 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

adsorption.  In general, phenolic compounds exhibit low tendencies for adsorption and are, therefore, more 

available for biodegradation. 

 

Phenolic compounds have low adsorption capacities to soil.  Based on the estimated Kow values in Table 6-1 

(1.46 to 3.69) and soil adsorption coefficients, phenolic compounds are not expected to adsorb significantly to 

soils.  The water solubilities of the phenolics range from moderate (900 mg/L) for 2,4,5 trichlorophenol to high 

(87,000 mg/L) for phenol.  Although phenolics have a moderate vapor pressure, volatilization is relatively low 

in water but rapid in surface soils.  Based on these general properties, phenolics are expected to be moderately to 

highly mobile in soils and may migrate to groundwater.  However, phenolics would be subject to rapid 

biodegradation in either soil or groundwater under aerobic conditions. 

 

Only one phenolic compound was detected above RCs, and then only once: 2,4,5-trichlorobphenol in surface 

soil.  The 2-chlorophenol detected below RCs may be a degradation byproduct of chlorobenzene degradation via 

hydrolysis or mineralization.  

 

6.1.3 Polychlorinated Biphenyls 

 

The fate and transport of PCBs in the environment is influenced by their low water solubility.  This generally 

limits the aqueous-phase concentration to the low part per billion range or less (if detected at all), unless 

significant amounts of solvents, oils, or colloids are present (Baker et al., 1986; Dragun, 1989).  In general, the 

adsorption of PCBs to soil and sediment increases with increasing organic content, decreasing particle size, and 

increasing congener chlorination (Lyman, 1982; Pignatello, 1989).  PCBs may volatilize from soil, but strong 

adsorption to soil tends to limit the extent of volatilization (ATSDR, 1994b). 

 

PCBs are fairly persistent in the environment, and degradation via chemical oxidation, hydrolysis, and 

photolysis in soil or aquatic systems is insignificant.  Experimental evidence indicates that PCBs are susceptible 

to biodegradation under both aerobic and anaerobic conditions.  In general, the biodegradation of PCB 

congeners under aerobic conditions increases as the degree of chlorination decreases. 

 

PCBs in surface-water systems tend to concentrate in the sediments.  The affinity of PCBs for sediments is a 

function of chemical-specific factors (e.g., degree of chlorination) and site-specific factors (e.g., sediment grain-
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size organic content). PCBs generally adsorb more strongly to fine-grained, highly organic sediment than to 

coarse-grained or low organic content. 

 

PCBs may be removed from the water column via volatilization to the atmosphere; however, the volatilization 

rates of PCB congeners are generally limited by their low solubility and tendency to remain adsorbed to 

sediments and suspended solids (ATSDR, 1994b).   

 

PCBs were detected once below RCs in monitoring well MW-38T, sidegradient of SWDA No. 1, in surface soil 

at SWDA No. 2, and in water from a storm drain culvert that drains to Bircham Bend Brook in the vicinity of 

SWDA No. 2.  PCBs were also detected in Chicopee River sediment adjacent to the site at concentrations 

consistent with those detected in sediment adjacent to a National Priority List site upstream of the Indian 

Orchard Plant (HMM, 1992). 

 

6.1.4 Inorganics 

 

The most common elements found in the earth’s crust are sodium, potassium, calcium, magnesium, silicon, 

aluminum, and iron.  Silicon, aluminum, and iron account for a majority of the igneous rock mass; calcium, 

sodium, potassium, and magnesium provide the major cation content of natural water systems (Faure, 1991).  

Weathering and breakdown of rock minerals result in concentrations of these major elements in soils and natural 

waters; however, these concentrations will vary from area to area.  Many trace metals are also present naturally 

in the environment. 

 

The behavior of many inorganics in the environment is influenced by the oxidation state exhibited.  In addition, 

elements present in the environment are seldom present alone.  Instead, complexes are formed between metal 

ions and complexing agents (ligands), or associations of loose ion pairs are formed.  Chemical properties such as 

solubility, adherence to soils, bioconcentration factors, and toxicity are modified through complexation. 

 

The behavior and state of an inorganic species is highly influenced by the environmental conditions of the 

system under consideration.  Conditions influencing the behavior of inorganics in soil include soil texture, soil 

chemistry, pH, redox potential, and the concentration of solutes and ligands in the soil or water (Bodek et al., 

1988).  The redox condition in the soil environment can affect speciation of chemical constituents in soil.  This, 

in turn, affects the attenuation of the solutes present.  The pH of a soil surface is strongly related to sorption. 
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The same conditions affecting the behavior of inorganics in soil also affect their behavior in water systems.  

Complexation increases the mobility of most species by preventing sorption and co-precipitation.  The 

predominant species of most inorganics in aqueous systems is highly subject to pH and redox conditions. 

 

Overall, the relatively high solubilities (as salts) or extremely low vapor pressure of most inorganics prevent 

volatilization from being a significant transport process in soils or water systems. 

 

Elements in the environment can also be affected by microbial transformation processes.  Such processes 

include oxidation/reduction (arsenic, iron, manganese, antimony, selenium), sulfide precipitation (copper, lead, 

zinc, silver), methylation (arsenic, mercury, selenium, lead, cadmium), and dealkylation (arsenic) (Bodek et. al., 

1988). 

 

Inorganic data are available for several soil, groundwater, surface-water, and sediment samples collected from 

1987 to 2004 (Appendix D).  The validation report and analytical data for these analyses is also included in 

Appendix D. 

 

Inorganic compounds (e.g., antimony, arsenic, or lead) were detected once in waste/soil collected from either 

SWDA No.1 or LWDA No. 1, or from the Fiberloid Landfill.  The inorganic compounds detected in 

groundwater have been mostly resampled using low-flow methods and are unfiltered.  Analytical results from 

these resampling events report inorganic compounds at either below detection limits or below RCs. An example 

of the non-low flow versus low flow groundwater sampling results is presented on Appendix G, Table G-18, 

Inorganic Analytical Results for Groundwater.  Other examples are located in the analytical data compendium 

(Appendix D). 

 

6.1.5 Soil Total Organic Carbon 

 

TOC in soils was measured onsite and on the adjacent property.  TOC was measured in soils from four geologic 

units (Appendix G, Table G-10): 

 

• sand fill;  

• deltaic outwash sand; 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 6-14 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

• lacustrine fine sand and silt; and  

• till.  

 

In general, TOC values ranged from low to high in soils near the Chicopee River and across the site.  Mostly, 

the TOC ranged between non-detect and 2,000 mg/kg; however, one sample was at 50,000 mg/kg from a peat 

zone at MW-107S.  The typical till had no detectable TOC values, unless the sample was collected at or near the 

top of till.  Adsorption of organic compounds would be expected to increase as the concentration of TOC in soils 

increases. 

 

 



 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 7-1 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

7. Potential Migration Pathways 
 

This section presents evaluations of the potential migration pathways of the site media (subsurface soils, surface 

soils, groundwater, surface water, sediment, and air) presented for the 14 investigation areas that comprise the 

site under 1-0184 and 1-11901: 

 

Location Name Site RTN (1) 
SWMU/AOC 
Number(2)(3) 

RTNs Linked to 
1-0184(4)(5)(6) 

RTN  
Linked? (7) 

Solid Waste Disposal Area (SWDA) No. 1 1-0184 SWMU 35 1-10739 and 1-10748 Yes 
SWDA No. 2 1-0184 SWMU 36 1-10741 Yes 
Liquid Waste Disposal Area (LWDA) No. 1 1-0184 SWMU 34 1-10740 Yes 
LWDA No. 2 1-0184 SWMU 37 NA Yes 
Fiberloid Landfill 1-0184 SWMU 33 1-10742 and 1-10749 Yes 
Building 99 Leach Fields 1-0184 SWMU 47 1-10745 Yes 
Burning Cages or Pits A 1-0184 SWMU 38 NA Yes 
Burning Cage or Pit B 1-0184 SWMU 39 NA Yes 
Burning Pit C 1-0184 SWMU 40 1-10746 Yes 
Burning Pits D 1-0184 SWMU 41 1-10743 Yes 
Former Building 44 and Tank Farm E 1-0184 AOC 7 1-10744 Yes 
Outfall Piping adjacent to Chicopee River 
Shoreline 

1-0184 SWMU 64 NA Yes 

World War II Naval Research Area 1-0184 None NA Yes 
Former Vinyl Chloride Gas Holder Area 1-11901 None NA No 
 
Notes: 
(1) RTN established by MADEP for Indian Orchard Plant site in 1987 (MADEP, 1990). 
(2) SWMU/AOCs identified 1991 (CDM, 1991). 
(3) “None”- no SWMU or AOC identified for this area in 1991, however area qualifies  as an AOC. 
(4) Additional notifications to MADEP in 1994 for areas already covered under RTN 1-0184 (Monsanto, 1994). 
(5) “NA” – no detections above RCs. 
(6) “–“not part of investigations prior to October 1994 or discovered until after October 1994. 
(7) FGHA not linked to RTN 1-0184 per 310 CMR 40.0317 (16) as nature and type were considered inconsistent 

with those reported for RTN 1-0184 (B&B, 1987; Monsanto, 1994). 
 

This section is based on available data from historical and recent investigations. 

 

7.1 Potential Migration Pathways 

 

This subsection discusses migration pathways at the site and the potential exposure pathways and receptors 

associated with those pathways.  The following known and potential migration pathways have been evaluated 

for the 14 investigation areas identified above: 
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• soil migration pathways; 

• groundwater migration pathway; 

• air migration pathways; and 

• surface-water/sediment migration pathway. 

 

Migration pathways may result in the following potential exposure pathways: 

 

• dermal contact; 

• incidental ingestion; and 

• inhalation. 

 

Although a migration pathway may be identified, an exposure pathway can only occur if there is a receptor (i.e., 

“complete pathway” to an occupational worker, the public, a trespasser, or aquatic and terrestrial ecology).  

Therefore, not all migration pathways result in an exposure pathway (i.e., “incomplete pathway”).  A source to 

potential receptor site conceptual model is presented on Figure 8-1. 

 

7.1.1 Soil 

 

Physical and chemical characteristics of the soil migration pathways were discussed in two sections of this 

Addendum Report: Sections 4 – Site Physical Setting, and Section 5 – Summary of Constituents Detected.  This 

section summarizes the soil migration pathways, including a discussion of the relevant physical attributes of the 

soils, soil quality, meteorology, hydrogeology, and the potential soil exposure pathways and receptors. 

 

7.1.1.1 Soil Physical Characteristics 

 
The physical characteristics of the soil migration pathways that are important to the evaluation of potential soil 

exposure pathways and receptors at the site include the nature of the soils and the type and thickness of cover 

material above the soils. 

 

As discussed in Section 4, the soils in the unsaturated zone consist of deltaic outwash sand and/or fill.  The 

deltaic outwash sand consists of fine sand with medium- to coarse-grained sand.  The fill consists of fine- to 
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coarse-grained sand with traces of construction debris.  The wastes/soils/fill are landfill construction and 

manufacturing debris in SWDA No. 1 and No. 2 and in LWDA No. 1 and No. 2.  These landfill debris included 

soils mixed with plant refuse, off-grade plastic sheeting and pellets, metal fragments, and resin-like materials.  

Traces of construction debris (brick, ash, and slag fill) were observed in Fiberloid Landfill sands.   

 

Saturated soil is the primary hydrogeologic unit and consists of the deltaic outwash sand.  The vertical extent of 

the saturated unit for this investigation is considered the top of till because of the low hydraulic conductivity of 

the till compared to the deltaic outwash sand (as discussed in Section 4).  The thickness of the saturated unit is 

shown in cross sections on Figures 4-6, 4-7, 6-2, 6-3, and 6-4, and the saturated thickness of the deltaic outwash 

deposits is shown on Figures F-1 and F-2 of Appendix F- 3-D Site Conceptual Model. A three dimensional 

version of Figures F-1 and F-2 are provided in Appendix F are provided in the compact disk for viewing user 

friendly interactive model. 

 

Approximately 85% of the site is paved or covered by buildings (Figures 2-1 and 2-2).  Based on interviews and 

historic aerial photograph reviews, much of the asphalt pavement was installed in the 1950s (BBL, 1996c).  The 

following areas are not paved: 

 

• SWDA No. 1 and surrounding area; 

• LWDA No. 1 and 2; 

• SWDA No. 2; 

• Burning Pits A; 

• West of Gate Number 2 Access Road; 

• Burning Pit C and west of Burning Pit C; and 

• A steep rip rap embankment along the south bank of the Chicopee River. 

 

Soil Erosion via Stormwater Runoff 

 

Based on the topography across the Indian Orchard Plant (Figure 4-1), three areas have topographic relief and 

could be subject to surface-soil erosion via stormwater erosion.  These include SWDA No. 1, LWDA No. 1, and 

SWDA No. 2.  However, SWDA No. 1 and LWDA No. 1 have been covered with a soil/ash mixture approved 

for storage by DEQE on April 24, 1987 (DEQE, 1987), and constituents in surface soil (mostly low 

concentrations of PAHs) are not available for transport via wind or stormwater erosion due to this cover.  At 

SWDA No. 2, however, the surface-soil cover was found to contain low concentrations of PCB constituents 
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(ranging between 0.074 to 5.5 mg/kg).  None of the soil/ash mixture has been stored above SWDA No. 2.  The 

surface soils at SWDA No. 2 could erode via runoff during high-water recharge events (large snowmelt, high 

rainfall) or, potentially, wind, and transported to a depositional area or surface-water body via storm drains.  

Although Bircham Bend Brook is approximately 70 feet from the westernmost edge of SWDA No. 2, and the 

topography is flat in the western region of SWDA No. 2, the eastern region SWDA No. 2 (east of the Gate No.2 

entrance road) is elevated, as shown on Figure 4-1.  A storm drain located north of SWDA No. 2 and 

topographically downgradient of SWDA No. 2 on the Indian Orchard Plant discharges to the Bircham Bend 

Brook.  This surface-soil erosion migration pathway is further evaluated in Section 4 of the On-Site 

Environmental Risk Characterization (BBL, 2001b). 

 

The City of Springfield storm drains on Worcester Street receive runoff from Worcester Street and discharge to 

Bircham Bend Brook at the culvert labeled “Stream Reference Point Number 12” (SRP-12) (Figures 1-2 and 3-

1).  These storm drains provide a potential migration pathway for VOCs associated with petroleum fuels in 

motor vehicles and/or PAHs associated with combustion discharge into Bircham Bend Brook, as addressed in 

the On-Site Environmental Risk Characterization (BBL, 2001b). 

 

Along the northern boundary of the Fiberloid Landfill is an unpaved embankment that was constructed in 1970 

after the Fiberloid Landfill use period (1904 to 1938).  The soil borings drilled (as presented in Appendix P) for 

the embankment indicated that the landfill did not extend to the edge of the Chicopee River.  In addition, a 

sewer was installed by the City of Springfield along the bank of the river, and a new bank was constructed with 

“borrow fill” at 1-foot layers overlain by 6-inch bank run, overlain by filter cloth, overlain by 12 inches of 

screened gravel, and finally overlain by 2 feet of riprap.  Appendix P also presents the sewer and embankment 

as-builts.  This embankment was constructed to mitigate soil erosion.  Because the Fiberloid Landfill is paved 

and this embankment was constructed, soil erosion from the landfill is not considered a significant migration 

pathway. 

 

Soil erosion in unpaved areas via wind is not considered significant due to the soil moisture content and the 

average wind speeds for Hampden County.  According to the Soil Survey of Hampden County, Massachusetts 

(United States Department of Agriculture Soil Conservation Service [USDA], 1978), the average annual 

precipitation is 44 inches, and the average wind speed is highest during the wettest season, in April, at 11 miles 

per hour (USDA, 1978).  The wind direction is predominantly from the south, as shown on Figure 4-2 - Wind 

Rose Diagrams. 
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7.1.1.2 Soil Chemical Characteristics 

 

As discussed in Sections 5 and 6, PAHs were detected in soils above their respective RCs.  Other VOCs and 

inorganics were detected sporadically below MCP standards at the site with no distinct temporal or spatial 

patterns, except within landfill areas (SWDAs No. 1 and No. 2, LWDAs No.1 and No.2, and in the source area 

of the Former Vinyl Chloride Gas Holder Area (Appendix D). 

 

Prior to remediation, at the Former Vinyl Chloride Gas Holder Area, VC was detected above RCs and UCLs in 

a white material observed beneath the asphalt in subsurface soils from approximately 5 to 6 feet bgs, 

approximately 1 foot below the water table.  VC was detected in six of 26 samples above RCs for S-2 in 

saturated soil samples from MW-83S, SB-72, SB-73, SB-74, SB-77, and SB-83.  VC was detected above its 

UCL in saturated soil samples from four of the 18 samples (MW-83S, SB-74, SB-77, and SB-83) (Figure 5-1).  

However, this area has undergone remediation via in situ chemical oxidation, and VC concentrations in soil 

have been reduced. 

 

At the Former Vinyl Chloride Gas Holder Area, 1,2-DCA was detected above RCs and Method 1 Standards for 

S-2 (GW-2 and/or GW-3) in saturated soil samples from three of the 18 samples (SB-72, SB-74, and SB-77).  

TCE was detected above RCs for S-2 (GW-2) in saturated soil samples from three (SB-72, SB-74, and SB-77) 

of the 18 samples (Appendix D-1 - Updated Analytical Data Compendium) (Appendix G, Table G-34).  

However, following remediation via in situ chemical oxidation, 1,2 DCA concentrations in soil have been 

reduced (Appendix G, Table G-35).  The ground surface is paved; however, directly below the asphalt, the 

surface soil was at or below method detection limits and RC for S-2 for VC, and TCE was below MCP R-2, 

except in one of the ten samples (Appendix G, Table G-36). 

 

At the Fiberloid Landfill, PAHs were detected in soils collected at depth intervals ranging from 4 to 6 feet bgs.  

PAHs were detected slightly above the 1999 MCP RC for S-2, however concentrations of soils in Fiberloid 

Landfill are all below RCs and Method 1 S-2/GW-3 standards effective April 3, 2006. 

 

At SWDA No. 1, chlorobenzene (at 38 feet bgs) and xylene (at 10 to 14 feet bgs) were detected in waste above 

UCLs. 

 

At SWDA No. 2, styrene was detected above UCLs at 10 to 12 feet bgs. 
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7.1.2 Potential Soil Exposure Pathways 

 

In the soil migration pathways, exposure to onsite receptors could occur via incidental ingestion, dermal contact 

and/or inhalation via excavation activities.  Site personnel, contractors, and/or other personnel who may be 

involved with subsurface activities (e.g., utility workers, maintenance workers, and geotechnical excavation 

contractors) could potentially come in dermal contact with constituents in the soils. 

 

Because the site is secured by fencing and 24-hour security, and is located greater than 1,000 feet from offsite 

residential/commercial use, dermal contact, incidental ingestion or inhalation, or exposure during excavation 

activities is not a viable exposure pathway to offsite residents/commercial users.  However, a trespasser may 

potentially enter the site.  Railroad and city water supply right-of-way maintenance workers are potential offsite 

receptors. 

 

Soil erosion and runoff to the Chicopee River is not currently considered a soil exposure pathway due to the 

extensive pavement, building coverage, constructed embankment, and storm drainage.  Prior to paving in the 

1950s, soil erosion and runoff to storm drains and/or the Chicopee River may have occurred.  According to the 

BEA (BBL, 1996c), there were up to 37 outfalls that discharged to the Chicopee River from 1947 to 1952 at the 

site currently owned by Solutia and another 36 outfalls on the portion of the plant property currently owned by 

Nova Chemical Inc..  By 1968, all 73 outfalls except 17 were terminated and plugged during the construction of 

the City of Springfield sewer along the bank of the river adjacent the Indian Orchard Plant.  Documentation of 

outfall decommissioning is presented in Appendix P.  These 17 outfalls were permitted through the National 

Pollutant Discharge Elimination System (NPDES).  Currently, there are three active permitted outfalls to the 

Chicopee River at the site along the portion of the plant owned by Solutia.  As discussed in the next section, all 

but one of the former and existing outfalls are above the water table and may be considered a potential migration 

pathway. 

 

Constituents in the soils are subject to leaching to the groundwater via infiltration of precipitation.  As discussed 

in Section 7.1 – Fate and Transport Characteristics, VOCs are more susceptible to leaching than are PAHs. 
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7.2 Groundwater 

 

Investigations have been conducted to characterize the groundwater migration pathway, as discussed in Section 

5 and Appendix G of this Addendum Report.  This section summarizes the groundwater migration pathway, 

including a discussion of the physical attributes of the groundwater flow system, site-wide groundwater quality, 

and potential groundwater exposure pathways and receptors. 

 

7.2.1 Physical Characteristics 

 

The physical characteristics of the groundwater migration pathway that are important when evaluating potential 

groundwater exposure pathways and receptors at the site include the nature of the primary hydrogeologic unit at 

the site (as discussed in Section 4), the hydraulic characteristics of the primary hydrogeologic unit, and the 

relationship between the groundwater flow system and the Chicopee River and Bircham Bend Brook.  The 

primary hydrogeologic unit, composed of deltaic outwash deposits, is the primary water-bearing unit at the site.  

Flow in the deltaic outwash deposits is hydraulically isolated and separate from the deeper regional flow 

observed in the till and bedrock (BBL, 1996a) (USEPA, 1999a). 

 

In general, groundwater flows from south-southeast to north-northwest beneath the site and discharges to the 

Chicopee River in the western portion of the site.  Groundwater recharge to the primary hydrogeologic unit 

occurs in an uplands topographic area to the south and southeast of the site.  Regional and local groundwater 

beneath the Indian Orchard Plant primarily discharges to the Chicopee River (Figures F-1 through F-5 in 

Appendix F- Site Conceptual Models -3-D depictions).  A local and shallow component of groundwater may 

discharge to the Bircham Bend Brook north of Worcester Street (Figure 4-3, Appendix F-3).  The discharge and 

recharge relationships between surface water and groundwater are based on groundwater elevation 

measurements from monitoring wells on both sides of the Chicopee River, as well as surface-water elevation 

measurements.  Provided in Table 4-1 are surface-water and groundwater elevation data.  Figure 4-3 displays the 

groundwater/surface-water relationships for groundwater discharge areas and for groundwater recharge areas 

near Bircham Bend Brook. 

 

Low concentrations of dissolved VOCs, primarily chlorobenzene, in groundwater have been transported in the 

general direction of the modeled groundwater flow toward the Chicopee River (Appendix F).  However, based 

on PVD results, little chlorobenzene is entering the hyproheic zone of the Chicopee River although vertical 
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gradients measured at the time these samples were collected supports groundwater discharge to the Chicopee 

River.  Dispersion, degradation, and retardation are likely influencing the lack of observed VOC transport to the 

Chicopee River. 

 

Due to the groundwater/surface-water relationship in the vicinity of Bircham Bend Brook, groundwater from the 

southwest corner of the Indian Orchard Plant could discharge to Bircham Bend Brook, although VOCs are not 

detected in monitoring wells near Bircham Bend Brook (Figure 4-3). 

 

Groundwater concentrations are generally low in shallow (less than 15 feet bgs) monitoring wells (Figure 4-10).  

Regardless, VOC concentrations in groundwater within 100 feet of buildings were evaluated for potential vapor 

intrusion to indoor air. 

 

7.2.2 Chemical Characteristics 

 

As discussed in Sections 5 and 6, VOCs (primarily chlorobenzene, ethylbenzene, and vinyl chloride) and one 

SVOC [bis (2-chloroethyl)ether] are the main constituents detected in the groundwater migration pathway.  The 

following additional constituents were detected sporadically in groundwater at low levels below RCs at the site, 

with no distinct temporal or spatial patterns: 

 

• 1,1,2,2-tetrachloroethane • Acetone • tetrachloroethene 

• 1,1,2-trichloroethane • Benzene • toluene 

• 1,2-dichloroethene (cis) (trans) • chloroform* • xylenes 

• 1,1-dichloroethane • methylene chloride  

 
Note: 
* = Commonly associated with the city water supply and considered a “local condition.” 

 

Chlorobenzene and ethylbenzene were detected in two separate areas of the site in groundwater, SWDA No. 1 

and the WWII NR Area, above RCs.  VC was detected in a discrete area of the site in groundwater at the Former 

Vinyl Chloride Gas Holder Area.  Inorganics were detected in groundwater sporadically at the site, with no 

distinct temporal or spatial pattern.  At select locations, groundwater has been re-sampled where inorganics were 

detected above RCs using low-flow techniques.  Inorganic concentrations decreased significantly below 

reportable concentrations using low-flow groundwater sampling techniques, as discussed in Sections 5 and 6. 
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7.2.3 Potential Groundwater Exposure Pathways and Receptors 

 

In the groundwater migration pathway, potential exposure to onsite and offsite receptors could occur via: 

 

• incidental ingestion;  

• dermal contact; and/or 

• inhalation of VOCs and phthalates.   

 

The site uses the city of Springfield public water supply.  There are no known groundwater users or water 

supply zones within a 1.2-mile radius of the site (Figure 2-3).  Furthermore, the nearest potential aquifer is 

located 1.2 miles hydraulically upgradient of the site (MADEP, 1997c).  Installation of new water supply wells 

is controlled; new private wells are permitted through the local health department, and municipal water supply 

wells are permitted through the MADEP.  Therefore, exposure to onsite and offsite receptors via ingestion, 

dermal contact, and/or inhalation of VOCs from groundwater is not a viable pathway. 

 

Site personnel, contractors, and/or other personnel who may be involved with the subsurface activities, such as 

utility workers, geotechnical workers, and excavation contractors, could potentially come in dermal contact 

with, or incidentally ingest, constituents present in the groundwater.  Inhalation exposure of subsurface workers 

to VOCs could also occur, depending on the groundwater quality and the depth to which subsurface activities 

are conducted.  As discussed in Sections 4 and 5, areas where certain VOCs have been detected in groundwater 

above their relevant RCs at the site are: 

 

• WWII NR Area, where the depth to groundwater ranges from 7 to 15 feet (Figure 4-10); 

• SWDA No. 1, where the depth to groundwater ranges from 50 feet at the source to 15 feet midpoint 

along the axis of the plume; and 

• Former Vinyl Chloride Gas Holder Area, where the depth to groundwater is approximately 4 feet bgs 

(Table 4-1). 

 

This assessment was completed as a preliminary evaluation of the potential vapor intrusion to indoor air 

pathway.  This evaluation is not intended to replace or supersede existing MADEP-specific guidance or 

regulations for evaluating indoor air.  This evaluation was conducted using both MADEP MCP Method 1 
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screening values and Draft Supplemental Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway 

(Vapor Intrusion Guidance) (USEPA, 2001a). 

 

The process for this assessment began with a primary screening per the Vapor Intrusion Guidance by identifying 

VOCs in soil or groundwater in close proximity (specified by the MADEP as within 30 feet) of a building 

(Table 7-1).  A measurement of 30 was used.  Those buildings that are currently occupied by an 8-hour worker 

were compiled in Table 7-1.   

 

VOCs have been identified in groundwater near buildings, but there were no sources of VOCs in unsaturated 

soils near buildings.  Therefore, Table 7-2 was prepared to identify:  

 

• the monitoring wells between the buildings and the VOC groundwater plume; 

• depth to groundwater; 

• concentrations detected in monitoring wells; 

• comparison of groundwater concentrations to MADEP groundwater to indoor screening standards, 

Method 1 (GW-2) from 310 CMR 40.0974(2) of the MCP; and  

• comparison of soil vapor data adjacent to buildings to USEPA generic screening criteria cited in the 

Vapor Intrusion Guidance (USEPA, 2001a) 

 

The VOC groundwater plumes that are beneath or within 30 feet of buildings are provided below in Table 8-1. 

 

TABLE 7-1 
PRIMARY SCREENING - IDENTIFICATION OF POTENTIAL EXPOSURE PATHWAY 

 
Site Area Identification Building/Use Occupied? 

81 - Resimines * Yes 
92 - RB-9100 Butvar No 

FGHA  

89 - Raw Material Storage * Yes 
99 -Saflex* Yes  
97 - Butvar/Safety Warehouse* Yes 
141 -South Butvar Drying No 
140 - South Butvar Drying No 
136 - West Pilot Plant No 
115 - Storage Facility No 
180 - West Gate House* Yes 
139 - South Butvar Control Room No 
144 - South Butvar Foam House No 
142 - South Butvar Process No 

SWDA No. 1 

146 – Storage No 
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Site Area Identification Building/Use Occupied? 
100 - Maintenance, Medical, Engineering, Accounting, 
Drafting, and Receiving* 

Yes 

96 - Fire Station, Environmental Safety & Industrial Hygiene* Yes 
78 - Motor storage No 
60 -Yard Utility No 
61 - Fork Truck Repair No  
67 - Technology process No 

Former WWII NR Area 

67A –Process Yes- partly 
 
Notes: 
* - Buildings intended for 8-hour workers within 30 feet of a plume. 
 

TABLE 7-2 
SECONDARY SCREENING – COMPARISON OF TARGET VOCS TO NUMERICAL CRITERIA 

 

Area 

Potential 
Occupied 
Building 

Nearby 
Monitoring 

Wells 

Approx.  
Depth to 

Groundwater 
at Building 

(feet) VOC 

Concentration 
in Shallow 

Groundwater 
(mg/L) 

Plume 
Distance 

to Building  
feet) Soil Vapor 

Point 

Concentration 
in Soil 
Vapor 

(ug/m3) 
WWII NR Area Building 96 MW-116S 6 Chlorobenzene 34 0 SV-4 3.9 

MW-106S 7 0.061 0 SV-1 (east) 31 
MW-107S 13 4.2 0 SV-2 (north) ND (3.9) 

WWII NR Area Building 
100 

MW-110S 10 

Chlorobenzene 

0.16 0 SV-3 (north) ND (4.1) 
WWII NR Area Building 

67A 
MW-107S >15 Chlorobenzene 4.2 0 SV-2 (north) ND (3.9) 

FGHA Building 89 MW-94S 6 Vinyl Chloride 0.0012 5 NA NA 

FGHA Building 81 MW-96SF 4 Vinyl Chloride 0.011 10 NA NA 

SWDA No. 1 Building 97 MW-52S, 
MW-12S and 

MW-82S 

11 Chlorobenzene 0.2 to 1.0 
(projected based 

on contours) 

8 NA NA 

SWDA No. 1 Building 99 MW-72S and 
MW-73S 

9 Chlorobenzene 0.66 8 NA NA 

SWDA No. 1 180 Gate 
House 

Between 
MW-73S and 

MW-46S 
 

15 Chlorobenzene 0.001 (projected 
based on 
contour) 

30 NA NA 

 

 Based on this preliminary screening, there were no sources of VOC in unsaturated soils near or within 100 feet 

of a building.  Seven buildings were identified as occupied or potentially occupied by 8-hour workers beneath or 

within 30 feet of a VOC plume extent in groundwater.  Although there were two locations where groundwater 

concentrations exceeded MADEP GW-2 standards near a building, the soil vapor concentrations at these 

locations were below generic screening criteria for soil vapor presented in the Vapor Intrusion Guidance 

(USEPA, 2001a.  Thus, according to the flow chart (Figure 2 of the USEPA Vapor Intrusion Guidance), there is 

an incomplete subsurface vapor to indoor air pathway. 

 

The Risk Characterization in Section 11 further discusses the potential exposure receptors. 
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7.2.3.1 Potential Utility Exposure Pathways and Receptors 

 

Site personnel, contractors, and/or other personnel who may be involved in work associated with subsurface 

utilities excavation could potentially come in contact with or incidentally ingest constituents present in water 

within those utilities that receive groundwater infiltration and/or within the backfill of utilities beneath the 

groundwater table. 

 

Underground utilities may provide conduits for preferential groundwater flow and potential migration of 

constituents dissolved in groundwater. 

 

The depth to groundwater at the site varies but is usually greater than 15 feet bgs (Figure 4-10).  Those areas 

where groundwater is less than 15 feet bgs and constituents are detected in soil or groundwater include:  

 

• SWDA No. 2; 

• WWII NR Area and associated plume extent; 

• SWDA No. 1 VOC plume in the vicinity of the Building 97 and 99; 

• Fiberloid Landfill; and  

• Former Vinyl Chloride Gas Holder Area (however indoor air was previously addressed in a Risk 

assessment (BBL, 2000a). 

 

However, none of these utilities appear to have an influence on the distribution of the constituents detected in 

groundwater, except the Former WWII NR Area.  Underground utility which led to plugged former outfall #63 

is coincidental with the chlorobenzene plume distribution in the Former WWII NR Area.  However, former 

outfall #63 is also coincidental with a depression in the till in a former channel (Table 4-3). 

 

Depth to groundwater and former outfalls invert elevations are presented in Table 4-8.  All but one of these 

outfalls are above the water table based on invert elevation measurements from as-builts from the LI installation 

and water levels from nearby monitoring wells.  Former Outfall #63 is located on a cross section (Figures 5-2, 5-

3 and 5-4) in a former stream channel that used to confluence with the Chicopee River.  The outfall and the bank 

of the river near the outfall were inspected in April 16, April 18, May 6, and May 10, 2004, and no discharge 

from an outfall or seeps was observed around or in the vicinity of this outfall.  The PVDs installed in the 

Chicopee River downgradient from this outfall (V-62, V-67) did not contain VOCs.  Therefore, although the 

former channel and the outfall placed in this former stream channel could be a preferential migration pathway to 
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the Chicopee River, the physical observations and analytical data suggest an insignificant migration pathway to 

the Chicopee River receptor. 

 

7.3 Air Migration Pathway 
 
Investigations have been conducted to characterize the air migration pathway, as discussed in Section 5 of this 

Addendum Report.  This section summarizes the air migration pathway, including a discussion of the area-

specific soil vapor quality, and potential indoor air exposure pathways and receptors. 

 

7.3.1 Soil Vapor Chemical Characteristics 
 
As discussed in Section 5, VOCs (primarily chlorobenzene) are the main constituents detected in the indoor air 

migration pathway.  In addition, ethylbenzene and 2-butanone have also been detected in soil vapor samples.  

Soil vapor samples have been collected from targeted areas where shallow groundwater (less than 15 feet deep) 

exists near a building occupied by 8-hour workers and there have been groundwater concentrations that have 

exceeded the MADEP GW-2 criteria. 

 
Section 5 also described the temporary soil vapor points (SV-1 through SV-4) that were installed next to the 

former Building 44 and Building 100 (SV-1 through SV-3 in June 2002) as well as Building 96 (SV-4 in 

October 2002).  These soil vapor points were installed in 2002 and samples collected for analysis.  The June 

2002 sampling provided results indicating that chlorobenzene, ethylbenzene, and phenolics compounds were not 

detected above method detection limits.  The October 2002 sample from SV-4 indicated that chlorobenzene was 

detected (3.9 ug/m3), but at a value much lower than the 2000 ug/m3 guidance.   

 

7.3.2 Potential Soil Vapor Migration Pathway 

 

As stated in Section 7.2, VOCs have been identified in groundwater near buildings occupied by 8-hour workers, 

but there were no sources of VOCs in unsaturated soils near buildings.  Preliminary screening done concluded 

that there were no sources of VOCs in unsaturated soils near or within 100 feet of a building.  Although there 

were two locations where groundwater concentrations exceeded MADEP GW-2 standards near a building, the 

soil vapor concentrations at these locations were below generic screening criteria for soil vapor.  Thus, there is 

an incomplete subsurface vapor to indoor air pathway. 
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8.  Source, Nature and Extent 
 

This section presents a description of the source, nature and extent of each of the 13 areas based on the 

investigations presented and previous investigations discussed in this Addendum Report. 

 

Location Name Site RTN (1) 
SWMU/AOC 
Number(2)(3) 

RTNs Linked to 
1-0184(4)(5)(6) 

RTN  
Linked? (7) 

Solid Waste Disposal Area (SWDA) No. 1 1-0184 SWMU 35 1-10739 and 1-10748 Yes 
SWDA No. 2 1-0184 SWMU 36 1-10741 Yes 
Liquid Waste Disposal Area (LWDA) No. 1 1-0184 SWMU 34 1-10740 Yes 
LWDA No. 2 1-0184 SWMU 37 NA Yes 
Fiberloid Landfill 1-0184 SWMU 33 1-10742 and 1-10749 Yes 
Building 99 Leach Fields 1-0184 SWMU 47 1-10745 Yes 
Burning Cages or Pits A 1-0184 SWMU 38 NA Yes 
Burning Cage or Pit B 1-0184 SWMU 39 NA Yes 
Burning Pit C 1-0184 SWMU 40 1-10746 Yes 
Burning Pits D 1-0184 SWMU 41 1-10743 Yes 
Former Building 44 and Tank Farm D&E 1-0184 AOC 7 1-10744 Yes 
World War II Naval Research Area 1-0184 None NA Yes 
Outfall Piping adjacent to Chicopee River 
Shoreline 

1-0184 SWMU 64 NA Yes 

 
Notes: 

(1) RTN established by MADEP for Indian Orchard Plant site in 1987 (MADEP, 1990). 
(2) SWMU/AOCs identified 1991 (CDM, 1991). 
(3) “None”- No SWMU or AOC identified for this area in 1991; however, area qualifies as an AOC. 
(4) Additional notifications to MADEP in 1994 for areas already covered under RTN 1-0184 (Monsanto, 

1994). 
(5) “NA” – No detections above RCs. 
(6) “–“Not part of investigations prior to October 1994 or discovered until after October 1994. 
(7) FGHA not linked to RTN 1-0184 per 310 CMR 40.0317 (16) as nature and type were considered 

inconsistent with those reported for RTN 1-0184 (B&B, 1987; Monsanto, 1994). 
 

This section also evaluates whether a hot spot exists at each of the above areas.  Hot spots are defined by the 

MADEP (MADEP, 2006a) as a discrete area where concentrations of hazardous material exceed applicable 

Method 1 standards and are greater than ten times that of the surrounding area unless “there is no evidence that 

the discrete area would be associated with greater exposure potential than the surrounding area.”  If 

concentrations in a discrete area exceeded one hundred times that of the surrounding are, the discrete area is to 

be classified as a hot spot, unless the applicable Method 1 standard was not exceeded.  Constituent 

concentrations at or above Method 1 standards were compared to the respective constituent concentrations of the 

“surrounding areas.”  Using MADEP’s definition, hot spots were identified.  Sampling locations where 

measured concentrations are less than the applicable Method 1 standard near to and/or around a discrete area 
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where a concentration exceeded a Method 1 standard were averaged for use as the “surrounding area.”  Data 

used to evaluate hot spot extent in addition to soil analytical data consist of historical topographic comparison of 

landfills and soil boring field screening data, and soil visual examination reported on soil boring logs (Appendix 

E) were used to confirm extent of a hot spot. 
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8.1 Solid Waste Disposal Area No. 1 (SWDA No. 1) – SWMU 35 

8.1.1 Source and Nature of Area Constituents 

 

SWDA No. 1 (SWMU-35) is a 5.8-acre kettle-filled landfill located on the southeast corner of the property, as 

shown on Figures 1-2, 2-1, 2-2, 3-2 and 4-7).  It is bordered to the northwest by LWDA No. 2, to the north by 

LWDA No. 1, to the east by a 30-foot-high embankment, and to the south by a 15-foot-high berm.  Beyond the 

berm is the plant fence and Worcester Street.  Based on soil and groundwater analytical data, the primary 

constituent associated with this area is chlorobenzene, as described in the table below.  The chlorobenzene in the 

groundwater associated with this area and its subsequent plume is likely associated with historical disposal 

activities from the east plant from 1952 to 1970. 

 

Area 
Primary Constituent 

Detected Source Location and Date 
Additional Constituents 

Detected and Source 
SWMU 35/ 
SWDA No. 
1 

Chlorobenzene, 
styrene, and xylene 

The source of chlorobenzene is disposal in SWDA 
No. 1.  There have been no raw materials or 
products manufactured at the Indian Orchard Plant 
containing chlorobenzene that could result in a 
chlorobenzene byproduct.  However, 
chlorobenzene was used for a brief period for R&D 
efforts by the U. S. Navy in the mid-1940s.  This 
R&D project occurred at the Former WWII NR 
Area.  Historical WWII NR Area maps and aerial 
photographs show three ASTs adjacent to Building 
96, one of which was reportedly used for the 
storage of chlorobenzene.  It is likely that one or 
more releases of chlorobenzene occurred at the 
WWII NR Area former AST area to the  soils and 
that these soils were then  disposed into SWDA 
No. 1 during decommissioning. 

Ethylbenzene, Bis(2-
ethylhexyl)phthalate.   
 
(It is likely that these are 
associated with scrap 
plastic and resins, 
solution resins and 
syrups, and colorants and 
stabilizers received by the 
landfill over the duration 
of its operation.) 

 

The limits of the landfill and the extent of chlorobenzene, ethylbenzene, xylene, styrene, and bis(2-

ethylhexl)phthalate in waste and/or soil in and surrounding the landfill were defined based on 31 soil borings 

(SB-1 through SB-7, SB-12, SB-35A, SB-35B, SB-37 through SB-39, SB-66, SB-90, SB-99, SB-100 though 

SB-103, MW-4S, MW-23R, MW-30D, MW-31S, MW-32S, MW-35D, MW-71S, MW-89D, MW-90S, MW-

100D, and MW-101S) and three test pits (TP-3, TP-4, TP-5) within and surrounding SWDA No. 1 that were 

installed from 1984 to 2000.  The extent of wastes in the landfill is shown on Figure 4-7 and in Appendix F-4, 3-

D Depiction of SWDA No. 1 Extent, based on a 1935 elevation survey of the former kettlehole.  The extent of 

this landfill is based on an elevation survey of the former kettlehole.  The walls and floor of the kettlehole define 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 8-4 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

the landfill extent.  The extent of chlorobenzene in groundwater in the deep saturated zone and shallow 

saturation zone, both of which are above the till, is shown on Figure 8-1, Figure F-5 of Appendix F, and J-2 and 

J-3 of Appendix J. 

 

The landfill was found to be approximately 5.8 acres, with surface elevations ranging from 195 to 203 feet 

ASPD in 1994.  Based on soil borings and historical topographic comparison, the lowest elevation of waste in 

the landfill is 151 feet ASPD, with a maximum thickness of 42 feet.  It is estimated that 257,000 cubic yards 

(cy) of waste sit in SWDA No. 1, of which 1,800 cy, or less than 1% of the total landfill volume, is below the 

water table.  An electronic visualization model of the landfill relating the relationship of the water table to the 

landfill has been created (Appendix F and Figure 3-2). 

 

NAPL was observed in one soil boring, SB-37, within SWDA No. 1 above a perched water zone.  The depth at 

which the NAPL exists in SWDA No. 1 is unknown because NAPL was not observed in any of the soil samples 

from SB-37.  NAPL was observed only after it accumulated on top of the water in the open borehole at 24 feet 

bgs.  The total depth of the borehole was 38 feet bgs when the NAPL was detected.  A sample of the NAPL 

from this soil boring was collected and analyzed for VOCs and SVOCs.  The NAPL consisted of a mixture of 

chlorobenzene (70% of mixture), ethylbenzene, xylene, toluene, bis(2-ethylhexyl)phthalate, and 2-methyl 

naphthalene, and could be denser than water (Solutia, 1998b).  A summary of the chemical analysis of the 

NAPL (Sample I.D. SB-37 [SPL]) is presented in Appendix D-1 - Updated Analytical Data Compendium.  

 

8.1.2 VOC Extent in Soil 

 

In 1986, two test pits (TP-3 and TP-4) were excavated at locations selected based on ground-penetrating radar 

(GPR) and magnetometer survey test results within the former landfill.  Hardened dry plastics and crushed 

empty drums were observed in the test pits.  VOC analytical results from the test pits indicated the presence of 

ethylbenzene and xylene.  Three soil borings (SB-37, SB-38, and SB-39) were subsequently drilled through the 

landfill to better characterize the waste.  Six soil samples (SB-37 [10- to 14-foot interval], SB-37 [26- to 28-foot 

interval], SB-38 [2- to 3-foot interval], SB-38 [6- to 10-foot interval], and SB-39 [10- to 14-foot interval], and 

one NAPL sample SB-37 [SPL]) were collected from these soil borings to delineate horizontal and vertical 

extent and characterize wastes.  Given the non-homogeneous nature of the landfill materials and the presence of 

a NAPL, containing mostly a compound denser than water (70% chlorobenzene), additional soil borings were 

not drilled into the landfill to avoid potentially exacerbating the NAPL extent.  Using the observations collected 
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from these subsurface soil borings, it was determined that the vertical extent of the wastes in SWDA No. 1 are 

within the water table and that a perched water zone exists 12 feet above the water table within SWDA No. 1.  

For details on the lithology observed in test pits and borings associated with SWDA No. 1, see Appendix E - 

Updated Soil Boring Compendium, Figure 4-7, geologic cross sections, and the Supplemental RFI/MCP Phase 

II CSA Report (BBL, 1996a). 

 

Twenty-two soil borings were advanced and continuously sampled at 2-foot intervals around the perimeter of 

the landfill from the early 1980s to 1999 to fully define its horizontal extent: SB-1 though SB-7, SB-12, SB-

35A, SB-35B, SB-66, MW-4S, MW-23R, MW-30D, MW-31S, MW-32S, MW-35D, MW-71S, MW-89D, MW-

90S, MW-100D, and MW-101S. 

 

Six soil samples were selected for further analysis based on FID and PID field screening of samples in 1994, and 

one sample was collected in 1984 at MW-31 at 22 to 24 bgs, along the western perimeter of SWDA No. 1, for 

analysis of VOCs, SVOCs, PCBs, pesticides, metals, phenols, and cyanide (priority pollutants).  None of these 

compounds were detected above method quantitation limits except metals, which were detected below RCs.  

The data for these soil samples are provided in Appendix D-1 - Updated Analytical Data Compendium.  One 

separate-phase liquid sample was collected from a soil boring (SB-37) in 1994.  Soil samples and NAPL 

samples were submitted for laboratory analysis from five soil borings/monitoring wells in SMWU 35/SWDA 

No. 1.  The following constituents exceeded the USEPA Region 9 Industrial Preliminary Remediation Goals 

(PRGs), the MCP RC, the MCP Method 1 S-3/GW-3, and/or the UCLs: 

 

• Ethylbenzene detected at soil borings SB-37 (10- to 14-foot interval), SB-37(26- to 28-foot interval), 

and SB-39 (10- to 14-foot interval) exceeded the USEPA PRG, the applicable S-3/GW-3 soil standards, 

and the RC S-2 soil standards. 

 

• Styrene detected at soil borings SB-37 (10- to 14-foot interval), SB-37 (26- to 28-foot), and SB-39 (10- 

to 14-foot interval) exceeded the PRG. However, only SB-39 (10- to 14-foot interval) exceeded  the 

applicable MCP Method 1 S-3/GW-3 soil standards.   

 

• Total xylenes detected at soil boring SB-39 (10- to14-foot interval) exceeded the USEPA PRG, the 

MCP Method 1 S-2/GW-2 and S-2/GW-3 soil standards, the RC S-2 soil standards, and the UCL. 
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• Bis(2-Ethylhexyl)phthalate detected at soil borings SB-37 (10-to 14-foot interval), SB-37 (26- to 28-

foot interval), and SB-39 (10-to 14-foot interval) exceeded the USEPA PRG, the MCP Method 1 S-

2/GW-2 and S-2/GW-3 soil standards, and the RC S-2 soil standards. 

 

• Chlorobenzene although not detected above the MCP Method 1 S-3/GW-3 standards the detection limits 

in two samples (SB-37 and SB-29 at 10 –to 14-foot interval) exceeded this standard. 

 

There were no exceedances in soil samples collected from the unsaturated zone from 4 to 10 feet bgs from 

within the waste disposal area.  Since the time of sampling of waste in SWDA No. 1 in 1994, ash has been 

stored on this former disposal area adding additional cover thickness (Figure 3-2).  Soil borings surrounding the 

perimeter of the former waste disposal area also recorded no exceedances.  These data were used to confirm 

previous delineations of the extent of the landfill and VOCs in soil.  Samples SB-37 (10- to14-foot interval) and 

SB-39 (10- to14-foot interval) were collected in a moist zone in the landfill approximately 8 feet above the 

perched water in SWDA No. 1.  Sample 37 (26- to 28-foot interval), collected 2 to 6 feet into the perched zone, 

was saturated.  The water table was approximately 50 bgs. 

 

Chlorobenzene was detected in the insolated NAPL (or separate-phase liquid) sample from a soil boring (SB-37) 

within SWDA No. 1, and ethylbenzene and xylene were detected in a crushed drum from TP-3 in SWDA No. 1.  

There has not been any direct observation (e.g., sheen) of NAPL in monitoring wells downgradient of SWDA 

No. 1.  Groundwater quality data provide an adequate basis to establish the lack of dense or light NAPLs  in 

groundwater at the site.  Observations indicate that NAPL may be present within SWDA No. 1, and this NAPL 

is likely the source of chlorobenzene detected in groundwater downgradient of SWDA No. 1 and LWDA No. 1.  

Because groundwater quality data obtained around the periphery of SWDA No. 1 exhibited only low 

concentrations of chlorobenzene, ethylbenzene, and xylene, the distribution of NAPL is interpreted as limited to 

the immediate vicinity of SWDA No. 1 near to SB-37 and possibly SB-39, as the detection limits in both SB-37 

(10- to 14-foot) and SB-39 (10- to 14-foot) for chlorobenzene were elevated above the Method S-3/GW-3 

standard of 100 mg/kg.  Both these samples were collected above the perched zone detected at 18 feet below 

grade in both SB-37 and SB-39, where as VOC concentrations and detection limits below the perched zone 

decreased an order of magnitude.  PID and FID field screening also generally decreased below the depth of 18 

feet below grade in both borings (Appendix E).  

