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Executive Summary 
 

This Corrective Measures Implementation Report1 provides a consolidated summary of the construction, 

implementation, results and status of corrective measures to address soil, soil vapor and groundwater 

impacts at the Safety-Kleen Facility (MID 981 000 359) at 700 Zimmerman Road, Mason, Michigan (Ingham 

County).  Safety-Kleen operates both a Branch and Accumulation Center at this location (collectively referred 

to as a Service Center in this report).  The Service Center accumulates and transfers mineral spirits, 

immersion cleaner, dry-cleaning fluids and other containerized waste generated by Safety-Kleen customers.  

From the Service Center, all wastes are shipped to appropriately permitted processing or disposal facilities.   

Safety-Kleen applied for an interim status Resource Conservation and Recovery Act (RCRA) Hazardous Waste 

Facility (Part B) Permit on September 1, 1988, to transport and temporarily store hazardous wastes. Per 40 

Code of Federal Regulations (CFR) 264 and Michigan Act 64, Safety-Kleen was required to investigate and 

address historic releases of hazardous waste and hazardous constituents that may have occurred at the Solid 

Waste Management Units (SWMUs) throughout the Facility as part of the RCRA Corrective Action Program 

(CAP). The U.S. Environmental Protection Agency conducted the initial RCRA Visual Site Inspection 

(VSI)/Facility Assessment (RFA) in 1990 to identify potential SWMUs, assess the SWMUs conditions, identify 

the potential for, or evidence of, releases to the environment, and assess the need for sampling.  In 1991, 

Safety-Kleen withdrew the Part B RCRA Permit Application and Construction Permit Application, after 

deciding to discontinue RCRA storage at the Service Center and close the existing regulated hazardous waste 

container storage units.  These activities were conducted in accordance with the MDNR/EGLE (former 

Michigan Department of Natural Resources, now called the Michigan Department of Environmental, Great 

Lakes and Energy) approval of the Partial Closure Plan. Safety-Kleen completed the closures, which 

eliminated concerns for potential COC releases at SWMUs -1, -2, -4, -5 and -6. 

In May 1994, Safety-Kleen was released from its closure responsibilities under Michigan Act 64 when 

MDNR/EGLE approved the closure certifications submitted for the closed hazardous waste units. Post closure 

plans were not required because the Facility was never used for disposal, and all wastes were removed at the 

time of closure. Safety-Kleen continues to address corrective action responsibilities as required under Part 

111, Section 324.11115 and Part 201 (Environmental Remediation) to address historical releases of 

hazardous wastes and hazardous constituents as applicable. A phased RCRA Facility Investigation (RFI) was 

conducted by Safety-Kleen from 1990 through 2008 to identify the source and nature of any releases, and to 

 
1  This CMI report is an update of the original draft version that was submitted to MDEQ/EGLE in November 

2016 (LimnoTech, November 2017).  This updated version includes feedback from MDEQ/EGLE, as 
documented in their May 12, 2017 letter response, and subsequent negotiated agreements with 
MDEQ/EGLE, as documented in the August 29, 2017 letter from Safety-Kleen and the September 12, 2017 
letter response from MDEQ/EGLE.  It also includes soil vapor and groundwater monitoring data collected 
since November 2016 through November 2022, and updated Restrictive Covenants, groundwater 
extraction system decommissioning and well closure information. 
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characterize their magnitude and extent.  MDEQ/EGLE determined that the RFI phase of the corrective action 

is complete, and that the nature and extent of contamination at the Facility has been delineated (MDEQ, 

January 25, 2016).   

Safety-Kleen is currently in the final phase of the CAP - Corrective Measures Implementation (CMI). The 

requirements for the initial RFI, interim corrective measures (ICM) and corrective measures studies (CMS) 

steps of the CAP were met through submittal to MDEQ/EGLE of a series of workplans, and associated 

reporting of results and findings from these components of the CAP. The historical workplans provide 

detailed descriptions of the design and status of the corrective measures for the Facility SWMUs, and 

collectively serve as a defacto RCRA Corrective Measures Implementation (CMI) Workplan. 