 

The extent of chlorobenzene in soil is likely contained laterally within the walls of the kettlehole (based on site 

topographic historical comparisons) that mark the perimeter of SWDA No. 1 (Blasland and Bouck Engineers 
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PC, 1984a) because elevated VOCs  were detected in the 22 perimeter soil borings around SWDA No. 1 (SB-1 

though SB-7, SB-12, SB-35A, SB-35B, SB-66, MW-4S, MW-23R, MW-30D, MW-31S, MW-32S, MW-35D, 

MW-71S, MW-89D, MW-90S, MW-100D, and MW-101S) installed from the early 1980s to 1999. 

 

A hot spot was identified in SWDA No. 1 in soils based on soil samples from borings SB-37, SB-38, and SB-39 

collected within the wastes known to be present within the landfill.  Continuously sampled soil boring screening 

data collected around the known perimeter of the landfill was considered as the “surrounding area” and the 

entire known extent of the landfill was based on pre- and post-landfill construction topographic comparisons 

(B&B, 1984a), test pit data (TP-3 and TP-4) and continuously sampled soil boring data within SWDA No. 1 

including SB-37, SB-38 and SB-39 was conservatively assumed to represent the extent of the hot spot.  Method 

1 standards were compared to recorded data at SB-37, SB-38 and SB-39 (see below) to identify the hot spot 

(Table 8-1), Figure 8-1 shows the location of SWDA No. 1 Hot Spot. 

 

TABLE 8-1 
SWDA NO. 1 HOT SPOT –RESULTS REPORTED IN MG/KG 

 
Sample ID  SB-37 SB-37 SB-38 SB-39 
Date Collected  6/16/1994 6/16/1994 6/23/1994 6/21/1994 
Depth Range (ft) MADEP FS FS FS FS 
Sample Type S-32/GW-3 (10 - 14') (26 - 28') (2 - 3') (10 - 14') 
Chlorobenzene 100 140U 20U 0.38J 140U 
Ethylbenzene 500 2,900 410 760 6,000 
Styrene 1000 36 47 30 U 1600 
Xylenes, Total 300 140 U 180 250 18,000 
bis(2-Ethylhexyl)phthalate 500 360 1,800 490 310 
Phenol 100 76 U 260 U 78 U 180 
Aroclor-1254 2 1.8 U 13 U 2.3 0.93 U 
Antimony 30 12 120 9.4 8.2 
Arsenic 20 1.4 1.8 1.3 120 
Cadmium 30 10 3.5 65 9.5 
 
Note: 
Results reported in mg/kg. 

 

In addition, NAPL was observed, to collect in the boring after the bore hole was  open over night  at SB-37 at  

38 feet bgs) within the thickest (45 feet thick) portion of the landfill at least 7 feet above the water table and the 

base of the landfill.  The NAPL contained the following constituents above a Method 1 standard for 

groundwater, chlorobenzene, ethylbenzene, toluene, total xylenes, bis(2-Ethylhexyl)phthalate, and naphthalene. 

 

SB-38, which is located within 10 feet of the landfill perimeter, had substantially lower concentrations than SB-

37 and SB-39.  In SB-38 three constituents were detected above Method 1 standards and thus conservatively 
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estimated as part of the hot spot.  Therefore, the entire horizontal and vertical extent of SWDA No. 1 based on 

pre-landfill topography and post landfill 1984 topography (pre-ash storage disposal) is assumed to represent the 

hot spot.  There were no elevated soil screening results in SB-1, SB-2, SB-3, SB-4, SB-5, SB-6, SB-7, SB-12, 

SB-13 or SB-66 around the perimeter of the landfill that would support the landfill extends beyond the extent 

defined via topographic comparison dimension(B&B, 1984a)(See Soil Boring Compendium – Appendix E).  

Therefore, the extent of the hot spot is conservatively estimated to be the entire the horizontal and vertical extent 

of the SWDA No. 1 landfill. 

 

8.1.3 VOC Extent in Groundwater 

 

Groundwater data indicate that the primary constituent detected associated with this area is chlorobenzene.  

Styrene has not been detected in the groundwater, and ethylbenzene is limited in extent beyond the limits of 

SWDA No. 1.  The extent of chlorobenzene in the groundwater has been delineated.  To fully characterize the 

horizontal and vertical extent, Solutia installed 37 groundwater monitoring wells (MW-3S, MW-4S, MW-5S,  

MW-21D, MW-24T, MW-25D, MW-26S, MW-28D, MW-29S, MW-31S, MW-34D, MW-36D, MW-37S, 

MW-38T, MW-40S, MW-41D, MW-42D, MW-43D, MW-44S, MW-45D, MW-48S, MW-51D, MW-52S, 

MW-56S, MW-53D, MW-57D, MW-71S, MW-74S, MW-75, MW-78S, MW-81D, MW-82S, MW-89D, MW-

90S, MW-91D, MW-102D, and MW-103S) and 55 passive vapor diffusion samplers in the Chicopee River V-

01 through V-55, and three surface water sampling events.   

 

Monitoring wells designated with an “S” are shallow wells installed in the uppermost water-bearing unit and are 

at or near the water table in the post-glacial deltaic outwash sand unit.  Wells designated with a “D” are deep 

wells installed in the deeper portion of the same upper water-bearing unit but are at or near the top of the basal 

glacial till unit.  The monitoring wells designed with a “T” are wells installed into the basal till.  By cluster wells 

in the upper and lower saturated zone within the unconfined deltaic outwash sand and in the till, the vertical 

extent of VOCs in groundwater has been delineated.  Figures J-2 and J-3 of Appendix J, as well as the 3-D 

model, “Distribution of Dissolved Chlorobenzene in Groundwater” in Appendix F-5, show the extent of VOCs 

in the upper and lower zones of the saturated zone. 

 

Based on results from groundwater samples the above listed monitoring wells, the source of chlorobenzene to 

groundwater is downgradient of SWDA No. 1.  Chlorobenzene appears to be leaching from the landfill  to the 

groundwater in the north-northwest corner of SWDA No. 1, as described in Appendix G; Section 1.3.3.1.  The 
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plume, approximately 3,000 feet long by 600 feet wide, originates at SWDA No. 1 and moves west and then 

north-northwest toward the Chicopee River.  The migration and shape of the plume appear to be influenced by 

heterogeneities within the saturated deltaic outwash sand. This sand which happens to be at its thickest within 

the depression in the basal till (Figures 4-4 and 3-2). 

 

The following constituents in groundwater were above the MCP RCs, GW-2, and/or MCP Method 1 GW-3 

(Appendix D-1 - Updated Analytical Data Compendium): 

 

• At MW-25D, MW-26S, MW-28D, MW-36D, MW-41D, MW-43D, MW-53D, MW-72S, MW-74S, MW-

79D, MW-81Sbis (2-chloroethyl) ether was detected above the MCP RC GW-2 , however, in the 

vicinity of MW-26S, MW-72S, MW-74S, and MW-81S where the plume is where this standards is 

applicable (i.e. water table is less than 15 feet below grade and within 30 feet of an occupied building). 

 

• At MW-5S, bis(2-ethylhexl)phthalate was detected at concentrations slightly above MCP Method 1 

GW-3 standards in 1985 and 1987.  The concentrations of bis(2-ethylhexl)phthalate detected at this 

location have decreased with time.  By May 1992, concentrations were below action levels.  In 1994, 

they were below detection; however, during data validation, the bis(2-ethylhexyl)phthalate detected in 

groundwater was rejected because this compound is a common laboratory artifact. 

 

• At MW-25D, MW-28D, MW-43D, MW-53D, MW-82S, MW-90S, chlorobenzene has exceeded the 

MCP RC GW-2, Method 1 GW-2, and Method 1 GW-3 standards historically, and has remained 

unchanged except at MW-43D and MW53D where concentrations over time have been observed to 

decrease.   

 

• At MW-3D, MW-26S, MW-31S, MW-36D, MW-72s, MW-73S, MW-74S, MW-91D and MW-102D, 

chlorobenzene has historically exceeded the MCP RC GW-2 standards (Appendix D-1).   

 

• At MW-41D, chlorobenzene was detected at concentrations above MCP RC GW-2, MCP Method 1 

GW-2, and MCP Method 1 GW-3 standards.  The concentration of chlorobenzene detected at this 

location has been decreasing with time.  In January 1999 and 2002, chlorobenzene concentrations have 

been below GW-3 standards and only slightly above GW-2, however GW-2 is not applicable because 

there are no buildings in the vicinity of this well and depth to groundwater is greater than 15 feet. 
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• At MW-43D, the concentration of chlorobenzene detected at this location has been decreasing with 

time.  In July 2002, chlorobenzene levels slightly exceeded MCP RC GW-2 standards; however, GW-2 

standards are not applicable at this location. 

 

• At MW-53D, the concentration of chlorobenzene detected at this location has been decreasing with 

time.  By January 1999, chlorobenzene levels were below these standards.  In June 2002, chlorobenzene 

levels at this location just exceeded MCP Method 1 GW-2 however GW-2 standards are not applicable 

at this location because the shallow well at this location MW-12S is less than GW-2 standard of 0.2 

mg/L.  

 

• Monitoring well MW-90S is the only perimeter well around SWDA No. 1 that has elevated 

chlorobenzene concentrations and has the highest detected concentrations within the known plume 

extent of SWDA No. 1 at 3.5 mg/L.  MW-90S is along the north-northwest edge of SWDA No. 1, where 

chlorobenzene appears to be leaching from the landfill. 

 

Summaries of the groundwater analytical results are presented in the Appendix D-1 - Updated Analytical Data 

Compendium.  A summary of VOC detections in 2002 is presented in Appendix G, Table G-24. 

 

In the shallow aquifer, chlorobenzene detections have consistently been the highest at MW-90S.  From this area, 

the plume migrates northwest and then west, decreasing in concentration with distance from MW-90S.  In the 

deep aquifer located at or near the top of till, chlorobenzene detections have consistently been highest at MW-

25D.  The plume path follows the greatest aquifer thickness above the till, a preferential pathway.  The 

chlorobenzene plume is the weakest, or non-detect, near the water table surface, and it is higher (but still 

relatively low) in concentration above the top of till approaching the Chicopee River, as illustrated on Figures J-

2 and J-3 of Appendix J, and in Appendix F-5.  In the area of an upward vertical gradient the chlorobenzene 

plume is found to have relatively higher concentrations.  This upward vertical gradient is observed in the 

Building 97 and 99 areas.  Downgradient of the Building 97 and 99 area, at well cluster MW-28D/MW-19S a 

downward vertical gradient is observed (Table 4-4) and the chlorobenzene plume is the weakest, or non-detect, 

near the water table surface, and it is higher (but still relatively low) in concentration at depth just above the top 

of till approaching the Chicopee River. In the area of the Chicopee River over 2500 feet downgradient of the 

source at SWDA No. 1, chlorobenzene is found at a depth interval of 57 to 62 feet below grade within the 

deltaic outwash sand (Figure 4-6) in MW-43D, but is not detected in the monitoring well MW-44S installed next 

to MW-43D but shallower screened at the 23 to 28 foot interval below grade. 
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Based on advection-dispersion equation of the plume associated with SWDA No. 1, the NAPL source is 

calculated to be approximately 55 gallons (Appendix C, C-4 - Review of USEPA Analytical Solution Model).  

However, mathematical models of this nature assume homogenous isotropic conditions6 which are not present at 

in glacial outwash sand depositional environments, as such calculations from these can be considered only rough 

estimates.  An explanation of why chlorobenzene remains persistent within the saturated zone is presented in the 

section below.  

 

8.1.4 Natural Attenuation in Groundwater 

 

In 1999, BBL completed an Evaluation of Natural Attenuation Processes, Indicator Parameters, and Products 

(Appendix J).  The goal of this study was to evaluate groundwater quality conditions at the site using methods 

adopted by the USEPA to assess the potential for NA of dissolved VOCs in groundwater. 

 

Groundwater analytical data obtained at the site indicate that there is an NA “zone,” coincident with the location 

of the VOC plume, in which dissolved VOCs are being metabolically degraded as a carbon source to byproducts 

including carbon dioxide, methane, and water due to the presence of naturally occurring, biologically mediated 

redox reactions.   

 

A series of in situ redox reactions is present onsite.  These reactions are associated with the currently existing 

hydrogeologic, geochemical, and microbiologic conditions of the groundwater system.  As shown by the site 

groundwater data, redox reactions, including aerobic respiration (Figures J-4 and J-5), denitrification (Appendix 

G, Table G-5), iron reduction (Figures J-10 and J-11), and methanogenesis (Figures J-14 and J-15), are present 

in groundwater at the site.  These redox reactions are known to consume dissolved VOCs in groundwater and 

produce byproducts, including carbon dioxide, methane, and water.  There are overlapping plumes of metabolic 

byproducts (e.g., carbon dioxide and methane) that: 

 

• are located coincident with the dissolved VOC plume; 

• were not used at the site or as part of the fill materials; and 

• do not occur naturally at the site. 

                                                      
6 Isotropic is when the hydraulic conductivity is not affected by flow direction through the medium and value of hydraulic 
conductivity is the same in all directions. 
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The presence and distribution of metabolic byproducts detected in groundwater cannot be accounted for by 

either the operations history of the site or naturally occurring geochemical processes.  Additionally, there is a 

robust population of subsurface microorganisms, known to degrade organic compounds in groundwater, present 

in groundwater beneath the site near and downgradient of SWDA No. 1 that is associated with the location of 

the dissolved VOC plume (Appendix D-1 - Updated Analytical Data Compendium). 

 

A zone of depleted dissolved oxygen and sulfate is observed in groundwater coincident with the location of the 

VOC plume and plumes of metabolic byproducts (ammonia, dissolved iron, and methane).  These zones appear 

to be located near and downgradient of SWDA No. 1.  The redox reactions found to be occurring in site 

groundwater are biologically mediated reactions that consume dissolved VOCs and result in the production of 

metabolic byproducts.  

 

There is evidence of NA of specific VOCs (i.e., benzene, ethylbenzene, xylene, and chlorobenzene) in the 

groundwater onsite.  Benzene concentrations in groundwater at monitoring well MW-26S continuously 

decreased until non-detectable levels were attained in March 1989.  Benzene has not been detected at 

monitoring well MW-26S since March 1989.  This trend of decreasing benzene concentrations in groundwater 

over time has been observed at the majority of sampling locations at the site, as shown by the site data. 

Groundwater data indicate that benzene was detected in only six of the 20 monitoring wells sampled during the 

January 1999 sampling event, with a maximum concentration of approximately 0.036 mg/L (Appendix G, Table 

G-5).  In June 2002, eight of ten groundwater samples contained benzene; however, six were below the method 

detection limit.  Trends indicate not only that the rate of in situ benzene biodegradation in groundwater at the 

site is sufficient to prevent offsite migration, but that NA is a feasible remedy for mitigating BTEX-impacted 

groundwater at the site. 

 

There is an ample collection of literature documenting and describing the degradation of chlorobenzene in 

contaminated soils and waters (e.g., MacKay et al., 1996; Nishino et al., 1992; Van Der Meer et al., 1998; and, 

Wyndham R. Campbell, Cashore, A.E., Nakatsu, C.H., Peel, M.C.,, 1994.  Chlorobenzene is readily degradable 

in groundwater under aerobic conditions (Chappelle, 1993) and degradable under anaerobic conditions as well, 

although at slower rates (Sawyer et al., 1994; Howard, 1990). Evidence of in situ biodegradation of dissolved 

chlorobenzene in groundwater at the site includes the presence of increased concentrations of dissolved carbon 

dioxide, methane, and 2-chlorophenol in groundwater downgradient of SWDA No. 1, as well as decreasing 

concentrations of chlorobenzene in groundwater samples over time at certain well locations, particularly at 
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monitoring wells MW-41D, MW-43D and MW-53D. This trend of decreasing chlorobenzene concentrations in 

groundwater over time has been observed at only a few of the sampling locations at the site.  Generally, a low 

concentration of chlorobenzene appears to be widespread in the groundwater plume associated with SWDA No. 

1.  Site data indicate that chlorobenzene was detected above the method detection limit in 16 of the 20 

monitoring wells sampled during the January 1999 sampling event (Appendix G, Table G-5).  In June 2002, 

chlorobenzene was detected in nine of ten monitoring wells sampled (Appendix G, Table G-5) at concentrations 

consistent with a previous sampling event in January 1999.  These trends and site data indicate that the rate of in 

situ chlorobenzene biodegradation in groundwater at the site may be limited due to the presence of widespread 

anaerobic conditions in the deep aquifer, under which chlorobenzene appears to be degrading at a slower rate.  

This offers a suggestion as to why chlorobenzene concentrations observed are weakest near the surface and 

become stronger with depth, under increasingly anaerobic conditions.  However, chlorobenzene concentrations 

in pore water in the sediment beneath the hyporheic zone are insignificant, as discussed below. 

 

8.1.5 VOC Extent to Chicopee River 

 

As discussed earlier, the chlorobenzene plume follows the path of the greatest aquifer thickness.  The plume is 

most concentrated in the deep aquifer oxygen-depleted zone.  In the area where the chlorobenzene plume 

intersects with the Chicopee River, the aquifer is approximately 70 feet thick.  There are only trace 

concentrations of chlorobenzene in the shallow aquifer in the area of the Chicopee River, as shown on Figure J-

2.  Chlorobenzene concentrations are significantly higher in the deep aquifer in the area of the Chicopee River, 

as shown on Figure J-3.  It is unlikely that the plume crosses beneath the Chicopee River given that the river is 

the lowest elevation water body in the area, and groundwater elevations on the other side of the river are higher 

than surface-water elevations, as discussed in Section 4.5.2.7.  It can thus be inferred that the groundwater 

discharges to the Chicopee River. 

 

In September and October 2001, PVD samples were collected beneath the hyporheic zone of the Chicopee River 

to evaluate the fate of chlorobenzene from groundwater (see Sections 6.4.1 and 6.2.6 for further detail regarding 

these sampling activities).  Only trace levels of chlorobenzene were detected in PVDs from the Chicopee River.  

These data support the conclusion that the chlorobenzene plume enters the Chicopee River.  However, 

concentrations are significantly reduced, from approximately 1 mg/L at MW-43D to 0.05 mg/L at one of 60 

PVC samples in the hyporheic zone of the Chicopee River (see Section 6.4.1 - Chlorobenzene Fate Study).  It is 

likely that, as the chlorobenzene moves from the deep oxygen-deprived aquifer up through the shallow aquifer 
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and into the oxygen-rich surface water (DO measurements ranged from 5 mg/L to 7 mg/L in surface water in 

1999) (see Appendix G, Table G-5, BBL, 1996a), it readily degrades.  The concentrations of chlorobenzene in 

the deep groundwater aquifer are reduced significantly, and only trace concentrations of chlorobenzene are 

detected in PVDs. 

 

NA may be a key degradation process, given that only trace amounts of chlorobenzene reach the hyporheic zone 

below the Chicopee River surface-water/groundwater interface. 
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8.2 Solid Waste Disposal Areas No. 2 (SWDA No. 2) - SWMU 36 

8.2.1 Source and Nature of Area Constituents 

 

SWDA No. 2 is located in the south-central portion of the site.  It is bordered to the west by Solutia’s Gate #2 

Access Road (and further to the west by Bircham Bend Brook), to the north by Buildings 97 and 99, to the east 

by Burning Pit A and the railroad, and to the south by a berm (and further south by Worcester Street) (Figure 1-

2). 

 

Based on soil and groundwater analytical data, the primary constituents associated with this area are SVOC, [bis 

(2 ethyl hexyl) phthalate], PCBs, and inorganics except concentrations of VOCs and SVOCs are relatively low 

compared to SWDA No. 1.  None of these exceeded an UCL.  Bis (2 ethyl hexyl) phthalate, PCB and lead were 

the only constituents that were detected above a RC, as described in the table below. 

 

Area 

Primary 
Constituent 

Detected Source Location and Date 
Additional Constituents 

Detected and Source 
 SWDA No. 2 
(SWMU 36) 

PCBs 
(Aroclor 1242, 1260) 

The source of lead and bis (2 ethyl hexyl) 
phthalate are from plant refuse. It is likely that 
the source of PCBs in SWDA No. 2 is linked to 
the former use of PCB transformers at the plant.  
The PCB transformers and their associated 
waste were removed from the site in 1991 
(USEPA, 1991b) RCRA Facility Assessment 
Report, Final Draft) by Transformer Service Inc., 
Ohio, USEPA ID # NHD018902874.  While the 
bulk of PCB-related waste was taken offsite by a 
permitted transporter to an approved disposal 
facility, it is possible that some residual waste or 
contaminated soils were left and deposited in 
SWDA No. 2. 

Bis(2-ethylhexyl)phthalate, 
Dimethyl phthalate, styrene, 
xylene, arsenic cadmium, 
copper, lead, mercury, and 
selenium. 
 
(It is likely that these are 
associated with refuse, 
plastic pellets, plastic 
sheeting, plastic fragments, 
and adhesive-like material 
received by the landfill during 
its operation.) 

 

The limits of the landfill and the extent of  waste are defined based on 28 soil borings (SB-17, SB-21, SB-22, 

SB-43, SB-45, SB-46, SB-67, SB-86, SB-87, SB-88, HA-1, HA-2, HA-3, HA-4, HA-5, HA-6, HA-7, HA-8, 

HA-9, HA-10, HA-31, HA-32, HA-33, HA-35, MW-6D, MW-7S, MW-47D, and MW-48S), two test pits (TP-1 

and TP-2), and eight surface soil samples (SS-6, SS-8, SS-12, SS-13, SS-25, SS-26, SS-27, SS-28), within and 

surrounding SWMU 36/SWDA No. 2, installed from 1984 to 2000.  The extent of PCB in soil is based on ten 

samples including SB-43, SB-45, SB-46, SS-6, SS-8, SS-12, SS-13, SS-26, SS-27, and SS-28.  These locations 

and data are shown on shown on Figure 9-2. 
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NAPL was not observed in or around the SWDA No. 2 soils or surrounding monitoring wells.  Other 

constituents detected in SWDA No. 2 include bis(2-ethylhexl)phthalate, dimethyl phthalate, styrene, and xylene; 

however, none of these are observed to extend beyond the extent of this landfill, as discussed below. 

 

8.2.2 Extent in Soil 

 

In 1986, two test pits, TP-1 and TP-2, were excavated at locations selected based on GPR and magnetometer 

survey test results within the former landfill.  Hardened dry plastics and crushed empty drums were observed in 

both test pits.  Three soil borings (SB-18, SB-43, and SB-45) were later drilled through the landfill to better 

characterize the waste.  Waste in these borings consisted of plastic pellets, plastic sheeting, plastic fragments, 

semi-solid materials, adhesive-like material, brick, wood, glass, aluminum foil, and cardboard.  The waste 

materials extended approximately 10 feet into the water table at soil boring SB-43 Figure 3-2; Appendix F-4.  

Two soil/waste samples were collected based on visible waste and elevated PID/FID field screening results at 

SB-43 from 10 to 12 feet bgs, at SB-45 from 4 to 8 feet bgs, and at SB-88 from 12 to 14 feet bgs.  The following 

constituents exceeded the USEPA Region 9 Industrial Preliminary Remediation Goals (PRGs), the MCP RC, the 

MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, and/or the UCL: 

 

• At waste sample SB-45, bis(2-ethylhexyl)phthalate exceeded the USEPA PRG and the MCP Method 1 

S-2/GW-3 soil standards of 300 mg/kg but below the S-3/GW-3 standard of 500 mg/kg. 

 

• At waste sample SB-43, lead concentrations exceeded the MCP Method 1 S-2/GW-3 and S-3/GW-3. 

 

• At SS-13 and SB-45, PCB Aroclor 1242 or 1260 concentrations exceeded the USEPA PRG, the MCP 

Method 1 S-2/GW-3 and S-3/GW-3. 

 

The soil boring logs for SB-43, SB-45, and SB-88 are provided in Appendix E - Updated Soil Boring 

/Monitoring Well Compendium, and the analytical data are presented in Appendix D - Updated Analytical Data 

Compendium. 

 

No unsaturated soil samples were collected beneath the wastes at soil borings SB-43 and SB-45 due to the 

relatively shallow water table.  However, a saturated soil sample was collected beneath the waste/fill observed in 
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SB-88 at 16 to 18 feet bgs, and VOCs were below method quantitation limits, except for acetone at 0.028 

mg/kg, which is below the MCP RC. 

 

An unsaturated soil sample was collected from SB-46 at 4 to 6 feet bgs, located along the western perimeter of 

SWDA No. 2, to confirm the horizontal extent of the disposal area between the landfill and the Bircham Bend 

Brook.  This sample was analyzed for TCL VOCs, SVOCs, PCBs, and TCL metals and cyanide.  No parameters 

exceeded criteria.  These data were used to delineate the southernmost and southwestern most extent of the 

PCBs and VOCs in soil.  

 

Using the observations and analytical data collected from subsurface soil borings, the vertical extent of the 

wastes in SWMU 36/SWDA No. 2 were determined to be above and below the water table.  Furthermore, the 

extent of PCBs in soil is limited to within the horizontal extent of SWMU 36/SWDA No. 2.  For details on the 

lithology observed in test pits and borings associated with SWMU 36/SWDA No. 2, see Appendix E - Updated 

Soil Boring/Monitoring Well Compendium, and the geologic cross section on Figure 4-7. 

 

A hot spot was identified through two soil sample locations in SWDA No. 2 concentrations above applicable 

MCP Method 1 standards.  Two soil samples SB-43 and SB-45 contained either bis(2-ethylhexyl)phthalate, lead 

or PCB  concentrations above the MCP Method 1 S-2/GW-3 or S-3/GW-3soil standards.  A soil sample within 

the waste and known landfill extent of SWDA No. 2 at SB-45 indicate that bis(2-ethylhexyl)phthalate and 

Aroclor-1242 exceeded the MCP Method 1 S-2/GW-3 standard.  A surface soil sample at SS-13 also exceeded 

the MCP Method 1 S-2/GW-3 standard for Aroclor-1242.  At each of these locations, concentrations were also 

more than ten times that of the surrounding area average.   

 

Bis(2-ethylhexyl)phthalate, and PCBs (including Aroclor-1242, Aroclor-1254 and Aroclor-1260) also were 

detected at other sampling locations but did not exceed MCP standards.  However, a hot spot was conservatively 

delineated assuming the entire extent of SWDA No. 2 based on topographic comparisons of the pre-landfill and 

post-landfill construction elevation, landfill soil borings SB-43, SB-45, SB-86, SB-87, SB-88, landfill test pit 

TP-1 and TP-2, landfill perimeter soil borings SB-17, SB-18, SB-46, SB-67, MW-6D, MW-47S.  The extent of 

this area is defined is shown on Figure 8-3. 
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8.2.3 Extent in Surface Soil 

 

Eight surface soil samples were collected in the SWMU 36/SWDA No. 2 area to delineate the extent wastes in 

the surface soils.  Six surface soil samples [SS-8 (SB-45), SS-12 (SB-43), SS-13 (HA-10), SS-26, SS-27, and 

SS-28] were collected above and within the vertical extent of the wastes in eastern portion of SWDA No. 2 

(Figure 1-2).  Additional surface soil samples [SS-6 (SB-46) and SS-25] were collected west of the western 

perimeter of SWDA No. 2 and between SWDA No. 2 and Bircham Bend Brook.  

 

PCBs were detected at SS-6, SS-8, SS-13, SS-25, SS-26, SS-27, and SS-28.  At the following location, PCB 

concentrations exceeded criteria: 

 

• At SS-13, Aroclor 1242 at 5.5 mg/kg exceeded the USEPA PRG of 1.3 mg/kg but not the PRG of 21 

mg/kg, the MCP Method 1 S-2/GW-3 and S-2/GW-2, and the MCP RC S-2 standard of 2.0 mg/kg. 

 

The surface soil analytical results are presented in the Appendix D - Updated Analytical Data Compendium. 

 

8.2.4 Extent in Groundwater 

 

Groundwater samples were collected and analyzed from three wells upgradient of SWMU 36/SWDA No. 2 

(MW-21D, MW-5S, and MW-34D) and four wells downgradient of SWMU 36/SWDA No. 2 (MW-6D, MW-

7S, MW-47D, MW-48S) and stormwater drain culvert C-SR-11, which runs north of SWDA No. 2 westward 

and into the Bircham Bend Brook (Figure 1-2 and 3-1).  The groundwater data suggest that groundwater in this 

area has been relatively unaffected by the wastes in SWDA No. 2. 

 

The following constituents in groundwater were above the MCP RCs, the MCP Method 1 S-2/GW-2, and/or 

MCP Method 1 S-2/GW-3: 

 

• Cadmium was detected slightly above MCP RC GW-2 and MCP Method 1 S-2/GW-3 standards at MW-

6D and MW-7S in September 1983, but has not been detected in surrounding monitoring wells MW-

97D, MW-48S, MW-72S, and MW-53D. 

 

• PCB Aroclor 1260 was detected at the stormwater drain at C-SR-11 in August 1994.  
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Although the waste materials in SWDA No. 2 are partially below the water table, constituents are not detected in 

groundwater above RCs, based on groundwater analytical data.  The groundwater analytical results are 

presented in Appendix D. 

 

8.2.5 Extent in Surface Water/Sediment 

 
PCBs have not been detected in surface water adjacent to SWDA No. 2 in Bircham Bend Brook.  A surface-

water sample, SW-7, was collected and analyzed from the Bircham Bend Brook downstream of SWDA No. 2  

in 1995 and from the culvert, C-SR-11, discharging into the Bircham Bend Brook in the vicinity of SWDA No. 

2.  SW-7 was analyzed for VOCs, VOC TICs, SVOCs, SVOC TICs, PCBs, and inorganics, and there were no 

detections of PCBs or the other parameters above method detection limits.  C-SR-11 (culvert) contained a trace 

of PCB aroclor 1260 at 0.00019J. In 1999, sediment samples were collected for SVOCs, PCBs, and inorganics.  

These sediment samples have been evaluated in the On-Site Environmental Risk Characterization (BBL, 

2001b).  Analytical data indicate that SWMU 36/SWDA No. 2 has no effect on nearby surface water.  The 

surface-water analytical results are presented in the Updated Analytical Data Compendium (Appendix D), and 

further discussion is presented in the On-Site Environmental Risk Characterization (BBL, 2001b) and the 

environmental risk assessment in Section 10. 
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8.3 SWMU 34/Liquid Waste Disposal Area No. 1 (LWDA No. 1) 

8.3.1 Source and Nature of Area Constituents 

 

LWDA No. 1 is located on the central area of the property northwest of SWDA No. 1, as shown on Figure 1-2.  

It is bordered to the east by a railroad, to the north by the MassPower coal power plant, to the west by a 40-foot-

high ridge, and to the southeast by SWDA No. 1. Based on soil and groundwater analytical data, the primary 

constituent associated with this area is styrene, as described in the table below.  The wastes within LWDA No. 1 

are not observed in the adjacent soils or groundwater.  The constituent detected in groundwater in this area 

includes one VOC (chlorobenzene) associated with the chlorobenzene plume originating from SWDA No. 1.   

 

Area 

Primary 
Constituent 

Detected Source Location and Date Additional Constituents Detected 

SWMU 34/ 
LWDA No. 1 

Styrene The source of styrene detected in LWDA 
No. 1 is likely associated with disposal of 
off-grade products into SWMU 35/SWDA 
No. 1. 

1,2-Dichloroethane, 1,1,2-
Dichloropropane, Bis(2-
chlorothyl)ether, N-
Nitrosodiphenylamine, Benzene, 
Ethylbenzene, Toluene, Xylene, 
Arsenic, and Lead. 
 
(These are likely associated with 
waste solvents, oils, sludges, and 
latex received by the landfill over the 
course of its operation.) 

 

The limits of the landfill extent of VOCs in soils was defined based on 19 soil borings (SB-3, SB-4, SB-7, SB-8, 

SB-9, SB-10, SB-11, SB-40, SB-41, SB-90, MW-33D, MW-36D, MW-37S, MW-40S, MW-41D, MW-53D, 

MW-89D, MW-90S, MW-102D, and MW-103S) and test pit TP-5, within and surrounding SWMU 34/LWDA 

No. 1, installed from 1984 to 2000.  Styrene in the landfill has not been observed in the surrounding soil or 

groundwater. 

 

8.3.2 Extent in Soil 

 
In 1986, test pit TP-5 was excavated at a location selected based on GPR and magnetometer survey test results 

within the former landfill.  Empty crushed drums were observed in the test pit.  Two additional soil borings, SB-

40 and SB-41, were drilled through the landfill to better characterize the waste.  Wastes were observed only at 

SB-40.  The wastes observed consisted of plastic sheeting, adhesive-like material, glass, metal fragments, wood, 
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and brick.  Based on observations of samples collected from the subsurface soil borings, the vertical extent of 

the wastes and LWDA No. 1 are determined to be at or above the water table.  Based on historical topographic 

maps, the deepest portion of SWDA 34/LWDA No. 1 was estimated to be 30 feet bgs.  The extent of the landfill 

is based on an elevation survey of the former kettlehole.  The walls and floor of the former kettlehole define the 

landfill extent, which has been confirmed by borings SB-40 and SB-41.  The wastes are buried below 

approximately 15 to 20 feet of soil and ash cover.  For details on the lithology observed in test pits and borings 

associated with SWMU 34/LWDA No. 1, see Appendix E - Updated Soil Boring and Monitoring Well 

Compendium and Figure 4-7, a geologic cross section. 

 

Two soil/waste samples from SB-40 were selected for analysis using a FID and PID to field screen samples, at 

30 to 32 feet bgs and 34 to 36 feet bgs.  The waste material at SWMU 34/LWDA No. 1 contained only styrene 

above UCLs but as of April 3, 2006, is no longer above an UCL. Ethylbenzene, chlorobenzene, benzene, 1,2-

dichloroethane (total), toluene, xylenes, styrene, bis (2-ethylhexyl) phthalate, N-nitrosodiphenylamine, phenol 

and lead were also detected above S-2/GW-3 standard or RCs.  

 

One unsaturated soil sample was collected from SB-41 at 30-32 feet bgs, at an elevation consistent with the 

elevation of waste samples collected from the SB-40.  Acetone, bis(2-ethylhexyl)phthalate, arsenic, and lead, 

were detected at this location; however, all parameters were below USEPA Region 9 Industrial PRGs and  the 

MCP RCs. 

 

Twenty-three soil borings were advanced around the perimeter of the landfill to fully define its horizontal and 

vertical extent (SB-3, SB-4, SB-7, SB-8, SB-9, SB-10, SB-11, SB-90, MW-33D, MW-36D, MW-37S, MW-

40S, MW-41D, MW-53D, MW-89D, MW-90S, MW-102D, and MW-103S).  Based on a topographic survey, 

LWDA No. 1 is located within and is laterally confined by the boundaries of a second kettlehole mapped in 

1935 and approximately 100 feet northwest of SWDA No. 1 (see Section 3 for a more detailed discussion of 

historical topographic and aerial photo reviews) (B&B, 1984a) 

 

Per USEPA suggestion, an additional soil boring (MW-102D) was installed at the downgradient edge of LWDA 

No.1.  A soil sample from MW-102D was selected for analysis based on FID and PID soil field screening.  

Based on these results, no constituents exceeded the USEPA Region 9 PRGs, MCP RC, MCP Method 1 S-

2/GW-2, or MCP Method 1 S-2/GW-3. 
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There was no observable styrene, ethylbenzene, benzene, toluene, or chlorobenzene in soils sampled in the 23 

borings advanced around the perimeter of the landfill field screen using a PID and FID methods with GC.  The 

extent of VOCs in soil appears to be limited to the disposal area. 

 

Based on the concentrations of VOCs detected at SB-40 (30 to 32 feet bgs and 34 to 36 feet bgs), a hot spot was 

defined.  Several VOC concentrations at SB-40 were more than 100 times that of SB-41 and exceed MCP 

Method 1 S-2/GW-2 criteria (Table 8-2).  Concentrations above applicable Method 1 standards in soil samples 

were not found outside the disposal area, therefore, the horizontal and vertical extent of the hot spot were 

conservatively delineated using the extent of the disposal area, where the extent is based on pre-and post landfill 

construction topographic comparisons (B&B, 1984a), landfill soil borings SB-40 and SB-41, test pit TP-5 and 

perimeter soil borings SB-3, SB-4, SB7, SB-8, SB-9, SB-10, MW-41D, and MW-38T.  The hot spot extent is 

shown on Figure 8-1. 

 

TABLE 8-2 
RESULTS REPORTED IN MG/KG 

 
Sample ID  SB-40 SB-40 
Date Collected  6/22/1994 6/22/1994 
Depth Range (ft) MADEP FS FS 
Sample Type S-3/GW-3 (30 - 32') (34 - 36') 
bis(2-Ethylhexyl)phthalate 500 620 1400 
ethylbenzene  500 180 550 
Styrene 1000 120 3600 
Toluene 1000 7.3 U 510 
Xylenes, Total  55 640 
Phenol 20 160U 480 
Lead 30 21 720 

 

8.3.3 Extent in Groundwater 

 

Soil/waste analytical data from LWDA No. 1 indicate that the primary constituent detected in this area is 

styrene.  To fully characterize the horizontal and vertical extent of styrene in groundwater in this area, Solutia 

installed groundwater monitoring wells MW-3S, MW-12S, MW-13S, MW-36D, MW-37S, MW-38T, MW-40S, 

MW-41D, MW-53D, MW-68D, MW-69S and MW-102D and MW-103S.  Wells designated with an “S” are 

shallow wells installed in the uppermost water-bearing unit and are at or near the water table in the post-glacial 

deltaic outwash sand unit.  Wells designated with a “D” are deep wells installed in the deeper portion of the 

uppermost water-bearing unit and are at or near the top of the basal glacial till unit.  By pairing wells in the 

upper and lower aquifer, the vertical extent of VOCs in groundwater has been delineated; however, styrene is 
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not detected in groundwater in deep or shallow monitoring wells in the vicinity or downgradient of LWDA No. 

1. 

 

Based on groundwater samples collected and analyzed from ten monitoring wells, no styrene was detected, yet 

chlorobenzene was detected, however the source or chlorobenzene is from SWMU 35/SWDA No. 1.  

Chlorobenzene from SWDA No. 1 is discharging to the groundwater from the north-northwest corner of SWDA 

No. 1 and travels beneath LWDA No. 1.  The plume, approximately 3,000 feet long by 600 feet wide, originates 

at SWDA No. 1 and moves north-northwest, encompassing wells downgradient and eventually discharging into 

the Chicopee River.  The migration and shape of the plume appear to be controlled by the geometry of the 

geology, specifically a glacial outwash sand filled trough in the basal till (based on observations from soil 

borings) that includes wells downgradient of SWMU 34/LWDA No. 1, MW-41D, MW-53D, and MW-102D.  

For a contour map of the top of till elevation, see Figure 4-4 and the 3-D model in Appendix F. 

  

The following constituents in groundwater were above the MCP RCs, the MCP Method 1 GW-2, and/or GW-3 

standards: 

 

• At MW-36D, upgradient of SWMU 34/LWDA No. 1, chlorobenzene and bis(2-chloroethyl)ether 

slightly exceeded  GW-3. 

 

• At MW-37S, upgradient of SWMU 34/LWDA No. 1, 1, 2-dichloropropane was detected at 

concentrations slightly above MCP RC GW-2 criteria.  The amount of 1,2-dichloropropane detected at 

this location has decreased over time.  By March 1989, concentrations were below these criteria.  

 

• At MW-41D, downgradient of SWMU 34/LWDA No. 1, chlorobenzene was detected at concentrations 

above MCP RC GW-2 criteria.  The amount of chlorobenzene detected at this location has been 

decreasing over time.  By January 1999, concentrations were below these criteria however, this 

constituent is associated with SWDA No. 1. 

 

• At MW-53D, downgradient of SWMU 34/LWDA No. 1, chlorobenzene was detected at concentrations 

above MCP RC GW-2 criteria.  The amount of chlorobenzene detected at this location has been 

decreasing with time.  By January 1999, chlorobenzene levels were below GW-3 but exceeded MCP RC 

GW-2 criteria.  This constituent is associated with SWDA No. 1. 
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• At MW-102D, downgradient of SWMU 34/LWDA No. 1, chlorobenzene was detected at concentrations 

above MCP RC GW-2 criteria.  This constituent is associated with SWDA No. 1. 

 

The groundwater analytical results are presented in Appendix D-1 - Updated Analytical Data Compendium. 

 

Groundwater from MW-40S, the closest hydraulically downgradient well to SWMU 34/LWDA No. 1, which is 

screened approximately 20 feet below the wastes in SWMU 34/LWDA No. 1, did not contain chlorobenzene or 

any other VOCs.  However, the groundwater from the deeper well MW-41D (screened 20 feet deeper than and 

adjacent to MW-40S) contained relatively elevated concentrations of chlorobenzene (1.2 mg/L).  This suggests 

that the chlorobenzene at MW-41D originated from an upgradient source, such as SWDA No. 1.  If the 

chlorobenzene has originated from SWMU 34/LWDA No. 1, chlorobenzene would probably have been detected 

in the groundwater at both shallow and deep wells due to a strong downward vertical gradient of -0.19 foot/foot 

measured at these wells.  Furthermore, groundwater from the shallow well MW-3S, also adjacent to and 

immediately downgradient of SWMU 34/LWDA No. 1, did not contain styrene or chlorobenzene.  At a further 

downgradient deep well (MW-53D), however, chlorobenzene concentrations were detected in the groundwater 

at a relatively high concentration (1.7 mg/L).  This again suggests that the chlorobenzene originated from a 

source hydraulically upgradient of MW-3S, SWDA No. 1. 

 

The SVOC detections in groundwater appear to follow the same vertical distribution of constituents between 

deep and shallow wells as the chlorobenzene detections.  No VOCs or SVOCs were detected in the other 

downgradient wells (MW-9D, MW-10S, MW-68D, and MW-69S) that are located north and sidegradient of 

SWMU 34/LWDA No. 1.  Cobalt and lead were detected in the groundwater from one downgradient well, MW-

10S, below RC criteria.  The groundwater analytical data indicate that the wastes within SWMU 34/LWDA No. 

1 are not migrating beyond the extent of LWDA No. 1. 

 

8.3.4 VOC Extent in Surface Water 

 
LWDA No. 1 is not adjacent to a surface-water body, nor are there complete pathways to a surface-water body 

from LWDA No. 1. 
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8.3.5 VOC Extent in Surface Soil 

 

The thickness of soil cover above the wastes in SWMU 34/LWDA No. 1, which ranges from 15 to 20 feet deep, 

precludes any impacts from SWMU 34/LWDA No. 1.  SWMU 34/LWDA No. 1 is considered isolated per 

MADEP MCP Soil Category Definitions (Category S-3). 
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8.4 SWMU 37/Liquid Waste Disposal Area No. 2 (LWDA No. 2) 

8.4.1 Source and Nature of Area Constituents 

 

SWMU 37/LWDA No. 2 is located on the southeast corner of the property approximately 125 feet west of 

SWDA No. 1, as shown on Figure 1-2. 

 

Based on soil and groundwater analytical data, the primary constituents associated with this area are VOCs and 

metals, as described in the table below.   

 

Area 
Primary Constituent 

Detected Source Location and Date 

SWMU 37/ 
LWDA No. 2 

Bis(2-ethylhexyl)phthalate, 
Di-n-butylphthalate, 
Benzoic Acid, 
Tetrachloroethene, 
Toluene, and Lead. 

This area was used in the 1960s.  An aerial photo taken during 
the period of operation shows two tankers discharging liquids 
into a shallow depression.  In this photo, the north edge of the 
area was exposed, revealing layers of hardened plastics. 

 

The extent of VOCs in soils was defined based on eight soil borings (SB-14, SB-15, SB-44, SB-43, MW-5S, 

MW-31S, MM-34D, MW-51D, MW-52S, MW-100D, and MW-101S) and one surface soil sample (SS-14) 

within and surrounding SWMU 37/LWDA No. 2, installed from 1984 to 2000.  The extent of LWDA No. 2 is 

shown on Figure 1-2.  NAPL was not observed in LWDA No. 2 or surrounding soil boring monitoring wells. 

 

8.4.2 Extent in Soil 

 

Two soil borings, SB-15 and SB-44, were drilled through the landfill to characterize the waste.  SB-15 was 

drilled in 1984 whereas SB-44 was drilled in 1994.  Waste in these borings consisted of an opaque semi-solid 

material at SB-15 and an opaque solid material at SB-44.  The water table was approximately 25 to 30 feet 

below the wastes.  A sample of wastes at SB-44 was not collected because the material was a solid, opaque, 

plastic-like material.  Instead, a soil sample directly beneath the material, from 6 to 7.7 feet bgs, was collected 

and analyzed for TCL VOCs and SVOCs, TAL metals, and cyanide (Appendix D-1).  Low levels of VOCs 

(ethylbenzene, xylenes, and acetone) and metals (lead and cobalt) were detected.  All detected parameters were 

below the USEPA Region 9 PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW—

3. 
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An additional unsaturated soil sample was collected from 24 to 26 feet bgs from SB-44 below the wastes 

detected in LWDA No. 2 and directly above a till lens encountered at 26 feet bgs.  No VOCs or SVOCs were 

detected in this unsaturated soil sample, and only the metals lead and cobalt were detected.  Neither of these 

metals was detected above the USEPA Region 9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, 

or the MCP Method 1 S-2/GW-3. 

 

The soil boring logs for SB-15 and SB-44 are provided in Appendix E. 

 

Using the soil boring logs and soil analytical data collected from subsurface soil borings, the vertical extent of 

the wastes in SWMU 37/LWDA No. 2 are determined to be 25 to 30 feet above groundwater (Figure 4-7).  See 

Appendix E for details on the lithology observed at borings associated with SWMU 37/LWDA No. 2. 

 

8.4.3 Extent in Surface Soil 

 

One surface soil sample was collected above and within the horizontal extent of the wastes in SWMU 

37/LWDA No. 2 to delineate the extent of VOCs in the surface soils.  The surface soil appears to contain 

constituents likely from the wastes encountered; however, only low concentrations of VOCs, SVOCs, and 

metals were detected.  At SS-14 (SB-44) low levels of VOCs (toluene, tetrachloroethene) below method 

quantitation limits, SVOCs [benzoic acid, bis(2-ethylhexyl)phthalate, di-n-butylphthalate], and metals (lead) 

were detected.  None of the parameters detected were above the USEPA Region 9 PRGs, the MCP RC, the MCP 

Method 1 S-2/GW-2, or the MCP Method 1 S-2/GW-3.  None of these constituents were detected in 

surrounding surface soil locations SS-4 or SS-7, except tetrochloroethene, which was detected in SS-7 below the 

method quantitation limit. 

 

The surface soil analytical results are presented in the Appendix D-1 - Updated Analytical Data Compendium. 

No applicable Method 1 standards were exceeded in soil in LWDA No. 2, therefore no hot spots were defined in 

this area. 
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8.4.4 Extent in Groundwater 

 

Xylene, once detected downgradient of MW-5S and MW-26S, MW-28D, and MW-25D, has not been detected 

since 1990.  

 

Groundwater samples were collected from one well upgradient of LWDA No. 2 (MW-31S) and from six wells 

downgradient of LWDA No. 2 (MW-5S, MW-34D, MW-51D, MW-52S, MW-100D, and MW-101S).  Wells 

downgradient of LWDA No. 2 showed lower concentrations of VOCs, SVOCs, and metals than wells 

upgradient of SWMU 37/LWDA No. 2 (Appendix D-1).  The groundwater from downgradient wells contained 

very low levels of VOCs and SVOCs, including low levels of chlorobenzene.  The upgradient well (MW-31S) 

contained a higher chlorobenzene concentration than downgradient wells.  The source of chlorobenzene is 

associated with SWDA No. 1, where there is a known source of chlorobenzene.   

 

• Xylene had been detected in MW-5S, MW-26S, MW-28D, and MW-25D; however, since 1990, xylene 

has not been detected.  None of the parameters detected were above the USEPA Region 9 Industrial 

PRGs, the MCP RC, the MCP Method 1 GW-2, or GW-3. 

 

• Bis(2-ethylhexyl)phthalate was detected at MW-5S above the MCP RC GW-2 and MCP Method 1 S-

2/GW-3 criteria in June 1984 and August 1987.  In 1992 and 1994, this parameter has not been detected 

or above GW-2 or GW-3. 

 

• Mercury was detected once below MCP RC GW-2 and MCP Method 1 GW-3 standards at MW-5S in 

July 1985, upgradient of SWDA No. 2, but has not been detected in three subsequent sampling events 

(August 1987, May 1992, and August 1994). 

 

None of the parameters detected were above the USEPA Region 9 Industrial PRGs, the MCP RC, the MCP 

Method 1 GW-2, the MCP Method 1 GW-3, or the UCLs. 

 

Based on the groundwater and soil analytical results, constituents from LWDA No. 2, including the hardened 

plastic-like materials, have migrated into surrounding soil and groundwater.  Lower concentrations of VOCs, 

SVOCs, and metals were detected in the downgradient wells than in the wells upgradient of LWDA No. 2. 

 

The groundwater analytical results are presented in Appendix D-1 - Updated Analytical Data Compendium. 
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8.4.5 Extent in Surface Water 

 

Because there are no surface-water bodies adjacent to LWDA No. 2, surface-water results are not associated 

with this area. 
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8.5 Fiberloid Landfill, SWMU 33 

8.5.1 Source and Nature of Area Constituents 

 

The Fiberloid Landfill borders the Chicopee River in the area of Buildings 68, 43A (Figure 1-2).  Based on 

analytical data, the primary constituents of concern are PAHs and PCBs.  

 

The following table defines the constituent, source, and date of discovery: 

 

Area 

Primary 
Constituent 

Detected Source Location and Date 

Fiberloid Landfill PAHs and PCBs From 1904 to 1964, at former Building F2 (located on the NOVA property) 
in the eastern portion of the site, coal was used to generate electric and 
steam power for the facility.  The coal ash was disposed to the west in what 
is now known as Fiberloid Landfill.  This ash is the source of PAH 
detections in the Fiberloid Landfill.  Approximately 5 gallons of PCB oil were 
found in the Fiberloid Landfill during utility improvements; remediation was 
completed on July 7, 1988 (BBL, 1996a). 

 

The likely sources of PAHs and PCBs have been identified, and the extent of these constituents has been 

delineated (Sections 6.2.3 and 6.3.2).  Two soil borings and two surface soil samples were used to delineate 

sources of PAHs in Fiberloid Landfill in soil.  PAHs were not found in groundwater in this area.  One soil 

boring and two surface soil samples were used to delineate PCBs in Fiberloid Landfill.  No PCBs were found in 

groundwater. The following sections discuss these findings in detail for soil and groundwater in the Fiberloid 

Landfill. 

 

8.5.1.1 Soil  
 

PCBs 

 

There are no exceedance detections of PCBs in soil in the Fiberloid Landfill.  RC criteria values for soil are 2 

mg/kg.  In 1994, three detections of PCBs were found at the following locations:  SB-50 at 4 to 6 feet bgs (0.45 

mg/kg); SS-19 at 0 to 0.5 feet bgs (0.075 mg/kg [0.3 mg/kg for the duplicate sample]); and SS-20 at 0 to 0.5 foot 

bgs (0.21 mg/kg).   
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PAHs 

 

One surface soil sample (SS-20 from 0 to 0.5 feet bgs) and one soil boring (SB-111 from 6  to 8 feet bgs) had 

detections of select PAHs in surface soil in 1994 and 2002, respectively.  Benzo(a)anthracene, 

Benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene were detected below MADEP current 

criteria as follows: 

 

PAH Constituent 
(mg/Kg) S-2 RC 

SS-20 
(0-0.5 feet bgs) 

SB-111 
(6-8 feet bgs) 

Benzo(a)anthracene 40 1.4 2.4 (2.3 – DUP) 
Benzo(a)pyrene 4 1.3 2.3 (1.9 – DUP) 
Benzo(b)fluoranthene 40 1.6 2.2 (1.8 – DUP) 
Dibenz(a,h)anthracene 4 0.11 ND 
Indeno(1,2,3-cd)pyrene 40 ND 1.6 (1.2 – DUP) 

 

PAH constituents were also detected below MADEP criteria at SS-18 (0  to 0.5 feet bgs), SS-19 (0 to 0.5 feet 

bgs), SB-50 (4 to 6 feet bgs), and SB-51(4 to 6 feet bgs) in 1994; MW-105S (14 to 16 feet bgs) in 1999; and SB-

124 (12 to 14 feet bgs), SB-125 (12 to 14 feet bgs), and SB-127 (12 to 14 feet bgs) in 2002 (see Appendix D-1 - 

Updated Soil Analytical Data Compendium).  PAHs were non-detect at TW-04 (10 to 14 feet bgs) in 1999 and 

SB-126 (12 to 14 feet bgs) in 2002. 

 

The low level detections of PAHs in soil in the Fiberloid Landfill were not greater than the applicable MCP 

Method 1 standards.  Therefore, no hot spots in soils were defined in this area. 

 

8.5.1.2 Groundwater 

 

PCBs 

 

There were no detections of PCBs in groundwater in the Fiberloid Landfill. 

 

PAHs 

 

There are no exceedances for PAHs in groundwater in the Fiberloid Landfill.  Four locations had detections of 

individual PAH constituents: one PAH constituent was detected at monitoring well MW-65S in 1994 and in 
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temporary well TW-04 in 1999, two PAH constituents were detected at monitoring well MW-65S in 1994 and in 

temporary well TW-05 in 1999; and 17 PAH constituents were detected at TW-06 in 1999. The extent of PAHs 

in the Fiberloid Landfill is defined by non-detects at the following locations: MW-10S, MW-54D, MW-55S, 

MW-56S, and MW-65S in 1994, and at MW-105S in 1999. 
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8.6 Building 99 Leach Field 

8.6.1 Source and Nature of Area Constituents 

 

The Building 99 Leach Fields were located on the western side of Building 99, one to the north and one to the 

south, as shown on Figure 1-2.  Burning Pit B is located adjacent to the northern leach field.  Based on soil 

and/or groundwater analytical data, the primary constituents detected above RCs are listed in the table below. 

Other constituents detected but below RCs are also listed. Select VOCs and SVOCs that have been detected 

upgradient at higher concentrations in groundwater in this area are likely associated with groundwater from 

SWDA No. 1 and are not included in the table. 

 

Area Primary Constituent Detected Source Location and Date 

Building 99 
Leach Fields 

2,4,5-Trichlorophenol (only in the 
northern leach field) 

The leach fields began operation in October 1971 and operated for 4 
years. They serviced Building 99 plastic tinting operations when 
overflow occurred during potential equipment water flushes. In 1972, 
two concrete 1,200-gallon USTs (or “separation pits”) were installed. 
These separation pits were used for holding discharge of spill 
cleanups and equipment water flushes from overflow and floor 
drains within Building 99.  From the separation pit, solvents were 
recovered, and liquids were drained to the two leach fields. The 
materials used in the plastic tinting operations within Building 99 
included ink solution, plasticizer, dimethyl formamide, and possibly 
methanol and methyl ethyl ketone (2-butanone). The materials that 
potentially discharged into the separation pit and through the leach 
field included waste ink solution, waste plasticizer, waste therminol, 
toluene, methyl ethyl ketone, dimethyl formamide, and methanol 
(CDM, November 1991); (Envirocomp, 1993).  However, none of 
these constituents were detected in soil or groundwater at the leach 
field location. 
 
The leach field piping from each separation pit was capped in 1975. 
On December 3, 1993, the separation pits/accumulation tanks were 
formally decommissioned in place (Envirocomp, 1993). 

 

The extent of 2,4,5-trichlorophenol in soil was defined based on two soil borings (MW-72 and MW-73) and two 

surface soil samples (SS-10 and SS-11) located within the leach fields.  Three additional borings (SB-42, SB-44, 

and SB-48) and five surface soil samples (SS-07, SS-08, SS-09, SS-12, and SS-14), located within the vicinity 

of the Leach Fields, were also used to define the extent.  A summary of historical soil results is provided in 

Appendix D.  The limit of the leach field was defined based on drawings and surface features surveyed to an 

existing building (Building 99).  Because no obvious wastes or staining or PID/FID screening detections were 

observed, further soil borings were not drilled. 
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The extent of 2,4,5-trichlorophenol in groundwater was defined based on two shallow monitoring wells (MW-

72S and MW-73S) that are located in the southern and northern leach fields, respectively. In addition to 

groundwater samples collected at these wells, historical groundwater data from 11 shallow and deep upgradient 

wells (MW-03S, MW-05S, MW-12S, MW-34D, MW-51D, MW-52S, MW-53D, MW-100D, MW-101S, MW-

102D, and MW-103S) and five shallow and deep downgradient wells (MW-24T, MW-25D, MW-26S, MW-

28D, and MW-29S) were also used to define the extent of impact, if any, from the leach field activities.  The 

analytical data for these groundwater samples are presented in Appendix D. 

 

8.6.2 Extent of Primary Detected Constituents in Surface Soil 

 

In July 1994, two surface soil samples were collected at each of the leach field areas as part of the (RFI/MCP 

Phase II CSA Work Plan) (BBL, 1994a).  One surface soil sample was collected in each of the two leach fields. 

SS-10 was collected in the southern leach field, and SS-11 was collected in the northern leach field within the 

top 0.5 foot of soil. These samples were analyzed for VOCs, SVOCs, inorganics, and PCBs. 

 

Two VOC compounds, tetrachloroethylene (PCE) (0.001 J [estimated] mg/kg) and toluene (0.002 J mg/kg), 

were detected in the southern leach field sample, SS-10.  No VOCs were detected in the northern leach field 

sample, SS-11. Both of the VOCs detected in surface soil in this area were below MADEP soil class S-2 RC S-

2.  In addition, both constituents were also detected in nearby surface soil samples. PCE was detected at 

comparable or higher concentrations (ranging from 0.001 J to 0.004 J mg/kg) at SS-07, SS-08, SS-09, SS-12, 

and SS-14. Likewise, toluene was detected at SS-12 and SS-14 at concentrations of 0.006 J and 0.003 J mg/kg, 

respectively. 

 

Four SVOCs were detected among the two surface soil samples collected in this area. SS-10 had trace detections 

of both bis(2-ethylhexyl)phthalate (0.084 J mg/kg) and di-n-butyl phthalate (0.089 JB mg/kg). These 

constituents were also found in surrounding surface samples (SS-07, SS-08, SS-09, and SS-14) at similar or 

higher concentrations. However, neither constituent exceeded RC S-2 criteria at these locations.  SS-11 also had 

two detected SVOC constituents, 2,4,5-trichlorophenol (15 mg/kg) and 2,4-dichlorophenol (12 mg/kg). The 

2,4,5-trichlorophenol concentration in SS-11 was above the RC S-2 criterion (2 mg/kg), while the concentration 

of 2,4-dichlorophenol detected did not exceed the criterion.  Neither of these constituents was detected in the 

other nearby surface samples or subsurface soil samples and was, therefore, limited in extent.  None of the other 

SVOCs were detected above method detection limits in the leach field samples. 
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The following inorganic compounds were detected in both surface soil samples collected in the leach fields: 

arsenic, barium, beryllium, chromium, cobalt, copper, iron, lead, nickel, vanadium, and zinc.  Further discussion 

of inorganic background values for the site can be found in Section 6.3.4.3.  Surrounding surface soil analytical 

results show nearly identical concentrations of all the detected inorganic constituents within the leach field 

samples and may not be a result of the leach field activities.  All detected inorganic concentrations within the 

leach fields and in surrounding samples were below RC S-2 criteria.  

 

PCBs were not detected above method detection limits in either surface soil sample. A summary of soil 

analytical data can be found in Appendix D. 

 

8.6.3 Extent in Subsurface Soil 

 

In addition to surface soils sampling, two shallow monitoring wells (MW-72S and MW-73S) were installed to a 

depth of approximately 20 feet bgs within approximately 5 feet of the leach field piping. The ceramic tile piping 

was encountered in the northern leach field during installation. No wastes or stained soils were observed in 

continuously sampled soil borings with standard split-spoon sampling techniques. In addition, no FID 

concentrations were observed above detection limits at either location. PID concentrations were observed to 

slightly increase above detection limits in the vicinity of the water table at both soil borings and then increased 

again at the water table.  One subsurface soil sample was collected during the installation of each monitoring 

well from 4 to 6 feet bgs. The sample collected in the southern leach field (MW-72S) consisted of medium to 

coarse sand and trace fine gravel, and the northern leach field sample (MW-73S) consisted of fine to medium 

sand and trace fine gravel. Both samples were analyzed for VOCs, SVOCs, inorganics, and PCBs. 

 

Of the two soil samples collected, only MW-73S, located in the northern leach field, had VOC constituents 

detected above detection limits. PCE (0.003 J mg/kg) and TCE (0.002 J mg/kg) were both detected in trace 

amounts and were well below RC S-2 criteria. No other VOC constituents were detected in either sample.  

Identical or slightly higher concentrations of both of these constituents were also found in surrounding 

subsurface soil samples. Soil boring SB-42 showed a detection of TCE (0.002 J mg/kg), and SB-48 had 

detections of both PCE (0.006 mg/kg) and TCE (0.005 J mg/kg), also below RC S-2 criteria. It should be noted 

that both SB-42 and SB-48 are associated with Burning Pits A and C, respectively. Because MW-73S is located 

adjacent to the former Burning Pit B, the detection of PCE and TCE could be related to the burning pit activities. 
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A number of SVOC constituents were detected in both soil samples within the leach fields. Trace amounts of 

bis(2-ethylhexyl)phthalate and di-n-butyl phthalate were detected in both samples below RC S-2 criteria. The 

only other SVOC constituent detected in MW-72S was butyl benzyl phthalate, also below the RC S-2 criterion. 

Comparable concentrations of these three constituents were also found in nearby soil borings.  Many additional 

SVOC constituents were detected at MW-73S in the northern leach field. A majority of these constituents are 

PAH compounds and are likely associated with the former operations of Burning Pit B, which was located 

adjacent to the northern leach field.  Moreover, most of these constituents were also found at similar 

concentrations at SB-48, which, as discussed above, is associated with Burning Pit C.  Di-n-octyl phthalate, 

dibenzofuran, and hexachloroethane also were detected above detection limits but well below RC S-2 criteria. 

These compounds were also found at either SB-42 or SB-48 at higher concentrations and are likely associated 

with the burning pit operations. 

 

Inorganic compounds detected in the subsurface soil within the leach fields are similar to those detected in the 

surface soil. Arsenic, barium, beryllium, chromium, cobalt, copper, iron, lead, nickel, vanadium, and zinc were 

all reported above detection limits, but below RC S-2 criteria, in both samples.  In addition, antimony was also 

detected in MW-72S well below RC S-2 criteria.  All of these constituents were also detected in surrounding 

soil samples at SB-42, SB-44, and SB-48 at similar or higher concentrations, and likely are not associated with 

the leach field operations. 

 

PCBs were not detected above method detection limits in either subsurface soil sample. A summary of soil 

analytical data can be found in Appendix D.  

 

None of the applicable Method 1 soil standards were exceeded in this area; therefore, no hot spots were defined. 

 

8.6.4 Extent in Groundwater 

 

Two groundwater samples were collected in August 1994 from the monitoring wells installed in the leach field 

areas.  The wells were installed to a depth of approximately 20 feet below ground surface (bgs) and are located 

within approximately 5 feet of the former leach field piping. These wells are screened from 4 to 14 feet to 

straddle the water table at 8 feet bgs.  No NAPLs have been detected in either of the wells in this area.  Each 

sample was analyzed for VOCs, SVOCs, inorganics, and PCBs. 
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Two VOC constituents, benzene and chlorobenzene, were detected above method detection limits in both leach 

field groundwater samples.  Benzene detections ranged from 0.005 J to 0.01 J mg/L but did not exceed the 

MADEP groundwater RC GW-2 criterion. Chlorobenzene was also detected at both MW-72S (0.34 mg/L) and 

MW-73S (0.66 mg/L), and was detected slightly above the RC GW-2 criterion of 0.5 mg/L at MW-73S.  

However, both of these constituents have historically been detected at higher concentrations in wells 

hydraulically upgradient of the leach field.  Benzene has been detected at MW-03S, MW-05S, MW-53D and 

MW-103S at similar or higher concentrations than those detected at MW-72S and MW-73S. Similarly, 

chlorobenzene has also been historically detected upgradient at locations MW-05S, MW-12S, MW-52S, MW-

53D, MW-101S, MW-102D, and MW-103S at similar or higher concentrations.  Because a source of 

chlorobenzene has been identified from SWDA No. 1, which is hydraulically upgradient of the leach fields, and 

these VOCs were not identified in the leach field, it is likely that SWDA No. 1 is the source of these two 

constituents. 

 

Two SVOC constituents were also detected in both leach field groundwater samples.  2-Chlorophenol, ranging 

from 0.001 J to 0.003 J mg/L, and bis(2-chloroethyl)ether, ranging from 0.045 to 0.054 mg/L, were reported 

above method detection limits but below their respective RC GW-2 criteria. As with the VOC constituents, both 

of these constituents have historically been detected hydraulically upgradient of the leach fields at MW-53D at 

similar or higher concentrations.  These are also linked to SWDA No. 1.  The 2-chlorophenol is also an 

intermediate byproduct of chlorobenzene degradation by mineralization (see Section 7.1.1 regarding fate and 

transport of VOCs). 

 

One inorganic compound was detected above quantitation limits during the 1994 sampling.  Nickel was also 

detected at an estimated value at both locations and ranged from 0.008 mg/L at MW-72S to 0.18  at MW-73S, 

both below the RC GW-2 criterion  0.2 mg/L.  Low-flow techniques were not used while sampling these wells, 

and thus, turbidity was not minimized before collecting the sample.  Inorganic concentrations in groundwater 

have been observed to decrease to below RC GW-2 criteria when low-flow techniques are employed (see 

Appendix G, Table G-18 and Appendix D); thus, these results are likely representative of the particulate in the 

groundwater rather than the groundwater itself. 

 

PCBs were not detected above method detection limits in either groundwater sample. A summary of 

groundwater analytical data can be found in Appendix D. 
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8.7 Burning Pits A, B, C, and D (SWMU 38, 39, 40, and 41)  

8.7.1 Source and Nature of Area Constituents 

 

Former Burning Pits A, B, C, and D were located in the western or central portion of the site and were operated 

and managed by Fiberloid Company and Shawinigan Chemical Limited from 1938 until they were purchased by 

Monsanto in 1965.  Burning Pit A was located in the south-central portion of the site, on the eastern edge of 

SWDA No. 2.  It is bordered to the north by Building 97, to the south by Worcester Street, and to the east by a 

railroad.  Based on site photographs and aerial photographs, it consisted of two small caged pits, approximately 

15 feet by 15 feet. 

 

Burning Pit B was located in west-central portion of the site, beneath the west side of Building 99 and between 

the Building 99 Leach Fields.  It consisted of an aboveground wire cage.   

 

Burning Pit C was located in the western portion of the site, bordered to the north by a barrel storage area.  It 

consisted of one pit approximately 15 by 15 feet. 

 

Burning Pits D comprised of two pits (eastern and western), each approximately 50 feet by 150 feet, located in 

the northwest corner of the site, bordered to the north by the Chicopee River and to the south by Building 115.   

 

Area 
Primary Constituent 

Detected Source Location and Date 

Burning Pits 
A, B, C, and 
D 

Benzo(a)pyrene Over the duration of its operation, from 1950 to 1966, Burning Pit A received solid 
wastes, cardboard, and off-product plastics.  Approximately 14,600 tons of wastes 
were reportedly burned.  However, only traces of ash have been detected at one 
hand-auger location at the Burning Pits A location. Owned and operated by 
Springfield Plant. 
 
Burning Pit B was an aboveground wire cage that operated between 1966 and 
1968.  The site of the burning pit is now covered by Building 99, the Saflex 
Building.  Approximately 2,900 tons of combustible trash were reportedly burned.  
Owned and operated by Shawinigan Resins Corporation. 
 
During the course of its operation from 1960 to 1968, Burning Pit C received fiber 
barrels with metal rings, plant trash, wood, paper, and plastic scraps.  Following 
its closure, the burning pit was filled in and leveled in preparation for future 
construction.  Owned and operated by Shawinigan Resins Corporation.  
 
Burning Pits D operated from 1939 to 1961.  The burning pits received fiber 
barrels, trash, and plastic scraps. Following their closure, they were filled in and 
leveled. Owned and operated by Shawinigan Resins Corporation. 
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The limits of the burning areas and the extent of constituents related to the burning pits, if any, was defined 

based on soil borings: 

 

• The extent of Burning Pits A was defined based on three soil borings (SB-16, SB-42, HA-21, and HA-

22). 

 

• No soil borings were drilled in Burning Pit B because this former burning cage is beneath Building 99.  

The extent of Burning Pit B was defined based on three soil borings (SB-19, SB-20, and MW-73S). 

 

• The extent of Burning Pit C was defined based on eight soil borings (SB-23, SB-24, SB-47, SB-48, HA-

17, HA-18, HA-19, and HA-20). 

 

• The extent of the two pits in Burning Pits D was defined based on 32 soil borings (SB-27, SB-28, SB-

52, SB-54, MW-78S, HA-11 through HA-16, HA-24 through HA-30, and B-WW-1 through B-WW-

14). 

 

No wastes were encountered at Burning Pits A and B.  A trace amount of waste was encountered in soil borings 

at Burning Pit C.  Traces of charred materials, metal fragments, glass, and plastic were found mixed in sand at 

Burning Pit C.  Some wastes (glass, ash, and plastic) were observed at one soil boring (SB-52) in the western 

burning pit of Burning Pits D.  Trace ash, plastic, and wood was observed in the eastern burning pit of Burning 

Pits D (B-WW-1 and B-WW-4). 

 

8.7.1.1 Extent in Surface Soil 

 

A summary of surface soil analytical data for the Burning Pits A, B, C, and D (SWMU 38, 39, 40, and 41) are 

presented in Appendix D. 

 

Burning Pits A 

 

One surface soil sample, SS-7 (SB-42), was collected above and within the horizontal extent of Burning Pits A, 

defined in previous Phase I and Phase II Reports (Blasland and Bouck Engineers PD, 1984a, 1984b, 1985, 

1987b).  The constituents detected in this surface soil sample included low levels of tetrachloroethene, 
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trichloroethene, bis(2-ethylhexyl)phthalate, arsenic, cadmium, and lead.  None of these parameters exceeded the 

USEPA Region 9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, 

or the UCLs. 

 

Burning Pit B 

 
No surface soil samples could be collected at the location of Burning Pit B because the location of this burning 

cage is covered by a building, and the soils are inaccessible (see Building 99 Leach Field Area).  However, a 

surface soil sample (SS-11) was collected nearby and at the northern Building 99 Leach Field.  The constituents 

detected from SS-11 include 2-4 dichlorophenol and 2,4,5-trichlorophenol.  2,4,5-trichlorophenol was detected 

at 15 mg/kg, above MCP RC of 2 mg/kg and below the USEPA Region 9 PRG and UCLs. 

 

Burning Pit C 

 

One surface soil sample, SS-9 (SB-48), was collected above and within the horizontal extent of the Burning Pit 

C.  The constituents detected in this surface soil sample included low levels of tetrachloroethene, 

trichloroethene, di-n-butyphthalate, arsenic, cobalt, and lead.  None of these parameters exceeded the USEPA 

Region 9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, or the 

UCLs. 

 

Burning Pits D 

 

Two surface soils samples, SS-16 (SB-54) and SS-17 (SB-52) ,were collected above and within the horizontal 

extent of the Burning Pits D at locations where they had not been covered by asphalt pavement.  The 

constituents detected in these surface soil samples included tetrachloroethene, trichloroethene, acenaphthalene, 

acenaphthylene, benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

fluoranthene, phenanthrene, pyrene, arsenic, chromium, cobalt, copper, and lead.  None of these exceeded the 

MCP Method 1 S-2/GW-2, and the MCP Method 1 S-2/GW-3 or UCLs.  The following constituents exceeded 

the USEPA Region 9 PRGs.: 

 

• At SS-16, benzo(a)pyrene slightly exceeded the USEPA Region 9 Industrial PRGs, the MCP RC of 0.7 

mg/kg. 
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All other parameters were detected at levels below the USEPA Region 9 Industrial PRGs, the MCP RC, the 

MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, and/or the UCLs criteria. 

 

8.7.2 Extent in Soil 

 
A summary of soil analytical data for the SWMU 38/Burning Pits A, SWMU 39/Burning Pit B, SWMU 

40/Burning Pit C, and SWMU 41/Burning Pits D are presented in Appendix D. 

 

Burning Pits A 

 
There is little visible evidence of the former burning pits in the subsurface soils at the Burning Pits A area.  The 

remains of the burning pits appear to have been worked into the fill material that was used to cover them 

because only a trace of ash was observed in soil borings SB-16, SB-17, and SB-67 (Appendix E). 

 

In 1984, one soil boring was drilled and continuously sampled and field screened using a PID and FID to 

confirm the location of Burning Pits A, downgradient and at the perimeter of the Burning Pit (SB-16).  None of 

the soil samples above the water table had FID and PID detections above the instruments’ detection levels. 

 

In 1994, two hand augers (HA-21 and HA-22) were drilled to confirm the location of the Burning Pits A.  Only 

traces of ash were detected in the soil at one of the hand-auger locations.  Following the observation of trace ash 

at one of the hand-auger locations, soil boring SB-42 was drilled in the same approximate location to evaluate 

the vertical extent of the burning pit.  The PID and FID detections observed above and below the water table 

were slightly above the instruments’ detection levels (see PID and FID results for SB-42 in Appendix E).  

Wastes were not encountered at SB-42; therefore, one subsurface soil sample was collected from a shallow 

interval of probable burning pit activities. 

 

Low levels of tetrachloroethene, trichloroethene, bis(2-ethylhexyl)phthalate, arsenic, cadmium, and lead were 

detected.  However, none of these parameters were detected above the USEPA Region 9 Industrial PRGs, the 

MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, or the UCLs.  The subsurface soil 

analytical results are presented in Appendix D. 
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Burning Pit B 

 

In 1984, one soil boring, SB-20, was drilled west and hydraulically downgradient of Burning Pit B.   

 

No subsurface soil samples were selected for analysis for Burning Pit B because the location of this burning 

cage is covered by a building, and the soils are inaccessible.  A subsurface soil sample (MW-73  at 4 to 6 feet 

bgs) was collected in July 1994 for the northern leach field of the Building 99 Leach Field Area to evaluate the 

impact of Burning Pit B to subsurface soils.  Low levels of bis(2-ethylhexyl)phthalate, fluoranthene, 

phenanthrene, pyrene, arsenic, and lead were detected.  None of these constituents exceeded the USEPA Region 

9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, or the UCLs.  

The subsurface soil analytical results are presented in Appendix D. 

 

Burning Pit C 

 
In 1984, two soil borings (SB-23 and SB-24) were drilled to confirm the location and horizontal extent of 

Burning Pit C.  In 1994, four hand augers (HA-17 through HA-20) were drilled to confirm the location of 

Burning Pit C.  Also in 1994, SB-47 and SB-48 were drilled within the horizontal extent of the former burning 

pit area.  Trace ash was observed in HA-20. 

 

A subsurface soil sample SB-48 (8 to 10 feet bgs) was collected in July 1994 to evaluate the impact of Burning 

Pit C to subsurface soils.  This sample was selected because trace charred material was encountered.  Low levels 

of acetone, tetrachloroethene, fluoranthene, phenanthrene, pyrene, arsenic, and lead were detected.  None of 

these constituents exceeded the USEPA Region 9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, 

the MCP Method 1 S-2/GW-3, or the UCLs.  The subsurface soil analytical results are presented in Appendix D. 

  

Burning Pits D 

 
In 1984, two soil borings (SB-27 and SB-28) were drilled to confirm the location and horizontal extent of 

Burning Pits D to the south and west.  In 1992, borings B-WW-1 through B-WW-14 were drilled to evaluate the 

foundation for a wastewater treatment system.  The soil boring drilling in the northern region of the proposed 

wastewater treatment system encountered ash of the eastern burning pit.  In 1994, 13 hand augers (HA 11 

through HA-16 and HA-24 through HA-30) were drilled to confirm the horizontal extent of the western burning 

pit; trace ash was detected in soils from two of the hand augers (HA-20 and HA-27).  Asphalt and underground 

utilities precluded installing hand augers at the eastern burning pit.  Also in 1994, three soil borings (SB-52, SB-
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54, and MW-78) were drilled to define the vertical extent of the burning pits and to confirm the horizontal extent 

of the burning pits to the east.  Trace ash was observed in HA-24. 

 

For details on the lithology observed in borings associated with the Burning Pits areas, see Appendix E. 

 

A saturated subsurface soil sample (SB-27 at 58 to 60 feet bgs), was collected in 1984.  Low levels of 

chlorobenzene, arsenic, chromium, copper, lead, nickel, and zinc were detected; however, all parameters were 

below the USEPA Region 9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 

S-2/GW-3, and the UCLs.  The chlorobenzene is associated with groundwater and from SWDA No. 1.  In July 

1994, subsurface soil sample SB-54 (4 to 6 feet bgs) was selected based on waste (e.g., glass, ash, and plastic 

scraps) encountered in the soil sample that suggested that waste burning activities occurred at or near this 

location.  Low levels of acetone, benzene, toluene, xylene, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, di-n-phthalate, chrysene, fluoranthene, phenanthrene, pyrene, 

arsenic, and lead were detected.  However, none of these constituents exceeded the USEPA Region 9 Industrial 

PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, or the UCLs.  Summaries of 

the surface soil analytical results are presented in Appendix D.  Subsurface soil sample SB-54 (6 to 8 feet bgs) 

was collected directly beneath the soil/waste sample.  Only low levels of fluoranthracene, phenanthrene, arsenic, 

and lead were detected.  None were detected above the USEPA Region 9 Industrial PRGs, the MCP RC, the 

MCP Method 1 S-2/GW-2, the MCP Method 1 S-2/GW-3, or the UCLs.  The subsurface soil analytical results 

are presented in Appendix D. 

 

None of the applicable Method 1 standards were exceeded in any of the Burning Pits A, B, C or D; therefore, no 

hot spots were defined in these areas. 

 

8.7.3 Extent in Groundwater 

 

Groundwater analytical data for the SWMU 38/Burning Pits A, SWMU 39/Burning Pit B, SWMU 40/Burning 

Pit C, and SWMU 41/Burning Pits D are presented in Appendix D. 
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Burning Pits A 

 

To fully determine the potential impact of Burning Pits A on groundwater, Solutia installed two groundwater 

monitoring wells (MW-5S and MW-34D) upgradient of Burning Pits A and two downgradient wells (MW-7S 

and MW-6D) (see Figure 3-1).  The groundwater from the upgradient and downgradient wells contained low 

concentrations of chlorobenzene (ranging from 0.008 mg/L to 0/007 mg/L), presumably from the upgradient 

SWDA No. 1 because chlorobenzene was not detected at Burning Pits A and was not associated with this 

burning pit and chlorobenzene was not used during the operation period of Burning Pits A.  For example, 

chlorobenzene was used for a short period of time (1944 to 1947) in the Springfield Plant portion of the IOP for 

a government pilot study at a specific location onsite (the former World War II Naval Research Area [Building 

90]) before open burning began in 1952 at Burning Pit A.  No constituents were detected in the groundwater 

from the two deep upgradient and downgradient wells. 

 

Although the source of the constituents detected in the groundwater was from SWDA No. 1, none of the above-

listed constituents were detected above the MCP RC, the MCP Method 1 S-2/GW-2, the MCP Method 1 S-

2/GW-3, or the UCLs.  There were no constituents detected in groundwater associated with Burning Pits A. 

 

Burning Pit B 

 
Groundwater samples were collected from two upgradient wells (MW-74S and MW-79D) and two 

downgradient wells (MW-25D and MW-26S) (see Figure 3-1).  Groundwater from the upgradient wells 

contained chlorobenzene and bis(2-chloroethyl)ether ranging from approximately 0.99 mg/L to 019 mg/L, 

presumably from the upgradient SWDA No. 1.  Groundwater from the two downgradient wells also contained 

concentrations of chlorobenzene and bis(2-chloroethyl)ether at concentrations similar to those detected in the 

upgradient wells.  No additional parameters were detected at the downgradient wells, except for arsenic at 

approximately 0.05 mg/L. 

 

Although the source of the VOC constituents detected in the groundwater was SWDA No. 1, none of the above-

listed constituents were detected above the MCP Method 1 S-2/GW-3 or the UCLs; however, the chlorobenzene 

and bis(2-chloroethyl)ether concentrations in groundwater exceeded the MCP Method 1 S-2/GW-2 and the 

MCP RC GW-2 criteria in both the hydraulically upgradient and downgradient wells.  There were no 

constituents detected in groundwater associated with Burning Pit B soils.  In addition, the chlorobenzene 

associated with the Springfield Plant activities was unlikely to have been placed in a burning area owned by a 
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separate company that was physically separated by fencing twenty years after the reported use of chlorobenzene 

in the early 1940’s. 

 

Burning Pit C 

 

Groundwater samples were collected from two upgradient wells (MW-19D and MW-20S)-, and two 

downgradient wells (MW-49D and MW-50S) (see Figure 3-1).  Low levels of arsenic and cadmium were 

detected at MW-50S; however, the concentrations were below the MCP RC, the MCP Method 1 S-2/GW-2, the 

MCP Method 1 S-2/GW-3, and the UCLs.  There were no constituents detected in groundwater associated with 

Burning Pit C. 

 

Burning Pits D 

 

Groundwater samples were collected from three upgradient wells (MW-28D, MW-29S, and MW-75S) and three 

downgradient well (MW-43D, MW-44S, and MW-78D).  Benzoic acid was detected at MW-44S, a shallow well 

directly beneath Burning Pits D.  However, chlorobenzene was detected at MW-43D, the deep well adjacent to 

MW-44S, which suggests that this constituent is from an upgradient source.  This evaluation was also supported 

by the groundwater elevation data that show a downward vertical gradient, measured at the MW-43D/MW-44S 

well cluster at -0.07 foot/foot.  Chlorobenzene was also detected at consistent concentrations in the upgradient 

wells (MW-28D and MW-29S).  The upgradient deep and shallow well cluster, MW-28D and MW-29S, also 

exhibits the same pattern of chlorobenzene vertical distribution in the saturated zone (i.e., The analytical results 

of the groundwater in the shallow well were below the method quantitation limits, whereas the deep well 

contained chlorobenzene).  The downward vertical gradient measured at the MW-28D and MW-29S well cluster 

was -0.04 foot/foot.  The upgradient source of these parameters is presumed to be SWDA No. 1.  Thus, based on 

the groundwater analytical results from two wells drilled directly beneath the burning pit and the upgradient 

wells, there is no evidence that the operation of the burning pits resulted in a release to the groundwater.  Note: 

Based on data validation (Appendix D), di-n-butylphthalate is considered undetected in all groundwater samples 

except MW-71 and MW-5, in which the data should be considered highly suspect because di-n-butylphthalate 

was detected in the groundwater less than 10 times the concentration in the laboratory method blank.  In 

addition, the chlorobenzene associated with the Springfield Plant activities was unlikely to have been placed in a 

burning area owned by a separate company that was physically separated by fencing. 
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Although well MW-78S, which was drilled beneath the eastern Burning Pits D, contained both chlorobenzene 

and bis(2-ethylhexyl)ether, the presence of these compounds was attributed to an upgradient source (SWDA No. 

1 because of chlorobenzene plume extent and the depth of this well.  This well penetrates the aquifer 20 feet, 

whereas the shallow well, MW-44S, penetrates the saturated zone only 5 feet.  In addition, the saturated 

thickness at MW-78S is limited to 25 feet.   

 

In 1994, well MW-78S contained cadmium, nickel, and lead above MCP RC GW-2, as well as arsenic, 

cadmium, chromium, and lead.  Because these constituents were detected in the surface soil, subsurface soils, 

and wastes of Burning Pits D below MCP RCs, these metals may be associated with particulates in the sample 

and may not be representative of dissolved concentrations in the sample water.  None of the other wells in the 

vicinity of Burning Pits D contained metals in groundwater above MCP RCs.  Analysis of second sample was 

collected in 1999 from MW-78S for inorganic analyses using low-flow techniques confirmed the conclusion that 

the metals detected in 1994 were the result of particulates in the sample.  None of the inorganics detected in 

MW-78S were above MCP RCs, and those detected above RCs in 1994 were below method detection limits in 

1999 (Appendix G, Table G-18 - Inorganic Analytical Results for Groundwater [Low Flow versus Purged Bail 

Sampling Methods]). 

 

8.7.4 Extent in Surface Water/Sediment 

 

Because there are no observed releases to groundwater associated with the operation of any of the former 

Burning Pits, surface-water results are not associated with former Burning Pits A, B, C, or D.  Sediment from 

the Chicopee River has been evaluated for Burning Pits D because this burning pit is adjacent to the river.  A 

review of the sediment PAH data versus onsite PAH surface and subsurface soils are presented in Appendix O.  

Based on comparisons of the PAH ratios to reference standards, this review indicates that the source of PAHs 

detected in the sediment is likely associated with former coal ash/wood ash combustion. 

 

In October 2005, additional surface water and sediment samples were collected.  Constituents potentially 

associated with Burning Pits D, PAHs and inorganics were evaluated.  Results indicated as presented in Section 

6, there were no apparent differences in concentrations of constituents analyzed in surface water or sediment 

between upgradient and downgradient locations.  In some cases, levels of constituents were higher in upstream 

reference samples than in samples collected next to the site.  Therefore, it does not appear that constituents are 

entering the river adjacent the site in sufficient quantities to have measurable impact on ambient conditions. 
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Therefore, although some exceedances of PALs and relevant screening level concentrations were observed, it 

does not appear that constituents associated with the site are entering the river in sufficient quantities to have 

measurable impact on ambient conditions. 

 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 8-48 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

8.8 Former Building 44 and Tank Farm D&E, AOC 7 

8.8.1 Source and Nature of Area Constituents 

 

Building 44 and Tank Farm D&E were located in the western portion of the Fiberloid Landfill Area south of 

Building 67/67A (Figure 1-2).  Building 44 and Tank Farm E were decommissioned in 1989.  Based on soil and 

groundwater analytical data, the primary constituents of concern associated with activities in this area are 

ethylbenzene, phenol, and 2-butanone (MEK). 

 

The following table defines the constituent, source, and date of discovery: 

 
Area Primary Constituent Detected Source Location and Date 

Former Building 44/Tank Farm 
D&E 

Ethylbenzene, Phenol, 2-
Butanone 

In 1994, ethylbenzene associated with activities 
performed in and around Building 44 was detected 
above GW-3 criteria at MW-65S.  Between 
approximately 1940 and 1987, phenolic and 
melamine resins were manufactured at Building 44 
with raw materials containing phenol.  
Ethylbenzene is an impurity of the styrene 
monomer (Verschueren, 1983).  Therefore, the 
most likely source of ethylbenzene is either the 
former tank containing styrene monomer or the 
filling activities associated with this tank.  According 
to literature, styrene degrades more readily than 
ethylbenzene (Howard, 1989).  Ethylbenzene may 
also be a degradation product of styrene (Warhurst 
and Fewson, 1994).  Other materials reported to 
have been stored in Tank Farm E include formalin, 
2-butanone, acrylonitrile, and styrene monomer.  
Detections of phenol and 2-butanone were also 
recorded in the area of concern, but none above 
RC criteria.  Only ethylbenzene was above the RC 
criteria in this area, at one location.  There were 15 
additional detections of ethylbenzene. 

 

Data collected in 1989, 1994, 2002, and 2003 delineated the nature and extent of ethylbenzene, phenol, and 2-

butanone in soil, groundwater, and pore water at the Former Building 44 and Tank Farm D&E, and in soil vapor 

in the hyporheic zone of the Chicopee River.  Each matrix, constituent, and associated location is discussed 

below. 
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8.8.2 Soil  

 

There were no exceedances in soil in the area of Former Building 44/Tank Farm D&E associated with any of the 

constituents of concern.  The following describes the constituent, location, depth, and source area: 

 

• There were three detections of ethylbenzene at SB-123 in June 2002 (0.0044 mg/kg at 20 to 21 feet bgs, 

0.019 mg/kg at 21 to 22 feet bgs, and 0.28 mg/kg at 10 to 12 feet bgs) (Figure 5-5).  The S-2/GW-2 

criterion for this compound is 1000 mg/kg, and the S-2/GW-3 criterion is 500 mg/kg.  SB-123 is within 

the Tank Farm D&E area; therefore, the deductive source of ethylbenzene is attributed to either an 

impurity of styrene or degraded styrene stored in these tanks or the tank filling apparatus in this 

location.  Results below the method detection limit for ethylbenzene were used to define the extent at 

the following locations:  MW-106S, MW-107S, MW-108S, SB-50, SB-51, SB-61, SB-121, SB-122, and 

SB-126. 

 

• One detection of phenol occurred in 1994 at SB-51 (0.58 mg/kg at 4 to 6 feet bgs) compared to an S-

2/GW-2 criterion of 800 mg/kg and an S-2/GW-3 criterion of 500 mg/kg.  This location is directly under 

Former Building 44 and is likely a result of activities within the building associated with phenolic 

resins/raw materials containing phenol.  The non-detect locations that define the extent of phenol in soil 

in this area include SB-111 and SB-50.  However, phenolic compounds are not likely to persist in soil 

given the physical and chemical properties of phenolics in Table 6-1. 

 

• There were three detections of 2-butanone in June 2002 at the following locations and depths: MW-

106S (6 to 8 feet bgs at 0.0055 mg/kg), MW-107S (16 to 18 feet bgs at 0.037 mg/kg), and SB-121 (12 to 

14 feet bgs at 0.0052 mg/kg).  These detections were well below the soil criterion of 40 mg/kg for both 

S-2/GW-2 and S-2/ GW-3.  The extent of 2-butanone in this area is defined by non-detect results at the 

following locations:  SB-51 (Appendix D), SB-122, SB-123, and MW-106S (Appendix G, Table G-22). 

 

None of the applicable Method 1 standards were exceeded in this area beyond that identified under the WWII 

NRA; therefore, no spots were defined in this area. 
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8.8.3 Groundwater 

 
The extent of ethylbenzene, phenol, and 2-butanone in groundwater is described below. 
 

One detection of ethylbenzene in groundwater associated with activities in the area of former Building 44/Tank 

Farm D&E Area was above the 4 mg/L GW-3 criterion.  None of the detections exceeded the GW-2 criterion of 

30 mg/L.  The GW-3 exceedance occurred at monitoring well MW-65S in 1994 (5.3 mg/L).  Monitoring well 

MW-65S was sampled four times before 1994 and once after 1994 without ethylbenzene exceedances.  Results 

ranged from 0.031 mg/L to 0.12 mg/L on these five other occasions, most recently in 2003 (0.12 mg/L).  

Monitoring well MW-65S, located in the Tank Farm D&E area, is screened from 5 to 20 feet bgs in the glacial 

outwash sand above the top of till in this area. 

 

Six other low-level ethylbenzene detections define the extent of ethylbenzene from the recent 2002-2003 

sampling activities, as described below: 

 

• Ethylbenzene was detected twice at monitoring well MW-109S: once in November 2002 (0.00077 

mg/L), and again in July 2003 (0.0046 mg/L).  Monitoring well MW-109S is located in the area of 

Building 44, upgradient of monitoring well MW-65S, and is screened from 5 to 20 feet bgs above the 

top of till in glacial outwash sands. 

 

• Ethylbenzene was detected at monitoring well MW-77S at 0.002 mg/L.  MW-77S is screened in glacial 

outwash sand from 22 to 32 feet bgs above the top of till. 

 

• Ethylbenzene was detected at monitoring well MW-106S in June 2002 at 0.00018 mg/L and the well is 

screened from 8 to 18 feet bgs in glacial outwash sand above the top of till. 

 

• Ethylbenzene was detected at monitoring well MW-105S in July 2003 at a concentration of 0.0086 

mg/L.  Monitoring well MW-105S is located at the furthest downgradient extent of the area influenced 

by Building 44 near the Chicopee River.  MW-105S is screened from 10 to 20 feet bgs in glacial 

outwash sands above the top of till. 

 

• Ethylbenzene was detected at monitoring well MW-104S at 0.00014 mg/L from a well screen set 

between 14 and 24 feet bgs, also in glacial outwash sand at the top of till. 
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• Ethylbenzene was not detected in the PVDs in the Chicopee River downgradient of monitoring wells 

MW-104S and MW-105S. 

 

Data obtained from groundwater and soil borings in the area of Former Building 44/Tank Farm D&E suggest 

that the source of ethylbenzene is likely related to activities and raw materials used for styrene resins between 

1940 and 1987 at the Indian Orchard Plant.  Based on the above-referenced groundwater monitoring data, the 

extent of ethylbenzene is delineated and is limited in extent.  The extent is further defined by results below the 

method detection limit at the following wells:  MW-64S, MW-67S, MW-76S, MW-77S, and PVDs V-61 

through V-67. 

 

Phenol 

 
Phenol was detected at five locations in the area of Former Building 44/Tank Farm D&E at concentrations 

ranging from 0.001 mg/L to 2.1 mg/L.  The MADEP criterion for phenol is 50 mg/L for GW-2 and 30 mg/L for 

GW-3.  Therefore, the detections that define the extent of phenol in the area are well below MADEP criteria.  

Locations, phenol results, and monitoring well screen depths are presented below: 

 

• Phenol was detected at monitoring well MW-67S at 2.1 mg/L in 1989.  This monitoring well was 

screened from 5 to 20 feet bgs and was located directly downgradient of Building 44.  The well has 

since been destroyed and abandoned, and MW-107S was been installed very close to the same location, 

with no detections of phenol reported since June 2002. 

 

• Phenol was detected at a concentration of 0.2 mg/L in 1989 at monitoring well MW-65S, which is 

located within the Tank Farm D&E area.  This location has been sampled three times since 1989 

without detection of phenol.  The well is screened from 5 to 20 feet bgs at the top of till in glacial 

outwash sand. 

 

• Another low-level detection for phenol was encountered at MW-66S in 1989 (0.09 mg/L).  MW-66S is 

screened from 5 to 20 feet bgs at the top of till in glacial outwash sand.  Monitoring well MW-66S has 

also been abandoned, so no recent data are available from that exact location; however, MW-76S was 

installed to replace MW-66S, and MW-65S is nearby. 
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• Phenol was detected at monitoring well MW-76S in 1994 at 0.001 mg/L.  Monitoring well MW-76S is 

located directly between former monitoring well locations MW-67S and MW-66S and is screened from 

10 to 20 feet bgs above the till within the glacial outwash sand. 

 

• Phenol was detected at MW-109S in 2002 at 0.0035 mg/L.  This relatively new monitoring well is 

located upgradient of MW-66S and is closer to MW-64S, which exhibited no phenol detections.  The 

monitoring well is screened from 5 to 20 feet bgs in glacial outwash sand located above the top of the 

till. 

 

The extent of phenol in this area is localized to Former Building 44/Tank Farm D&E Area and likely is 

associated with historical processes, but may also be a degradation product of chlorobenzene.  The phenol extent 

is further defined by non-detect results for phenol at the following monitoring well locations: MW-64S, MW-

77S, MW-104S, MW-105S, MW-106S, MW-107S, and MW-108S. 

 

2-Butanone 

 

The extent of 2-butanone in groundwater in the former Building 44/Tank Farm D&E Area is defined by seven 

locations.  2-butanone was detected at two locations:  1) at monitoring well MW-109S (0.02 mg/L in 2003) with 

a well screen from 15 to 20 feet bgs above the top of till in the glacial outwash sand, and 2) monitoring well 

MW-76S (0.002 mg/L in 2003) with a screen interval of 10 to 20 feet bgs that similarly placed above the top of 

till in the glacial outwash sand.  The MADEP groundwater criterion (for both GW-2 and GW-3) is 50 mg/L.  

These relatively low-level detections are associated with former Building 44 activities.  The extent in 

groundwater is further defined by the lack of detectable concentrations above method detection limits at five 

nearby monitoring wells: MW-104S, MW-105S, MW-106S, MW-107S, and MW-108S. 

 

8.8.4 Pore Water in the Chicopee River 

 
In 2001 and again in 2003, PVD samples of vapor in the Chicopee River were taken to determine the transport 

of VOCs from groundwater sources to the river (see Appendix G, Section 1.5.1 and Section 1.6.5, respectively 

for further detail regarding these sampling activities).  There were no detections for ethylbenzene or 2-butanone 

in either of these investigations. 
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8.8.5 Soil Vapor 

 

Four soil vapor points were obtained and subsequently analyzed in June and October 2002 in association with 

studies associated with the Fiberloid Landfill/Former WWII NR Area (Figure 3-1 - Site Plan with Disposal Sites 

and Sampling History).  By comparing the soil vapor results to target concentrations presented in USEPA vapor 

intrusion guidance (USEPA, 2001a; USEPA 2002b) for air in soils with an attenuation factor of 0.01, it is clear 

that results of the four soil vapor points are well below the guidance values, which are presented in ug/m3.  

Specifically, the results are as follows: 

 

Location USEPA EI (Table 2)/OSHA PEL SV-1 SV-2 SV-2 (DUP) SV-3 SV-4 
Ethylbenzene (ug/m3)  *100,000  4.0 U 6.4 4.7 5.4 4.1 
Phenol (ug/m3) *210,000 NA NA NA NA NA 
2-Butanone (ug/m3) **590,000 11 U 10 U 11 U 10 J 9.8 
 
Notes: 
ug/m3 = micrograms per cubic meter. 
DUP = Duplicate sample. 
J = Result is an estimated value. 
NA = Not Analyzed. 
U = Result below the report limit provided. 
* = USEPA Vapor Intrusion Guidance. 
** = OSHA Potential Exposure Limit (PEL) for 8-hour workers (NIOSH website, August 2004). 

 

The nature and extent of ethylbenzene and 2-butanone are further defined by these vapor analyses, which exhibit 

very low concentrations relative to the guidance values provided. 