During the RFI phase, Safety-Kleen implemented ICMs at the Mason site, in consultation with state and 

federal regulatory agencies, to reduce or eliminate potential threats to human health or the environment by 

removing potential sources of contamination and eliminating potential pathways that could contaminate 

groundwater.  All corrective measures described in the various RCRA CMI workplans have been implemented 

in accordance with the requirements specified in the documents, and the results of those activities were 

provided to MDEQ/EGLE in separate reports. These measures were designed to reduce residual 

concentrations of chemicals of concern (COCs) to levels at or below the Michigan Act 451 of 1994, Part 201 

Cleanup Criteria (current criteria).   

Chemicals of concern at the site are residual PCE impacts in groundwater and soil near former SWMU-4 

(former Aboveground Storage Tank or AST area on the east side of the property), and residual manganese 

(Mn) groundwater impacts that are related to in-situ chemical oxidation remedial actions conducted in 

May/June 2006. Historical soil and groundwater corrective measures included the following: 

¶ In 1992, Safety-Kleen conducted soil and groundwater investigations of the former retention basin 

(SWMU-8), which indicated that residual PCE soils impacts remained in the floor of the retention basin 

near the former outfall.  Safety-Kleen proceeded with soil corrective measures (i.e., soil vapor extraction 

or SVE) that were successful in reducing PCE concentrations in soil to below detection limits.  Safety-

Kleen submitted a closure completion report, which concluded that PCE impacts that were identified in 

the retention basin during the 1992 site investigations had been remediated successfully and that no 

further action was warranted. 

¶ Safety-Kleen believes SWMU-4 (former AST area on the east side of the property) to have been the most 

likely source of glacial soil and groundwater PCE impacts at the facility. A series of remedial activities 

were conducted to address these impacts, including: 

¶ Installation and operation of a single-well (EW-1) groundwater extraction and carbon treatment 

system (November 1992 - June 2013); 

¶ Installation and operation of initial soil vapor extraction (SVE) system to address vadose zone soil 

impacts (June 1996 ς May 2000); 

¶ Operation of expanded SVE and groundwater air sparging (AS) and treatment system to address 

vadose zone soil and groundwater impacts (May 2000 ς 2006); 

¶ In-situ chemical oxidation through injection of potassium permanganate (KMnO4) into the 

subsurface to address both vadose zone soil and groundwater impacts (May/June 2006); 

¶ Onsite and offsite groundwater monitoring of the glacial and bedrock aquifers for organic 

compounds and metals (1989 through June 2017); 
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¶ Annual monitoring of onsite Safety-Kleen glacial well MW-6 and offsite Americhem glacial well SEG-

MW-35 (November 2017 through November 2022); 

¶ Sampling for PFAS (EGLEs PFAS Minimum Laboratory Analyte List of 28 compounds) at onsite 

monitoring well MW-6 (June 2020); and 

¶ Soil vapor sampling at two onsite sampling stations location in the SWMU-4 source area and near the 

southeast corner of the Administration building/warehouse (November 2017 through July 2018). 

Until November 2020, residual impacts of PCE continued to be detected on occasion at a few onsite glacial 

aquifer monitoring well locations at concentrations just above the 5 ug/l residential/non-residential drinking 

water standard.  PCE has not been detected in onsite or offsite bedrock monitoring wells, and has not been 

detected in Safety-YƭŜŜƴΩǎ ƻŦŦǎƛǘŜ ƎƭŀŎƛŀƭ ŀǉǳƛŦŜǊ ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎΦ  aŀƴƎŀƴŜǎŜ was detected in onsite and 

offsite glacial aquifer monitoring wells at concentrations above the 50 ug/l aesthetic drinking water standard, 

but well below the former 860 ug/l health based drinking water standard.  With EGLE approval, annual 

groundwater sampling for manganese in onsite well MW-6 was discontinued starting with the November 

2022 annual monitoring event (EGLE, January 13, 2022).    

In accordance with an EGLE-approved Workplan (LimnoTech, April 17, 2020), Safety-Kleen conducted 

sampling for PFAS in onsite groundwater at the MW-6 location.  All results were <4.5 ng/l for the 7 detected 

analytes (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFBS and PFHxS) (LimnoTech, July 8, 2020).  In their July 15, 

2020 EGLE approval letter to the July 8, 2020 report, EGEL ǎǘŀǘŜǎΣ ά9D[9 ƛǎ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ {YLΩǎ ŎƻƴŎƭǳǎƛƻƴΣ 

presented in the Report, that there do not appear to be any PFAS impacts to groundwater at the facility at the 

present timeέ (EGLE, July 15, 2020). 