 

8.8.6 Sediment 

 

Phenol was detected in sediment once at SE-2005-14 adjacent to the plant hydraulically downgradient of  

Former Building 44/Tank Farm E at 7.8 mg/kg.  The USEPA Region 5 list an ecological screening level for that 

constituent at 0.0491 mg/kg.  In comparison, a sediment quality standard in the State of Washington for that 

chemical is 0.420 mg/kg (marine sediment).  The laboratory quantitation limit of phenol in sample locations 

upstream and downstream of SE-2005-14 ranged from 0.36 to 8.2 mg/kg.  The higher detection limit was 

observed upstream.  The source of phenol may be from former Building 44 manufacturing activities or a 

degradation by-project of chlorobenzene. 
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8.9 Former World War II Naval Research Area - New AOC 

8.9.1 Source and Nature of Area Constituents 

 

The WW II NR Area is located northwest of Building 96, as shown on Figure 5-1 and in Appendix F-5 - WWII 

Distribution of Dissolved Chlorobenzene in Groundwater (3-D Model).  Based on soil and groundwater 

analytical data, the primary constituent of concern is chlorobenzene.  The following table defines the 

constituent, source, and date of discovery. 

 

Area Name 
Primary Constituent 

Detected Source Location and Date 

Former WWII NR Area Chlorobenzene The chlorobenzene in groundwater in this area is reportedly 
from a former R&D project initiated by the U. S. Navy during 
World War II beginning approximately in 1942 to develop a 
coating to protect aircraft from radar detection.  The 
research project involved the use of chlorobenzene as a raw 
product, as well as mineral oil, and was believed active until 
approximately 1947.  Footprints of three ASTs for these raw 
materials were observed on historical drawings until 1950.  
No or slight traces of chlorobenzene were detected in the 
unsaturated soil from 21 soil borings drilled at and around 
the former location of the ASTs, AST loading areas, and 
AST unloading areas.  There was an unloading pit at the 
location of MW-116S that contained supply pipes for the 
chlorobenzene tank storage that may have leaked to soils at 
this location.  However, because soils did not contain a 
chlorobenzene above the water table, yet elevated 
chlorobenzene concentrations were detected in 
groundwater beneath these former ASTs locations, it is 
presumed that the soils around the ASTs were removed 
when the ASTs were removed and the R&D project was 
decommissioned.  

 

A source of chlorobenzene in soils in this area was not found, and it is presumed to have been removed because 

at two of the locations down SB-124 (MW-111S) and SB-131 gradient of the former AST foot print had 

elevated chlorobenzene in the soil at the top of the water table but no evidence of VOCs in the soils above the 

water table in 20 borings.  The extent of chlorobenzene in groundwater has been delineated.  Appendix G, 

Section 1.6.2 provides further discussion of the investigations in the WWII NR Area.  Fifteen soil borings were 

continuously soil sampled and screened for VOCs with a PID/FID to locate the source of chlorobenzene 

observed in groundwater at SB-122 through SB-131, as well in as soil samples from the drilling of monitoring 

wells MW-106S through MW-116S from June 2002 to June 2003. The monitoring wells were subsequently 

sampled for groundwater during this investigation.  The following sections discuss the results used to define the 

extent of chlorobenzene in soil, groundwater, soil vapor, and pore water beneath the Chicopee River. 
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8.9.2 Soil 

 
Based on soil field screening and soil laboratory analysis at 21 soil boring locations, an ongoing source of 

chlorobenzene in soil is no longer present.  Ten of these soil borings (SB-122 through SB-131), as well as 11 

monitoring wells (MW-106S through MW-116S), were drilled at and around the former tank storage and tank 

loading areas.  Although there were some slight chlorobenzene detections ranging from 0.011 to 4.1 mg/kg in 

soil, these detections were primarily from samples taken at the top of the water table, there were no exceedances 

in soil above the MCP 1999 RC of 40 mg/kg or the applicable S-3/GW-3 standard of 100 mg/kg, however, three 

were detected above the S-3/GW-2 of 3 mg/kg that was effective April 3, 2006.  Because depth to water table is 

greater than 15 feet and occupied buildings are greater than 30 feet from soil concentrations above the standard 

the S-2/GW-2 standard does not apply. The maximum chlorobenzene concentration (4.1 mg/kg) was collected 

from MW-107S approximately 400 feet downgradient of the WW II NR Area ASTs at 16 to 18 feet bgs, 3 feet 

below the water table but not observed in the unsaturated soils.  This detection is not likely derived from a soil 

source, but, rather, is associated with groundwater because no VOCs were observed in the unsaturated soil 

above the water table at MW-107S (i.e. above the 16- to 18-foot interval).  There were 12 other low-level 

detections from the 25 soil samples collected (see Appendix G, Table G-22 - 2002 Analytical Results for Soil, 

and Appendix G, Table G-29 - 2003 Volatile Organic Analytical Results for Soil).  The highest of these 

detections include: 

 

• Soil from SB-131 at a depth of 12 to 14 feet bgs had a chlorobenzene concentration of 3.9 mg/kg at a 

location beneath the former AST locations and 4 feet below the water table. 

 

• Soil from MW-111S (SB-124) had a chlorobenzene concentration of 3.7 mg/kg at 12 to 14 feet bgs 

below  the water table located just west of Building 96 in the area of the former ASTs.  

 

• Soil from SB-122 had a chlorobenzene concentration of 2.3 mg/kg at 18 to 20 feet bgs, 8 feet below the 

water table and approximately 400 feet downgradient of the tank area. 

 

• Soil from MW-112D had a chlorobenzene concentration of 1.6 mg/kg at 44 to 46 feet bgs, 30 feet below 

the water table and downgradient of the former AST loading area.  
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• Soil from MW-106S has a chlorobenzene concentration of 1.2 mg/kg at 28 to 30 feet bgs, 20 feet below 

the water table in an area downgradient of the former ASTs and directly between MW-112D and SB-

122.  

 

The soil analytical results for the remaining seven detections of chlorobenzene in soil samples were well below 

the RC of 3 mg/kg.   

 

Detections were found in saturated soil downgradient of the AST unloading pit, where pipes supplied 

chlorobenzene to the AST.  Therefore, the former source to groundwater was likely in the vicinity of this former 

unloading pit.  PID/FID screening values were generally above background in the unsaturated zone in the 

borings associated with the former AST unloading area.  Given that two elevated PID/FID values were observed 

in the unsaturated zone at MW-114D and MW-115D but , no VOCs were detected in the soil analytical results at 

these locations (see Appendix G, Table G-29 - 2003 Volatile Organic Analytical Results for Soil), supports that 

the chlorobenzene detected in saturated soil below the water is not readily available to soil vapor. 

 

Hot spots can be defined by the MADEP (MADEP, 2006a) as a discrete area where concentrations of hazardous 

material exceed applicable Method 1 standards and are greater than ten times that of the surrounding area unless 

“there is no evidence that the discrete area would be associated with greater exposure potential than the 

surrounding area.”  If concentrations in a discrete area exceeded one hundred times that of the surrounding are, 

the discrete area must be classified as a hot spot, unless the applicable Method 1 standard was not exceeded.  

Using MADEP’s definition, no hot spots were identified in WW II NR Area, however USEPA guidance 

(USEPA, 2002b) recommends that 100 feet laterally and vertically from an occupied building to a negligible 

concentration. Negligible is dependent on the mobility, toxicity and persistence of  constituent.  Since Building 

96 and 100 are within 100 feet of the saturated soil concentrations, a hot spot was identified in this area for 

further consideration in the risk characterization.  

 

A hot spot in the Former WWII NR Area was identified based on chlorobenzene concentrations above Method 

1S-2/GW-2 standards at the following sampling locations if buildings intended for 8-hour workers were 

constructed within 100 feet of the detections at: 

 

• SB-131 (12-14 feet bgs, 3.9 mg/kg); 

• SB-124 (12-14 feet bgs, 3.7 mg/kg); and 

• MW-107S (16-18 feet bgs, 4.1 mg/kg). 
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However, the Method 1, S-2/GW-2 standards are not currently applicable due to concentrations in surrounding 

soil samples, distance to building from sample locations and the current use of the building.  The applicable 

Method 1 standard for these chlorobenzene detections in soil is 100.0 mg/kg (S-2/GW-3).  The average 

chlorobenzene concentration of the surrounding area was 0.02 mg/kg in soil, supporting that the S-2/GW-2 

standard was not applicable, as these soils from surrounding locations were less than 3.0 and greater than 30 feet 

from a building.  

 

8.9.3 Groundwater 

 

The extent of chlorobenzene in groundwater was delineated based on groundwater samples from the following 

new and existing monitoring wells (Tables 6-24 and 6-33) located upgradient, downgradient, and sidegradient of 

the potential former source area and from around the former ASTs and the unloading pit in the Former WWII 

NR Area: 

 

• Former Source Area:  MW-111S and MW-116S; 

 

• Upgradient:  MW-9D, MW-10S, MW-13S, MW-16S, MW-64S, MW-113D, and MW-115D; 

 

• Sidegradient:   MW-54T, MW-55S, MW-56S, MW-65S, MW-66S, MW-104S, MW-108S, MW-110S, 

and MW-117S (TW-05); and 

 

• Downgradient:  MW-67S, MW-76S, MW-77S, MW-96S, MW-106S, MW-107S, MW-109S, and MW-

112D. 

 

The extent in groundwater is coincidental with the configuration of till in this area (Figure 4-4 - Top of Till 

Contour Map).  The deltaic outwash sand-filled depression in the till appears to channel the chlorobenzene 

groundwater plume from the former WWII NR Area to a depth of approximately 50 feet bgs to shallower 

surrounding areas approaching the Chicopee River downgradient of the WWII NR Area (see Figure 8-1 which 

includes Former WWII NR Area Distribution of Dissolved Chlorobenzene in Groundwater in plan view in 

Figure 8-1 and as a 3-D model in Appendix F-5).  The till becomes increasingly shallow toward the river in this 

region of the plant.  However, the chlorobenzene plume is located in a slight swale in the till surface as it 
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approaches the Chicopee River.  The swale in the till surface (Figure 4-4) is likely a former channel observed in 

historical photographs.  This channeling has resulted in an apparent narrow chlorobenzene plume (Figure 5-1).  

An underground utility was apparently placed in this swale (Figure 5-2, 5-3, 5-4 4-4).  The top of the water table 

is into the till (a confining unit) on either side of the plume adjacent to the Chicopee River (Figures 5-2, 5-3, 5-4 

and as well as Figures  4-6 “Chicopee River Cross Section  and  Figure 8-1,  3-D model Distribution of 

Dissolved Chlorobenzene in Groundwater, Appendix F; Figure F-5).  Based on a projection of the till elevation 

adjacent to the river and the elevation of the river bed, the Chicopee River has also incised into the till (Figure 8-

1). 

 

The maximum chlorobenzene concentrations detection in groundwater in this area occurred at MW-112D (42 

mg/L) and MW-116S above the MCP UCL of 10 mg/L for chlorobenzene.  Chlorobenzene was detected at the 

highest concentration in a well (MW-112D) screened from 32 to 42 feet bgs below the water table and above the 

top of till.  MW-116S was installed to further characterize the source of the chlorobenzene detected at MW-

112D near the former AST loading pit.  Elevated PID field screening values in the shallow saturated zone during 

soil boring suggested a shallow screen placement (12 to 22 feet bgs) at the water table to capture the 

chlorobenzene.  Subsequent groundwater samples from monitoring well MW-116S that were analyzed for 

VOCs were above criteria (34 mg/L) for chlorobenzene as compared to GW-3 criteria of 1 mg/L, GW-2 criteria 

of 0.2 mg/L, and the MCP UCL of 10 mg/L.  The following monitoring wells were used to define the extent of 

chlorobenzene in groundwater in the Former WWII NR Area: 

 

• MW-116S – Chlorobenzene was detected above criteria (34 mg/L) at this location in 2003.  A shallow 

well screen was installed from 12 to 22 feet bgs based on elevated PID soil screening results.  

Monitoring well MW-116S is located directly over the known AST unloading area for the former WWII 

NR Area greater than 30 feet from an occupied building. 

 

• MW-112D – Chlorobenzene was detected in groundwater at 42 mg/L at this deep monitoring well in 

November 2002 and July 2003.  MW-112D is downgradient of the AST unloading area associated with 

the Former WWII NR Area.  The well screen was installed 40 to 50 feet bgs in the glacial outwash sand 

above the top of till (in a depression in the till surface), based on elevated PID soil screening results.  

PID measurements were not observed in unsaturated soil or saturated soil above this 40 to 50-foot 

interval; therefore, a shallow monitoring well was not installed at this location.  Hydraulically 

downgradient of this location, the till surface elevation rises steadily toward the water table surface 
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approximately 400 feet downgradient to the north (Figure 5-1 and Figure F-4, a 3-D Site Conceptual 

Model). 

 

• MW-109S – Chlorobenzene was detected at 2 mg/L in both sampling events in 2002, and at 3.1 mg/L 

(duplicate sample) in 2003 (Tables 6-24 and 6-33).  This monitoring well is located downgradient of the 

plume associated with the Former WWII NR Area, with a shallow well screen depth of 5 to 20 feet bgs 

that straddles the water table at 8.5 feet bgs. 

 

• MW-110S – A slight detection of chlorobenzene (0.89 mg/L) in 2002 was above criteria for GW-2 and 

slightly below GW-3 standards.  In 2003, the detection (0.16 mg/L) in MW-109S was below both 

MADEP criteria.  The well screen interval is 5 to 20 feet bgs and straddles the water table at 10.5 feet 

bgs.  The monitoring well location is further downgradient of MW-112D but partly sidegradient of the 

plume originating near MW-116S. 

 

• MW-107S – Chlorobenzene detected in 2002 (0.49 mg/L) was just GW-3 criteria.  However, in 2003, a 

chlorobenzene detection of 4.2 mg/L exceeded both GW-2 and GW-3 criteria.  The monitoring well 

screen interval is from 7 to 22 feet bgs and straddles the water table at 13 feet bgs.  MW-107S is located 

downgradient of the Former WWII NR Area. 

 

• MW-106S – This monitoring well had very slight chlorobenzene detections (0.061 mg/L in 2002 and 

0.016 mg/L in 2003) in a well screen installed from 8 to 18 feet bgs that straddles the water table at 7 

feet bgs.  MW-106S is located east of Building 100, with a shallow well screen to further evaluate 

potential vapor intrusion to indoor air.  However, elevated PID/FID measurements and a positive 

colorimetric result for chlorobenzene were observed at 38 feet bgs near the top of till. 

 

• MW-111S – Chlorobenzene was detected at a very low concentration in this monitoring well (0.13 

mg/L in 2002 and 0.18 mg/L in 2003); the well is screened from 6 to 21 feet bgs, and straddles the water 

table at 8 feet bgs, slightly upgradient of the unloading area for the ASTs. 

 

• MW-108S – This monitoring well was installed to evaluate an upgradient source of ethylbenzene 

associated with Building 44.  No chlorobenzene or ethylbenzene was detected at this well located east of 

the inferred chlorobenzene plume extent.  The well screen depth is 8 to 18 feet bgs, directly above the 

top of till. 
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The following monitoring wells were installed to evaluate whether the chlorobenzene plume at Former WWII 

NR Area was contiguous with the chlorobenzene plume observed downgradient of SWDA No. 1, or whether 

there was a separate release of chlorobenzene in the Former WWII NR Area: 

 

• MW-113D – No chlorobenzene was detected at this monitoring well located upgradient of the Former 

WWII NR Area.  PID field screenings were at background levels throughout the soil boring.  The well is 

screened from 40 to 50 feet bgs, above the top of till. 

 

• MW-114D and MW-115D – There were no chlorobenzene detections at these wells located sidegradient 

of the inferred chlorobenzene plume extent, yet PID field screening values were above background 

values throughout these soil borings.  These monitoring wells are also screened above the top of till. 

 

Based on data obtained from these wells, the chlorobenzene plume is separate and distinct from SWDA No. 1, 

and the extent of chlorobenzene in groundwater at the Former WWII NR Area is coincidental with the 

groundwater flow direction and the thickest (deepest) zone of the post-glacial outwash sand above the top of till 

located downgradient of Former WW II NR Area.  The chlorobenzene plume appears to be confined by the till 

discussed earlier in this section, and the plume is coincidental with the swale in the till.  The extent of 

chlorobenzene in groundwater is observed in monitoring wells adjacent to the Chicopee River (MW-105S and 

MW-104S).  Therefore, further extent delineation of chlorobenzene in groundwater was conducted in the pore 

water of the Chicopee River below the groundwater/surface-water (hyporheic) zone of mixing. 

 

8.9.4 Pore Water in the Chicopee River 

 

In 2003, PVD samplers were installed below the hyporheic zone (groundwater/surface-water interface) of the 

Chicopee River to evaluate the fate of chlorobenzene in groundwater near the Chicopee River (see Appendix G 

Section 1.6.5 for further detail regarding these sampling activities).  There were no detections of chlorobenzene 

in the PVD samples hydraulically downgradient of the plume associated with the Former WWII NR Area.  

However, toluene was detected.  Because there is no significant onsite toluene source in groundwater to the 

river, it was determined that the detection of toluene was a result of offsite upgradient sources.  Chlorobenzene 

and other VOCs in groundwater are either being naturally attenuated before discharge to the river or exiting the 

groundwater as a seep along the top-of-till interface, potentially along the bank of the river.  However, 
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chlorobenzene has not been detected historically in the Chicopee River surface water or sediment down gradient 

of Former WWII NR Area.  The bank of the Chicopee River was inspected on April 8, 2004, April 16, 2004, 

May 6, 2004, and May 10, 2004, but no groundwater discharges were observed along the bank of the river or 

from the former outfall located near MW-105S.  Further studies, including NA, will be explored in the MCP 

Phase III – Remedy Implementation Plan. 

 

8.9.5 Chlorobenzene in Soil Vapor 

 

Soil vapor samples were collected in the vadose zone near buildings occupied by 8-hour workers to evaluate 

potential vapor intrusion to indoor air.  Both Building 96 and Building 100 are occupied by 8-hour workers.  

Buildings 60, 61, 67, and 67A are manufacturing buildings housing process equipment and are not used or 

intended for use by 8-hour workers, except Building 67A has an office shared by two 8 hour workers. 

 

Soil vapor samples (SV-1 through SV-4) were obtained near Buildings 96 and 100 where shallow groundwater 

contained detections of chlorobenzene.  Shallow monitoring wells MW-106S and MW-110S were installed with 

well screens straddling the water table near Building 100 to evaluate potential sources of vapor from 

groundwater.  However, as discussed in Section 8.2.4.3, chlorobenzene concentrations in these wells are low 

(See Tables 6-24 and 6-33). 

 

Two of the four soil vapor samples analyzed for VOCs had chlorobenzene detections of 31 µg/m3 at SV-1 and 

3.9 ug/m3 at SV-4 (for more in-depth discussion, see Sections 6.4.3 and 6.5.1).  The soil vapor concentrations at 

these locations are below generic screening criteria for soil vapor in the Vapor Intrusion Guidance (USEPA, 

2001a; USEPA, 2002b).  Therefore, according to the flow chart (Figure 2 of the Vapor Intrusion Guidance); 

there is an incomplete subsurface vapor to indoor air pathway.  This pathway will also be considered in the risk 

characterization discussed in Section 11. 
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8.10 SWMU 64/Outfall Pipes Adjacent to Chicopee River Shoreline 

8.10.1 Source and Nature of Area Constituents 

 

SWMU 64/Outfall Pipes Adjacent to Chicopee River Shoreline consists of 73 known outfalls along the Indian 

Orchard Plant boundary that discharged to surface waters at one time or another over the course of the plant’s 

history.  Of the 73 outfalls 37 are along the existing Solutia property.  Of those 37, 36 discharge to the Chicopee 

River and one discharges to Bircham Bend Brook.  For a location map of these outfalls, see Appendix Q - 

Outfall Location Map. 

 

Based on soil and groundwater analytical data, the primary constituent associated with this area is the 

chlorobenzene associated with the Former WWII NR Area.  The outfall pipes themselves may have transported 

a variety of materials over the course of plant operation, and it is possible that any of these substances may have 

leaked into the surrounding soils; however, analytical data adjacent to these outfalls and adjacent to the bank of 

the Chicopee River do not suggest that outfall pipes leaked into surrounding soils.  The list of materials used at 

this facility is included in Tables 2-1 and 2-2, and the physical and chemical characteristics of these materials 

are presented in Table 6-2. 

 
Area Possible Constituents Source Location and Date 

SWMU 64/ 
Outfall Pipes 
adjacent to 
Chicopee River 
Shoreline 

Raw materials used 
onsite, products 
manufactured, or their 
associated byproducts 
and waste created 
during the course of site 
operation (see Table 6-
1) 

Throughout the nearly 100-year history of the Indian Orchard Plant, a 
multitude of constituents were historically used or manufactured (as listed in 
Tables 2-1 and 2-2).  Approximately 92% of the constituents used or 
manufactured historically at the IOP are soluble in water (Table 6-1).  The 
8% insoluble constituents include castor oil, cellulose acetate, naphtha 
polyvinyl acetate, and xylene.  According to plant drawings, discharges 
through the outfalls were composed of mostly drainage from storm drains, 
roof drains, and floor drains, and non-contact cooling water.  In the mid-
1970s, the floor drains and outfalls were re-routed to the municipal 
treatment system.  Since 1984, stormwater and once-through non-contact 
cooling water discharge through permitted outfalls to the Chicopee River.  
The other outfall pipes are no longer actively discharging into the Chicopee 
River, and no seeps been observed around the backfill of these outfalls.  
 
Chlorobenzene in groundwater in the vicinity of outfalls 62 through 64 is 
associated with a chlorobenzene plume moving north/northwest from the 
Former WWII NR Area.  There have been no raw materials or products 
manufactured at the Indian Orchard Plant containing chlorobenzene.  The 
likely source of the chlorobenzene is linked to an R&D effort for the United 
States military that reportedly occurred in the 1940s.  Historical maps show 
an AST location adjacent to Building 96 that was possibly used for the 
storage of chlorobenzene.  It is likely that the AST or associated pipes may 
have leaked, releasing chlorobenzene to the area soils at the WWII NR 
Area that migrated to the Chicopee River shoreline (Section 10.1). 
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The extent of constituents in soils adjacent to former outfall pipes along the Solutia property and the Chicopee 

River was defined based on 33 soil borings (HA-11 through HA-16, HA-24 through 30, MW-42D, MW-43D, 

MW-44S, MW-54D, MW-55S, MW-56S, MW-77S, MW-80S, MW-96S, MW-104S, MW-105S, SB-54, SB-58, 

SB-56, TW-01, TW-02, TW-03, TW-04, TW-05, TW-6 [SB-111a], and MW-117S). 

 

A sheen was observed once in soils from MW-105S during drilling from approximately 13.9 feet bgs to 14.8 

feet bgs (118.6 to 117.7 feet ASPD). NAPL was not observed anywhere in the SWMU 64/Outfall Pipes 

Adjacent to Chicopee River Shoreline area, and has not been detected in MW-105S. 

 

8.10.2 Extent in Soil 

 
The soil analytical data for the SWMU 64/Outfall Pipes Adjacent to Chicopee River Shoreline area are 

presented in Appendix D.  Thirty-two soil borings were advanced through and around the perimeter of the 

SWMU 64/Outfall Pipes Adjacent to Chicopee River Shoreline area to fully define its extent (HA-11 through 

HA-16, HA-24 through 30, MW-42D, MW-43D, MW-44S, MW-54D, MW-55S, MW-56S, MW-77S, MW-

80S, MW-96S, MW-104S, MW-105S, SB-52, SB-54, SB-56, TW-01, TW-02, TW-03, TW-04, TW-05, TW-6 

[SB-111a], and MW-117S). 

 

Six soil samples were selected for analysis based on elevated FID and PID field screening.  Samples were 

submitted for laboratory analysis from five soil borings and monitoring wells (MW-105, SB-52, SB-54, SB-111, 

and TW-04) in the SWMU 64/Outfall Pipes Adjacent to Chicopee River Shoreline area.  The following 

constituents exceeded the USEPA Region 9 Industrial PRGs, the MCP RC, the MCP Method 1 S-2/GW-2, the 

MCP Method 1 S-2/GW-3, and/or the UCLs: 

 

• At SB-54 (4 to 6 feet bgs), benzo(a)pyrene exceeded the PRG. 

 

• At SB-111 (6 to 8 feet bgs), benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 

dibenz(a,h)anthracene exceeded the PRG soil standards. 

 

The SVOC exceedance at SB-54 is associated with the Burning Pits D Area.  The SVOCs exceedances at SB-

111 are associated with the Fiberloid Landfill Area.  This data was used to delineate the extent of SVOCs in soil. 

 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 8-64 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

8.10.3 Extent in Surface Soil 

 

The bank of the Chicopee River is covered by riprap underlain by a geotextile material (Appendix P).  Thus, 

surface soil is not accessible for sampling.  One surface soil sample was collected in the Burning Pits D Area 

adjacent to the Chicopee River shoreline.  Benzo(a)pyrene exceeded the PRG soil standards at SS-16. 

 

This surface soil analytical result is presented in Appendix D. 

 

No Method 1 standards were exceeded in this area; therefore no hot spots were defined in this area. 

 

8.10.4 Extent in Groundwater 

 
Based on the groundwater data, the primary constituent detected in the outfall pipes adjacent to the Chicopee 

River shoreline is chlorobenzene from the Former WWII NR Area, and this area has been studied to characterize 

the extent of VOCs in the soil and groundwater, as discussed further in Section 9.1 (Former WWII NR Area). 

 

Groundwater samples were collected from monitoring wells along the Chicopee River shoreline (MW-42D, 

MW-43D, MW-44S, MW-54D, MW-55S, MW-56S, MW-77S, MW-80S, MW-96S, MW-104S, MW-105S, 

MW-117S, and TW-1 through TW-6).  Wells designated with an “S” suffix are shallow wells installed in the 

uppermost water-bearing unit and are at or near the water table in the post-glacial deltaic outwash sand unit.  

Wells designated with a “D” suffix are deep wells installed in the deeper portion of the lowermost water-bearing 

unit and are at or near the top of the basal glacial till.  By pairing wells in the upper and lower water-bearing 

units, the vertical extent of VOCs in groundwater has been delineated.  Wells designated with a “TW” prefix are 

temporary wells installed via small-diameter drives well casing, where the groundwater is sampled through the 

casing immediately following installation. 

 

• Chlorobenzene has exceeded the RC GW-2 and the MCP Method 1 GW-3 criteria at MW-43D and 

MW-105S. 

 

MW-43D is located within the chlorobenzene plume originating from SWDA No. 1.  MW-105S is located 

within the chlorobenzene plume originating from the Former WWII NR Area.  PVDs were placed in the 

Chicopee River, downstream and upstream, where groundwater from these areas would likely enter the river to 

evaluate the extent of chlorobenzene in sediment and surface water. 
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Chlorobenzene plume paths tend to follow the greatest thickness of unconsolidated materials (the route of 

highest conductivity); the plumes move through sand-filled valleys in the underlying impermeable till.  In the 

western part of the Indian Orchard Plant, where the chlorobenzene plume associated with SWDA No. 1 enters 

the river, chlorobenzene is found at 30 to 60 feet below the water table at MW-43D.  In the eastern part of the 

Indian Orchard Plant, where the chlorobenzene plume associated with the WWII NR Area activities area enters 

the river, chlorobenzene is found at 10 feet below ground surface. The groundwater is shallower as it approaches 

the Chicopee River and the till becomes increasingly shallower adjacent to the Chicopee River near WW II NR 

Area.  The water table is below the top of till at locations along the Chicopee River, and, based on till elevation 

contour projections, the river appears to be incised into the till (Figures 3-2, 4-5, 6-2, 6-3, 6-4 and 6-5). 

 

SWDA No. 1 Chlorobenzene Plume 

 

PVD results suggest that the chlorobenzene is not migrating via groundwater to the hyporheic zone in the 

Chicopee River, downgradient of the plume.  Visual observations of the shoreline downgradient of the 

groundwater plume and at former outfalls 63 through 65 are free of odors, staining, and seeps. 

 

In the shallow groundwater adjacent to SWDA No. 1, chlorobenzene detections have consistently been the 

highest at MW-90S near the SWDA No. 1 source area, as discussed in Section 9.2.  From this area, the plume 

moves north-northwest approximately 3,000 feet, decreasing in concentration with distance from SWDA No. 1 

toward the Chicopee River.  In the deep aquifer located at or near the top till, chlorobenzene detections have 

consistently been highest at MW-25D.  The plume path follows the greatest saturated sand thickness above the 

till within a deltaic outwash sand filled depression into till surface.  In general, the chlorobenzene plume is the 

weakest near the surface and becomes increasingly concentrated at or near the top of till approaching the 

Chicopee River, as illustrated on Figures J-3 and J-4 of Appendix J and on Figures F-1, and F-5 in Appendix F- 

Site Conceptual Model, and does dive in areas of downward vertical gradients (Table 4-4).  Chlorobenzene is 

found at 30 to 60 feet below the water table 100 feet from the Chicopee River, however in the Chicopee River 

adjacent to MW-43D, an upward vertical gradient was observed (Table 4-6).   

 

In the area where the chlorobenzene plume intersects the Chicopee River, the saturated sand above the till is 

approximately 70 feet thick.  There are only trace concentrations of chlorobenzene in the shallow aquifer in the 

area of the MW-44S, as shown on Figure J-3.  Chlorobenzene concentrations are significantly higher in the deep 

aquifer in the area of the Chicopee River, as shown on Figure J-4.  However, it is unlikely that the plume crosses 
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beneath the Chicopee River given that the river is the lowest-elevation water body in the area, as discussed 

further in Section 3.  It can thus be inferred that the chlorobenzene plume is migrating toward the Chicopee 

River.  There are no known outfalls in this region of the site near MW-44S/MW-43D.  PVD results suggest that 

chlorobenzene is migrating to the hyporheic zone of the Chicopee River; however, concentrations are well 

below GW-3 criteria. 

 

World War II Naval Research Area Chlorobenzene Plume 

 
In the shallow groundwater, adjacent to the Former WWII NR Area, chlorobenzene detections have been 

highest at MW-116S, as discussed in Section 8.1.  From the MW-116S area, the plume moves 700 feet, 

decreasing in concentration with distance from the WWII NR Area toward the Chicopee River.  The plume 

follows the greatest saturated sand thicknesses in a swale in the till.  Three former outfalls (63, 64, and 65) are 

located in this swale (Appendix G, Figures G-1 through G-5; however, it appears, based on invert elevations 

(Table 4-8), that plugged outfall 63 may have been below the water table along the path of this drain. 

 

8.10.5 Outfalls 

 

There are two main categories of outfalls: decommissioned and permitted.  Within the permitted outfalls, there 

are active and inactive outfalls.  Permitted outfalls are those that are NPDES permitted and discharge to the 

Chicopee River.  Outfalls 010, 014, and 017 are the only three active outfalls that are designated as permitted 

(#MA0001147). 

 

There are two types of underground utilities adjacent and parallel to the Chicopee River.  These include the LI 

and water lines.  Table 4-8 is a summary of information provided on Solutia utility design drawings and other 

maps pertaining to the known outfalls to the Chicopee River and its relationship to the water table. 

 

These outfalls are discussed below. 

 

Active Permitted Outfalls 

 

Outfall 010 is connected to a storm drain line and a non-contact cooling water overflow associated with former 

Building 34/35.  The storm drain portion of the outfall is still active, and, based on utility drawings, is located 

outside in a yard.  The outfall invert elevation is 123.7 feet ASPD at the LI and is 123.42 feet ASPD at the 
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shoreline.  No constituents were detected in groundwater at TW-03 near this outfall.  There is no potential for 

the water table, which is 6.28 feet below this outfall, to intersect the backfill of outfall 010 (Table 4-8 - 

Evaluation for Potential Seeps to Chicopee River and Bircham Bend Brook).  This outfall and its potential 

associated backfill are not considered a preferential pathway. 

 

Outfall 014 is connected to non-contact floor and roof stormwater drains associated with former Building 

68/Pilot Plant.  The outfall invert elevation is 122 feet ASPD at the LI and 120.25 feet ASPD at the Chicopee 

River bank.  No constituents were detected in groundwater at MW-56S.  There is no potential for the water table 

to intersect the backfill of outfall 014 because the water table is approximately 0.5 foot below this outfall (Table 

4-8).  This outfall and its potential associated backfill are not considered a preferential pathway. 

 

Outfall 017 is connected to stormwater and non-contact cooling water drains associated with the South Plot.  

The outfall invert elevation is 122.5 feet ASPD at the LI and is 120.88 feet ASPD at the Chicopee River 

shoreline.  Low levels of chlorobenzene have been detected in groundwater at MW-104S, but it is unlikely that 

the water table intersects the outfall or the backfill of outfall 017 because the water table is at least 1 foot below 

this outfall (Table 4-8).  This outfall and its potential associated backfill are not considered a preferential 

pathway. 

 

Inactive Permitted Outfalls 

 
Outfalls 012 and 015 are designated as permitted outfalls by NPDES; however, they are inactive. 

 

Outfall 012 is connected to floor and roof non-contact process water drains associated with Building 43A.  

Building 43 is used for R&D.  The outfall invert elevation is 122 feet ASPD at the LI and 120.94 feet ASPD at 

the Chicopee River.  There were no inorganic constituents detected at MW-117S above RCs criteria or TW-03 

or VOCs and SVOCs detected above criteria.  Furthermore, there is no potential for the water table to intersect 

the backfill of outfall 012.  Therefore, this outfall and its associated backfill are not considered a preferential 

pathway. 

 

Outfall 015 is associated with a pump overflow and sanitary sewer from the yard surrounding Building 69.  The 

outfall invert elevation at the LI is 122 feet ASPD, and the outfall invert elevation at the Chicopee River is 

123.74 feet ASPD.  No constituents were detected in groundwater at MW-56S, and there is no potential for the 
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water table to intersect the backfill of outfall 015 because the water table is approximately 3.8 feet below this 

outfall (Table 4-8).  Therefore, outfall 015 is not considered a preferential pathway. 

 

Based on a comparison of water-table elevations to outfall invert elevations plus 2 feet, the outfalls and the 

backfill around the outfalls do not act as a preferential migration pathway for groundwater, except potentially at 

outfall 63 (Table 4-8).  This 24-inch drain was installed in a former stream channel or swale in the till (see 

geologic cross sections on Figure 5-3) downgradient of the Former WWII NR Area. 

 

8.10.6 Other Utilities 

 

Ludlow Interceptor 

 

There are two types of underground utilities adjacent and parallel to the Chicopee River.  These include the 

Ludlow Interceptor (LI) and water lines. 

 

The LI, which was installed in 1970 by the City of Springfield, comprises a reinforced concrete pipe buried 

inside a man-made underground utility trench.  It is covered in graded fill materials along the south bank or near 

the south bank of the Chicopee River.  The LI accepts sewer drains that are not permitted to discharge to surface 

water around the Indian Orchard Plant.  The water collected by the LI flows westward to the City of Springfield 

pumping station.  The LI extends parallel to the Chicopee River along the entire boundary of the plant westward 

to the City of Springfield pumping station (Figures 6-2 through 6-4 of Appendix P - LI As-Built Drawings). 

 

The LI reinforced concrete pipe ranges from 24 inches to 54 inches in diameter along the south shoreline of the 

Chicopee River.  Generally, the reinforced concrete pipe was installed along the bank of the river and 

surrounded by screened gravel.  Fill material is packed above the gravel and pipe to original grade or pavement.  

In some cases during construction of the LI, existing outfalls, sewers, or other utilities were intersected that were 

not intended to be connected to the LI.  These other non-connected utilities were decommissioned or diverted 

over or under the LI pipe (Appendix P). 

 

Where the LI is very near the Chicopee River bank, engineering of the surface cover is composed of two 

different embankments.  Embankment Type A – Detail A is where surface grading progresses into the Chicopee 

River at high-water conditions.  Embankment Type A – Detail B is where surface grading progresses down the 
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river bank but stops short of the Chicopee River high-water mark (refer to Miscellaneous Details in Appendix P 

for cross sections of the two different embankment types). 

 

In general, the embankment types were used if the LI were sufficiently shallow and close to the existing 

Chicopee River bank.  In this case, additional fill material was placed to provide enough safe cover to keep the 

LI protected.  However, this changed the existing river bank considerably.  To minimize potential erosion of the 

fill protecting the LI, geotextiles were placed above the fill embankment.  From the fill upward, the geo-textiles 

were: 

 

• 6 inches of gravel bedding; 

• a layer of filter cloth; and 

• 12 inches of gravel paving. 

 

In the case where the surface embankment grading progressed into the Chicopee River high-water level, the 

riverbed was slightly trenched below normal riverbed elevation.  The embankment was covered with riprap 

bedding and keyed to the original riverbed elevation, most likely to protect the embankment grading from river 

scour and erosion.  A similar procedure of trenching and keying riprap to grade was used for the Embankment 

Type A – Detail B design (Miscellaneous Details in Appendix P). 

 

The embankment designs would not significantly affect groundwater discharge routes near the Chicopee River.  

The embankment materials are far too permeable to potentially confine groundwater under steady-state flow 

conditions.  The potential exists to divert potential seepage points along the river bank if the Chicopee River 

level were to drop rapidly, creating a gaining-stream condition.  However, the effects would not conceivably 

divert a large amount of groundwater any significant distance from steady-state discharge points. 

 

8.10.7 Extent in Surface Water 

 
The effect of SWMU 64/Outfall Pipes Adjacent to Chicopee River Shoreline on adjacent surface water was 

evaluated based on available analytical data.   

 

In September 1995, surface-water samples were collected from the Chicopee River upstream (SW-1) and 

downstream (SW-2 through SW-6).  Samples SW-1 through SW-6 were analyzed for VOCs, SVOCs, PCBs, 
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and inorganics using USEPA SW-846 Methods 8240, 8270, 8080, and 6010/7000.  No VOCs, SVOCs, or PCBs 

were detected above the method quantitation limits, and no inorganics were detected above ambient water 

quality criteria.  For a summary of the surface-water analytical results see Appendix D-1 - Updated Analytical 

Data Compendium. 

 

As discussed in Appendix G, Section 1.7.1, in October 2005, the sediment from Chicopee River was analyzed 

for the polycyclic hydrocarbons (PAHs) and phthalates fractions of semivolatile organic compounds (SVOCs), 

polychlorinated biphenyls (PCBs), and inorganics.  The surface-water from Chicopee River was analyzed for the 

polycyclic hydrocarbons (PAHs) fraction of semivolatile organic compounds (SVOCs), polychlorinated 

biphenyls (PCBs), and inorganics.  A summary of the sediment and surface-water analytical results see 

Appendix D-1 - Updated Analytical Data Compendium. 

 

Based on an assessment of this data, there were no significant differences in concentrations of constituents 

analyzed in surface water or sediment samples observed between upgradient and downgradient sampling 

locations, except for one detection of phenol in sediment.  In fact, with respect to PAHs and inorganic 

compounds, upstream reference samples were higher in concentrations than samples collected downstream (i.e. 

adjacent the site).  

 

8.10.7.1 Surface Water Downgradient of Plume Associated with SWDA No. 1 

 

In 2000, 55 PVD samples of vapor in the Chicopee River were collected downgradient of SWDA No.1.  This 

was done to determine the fate of chlorobenzene from groundwater sources (SWDA No. 1) to the surface water 

(see Section 6.4.1 and Section 9.2, respectively, for further detail regarding these sampling activities).  Only 

three of the 55 PVDs were found with trace levels of chlorobenzene.  When these PVD concentrations were 

converted from volume in air to a pore water concentration, the maximum detected concentration in the PVDs in 

the Chicopee River was 10 times below the MADEP GW-3 standard.  These data support the conclusion that the 

chlorobenzene plume enters the Chicopee River, but its concentration is significantly reduced before it enters the 

river.  It is likely that, as the chlorobenzene moves from the deep oxygen-deprived aquifer up through the 

shallow aquifer and into the oxygen-rich zone hyporheic zone (groundwater/surface-water interface) 

chlorobenzene could be attenuated (DO was measured to be from 5 mg/L to 7 mg/L) (see Table 12D of the 

Supplemental RFI/MCP Phase II CSA Report [BBL, 1996a]).  Via NA processes, relatively low concentrations 

of chlorobenzene in the deep groundwater aquifer (1 mg/L) are even further reduced, and only trace 
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concentrations of chlorobenzene are detected in pore water prior to reaching the hyporheic zone of the Chicopee 

River. 

 

8.10.7.2 Pore Water Downgradient of Plume Associated with Former WWII RA Area 

 

In 2003, 25 PVD samples of vapor in the Chicopee River were collected downgradient of the Former WWII NR 

Area.  This was done to determine the fate of chlorobenzene from the Former WWII NR Area to the surface 

water (see Appendix G, Section 1.6.3 and Section 8.1, respectively, for further detail regarding these sampling 

activities).  No chlorobenzene was detected in PVD samples from the Chicopee River downgradient of Former 

WWII NR Area.  Trace levels of toluene were detected.  Because there is no significant toluene source in 

groundwater associated with the Indian Orchard Plant, it is believed that the toluene detected in surface-water 

samples is caused by an offsite upgradient source.   

 

There are three possible explanations that could account for the absence of chlorobenzene in surface water in the 

Chicopee River.  The first explanation suggests that chlorobenzene is degrading by way of NA  processes before 

reaching the river. As the chlorobenzene moves from oxygen-poor groundwater conditions to oxygen-rich 

surface-water conditions, chlorobenzene readily degrades.  If this process were actually occurring, however, 

trace concentrations of chlorobenzene in PVDs would be expected.  The complete absence of chlorobenzene in 

the PVDs suggests that an alternate process may be occurring.  The second explanation for the absence of 

chlorobenzene in PVDs suggests that chlorobenzene is never actually making it to the river.  It could be exiting 

the groundwater as a seep along the bank of the river.  The river bank and former outfall area near MW-105S 

were inspected several times (on April 8, 2004, April 16, 2004, May 6, 2004, and May 10, 2004) for evidence of 

seeps or discharge.  None of the observations indicate that chlorobenzene is exiting the groundwater as a seep 

along the bank of the river.  One possible explanation for the absence of chlorobenzene in PVDs may be the 

river bank and riverbed geology, as altered by the installation of outfall pipes and backfill.  It is possible that 

water does flow directly from the site into the river.  The backfill material or outfall backfill may be more 

hydraulically conductive, particularly in comparison to the shallow till found in the shallow well near the bank 

of the river and in the substrate of this stretch of the river.  The water may move through the backfill of the  

bank fill material before migrating  to the Chicopee River.  It seems likely that the more highly permeable bank 

fill material associated construction of the bank after the LI was installed may be acting as a preferential 

pathway, and chlorobenzene is reaching the river bank and moving laterally downstream in the river bank 

backfill material.  Because the hydraulic conductivity measurement in MW-105S was relatively high compared 
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to the surrounding material, it is possible that, in such an oxygen-rich environment, the dissolved chlorobenzene 

in the groundwater has volatilized or mineralized hydrolysized or hydroxylated via biological activity prior to 

reaching the Chicopee River. 

 

8.10.7.3 Surface Water and Sediment downgradient of Plume Associated with Former WWII RA 
Area 

 

Based on an assessment of this data, there were no significant differences in concentrations of constituents 

analyzed in surface water or sediment samples observed between upgradient and downgradient sampling 

locations, except for one detection of phenol in sediment.  In fact, with respect to PAHs and inorganic 

compounds, upstream reference samples were higher in concentrations than samples collected downstream (i.e. 

adjacent the site).  

 

Phenol was detected only in two sediment samples during the 1987 and 2005 sampling events.  In 1987, the 

detected concentration was 0.1J (estimated) mg/kg (sample location CR-2-S) downgradient of both Former WW 

II NR Area, and Former Building 44 as well as the chlorobenzene plume.  In 2005, the concentration was 7.8 

mg/kg (sampling location SE-2005-14) also downgradient of both Former WW II NR Area and Former Building 

44 as well as the chlorobenzene plume.  Former Building 44 which is within the chlorobenzene plume once used 

phenol in the manufacturing process.  However, the phenol source in sediment might be a degradation daughter 

product of chlorobenzene mineralization.  Although one of the two results for phenol exceeds the screening 

benchmark, it was not detected in any of the other sediment samples and it considered sporadic in presence 

(Tables 9-2 and 9-4b). 
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9. Environmental Risk Characterization 
 

The Stage I Environmental Risk Characterization (ERC) included in this report for the Chicopee River discusses 

whether environmental receptors are, or could potentially be, exposed to constituents at or from the disposal site.  

For those receptors that are exposed or are potentially exposed and are associated with complete exposure 

pathways, an effects-based screening step is performed to determine whether any pathway poses a significant 

ecological risk. The procedures employed in this risk characterization are consistent with those prescribed by the 

MADEP’s guidance for a Method 3, Stage I ERC (Rule 310 of CMR 40.0990 to 40.0999 [MADEP, 2006a] and 

Guidance for Disposal Site Risk Characterization [MADEP, 1996]) and by the guidance for performing 

ecological risk assessments at federally mandated Superfund sites (USEPA, 1997).  

 

The Stage I ERC builds upon results from the On-Site Environmental Risk Characterization Report (BBL, 

2001b).  Based on the environmental risk characterization completed and reported in the On-Site Environmental 

Risk Characterization, the chemicals detected in Bircham Bend Brook do not pose a significant risk to the 

receptors considered.  Comparison of the maximum detected concentrations to the sediment benchmarks shows 

that the only compound exceeding a benchmark was lead (See Tables 4-4 through 4-6 of the On-Site 

Environmental Risk Characterization [BBL, 2001b]), and the hazard quotient associated with this maximum 

concentration only slightly exceeded unity (i.e., 1.2).  Therefore, this constituent was not considered to represent 

a significant ecological risk. Also, there is no indication that this elevated lead was site-related.  The source of 

lead in Bircham Bend Brook could be from leaded gasoline from Worcester Street or from surface soils at or 

near SWDA No. 2.  Lead levels in soil from urban environments, particularly in traffic areas, are known to be 

elevated and in some cases exceed 1,000 mg/kg.   

 

In summary, the results of the screening-level assessment for Bircham Bend Brook habitats lead to the 

conclusion that further investigation is not needed.  The constituent levels were so low as to not represent a risk 

to resident receptors. Therefore, no further assessment of ecological risk is required for either onsite areas or 

Bircham Bend Brook. 

 

The Stage I ERC builds upon results from the On-Site Environmental Risk Characterization Report (BBL, 

2001b) and addresses the risk assessment data gap by including a separate ERC for the Chicopee River.  Using 

the 1983 to 2005 exposure data, the characterization identifies several constituents requiring further assessment. 

Several other constituents are also named for further analysis because the MCP guidance does not provide 

screening benchmarks for the tested constituents. Further analysis of data in terms of reference site information, 
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chemical background data, and local conditions, causes a reduction in the number of constituents potentially 

screened during Stage I. Further assessment of this reduced list using information from older (i.e., 1987) versus 

the newer (2005) results, frequency of detection, historical operations at the plant and screening thresholds from 

other jurisdictions, shows that none of the surface-water, groundwater, or sediment constituents are associated 

with significant risk or harm to environmental receptors in the Chicopee River adjacent to the site. The ERC 

completes the MCP Phase II activities for the site and facilitates selection of appropriate response actions for the 

site. 

 

This section presents the results of a Stage I ERC for the Chicopee River bordering the site. Stage I ERC makes 

a determination whether environmental receptors are, or could potentially be, exposed to constituents at or from 

the disposal site. This Stage I characterization builds upon results from the On-Site Environmental Risk 

Characterization Report (BBL, 2001b) and addresses the risk assessment data gap by including a separate ERC 

for the Chicopee River. 

 

9.1 Introduction 

 

The procedures employed in the Stage I ERC are consistent with those prescribed by the MADEP’s guidance for 

a Method 3, Stage I ERC, as specified in Rule 310 CMR 40.0990 to 40.0999 (MADEP, 2006a) and Guidance 

for Disposal Site Risk Characterization (MADEP, 1996). General guidance for performing ecological risk 

assessments for federally mandated Superfund sites is also considered (USEPA, 1997), as the MADEP requires 

a “characterization of the risk of harm to health, safety, public welfare, and the environment” at all disposal 

sites. To this end, the MCP specifies a process for ERC to determine whether a level of “no significant risk of 

harm to the environment” exists or has been achieved at a disposal site. The MCP ERC process comprises two 

stages: 

 

• Stage I Environmental Screening (ES) is intended for screening purposes. This is where available 

evidence is examined to determine whether environmental receptors are, or could potentially be, 

exposed to constituents at or from the disposal site. For those receptors that are exposed or potentially 

exposed and are associated with complete exposure pathways, an effects-based screening step is 

performed to determine whether any pathway poses a significant ecological risk. Where incomplete 

migration pathways are eliminated from consideration, the objective of a Stage I is to identify those 

exposure pathways that do not require further quantitative assessment and those that do. If the risk of 
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harm from any exposure pathway cannot be ruled out in Stage I, and a condition of “no apparent harm” 

does not exist, a Stage II must be executed for that pathway.   

 

• Stage II is a quantitative, site-specific characterization of the risk of harm to ecological receptors. 

 

Because the plant is being regulated under both state and federal programs, the USEPA (1997) guidance for 

performing ecological risk assessments also represents an appropriate methodology for conducting the screening 

evaluation. The federal guidance consists of a multi-step procedure linked to specific scientific/management 

decision points. Steps 1 and 2 of the USEPA methodology comprise the screening portion of the assessment 

(i.e., screening-level environmental risk assessment [SLERA]), which includes problem formulation, fate and 

transport information, potential receptors, effects evaluation, exposure, and risk calculations. Results of the 

SLERA are used to determine whether a baseline ecological risk assessment is necessary; thus, the approach is 

similar in scope to the screening in an MCP Stage I. The investigation described here uses the general concepts 

contained in the federal guidance as a secondary source of information to supplement the MCP process. 