The property map indicates that there are no receptors downgradient of the Safety-Kleen site for the 

drinking water exposure pathway.  The City of Mason is the primary landowner on the east side of Mason 

Street, directly across from the Conrail railway gully that is oriented parallel to the east boundary of the 

Safety-Kleen property. City property is primarily undeveloped and includes a landfill/dump that currently is 

used for yard waste and composting.  East of the City of Mason property is Sycamore Creek, which is the 

nearest significant water body and is not used as a drinking water source. Venting groundwater potentially 

emanating from Safety-Kleen property are below relevant criteria for PCE and Mn. 

PCE detections in offsite Americhem glacial monitoring well SEG-MW-35 are from a currently unknown 

source. PCE concentrations in SEG-MW-35 samples increased from non-detect in late 2006, then PCE 

concentrations in SEG-MW-35 peaked at 19 ug/l in November 2013, then declined to 5.4 ug/l in November 

2015, and 5.7 ug/l in June 2016.  PCE concentrations in SEG-MW-35 increased to 12 ug/l in November 2016, 

which was the last sampling event conducted by MDEQ/EGLE under their surface water monitoring program.  

Safety-Kleen initiated annual sampling of SEG-MW-35 in November 2017; the November 207 and November 

2018 PCE concentrations were 26 ug/l and 18 ug/l, respectively.  Since November 2018, PCE concentrations 

at SEG-MW-35 have declined to 13 ng/l as of the November 2022 sampling event (Safety-Kleen, November 

18, 2022). 

This CMI Report provides data to support a determination that corrective measures have been completed at 

each SWMU, and documents that the implemented measures have been effective in reducing COC 

concentrations associated with historical releases to soil and groundwater at the Facility.  The 9.5 year period 

of monitoring data that have been collected by Safety-Kleen from onsite and offsite Safety-Kleen monitoring 

wells since EW-1 was shut down in early June 2013 have demonstrated that the onsite PCE plume continues 
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to be stable and of low concentrations, rebound has not occurred at the site, and offsite migration of 

groundwater impacts is not occurring.  

As of the November 2022 annual sampling event, PCE concentrations in groundwater samples collected at 

onsite well MW-6 have been below 5 ug/l for three consecutive years (Safety-Kleen, November 18, 2022). 

Consequently, Safety-Kleen requested permission from EGLE to discontinue annual sampling at onsite 

monitoring well MW-6 and proceed with closure/abandonment of all but two Safety-Kleen onsite and offsite 

glacial and bedrock monitoring wells, along with decommissioning of the idled EW-1 groundwater extraction 

system and all remaining former SVE equipment and wells. These requests were approved by EGLE (June 28, 

2023 email) and Safety-Kleen proceeded with well closures/abandonment and EW-1 system 

decommissioning during the week of November 27, 2023 (refer to Appendix G for well closure information). 

Approach for Completion of Corrective Measures.   Safety-Kleen is completing corrective measures through 

implementation of an offsite Restrictive Covenant for groundwater use on a portion of the City of Mason dump 

property and an onsite Restrictive Covenant to address the Volatilization to Indoor Air Pathway (VIAP). The 

Restrictive Covenants are Corrective Actions that have been implemented as part of EGLE approval of this CMI 

Report (draft Restrictive Covenants were included in the 2016 draft version of the CCMI report for EGLE review 

and approval, as requested in their approval letter to the August 2, 2918 soil vapor survey report (MDEQ, 

August 15, 2018)2. The offsite Restrictive Covenant on the City of Mason dump property was recorded by 

Ingham County on October 16, 2023 and the onsite Restrictive Covenant was recorded with Ingham County on 

July 31, 2024 Copies of the offsite and onsite Restrictive Covenants are included in Appendix F. 

 

 

 

 

  

 
2  άThe Corrective Measures Implementation Report must include a land-use restriction on the deed to ensure 

that no buildings are constructed within 100 feet of the source area without an MDEQ-approved evaluation 
of the VIAP performed, or an MDEQ-approved presumptive mitigation system installed. ά όa59vΣ !ǳƎǳǎǘ 
15, 2018) 
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1  
Introduction 

This chapter of the Corrective Measures Implementation (CMI) report provides the following information: 

¶ Background on the Safety-Kleen Mason, Michigan Facility (Facility) within the context of the U.S. EPA 

Resource Conservation and Recovery Act (RCRA) and Michigan Part 111 (as amended November 2013), 

Hazardous Waste Management, 1994 Natural Resources and Environmental Protection Act 451 (NREPA) 

programs -  (NOTE:  Part 111 formerly was administered under 1979 Public Act 64, i.e., Michigan Act 64); 

¶ Purpose of this CMI Report; 

¶ Objectives, components and current status of the RCRA Corrective Action Program (CAP) for the Facility; 

and  

¶ hǾŜǊǾƛŜǿ ƻŦ ǘƘŜ CŀŎƛƭƛǘȅ /!tΣ ƛƴŎƭǳŘƛƴƎ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ CŀŎƛƭƛǘȅΩǎ ŘŜǎƛƎƴŀǘŜŘ ǎƻƭƛŘ ǿŀǎǘŜ ƳŀƴŀƎŜƳŜƴǘ 

units (SWMUs) and current status of their associated CAP components. 

Chapters 2 and 3 provide details of the requirements and results of the final Corrective Measures 

implemented and proposed for each SWMU as applicable. 

Chapter 4 provides a list of references used in this report. 

1.1 Background  

The Safety-Kleen Facility (MID 981 000 359) at 700 Zimmerman Road, Mason, Michigan (Ingham County) has 

been in operation since January 29, 1985, and initially consisted of a service center and an accumulation 

center (refer to site location map in Figure 1 and site map in Figure 2).  The Facility occupies approximately 

5.4 acres, and is bounded on the east by a north-south trending railroad easement that divides the Safety-

Kleen Mason property from Mason Street and City of Mason properties (including the City dump/landfill)3. 

The Americhem site is located south of the City of Mason property (i.e., approximately 2,000 ft southeast of 

Safety-Kleen on the east side of Mason Street)4. 

 
3  As described in the 2003-2006 Site Investigation Report for the Americhem Corporation Suite (Weston, May 2006), available 

files for the Mason Sanitary Landfill (Landfill) contain limited information, including inspection reports, correspondence, and 
newspaper articles. The Landfill was in operation as a municipal waste disposal facility until at least 1970. It is unknown 
whether a clay or artificial barrier is present between landfill waste and the surrounding natural deposits and/or 
groundwater/surface water. Available file information indicates that landfill waste was in contact with surface water in 
wetland areas to the east of the active Landfill. 

 
4  As described in the 2003-2006 Site Investigation Report for the Americhem Corporation Suite (Weston, May 2006), the 

Americhem Corporation operates as an oil and chemical storage and distribution facility, and has been in operation since 
1970. Soil and groundwater are reported to have been impacted by spills, overfills, and leaks from piping, ASTs, USTs, and the 
mishandling of products. Uncontrolled disposal of waste oil, solvent drums, metal scraps, and other miscellaneous items also 
reportedly occurred on inactive (northern) portions of the Site. A former gas station was located on the southwest corner of 
the active portion of the Site during the 1950s and 1960s and likely contributed to soil and groundwater contamination in the 
area. During 1998, a new owner took over operations at the facility and conducted the repair, closure and/or removal of 
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Safety-Kleen operates both a Branch and Accumulation Center at this location (collectively referred to as a 

Service Center in this report).  The Service Center accumulates and transfers mineral spirits, immersion 

cleaner, dry-cleaning fluids and other containerized waste generated by Safety-Kleen customers.  From the 

Service Center, all wastes are shipped to appropriately permitted processing or disposal facilities.   