 

The Stage I for the Chicopee River builds upon the previous risk characterization efforts conducted for the site.  

These efforts are described in the On-Site Environmental Risk Characterization Report (BBL, 2001b). The On-

Site ERC Report includes investigations of the site, as well as Bircham Bend Brook, but did not include the 

Chicopee River. This addendum report completes that assessment gap by including a separate ERC for the 

Chicopee River as part of the site investigation. The ERC for the Chicopee River completes the MCP Phase II 

activities and facilitates selection of appropriate response actions for the site.   

 

Following this introduction, this ERC is organized as follows:   

 

• Section 10.2 provides background information on the Indian Orchard Plant, as well as the adjoining 

Chicopee River;  

• Section 10.3 addresses all of the steps in a Stage I ES for the Chicopee River;  

• Section 10.4 discusses the uncertainties associated with the risk characterization; and  

• Section 10.5 provides the conclusions of Stage I. 
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9.2 Background Site Information 

 

This section presents background information for Solutia’s Indian Orchard Plant, as well as for the primary 

subject of the current characterization, the Chicopee River. Given the emphasis of this characterization on the 

Chicopee River, only a brief description of the site is provided here. The industrial portion of the site is 

described in detail in the On-Site Environmental Risk Characterization Report (BBL, 2001b). 

 

9.2.1 Indian Orchard Plant 

 

The Indian Orchard Plant is located in the town of Springfield, Massachusetts (Figure 1-1). Its presence dates 

back to 1904, when it began production of plastics and resins (BBL, 1994a). After several transfers and name 

changes, the Indian Orchard Plant came under the ownership of Solutia, Inc. The Indian Orchard Plant is 

currently active and will continue to be used for manufacturing in the foreseeable future. The land surrounding 

the Indian Orchard Plant is primarily business/industrial/municipal, with some limited residential and forested 

parcels adjacent to the plant. The northern side of the Indian Orchard Plant is bordered by the Chicopee River, 

which runs the entire length of the site. The other bank of the Chicopee River borders about 200 acres of unused 

flood plain and 50 acres of forest (BBL, 1996a). The southwestern section of the Indian Orchard Plant is 

bordered by Bircham Bend Brook, which has already been a subject of ERC in the On-Site Environmental Risk 

Characterization Report (BBL, 2001b).  

 

A total of 15 solid waste management and disposal areas have been identified as potential sources of chemicals 

to soil or groundwater. However, based on the RCRA Facility Investigation/Massachusetts Contingency Plan 

Phase II Comprehensive Site Assessment Risk Characterization (RFI/MCP Phase II CSA Risk Characterization) 

(BBL, 1996b), only eight areas had the actual potential to be a source. These eight areas included Solid Waste 

Disposal Area No.1 (SWDA No. 1), SWDA No. 2, Liquid Waste Disposal Area No. 1 (LWDA No. 1), Fiberloid 

Landfill, Building 99 Leach Fields, Former Building 44/Tank Farm E, Former Vinyl Chloride Gas Holder Area, 

and Former World War II Naval Research Area. The locations of these areas are shown on Figure 1-2. 

 

The constituents potentially released from the waste and disposal areas were identified by examining surface-

water, groundwater, and sediment data collected between 1983 and 2005 for Bircham Bend Brook and the 

Chicopee River. The detected constituents included various volatile and semivolatile organic compounds (VOCs 
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and SVOCs), polychlorinated biphenyls (PCBs), and inorganic compounds. A complete list of constituents is 

included in Section 9.3.2.3. 

 

The potential migration pathways of the detected constituents at the site include groundwater flow, surface soil 

erosion, and surface-water/sediment transport (including stormwater discharges). Groundwater flow analysis for 

the site revealed that the regional and local groundwater beneath the site discharges to the Chicopee River (BBL, 

2001b) (Figures 4-8 and 4-9). This groundwater pathway is observed by the detection of low concentrations of 

dissolved VOCs (primarily chlorobenzene) in groundwater in the vicinity of the modeled groundwater flow of 

the Chicopee River. 

 

Some groundwater flow, consisting of local and shallow components, may also discharge to Bircham Bend 

Brook (Figure 4-3), but that flow is relatively small and only from the southwest corner of the site. The minor 

importance of groundwater migration to Bircham Bend Brook was confirmed by well sampling, which revealed 

that no VOCs were detected in monitoring wells near the brook.   

 

Surface-soil erosion via stormwater was identified as a more important migration pathway for the brook in areas 

where the topography across the site is conducive to soil runoff from SWDA No. 1, LWDA No. 1, and SWDA 

No. 2. Note that SWDA No. 1 and LWDA No. 1 have been covered with either a soil or soil/ash mixture, so 

constituents are unlikely to migrate from those areas. At SWDA No. 2, an incomplete migration pathway was 

established for surface soil to the Bircham Bend Brook, but could be in the future. Therefore, the surface soil 

migration pathways to the Chicopee River were incomplete, and this pathway was not analyzed in the On-Site 

Environmental Risk Characterization Report (BBL, 2001b), according to the MCP guidance (MADEP, 1996).   

 

Soil erosion via wind and deposition into the Chicopee River and Bircham Bend Brook was not considered 

significant due to the high soil moisture content and low average wind speeds in Hampden County (BBL, 

2001b). According to the Soil Survey of Hampden County, Massachusetts (U.S. Department of Agriculture 

[USDA] Soil Conservation Service, 1978), the average annual precipitation is 44 inches, and the maximum 

average wind speed is only 11 miles per hour. Therefore, wind erosion of surface soil is unlikely, and this 

pathway was not investigated further. 

 

The site and surrounding areas were subjected to several reconnaissance activities to determine the potential for 

wildlife to use the limited habitat afforded by the site and its vicinity (BBL, 1996a and 2001b). Reconnaissance 

activities included surface-water and sediment sampling, macroinvertebrate studies, review of historical 
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exposure media data, determination of land use, identification of potential routes of offsite migration, weather 

patterns, and evaluation of terrestrial, aquatic, and wetland habitat (BBL, 2001b). Incidental observations on any 

evidence of readily apparent harm were also taken. 

 

9.2.2 Chicopee River 

 

Adjacent to the plant, the Chicopee River is approximately 200 feet wide, with a mean flow rate of 

approximately 900 cubic feet per second (cfs) (United States Geological Survey [USGS], 2000); since 1929, the 

monthly mean flow rate has ranged from 170 to 6,000 cfs (USGS, 2002). The river runs along the entire 

northern side of the plant in an east-to-west direction and has approximately 4,000 feet of direct contact with the 

plant’s shoreline. The Chicopee River continues to flow westerly for approximately 4 miles before discharging 

to the Connecticut River. The real estate surrounding the Chicopee River falls into business, industrial, 

municipal, residential, and forested land use categories. To the north of the Chicopee River, there is an unused 

200-acre flood plain and 50 acres of forest (BBL, 2001b). 

 

Based on the Massachusetts Division of Water Pollution Control, 310 CMR 4.00, Surface Water Quality 

Standards, the Chicopee River is designated as “Class B” for fish, other wildlife, and recreational uses. The river 

is also designated as a recreational warm water fishery (i.e., waters not of a quality to sustain year-round cold 

water or seasonal cold water fisheries). However, according to the Chicopee River Watershed Council (BBL, 

2001b), the Chicopee River does not meet the Class B requirements several times during the year due to excess 

urban runoff and combined sewer discharge during high rainfall events. Because of this, the Chicopee River will 

not likely be reclassified as a drinking-water source. Moreover, the Chicopee River is not federally registered as 

having scenic or wildlife value (based on information provided by the USGS National Park Service during a 

telephone conversation in March 1996). 

 

9.3 Chicopee River Stage I Environmental Screening 

9.3.1 Introduction 

 

This MCP Stage I ES on the Chicopee River is to determine whether the environmental receptor species 

associated with the river may have been impacted by site activities. To this end, and consistent with the MCP 

Stage I guidance (MADEP, 1996 and 2006a), the available data are reviewed to determine whether potential 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 9-7 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

receptors are exposed, or could potentially be exposed in the future, to site-related constituents.  For those 

pathways identified as complete, it is determined whether the potential risk of harm associated with chemical 

exposure is significant. If the potential risk is not significant, further consideration of a given pathway is not 

necessary. If the risk is significant or readily apparent, the assessed pathway must be evaluated further during a 

Stage II ERC. The main tasks required in Stage I ES include: 

 

1. Identification of Current or Potential Future Exposure. Available evidence in the form of historical 

records, site data, field observations, and other sources should be reviewed to determine whether there is a 

current or potential future exposure of environmental receptors to site-related constituents.   

 

This evidence may be in the form of: 

 

a. current or past visual observations of petroleum sheens, non-aqueous liquids, oils, tar, or other 

constituents in soil, surface water, or sediments;  

b. recorded fish kills, impaired reproduction, and other adverse ecological effects attributable to site-

related constituents;  

c. analytical results for site-related constituents confirming their elevated (above background or local 

conditions) presence in soil, surface water, and sediments; 

d. potential for transport of site constituents from sources to environmental receptors; and 

e. evidence of site constituents within 2 feet of the ground surface, such that these constituents may come 

into contact with environmental receptors.  

MCP guidance states that, for every current or potential exposure, a determination must be made to judge 

whether the exposure is significant.  This process is described in the next step. 

 

2. Determination of Potentially Significant Exposures. Every current or potential exposure must be 

considered “potentially significant” unless it can be ruled out using one of the following criteria: 

a. USEPA Ambient Water Quality Criteria or Massachusetts Water Standards (i.e., measured 

concentrations must be lower than the current criteria); 
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b. environmental concentrations specifically adopted by the MADEP as screening criteria (i.e., the 

sediment Probable Effects Concentrations [PECs] recently adopted by the MADEP); and 

c. site size, location, and/or landscape characteristics adopted by the MADEP as screening criteria (i.e., 

area-based screening criteria). 

3. Determination of “No Significant Risk or Harm.” Based on the assessment of current or potential future 

exposure information, a judgment is made as to whether the environmental receptors at the site are 

experiencing, or have the potential to experience, adverse effects. If the answer is “no,” a condition of “no 

significant risk of harm” has been achieved, and remediation or further assessment (i.e., Stage II) is not 

required. However, if the answer is “yes,” the state of no significant risk cannot be assumed, and one is 

required to determine whether the significant environmental harm is “readily apparent.” 

4. Determination of “Readily Apparent Harm.” The MCP prescribes specific conditions that may indicate 

apparent harm. These include:  

a. visual evidence of stressed biota attributable to site constituents; 

b. existence of site constituents in concentrations above Massachusetts Surface Water Standards; and 

c. visual presence of oils, tar, or other non-aqueous-phase hazardous materials in soil within 3 feet of the 

surface and within an area equal to or greater than 2 acres or in sediment within 1 foot of the surface and 

within an area equal to or greater than 1,000 square feet. 

If any of these conditions are met, a state of “readily apparent harm” is indicated, and remediation may be 

required. Even if no apparent harm is indicated, a given exposure must be investigated further in a Stage II, 

if it has been flagged as potentially significant. 

 

In summary, the Stage I screening analysis consists of identifying potential exposures, obtaining exposure media 

concentrations and identifying screening criteria, and performing effects- and criteria-based screening for every 

significant exposure. It is important to note that the MADEP guidance (MADEP, 1996) (MADEP, 2006a) is not 

a “how-to manual” and does not direct the user toward specific protocols, activities, and document layout.  

Rather, it provides a framework and set of requirements that must be satisfied using adequate scientific 

knowledge and technical expertise. The current assessment adheres to that intent by addressing MCP 

requirements, while adopting a general guidance of a USEPA SLERA (USEPA, 1997). These considerations 
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and processes are fully compliant with MCP Stage I — specifically, the identification of complete exposure 

pathways. 

 

9.3.2 Identification of Current and Potential Future Exposure 

 

The following subsections present information to support identification of current and potential future exposure 

of environmental receptors to site constituents. For any potential chemical-related adverse effects to occur, 

direct contact between the source of that compound and the receptor must be demonstrated. This is referred to as 

a complete exposure pathway. Examples of potentially complete exposure pathways to the river  may include 

groundwater discharge to surface water, erosion of surface soil, runoff of surface water, direct seepage of onsite 

compounds, or resuspension of sediments. According to the MADEP (1996 and 2006a), for most surface-water 

and/or sediment exposure scenarios, the presence of receptors and constituents in detectable quantities is 

sufficient to demonstrate that a complete exposure pathway exists. Also, it is not necessary to confirm the 

presence of receptors other than stating whether they could inhabit the investigated area. Thus, the detection of 

elevated levels of chemicals in sediment, water, or groundwater from a surface-water body, together with the 

probable presence of receptor organisms, can indicate complete exposure pathways for that ecosystem, as it 

relates to MCP Stage I. 

 

The items discussed in Sections 9.3.2.1 through 9.3.2.8, which support the identification of potential exposure, 

include land use within the Chicopee River watershed, habitat type, constituents of potential concern (COPCs), 

constituent fate and transport characteristics, and potential receptors associated with the Chicopee River. 

 

9.3.2.1 Land Use within the Chicopee River Watershed 

 

The land surrounding the Chicopee River includes business/industrial/municipal properties, as well as 

residential and forested areas (Figure 2-1). The non-industrial portion of the surrounding land represents 

approximately half of the acreage. The Chicopee River borders the site to the north. Farther north of the 

Chicopee River are approximately 200 acres of unused flood plain and approximately 50 acres of forest that 

comprise a valley wall that rises approximately 100 feet until reaching Shawinigan Drive and the Massachusetts 

Turnpike (BBL, 2001b). Adjacent to the Massachusetts Turnpike to the north is a sizable solid waste landfill, 

approximately 35 acres, known as the Chicopee Sanitary Landfill (Wagner and Associates, Inc. and Marchfield 

Engineering Services, 1985). This landfill borders Fuller Brook to the west. Fuller Brook is a tributary to the 
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Chicopee River that discharges upstream of the Bircham Bend Brook confluence. The Fuller Brook confluence 

is across from a municipal water sewage pumping station. The municipal water sewage pumping station borders 

the Chicopee River along the southern bank and is located at the northwestern corner of the site.  

 

Bircham Bend Brook runs adjacent to the site on the southwest corner for 1,020 feet. Worcester Street, a four-

lane highway, also borders the site to the south and southwest. To the east is the NOVA Chemicals Inc. 

Property, which borders the Chicopee River northeast of the site. Upstream of the NOVA Chemicals Inc. 

Property along the Chicopee River is the Indian Orchard Mill, a hydroelectric power station, and a multi-tenant 

industrial complex. The Indian Orchard Mill began operations in 1854 as a textile mill and made the transition 

to steel fabrication in 1875. A dam above this mill diverted water for a raceway through the mill; later, the 

raceway was also used for hydroelectric power generation (Figure 1-2). 

 

The site itself is, and will continue to be, used for manufacturing. The land is zoned Industrial according to city 

of Springfield Planning Board, Zoning Ordinance, March 11, 1996, and has been used for industrial purposes 

since at least 1904. There are no outstanding proposed zoning changes. Less than one-half of the site is currently 

used for administration buildings or for structures used for either manufacturing or temporary materials storage.  

The remainder of the site is used for either parking or Solutia employee transportation corridors within the site, 

for ash storage, or as non-contiguous open space totaling less than 2 acres. A ground cover-type map is 

presented on Figure 2-1. 

 

9.3.2.2 Habitat Type 

 

According to the USGS National Park Service (telephone conversation, March 1996), the Chicopee River is not 

federally registered as having scenic or wildlife value. However, the river bed consists of fine to coarse gravel 

and cobbles, and is likely to provide habitat for benthic organisms. To date, no ecological characterizations have 

been performed for the Chicopee River. Therefore, no definitive statements can be made about the habitat 

quality of the river channel. However, having been designated as Class B surface water, the river is expected to 

contain freshwater plants, macroinvertebrates, sediment-dwelling invertebrates, and fish. Therefore, the 

Chicopee River is likely to provide some habitat and forage for various environmental receptors.  
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9.3.2.3 Constituents Detected in Exposure Media 

 

The constituents listed below were identified by examining surface-water and sediment data collected between 

1983 and 2005 from the Chicopee River (Tables 9-1 and 9-2): 

 

Organics 
• 1,2-dichlorobenzene • Carbon disulfide 
• 1,4-dichlorobenzene • Chlorobenzene 
• 2,4-dimethylphenol • Chloroform 
• 2-Butanone • Chrysene 
• 1- and 2-methylnaphthalene • Dibenz(a,h)anthracene 
• Acenaphthene 
• Acenaphthylene 

• Dibenzofuran 
• Di-n-butyl phthalate 

• Acetone • Di-n-octyl phthalate 
• Anthracene 
• Aroclor-1221 

• Fluoranthene 
• Fluorene 

• Aroclor-1242 
• Aroclor-1248 
• Aroclor-1254 

• Indeno(1,2,3-cd)pyrene 
• Methylene chloride 
• Naphthalene 

• Aroclor-1260 • Phenanthrene 
• Benzo(a)pyrene • Phenol 
• Benzo(b)fluoranthene • Pyrene 
• Benzo(g,h,i)perylene • Styrene 
• Benzo(o)anthracene 
• Benzo(k)fluoranthene 

• Toluene 
• Trichloroethene 

• Bis(2-ethylhexyl)phthalate 
• Carbazole 

• Vinyl chloride 

 
Inorganics 

• Antinomy 
• Arsenic 
• Barium 
• Berylium 
• Cadmium 
• Chromium 
• Cobalt 
• Copper 
• Mercury 

• Nickel 
• Lead 
• Magnesium 
• Manganese 
• Selenium 
• Silver 
• Thalium 
• Vanadium 
• Zinc 

 

Please note that aluminum, calcium, iron, potassium, and sodium were eliminated from the screening analysis in 

accordance with 310 CMR 40.0996 (8)(c).  
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Two additional steps can be taken prior to conducting further screening. The first step is to compare site-related 

media concentrations to background levels, and the second step is to compare the existing media concentrations 

to local conditions. The current assessment explores both options. 

 

9.3.2.3.1 Background Determination 

 

One key consideration in Stage I screening is the determination of whether the detected media concentrations of 

chemicals exceed the background concentrations of those constituents. This analysis is important because, if the 

concentrations of a given substance in sediment, surface water, or groundwater are comparable to those 

observed at a reference site, that substance should not be flagged as being associated with significant risk 

requiring further assessment in a Stage II. 

 

The MCP (Section 40.0006 of 310 CMR) (MADEP, 2006a) states that background concentrations are those 

levels of constituents that would normally exist at a given location in the absence of the area of concern. The 

constituent’s presence may be attributable to geologic and ecologic conditions, atmospheric deposition of long-

range transported constituents, ash fill materials, releases to groundwater from a public water supply system, and 

incidental releases of petroleum products from motor vehicles (MADEP, 2006a) (MADEP, 1995). Background 

concentrations may be obtained from a comparable site not influenced by the Indian Orchard Plant (reference 

location[s] upstream of the site) or published sources (for region-specific assessments). 

 

In the current assessment, reference locations for surface water and sediments include locations upstream of the 

site. For surface water, these include Chicopee Upstream (1983 sampling location), CR-1-W (1987 sampling 

location), and SRP-1/SW-1 (1987, 1989, and 1995 sampling location) (Figure 1-2). For sediments, these include 

the PSC Resources Superfund Site in Palmer, Massachusetts (PSC Resources Site, a local conditions site 

discussed in the next section), and SE-2005-21 through SE-2005-26 (2005 sampling locations) (Figures 6-8 and 

3-1). 

 

Surface Water 

 

The analysis of the Chicopee River surface-water data from a reference site (SW-1/SRP-1) located 1,400 feet 

upstream of the site revealed the presence of several constituents, including chloroform, ethylbenezene, styrene, 

barium, cadmium, cobalt, copper, lead, magnesium, manganese, and nickel (Table 10-3a). The detected levels of 
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these constituents (except cobalt, lead, manganese, and nickel) were either higher than or comparable to those 

found in the river adjacent to or downstream of the site (Tables 3a and 3b). The results for the second reference 

location CR-1-W, revealed the presence of acetone, methylene chloride, bis(2-ethylhexyl)phthalate, di-n-

octylphthalate, barium, chromium, lead, manganese, and nickel (Table 10-3a). The detected levels of these 

constituents (except lead, manganese, and nickel) were either higher than or comparable to those found in the 

river adjacent to or downstream of the site (Tables 3a and 3b). Therefore, it is unlikely that the site is a 

significant contributor to the already existing concentrations of the listed chemicals in surface water (except 

cobalt, lead, manganese, and nickel) and these constituents will not be screened during the Stage I (Table 9-3b).   

 

In contrast, the concentrations of cobalt, lead, manganese, and nickel next to the site were higher than those 

from the reference site. Therefore, these metals could not be eliminated using the reference-site screening 

criterion.  They are subjected to further screening using risk-based screening criteria.   

 

Sediment 

 

The analysis of the Chicopee River sediments from reference sites SE-2005-21 through SE-2005-26 revealed the 

presence of several constituents, including several polycyclic aromatic hydrocarbons (PAHs) [acenathphene, 

acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, 

benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, ideno(1,2,3-cd)pyrene, 

naphthalene, phenanthrene, and pyrene], bis(2-ethylhexyl)-phthalate, 1- and 2-methylnaphthalene, carbazole, 

dibenzofuran, Aroclor-1254 and 1260, and several metals (antimony, arsenic, barium, beryllium, cadmium, 

chromium, cobalt, copper, lead, magnesium, manganese, mercury, nickel, selenium, silver, thallium, vanadium, 

and zinc) (Table 10-4a). With the exception of bis(2-ethylhexyl)phthalate, chrysene, dibenzofuran, and 

manganese, the detected levels of these constituents in the upstream reference location samples were higher than 

(or at least comparable to) those detected in samples taken from locations adjacent to the site (Tables 4a and 4b).  

Therefore, analytical results suggest that the site is not a significant source of these constituents to the Chicopee 

River sediments. As a result, the listed constituents were not considered further during the Stage I.   

 

As mentioned above, chrysene was detected next to the site. Its maximum concentration (1.2 milligrams per 

kilogram [mg/kg]) was higher than those at reference locations. However, the concentration of chrysene was 

well within the published background levels of PAHs in Massachusetts soil (0.5 to 4 mg/kg) (MADEP, 2002a).  

Assuming that soil and sediment are comparable in their “natural” composition at the site, the published values 

can be used to screen out chrysene from further analysis during the Stage I. Another line of evidence for not 
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including PAHs (including chrysene) is the source evaluation based on ratios of the various PAHs compared to 

reference standards (Yunker et al., 2002). The PAH source evaluation is presented in Appendix L. The result of 

this analysis supports the determination that the PAHs originated from coal combustion (BBL, 2003d), rather 

than any specific site industrial process (Appendix O). Therefore, chrysene is not screened further during the 

Stage I ES (Table 9-4b). The other constituents [bis(2-ethylhexyl)phthalate, dibenzofuran, and manganese] 

cannot be eliminated from further assessment using the background screening criterion. Therefore, they will be 

subjected to further analysis using risk-based screening criteria. 

 

9.3.2.3.2 Local Conditions 
 
The MCP includes a provision for dealing with industrial areas where background concentrations have been 

altered by releases from multiple disposal sites, permitted discharges, and non-point sources. That provision 

refers to “local conditions,” and stipulates that, in heavily industrialized areas with many sources in close 

proximity, it may not be possible to distinguish the incremental exposure to a particular anthropogenic 

contaminant specifically from the investigated area of concern (MADEP, 1995). Thus, the determination of an 

incremental risk may not be possible. Moreover, if all sites are contaminated to similar levels, it may not be 

sensible to remediate just one site because recontamination from the adjoining sites will likely follow.  

 

The “local conditions” analysis is analogous to the background analysis, in which the media concentrations of 

constituents are compared to those found at similar industrial properties. By definition, “local conditions” are 

levels of constituents present consistently and uniformly throughout the study area that originated as a result of 

adjacent anthropogenic activities as measured at suitable, physically similar, local conditions areas. The decision 

criterion for the “local conditions” assessment is that, if the concentrations of detected substances are consistent 

with “local conditions,” a further assessment for those substances and the associated exposure pathways is not 

required.   

 

A “local conditions” reference for sediment consists of the upstream PSC Resources Site. The PSC Resources 

Site is a decommissioned petroleum and solvent facility that was active between 1900 and 1978. Waste oil and 

solvent recovery, as well as disposal activities, led to extensive releases to soil, sediment, surface water, and 

groundwater by PCBs, PAHs, petroleum products, and metals (USEPA, 2000). Despite cleanup and mitigation 

measures, that site continues to be a source of constituents to the adjoining Quaboag River, which forms part of 

the Chicopee River watershed (HMM Associates, 1992). 
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The maximum level of total PCBs in the Quaboag River sediments was reported at 0.71 mg/kg (HMM 

Associates, 1992). Although this value exceeds the screening criterion of 0.676 mg/kg, it was characterized as 

background by the USEPA:  “The distribution of SVOCs and pesticides/PCBs detected in Quaboag River 

sediment samples suggests that constituents are not attributed to releases from the site, as based on a 

comparison of detected concentrations in upstream, adjacent and downstream analyses” (USEPA, 1992a) 

(HMM, 1992). In comparison, the maximum concentrations of Aroclor-1221, -1242, -1248, -1254, and -1260 in 

Chicopee River sediments were 1.2, 0.84, 0.28, 0.11, and 0.025 mg/kg, respectively. While concentrations of 

Aroclor-1221 and -1242 were slightly elevated, the current levels of PCBs in Chicopee River sediments are 

comparable to the concentrations associated with similar industrial locales upstream of the plant. Furthermore, 

Aroclor-1221 and -1242 tend to be less toxic and persistent than the highly chlorinated Aroclor-1248, -1254, and 

-1260; thus, the screening criteria is likely overprotective for these two constituents. As a result, all Aroclors are 

removed from the sediment exposure pathway and will not be subjected to further screening.   

 

No surface-water “local conditions” information, except perhaps for chloroform was available. Therefore, site 

results for surface water relative to other industrial sites along the river were not analyzed. Results for 

chloroform show that it was detected in surface-water samples adjacent to the plant (maximum 

concentration=0.004 mg/L) (Table 10-3b). However, it was also detected in the upstream surface-water samples 

and at a higher concentration (maximum concentration=0.02 mg/L) (Table 10-3a).  Furthermore, chloroform is a 

trihalomethane that is associated with public water supply systems chlorination disinfection program for 

surface-water supplies. Drinking water is supplied to the Indian Orchard Plant by the city of Springfield from 

surface-water bodies such as the Grabbin Reservoir. There are numerous water supply lines running through the 

Indian Orchard Plant. The chloroform is associated with minor leaks in the numerous water supply lines and 

valving. Since chloroform is not used at the Indian Orchard Plant, this compound is unrelated to disposal or 

manufacturing activities at the site. 

 

9.3.2.4 Migration Pathways 

 

Three potential migration pathways exist from the site to the Chicopee River. These include groundwater 

discharge, surface soil erosion (primarily from stormwater flow), and stormwater sewer discharges. Three 

permitted stormwater drains are located on the river’s shorelines:  Outfalls 010, 014, and 017. Outfall 010 is 

connected to a storm drain line and, at one time, was connected to a non-contact cooling water overflow 

associated with former Building 34/35. The storm drain portion of the outfall is still active and, based on utility 
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drawings, is located outside in an unpaved yard. Outfall 014 is connected to non-contact floor and roof 

stormwater drains associated with former Building 69/Pilot Plant; however, this area is paved. Outfall 017 is 

connected to storm and non-contact cooling water drains associated with the South Plot (Buildings 85 and 81);  

however, this area is paved. Therefore, because of the extensive paving associated with these areas, there is only 

a limited potential for site-related chemicals to be discharged from stormwater outfalls and to represent a 

significant migration pathway to the river. The drains contributing stormwater are located in production areas 

that use compounds known to have relatively short environmental half-lives (see Tables 2-1, 2-2, and 7-2); 

therefore, they would not persist in the river. Empirical evidence for this can be found in the most recent 

surface-water data (2005), which show non-detected concentrations of all SVOCs (Table 9-2). 

 

Based on site and regional groundwater and surface-water elevation data collected as part of Solutia’s 

groundwater monitoring program at the site (BBL, 1994a), or from USGS topographic maps 

(http://topomaps.usgs.gov), groundwater across the site discharges to the Chicopee River (Figure 4-8, 4-9).  

Because the groundwater flows beneath storage, disposal, and production areas before reaching the river, the 

potential exists for leached and adsorbed constituents to migrate into the river via this pathway. More details on 

the groundwater flow and data used to support this conclusion are presented in the Supplemental RCRA Facility 

Investigation/Massachusetts Contingency Plan Phase II Comprehensive Site Assessment Report for RTN 1-0184 

(Supplemental RFI/MCP Phase II Comprehensive Site Assessment Report) (BBL, 1996a).   

 

Movement of site-related constituents via soil erosion is another possible migration pathway. Because site 

topography tilts toward the Chicopee River, runoff and soil erosion from the site and the associated disposal, 

storage, and burning pits to the river is likely. However, the operational portions of the site are paved, and a 

portion is now owned and operated by NOVA Chemicals Inc. Furthermore, the ground is also permanently 

paved along the bank of the Chicopee River, and the river’s edge is a constructed embankment by the city of 

Springfield and protected against soil erosion via stormwater runoff by layers of clean soil, gravel, filler cloth, 

and riprap. Therefore, the importance of the soil erosion and runoff pathway is minimal. 

 

9.3.2.5 Fate of Constituents 

 

The fate of VOCs such as acetone, dichlorobenzene, carbon disulfide, chloroform, methylene chloride, styrene, 

2-butanone, toluene, trichloroethene, and vinyl chloride consists mainly of volatilization, migration, and 

biodegradation. In surface waters, volatilization and biodegradation play important roles in VOC removal from 
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the system (Howard, 1989 and 1990). In comparison, SVOCs such as di-n-octyl phthalate, 1,2-dichlorobenzene, 

1,4-dichlorobenzene, 2,4-dimethylphenol, 2-methylnaphthalene, acenaphthene, anthracene, benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, bis(2-ethylhexyl)phthalate, chrysene, di-n-butyl 

phthalate, fluoranthene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene are prone to 

biodegradation in sediment and water under anaerobic and aerobic conditions (Howard, 1989 and 1990). 

Because of their relatively low Henry’s Law constant and high molecular weight, the volatilization is generally 

not as important for SVOCs as it is for VOCs. Water solubility of SVOCs ranges from low for some phthalates 

to high solubility for some phenols (Howard 1989 and 1990). Therefore, highly soluble SVOCs may be found in 

surface water and groundwater. 

 

The low detected PCB mixtures (i.e., Aroclors in low concentrations) are likely to persist at the plant. Their low 

water solubility and volatilization rates, as well as their resistance to chemical and biological degradation, cause 

PCBs to linger in sediment and biota (Mackay et al., 1995). 

 

The fate of inorganic substances (excluding naturally occurring elements such as aluminum, sodium, potassium, 

calcium, magnesium, and iron) detected in the Chicopee River (i.e., antimony, arsenic, barium, beryllium, 

cadmium, chromium, cobalt, copper, mercury, nickel, lead, magnesium, manganese, selenium, silver, thalium, 

vanadium, and zinc) is very complex and depends on the environmental conditions of the system at a given time.  

The main parameters that influence the fate of inorganic constituents include pH, redox potential, and 

concentration of ligands (Bodek et al., 1988). The processes that may be observed include oxidation/reduction 

(antimony), sulfide precipitation (copper, lead, and zinc), and methylation (lead) (Bodek et al., 1988). Due to 

their high solubility, most inorganic elements tend to remain in the aqueous phase; these compounds are 

expected to volatilize very little. Thus, any inorganic elements detected at the site are likely to be associated 

with surface water, groundwater, and sediment rather than air. 

 

9.3.2.6 Environmental Receptors 

 

By design, a Stage I for aquatic systems focuses primarily on sediment-based environmental receptors via the 

use of sediment data and screening criteria developed for benthic communities. When used for screening (and in 

conjunction with the other lines of evidence [e.g., information on the visual evidence of constituents, fish kills]), 

these criteria are presumed to be protective of all potentially exposed organisms associated with the Chicopee 

River. 
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9.3.2.7 Other Evidence of Exposure 

 

Information on visual observations of petroleum sheens, non-aqueous liquids, oils, tar, fish kills, impaired 

reproduction, or other ecological effects attributable to site constituents was not available. Therefore, these lines 

of evidence could not be applied to support the identification of exposure pathways or risk. 

 

9.3.2.8 Summary 

 

Based on the analysis of land use, habitat, chemical data, transport and fate processes, and environmental 

receptors at the Chicopee River, sufficient evidence exists to support the observation that there is potential for 

current or future exposure of environmental receptors to site constituents. The significance of this exposure is 

analyzed in Section 10.3.3. 

 

9.3.3 Determination of Potentially Significant Exposures 

 

Based on the initial assessment above, environmental receptors associated with the Chicopee River may be 

directly exposed to constituents found in sediments and water and/or indirectly exposed through ingestion of 

food (i.e., prey) containing these chemicals. The constituents may reach the exposure media (sediments and 

surface water) via the mechanisms described above (i.e., groundwater discharge, soil erosion, runoff, direct 

seepage from soil, and resuspension of sediments). Given the site-specific evidence of groundwater discharge, 

surface runoff, stormwater discharge, and, to a lesser degree, soil erosion, it is likely that the exposure pathways 

for environmental receptors exposed to site-related constituents in sediments, groundwater, and surface water 

are complete. Therefore, Stage I of the Chicopee River will evaluate all three exposure pathways in more detail.  

The essence of this analysis will be to compare the analytical results for exposure media (sediment, 

groundwater, and ambient water from the Chicopee River) to the established, media-specific, effects-based 

criteria and benchmark values. This is accomplished to determine whether a constituent is present at a 

concentration that requires further study (i.e., if the measured exposure media concentration is greater than the 

screening value). Constituents that are present at concentrations lower than the benchmarks will be eliminated 

from further analysis. However, those chemicals that meet or exceed the benchmarks must be forwarded to a 

Stage II, along with the associated exposure pathway, for detailed analysis of risks. Note that the exceedance of 
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screening benchmarks does not indicate that adverse effects are occurring; rather, it demonstrates that the 

considered exposure is potentially significant and that further analysis is required. 

 

9.3.3.1 Determination of Exposure 

 

For the Stage I, exposure is quantified as the maximum concentrations of detected constituents in the contact 

media (ambient water, groundwater, and sediment). The available data for sediment, collected from the 

Chicopee River in 1987, include the following sampling locations: CR-1-S, CR-2-S, CR-3-S, CR-3-S duplicate 

(D), and CR-4-S and SE-2005-01 through SE-2005-26. Surface-water sampling in 1983, 1987, 1989, 1994, 

1995, and 2005 was conducted at the following locations along the Chicopee River: SW-1 (SRP-1), SW-2 (SRP-

2), SW-3 (SRP-3), CR-1-W, CR-2-W, CR-3-W, CR-3-W Duplicate (D), and CR-4-W, and SW-2005-01 through 

SW-2005-07 (Figure 1-2). Tables 10-1 and 10-2 identify the individual constituents detected in surface water 

and sediments, respectively.  Tables 10-3b and 10-4b provide summary statistics, including the maximum 

detected values to be used in constituent screening. 

 

For the groundwater exposure pathway, it was conservatively assumed that a potential exists for constituents 

detected in groundwater to be discharged to the Chicopee River. However, groundwater discharging from the 

site is diluted by the river flow. This surface-water dilution was modeled using MADEP methodology (1990) 

and is presented in detail in the RFI/MCP Phase II CSA Risk Characterization (BBL, 1996b). A dilution factor 

of 630 cfs was calculated using a conservative estimate of groundwater discharge, based on a combination of 

upper-bound estimates of the discharge zone size (33,000 square feet), hydraulic conductivity (0.01 centimeter 

per second [cm/sec]), and an average hydraulic gradient of 0.03 foot per feet. It was assumed that each 

constituent is released in groundwater, discharging through the full saturated thickness along the river discharge 

zone. The discharge zone was determined to be that area where groundwater potentially impacted by the 

SWMU/disposal areas would be discharging. The river flow rate was set equal to the 7-day 10-year low-flow 

Chicopee River volumetric flow rate of 148 cfs provided by the USGS (1993). An attenuation factor of 10 was 

conservatively applied to the calculation of surface-water concentrations for SVOCs, inorganics, and PCBs to 

account for use of the maximum detected unfiltered groundwater results and to account for effects of advection, 

dispersion, dilution, retardation, and decay on discharge concentrations. The results of this modeling are 

presented in Table 10-5.  These three groups of compounds are generally not as mobile as VOCs in 

groundwater, and it is unlikely that maximum concentrations will reach the Chicopee River. The calculated 

exposure point concentrations are used as inputs in the screening analysis. 
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9.3.3.2 Determination of Effects 

 

The MCP guidance (MADEP, 2006a) recommends the following risk-based measures of effect. To quantify the 

risk associated with exposure to contaminated groundwater or surface water, the MADEP (2006a) 

Environmental Toxicity Values (310 CMR 40.1516[1]) for freshwater organisms should be used. These criteria 

include the USEPA’s (2006) Water Quality Criteria for the protection of aquatic biota, as well as various 

toxicity endpoints from literature. For assessment of the potential effects from sediment exposures in freshwater 

systems, the MADEP recommends the use of the consensus-based PECs originally published by MacDonald et 

al. (2000). PECs were used as the primary screening thresholds. The application of these screening criteria to the 

Stage I for the Chicopee River is discussed below.   

 

9.3.3.3 Determination of Risk 

 

The MADEP (1995) guidance provides instructions on how to perform effects-based screening by comparing 

concentrations in given media to the relevant benchmarks.   

 

9.3.3.3.1 Calculations 

 

This section evaluates each complete pathway to determine whether the associated exposures are potentially 

significant. Exposures are judged as significant if they could potentially harm the environment. Insignificant 

exposures are those whose associated risk of harming the environmental receptors is very small, and they fulfill 

one of the criteria discussed in Section 10.3.1 - Introduction.   

 

In a Stage I, the significance of exposure is measured using the hazard quotient method. The hazard quotient is 

the ratio of the hypothetical exposure concentration (in this case, the maximum concentration detected in a given 

exposure media; consistent with 310 CMR 40.0926) to the effects-based benchmark value. The quotient is 

expressed as follows. 

 

HQ =        Equation 1 

 
BV

MMC
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Where: 

HQ = hazard quotient 

MMC =  maximum media concentration (mg/kg or milligrams per liter [mg/L])  

BV = risk-based screening criterion for a given media (mg/kg or mg/L) 

 

A hazard quotient of less than one indicates that there is no risk of significant exposure. In other words, a hazard 

quotient of less than one indicates that the maximum concentration detected onsite does not exceed the 

benchmark value and the associated pathway for that constituent can be ruled out. A hazard quotient equal to or 

greater than one indicates elevated exposures and potential risks to environmental receptors. The actual risks, 

however, cannot be established until a more detailed Stage II is performed (if necessary). 

 

9.3.3.3.2 Results 

 

Surface Water 

 

A comparison of the maximum detected concentrations of selected constituents (excluding constituents  

eliminated via the background and “local conditions” analyses) in surface water to the available screening 

criteria revealed that the following constituents exceeded the hazard quotient of one (Table 10-3b):  chromium, 

lead, and nickel. Moreover, a screening assessment for 2-butanone, di-n-octyl phthalate, cobalt, and manganese 

was not possible due to the lack of screening values. Therefore, the constituents in surface water that may 

require further assessment include 2-butanone, di-n-octyl phthalate, chromium, cobalt, lead, manganese, and 

nickel.   

 

Sediment 

 

For sediments, constituents that exceed the screening criteria (i.e., hazard quotient greater than or equal to one; 

excluding constituents eliminated via the background and “local conditions” analyses) include 1,2-

dichlorobenzene, 1,4-dichlorobenzene, acetone, carbon disulfide, and manganese (Table 10-4b). MCP screening 

benchmarks were not available for vinyl chloride, 2,4-dimethylphenol, and phenol; therefore, screening 

assessment was not possible for these constituents. In consequence, the constituents in sediment that may 

require further assessment include acetone, carbon disulfide, 1,2-dichlorobenzene, 1,4-dichlorobenzene, 2,4-

dimethylphenol, manganese, phenol, and vinyl chloride. 
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Groundwater 

 

For groundwater, comparison of the calculated exposure point concentrations to the relevant water quality 

criteria revealed that none of the calculated hazard quotients were greater than or equal to one (Table 10-5).  

Therefore, this exposure pathway is eliminated from further assessment. 

 

9.3.3.3.3 Summary 

 

As a result of this step, the constituents screened through the Stage I for further consideration include 2-

butanone, di-n-octyl phthalate, chromium, cobalt, lead, manganese, and nickel for the surface-water exposure 

pathway. The constituents screened for the sediment exposure pathway include acetone, carbon disulfide, 1,2-

dichlorobenzene, 1,4-dichlorobenzene, 2,4-dimethylphenol, manganese, phenol, and vinyl chloride. The 

groundwater exposure pathway was eliminated from further analysis because the exposure point concentrations 

of all constituents were well below any risk-based values. 

 

9.3.3.4 Evidence of Readily Apparent Harm 

 

To date, no formal ecological investigations specifically addressing the Chicopee River have been performed.  

However, ecological investigations for the site and Bircham Bend Brook did not identify any evidence of readily 

apparent harm for the river, the plant, or the brook. Thus, there is no evidence to suggest that a condition of 

readily apparent harm attributable to the site exists in the Chicopee River.  

 

9.3.4 Determination of No Significant Risk or Harm 

 

The results of Stage I indicate that there are two potentially complete exposure pathways for environmental 

receptors (i.e., surface water and sediment) that may lead to exposure to several constituents. However, a closer 

examination of the screening results indicates that there may not be a significant and incremental risk or harm to 

environmental receptors attributable to site constituents.  
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Surface Water 

 

In surface water, the constituents identified as requiring further assessment include 2-butanone, di-n-octyl 

phthalate, chromium, cobalt, lead, manganese, and nickel. However, 2-butanone and di-n-octyl phthalate were 

detected infrequently and only during the 1987 sampling event. They were not present in samples collected in 

2005 (Table 9-1). Therefore, these constituents pose no significant risk or harm to current or future 

environmental receptors at the site, and they were not screened through Stage I (Table 9-3b).  

 

Chromium was also detected only during the 1987 sampling event. Although the detected concentrations of this 

metal exceeded the screening benchmark, they were characterized by a uniform spatial distribution. 

Furthermore, given chromium’s ubiquitous nature, and the proximity of the Chicopee River to a major interstate 

highway and other industrial facilities, the detected levels were more likely a result of common, point and non-

point discharges, rather than any particular process at the plant. Historical records show that the plant was never 

involved in any metal-producing or -recycling activities, except for small-scale chromium plating on plastic 

products inside Building 15 from the 1970s to 1992 (BBL, 2005). The levels of chromium in older (i.e., 1983) 

and recent (i.e., 1995 and 2005) sampling events were below the method detection limits, suggesting that the 

influx of this metal into the Chicopee River has declined substantially. Plant drawings indicate that there were 

no floor drains in Building 15, nor has plating waste been observed in soil borings (B-96-18 and B-96-19) 

drilled in the former location of Building 15. Therefore, chromium is not a good candidate for the list of COPCs, 

and this metal is unlikely to pose a significant risk or harm to environmental receptors. Chromium was not 

screened through Stage I (Table 9-3b).  

 

Cobalt concentrations in surface water were highest in 1987. Recent sampling (2005) revealed that these levels 

decreased by 100-fold (Table 9-1), to about 0.0001 mg/kg. While there are no MCP screening benchmarks for 

cobalt in surface water, the lowest value from other jurisdictions (i.e., 0.0003 mg/L, the USEPA Office of Solid 

Waste and Emergency Response (OSWER) Tier II Secondary Surface Water Screening Benchmark) (USEPA 

OSWER, 1996) suggest that the recently measured levels are below that screening threshold. Therefore, cobalt 

is unlikely to pose a significant risk or harm to environmental receptors. This metal was not screened through 

Stage I (Table 9-3b). 

 

Similar to cobalt, lead was also at its highest surface-water concentrations in 1987. It was not detected in 1983, 

1995, or 2005 samples along the site perimeter. Interestingly, it was detected in the upstream sampling location 

(SW-2005-1) at levels exceeding the screening benchmark. Therefore, lead poses no significant risk or harm to 
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current or future environmental receptors at the site. Lead was not screened through Stage I (Table 10-3b) or 

forwarded to Stage II ERC. 

 

Manganese levels in sediment have decreased tenfold since 1987 and currently average at about 0.07 mg/kg.  

While there are no MCP screening benchmarks for manganese in surface water, the lowest value from other 

jurisdictions (i.e., 0.08 mg/L, the USEPA OSWER Tier II Secondary Surface Water Screening Benchmark) 

(OSWER, 1996) suggest that the recently measured levels are below that screening threshold. Therefore, 

manganese is unlikely to pose a significant risk or harm to environmental receptors, and it was not screened 

through Stage I ES. 

 

Similar to the constituents described above, levels of nickel were highest in the 1987 sampling event. This older 

data subset was responsible for the elevated hazard quotients for nickel. Examination of the more recent (i.e., 

1995 and 2005) sampling events reveals that none of the nickel concentrations exceeded the screening 

benchmark. Therefore, nickel poses no significant risk or hazard to current or future environmental receptors at 

the site, and was not screened through Stage I (Table 10-3b) or forwarded to Stage II ES. 

 

Sediment 

 

In sediment, the constituents identified as requiring further assessment include acetone, carbon disulfide, 1,2-

dichlorobenzene, 1,4-dichlorobenzene, 2,4-dimethylphenol, manganese, phenol, and vinyl chloride. Subsequent 

text considers the significance of each constituent in terms of potential adverse effects.   

 

Acetone, carbon disulfide, 1,2-dichlorobenzene, 1,4-dichlorobenene, 2,4-dimethylphenol, and  vinyl chloride 

were detected infrequently and only during the 1987 sampling event. These constituents have not been present 

in recent samples collected in 2005 (Table 10-2). Although VOCs were not measured in 2005, the VOCs 1,2-

dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride were not detected in the 80 PVD samples from the 

Chicopee River (Figure 1-2) (BBL, 2001b). Therefore, these constituents are unlikely to pose a significant risk 

or harm to current or future environmental receptors at the site, and they were not forwarded to Stage II ERC. 

 

Phenol was detected only in two samples during the 1987 and 2005 sampling events. In 1987, the detected 

concentration was 0.1J (estimated) mg/kg (sample location CR-2-S). In 2005, the concentration was 7.8 mg/kg 

(sampling location SE-2005-14). The MCP benchmark for this constituent was not available. Therefore, the 

ecological significance of this chemical could not be assessed. However, the Washington State Department of 
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Ecology (2006) lists a Sediment Management Standards Sediment Impact Zone Maximum Level and Sediment 

Cleanup Screening Level/Minimum Cleanup Level at 1.2 mg/kg. This recommended limit is higher than the 

1987 result, but not the 2005 result. The latter result is puzzling given its singular occurrence. Although one of 

the two results for phenol exceeds the screening benchmark, this chemical is not a good candidate for inclusion 

in further assessment given its sporadic presence (Table 9-2 and 9-4b). Therefore, phenol is unlikely to pose a 

significant risk or harm to current or future environmental receptors at the site, and was not forwarded to Stage 

II ERC. 

 

Manganese levels in sediments were below the screening criterion of 460 mg/kg, except for one sample at SE-

2005-2, with a reported level of 650J mg/kg (Table 10-4b). Interestingly, one upstream location (SE-2005-22) 

also contained manganese at a level (470 mg/kg) that exceeded the screening benchmark (Table 9-4a). To better 

gauge the significance of the observed result, screening thresholds from other jurisdictions are provided as 

context. For example, the USEPA’s (1996) Assessment and Remediation of Contaminated Sediment No Effect 

Concentration is 819 mg/kg, the PEC is 1,080 mg/kg, and the Threshold Effect Concentration is 1,670 mg/kg.  

Clearly, the single result at the site (i.e., 650J mg/kg) falls well below the lowest threshold. Therefore, 

manganese is unlikely to pose a significant risk or harm to current or future environmental receptors at the site, 

and is not forwarded to Stage II ERC. 

 

9.4 Uncertainties 

 

By the very nature of the current regulatory process, risk assessments have varying degrees of uncertainty. To 

reduce or identify this uncertainty, state (i.e., MADEP) and federal guidance provide direction on data 

requirements when conducting human health or ecological risk assessments. The MADEP, as defined in the 

MCP, generally relies on the USEPA (1992b) data usability guidance. In that guidance, the USEPA (1992b) 

states: “ . . . (d)ata are almost always useable in the risk assessment process, as long as the uncertainty in the 

data and its impact on the risks assessment are thoroughly explained.”  In addition, the MCP adopted 

regulations on April 3, 2006 for the completion of a data usability assessment prior to issuing a Response 

Action Outcome (RAO) 310 CMR 40.1056(1)( j) and 310 CMR 40.1056 (2)(k) (MADEP, 2006a).  To support 

this risk assessment and future RAO, a data usability assessment has been prepared for the data collected thus 

far and is presented in Appendix B. 
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The following are specific issues that have inserted, to varying degrees, a level of uncertainty in the Stage I for 

the Chicopee River. Each source of uncertainty is evaluated in terms of its impact on the results of the risk 

assessment. 