Safety-Kleen applied for an interim status RCRA Hazardous Waste Facility (Part B) Permit on September 1, 

1988, to transport and temporarily store hazardous wastes. Per 40 Code of Federal Regulations (CFR) 264 and 

Michigan Act 64, Safety-Kleen was required to investigate and address historic releases of hazardous waste 

and hazardous constituents that may have occurred at the Solid Waste Management Units (SWMUs) 

throughout the Facility as part of the RCRA Corrective Action Program (CAP).  Figure 3 provides a map of 

historical onsite and offsite environmental sampling locations.

 
multiple USTs and ASTs at the Site. Groundwater analytical data collected from initial site investigations conducted in 1991 
indicated the presence of VOCs at concentrations exceeding MDEQ Part 201 Criteria.  Laboratory analytical data for soil and 
groundwater indicated the presence of multiple VOCs exceeding MDEQ Part 201 Criteria in soils at active portions of the Site, 
primarily near the main building including: BTEX, PCE, TCE, TCA, DCE, VC, and TMB isomers. Chemical concentration data also 
indicated the presence of LNAPL and DNAPL at the active Site, primarily beneath the former UST and AST areas within and 
immediately north of the main building (primary source area). Free product has been measured at thicknesses up to 12 ft. 
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Figure 1. Site Location Map for the Safety-Kleen Mason, MI Facility. 
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Figure 2. Site Map with SWMUs Identified in 1990 RFA at Safety-Kleen Mason Facility and Soil, Soil Vapor and Groundwater Sampling Locations. 
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Figure 3. Soil, Soil Vapor and Groundwater Sampling Locations in Vicinity of SWMU-4, SWMU-5 and EW-1.
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The Michigan Department of Environment, Great Lakes and Energy (EGLE, formerly known as Michigan 

Department of Environmental Quality (MDEQ) and the Michigan Department of Natural Resources, or MDNR) 

Waste Management Division is the regulatory agency responsible for enforcing the provisions of Waste 

Facility Permits, including the activities required under the RCRA CAP. Safety-YƭŜŜƴΩǎ Remediation 

Department is responsible for carrying out those activities. The U.S. Environmental Protection Agency 

conducted the initial RCRA Visual Site Inspection (VSI)/Facility Assessment (RFA) in 1990 to identify potential 

SWMUs, assess the SWMUs conditions, identify the potential for, or evidence of, releases to the 

environment, and assess the need for sampling (U.S. EPA, February 1990).  

As part of a Construction Permit Application that was submitted in May 1989 for MDNR approval of a then-

planned (but never installed) Limited Storage Facility, Safety-Kleen provided the following required 

documents to MDNR/EGLE (GAS, May 22, 1989): 

¶ A hydrogeologic report, as required by Michigan Hazardous Waste Management Regulations R299.9506; 

¶ An environmental assessment, as required by R299.9504(e); 

¶ A risk assessment, as required by Michigan Public Act 195 of 1987 (Section 21.a.4); 

¶ An environmental monitoring program, as required by R299.9504(f). 

In 1991, Safety-Kleen withdrew the Part B RCRA Permit Application and Construction Permit Application, 

after deciding to discontinue the Service Center and completely close the existing regulated hazardous waste 

container storage units at the Facility. Safety-Kleen submitted Closure Plans for MDEQ/EGLE review and 

approval in accordance with the requirements of Michigan Act 64, Rule 299.9613 and 299.9702 (1 & 2), which 

incorporated 40 CFR 264.110 through 120, and 264.142 by reference (WW Engineering & Science, May 1991; 

LimnoTech, April 23, 1992).     

In May 1994, Safety-Kleen was released from its closure responsibilities under Michigan Act 64 when 

MDNR/EGLE approved the closure certifications submitted for the closed hazardous waste units. Post closure 

plans were not required because the Facility was never used for disposal, and all wastes were removed at the 

time of closure. With MDNR/EGLE approval of the closure certifications, the Mason Facility could no longer 

be operated as a hazardous waste treatment, storage or disposal facility (MDNR, May 9, 1994).  Chemicals 

may be handled at the site and stored for less than 10 days.  Safety-Kleen continues to address corrective 

action responsibilities as required under Part 111, Section 324.11115 and Part 201 (Environmental 

Remediation) to address historical releases of hazardous wastes and hazardous constituents as applicable. 

1.2 Purpose of CMI Report 

The purpose of this report is to provide a consolidated summary of the construction, implementation, results 

and status of corrective measures at the site.  All corrective measures described in the various RCRA CMI 

workplans have been implemented in accordance with the requirements specified in the documents, and the 

results of those activities were provided to MDEQ/EGLE in separate reports. These measures were designed 

to reduce residual concentrations of chemicals of concern (COCs) to levels at or below the Michigan Act 451 

of 1994, Part 201 Cleanup Criteria (current criteria).  

This CMI Report also provides data to support a determination that corrective measures have been 

completed at each SWMU (a.k.a. unit), and documents that the implemented measures have been effective 

in reducing COC concentrations associated with historical releases to soil and groundwater at the Facility.  As 

described more fully in Chapter 3, Safety-Kleen is completing corrective measures through implementation of 
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an offsite Restrictive Covenant to address groundwater use on a portion of the City of Mason dump property, 

and an onsite Restrictive Covenants for to address the VIAP near the SWMU-4 former source area. 

1.3 Objectives, Components and Current Status of Facility CAP 

The objectives of the CAP are to evaluate the nature and extent of releases of hazardous waste or 

constituents; to evaluate facility characteristics; and, to identify, develop, and implement appropriate 

corrective measures to protect human health and the environment. The four primary components of the CAP 

are: 

1. RCRA Facility Investigation (RFI) - to thoroughly evaluate the nature and extent of the releases of 

hazardous waste and hazardous constituents and to gather other data to support the Corrective 

Measures Study (CMS) and/or the need to implement Interim Corrective Measures (ICMs); 

 

2. Interim Corrective Measures (ICMs) - to control or abate threats to human health and/or the 

environment from releases or to prevent or control the further spread of contamination while long-

term remedies are pursued; 

 

3. Corrective Measures Study (CMS) - to develop and evaluate corrective measure alternative(s) and 

recommend the final corrective measures; and 

 

4. Corrective Measures Implementation (CMI) - to design, construct, operate, and maintain, the 

corrective measures selected and monitor their performance. 

Safety-Kleen is currently in the final phase of the CAP - Corrective Measures Implementation (CMI). As 

described more fully in Section 1.4 below, the requirements for the initial RFI, ICM and CMS steps of the CAP 

were met through submittal to MDEQ/EGLE a series of workplans, and associated reporting of results and 

findings from these components of the CAP. The historical workplans provide detailed descriptions of the 

design and status of the corrective measures for the Facility SWMUs, and collectively serve as a defacto RCRA 

Corrective Measures Implementation (CMI) Workplan. 

Note that prior to 2015, the documents (e.g., workplans and reports) and correspondence with MDEQ/EGLE 

did not use the RCRA CAP terminology that is used in this report. The historical documents that are 

referenced in this CMI report have been assigned to the applicable CAP component to facilitate linkage to the 

RCRA program terminology. 

1.4 Overview of the Facility CAP: SWMUs and Associated CAP Components  

This section provides a summary description of the SWMUs that were identified during the original VSI/RFA 

conducted in 1990, and two follow-up site visits conducted by MDEQ/EGLE in December 2015 and July 2023.  

This section also provides an overview of the investigations and interim corrective measures (as applicable) 

that are associated with each SWMU, and corrective measures studies and corrective measures that have 

been and are being implemented, as well as additional final corrective measures.  The associated historical 

workplans, studies, reports and closure certifications listed in Table 1 are identified by CAP component for 

each SMWU as applicable. 
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Table 1.  CAP Elements and Associated Documentation Addressing SWMUs at the Safety-Kleen Mason Facility. 
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1.4.1 RCRA Facility Assessment and Identification of Solid Waste Management Units  

Initial RFA (1990).  A RCRA Facility Assessment Preliminary Review and Visual Site Inspection (RFA/VSI) was 

conducted in 1990 (U.S. EPA, February 1990) to identify potential SWMUs, assess the SWMUs conditions, 

identify the potential for, or evidence of, releases to the environment, assess the need for sampling, and 

evaluate the potential for releases to the environment at the Safety-Kleen Mason facility. Nine potential 

SWMUs were identified at the Safety-Kleen Mason facility, as described in the following bullets and depicted 

on Figure 2: 

¶ SWMU-1:  contained area for drum storage (at the accumulation center).  SWMU-1 is located inside the 

west end of the accumulation center building. The building is constructed on an elevated slab with a 

sealed concrete floor with secondary containment. The building is used for containerized waste 

management. All hazardous waste drums are managed closed, which means that these drums are never 

opened in the building. 