 

• Temporality of site characterization data:  

For the Chicopee River MCP Stage I, a source of uncertainty (associated with the assessment of surface 

water, groundwater, and sediments) is the amount of site-specific data and the time frame during which 

these data were collected to characterize current conditions. For screening, all data (spanning from 1983 to 

2005) were initially used in the assessment. This is consistent with the USEPA’s guidance for performing 

risk assessments. However, such a wide temporal scale may not provide the best estimate of current 

conditions. This was evident in the screening analysis, where some of the highest concentrations were 

observed 20 years ago (i.e., 1987 data), and more recent data (i.e., 2005) showed significantly reduced or 

non-detectable levels of the same constituents. Therefore, use of the complete data set leads to a significant 

potential for the results not representing current conditions (i.e., the uncertainty errs on the conservative 

side). This shortcoming was recognized in the current assessment, and — with the exception of the modeled 

groundwater results, which were based on pre-2005 sampling efforts — conclusions were based only on 

recent data rather than those from much earlier efforts. However, because the modeled groundwater 

concentrations were far below the screening benchmarks, and the levels of constituents in surface water and 

sediment have decreased substantially since then, it was not necessary to update the model. The magnitude 

of uncertainty associated with this assumption is relatively small. 

 

Recent sampling of the Chicopee River groundwater/surface-water interface is further evidence that 

historical releases are short lived. A total of 80 PVD sampling points were installed in the Chicopee River 

sediment to evaluate conditions below the groundwater/surface-water interface of the Chicopee River.  

These PVDs were deployed in an effort to specifically evaluate residual in-situ sediment concentration of 

VOCs. They were placed in two stretches of the Chicopee River adjacent to the plant. The PVD analytical 

results were below method detection limits for VOCs, except at four locations where chlorobenzene and 

toluene was detected above method detection limits (Appendix L and M).  (Note:  Groundwater may be an 

ongoing source of chlorobenzene; however, the results of Environmental Indicator CA-750, Migration of 

Contaminated Groundwater under Control, completed for the plant reported that low concentration of 

chlorobenzene, ranging in concentration of 0.000001 to 0.000051 mg/L [far below the screening threshold], 

at three of 80 locations discharged to the river during a 3-week period [Appendix S].) The highest detection 
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of chlorobenzene was well below the MADEP GW-3 standards. Although toluene was also detected twice, 

there is no ongoing groundwater source of toluene. In addition, these detections were also below the GW-3 

standard. While these are limited data with a certain degree of associated uncertainty in terms of 

characterizing potential exposure of ecological receptors to VOCs, the results suggest that this is a de 

minimis exposure. The overall effect of this uncertainty is likely to be small. 

 

• Availability of sampling data: 

Another source of uncertainty is the number of sampling locations in the Chicopee River, both adjacent to 

the site and in areas not influenced by site activities. This uncertainty influences, but does not prevent, the 

ability to establish either background or local conditions. While the determination of current local and 

background conditions has a degree of uncertainty, its impact on the results of the assessment are predicted 

to be minor because of environmental forces at the site. In other words, the likelihood of underestimating 

risks, and thereby inappropriately eliminating a compound from the screening-level assessment, is low. 

 

• Consistency in analyte lists: 

In some instances, a particular compound was not evaluated in all of the media or at every sampling 

location. However, many of the constituents that were not specifically targeted during sampling of either 

surface water and/or sediments were compounds with relatively short environmental half-lives (e.g., VOCs).  

Data indicate that there is no ongoing source of VOCs from the site to the Chicopee River (BBL, 2004a) 

except for chlorobenzene at concentrations below MADEP GW-3 standards. In addition, past historical 

releases of the short-lived compounds would not remain in the water column or surface sediments to pose a 

risk to environmental receptors. The overall effect of this uncertainty cannot be quantified, but it is unlikely 

that these missing data have lead to an underestimation of risk. 

 

• Data quality: 

The 1987 surface-water and sediment data were collected under the Regulatory Environmental Modeling 

(REM) program under contract with the USEPA to collect Contract Laboratory Program- (CLP-) equivalent 

data and to analyze the constituent relevant to CLP method detection requirements. However, the USEPA 

requested that the data not be validated, although the data were analyzed under the REM III program. The 

magnitude of uncertainty associated with this shortcoming is small given that surface-water and sediment 

data have been superseded by the 2005 data (which were collected pursuant to the Compendium of 
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Analytical Methods [MADEP, 2003a, 2003b, and 2004a through 2004g] to meet MADEP “presumptive 

certainty” data quality). 

 

• Stormwater exposure pathway: 

The stormwater exposure pathway could not be analyzed empirically due to a lack of data from the 

identified stormwater outfalls along the river. There are no historical data for previous outfalls, and the 

available monitoring data for existing outfalls cover only basic water-quality parameters, such as pH, 

temperature, and flow rate. Therefore, this data gap remains a source of uncertainty.  However, when data 

on the physical and chemical parameters impacting the fate of these chemicals were combined with 

empirical data on the receiving media for these outfalls (sediment and surface water), results show that this 

uncertainty has limited impact on the conclusions of this Addendum Report. 

 

• Characterization data for upstream sites, local conditions, and natural background: 

In addition to recent data for the river reference locations, information obtained from other sources can be 

used to establish local conditions or at least provide an understanding of the urban environmental conditions 

in the immediate Chicopee River watershed. Relevant information is presented below.  

 

To augment information on background and local conditions, a literature search and preliminary file review 

was conducted at the MADEP Western Regional Office in Springfield, Massachusetts for information 

regarding releases of specific COPCs that occurred upstream of the site along the Chicopee River. A total of 

35 sites located upstream of the site were identified in the MADEP Spills Database (Appendix R, Table 1).  

Of these 35 sites, eight release tracking numbers (RTNs) were selected for further MADEP file review 

upstream of the site, and one RTN was identified for further review downstream of the site. These files 

indicate that there are numerous potential sources of releases of compounds into the Chicopee River, and 

some of these constituents are similar to those used at the plant (Appendix R, Tables 2A-1 through 2A-3, 

2B-1 through 2B-3, 2C-1 through 2C-3, 2D-1 through 2D-3, and 2E-1 through 2E-3). 

Information from the identified industries is important because:  1) they help to define the urban nature of 

the area; and 2) chemical releases from these areas likely contribute to the nature of the local conditions 

associated with the current assessment. A detailed search of the Environmental Data Resources, Inc. 

database, MADEP Standard Release Report, and the MADEP Spills Database for information on releases 

and media (soil, sediment, groundwater, and surface-water) concentrations of VOCs, chlorobenzene, PAHs, 
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and PCBs revealed 35 potential sites that may contribute chemicals to the river’s watershed. Data from five 

such sites are presented below. Note that, although the majority of data are for soil and not sediment, and 

some of the locations are relatively distant, the information is nevertheless useful in demonstrating the 

industrial nature of the site vicinity. 

An example of the types of compounds associated with these facilities that may have reached the Chicopee 

River is the information from the former American Liquid Asphalt Property located at 2382 Boston Road, 

Wilbraham, MA and identified as RTNs 1-10876, 1-11267, 1-11116, and 1-11295. The facility is located 

18,000 feet upstream of the site. Acetone was detected in soil at concentrations ranging from 0.007 to 0.079 

mg/kg, with an average of 0.041 mg/kg. These levels are comparable to the maximum detected 

concentration of 0.072 mg/kg reported for the site. Toluene in soil was measured at a range of 0.08 to 53.7 

mg/kg, with an average of 10.0 mg/kg. Sediment levels in the Chicopee River next to the site were much 

lower, at a qualified maximum concentration of 0.003 mg/kg. Dichlorobenzene (1,2-DCB) in soil at the 

former American Liquid Asphalt Property ranged from 1.7 to 12.1 mg/kg, with an average of 6.9 mg/kg. In 

comparison, the maximum detected concentration of 1,2-DCB in sediments in the site vicinity was a J-

qualified value of 1.1 mg/kg. The level of 1,4-DCB in soil from the upstream site ranged from 0.49 to 2.6 

mg/kg, with an average of 1.9 mg/kg; the site’s maximum detection was an estimated value (i.e., J-qualified) 

of 0.4 mg/kg. Clearly, the level of dichlorobenzene at the site is consistent with (and actually lower than) 

levels reported in the vicinity. Dibenzofuran was detected in one soil sample at the former American Liquid 

Asphalt Property at a concentration of 6 mg/kg; the maximum level of this chemical in sediment adjacent to 

the site was 0.33 mg/kg (both of these values were J-qualified).  In addition, soil samples from that property 

were equivalent to or exceeded MCP standards for the following parameters:  acenaphthene, 

acenaphthylene, benzo(a)athracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, 

indeno(1,2,3-cd)pyrene, 2 methylnaphthalene, naphthalene, phenanthrene, styrene, 1,3,5-trimethylbenzene, 

total petroleum hydrocarbon (TPH), extractable petroleum hydrocarbon carbon fractions, and chloroform.  

Groundwater samples equaled or exceeded MCP standards for the following parameters:  

benzo(a)athracene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, 2 

methylnaphthalene, and TPH.  

The facility located at 34 Front Street, Indian Orchard, MA (identified as RTNs 1-0179 and 1-12842) is 

located 1,000 feet upstream of the site at the Indian Orchard Mill. This facility has been used as a 

hydroelectric station, textile mill, machine shops, screen printers, die cutters, and an art studio, as well as for 

fire hydrant production, nuclear materials processing, furniture building, cabinet making, and countertop 

manufacturing. According to the available data, average soil concentrations of individual PAH congeners 
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range from 0.33 to 8.7 mg/kg. In comparison, sediment concentrations in the Chicopee River next to the site 

range from 0.17 to 2.6 mg/kg. Again, a direct comparison between surface soil and sediments cannot be 

used in the quantitative risk assessment, but this semi-quantitative approach does reduce the uncertainty 

associated with the limited database available for use in the risk assessment. These and other area-specific 

data illustrate that it is unlikely that risks were underestimated.   

Toluene was detected in one soil sample at 87 mg/kg, whereas the maximum level in sediment adjacent to 

the site was 0.003J mg/kg. Clearly, levels near the site were much lower than those in soil at the upstream 

site. Aroclor-1260 in soil ranged from 0.089 to 0.235 mg/kg, with an average of 0.162 mg/kg. The 

maximum, J-qualified detected concentration of 0.025 mg/kg for Aroclor-1260 in the river sediments next to 

the site was lower than that range and does not suggest an unusual source contribution. Finally, 

chlorobenzene was detected in a raceway sample adjacent to 34 Front Street at a maximum concentration of 

2,850 mg/kg (two others were at 17 and 57 mg/kg). These estimates are orders of magnitude higher than the 

groundwater discharge estimate for the site (0.004 mg/kg).  

Another site, 91 Pinevale Road, Springfield, MA (identified as RTN 1-13408) is located approximately 

2,000 feet upstream of the site. that the 91 Pinevale Road site has a history of diesel fuel spills, although 

there are data available only for PCBs. Total PCB concentrations ranged from 0.059 to 2.67 mg/kg in soil, 

with a mean of 0.55 mg/kg; Aroclor-1254 concentrations ranged from 0.059 to 1.8, with a mean of 0.44 

mg/kg in soil. Aroclor-1260 concentrations ranged from 0.033 to 0.87 mg/kg, with a mean of 0.22 mg/kg in 

soil. These levels are comparable to those found adjacent to the plant, where the Aroclor-1254 level in 

sediment was 0.11 mg/kg, and the Aroclor 1242 level was 0.84 mg/kg (both values were J-qualified).  

Again, the levels detected in the site vicinity are consistent with, and not elevated relative to, the 

concentrations reported elsewhere in the watershed. 

A third site, 120 Old Boston Road, Wilbraham, MA (identified as RTN 1-10476) is located 14,000 feet 

upstream of the site. This address is associated with the former Art Cement Products Company, which had a 

history of PAH releases. Total PCBs were detected in one soil sample at a concentration of 2 mg/kg. This 

level is much higher than that detected in sediment adjacent to the site (0.11J mg/kg for Aroclor-1254).   

The site located at 297 Plainfield Street, Springfield, MA (identified as RTNs 1-11750 and 1-11392) is 

located on the east side of the Connecticut River and is approximately 1,800 feet downstream of the 

confluence with the Chicopee River. It houses the Chain Belt Company and Associated Electro-Mechanics.  
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Total PCBs in soil were reported to range from 0.3 to 2.9 mg/kg, with an average of 0.99 mg/kg. Again, this 

is higher than the Aroclor-1254 level found in sediment in the site vicinity (0.11J mg/kg). 

These examples not only demonstrate the industrialized nature of the Chicopee River watershed in the site 

vicinity, but also suggest that the chemical levels at the plant, as defined by the Chicopee River sediments 

immediately adjacent to the site, fall well within (and sometimes below) those from other upstream and 

downstream industrial areas. This information can be used to further define the nature and extent of 

constituents detected around the site and to support the determination that the available data adequately 

characterize environmental conditions of this area of the Chicopee River. 

 

9.5 Summary and Conclusions 

 

A Stage I, Method 3 environmental screening has been performed for the Chicopee River adjoining the Indian 

Orchard Plant located in Springfield, MA. The procedures employed in this characterization are consistent with 

CMR 310, CMR 40.0000 (MADEP, 2006a), and the MCP guidance (MADEP, 1996). 

 

Based on the evaluation of historical analytical data for various exposure media, several chemicals (i.e., VOCs, 

SVOCs, PCBs, and metals of potential concern) were identified. However, examination of background/reference 

concentration and “local condition” data led to a significant reduction of candidate substances. This was due to 

the identification of numerous upstream and downstream sources that give the local conditions of the Chicopee 

River a typical urban/industrial character. The industrialized nature of the river in the vicinity of the Indian 

Orchard Plant has a significant influence on the estimation of facility-specific environmental risks. 

 

A risk-based environmental screening was conducted for the identified constituents, in which their maximum 

media concentrations were compared to relevant risk-based MCP screening criteria. Results of the hazard 

quotient analysis suggested that some substances occur at concentrations in excess of the screening levels and 

that surface-water and sediment exposure pathways may be associated with risk or harm to environmental 

receptors. Several other constituents were also considered for further screening because the MCP guidance did 

not report screening benchmarks for those constituents. None of the groundwater-discharged substances 

exceeded any surface-water criteria, and this exposure pathway was eliminated from further consideration. 

 

When the refined list of constituents was assessed further using information on older (i.e., 1987) versus newer 

(2005) results, frequency of detection, historical operations at the site, and screening thresholds from other 
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jurisdictions, a conclusion was reached that none of the surface-water, groundwater, or sediment constituents are 

associated with significant risk or harm to environmental receptors in the Chicopee River adjacent to the Indian 

Orchard Plant. 

 

In summary, the Stage I for the Chicopee River concludes that exposure to detected constituents in surface 

water, groundwater, or sediment does not pose a significant harm to environmental receptors. Furthermore, the 

combined impact of uncertainties associated with the assessment does not undermine this conclusion. Because 

recent chemical concentrations in the vicinity of the Indian Orchard Plant did not exceed screening levels, or 

were comparable or below background/reference and local conditions, no further assessment of ecological risk 

is required for the Chicopee River. 
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10. Human Health Risk Characterization  
 

10.1 Overview 

 

This Section of the Phase II Addendum presents a Method 3 Risk Characterization to evaluate potential risks to 

human health, public welfare, public safety, and the environment for the Indian Orchard Site in Springfield, 

Massachusetts, including the adjacent Chicopee River and Bircham Bend Brook.  The Risk Characterization is 

consistent with Massachusetts Contingency Plan (MCP) Subpart I (310 CMR 40.0900) amended April 3, 2006 

and the Guidance for Disposal Site Risk Characterization – In Support of the Massachusetts Contingency Plan 

(MADEP, 1995).  The decision basis for utilizing an MCP Method 3 Risk Characterization Approach is outlined 

in Section 1. Introduction, 1.4 Approach. 

 

A Phase II Comprehensive Site Assessment (CSA) Risk Characterization for the Indian Orchard Plant Site was 

previously submitted by BBL in 1996 (Phase II CSA Risk Characterization) (Attachment 4).  The requirement 

for a MCP Phase II CSA was set forth for 11 disposal areas and the remainder of the site identified in MCP 

waiver Number 1-0184, approved by MADEP on November 13, 1991.  The 12 of the 13 disposal areas were 

also identified in the Final Draft RCRA Facility Assessment (RFA), Document Number TESV_R0101-ET-

CGLS, issued by the USEPA to Monsanto on November 4, 1991.  This Risk Characterization includes the 13 

SWMU/disposal areas listed below, plus the, Former WW II Naval Research Area and Outfall Piping Adjacent 

to the Chicopee River Shoreline.  A Method 3 Risk Characterization has previously been conducted for the 

FGHA, and thus is not included in this risk characterization however, surface soil data is used from the Former 

Vinyl Chloride Gas Holder Area (FGHA) in this risk characterization.  These disposal areas are shown on 

Figure 1-2. 

 

• Solid Waste Disposal Area (SWDA) No. 1  - SWMU 35; 

• SWDA No. 2 – SWMU 36; 

• Liquid Waste Disposal Area (LWDA) No. 1 – SWMU 34; 

• LWDA No. 2 – SWMU 37; 

• Fiberloid Landfill – SWMU 33; 

• Burning Cages or Pits A – SWMU 38; 

• Burning Cages or Pit B – SWMU 39; 
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• Burning Pit C – SWMU 40; 

• Burning Pits D – SWMU 41; 

• Building 99 Leach Fields – SWMU 47; 

• Former Building 44 and Tank Farm D&E – AOC 7; 

• Outfall Piping adjacent to Chicopee River Shoreline – SWMU 64; and 

• World War II Naval Research Area. 

Former Vinyl Chloride Gas Holder Area (FGHA) (surface soils only) * 
 

* A Method 3 Risk Characterization has previously been conducted for the FGHA.  Surface soils from this area are, 

however, considered in this  Risk Characterization.   

 

The following four areas were also once identified in the RFA and were included in the Phase II CSA Risk 

Characterization (BBL, 1996a; BBL, 1996b).  These four areas identified in the RFA were removed from the list 

to be further evaluated as areas of concern per the SWMU/AOC Reconciliation Report (BBL, 2005a). 

 

• Building 85** 

• 336 Drum Storage Area** 

• Accumulation Area/East Gelva Area** 

• West Resin Area/Tank Pit 1 – AOC 13 ** 

 
** Note: Although these four areas were removed, the data associated with these areas have been incorporated into this 

Risk Characterization. 

 

The 1996 Phase II CSA Risk Characterization quantified risks/hazards for six of the SWMU/disposal areas: 

SWDA No. 1; SWDA No. 2; LWDA No. 1, Building 99 Leach Fields; Fiberloid Landfill, and Former Building 

44 and Tank Farm D&E.  Other areas of the site had constituents in soil and/or groundwater at concentrations 

less than the MCP Method 1 and/or Method 2 Standards.  Conclusions of this 1996 Phase II CSA Risk 

Characterization indicated that none of the SWMU/disposal areas required remediation under the MCP or 

RCRA programs.  However, at the time, Monsanto proposed to install a cover at landfills, LWDA No. 1, SWDA 

No. 1 and SWDA No. 2 and further restrict access to these three SWMU/disposal areas with additional fencing 

and institutional controls.  In addition, to achieve a permanent solution Class A-3 RAO for SWDA No. 1 and 

LWDA No. 1, Monsanto proposed to continue groundwater monitoring hydraulically downgradient of SWDA 
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No. 1 and LWDA No. 1 to demonstrate that the constituents detected in SWDA No. 1 migrating into the 

groundwater are naturally attenuating.   

 

In 1997, USEPA commented on the Phase II CSA Risk Characterization (comments are summarized in 

Appendix C-7).  As a result of these comments, additional investigations have been conducted at the Site.  

Investigations conducted since the submittal of the 1996 Phase II CSA Risk Characterization are outlined in 

Section 5 of this Phase II Addendum and Appendix G and include: 

 

• SWDA No. 1/LWDA No. 1 Chlorobenzene Source Evaluation; 

• Additional SWDA No. 1 Groundwater Plume Delineation; 

• Additional Fiberloid Landfill Groundwater Delineation; 

• SWDA No. 1 Cover Hydraulic Conductivity; 

• PCB Extent in SWDA No. 2 Surface Soils; 

• SWDA No. 1 Natural Attenuation Study; 

• Evaluation of Potential Metals in Groundwater; 

• Evaluation of Additional SWMUs/AOCs for Potential Release to the Environment; 

• World War II Naval Research Area Source and Extent Investigation; 

• World War II Naval Research Area Chlorobenzene Fate Study; 

• Supplemental Bircham Bend Brook Sediment Sampling and Analysis; and 

• Chicopee River Data Assessment – sediment and surface water sampling. 

 

Where appropriate, these data have been incorporated into this current Method 3 Risk Characterization.  As 

indicated above, the 1996 Phase II CSA Risk Characterization was specific to each SWMU/disposal area.  At 

the request of USEPA, however, this Risk Characterization considers risks/hazards on a site-wide basis 

(Appendix C-7).  This site-wide approach is also acceptable under MADEP guidance as the individual 

SWMUs/disposal areas are not generally fenced, and as such, human receptors are able to move freely from one 

area of the site to another.  Should risks/hazards be identified for a particular constituent, then the specific area 

of the site contributing to the excess risk/hazard, will be targeted and further evaluated [such as including the 

potential need to implement area use limitations (AULs).]    

 

It is important to note that this Risk Characterization takes a conservative approach in that 95% Upper 

Confidence Limits (UCLs) and maximum detected concentrations are used to estimate potential exposure.  For 

example, for surface soils, sediment, and surface water the lesser of the 95% UCL (conservative estimate of the 
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arithmetic mean) and maximum detected concentration is used as the exposure point concentration (EPC) 

[which is consistent with a reasonable maximum exposure (RME)] scenario (maximum concentrations are also 

used when there are insufficient data to derive an EPC).  This is a more conservative approach than using the 

arithmetic mean concentration as the EPC as permitted by MADEP (MADEP, 2006a).  Maximum detected 

COPC concentrations in soil and groundwater are also used to evaluate potential exposure to construction 

workers.  Maximum concentrations are used because construction workers are not likely to be exposed to 

average concentrations across the site, but rather to concentrations in a smaller defined excavation trench and/or 

building area.  As indicated above, should risks/hazards be identified for a particular constituent in a specific 

area of the site, the constituent and particular area will be subject to further evaluation. Consistent with the 

previous 1996 Phase II CSA Risk Characterization, this Risk Characterization does not include portions of the 

Indian Orchard Plant not currently owned by Solutia Inc., (e.g., NOVA Chemicals Inc.) as these areas were sold 

and regulated separately.  A Risk Characterization for the NOVA site was conducted in February 2000 (BBL, 

2000a) along with the risk characterization conducted for the Former Gas Holder Area on Solutia property 

adjacent NOVA. 

 

As outlined in Section 10.16.2, this Risk Characterization considers potential exposure of human receptors to 

constituents in soil, groundwater, indoor air, ambient air, surface water and sediment.  Potential receptors 

include onsite workers (both indoor and outdoor workers) and construction workers.  General outdoor onsite 

workers are assumed to be exposed to constituents in surface soils (incidental ingestion, dermal contact and 

inhalation exposure pathways).  Given the industrial nature of the site and past excavation and construction 

activities, future activities could involve intrusive soil activities.  As such, the construction worker is assumed to 

be exposed to constituents in soil (combined surface and subsurface soils – considering incidental ingestion, 

dermal contact and inhalation pathways) as well as groundwater (dermal contact and inhalation of constituents 

in groundwater that may pool in a trench).  Indoor workers are also assumed to be potentially exposed to volatile 

constituents that may migrate to from soil and/or groundwater to indoor air.  Groundwater underlying the 

facility is not a potable water source or a potential potable water source, and the Indian Orchard Plant is supplied 

with water by the city of Springfield.  As such, potential exposure to groundwater (from drinking, bathing or 

cooking) is not considered a complete exposure pathway.  Groundwater (regardless of depth), is, however, 

evaluated for potential migration to adjacent surface water bodies (i.e., comparison to GW-3 standards).   

 

Although access to the site is restricted, the plant site is fenced and patrolled by security personnel, and therefore 

trespassers at the site are unlikely.  This Risk Characterization, however, does consider potential exposure of 

trespassers who may breach the fence.  The Risk Characterization also considers potential exposure of 
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recreational users to sediment and surface water of the Chicopee River and Bircham Bend Brook (assuming that 

receptors may potentially wade in the Chicopee River or Bircham Bend Brook adjacent to the Plant Site).  The 

Chicopee River is designated as Class B for fish and other wildlife and for recreational uses. Bircham Bend 

Brook is an intermittent stream and relatively small tributary (shallow and less than 10 feet wide) to the 

Chicopee River.  Part of Bircham Bend Brook is within the Indian Orchard site boundary (Figure 1-2). 

   

The Method 3 Risk Characterization for the Indian Orchard Site includes five steps: 1) hazard identification, 2) 

dose-response assessment, 3) exposure assessment, 4) risk characterization, and 5) uncertainty analysis.  The 

hazard identification summarizes the analytical data and identifies constituents of concern (COPCs) to be 

evaluated in the risk characterization.  The dose-response assessment presents toxicological information for the 

COPCs.  Potential human health exposure scenarios and exposure assumptions are described in the exposure 

assessment.  The risk characterization uses the information from the previous three steps to describe potential 

non-carcinogenic hazards and carcinogenic risk, and the magnitude of such hazards and risks.  The uncertainty 

analysis summarizes the uncertainties of the Risk Characterization.   

 

10.2 General Description and Site History 

 

The 170-acre Indian Orchard Plant in Springfield, Massachusetts (Figure 1-2) has been in operation as a 

manufacturer of plastics or resins since 1904 (Monsanto, 1982; Appendix A of the Supplemental RFI/MCP 

Phase II CSA Work Plan (BBL, 1994a).  Until 1982, the plant was divided into an East Plant and West Plant.  

Monsanto purchased the East Plant in 1938 from Fiberloid Company and renamed the facility the Springfield 

Plant.  Monsanto purchased the West Plant in 1965 and changed the plant name to Bircham Bend Plant.  In 

1982, the two plants were consolidated as the Indian Orchard Plant.  Major process operations at the East and 

West Plant are discussed in Section 2 of this Phase II CSA Addendum Report.   

 

Both the East and West Plants disposed of solid and liquid waste materials within the plant boundaries.  

Materials disposed onsite consisted of coal ash, paper, cardboard, wood products, plastics, construction debris, 

oils, sludges, inks, solvents, and plant transformers at locations that were operational at the time of generation.  

Waste materials were disposed onsite via landfilling, land application, open burning, and leach fields at 

locations depending on ownership (BBL, 1996a).  In 1996, NOVA purchased the northeast portion of the Indian 

Orchard Plant, and, in 1997, Monsanto divested interests across the company and the remainder of the Indian 
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Orchard Plant was placed under the new name, Solutia.  Monsanto (currently Solutia) has conducted numerous 

investigations (beginning in the early 1980s) to characterize conditions at the Indian Orchard Plant. 

 

A complete history of the Site is provided in Section 2 of the Phase II Addendum.  A summary of disposal 

activities and/or operations that took place in each of the SWMUs/disposal areas was provided in Appendix B of 

the 1996 Phase II CSA Risk Characterization (Attachment 2). 

 

10.3 Land Use 

 

Land use is described in Section 2 of the Phase II Addendum and is summarized here.  The Indian Orchard Plant 

is, and will continue to be, used for manufacturing.  The 170-acres of land owned by Solutia is zoned Industrial 

according to a city of Springfield Planning Board, Zoning Ordinance (dated March 11, 1996) and has been used 

for industrial purposes since at least 1904.  There are no outstanding proposed zoning changes.  Approximately 

80 percent of the Indian Orchard Plant is currently used for manufacturing, power generation or temporary 

materials storage or administrative buildings.  The remainder of the site (approximately 25 acres) is used for 

parking, Solutia product and employee transportation corridors within the Solutia property, storage of ash, or 

open space.  The Indian Orchard Plant is secured by fencing, and entrance gates are maintained 24 hours per day 

by security guards.   

 

The surrounding offsite land use is primarily business/industrial/municipal; the remaining property is either 

residential or open and forested.  The Chicopee River borders the property to the north.  North of the Chicopee 

River are approximately 200 acres of open unused flood plain and more than 50 acres of forest, which comprise 

a valley wall that rises approximately 100 feet until reaching Shawinigan Drive and the Massachusetts Turnpike.  

A municipal water sewage pumping facility borders the property at the northwestern corner.  A residential area 

borders the property at the southwestern corner.  Worcester Street, a four-lane highway, borders the site to the 

southeast, south and southwest of the property.  NOVA Chemical Inc. a manufacturing facility approximately 12 

acres in size borders the northeastern corner of the property.  A forested and unused but residentially zoned area 

borders the property in the southeastern corner (BBL, 1996a).  The railroad that crosses the Indian Orchard Plant 

property enters the site from the south exits to the east onto NOVA Chemical property.  A United States Postal 

warehouse south of Worcester Street borders the property to the south.  
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10.4 Groundwater 

 

There are no known groundwater users or water supply zones within a 1.2-mile radius of the Indian Orchard 

Plant (Figure 2-3, MADEP Water Use Map).  The surrounding properties use the city of Springfield public 

water supply (Springfield Public Health Office, City of Chicopee Health Department, March 1996, Personal 

Communication).  Furthermore, according to the MADEP GIS 21E map (MADEP, 1997c), the nearest aquifer 

that could potentially be productive is located 1.2 miles hydraulically upgradient of the Indian Orchard Plant.   

 

The property is not within a zone classified as a “potentially productive aquifer” (PPA).  In addition, based on 

review of available literature, the potential well yield from the Chicopee River drainage basin would be less than 

100 gallons per minute, locally (Krejmas, 1986).  Installation of new water supply wells is controlled; new 

private wells are permitted through the local health department, and municipal water supply wells are permitted 

through the MADEP.  If this property were within a PPA, the criteria for classification as a non-potential 

drinking water source area (NPDWSA) per policy WSC-97-701 would apply because the following criteria are 

met. 

 

• The plant encompasses an area of greater than 100 acres; and  

• This 100 plus acres is used for industry and/or electrically power.   

 

The city of Springfield and surrounding areas obtain their water from a municipal water supply system 

originating from Cobble Mountain Reservoir, Quabbin Reservoir, or Springfield Reservoir, at distances ranging 

from 6 to 20 miles hydraulically upgradient of the site.  The Quabbin Reservoir is one of the world’s largest 

man-made reservoirs constructed for public supply (Krejmas, 1986).  Given that groundwater is  supplied by the 

city of Springfield and not used for drinking water nor has little potential for future use as drinking water due to 

low yield, and would meet the MADEP NPDWSA designation as a non-potential drinking water source, 

groundwater at the site is not considered potable  

 

10.5 Surface Water 

 

The water bodies adjacent to the Indian Orchard Plant include Bircham Bend Brook and the Chicopee River. 

Neither of these water bodies is used for drinking-water.  The Chicopee River is approximately 200 feet wide, 
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with a mean flow rate of approximately 900 cfs (U.S. Geological Survey [USGS], 2000).  Bircham Bend Brook 

is an intermittent steam and relatively small tributary to the Chicopee River, with a flow rate of 1 to 3 cubic feet 

per second (cfs) and a width ranging between 5 and 20 feet.   

 

The Chicopee River and other surface waters within the drainage basin are “B” designated for fish and other 

wildlife and for recreational uses.  The Chicopee River is also designated as a recreational warm-water fishery 

(i.e., waters not of a quality to sustain year-round cold-water or seasonal cold-water fisheries).  According to the 

Chicopee River Watershed Council (March 6, 1996), the Chicopee River does not meet Class B requirements 

several times during the year due to excess urban runoff and combined sewer overflow (CSO) discharge during 

high rainfall events.  Because of these factors, the Chicopee River will not be reclassified as a drinking-water 

source according to the Chicopee Watershed Council.  Historical and existing manufacturing facilities are 

located along the banks and tributaries of the Chicopee River.   

 

Bircham Bend Brook is not listed in the Massachusetts Division of Water Pollution Control, 310 CMR 4.00 

Surface Water Quality Standards.  It is located in the southwestern portion of the Indian Orchard Plant, where 

there has been no historical manufacturing.  SWDA No. 2, an inactive landfill, is located approximately 100 feet 

north and east of Bircham Bend Brook (Figure 1-2) and contains solid and semi-solid plastic remnants, brick, 

wood, glass, and cardboard.   

 

Upstream and downstream of the Indian Orchard Plant are city of Springfield Wet Weather Sewage Discharge 

Outfalls for overflow during storm events.  Three of these outfalls were observed upstream of the Indian 

Orchard Plant.   

 

10.6 Human Health Hazard Identification  

 

The Hazard Identification describes 1) the applicable soil and groundwater categories for the Indian Orchard 

Plant Site, 2) summarizes the available analytical data, and 3) identifies constituents of potential concern to be 

evaluated in the Risk Characterization.  More specifically, this section summarizes of the analytical data 

collected for the site and identifies the constituents of toxicological concern to be evaluated in this risk 

assessment.  A brief summary of data collection at the site (the media sampled, the number of samples collected 

in each medium, and the constituents analyzed for in the samples) is provided. The rationale for the selection of 

constituents of potential concern and a list of these constituents for the site is outlined. 
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10.7 Categorization of Soil and Groundwater 

10.7.1 Soil 

 

As discussed in 310 CMR 40.0933, soil at a site is categorized as S-1, S-2, or S-3, or a combination thereof, 

based on a qualitative assessment of current and foreseeable future exposure scenarios. The criteria used to 

categorize soils for the Indian Orchard Plant Site are outlined in 310 CMR 40.0933 (9).  This section of the 

MCP provides a matrix categorizing the accessibility of soil based on 1) depth of contamination, 2) the presence 

of pavement and buildings, and 3) the frequency of intensity of exposure as either “high” or “low” (based on the 

number of days per year spent at a site and the type of activity that occurs at a site) and 4) the age of the 

individuals who might potentially be exposed to the soil (i.e., adult versus child receptors).  Using this matrix as 

a guide, the current and future potential for exposure to soil is classified as 1) low frequency/high intensity for 

construction workers, 2) high frequency/low intensity for onsite workers (both indoor and outdoor workers) and 

3) low frequency/low intensity for trespassers.  As such, using the criteria provided in 310 CMR 40.0933(9) 

unpaved soils at depths of 0 to 3 feet are categorized as S-2 soils, and soils at depths of 3 to 15 feet are 

categorized as S-3 soils.  In accordance with 310 CMR 40.0933(4)(c)(3)soils greater than 15 feet are 

characterized as “isolated.”  These deeper soils are further discussed in Section 10.8.1 and Section 10.17.5. 

 

10.7.2 Groundwater 

 

Similar to soils at the site, groundwater is categorized based on current and foreseeable future exposure 

potential.  Three types of groundwater categories are defined in the MCP: GW-1, GW-2, and GW-3, or a 

combination thereof.  Based on MCP guidance, current and future land use scenarios, and site characteristics, 

groundwater for the Indian Orchard Plant site is categorized as GW-2/GW-3. This is because groundwater is a 

source to surface water (Chicopee River and to a lesser extent, Bircham Bend Brook) and because there are 

currently structures onsite (that could pose a concern regarding potential migration of volatile constituents in 

groundwater to indoor air).  Category GW-1 does not apply because the site is supplied with public drinking 

water and groundwater beneath the site is not potable as the aquifer is of low yield (Section 2.2.3).  In addition, 

there are no water supply zoned areas within 1.2 miles of the Site and the site is not located within a Interim 

Wellhead Protection Area (IWPA), as defined in 310 CMR 40.0932(5). 
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10.8 Analytical Data 

 

Analytical data included in the Risk Characterization are data for soil (both surface and subsurface), 

groundwater, surface water and sediment.  Soil vapor data collected in 2002 are also included and used to 

evaluate the potential for migration of VOCs to indoor air.  In an effort to minimize uncertainty, the data 

included in this characterization were validated and are of adequate quality to meet the MCP Response Action 

Performance Standards 310 CMR 40.0191 (MADEP, 2006a) and “presumptive certainty”.  A data usability 

assessment per available MADEP guidance is provided in Appendix B.  Analytical data used in the Risk 

Characterization are discussed below.   

 

10.8.1 Soil 

 

This Risk Characterization quantitatively evaluates potential risks/hazards associated with potential exposure of 

onsite workers (including constructions workers) and trespassers to constituents in onsite soils.  Consistent with 

310 CMR 40.0924 (2) (b), soil at depths of 0 to 3 feet are considered for the general onsite outdoor worker and 

trespasser, and soils at depth of 0 to 15 feet are used to evaluate the potential exposure of construction workers.  

In addition, in accordance with 310 CMR 40.0996, soil data from 0 to 15 feet bgs are to be considered when 

evaluating the risk of harm to public welfare [comparison to MCP Upper Concentration Limits (UCLs)].  Soil 

samples collected at depths greater than 15 feet are classified as isolated and are not quantitatively evaluated in 

this Risk Characterization.  These deeper soil data are, however, also compared to the MCP UCLs (See Section 

10.17.5). 

 

Surface Soil 

 

Surface soil data were collected in 1991, 1994, 1997, 2000 and 2001 (See data presented in Appendix D-1).  

Samples were generally collected from depths of 0 to 0.5 ft, although some samples were collected at depth 

intervals of 0 to 1 ft, 1 to 2 ft and 0 to 2 ft.  The surface soil data collected in 1991, in the upgradient and in the 

vicinity of the Former WWII Naval Research Area are not included in the Risk Characterization because data 

was screening level , and thus  not validated or subject to CLP.  In addition, these data are the oldest soils data 

available for this area of the Site, and more recent data are available in the same general area.  Also, the 

constituent concentrations in these samples were low (generally non-detect) (Appendix D-1).   
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A total of 23 surface soil samples were collected from 1994 to 2000 and these samples are considered in the 

Risk Characterization (Table 10-1A).  Samples were generally analyzed for VOCs, SVOCs, PCBs and 

inorganics, although not all samples were analyzed for all parameters.  Surface soil summary statistics are 

presented in Table 10-1B.  COPCs considered in the Risk Characterization and further described in Section 10.9 

are presented in Table 10-1C.  Analytical results are discussed briefly below.   

 

A total of 17 surface soil samples were analyzed for VOCs (Table 10-1A).  VOCs were generally non-

detectable, with the exception of acetone, ethylacetate, methylene chloride, tetrachloroethene, toluene, and 

trichloroethene.  These VOCs, however, were generally detected at low concentrations and at a low frequency of 

detection (Table 10-1B).   

 

Sixteen surface soil samples were analyzed for SVOCs and inorganics. Detected SVOCs are PAHs, phenols, 

phthalates, and benzoic acid (Table 10-1B).  PCBs were analyzed for in 13 samples, with a maximum detected 

concentration reported in SS-13 (5.5 mg/kg) at SWDA No. 2.  In accordance with MCP guidance, this sample 

SS-13 was identified as a hot spot and risks/hazards for this sample are evaluated separately (analytical data for 

this sample are shown in Table 10-1D).  Hot spots are further described in Section 10.9.1.  When sample SS-13 

is excluded from the surface soil dataset, maximum detected Aroclor PCB concentrations range from 0.03 

mg/kg (Aroclor 1260) to 0.12 mg/kg (Aroclor 1242).  Inorganics were detected in most surface soil at generally 

low concentrations and a low frequency of detection (Table 10-1B). 

 

Surface/Subsurface Soil 

 

Soils data collected from a depth of 0 to 15 feet are used to evaluate potential exposure of construction workers 

to COPCs in soil.  Data are available for 1991, 1994, 1996, 1997, 2000, 2002, and 2003 (Appendix D-1).  Ten 

samples were collected in 1991 in the area of the Former WW II NR Area (at a depth greater than 2 ft).  As 

described above for surface soils, these samples, and the two surface samples listed above are not included in 

this data set as data were not subject to data validation and CLP.  In addition, other more recent data are 

available for this area.  From 1991 to 2002, soil samples were collected from 68 locations and these data are 

used in the Risk Characterization (Table 10-2A).  Data were generally analyzed for VOCs, SVOCs, PCBs and 

inorganics, although not all samples were analyzed for all parameters (Table 10-2A).  Summary statistics are 

provided in Table 10-2B and COPC considered in the Risk Characterization and further discussed in Section 

10.9 are presented in Table 10-2C. 
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About 60 samples were analyzed for VOCs, which are generally present at a low frequency of detection and low 

concentrations.  VOCs detected most frequently include acetone, carbon disulfide, tetrachoroethene and toluene.  

Chlorobenzene was detected in samples SB-124 and SB-131 at concentrations of 3.9 mg/kg and 3.7 mg/kg, 

respectively (Table 10-2D).  The average chlorobenzene concentration of the surrounding area is 0.02 mg/kg, 

and the Method 1 soil standard for chlorobenzene is 3.0 mg/kg (S-2/GW-2).  Based on this information, and in 

accordance with MCP guidance, chlorobenzene in this area is considered a hot spot and risks/hazards are 

quantified separately.  Table 10-2D provides the analytical data for samples SB-124 and SB-131. 

 

About 40 surface/subsurface samples were analyzed for SVOCs, which were reported at generally low detection 

frequencies and low concentrations (Table 10-2A).  Detected constituents included 1,2,4-trichlorobenzene, 

phenolic compounds, PAHs, benzoic acid, and phthalates, with PAHs generally reported at the higher rate of 

detection (Table 11-2B).  PCBs were analyzed for in 18 samples.  The maximum detected concentrations of 

these PCBs Aroclors are 0.12 mg/kg (Aroclor 1242), 0.45 mg/kg (Aroclor 1254) and 0.3 mg/kg (Aroclor 1260).  

Inorganics were generally detected in most samples (33 samples from the surface/subsurface soil data set were 

analyzed for inorganics) (Table 10-2B). 

   

Soil/Waste Samples   

 

Waste Soil samples are discussed in Sections 3.2.1.3 and 5.4 of the Phase II CSA document.  The waste samples 

were collected from the landfills SWDA No.1 and No 2, LWDA No. and No. 2, and the burning area Burning 

Pits D.  The samples were collected to characterize the waste material in the landfills.  With the exception of the 

sample SB-54 collected from Burning Pits D (discussed below), the waste soil data are not included in the Risk 

Characterization as they are subsurface samples that were collected from within the disposal areas.  Although 

constituents are expected to be present, there is no potential for exposure as digging/excavations would not be 

expected in these landfills.  In addition, it is already presumed that response actions are required to manage risk 

associated with these landfills consistent presumptive remedy approach (USEPA, 1993c, USEPA 1995d).  

 

Three samples were collected from location SB-54 (at 1-2 ft, 4-6 ft and 6-8 ft  depth intervals).  The upper and 

lower interval samples were characterized as soil and were included in the subsurface soils dataset.  Material 

collected from the middle interval was characterized as a waste sample.  More specifically, the boring logs 

characterize this sample as “orange-brown medium to fine SAND and WASTE (clear glass, ash, plastic, and 

plastic sheeting), trace to medium to fine gravel and medium dense, damp”.  Comparison of constituent 

concentrations in this sample shows that detected concentrations are less than the maximum detected 
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concentrations from the subsurface soil dataset.  The only exceptions are benzene, toluene, and 2,4-

dimethylphenol, where the detected concentrations in the waste sample are greater than the maximum detected 

concentrations used to evaluate exposure to subsurface soils.  Constituent concentrations in this waste soil 

sample are, however, less than the MADEP S-1/GW-1 values.  As such, this isolated waste sample is not likely 

to pose a significant concern.   

 

10.8.2 Ground Water  

 

As discussed in Section 3.2.2.2 of the Phase II Report, isoconcentration maps indicate two separate VOC 

groundwater plumes at the site.  The western and largest plume begins along the north-northwestern edge of 

SWDA No. 1 and is composed primarily of chlorobenzene.  The second largest plume was in the vicinity of the 

WWII Naval Research Area which migrates through the Former Building 44 and Tank Farm D&E and Fiberloid 

Landfill areas and consists primarily of ethylbenzene and chlorobenzene. These plumes are located within the 

Indian Orchard Plant boundary and appear to discharge to the Chicopee River.  However, ethylbenzene and 

chlorobenzene were not detected below the hyproheic zone of the Chicopee River sediment (based on PVD 

results – See Appendix G, Sections 1.5.1 and 1.6.4 and Appendix L and M). 

 
Groundwater data has been collected over several years at the Indian Orchard Plant Site, with multiple rounds of 

data available for many wells (Appendix D-1).  To evaluate potential exposure of construction workers to 

COPCs in groundwater, groundwater data were censored based on well depth and age of data.  More 

specifically, because construction workers are not likely to be exposed to COPCs present at depths greater than 

15 feet, groundwater data collected from wells in areas of the site having groundwater at depths greater than 15 

ft bgs are not considered in the dataset used to evaluate potential exposure of construction workers.  In addition, 

only the most recent two years of data are included in this dataset (providing that the most recent data includes 

analytes previously evaluated and not just select constituents).  Groundwater data were also not considered in 

the Risk Characterization if samples were initially collected from temporary wells and more recent data are 

available from an adjacent well installed to verify the temporary well data.  This is because sampling of the 

temporary wells resulted in a turbid water samples that are not representative of groundwater itself.  Tables 10-

3A to 10-6A present the groundwater data used to evaluate potential exposure to construction workers.  

Summary statistics are provided in Tables 10-3B to 10-6B, and COPCs considered in the Risk Characterization 

are provided in Tables 10-3C to 10-6C.  Groundwater wells excluded from the construction worker groundwater 

data set are provided in Appendix U.  Note, however, groundwater data are also compared to UCLs and -GW-3 

standards (Section 10.17.5.1).  For this evaluation, groundwater data were excluded based on the rationale 
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described above, except that wells present in areas with groundwater at depths greater than 15 ft were retained 

(i.e., no wells were eliminated based on depth to groundwater).   

  

Up to 106 groundwater samples have been analyzed for VOCs (Table 10-3A).  VOCs most frequently detected 

include chlorobenzene, benzene, ethylbenzene, and toluene (in greater than 10 samples) (Tables 10-3B) where 

chlorobenzene was most frequently detected.  The highest concentrations of these samples were generally 

reported for chlorobenzene in groundwater monitoring wells MW-112D and MW-116S, which are located in the 

generally vicinity of the World War II Naval Research Area (near buildings 96 and 100, which are discussed 

below in terms of potential vapor intrusion).  The primary VOC detected in groundwater is chlorobenzene.  The 

source of this chlorobenzene is from operations at an AST area that contained chlorobenzene at the Former WW 

II NR Area.  A separate groundwater plume consisting primarily of chlorobenzene is in the vicinity of landfills 

SWDA No. 1 and LWDA No.1.  Based on groundwater samples from new monitoring wells (MW-90S, MW-

89D, MW-102D, and MW-103S) installed along the downgradient edge of SWDA No. 1 and LWDA No. 1, the 

source of chlorobenzene to groundwater is from SWDA No. 1.   

 

SVOC were generally reported in groundwater at low concentrations and a low frequency of detection.  

Detected constituents included phthalates, some PAHs, and phenolic compounds (Tables 10-4A through 10-4C).  

Several inorganics were also detected in groundwater (Tables 10-5A through 10-5C).  As previously indicated, 

some of the higher concentrations of inorganics may be attributed to samples collected from temporary wells 

(and not sampled using low-flow techniques).  PCBs and pesticides were not detected in groundwater (Tables 

10-6A through 10-6C). 

 

10.8.3 Soil Vapor 

 

Soil vapor samples were collected in the vadose zone near buildings occupied by 8-hour workers to evaluate 

potential vapor intrusion to indoor air (e.g., Building 96, Building 100 and Building 67A) (Table 10-7).  These 

buildings are closest to the groundwater wells with the highest VOC concentrations, and as such are considered 

to represent a worst-case exposure scenario.  In addition, these buildings are the only buildings occupied by 8-

hour workers within 30 to 100 feet of the plume (associated with the Former WW II Naval Research Area) 

where the water tables is less than 15 feet bgs.  A few other buildings are present onsite that also involve 8-hour 

worker activities (i.e., Buildings 97 and 99) downgradient of the groundwater plume associated with SWDA No. 

1.  These buildings are downgradient of SWDA No. 1 and are within 30 to 100 feet of the plume. Soil vapor 
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data are presented in Table 10-7 and are used to evaluate the potential for migration of volatiles to indoor air 

(Section 10.16). 

 

10.8.4 Surface Water and Sediments 

 

Surface water and sediment data are available for both the Chicopee River and Bircham Bend Brook.  In 

general, data were collected from areas upstream, adjacent to, and downstream of the Site.  To evaluate potential 

risk to potential recreational users, only data collected from areas adjacent to and downstream of the Indian 

Orchard Plant Site are considered.  Samples collected from upstream locations are representative of background 

conditions, and in some instances are used in the COPC selection process.  The relationship of COPCs in 

upstream reference samples and how they compare to site concentrations is detailed in Appendix G, Section 1.7 

of the Phase II CSA Addendum. 

 

10.8.4.1 Chicopee River 

 

Surface Water 

 

Surface water data included in the quantitative Risk Characterization are those data collected in 1983, 1987, 

1995 and 2005 (Table 10-8A).  As discussed in Section 5 and Appendix G, Section 1.7 of the Phase II CSA 

Addendum, the 2005 data were collected to quantify existing conditions and to address uncertainty associated 

with the older data.  Because, in general, the 2005 data are similar to those data collected previously, surface 

water data, including older data collected in 1983, 1987 and 1995 are included in the quantitative evaluation.   