¶ SWMU-2:  loading dock for the service center.  There is no loading dock present at the service center 

building, only an overhead door on the east side of the building leading inside to the service center 

contained area for drum storage. Therefore, it is assumed that the 1990 RFA/VSI is referencing the 

container storage area. The sealed concrete floor of the container storage area was used for the storage 

of hazardous material in sealed drums. 

¶ SWMU-3:  loading dock for the accumulation center.  The accumulation center loading dock is located on 

the south side of the building and contains three truck bays. The loading dock is used to back semi-

trailers up to the warehouse to facilitate loading and unloading of sealed containers.  The truck bays are 

constructed of concrete and are secondarily contained.  SWMU 3 was and is a non-regulated area.  

Therefore, it was not subject to the 1994 closure activities. Based on the secondary containment and the 

temporal use of the truck bays for waste management it is unlikely that any potential release from this 

unit would have impacted the environment. 

¶ SWMU-4:  tank farm of two 15,000 gallon aboveground storage tanks with dikes for clean and spent 

mineral spirit solvent.  This unit was located just north of the former return and fill station (SWMU-5) on 

the east site of the facility. One 15,000 gallon tank was used to manage product mineral spirits and one 

15,000 gallon tank was used to store waste mineral spirits. The tanks were located in a concrete 

secondary containment structure. Two totes used for perchloroethylene (PCE) storage also were located 

in the tank farm.  Safety-Kleen believes SWMU-4 to have been the most likely source of groundwater 

impacts detected historically at the facility. 

¶ SWMU-5: former solvent return and fill station with loading and unloading area. SWMU-5 was located 

south of and adjacent to SWMU-4 and northeast of the service center building. The return and fill station 

was a steel frame loading dock structure with a steel grate floor above continuous steel collection pans, 

all built on a concrete slab. It was enclosed on three sides by corrugated steel walls and open on the 

fourth (west) side. 

¶ SWMU-6:  east tank farm.  This SWMU was located northeast of the accumulation center and consisted 

of a concrete containment structure enclosing ASTs for used oil, a smaller AST for collection of overflow 

from SWMU-1, and the associated concrete pad for tanker truck offloading/loading. The 8,000 gallon AST 

in this structure was designed to receive overflow (none was ever reported) from the SWMU-1 container 

storage area containment structures. Safety-Kleen believes the RFA incorrectly assigned the 8,000 gallon 

PCE tank to SWMU-6. Safety-Kleen can find no record of a PCE tank having ever been located in SWMU-
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6. This has been further corroborated by a 28 year Safety-Kleen employee. The only bulk PCE product 

storage Safety-Kleen is aware of was in the totes in SWMU-4. These totes are visible in a photo attached 

ǘƻ ǘƘŜ wC!Φ ¢ƘŜ ǇƘƻǘƻ ƛǎ ƭŀōŜƭŜŘ άŎƭŜŀƴ ǇŜǊŎƘƭƻǊƻŜǘƘȅƭŜƴŜ ǘŀƴƪǎ ς ррл Ǝŀƭέύ. 

¶ SWMU-7:  proposed west tank farm. The original proposed location for the west tank farm (as depicted 

on the Expanded Site Plan figure of the 1990 RFA/VSI report) was immediately west of the east tank farm 

and north of the accumulation center building.  This facility was never built and was only a proposed plan 

at the time of the 1990 U.S. EPA RFA/VSI report. Therefore, it was not subject to the 1994 closure 

activities and no further action for SWMU-7 is warranted.  

¶ SWMU-8:  retention pond located at the northwest corner of the Safety-Kleen Mason property (which 

was in the process of being built at the time of the RFA inspection). 

¶ SWMU-9:  the entire facility for the purposes of determining the source(s) of the presence of soil and 

groundwater contaminants (NOTE: Safety-Kleen respectfully disagrees that this meets the definition of a 

SWMU). 