 

In total, 25 surface water samples (from 23 locations) were collected and generally analyzed for VOCs, SVOCs, 

PCBs, and inorganics (Table 10-8A).  For VOCs, non-qualified detected concentrations are only reported for 2-

butanone, acetone, chlorobenzene, chloroform, ethylbenzene, methylene chloride and styrene (Table 10-8B).  

SVOCs and PCBs were not detected in surface water samples from the Chicopee River.  Inorganics were 

detected in surface water samples, with maximum detected concentrations generally being reported in the older 

1987 samples (locations CR-2, CR-3 and CR-4). 
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Sediment 

 

Sediment data for the Chicopee River are available for 1987 and 2005.  Four samples were collected from the 

Chicopee River in 1987 from three locations (Table 10-9A).  In 2005, 22 additional sediment samples were 

collected from 20 locations adjacent to the site.  These data were collected to quantify existing conditions and to 

address uncertainty associated with the older data.  In general, because the 2005 sediment data collected 

adjacent to the site are similar to those data collected in 1987 (with a few exceptions), all sediment data, 

including the older 1987 data are included in the quantitative evaluation (Table 10-9A).  The exceptions to the 

data being the similar for both years, is the detection of di-n-butylphthalate in the 1987 samples only, and the 

detection of additional PCB Aroclors in the 2005 samples.  More specifically, as noted in Appendix G, Section 

1.7 of the Phase II addendum, di-n-butylphthalate was detected in each sediment sample collected in 1987 but 

was not detected in the 2005 sediment samples.  In 1987, only PCB Aroclors 1242 and 1254 were detected, 

whereas in the 2005 samples, the PCB Aroclors detected were Aroclor 1221, 1248, 1254 and 1260 (in one or 

more samples) (Table 10-9B).  Inorganics were detected adjacent to the site in both the 1987 and 2005 sampling 

events.  As shown in Table 10-109B, the maximum detected inorganic concentrations are generally reported in 

samples collected in 2005. 

 

10.8.4.2 Bircham Bend Brook 

 

Surface Water 

 

Eighteen surface water samples are considered in the Risk Characterization (Table 10-10A).  Samples were 

collected in 1983, 1986, 1987, and 1999.  Six samples were collected in 1981 (Samples 1, 1A, 1B, 2, 3, 4).  

These samples, are, however, not considered in the Risk Characterization as more recent samples are available 

from the same general vicinity.  Samples 1A and 1B were only analyzed for benzene and carbon tetrachloride, 

both of which are not detected in the more recent samples.  SVOCs, PCBs and pesticides were also almost all 

non-detectable in these 1981 samples (Table 10-10A and Table 10-10B).   

 

Sediment 

 

Ten sediment samples collected from the Bircham Bend Brook are considered in the Risk Characterization 

(Table 10-11A).  Two samples were collected in 1986, four samples in 1987 and four samples in 1999.  Samples 
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were generally analyzed for VOCs, SVOCS, PCBs, pesticides and inorganics, although only select VOCs were 

analyzed for in 1999.  Xylene and 2-butanone were the only VOCs detected (all other VOC data were J-and/or 

B-qualified).  The maximum detected VOC concentrations were reported in sample GB-7 (collected in 1987).  

PAHs and phthalates were the only SVOCs detected in surface water samples.  The highest concentrations of 

these SVOCs are also generally reported for sample GB-7 as well as S-8 (collected in 1999). 

 

10.9 Constituents of Potential Concern 

 

According to Section 2.4 of the Guidance for Disposal Site Risk Characterization (MADEP, 1995), all oil or 

hazardous material at a site should be considered a COPC unless one of the following conditions is true:  

 

• The constituents are present at low frequency of detection (one or two samples, dependent on the total 

number of samples collected and in low concentrations; 

 

• The constituents are present at levels that are consistent with “background” concentrations for the area 

and there is no evidence that their presence is related to activities at the site (for inorganics and PAHs);  

 

• The constituents are field or laboratory contaminants (designated as “B” – constituent detected in the 

blank as well as sample); or  

 

• All the reported values for particular constituents in a particular media are qualified as “J” – the values 

are only estimated and below the reported sample quantitation limit (SQL).   

 

Constituents were generally eliminated as COPCs based on a low frequency of detection and low concentration, 

and in some cases, qualified data.  However, some constituents were also eliminated based on comparison to 

background (as described below).  

 

According to 310 CMR 40.0902(3), if the concentration of oil or hazardous material at the disposal site is at or 

below background levels, then that constituent shall be considered to pose “No Significant Risk.”  Thus, 

secondary to the COPC screening process identified above, comparison of site data to background data is used 
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to further refine the list of COPCs (for soil, sediment and surface water) quantitatively evaluated in the Risk 

Characterization.   

 

“Background” is defined at 310 CMR 40.0006 as those levels of oil or hazardous materials that would exist in 

the absence of the disposal site of concern and that are: 

 

• ubiquitous and consistently present in the environment at and in the vicinity of the disposal site of 

concern; and 

 

• attributable to geologic or ecological conditions, atmospheric deposition of industrial process or 

engine emissions, fill materials containing wood or coal ash, releases to groundwater from a public 

water supply system and/or petroleum residues that are incidental to the normal operation of motor 

vehicles. 

 

For soil, MADEP (2002a)-published background levels for PAHs and metals were used to evaluate site PAH 

and inorganic data (Tables 10-12A and 10-12B).  Site data were generally compared to MADEP-published 

values for “natural soil”.  In instances where soils data are representative of fill material at the site, MADEP-

published values for “fill material” associated with coal ash were considered.  A constituent was  eliminated as a 

COPC if it was detected infrequently and at low concentrations, if data were all qualified (U, B and/or J-

qualified) or the value was less than background.  Tables 10-1A, 10-1B, and 10-1C present a summary of 

surface soil data, the COPC screening process and rationale, and a list of COPCs carried through to the 

quantitative Risk Characterization.  The same information for subsurface data are presented in Tables 10-2A, 

10-2B and 10-2C.  Comparison of site soils to MADEP-published background data are presented in Tables 

10.12A (surface soils) and Tables 10.12B (subsurface soils).  Documentation of samples collected from fill areas 

are provided in these tables.  

 

Groundwater data to a depth of 15 are considered in the Risk Characterization (as discussed in Section 10.8.2).  

For cases in which multiple years of samples were collected, the most recent 2 years of data collected from 

“shallow” wells were used.  In addition, if older data included constituents not sampled in the most recent 

sampling, these data were included in the analysis of the most recent two years of data.  The resulting data were 

and constituents were then eliminated as COPCs if they were detected infrequently and at low concentrations, 

and/or if all data for a particular constituent were qualified.  Tables 10-3A through Tables 10-6A present a 

summary of groundwater data, Tables 10-3B through Tables 10-6B present the COC screening process and 
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rationale, Tables 10-3C through 10-6C a list of COCs carried through to the risk characterization.  Background 

was not considered in selecting COPCs for groundwater.   

 

For sediment and surface water, site-specific background data were available to evaluate COPCs.  Background 

data for Chicopee River surface water and sediment are presented in Table 10-12C and Table 10-12D, 

respectively.  Tables 10-12E and Table 10-12F present background data for Bircham Bend Brook surface water 

and sediment data, respectively.  A constituent was eliminated as a COPC if it was detected infrequently and at 

low concentrations, all data were qualified, or the value was less than upstream background concentrations.   

 

10.9.1 Hot Spots 

 

A hot spot is identified by MADEP (MADEP, 2006a) as a discrete area where concentrations of hazardous 

material exceed applicable Method 1 standards and are greater than 10 times that of the surrounding areas 

unless, “there is no evidence that the discrete area would be associated with greater exposure that the 

surrounding area.”  If concentrations in a discrete area exceeded one hundred times that of the surrounding area, 

the discrete area must be classified as a Hot Spot, unless the applicable Method 1 standard was not exceeded. 

 

Hotspot locations have been identified at the site (based on elevated concentrations of PCBs in surface soil and 

chlorobenzene in saturated subsurface soil) and consistent with MADEP (MADEP, 2006a), risks/hazards for 

these areas are quantified separately.  Specifically, sample SS-13 (located in SWDA No. 2) had a PCB 

concentration of 5.5 mg/kg which is 10 times greater than PCB concentrations in the surrounding samples and 

above MADEP S-2/GW-3 standards at SWDA No. 2.  In addition, elevated chlorobenzene concentrations were 

reported in subsurface soil samples SB-131 (12-14 ft bgs - 3.9 mg/kg) and SB-124 (12-14 ft bgs – 3.7 mg/kg) 

from the Former WW II Naval Research Area.  However, these soils samples were from below the water table 

and saturated. The hotspot data for these two areas (and other constituent concentrations reported in these 

samples) are shown in Table 10-1D (surface soils) and Table 10-2D (subsurface soils).  Hot spot locations were 

also identified within SWDA No. 1 and LWDA No. 1.  As  discussed in Section 9, however, these samples are 

not considered in the Risk Characterization ([consistent with USEPA guidance (USEPA, 1993c; USEPA, 

1995d)].  Hotspot locations are shown on Figure 8-1.  
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10.10  Dose-Response Assessment 

 

The Dose-Response Assessment describes the toxicity data used to quantify non-carcinogenic hazards and 

carcinogenic risks.  It also provides a summary of the potential non-cancer health effects and cancer risks 

associated with each COPC.   

 

10.11  Non-Carcinogenic Effects 

 

To quantify non-carcinogenic effects, USEPA has derived reference doses (RfDs) that represent a threshold of 

toxicity.  RfDs are intended to represent and exposure that the human population would be exposed to daily for 

an entire lifetime without appreciable risk of harmful effects.  RfDs may therefore be considered to represent a 

“safe” level of exposure, and exposures less than these toxicity criteria present no threat to human health.   

 

Non-carcinogenic effects are measured using a hazard quotient which is the product of the average daily dose 

divided by the RfD (or for inhalation hazards, the average daily exposure divided by the inhalation reference 

concentration ([RFC]).  The hazard quotient (HQ) for all constituents and all exposure pathways are summed to 

produce the hazard index.  Generally, a HQ greater than 1 indicates that a calculated exposure is greater than the 

RfD for a given constituent, and that there may be some potential for human health concerns.  Similarly, a 

hazard index (HI) greater than 1 indicates that overall exposure to all chemicals of interest may present concern 

for potential human health effects (USEPA, 1989c).  In order to achieve a level of “No Significant Risk” the 

non-cancer HI must not exceed 1.   

 

Subchronic RfDs and RfCs apply to exposures of two weeks to seven weeks, and chronic RfDs and RfCs apply 

to exposures of seven years and longer.  For this assessment, in an effort to be conservative, chronic RfD and 

RfC were used to derive the non-cancer hazard indices for each compound.  These non-cancer toxicity data are 

presented in Table 10-13A.  

 

10.12   Carcinogenic Risks 

 

To quantify carcinogenic effects, USEPA has derived slope factors (SFs) for those chemicals found to cause a 

dose-related, statistically significant increase in tumor incidence in an exposed population relative to the 
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incidence of tumors observed in an unexposed population.  The dose-related incidence rates are usually 

determined in a laboratory study.  SFs are generally based on oral toxicity studies and are used to quantify the 

potential risk of cancer associated with a give exposure.  SFs used in this Risk Characterization are presented in 

Table 10-13B. 

 
Carcinogenic risk is expressed as a probability of developing cancer over the course of a lifetime as a result of a 

given level of exposure.  For a given chemical and route of exposure, carcinogenic risk is derived by multiplying 

the lifetime average daily dose (LADD) (or for inhalation risk, the life time average daily exposure divided by 

the inhalation unit risk) by the SF.  In order to achieve a level of “No significant risk” the excess lifetime 

carcinogenic risk level must not exceed 1x10-5. 

 

10.13   PAH Toxicity Equivalence Factors 

 

Although an oral cancer slope factor is available for benzo(a)pyrene, a slope factor is not available for the other 

six Acarcinogenic@ PAH compounds (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-c,d)pyrene).  In order to evaluate potential risks associated 

with these PAH compounds, MADEP (1995) guidance recommends use of toxicity equivalency factors (TEFs) 

to quantify potential risks.  This TEF approach is based on the potency of the PAH compounds relative to 

benzo(a)pyrene, and is based empirically on results of bioassay experiments where benzo(a)pyrene and other 

carcinogenic PAHs were tested concomitantly (USEPA, 1993a).  These TEF values are used to convert the 

concentration of the PAH to an equivalent concentration of benzo(a)pyrene or convert the slope factors of 

benzo(a)pyrene to slope factors for the other carcinogenic PAHs.  The TEFs and converted slope factors are 

presented in Table 10-13B. 

 

10.14   Relative Absorption Factors (RAFs)  

 

The RAFs are derived values used to account for differences in the absorption of the constituents of interest 

under the assumed exposure conditions relative to the absorption under experimental conditions.  The RAF 

approach was used in the Risk Characterization to adjust the exposure point concentration in soil at the Site.  

RAF values were taken from the MADEP guidance document MCP Numerical Standards available on the 

MADEP website (http://www.mass.gov/dep/service/compliance/riskasmt.htm) and are shown in Table 10-13A 

and 10-13B. 
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For dermal absorption from ground water, there are no MADEP RAF values.  As identified in Section 10.16.5.4, 

the equation used to derive a dose via dermal absorption from ground water incorporates a permeability constant 

(Kp) to determine the flux of a contaminant through the skin.  This results in the derivation of an absorbed dose.  

To make it comparable to the toxicity value employed to assess risk, the absorbed dose is adjusted to make it 

comparable with the toxicity factor being used.  Since the oral RfD and SFs were used to assess the toxicity of 

dermally absorbed compounds, gastrointestinal absorption factors were used to correct the derived dermal dose 

from an absorbed dose to an administered dose (e.g., the average daily dose or lifetime average daily dose was 

divided by the gastrointestinal absorption factor).  These factors used are shown in Tables 10-13A and 10-13BT. 

 

10.15  Toxicity Profiles  

 

In accordance with MCP guidance, toxicity profiles for each COPC are included in Appendix V.  The toxicity 

profiles generally include a brief description of toxicokinetics, genotoxicity, carcinogenicity, and 

developmental/reproductive toxicity.  Toxicity profiles presented in Appendix V are those profiles developed for 

use in Superfund risk assessments (available on-line at http://risk/lsd.ornl.gov/tox/rap.toxp.shtml) (which are 

based on data presented in IRIS, HEAST, and other applicable regulatory guidance).  When toxicity profiles 

were not available for a particular chemical, toxicity information is presented in the form of a Material Safety 

Data Sheet (MSDS). 

 

10.16  Human Health Exposure Assessment 

 

The human health exposure assessment identifies human exposure scenarios for constituents present at the site.  

More specifically, it describes the course a constituent takes from the source to a potentially exposed individual.  

An exposure pathway analysis consists of four elements: 

 

• A source and mechanism of constituent release to the environment (e.g., leaching of constituents into 

ground water); 

• A relevant environmental transport medium (e.g., ground water); 

• A relevant point of human exposure to the constituents present in that medium (e.g., dermal contact with 

constituents in ground water); and 

• A route of uptake at the exposure point (e.g., dermal absorption of constituents from ground water). 
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A pathway is considered complete if all four elements are present and incomplete if one or more of these 

elements is not present.  It is also assumed that a pathway is complete only if  a segment of the human 

population exists that may potentially contact site constituents. 

 

10.16.1 Exposure Profiles 

 

The exposure profile is a narrative description of the exposures that may occur at the site.  The site is currently 

an industrial site and will likely remain unchanged in the foreseeable future.  A Draft Notice of Activity and Use 

Limitation (AUL) Non-Residential Future Land Use Assumption (BBL, 1997a) has been submitted to the 

MADEP and the USEPA, further supporting the industrial use as a current and identifiable foreseeable use of 

the site (MADEP, 1995). 

 

Based on the current and future use conditions, an exposure pathway conceptual model was developed to 

identify potential human receptors.  The following five potential receptors were identified for further evaluation: 

 

• Outdoor Onsite Worker: This receptor represents an onsite commercial/industrial worker involved in the 

day-to-day operations at the plant.  He spends the majority of the onsite time outdoors.  This receptor 

group may be exposed to surface soils via ingestion, dermal contact, and inhalation pathways.   

 

• Indoor Onsite Worker: This receptor represents an onsite commercial/industrial worker involved in day-

to-day operations at the plant, who spends most of their time in site buildings.  These individuals may be 

exposed to constituents volatile constituents that potentially migrate to indoor air.   

 

• Intrusive Worker.  This receptor represents individuals engaged in ground intrusive activities associated 

with building construction, or repairing and/or laying utility lines or pipe.  The receptor may be exposed 

via ingestion, dermal contact and through inhalation of particulates or volatiles that could be released 

from soil during intrusive activities.  For areas with groundwater present at shallow depths this 

individual may also be exposed through dermal contact with groundwater and through the inhalation of 

volatile compounds found in water. 
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• Trespasser:  This receptor represents youths 11-18 years of age, who may trespass on the site.  They 

may travel across parts of the site, or may engage in some sort of outdoor activity.  These individuals 

may be exposed to constituents in surface soils via incidental ingestion, dermal contact and inhalation.  

The site is fenced and has 24 hour security, as such, it is assumed this receptor is on the site for a limited 

amount of time and is not expected to engaged in ground intrusive activities.  As a result contact with 

subsurface soils is not quantitatively evaluated nor is contact with groundwater.   

 

• Recreator:  This receptor is assumed to be an individual who may engage in outdoor activities adjacent 

to the site, and therefore has the potential to be in contact with the sediment and surface water of 

Bircham Bend Brook and the Chicopee River.  Note that because access to the River adjacent to the 

Plant site is somewhat limited and is generally not aesthetically appealing due to the industrial nature of 

the area, recreational use of this area is expected to be limited.  Soil exposures are not quantified for this 

receptor, as the recreator is not expected to be onsite.  Groundwater is not potable at the site and 

therefore, there is no potential for exposure via ingestion.  In addition, recreational users are not 

expected to be involved in ground intrusive activities on the site that would pose a groundwater 

exposure risk/hazard.  Recreational activities are assumed to be confined to the surface waters and 

sediment adjacent to the site. 

 

The potential exposure pathways for each receptor population are provided in Table 10-14, and represent the 

most quantitatively important pathways for which humans may be exposed to site-related constituents.  Certain 

of these potential exposure pathways may appear unlikely or insignificant, but they are nonetheless routinely 

considered in the risk assessment process.  Table 10-14 lists the exposure pathways and potentially exposed site 

populations (indoor onsite worker, outdoor onsite worker, intrusive worker and trespasser), whether or not a 

particular exposure pathway is complete for a particular population, as well as the rationale for selection or 

exclusion of the exposure pathway.  Pathways considered for each potentially exposed population include 

ingestion, dermal, and inhalation exposure to constituents in surface soil and subsurface soil, as well as dermal, 

and inhalation exposure to constituents in ground water.  Also included is a hypothetical recreator who is 

exposed to surface water and sediment in the Chicopee River and Bircham Bend Brook.  This receptor will not 

be onsite, but may be exposed to constituents that may be present in surface water and sediment.   
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10.16.2 Exposure Factors 

 

This section describes the site-specific assumptions that are used to quantify the receptor exposure described 

above, when applicable MADEP specific values were used.  All the receptors described above are assumed to be 

70 kilogram adults (USEPA, 1997b), except for the trespasser and recreator who are assumed to be 50 kg 

individuals (roughly the average of 50th percentile for males/and females ages 11-18, MADEP, 1995 – the actual 

value is 51.8 kg).  Exposure periods range from as long as 25 years for the indoor and outdoor onsite worker to 

as short as 1 year for the intrusive worker.  All workers are assumed to work eight-hour days.  Additional 

assumptions for each receptor are described below and presented in Table 10-15. 

 

The indoor onsite worker is expected to work inside the structures and as such, is exposed to constituents in air 

resulting from volatilization from shallow ground water and soils (<15 feet).  The duration for this exposure is 

assumed to be a standard 8-hour work day, 250 days per year (assuming a five-day work week and two weeks 

vacation).   

 

The outdoor onsite worker is expected to work primarily outdoors conducting the day-to-day operations of the 

plant and is exposed to constituents in surface soil (<0-3 feet).  The tasks performed by this receptor are not 

intrusive, therefore exposure will be only to surficial soils (dermal, inhalation, and incidental ingestion).  The 

duration for this exposure is assumed to be a standard 8-hour work day, 165 days per year, this assumes snow 

cover for one third of the working year (December through March) and is consistent with MADEP guidance 

(1995).  For this receptor, exposed skin is limited to hands, forearms and feet (3500 cm2) (MADEP, 2002d).  

The soil-skin adherence factor was assumed to be 0.03 mg/cm2, which is the MADEP (2002d) recommended 

value for an industrial/outdoor commercial worker.  Airborne particulate concentration is derived assuming a 

PM10 of 32 µg/m3 (open field).  This is a conservative estimate given this value assumes an open field where 

affected soil is sparsely vegetated.  In fact, as an area becomes more heavily vegetated soil particulate matter is 

less likely to become airborne.  With more vegetation, the MADEP allows that the PM10 value may be reduced 

to as low as 40% (MADEP, 1995).  Most of the open, unpaved areas onsite are maintained lawns, and as such a 

reduction in the PM10 may be appropriate, however in an effort to be conservative, the default value (32 µg/m3) 

was applied here.  The incidental ingestion rate for this receptor is considered to be 50 mg/day (MADEP, 2002c; 

USEPA, 1991).  This value is consistent with ingestion rate recommended by MADEP for adults.   

 

The intrusive worker is considered to be onsite for limited periods of time, and engaged in ground intrusive 

activities associated with building construction, or repairing and/or laying utility lines or pipe.  The exposure 
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pathway for the intrusive worker involves direct contact with soil through excavation/subsurface construction 

activities.  The individual is expected to be exposed to surface and subsurface soils through dermal contact, 

incidental ingestion, and inhalation of particulates and volatiles.  Although assessed here, direct contact with 

ground water may occur, but would generally be experienced only occasionally by laborers repairing pumps 

used to dewater excavation holes, an activity that would result in an acute exposure worker.  An intrusive 

worker is assumed to be onsite five days a week for 26 weeks (one half of the year) which represents a 

conservative estimate of the frequency of exposure to soil or vapors that would be experienced by a intrusive 

worker, given the typical duration of a construction project (MADEP, 1995).  For this receptor, exposed skin is 

limited to hands, forearms and feet (3500 cm2) for soil (MADEP, 2002d).  The soil-skin adherence factor was 

assumed to be 0.29 mg/cm2 (MADEP, 2002d).  Incidental ingestion rates are assumed to be relatively high (100 

mg/day) because of the high-intensity short-term duration of exposure.  This value is consistent with MADEP’s 

recommendation that the utility/heavy construction worker incidental ingestion rates are approximately the 

amount assumed for a child (MADEP, 2002c).  Particulate exposure is calculated using a PM10 of 60 Fg/m3 for 

the excavation scenario (MADEP, 2002b).  As discussed previously exposure to groundwater is assumed to be 

limited to pump repair and dewatering activities, as a result contact with groundwater occurs for only a limited 

time during construction.  Specific guidance relative to exposure time and frequency was not immediately 

available, although the State of Michigan has established a similar exposure in developing Part 201 generic 

contact criteria, in which they assume a contact rate of 2 hours per event for not more than 20 days per year.  

These values were adopted for use here.  Groundwater exposure is assumed to be limited to hands, forearm, 

lower legs and feet resulting in an available surface area of 5700 cm2 (USEPA, 2001b). 

 

The trespasser is assumed to be exposed to surface soils (0 – 3 feet) at the site while trespassing in the area.  The 

site is fenced and has 24 hour security, as a result access is limited, thus the duration for this exposure is 

assumed to be limited, 2 hours per day, 12 days per year (once per week for the three summer months).  

Consistent with MADEP (MADEP, 2002d) guidance for “Weighted Skin-Soil Adherence Factors,” the 

trespasser is expected to be exposed via the hands, forearms and (3,000 cm2/day), with a skin adherence factor 

of 0.14 mg/cm2. 

 

The recreator has the potential for contact with surface water and sediment of Bircham Bend Brook and the 

Chicopee River during recreational activities.  Because access to the River adjacent to the Plant Site is 

somewhat limited and is generally not aesthetically appealing due to the industrial nature of the area, 

recreational use of the area is expected to be limited.  As such, it is assumed that, the recreator is likely to be an 

adolescent (11-18 years old) without transportation from nearby, more desirable recreational areas.  Although 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 10-27 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

swimming is an unlikely activity, it is assumed that casual exposure to sediment and surface water does occur.  

The duration for direct contact with surface water is assumed to be a 2 hours per day, 12 days per year (1 time 

per week for 3 summer months).  As stated, the area is industrial, and as a result actual recreational activities are 

assumed to be limited.  The skin surface area for dermal exposure is expected to be 4800 cm2/day for sediment 

and surface water.  Using MADEP (1995) values, this assumes hands, forearms, lower legs and feet are exposed.  

A soil-skin adherence factor of 1.0 mg/cm2 is assumed, this value is recommended for the assessment of 

sediment exposure by MADEP (MADEP, 2002d). 

 

10.16.3 Exposure Points and Exposure Point Concentrations 

 

The exposure point concentration (EPC) is the representative concentration of a constituent in an environmental 

medium that is potentially contacted by the receptor (USEPA, 1997).  United States Environmental Protection 

Agency (USEPA) (1989) defines the EPC as “the arithmetic average of the concentration that is contacted over 

the exposure period.”  To ensure that the estimate of the average (or mean) is conservative and will not be 

underestimated, USEPA (1989, 1992b) recommends using the 95% upper confidence limit (UCL) of the mean 

as an estimate for the EPC.  This 95% UCL is also recommended by MADEP when data does not support use of 

an average concentration (MADEP, 2006a). 

 

Recent USEPA guidance (USEPA, 2006a) recommends non-parametric methods for computing 95% UCLs for 

left-censored datasets (i.e., data sets with below detection limit observations).  The USEPA (USEPA, 2006b) 

ProUCL 4.0 Users Guide provides recommended 95% UCL computation methodologies for datasets without 

observations less than the detection limit and for left-censored datasets.  For this Risk Characterization, EPCs 

for surface soil, sediment and surface water were estimated using the 95% UCL of the mean based on the 

recommendations provided in USEPA (USEPA, 2006b) and ProUCL 4.0.  EPCs are presented in the COPC 

summary tables (Tables 1-1c through 10-10c) and in the risk/hazard calculation summary tables (Appendix Y). 

 

Surface soil is an expected exposure media for onsite outdoor workers and trespassers.  EPCs were based on 

constituent concentrations in soils at depths of 0 to 3 feet below ground surface (MADEP, 2006a).  It is assumed 

that the onsite outdoor worker, in the course of his/her routine site activities, is equally likely to contact surface 

soils throughout the site, as a result the 95% UCL is used as the EPC.   
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Surface and subsurface soil are expected exposure media for onsite ground intrusive workers.  EPCs were based 

on constituent concentrations in soils from 0 to 15 feet below ground surface.  It is assumed the intrusive 

workers will contact both surface and subsurface soils due to the nature of their activities (e.g., construction, 

repair of utility repair).  These particular activities generally result in the worker being restricted to confined 

areas within the site for the duration project.  As a result, the EPC for this exposure pathway was conservatively 

assumed to be the maximum concentration detected in the vertical profile of the soil. 

 

Groundwater is an expected exposure media for ground intrusive workers in areas of “shallow” groundwater.  

EPCs were based on constituent concentrations observed in groundwater samples collected from “shallow” 

depths (< 15 ft bgs).  As a result, the EPC for this exposure pathway was conservatively assumed to be the 

maximum concentration detected in groundwater (to depths of 15 feet). 

 

Recreational users are assumed to contact sediment and surface water of Chicopee River and Bircham Bend 

Brook.  It is assumed that the recreator is equally likely to contact any and/or all the sediment/surface water in 

these waterbodies adjacent to the Indian Orchard Plant Site.  As a result, the 95% UCL is used as the EPC to 

evaluate potential exposure to surface water and sediment.  Note, that in some instances, insufficient data are 

available to derive a reliable 95% UCL and maximum concentrations are used as the EPC. 

 

10.16.4 Air Exposures  

 

Three different sources of constituents in air were identified for onsite receptors.  Constituents in air are 

assumed to result from migration of constituents in groundwater to indoor air, groundwater to ambient air, and 

subsurface soil to ambient air.  The methods used to derive the air concentrations resulting from each of these 

sources are described in the following sections. 

 

Indoor Air from Ground Water 

 

The Risk Characterization evaluates the potential for exposure of indoor workers to volatile constituents that 

may migrate from soil and/or groundwater to indoor air.  Analytical data for surface soils indicate that there are 

no VOCs in unsaturated soils near or within 100 feet of a building.  There are two locations, however, that are 

occupied or could be potentially occupied by 8-hour workers where groundwater concentrations exceed the 

MADEP GW-2 standards (which are groundwater concentrations protective of indoor air).  However, soil vapor 
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samples collected at one of these locations (where VOC concentrations in groundwater are the highest) have 

concentrations less than the generic Tier I soil vapor screening values presented in USEPA (2001).  These 

generic Tier I screening values (soil vapor concentrations protective of indoor air) are based on residential land 

use assumptions and a 1 x 10-5 cancer risk level.  As such, the residential exposure time and duration assumed in 

the derivation of these screening values are not representative of commercial/industrial workers. Three 

constituents had detected soil vapor concentrations that exceeded the generic Tier I screening values (1,2,4-

trimethylbenzene, 1,3,5-trimethylbenzene and chloroform).  It is believed that chloroform is an artifact of 

drinking water treatment process supplied by the city of Springfield. The maximum detected concentration of 

1,2,4-trichlorobenzene (100 ug/m3) and 1,3,5-trichlorobenzene (190 ug/m3) are reported in soil vapor sample 

SV-2 which is located between Buildings 100 and 67.  While these concentrations are greater than the USEPA 

generic Tier I screening value of 60 ug/m3,  when the applicable soil type is used under a Tier II screening 

values, these concentrations are less than the USEPA Tier II screening value for 1,2,4-trimethylbenzene and 

1,3,5-trimethylbenzene of 3000 ug/m3.  The soil type assumed was the most conservative Tier II attenuation 

factor (0.002 – based on a “sand” soil type.  As such, the potential for migration of volatile constituents to 

indoor is not likely to pose a concern and this pathway is not further considered in the Risk Characterization. 

 

Ambient Air from Ground Water 

 

To assess inhalation exposure to constituents in ground water for the utility worker (ambient air), a method that 

models volatilization releases of compounds from water bodies, such as hazardous waste lagoons, was used in 

conjunction with an equation that derives air concentrations from modeled air emissions from water (USEPA, 

1988 as adapted by Virginia Department of Environmental Quality, 2007).  The first step in deriving of air 

constituent concentrations from ground water involves determining liquid-and gas-phase mass transfer 

coefficients, which is then used to determine the constituent emission rate (Ei).  Volatilization factors are then 

used to calculate air concentrations of contaminants from water.  This information is detailed in Appendix W.   

 

Ambient Air from Subsurface Soil 

 

The potential impact of volatilization of chemicals in subsurface soils was considered in this Risk 

Characterization.  Volatilization factors (VF) were calculated using the equations presented in USEPA’s 2001 

“Soil Screening Guidance: Technical Background Document” (USEPA 2001c).  Equations are included in 

Appendix X.  A dispersion rate (Q/C) for 30 acres in Hartford, Connecticut (40.36 g/m2-s per kg/m3) was 

assumed for the outdoor worker and the trespasser.  A value of 73.95 g/m2-s per kg/m3 for 0.5 acres in Hartford 
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was used for the intrusive worker.  The USEPA presents dispersion rates (Q/C) for 29 U.S. locations selected to 

be representative of the national range of meteorologic conditions.  The Hartford, Connecticut data was selected 

as it was the nearest to the site and most closely represents conditions at the site.  Site-specific soil 

characteristics discussed earlier, with an average site-specific TOC of 0.48% used. 

 

10.16.5 Quantitative Estimates of Exposure 

 

Average daily doses for non-carcinogens and lifetime average daily doses for carcinogens (ADDs and LADDs, 

respectively) are calculated using assumptions for the receptor populations of concern at the site including 

indoor onsite workers, outdoor onsite workers, intrusive workers, trespassers, and recreational users as outlined 

in Sections 10.16.2 through 10.16.5 (Table 10-15).  ADDs and LADDs are expressed as the amount of 

constituent an individual may be exposed to per unit-body weight per day (i.e., mg/kg/day).  For carcinogens, 

LADDs are amortized over a 70-year lifetime.  For non-carcinogens, exposures are determined for the time 

period of exposure (e.g., 25 years for workers).  ADD and LADD values are used to determine non-cancer and 

cancer risks, respectively.  The assumptions and equations used to calculate the doses associated with each 

exposure pathway are provided below. 

 

10.16.5.1 Soil - Incidental Ingestion 

 

The average daily dose (ADD) and the lifetime average daily dose (LADD) for the outdoor onsite worker, the 

intrusive worker, and the trespasser exposed to soil via incidental ingestion is calculated using the following 

equation: 

APxBW
soilxEPxCFxRAFxEFxEDEPCsoilxIR=/day)Dose(mg/kg  

where: 

EPC soil = Exposure Point Concentration in soil (mg/kg) 

IR = Soil Ingestion Rate (mg/day) 

RAF = Relative Absorption Factor (constituent specific) 

ED soil = Exposure Duration (day/event ) 

EF = Exposure Frequency (event/year) 

EP = Exposure Period (years) 

AP = Averaging period (days) 
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CF = Conversion Factor (1E-6 kg/mg) 

BW = Body Weight (Kg) 

 

10.16.5.2 Soil B Dermal Exposure 

 

The ADD and the LADD for the outdoor onsite worker, the intrusive worker, and the trespasser exposed 

through dermal contact to soil is calculated using the following equation: 

 

APxBW
xEDxEPxCFxAFxRAFxEFEPCsoilxSA=/day)Dose(mg/kg  

where: 

EPCsoil = Exposure Point Concentration in soil (mg/kg) 

SA = Surface Area (cm2) 

AF = Adherence Factor (cm2) 

RAF = Relative Absorption Factor (constituent specific) 

ED soil = Exposure Duration (day/event ) 

EF = Exposure Frequency (event/year) 

EP = Exposure Period (years) 

AP = Averaging period (days) 

CF = Conversion Factor (1E-6 kg/mg) 

BW  = Body Weight (Kg) 

 

10.16.5.3 Soil B Inhalation of Particulates and Volatiles 

 

The exposure point concentration for inhalation of particulates resulting from soil is an air concentration of 

respirable dust to which the receptor may be exposed.  This air concentration is calculated by multiplying an 

assumed respirable concentration in air by the soil EPC, as follows: 
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 Exposure Point Concentration in Air (mg/m3) of EPCair = EPCsoil x PM10 x CF 

 

where: 

EPCsoil = Soil concentration (mg/kg) 

PM10 = Respirable particulate concentration in air (mg/m3):  

CF = 1E-6 kg/mg 

 

The exposure point concentration for inhalation of volatiles resulting from subsurface soil is an ambient air 

concentration of volatile compounds to which the receptor may be exposed.  This air concentration is calculated 

by applying a VF to the soil EPC, as follows: 

 

Exposure Point Concentration in Air (mg/m3) or EPCair = EPCsoil x 1/VF 

 

where: 

 

EPCsoil = Soil concentration (mg/kg) 

VF  = Volatilization Factor (m3/kg; USEPA, 2001c) 

 

For media where inhalation to both particulates and volatiles is assessed, the particulate and volatile air 

concentrations can be summed to derive the exposure point concentration in air. 

 

The resulting exposure point concentration in air is used to calculate an average daily exposure (ADE) to the 

affected air. Exposure to soil dust is calculated, not by deriving a dose, but by calculating an ADE.  The ADE, 

like ADD, is compared to toxicity values.  In this case the toxicity values are expressed as concentrations rather 

than doses:  reference concentrations for non-carcinogens, and unit risks for carcinogens.  Like the ADD, the 

ADEs are dependent on the frequency and duration of the exposure; and are amortized over a lifetime for 

carcinogens, and over the exposure period for non-carcinogens.  The ADE and the lifetime average daily 

exposure (LADE) for the utility worker and maintenance worker exposed through contact to soil dust is 

calculated using the following equation: 

 

AP
FEDairxEPxCEPCairxEFx=ADEair  
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where: 

ADEair = Average daily exposure to air 

EPC = Exposure Point Concentration in Air (mg/m3) 

EDair = Exposure Duration (hour/event ) 

EF = Exposure Frequency (event/year) 

EP = Exposure Period (years) 

AP = Averaging period (days) 

CF = Conversion Factor (1 day/24 hours) 

 

10.16.5.4 Ground Water B Dermal Exposure 

 

The ADD LADD for the utility worker exposed through dermal contact to ground water is calculated using the 

following equation: 

 

APxBWxRAF
FwaterxEPxCAxKpxEFxEDEPCwaterxS=/day)Dose(mg/kg  

where: 

 

EPCwater = Exposure Point Concentration in water (mg/kg) 

SA = Surface Area (cm2) 

Kp = Permeability constant (cm/hr; constituent specific) 

RAF = Relative Absorption Factor (constituent specific); for dermal contact the permeability 

constant (Kp) is used to determine the flux of COC through the skin, resulting in an absorbed 

dose of COC.  The RAF (gastrointestinal absorption) is used here to adjust this absorbed dose 

to make it comparable with to the toxicity value employed to estimate risk.   

EDwater = Exposure Duration (hr/event ) 

EF = Exposure Frequency (event/year) 

EP = Exposure Period (years) 

AP = Average period (days) 

CF = Conversion Factor (1E-3 L/ml) 
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10.16.5.5 Ground Water B Inhalation of Volatiles (Ambient Air and Indoor Air) 

 

Like the derivation of cancer risks or non-cancer hazards for dust, the potential adverse effects resulting from 

exposure to volatiles in air can be determined by calculating an ADE and comparing it to the appropriate 

toxicity values.  The ADE and LADE for the intrusive worker (ambient air) exposed to constituents resulting 

from volatilization of ground water are calculated as follows: 

 

AP
FEDairxEPxCEPCairxEFx=)mg/Exposure(m 3  

where: 

EPCair = Modeled Exposure Point Concentration in Air from ground water (mg/m3) 

EDair = Exposure Duration (hr/event) 

EF = Exposure Frequency (event/year) 

EP = Exposure Period (years) 

AP = Averaging period (days) 

CF = Conversion Factor (1 day/24 hours)  

 

Table 10-14 provides a list of the assumptions used to calculate doses or exposure for each of the receptors.   

 

10.17  Risk Characterization 

10.17.1 Characterization of Risk to Health 

 

According to 310 CMR 40.0933(7) a condition of “No Significant Risk” of harm to human health exists if 

cumulative cancer risks and non-cancer hazards are less than MCP target limits (i.e., 1 x 10-5 for cancer risks 

and 1 for non-cancer hazards), and if no EPC is greater than an applicable or suitably analogous standard. 

 
Cancer risks and non-cancer hazards for the various receptors and exposure media are summarized in Table 10-
16 and Table 10-17.  Cancer risks and non-cancer hazards for individual constituents (as well as cumulative 
risks/hazards) are presented in the risk/hazard summary tables presented in Appendix Y.  Characterizing the 
exposure to site-related constituents found in surface soil, subsurface soil, groundwater, air, sediment and 
surface water by potentially exposed human receptors (onsite indoor worker, onsite outdoor worker, intrusive 
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worker, trespasser and recreator) at the site lead to the following conclusions regarding site specific risks and 
hazards.  Conditions of "No Significant Risk of Harm to Human Health" have been achieved based on the 
criteria of a cumulative cancer risk threshold of 1 in 100,000 (1 x 10-5), set forth at 310 CMR 40.0993(7), except 
for non-cancer hazards for the intrusive worker exposed to groundwater.  For the intrusive worker, the non-
cancer hazard of greater than 1 is attributable to potential inhalation of chlorobenzene (via volatilization from 
groundwater) (HI = 150).  If chlorobenzene is removed from consideration, there is still a slight hazard) 
attributable to inhalation of the other volatiles (1,2-dichloropropane, acetone and benzene) present in 
groundwater (HI = 2) (See Tables presented in Appendix Y).  A brief examination of these compounds show 
divergent toxicity endpoints, and therefore, consistent with USEPA (1989) these compounds can be examined 
individually rather than additively.  In which case, each chemical alone meets the condition of no significant 
risk.  All other concentrations of COPCs in all areas and all exposure media did not result in cumulative hazards 
or risks constituting “significant risk of harm.”  In summary, a condition of “No Significant Risk of Harm to 
Human Health” can be achieved for all media except groundwater.  This is because of a non-cancer hazard 
greater than 1 associated with potential exposure of excavation or construction workers to chlorobenzene in 
groundwater.  The highest chlorobenzene groundwater concentrations are reported in groundwater samples 
collected from the WWII Naval Research Area.  As identified in Section 10 of the Summary Report, further 
remedial response actions and/or institutional controls are required to manage potential groundwater risks 
attributed to chlorobenzene in this area of the Site.   
 

10.17.2 Hot Spot Risks/Hazards 

 

As indicated above, a condition of “No Significant Harm to Human Health” is achieved for soils at the Site.  

Consistent with MADEP (MADEP, 2006a) guidance, soil samples considered as “hot spots” must also attain a 

cancer risk level and non-cancer hazard of 1 x 10-5 of 1 or less, respectively.  Hotspot concentrations, as 

described in 10.9.1, were identified in surface soil (Aroclor 1242 at 5.5 ppm) and subsurface soil (Aroclor 1242 

at 5.5 ppm and chlorobenzene at 3.9 ppm), excluding the wastes within the landfills.  It was assumed the 

trespasser and onsite outdoor worker could be exposed to Aroclor 1242 in surface soil, but would not be 

exposed to materials within landfills.  Conservatively, no area use factor was applied which resulted in exposure 

to the elevated concentration 100% of the time they were onsite.  For the intrusive worker, it was assumed 

elevated PCB Aroclor and chlorobenzene concentrations occurred in close proximity to one another and that 

exposure was concurrent.  In all cases a condition of "No Significant Risk of Harm to Human Health" has been 

achieved based on the criteria of a cumulative cancer risk threshold of 1 in 100,000 (1 x 10-5) and a cumulative 

non-cancer risk limit which is a HI equal to or less than one, set forth at 310 CMR 40.0993(7).  The highest 
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cancer risk level was 9 x 10-7 (attributed to onsite workers). The highest non-cancer hazard of 0.7 was attributed 

to potential exposure of intrusive workers (See tables presented in Appendix Y). 

 

10.17.3 Characterization of Risks to Safety 

 

Characterization of risk to safety has been conducted in accordance with 310 CMR 40.0960.  An evaluation has 

been conducted of conditions within the disposal areas to determine if they pose or may pose a threat to safety.  

This evaluation considers, for example, threat of fire or explosion, rusted or corroded drums, presence of 

uncontainerized materials that may pose a risk due to corrosivity, reactivity, and/or infection potential, and 

conditions that currently or in the foreseeable future would pose a threat of physical harm or bodily injury to 

people. 

 

The site is an active manufacturing plant that is operated in accordance with applicable federal, state, and local 

safety requirements.  Solutia employs health and safety personnel to assure compliance with the required safety 

standards.  In accordance with OSHA standards, Solutia has safe operating policies and procedures in effect to 

maintain safe conditions onsite.  No readily obvious or known conditions exist that pose or may pose a threat to 

safety beyond those of a typical industrial/manufacturing environment.  Therefore, the conclusion of this safety 

evaluation is that there is no significant risk (i.e., no threat of physical harm or bodily injury to people) related to 

the release or threat of release of materials at the site disposal areas. 

 

10.17.4 Environmental Risk Characterization  

 

An environmental risk characterization was performed for the Chicopee River adjacent to the Indian Orchard 

Plant Site in accordance with 310 CMR 40.0995, and current MADEP (MADEP, 1996) and  USEPA guidance 

(USEPA, 1997a).  This Environmental Risk Characterization is presented in Section 9 of this Phase II CSA 

Addendum.  The environmental risk characterization includes an evaluation of constituent data, potential 

contaminant migration pathways, and wildlife and ecological habitats in the vicinity of the Indian Orchard Plant.  

Results of the Environmental Risk Characterization indicate that exposure to detected constituents in surface-

water, groundwater and sediment do not pose a significant harm to environmental receptors.  It was concluded 

that because recent constituent concentrations in the vicinity of the Indian Orchard Plant Site did not exceed 

screening levels, or were comparable or below background/reference locations, no further assessment of 

ecological risk is needed for the Chicopee River. 
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10.17.5 Characterization of Risk to Public Welfare 

 

Characterization of risk to public welfare has been conducted for current and reasonably foreseeable conditions 

in accordance with MCP, 310 CMR 40.0942.  Factors considered in the public welfare assessment include 

nuisance odors attributable to the SWMU/disposal areas, loss of property value, unilateral restriction on property 

beyond the Solutia plant boundary, and other noteworthy conditions affecting the property of others.  Based on 

this assessment, no conditions were identified at the Indian Orchard Plant disposal areas where significant 

degradation of public or private resources has or may result from COCs at the given disposal areas. 

 

The public welfare evaluation also compares average concentrations of observed soil and groundwater COPC 

concentrations to UCLs.  Method 3 UCLs, promulgated by MADEP for both soil and groundwater (310 CMR 

40.0996 (5)), are used in a quantitative baseline risk characterization to evaluate the potential for significant risk 

of harm to public welfare and the environment under current and future conditions at hazardous waste sites.  

Under the MCP, a level of no significant risk exists or has been achieved for future conditions if no arithmetic 

mean COPC concentration in soil and groundwater exceeds its applicable UCL.  If the concentration of COPC 

exceeds its applicable UCL, then a level of no significant risk does not exist for future conditions.  A 

comparison of observed soil and groundwater concentrations to applicable UCLs are provided in Tables 10-18 

through Tables 10-26.   

 

As shown in Table 10-18 and 10-19,  average as well as maximum detected soil concentrations (for data 

collected from 0 to 15 feet and from greater than 15 ft) are less than or equal to their respective UCLs, and 

therefore a level of no significant risk exists for soil at the site.  This conclusion does not, however, apply to 

waste soils collected from within the landfills at the site which are being managed using “presumptive remedies” 

approaches (See Section 10 of the Summary Report)  

 

Average and maximum detected groundwater concentrations are also less than the UCLs (Tables 10-20 to 

Tables 10-26), with the exception of chlorobenzene in groundwater (Table 10-20 and Table 10-21).  For 

example, the maximum detected concentration of chlorobenzene in groundwater is 42 mg/L, which exceeds the 

UCL of 10 mg/L.  More specifically, chlorobenzene in groundwater exceeded the UCL of 10 mg/L in only two 

wells from the WWII Naval Research Area [MM-112D - 42 mg/L; MW-116S - 34 mg/L]. Groundwater 

concentrations averaged across the site, however, are less than the UCL of 10 ug/L.  However, despite the fact 
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that average groundwater concentrations are less than the UCL, chlorobenzene concentrations remain a concern 

due to non-cancer hazards associated with potential exposure of intrusive workers.  As previously indicted, the 

highest concentrations are associated with the WWII Naval Research Area [where average chlorobenzene 

concentrations approach 10 mg/L (9.8 mg/L) (Table 10-22)].  Therefore, as described in Section 10 of the 

Summary Report, this area as well as the chlorobenzene plumes will be subject to further evaluation (e.g., 

remedial response actions/implementation of AULs). 

 

Last, it should also be noted that under the MCP (310 CMR 40.0996 (4), the presence of non-aqueous phase 

liquids having a thickness equal to or greater that ½ inch in any environmental medium is considered a level 

which exceeds UCLs.  NAPL observed once at SWDA No. 1 at one soil boring SB-37, exceeds the MCP UCL.  

However, this sample was collected within the known extent of the landfill and has been identified as a hotspot 

that will require further response actions to restrict access. However, NAPL has not been detected in any other 

monitoring well and soil boring at the Site.  

 

Consistent with 310 CMR, data from hotspot locations were also compared to UCLs.  This applies to surface 

soil sample SS-13 and subsurface samples SB-124 and SB-131, as well as sample MW-107S, which was 

collected at a depth of 16-18 ft.  SS-13 was identified as a hotspot based on PCBs and SB-124 and SB-134 were 

identified as hotspots based on chlorobenzene concentrations.  Also note that MW-107S_was also considered a 

hotspot but this sample was not considered in the quantitative risk characterization as this sample was collected 

at a depth of greater than 15 feet.  However, comparison of the hotspot data collected from within the 0 to 15 ft 

interval and the data collected from greater than 15 ft all have maximum detected concentrations less than the 

UCLs, excluding materials within the landfills.  As such, based on the there being no exceedance of soil data 

greater than UCLs, a condition of “No Significant Risk” remains for soil. 

 

10.17.5.1 Applicable or Suitably Analogous Standards 

 

The MCP (310 CMR 40.0993) [7][a]) specifies that in order to achieve “No Significant Risk”, constituent 

concentrations (EPCs) must not exceed “applicable and analogous” public health standards (in addition to not 

exceeding the cumulative cancer and non-cancer target limits).  However, for soils, there are no “applicable and 

analogous” public health standards and therefore soils are evaluated based on cumulative risk and hazards only. 
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With regards to groundwater, 310 CMR 40.0993(3)(a) identifies the Massachusetts Drinking Water Quality 

Standards as “applicable or suitably analogous standards” for GW-1 groundwater (potable source).  However, 

these standards are not applicable to groundwater at the site because it is not potable and will not be used as a 

potable source in the future (insufficient yield).  Groundwater at the Site is identified as GW-3 (potential for 

migration to surface water) and the MCP GW-3 standards represent “applicable or suitably analogous” for 

potential migration of groundwater to surface water (based on ambient water quality criteria for ecological 

receptors and a 10x dilution factor).  Although these standards are not representative of the groundwater 

exposure pathways evaluated for the site (i.e., exposure of construction workers via dermal and inhalation 

pathways), to fulfill this MCP requirement, groundwater data are compared to GW-3 standards). 

 

Table 10-20 through Table 10-26 presents a comparison of both average and maximum detected concentrations 

in groundwater to GW-3 standards.  Results indicate, that for all VOCs, the arithmetic average concentrations as 

well as the maximum detected concentrations are equal to or less than the GW-3 standards.  The only exception 

is for chlorobenzene and xylene.  More specifically, the maximum detected chlorobenzene concentration of 42 

mg/L (reported in MW-112D) is greater than the GW-3 value of 1 mg/L.  Xylene was detected in MW-112D at 

a concentration of 0.68 mg/L (greater that the GW-3 standard of 0.5 mg/L.  For SVOCs, the maximum detected 

concentration of phenol (2.1 mg/L) is slightly greater than the phenol GW-3 standard of 2.0 mg//L.  However, 

the arithmetic average groundwater phenol concentration is less than the GW-3 standard (Table 10-25).  Last, 

the maximum detected concentrations of a few inorganics (cadmium, cyanide, lead, nickel and silver) are greater 

than their respective GW-3 standards.  However, arithmetic average concentrations of these constituents are 

lower than the GW-3 values, with the exception of cadmium (concentration of 0.00645 mg/L compared to the 

GW-3 value of 0.004 mg/L) and lead (concentration of 0.0176 mg/L compared to the GW-3 value of 0.01 

mg/L), which are similar to the GW-3 values.  No PCBs and pesticides exceeded the GW-3 values (Table 10-

26). 

 

Overall, most of the arithmetic average groundwater concentrations are less than (or similar to) their applicable 

GW-3 standard.  Although, in some instances maximum detected groundwater concentrations exceed the GW-3 

standards, the concentrations present in a single well are not representative of actual discharges to surface water.  

As such, a condition of “No Significant Risk” is still achieved based on this comparison to “Suitable and 

Analogous Standards.”  
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10.18  Uncertainty 

 

The quantitative risk characterization process requires the adoption of certain assumptions, incorporation of 

various extrapolations, and acceptance of several finite values as substitutes for ranges of variables.  These 

steps, and others, translate into risk estimates that are less precise than portrayed in the presentation of the 

results.  The uncertainty of any particular site-specific risk determination is unique, and is a function of the 

specific variables used in the assessment, and environmental chemistry analysis and modeling errors.  The most 

significant of these uncertainties inherent in the risk characterization of the site are discussed in the following 

paragraphs. 

 

There are also generic uncertainties that are a part of any quantitative estimate of risk, and these are related to 

the chemical-specific toxicity factors.  The uncertainty is difficult to quantify, and the cumulative effects of this 

uncertainty on risk estimates are unknown.  These particular uncertainties are associated with extrapolations 

required to derive the toxicity values and include, but are not limited to: animal to human, high dose to low 

dose, and chronic lifetime exposures to intermittent exposure.  Also, standard receptor characteristics were used 

in the assessment and they may not be entirely relevant to site workers or offsite receptors.  As previously stated 

these uncertainties are not unique to this assessment, and will not be discussed in detail.  However, their effect 

on the precision of, and confidence in, the risk estimates cannot be ignored and need to be considered as a part 

of any risk management decision.  In any case, the selection of both the data used to derive the exposure point 

concentration and the parameters used to characterize exposure were developed with the explicit goal of 

overstating risks.  In this way the results of the assessment are unlikely to underestimate risks and can be viewed 

as adequately protective of public health. 

 

For the risk characterization of the site, there are specific uncertainties that need to be identified and evaluated 

as to their impact on the estimate of risk at the site.  Perhaps most significant is the time frame of the database 

used to characterize the site, especially offsite conditions.  For surface water and sediments of the Chicopee 

River, the samples were collected and analyzed approximately 20 years ago.  As additional information from the 

site suggests, these earlier results reflect concentrations that were likely higher then current conditions.  Thus, 

use of the historical data likely overstated risk for the offsite receptors. 

 

 The results of the risk characterization revealed site conditions pose “No Significant Risk” to site workers, with 

one exception.  Only one exposure pathway to one receptor (groundwater exposure to the intrusive worker) 

resulted in conditions that could be characterized as presenting a potential hazard.  And this unacceptable hazard 
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was driven by a single compound, chlorobenzene.  The hazards from this pathway are estimated using air 

modeling techniques and not with actual air data.  As a result there is a degree of uncertainty inherent in any 

model, and there is a potential that the approach resulted in an overestimation or underestimation of true risk. 

 

Although the risk characterization of the site has, like all exercises in quantifying risk, several uncertainties, the 

conservative nature of the methodology assures that the public, including individuals represented by the 

hypothetical receptors considered in the assessment, are adequately protected.  The results of the risk 

characterization reveal a facility with little if any significant health risks associated with the constituent 

concentrations found in the onsite and offsite soil or water, or estimated in the air. 
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11. Sitewide Assessment Summary and 
Conclusions 

 

This section presents a compilation of site conclusions established as a result of this additional site 

characterization that build on those previously established, plus those conclusions established from the 

Environmental and Human Health Risk Characterizations. 

 

11.1 SWDA No. 1 and No. 2 and LWDA No. 1 Additional Conclusions 
 
 

As discussed in Section 5 and Appendix G; Section 1.2, based on the comment to Solutia’s responses to Specific 

Comment 5, the visual observation of continuous vertical soil sampling profiles at 43 soil borings (38 perimeter 

soil borings and 6 waste characterization soil borings) and the date of Worcester Street installation, the previous 

horizontal extent results from ground-penetrating survey, magnetometer geophysical survey, and pre- and post-

waste disposal topographic comparisons conducted for SWDA No. 1 and SWDA No. 2 are confirmed.  The 

extent of wastes within SWDA No. 1 and SWDA No. 2 is limited within the 38 perimeter soil borings, and the 

extent of SWDA No. 1 and SWDA No. 2 is north of – not beneath – Worcester Street (Figure 1-2).  USEPA 

concurred with this conclusion in the USEPA comments (dated January 25, 1999) on the southerly extent of 

SWDAs: “It would appear the topographic boundaries of the S/LWDAs do not extent under Worcester Street” 

(USEPA, 1999a). 

 

SWDA No. 1 and No. 2, LWDA No.1 are landfills containing plant wastes of known extent and are considered 

Hot Spots.  As such, consistent with USEPA guidance for presumptive certainty, the wastes within these areas 

have been characterized to the extent necessary for developing containment engineering and institutional control 

alternatives to restrict inhalation and dermal contact, resulting from potential excavation by a construction 

worker for the CMS/MCP Phase III.  Although it is impracticable due to size and heterogeneous mixtures to 

fully characterize landfill wastes (USEPA, 1993c), characterization of the surface soils and groundwater has 

been completed. 
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11.2 SWDA No.1 Additional Conclusions 

 

As discussed in Section 5, and Appendix G; Section 1.3 based on previous data from soil boring SB-37, 

additional groundwater data from monitoring wells MW-89D and MW-90S, and surrounding historical 

groundwater data, SWDA No. 1 appears to be the source of chlorobenzene to groundwater in this region of the 

site. 

 

Based on the discussions in Section 5 and Appendix G, Section 1.3, the horizontal and vertical extent of the 

chlorobenzene in groundwater from SWDA No. 1 has been further delineated.  Data from the new monitoring 

well (MW-91D) support the conclusion that the source of chlorobenzene between MW-28D and MW-43D is 

SWDA No. 1.  In addition, there is no evidence that Burning Pits D is a source of chlorobenzene to 

groundwater.  Chlorobenzene has not been detected in the soils at Burning Pits D (BBL, 1996a) nor has 

chlorobenzene been detected in shallow monitoring well MW-44S installed next to MW-43D at Burning Pits D.  

The source of dissolved chlorobenzene in groundwater in the vicinity of Burning Pits D at MW-43D appears to 

originate upgradient (i.e., SWDA No. 1) and migrate within the saturated portion of the deltaic outwash sand 

above the till, approximately 50 feet beneath Burning Pits D, 30 feet below the water table. 

 

Results of an initial NA study for the groundwater plume associated with SWDA No.1 supports that NA is 

sufficient to mitigate offsite migration of dissolved benzene, ethylbenzene, and xylene in groundwater at the site 

due to in situ NA processes, including biodegradation.  Chlorobenzene is recalcitrant and this initial NA study 

did not demonstrate that chlorobenzene is naturally attenuating at a rate sufficient to mitigate offsite migration.  

However, further investigation presented in Section 5, Appendix G; Section 1.5.1.4 supports that NA is 

occurring at the river before groundwater discharge to the river sediment and surface water.   

 

This additional investigation was conducted to evaluate the fate of chlorobenzene originating from SWDA No.1 

between MW-43D near the Chicopee River shoreline and the hyporheic zone of the Chicopee River using 

PVDs.7  The temperature-adjusted value for chlorobenzene was a factor of 10 below the MADEP GW-3 

standard, therefore it is concluded that chlorobenzene is attenuating to a degree that is protective of health, 

safety, and the environment before discharging to the Chicopee River.  MW-43D is located at a nearby area 

hydraulically upgradient of the PVD sampling location (V-8) where chlorobenzene has been detected (Figure 

11-1 – Dissolved Chlorobenzene Concentrations in Groundwater 3-D visualization Model).  At the time of this 
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sampling, an upward vertical gradient was observed in piezometers, (i.e., groundwater was discharging to 

surface water). 

 

As discussed in Section 5. Appendix G; Section 1.3.4.4, based on pre-ash storage ground elevations and post-

ash ground elevations, the cover above SWDA No. 1 is up to approximately 20 feet thick in areas.  Based on 

hydraulic conductivity measurement of the ash, the ash has a low hydraulic conductivity of 2.96 x 10-4 cm/s, 

which is comparable but lower than the surface soils around SWDA No. 1.  Therefore, the ash material is likely 

suitable for use in the design of the landfill cover. 

 

In addition, as discussed in Section 5, Appendix G; Section 1.6.4, groundwater elevation monitoring in 2004 

supports that there have been no significant changes in groundwater elevation nor changes in flow direction 

since the installation of the ash over SWDA No. 1 and LWDA No. 1 which began in early 1994.   

 

Although there are locations where groundwater concentrations associated with SWDA No. 1 exceeded 

MADEP GW-2 standards near buildings, the soil vapor concentrations at another location in the Former WW II 

NR Area where concentrations were ten-fold higher were below generic screening criteria for soil vapor 

presented in the Vapor Intrusion Guidance (USEPA, 2001a).  Thus, according to the flow chart, there is an 

incomplete subsurface vapor to indoor air pathway. 

 

11.3 SWDA No. 2 Additional Conclusions 

 

As discussed in Appendix G, section 1.2.2.4, wastes associated with SWDA No. 2 are found at depths 10 feet 

bgs beneath the Gate No. 2 Entrance Road.  The wastes observed in the eastern portion of SWDA No. 2 are 

detected in a layer approximately 12 feet bgs beneath the Gate No. 2 Entrance Road and are presumed to be 

connected to the wastes observed in the western portion of Gate No. 2.  The layer of wastes ranged between 2.5 

and 7 feet thick.  A geologic cross section of SWDA No. 2 with these new soil borings is presented on Figure 4-

7. 

 

Based on historical groundwater data and screening-level concentrations from the wastes within SWDA No. 2, 

the wastes containing a mixture of sand and scrap plastic are not a source of VOCs to groundwater in the 

vicinity of the Gate No. 2 Entrance Road.  Based upon analytical results from previous sampling rounds 

                                                                                                                                                                                     
7 The hyporheic zone is the groundwater/surface-water interface known to exhibit dynamic biologic communities due to 
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collected from monitoring wells surrounding SWDA No. 2 (MW-6D, MW-7S, MW-22S, MW-47D, and MW-

48S) during five site-wide sampling events (August 1987, March 1989, November 1990, October 1991, and 

August 1994), only trace concentrations of VOCs below MCP RCs were detected.  Therefore, it does not appear 

that the waste materials contained within SWDA No. 2 and beneath the Gate No. 2 Entrance Road are leaching 

into groundwater at the site, although the SWDA No. 2 Area west of the Gate No. 2 Entrance Road is a 

groundwater discharge area (i.e., groundwater discharges to Bircham Bend Brook) based on vertical flow 

gradients and surface-water versus groundwater elevation data (Figure 4-3).  The SWDA No. 2 Area east of the 

Gate No. 2 Entrance Road is a groundwater recharge area (i.e., groundwater is recharged by Bircham Bend 

Brook (Figure 4-3) (Freeze and Cherry, 1979). 

 

11.4 Former WW II NR Area Conclusions 

 

As discussed in Appendix G, Section 1.6.2.4, a source of chlorobenzene historically observed in Fiberloid 

landfill has been identified.  The source is Former WWII NR Area activities adjacent to Building 96 that had 

reportedly occurred between 1942 and the 1950s.  In addition, the source of chlorobenzene detected at the 

Former WWII NR Area is separate from the source at SWDA No. 1.  Groundwater analytical data indicate that 

the two plumes do not commingle. 

 

The extent of the dissolved chlorobenzene in groundwater at the Former WWII NR Area has been delineated.  

This groundwater chlorobenzene plume migrates along a narrow migration pathway (former channel) toward the 

Chicopee River.  The concentrations decrease an order of magnitude before reaching the river.  A preferential 

migration pathway may exist in a depression in the till that was filled between 1904 and the 1940s because the 

chlorobenzene plume is not laterally distributed as expected in a homogeneous soil condition (i.e., the plume is 

narrow).   

 

A chlorobenzene fate study of groundwater discharge to the Chicopee River below the hyporheic zone, as 

discussed in Appendix G; Section 1.6.3.4, supports that chlorobenzene does not appear to be discharging to the 

Chicopee River based on pore water measurements from PVD locations V-56 through V-80 downgradient of 

Former WW II NR Area.  Although toluene was detected in pore water below GW-3 standards, there are no 

known onsite sources of toluene from groundwater adjacent to the Chicopee River and it is likely from an 

upstream source, potentially from the other side of the Chicopee River.   

                                                                                                                                                                                     
typical abundance of carbon sources and oxygen (USGS, 2004). 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 11-5 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

 

Although there are locations where groundwater concentrations exceeded MADEP GW-2 standards near a 

building associated with Former WWII NR Area, the soil vapor concentrations at these locations were below 

generic screening criteria for soil vapor presented in the Vapor Intrusion Guidance (USEPA, 2001a). Thus, 

according to the flow chart (Figure 2 of the USEPA Vapor Intrusion Guidance), there is an incomplete 

subsurface vapor to indoor air pathway. 

 

11.5 Former Building 44 and Tank Farm E Conclusions 

 

Phenolic compounds were not detected above reportable concentrations in groundwater in the vicinity of former 

Building 44 and associated tanks, where phenolic compounds had been used.  The extent of the phenolic 

compounds is limited and was delineated to below detection limits.  The detected phenolic compound, 2-

chlorophenyl in groundwater, may be associated with chlorobenzene degradation by mineralization (as 

discussed in Section 7.0 – Environmental Fate and Transport).  

 

Although phenol was detected in one of 12 sediment samples downgradient and downstream of both Former 

Building 44/Tank Farm D&E and Former WW II NR Area, there is no existing ongoing source of phenol from 

the plant.  Phenol may also be a degradation product of chlorobenzene. 

 

11.6 Fiberloid and Burning Pit Areas Conclusions 

 

As discussed in Appendix G; Section 14.4.4., there does not appear to be an increase of beryllium 

concentrations in the vicinity of the Burning Pits A, B, C and D compared to background concentrations.  The 

slight increase in beryllium concentrations at SWDA No.1 and Fiberloid Landfill may be attributed to former 

and/or ongoing coal ash burning and/or ash storage at Fiberloid Landfill and SWDA No. 1.  None of the 

concentrations detected were above MADEP RCs effective at the time of sampling or Region 9 Industrial 

preliminary remediation goals. 
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11.7 Chicopee River Conclusions 

 

Based on measurements of the site underground utility inverts and former outfalls inverts to or adjacent the 

Chicopee River, the majority of these utilities and outfalls are between 2 and 5 feet above the water table.  There 

were up to 37 outfalls that discharged to the Chicopee River from 1947 to 1952 at the site currently owned by 

Solutia and another 36 outfalls on the portion of the plant property currently owned by Nova Chemical Inc.  By 

1968, all but 17 were terminated and plugged during the construction of the City of Springfield sewer (Ludlow 

Interceptor) along the bank of the river adjacent the Indian Orchard Plant.  Most of which were plugged during 

the construction of a sewer by the city of Springfield.  These 17 outfalls were permitted through the National 

Pollutant Discharge Elimination System (NPDES).  Currently, there are three active permitted outfalls to the 

Chicopee River at the site along the portion of the plant owned by Solutia. 

 

The bank of the river near the former outfalls which were plugged in was inspected on April 16, April 18, May 

6, and May 10, 2004.  The visual observations of the shoreline downgradient of the groundwater plume and at 

former outfalls 63 through 65 were free of odors, staining, and seeps.  No discharges or seeps were observed 

around or in the vicinity of a dry outfall pipe observed downgradient of Former WWII NR Area.  The PVDs 

installed in the Chicopee River downgradient from these outfalls (V-62, V-67) did not contain VOCs.  

Therefore, although the former channel and the outfall which appears to have been placed in this former channel 

could be a preferential migration pathway to the Chicopee River, the physical observations and analytical data 

suggest an insignificant migration pathway to the Chicopee River. 

 

As discussed in Appendix G; Section 1.7.1.4, in general, there were no significant differences in concentrations 

of constituents analyzed in surface water or sediment samples observed between upgradient and downgradient 

sampling locations, except for one detection of phenol in sediment.  In fact, with respect to PAHs and inorganic 

compounds, upstream reference samples were higher in concentrations than samples collected downstream (i.e. 

adjacent the site).  

 

In surface-water, of the three site-related inorganic compounds detected above PALs (barium, lead and 

manganese), lead was only detected at an upstream reference location.  Barium and manganese were found at 

similar concentrations between upstream and downstream locations.  The other non-site related inorganic 

compounds were also detected at similar concentrations between upstream and downstream locations. PCBs and 

PAHs were not observed above the lower level detection limits in surface-water.  
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In sediment, five of the six phthalate compounds were not detected above method detection limits.  The one 

phthalate detected in sediment [bis (ethylhexyl) phthalate] was below PALs.  In contrast, the PAH fraction of 

SVOCs were detected in most of the samples (28 out of 30) but the highest concentrations were from the 

upstream locations.  Three non site-related SVOCs were detected above the method detection limits.  Carbazole, 

dibenzofuran, and phenol were detected only once and at concentrations below their respective PALs (except 

phenol).  Carbazole and dibenzofuran were detected only upstream below PALs, however phenol was detected 

once adjacent the site above a PAL.  PCBs were detected sporadically (nine of 30 samples) but at similar 

concentrations as detected in the Quaboag River which is part of the Chicopee River watershed.  Inorganic 

compounds were detected above PALs in both upstream and downstream locations with the highest 

concentrations found upstream of the site in sediment, but these levels were below the MADEP screening level 

PECs for sediments.  

 

In general, there were no apparent differences in concentrations of constituents analyzed in surface water or 

sediment between upgradient and downgradient locations.  In some cases, levels of constituents were higher in 

upstream reference samples than in samples collected next to the site.  Therefore, it does not appear that 

constituents (perhaps with the exception of phenol) are entering the river adjacent the site in sufficient quantities 

to have measurable impact on ambient conditions. 

 

11.8 2001 Environmental Risk Characterization Conclusions 

 

Based on the environmental risk characterization completed and reported in the On-Site Environmental Risk 

Characterization (BBL, 2001b), the chemicals detected in Bircham Bend Brook do not pose a significant risk to 

the receptors considered.  Comparison of the maximum detected concentrations to the sediment benchmarks 

shows that the only compound exceeding a benchmark was lead (See Tables 4-4 through 4-6 of the On-Site 

Environmental Risk Characterization [BBL, 2001b]), and the hazard quotient associated with this maximum 

concentration only slightly exceeded unity (i.e., 1.2).  Therefore, this constituent was not considered to represent 

a significant ecological risk. Also, there is no indication that this elevated lead was site-related.  The source of 

lead in Bircham Bend Brook could be from leaded gasoline from Worcester Street or from surface soils at or 

near SWDA No. 2.  Lead levels in soil from urban environments, particularly in traffic areas, are known to be 

elevated and in some cases exceed 1,000 mg/kg.   
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Aroclor-1016 and Arochlor-1260 both had benchmark values, specifically the lowest effects level (LEL) values 

(Persaud, et. al., 1993), which were lower than the reported limits of detection.  These mixture-specific LELs 

were identified as tentative, so the use of the values is highly uncertain.  Additionally, PCB concentrations 

(specifically Aroclor-1242) show decreasing concentrations when the current data (0.02 mg/kg) are compared to 

the data collected in 1987 (1.6 mg/kg). 

 

In summary, the results of the screening-level assessment for Bircham Bend Brook habitats lead to the 

conclusion that further investigation is not needed.  The constituent levels were so low as to not represent a risk 

to resident receptors. Therefore, with the exception of investigating potential transport mechanism of soil-

associated PCBs, no further assessment of ecological risk is required for either onsite areas or Bircham Bend 

Brook. 

 

11.9 Combined 2001 and 2007 Environmental Risk Characterization Conclusions 

 

On-Site Ecological Risk Characterization (BBL, 2001) and Stage I Environmental Risk Characterization (ERC) 

presented here in for the Solutia Inc. Indian Orchard Plant, Springfield, MA focus on assessing screening-level 

risks to the generalized ecological receptors at the Plant proper, Bircham Bend Brook, and the Chicopee River 

adjacent to the facility.  The key features and conclusions from these investigations are summarized below.  

 

Ecological Health Investigations for the Plant Proper 

 

In response to the United States Environmental Protection Agency’s (USEPA) comments, dated July 23, 1997, 

on Section 9 (Environmental Risk Characterization) of the Supplemental RFI Risk Assessment/MCP Phase II 

Comprehensive Site Assessment (RA/CSA), dated September 1996 (BBL, 1996b) regarding Environmental Risk 

Characterization at the Indian Orchard plant, ARCADIS BBL has undertaken a number of investigative 

activities aimed at better assessing and characterizing risks to ecological receptors, which may be present within 

the plant boundaries.  These activities included performing a screening-level environmental risk characterization 

of the plant property, a site reconnaissance by a biologist, analysis of previous sediment and surface-water 

investigation, and assessing each Solid Waste Management Unit (SWMU) separately rather than the site as a 

whole to better reflect dissimilar use history, physical characteristics, constituents of concern (COCs), and 

exposure considerations for each SWMU.  Moreover, the SWMU-based approach allows for elimination of 
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SWMUs that pose no risk or focusing further assessments and subsequent corrective measure studies (CMS’s) 

on areas that require additional evaluation.   

 

Due to the involvement from both the federal (USEPA) and the state (MADEP) levels, the risk assessment 

methodology employed in the On-Site Environmental Risk Characterization (BBL, 2001; Attachment 5) is 

consistent with the USEPA’s Ecological Risk Assessments Guidance for Superfund (USEPA, 1997) and the 

MADEP’s Massachusetts Contingency Plan (MCP) Method 3 Environmental Risk Characterization for the 

selection of appropriate response actions for a total of 14 SWMUs. 

 

Further investigation of the exposure pathways using geophysiological data (direction of the groundwater flow) 

suggested that low concentrations of dissolved volatile organic compounds (VOCs; primarily chlorobenzene) 

may be discharged to the Chicopee River along the northern boundary of the plant.  Similarly, at the 

southwestern corner of the property, groundwater may discharge into the Bircham Bend Brook, but levels of 

VOCs at the monitoring wells nearby are below detection.  Although the groundwater migration pathway was 

judged complete, it was unlikely to be a significant contributor to the constituent flux given the low or non-

detected concentrations.  Similarly, most SWMU are unlikely to be significant contributors of constituents in the 

soil erosion pathway due to the flat topography, land cover, or low concentrations of constituents.   

 

As a final step in the analysis of the potential for exposure, habitat characterizations for the site proper portion of 

the Indian Orchard Plant were conducted in 1984, 1996, and 1998.  The characterizations consisted of having a 

field biologist record observations on vegetative cover, level of human disturbance, and habitat value to wildlife 

(e.g., the degree to which the habitats meet the requirements for food, cover, bedding areas, breeding and 

roosting sites, etc.).  Observations of potential wildlife use (e.g., direct observations of wildlife, or the presence 

of tracks, scat, and nesting/denning sites) were also recorded.  Field staff were also instructed to record evidence 

of signs of potential environmental effects, such as stressed or diseased vegetation.  The outcomes of these 

efforts indicated that the SWMUs and disposal areas had little or no habitat potential.  The lack of habitat was 

due to the level of human disturbance and the inadequate cover for much of the site, as well as the relatively 

small areas of natural vegetative cover.   

 

Based on these findings, the report concluded that, few if any ecological receptors have the potential for 

exposure to chemical stressors in these areas, and the potential impact at a community or population level is 

negligible.  Therefore, consistent with USEPA ecological risk assessment guidelines and MADEP 

environmental risk characterization guidelines, potentially complete exposure pathways for environmental 
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receptors were judged incomplete or insignificant, and the need for further ecological evaluation for the 

terrestrial portion of the Indian Orchard Plant was unnecessary. 

 

Ecological Health Investigations for the Bircham Bend Brook  

 

The On-Site Environmental Risk Characterization (BBL, 2001) also contained the ecological risk assessment of 

the Bircham Bend Brook, which runs along the southwestern corner of the Plant.  The brook is relatively deep 

(1.5 to 3 ft) with mucky sediments and a large amount of detritus, leaf litter, and fallen branches.  In some areas, 

the depth ranges from 2 to 10 inches, with the bottom composed of a riffle zone with a cobbled bottom.  Each 

type of substrate represents a suitable benthic habitat populated by plants, aquatic macro invertebrates, and 

sediment dwelling invertebrates.  The biota found was indicative of higher quality waters. 

 

The screening-level assessment for the Bircham Bend Brook initially considered the surface water and sediment 

as the two exposure media of interest.  However, because historical investigations for the brook in 1981, 1983, 

1986, 1994, and 1995 revealed that surface water was largely free of elevated levels of constituents of interest 

(i.e., above water quality criteria), this exposure medium was judged of secondary importance and was not 

assessed further.  In contrast, historical data for sediments revealed that some polycyclic aromatic hydrocarbons 

(PAHs) and PCBs required further assessment due to their elevated concentrations.  Confirmatory sediment 

sampling was performed in 1999 at several locations in the brook and the resulting concentration data for 

metals, PCBs, and semi-volatile organic compounds (SVOCs) were used in the screening assessment for 

“current risk conditions.” 

 

The screening step included the use of a hazard quotient (HQ) approach where the sediment concentration of a 

given constituent (the detected maximum) was divided by the associated sediment benchmark.  This approach is 

consistent with the USEPA guidance for performing screening assessments (USEPA, 1997) and with the MA 

DEP guidance for performing an MCP Stage I Screening assessment (MA DEP, 1996).  In the hazard quotient 

approach, a hazard quotient of less than one (unity) indicates that there is no risk of significant adverse effects.   

 

A comparison of the detected concentrations of various constituents in the Bircham Bend Brook to the sediment 

benchmarks shows that the only compound, lead, was flagged as exceeding its benchmark value.  The maximum 

lead concentration was 36 mg/kg while the benchmark value (i.e., lowest effect level or LEL; Persaud et al., 

1993) was 31 mg/kg, resulting in a hazard quotient of 1.2.  Please note that the LEL is based on the 5th percentile 

of the screening level concentrations; in other words, the LEL represents a concentration that 95% of the species 
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can tolerate.  Therefore, the value of the calculated hazard quotient is unlikely to be indicative of wide spread 

adverse effects on benthic biota.   

           

In summary, the results of the screening analysis indicate that the chemicals detected in Bircham Bend Brook do 

not pose a significant risk to ecological receptors.  Comparison of the maximum detected concentrations to the 

sediment benchmarks shows that the only compound exceeding a benchmark was lead, and the HQ associated 

with this maximum concentration only slightly exceeded unity (i.e., 1.2).  Therefore, this constituent was not 

considered to represent a significant ecological risk.  Moreover, lead was unlikely to be site-related given its 

common distribution in urban environments as a result of past use of leaded paints and gasoline.  As a result, no 

further assessment of ecological risk is required for the Bircham Bend Brook. 

 

Ecological Health Investigations for the Chicopee River 

 

The Chicopee river investigation was part of the Stage I Environmental Risk Characterization (ERC) presented 

in Section 10 of this report for the Chicopee River bordering the Indian Orchard Plant.  This assessment makes a 

determination whether environmental receptors are, or could potentially be, exposed to constituents at or from 

the disposal site.  For those receptors that are exposed, or potentially exposed, and are associated with complete 

exposure pathways, an effects-based screening step was performed to determine whether any pathway poses a 

significant ecological risk.  The procedures employed in this risk characterization are consistent with those 

prescribed by the Massachusetts Department of Environmental Protection’s (MADEP’s) guidance for a Method 

3, Stage I Environmental Risk Characterization (ERC) [Rule 310 of the Code of Massachusetts Regulations 

(CMR) 40.0990 to 40.0999 (MADEP, 2006a) and Guidance for Disposal Site Risk Characterization (MADEP, 

1996)] and by the guidance performing ecological risk assessments for federally mandated Superfund sites 

(United States Environmental Protection Agency [USEPA], 1997).  The Stage I characterization builds upon the 

results from the On-Site Environmental Risk Characterization Report (Blasland, Bouck & Lee, Inc. [BBL], 

2001) and addresses the risk assessment data gap by including a separate ERC for the Chicopee River.   

 

A risk-based environmental screening (ES) of the 1983 through 2005 exposure media data was undertaken for 

the identified constituents, in which their maximum media concentrations were compared to relevant risk-based 

MCP screening criteria (i.e., a hazard quotient analysis was performed).  As a result of this step, the constituents 

that screened through the Stage I ERC for further consideration include 2-butanone, di-n-octyl phthalate, 

chromium, cobalt, lead, manganese, and nickel for the surface-water exposure pathway.  The constituents that 

screened through for the sediment exposure pathway include acetone, carbon disulfide, 1,2-dichlorobenzene, 
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1,4-dichlorobenzene, 2,4-dimethylphenol, manganese, phenol, and vinyl chloride.  The groundwater exposure 

pathway was eliminated from further analysis because the exposure point concentrations of all constituents were 

well below any risk-based values.   

 

When the refined list of constituents was assessed further using information on older (i.e., 1987) versus the 

newer (2005) results, frequency of detection, historical operations at the plant, background analysis, and 

screening thresholds from other jurisdictions, a conclusion was reached that none of the surface-water, 

groundwater, or sediment (except phenol, perhaps) constituents are associated with significant risk or harm to 

environmental receptors in the Chicopee River adjacent to the Indian Orchard Plant.  Furthermore, the 

industrialized nature of the river in the vicinity of the Indian Orchard Plant has a significant influence on the 

estimation of facility-specific environmental risks. 

 

The exception for phenol included one sample from 2005 where the detected concentration was 7.8 mg/kg.  The 

MCP benchmark for this constituent was not available, but the Washington State Department of Ecology 

(Washington State Department of Ecology, 2006) lists a Sediment Management Standards Sediment Impact 

Zone Maximum Level and Sediment Cleanup Screening Level/Minimum Cleanup Level at 1.2 mg/kg.  

Although elevated, this chemical is not a good candidate for the inclusion in further assessment given its 

sporadic presence.  Accordingly, phenol was not forwarded to Stage II ERC. 

 

In summary, the Stage I ERC for the Chicopee River leads to the conclusion that exposure to detected 

constituents in surface water, groundwater, or sediment does not pose a significant or harm to environmental 

receptors.  Because recent chemical concentrations in the vicinity of the Indian Orchard plant did not exceed 

screening levels, or were comparable or below background/reference and local conditions, no further assessment 

of ecological risk is required for the Chicopee River. 

 

Ecological Health Conclusions  

 

The existing ecological health/risk investigations for the Plant proper, Bircham Bend Brook, and the Chicopee 

River suggest that none of the detected constituents of interest have the potential to significantly affect the 

ecological receptors at these locations.  Therefore, further ecological evaluations for the Indian Orchard Plant 

and the associated bodies of water are unnecessary. 
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11.10  Human Health Risk Characterization Conclusions 

 

This Phase II CSA Addendum presents a Method 3 Risk Characterization to evaluate potential risks to human 

health, public welfare, public safety, and the environment for the Indian Orchard Site in Springfield, 

Massachusetts, including the adjacent Chicopee River and Bircham Bend Brook.  The Risk Characterization is 

consistent with Massachusetts Contingency Plan (MCP) Subpart I (310 CMR 40.0900) amended April 3, 2006 

and the Guidance for Disposal Site Risk Characterization – In Support of the Massachusetts Contingency Plan 

(MADEP, 1995; MADEP, 2006a).  The decision basis for utilizing an MCP Method 3 Risk Characterization 

approach considering USEPA guidance is outlined in the Executive Summary. 

 

A Phase II Comprehensive Site Assessment (CSA) Risk Characterization for the Indian Orchard Plant Site was 

previously submitted by BBL in 1996 (Phase II CSA Risk Characterization) upon which USEPA provided 

significant comments in 1997.  The risk characterization presented in this report replaces the previous risk 

assessments primarily because the risk characterization approach has changed from a disposal site-specific 

assessment to a site-wide risk characterization and additional data have been collected. The results of the risk 

characterization revealed site conditions pose “No Significant Risk” to site workers, with one exception.  Only 

one exposure pathway to one receptor (groundwater exposure to the intrusive worker) resulted in conditions that 

could be characterized as presenting a potential hazard.  And this unacceptable hazard was driven by a single 

compound, chlorobenzene.   

 
Conditions of "No Significant Risk of Harm to Human Health" have been achieved based on the criteria of a 
cumulative cancer risk threshold of 1 in 100,000 (1 x 10-5), set forth at 310 CMR 40.0993(7), except for non-
cancer hazards for the intrusive worker exposed to groundwater.  For the intrusive worker, the non-cancer 
hazard of greater than 1 is attributable to potential inhalation of chlorobenzene (via volatilization from 
groundwater) (HI = 150).  All other concentrations of COPCs in all areas and all exposure media did not result 
in cumulative hazards or risks constituting “significant risk of harm.”  In summary, a condition of “No 
Significant Risk of Harm to Human Health” can be achieved for all media except groundwater.  This is because 
of a non-cancer hazard greater than 1 associated with potential exposure of excavation or construction workers 
to chlorobenzene in groundwater.  The highest chlorobenzene groundwater concentrations are reported in 
groundwater samples collected from the WWII Naval Research Area (Figure 11-1).  As identified in Section 10 
of the Summary Report, further remedial response actions and/or institutional controls are required to manage 
potential groundwater risks attributed to chlorobenzene in this area of the Site.   
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The site is an active manufacturing plant that is operated in accordance with applicable federal, state, and local 

safety requirements.  Solutia employs health and safety personnel to assure compliance with the required safety 

standards.  In accordance with OSHA standards, Solutia has safe operating policies and procedures in effect to 

maintain safe conditions onsite.  No readily obvious or known conditions exist that pose or may pose a threat to 

safety beyond those of a typical industrial/manufacturing environment.  Results indicate that maximum detected 

soil and groundwater concentrations are less than their respective UCLs, and therefore a level of no significant 

risk exists for groundwater and soil at the site.  This safety evaluation excludes the waste samples collected 

within landfills SWDA No. 1 and No. 2, LWDA No. 1 for which it is presumed the landfills material are not 

accessible and the landfills will require further response actions under a presumptive remedy.  Therefore, the 

conclusion of this safety evaluation is that there is no significant risk (i.e., no threat of physical harm or bodily 

injury to people) related to the release or threat of release of materials at the site disposal areas. 

 

Although the risk characterization of the site has, like all exercises in quantifying risk, several uncertainties, the 

conservative nature of the methodology assures that the public, including individuals represented by the 

hypothetical receptors considered in the assessment, are adequately protected.  The results of the risk 

characterization reveal a facility with little if any significant health risks associated with the constituent 

concentrations found in the onsite and offsite soil, groundwater, sediment, surface water, soil vapor or estimated 

in the air, however this conclusion is predicated on that responses actions are completed for the landfills SWDA 

No. 1 and No. 2, LWDA No. 1.  The wastes in these areas were not evaluated, as the landfill wastes exceeded 

UCLs and require further action. 

 

11.11 MCP Phase II Outcome 

 

Upon completion of the MCP Phase II Comprehensive Site Assessment (CSA) with Method 3 human health and 

environmental risk characterizations for RTN 1-0184, the following Response Action Outcomes will apply upon 

completion of an activity and use limitation (AUL) consistent with the risk characterization assumptions.   

 

• At five of the 13 areas, further Comprehensive Remedial Actions are necessary at the site to achieve a 

Response Action Outcome (RAO).  An MCP Phase III study for the identification, evaluation and 

selection of remedial alternatives will be necessary.  These five areas include: 
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o SWDA No.1; 

o SWDA No. 2; 

o LWDA No.1; 

o LWDA No. 2; and 

o Former WW II Naval Research Area. 

 

• At the remaining 8 of 13 areas, the requirements of at Class B-2 RAO under 310 CMR 40.1000 have 

been met with the supporting documentation provided in this MCP Phase II Report (Volumes II through 

VI) upon completion of an AUL, because there were no concentrations of regulated constitutes present 

in soil or groundwater above Upper Concentrations Limits per 310 CME 40.0997(7) (MADEP, 2006).  

A “Level of No Significant Risk” is contingent on completion of an AUL.  Formal RAO statements for 

these areas will be submitted after the AUL is completed.  These eight areas include: 

 

o Fiberloid Landfill; 

o Building 99 Leach Fields; 

o The four burning areas - Burning Pits or Cages A, B, C and D; 

o Former Building 44 and Tank Farm D&E; and 

o Outfall Piping adjacent to Chicopee River Shoreline. 
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12. Conceptual Risk Management Plan 
 

This section presents conceptual alternative risk management plans.  Risk management is a distinctly different 

process from risk assessment. Risk assessment establishes whether a risk is present and, if so, the range or 

magnitude of that risk. In the risk management process, the results of the risk assessment are integrated with 

other considerations, such as site physical layout, or uses, to reach decisions regarding the need for and 

practicability of implementing various risk-reduction remedial activities. Based on the environmental and 

human health risk characterization, provided are alternatives to manage risks that may be considered in the 

Corrective Measures Study/MCP Phase III Remedial Action Plan. This Risk Management Plan will identify the 

risk characterization findings and the optional actions needed to manage risk to human health, public welfare 

and the environment so that acceptable risk levels are not exceeded under current or reasonable future land-use 

conditions.  For each area where a risk or potential future risk was identified and or assumed under a 

presumptive remedy, the following will be considered.  

 
• pathway and receptors; 

• potential remedial alternatives; 

• potential supplemental data to confirm or further evaluate risks; and 

• applicability of institutional controls via MADEP’s Activity and Use Limitation (AUL). 

 

SWDA No.1 

 

Risks were identified to the future non-residential worker via dermal contact with groundwater from SWDA No. 

1.  This risk includes: 

 

• Chlorobenzene, 1,2-dichloropropane, acetone and benzene xylene and  in groundwater downgradient of 

SWDA No.1 via inhalation and dermal contact, for an outdoor excavation worker. 

 

Several alternatives are available to manage this risk: 

 

1. For future construction or utility work within the groundwater plume extent associated with SWDA No. 

1, apply an institutional control to restrict excavation, or activities or uses that would involve or may 
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result in unrestricted direct contact with groundwater and/or disturbance, movement, relocation, or 

removal of soil located at depths greater than water table to shallow depths, except with an approved 

soil management plan and health and safety plan and the Opinion of an LSP that such activities will not 

present a Significant Risk of harm to health, safety, public welfare, or the environment. 

  

2. To address potential dermal contact to groundwater by an excavation worker an institution control may 

be used to restrict excavation with the extent of the groundwater plume associated with SWDA No. 

1except with an approved soil management plan, health and safety plan and the Opinion of an LSP that 

such activities will not present a Significant Risk of harm to health, safety, public welfare, or the 

environment.  

 

3. Reduce groundwater concentrations to levels acceptable for inhalation and dermal contact. 

 

4. Evaluate and monitoring for NA and plume stability in groundwater.  

  

Former WWII NA Area 

 

Risks were identified to the future non-residential workers. 

 

• Inhalation and dermal contact to groundwater by an excavation worker. 

 

Several alternatives to manage these risks are presented below: 

 

1. For future construction or utility work, apply an institutional control to restrict excavation, or activities 

or uses in the Former WW II NR Area that would involve or may result in unrestricted direct contact,  

with ground water and disturbance, movement, relocation, or removal of soil located at depths greater 

than 3 feet below the surface grade, except with an approved soil management plan and health and 

safety plan and the Opinion of an LSP that such activities will not present a Significant Risk of harm to 

health, safety, public welfare, or the environment.  

 

2. If excavation were to occur, soils exhibiting chlorobenzene will be returned to the depth of origin and 

will not be place in shallower depths. 
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3. Reduce concentrations in groundwater in the vicinity of MW-116s and MW-112D. 

 

4. Evaluate and monitor for NA and plume stability in groundwater. 

 

SWDA No.1, LWDA  No.1 and SWDA No.2 

 

Hot spots were identified at SWDA No.1 and No.2 and LWDA No.1 from landfill wastes through a hotspot 

evaluation, thus risk management is required to contain wastes under presumptive remedy.   

 

Risks were identified to the future non-residential worker via dermal contact in these landfills.  These included: 

 

• The landfills contain industrial wastes.  Soil wastes were found in these landfills above S-3/GW-3 or S-

3/GW-3 and/or UCLs. 

 

The following are alternatives to mitigate these potential risks: 

 

1. Install and maintain a permeable cover to allow for ongoing NA. 

 

2. Place an institutional control via an AUL to restrict excavation or activities or uses within the landfills 

that would involve or may result in unrestricted direct contact, disturbance, movement, relocation, or 

removal of soil located at depths greater than soil cover or 3 feet below the 1984 surface grade, except 

with an approved soil management plan and health and safety plan and the Opinion of an LSP that such 

activities will not present a Significant Risk of harm to health, safety, public welfare, or the 

environment. 

 

3. Restriction of building construction without considerations in the designs for potential indoor air 

management and an Opinion of an LSP that such land use or designs will not present a Significant Risk 

of harm to health, safety, public welfare or the environment. 
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Site Wide  

 

Risk might be present for land use not considered in the risk characterization.  This assumption included: 

 

• continued industrial non-residential property use and thereby did not consider residential scenarios. 

 

The following action is required to maintain this assumption.  

 

1. Institutional controls are necessary to limit the use of the property to those consistent with the 

assumptions used in the risk assessment.   

 

2. Activities and uses would be restricted consistent with typical commercial and/or industrial uses within 

the area subject to the risk assessment including improvement, demolition, decommissioning, repair and 

build-out (e.g., construction of building[s] intended for commercial/industrial usage [including buildings 

intended for occupancy by commercial/industrial workers or for storage purposes]). 
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14. Acronyms and Measurement Abbreviations 
 

1,2 DCA 1,2 dichloroethane  

AE Acid Extractable 

AEN American Environmental Network 

AOC area of concern 

ASPD above Solutia Plant datum 

AST aboveground storage tank 

ASTM American Society for Testing and Materials 

AUL MADEP Activity and Use Limitation 

AWQC Ambient Water Quality Criteria 

BBL Blasland, Bouck & Lee, Inc. 

BEA Baseline Environmental Assessment 

bgs below ground surface 

BN Base Neutral 

BTEX benzene, toluene, ethylbenzene and xylene 

BV  risk-based screening criterion for a given media 

C Celsius 

CA Corrective Action 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act  

cfs cubic feet per second 

CLP Contract Laboratory Program 

CMR Code of Massachusetts Regulations 

CMS Corrective Measures Study 

cm/sec centimeters per second 

COA consent order agreement 

COPC constituent of potential concern 

CSA Comprehensive Site Assessment 

CSO combined sewer overflow 

cy cubic yards 

DCA 1,2-dichloroethane 

DCB dichlorobenzene 



 

 
 BLASLAND, BOUCK & LEE, INC.  
6/28/07 an ARCADIS company 14-2 
G:\DIV 11\DOC07\10253_005711100_MCP STREAMLINED Phase II.doc 

DCE 1,2-dichloroethene 

DEQE Department of Environmental Quality and Engineering 

DNAPL dense non-aqueous phase liquid 

DO dissolved oxygen 

DQO data quality objective 

Eh oxidation potential, potential of cell, measured against a standard of hydrogen cell 

EPH extractable petroleum hydrocarbons 

ERC Environmental Risk Characterization 

ERI Environmental Research Institute at the University of Connecticut 

ES Environmental Screening 

FGHA Former Vinyl Chloride Gas Holder Area 

FID flame ionization detector 

ft/ft feet per foot 

ft/yr feet per year 

GC/MS gas chromatograph/mass spectrometer 

gpd gallons per day 

GPR ground-penetrating radar 

gpm gallons per minute 

HACH Hach Company manufactured test kit 

HCL hydrochloric acid 

HDPE high-density polyethylene 

HQ  hazard quotient 

HSWA Hazardous and Solid Waste Amendments 

ID inside diameter 

ISBN International Standard Book Number 

J detected concentration of an organic analysis is estimated 

LEL lower effects level 

LI Ludlow Interceptor 

LNAPL light non-aqueous phase liquid 

LWDA liquid waste disposal area 

MADEP Massachusetts Department of Environmental Protection 

MCP Massachusetts Contingency Plan 

MDEQE Massachusetts Department of Environmental Quality Engineering 
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MEK methyl ethyl ketone 

mg/kg milligrams per kilogram 

mg/L milligrams per liter 

mg/m3 milligrams per cubic meter  

mL/min milliliters per minute 

mm millimeter 

mm Hg millimeter of mercury, a unit of pressure equivalent to 0.001316 atmosphere 

MNA monitored natural attenuation 

MOU Memorandum of Understanding 

mS/cm milliSiemens per centimeter 

mV milliVolt MVS Mining Visualization Software 

NA natural attenuation 

NAPL non-aqueous phase liquid 

NFA No Further Action 

NGVD USGS National Geodetic Vertical Datum 

NIOSH National Institute for Occupational Safety & Health 

NPDES National Pollutant Discharge Elimination System 

NR Naval Research  

NTU nephelometric turbidity unit 

ORP oxidation-reduction potential 

ORS Office of Research and Standards 

OSWER Office of Sold Waste and Emergency Response 

PAH polycyclic aromatic hydrocarbon 

PCB polychlorinated biphenyl 

PCE tetrachloroethylene 

PEC Probable Effects Concentration 

PEL potential exposure limit 

PID photoionization detector 

Plant Indian Orchard Plant 

PLFA phospholipid fatty acid 

pMol/mL picomoles per milliliter 

ppb parts per billion 

PPL Priority Pollutant List 
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ppm parts per million 

POTW publicly owned treatment works 

PRG Preliminary Remediation Goal 

PVC polyvinyl chloride 

PVD passive vapor diffusion 

QA quality assurance 

QAPP Quality Assurance Project Plan 

QC quality control 

R&D research and development 

RAM Release Abatement Measure 

RAO Response Action Outcome 

RAP Remedial Action Plan 

RC MCP Reportable Concentrations 

RC GW-2 MCP Reportable Concentration Groundwater-2 

RCRA Resource Conservation and Recovery Act 

RFA RCRA Facility Assessment 

RFI RCRA Facility Investigation 

RI remedial investigation 

ROS Response Action Outcome 

RSK RSK 175 method for dissolved gases in an aqueous sample 

RTN Release Tracking Number 

Site Indian Orchard Plant 

SLERA screening-level environmental risk assessment 

Solutia Solutia, Inc. 

SOP standard operating procedure 

SOW scope of work 

SPL separate phase liquid 

SRMW Standard Reference for Monitoring Wells 

SRP stream reference point 

STL Severn Trent Laboratory 

SV soil vapor 

SVOC semivolatile organic compound 

SWDA solid waste disposal area 
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SWMU solid waste management unit 

TAL Target Analyte List 

TCE tetrachloroethene 

TCL Target Compound List 

TI Technical Impracticability 

TIC tentatively identified compound 

TOC total organic carbon 

UCL upper concentration limit 

TPH total petroleum hydrocarbon 

µg/L micrograms per liter 

ug/m3 micrograms per cubic meter. 
USDA United States Department of Agriculture 

USHUD U.S. Department of Housing and Urban Development 

USEPA U.S. Environmental Protection Agency 

USCS  Unified Soil Classification System 

USGS U.S. Geological Survey 

UST underground storage tank 

VC vinyl chloride 

VOC volatile organic compound 

VPH  volatile petroleum hydrocarbons 

WWII World War II 
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