The nine potential SWMUs identified during the RFA were addressed as part of the RCRA CAP under the lead 

regulatory authority of the MDNR. The RFA established that hazardous waste or hazardous constituents had 

been released, or were suspected to have been released, to soil and groundwater from some of the units 

based on initial investigations of soil and groundwater quality conducted by Safety-Kleen as part of their 1989 

RCRA Permit Application and 1989 Construction Permit Application (GAS, May 1989;  as noted in Section 1.1 

above, both applications were withdrawn in 1991). Based on these initial findings, MDEQ/EGLE personnel 

conducted a soil vapor survey in November 1990 in the vicinity of the former Service Centers Return-and-Fill 

Station (Canonie, December 7, 1990). Supplemental hydrogeological investigations were conducted by Safety 

Kleen in 1990 (Canonie, August 6, 1990) and again in 1991 (Canonie, May 1991), in accordance with the 

February 1991 MDNR approval to the Supplemental Investigation Plan for the Mason, Michigan Facility 

(Canonie, February 19, 1991).   

Follow-up Site Inspection (December 2015).  On December 1, 2016, Robert Schoepke (Safety-Kleen) met 

with MDEQ/EGLE personnel (Joe Rogers and John McCabe) to conduct a site walkover to confirm current 

conditions.  In addition, the MDEQ/EGLE was present during the December 1 and 2, 2015 semi-annual 

groundwater sampling event and collected split samples at monitoring wells MW-6 and MW-10B and at 

extraction well EW-1.   

Follow-up Site Inspection (July 2023).  On July 27, 2023, Robert Schoepke (Safety-Kleen) and Joyce Dunkin 
(LimnoTech) met with EGLE personnel (Joe Rogers and Dan Dailey) to: 

¶ ±ƛǎǳŀƭƭȅ ƻōǎŜǊǾŜ ŀƴŘ ŘƻŎǳƳŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ {ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ ¦ƴƛǘǎΩ ŎǳǊǊŜƴǘ ŎƻƴŘƛǘƛƻƴǎΣ 
including photos. 

¶ Discuss the provisions of the draft 2016 CMI Report, including timing and scope of Safety-YƭŜŜƴΩǎ 
well abandonment proposal and the status of the draft Restrictive Covenants for offsite groundwater 
use on a portion of the City of Mason dump property and the onsite VIAP. 

¶ Review next steps in the corrective action process, including finalizing and filing of the Restrictive 

Covenants, well abandonment and groundwater extraction system decommissioning and a 

Corrective Action Long-Term Agreement (CALTA) as part of final CMI Report approval.
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1.4.2 RCRA Facility Investigations  

A phased RFI was conducted by Safety-Kleen from 1990 through 2008 to identify the source and nature of 

any releases, and to characterize their magnitude and extent. Documents describing the RFI phases are 

provided in Table 1. In November 2015, Safety-Kleen submitted a comprehensive rŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άSummary 

of Safety-Kleen Mason Site Investigations, Corrective Measures and Closures With Respect to SWMUs 

Identified in the 1990 U.S. EPA Visual Site Inspection Report and Historical Data Summaryέ, (included as 

Appendix A).  MDEQ/EGLE reviewed this document for compliance with Part 111 and its administrative rules.  

Based on this review, and their review of additional groundwater data collected at the Facility (Safety-Kleen, 

January 14, 2016), MDEQ/EGLE determined that the RFI phase of the corrective action is complete, and that 

the nature and extent of contamination at the Facility has been delineated (MDEQ, January 25, 2016).  

MDEQ/EGLE also determined that the November 2015 report, and the documents it references collectively, 

constitute the RFI Report for the Facility (refer to Appendix A). 

1.4.3 Interim Corrective Measures.  

During the RFI phase, Safety-Kleen implemented interim corrective measures (ICMs) at the Mason site, in 

consultation with state and federal regulatory agencies, to reduce or eliminate potential threats to human 

health or the environment by removing potential sources of contamination and eliminating potential 

pathways that could contaminate groundwater. ICMs that were conducted at the Facility included (refer to 

Chapter 3 for additional detail): 

¶ Soil Vapor Extraction (SVE) at the Retention Basin (SWMU-8) to address residual PCE impacts in soil near 

the former basin outfall.  As described more fully in Sections 1.4.5 and 3.2.1 below, SVE became the long-

term corrective action for addressing residual soil impacts in the retention basin. 

¶ Combination SVE and Air Sparge (SVE/AS) in the vicinity of the former tank farm (SWMU-4) and former 

Return-and-Fill Station (SWMU-5) to address PCE impacts in soil and groundwater.  As described more 

fully in Sections 1.4.4, 1.4.5 and 3.2.2 below, SVE became the long-term corrective action for addressing 

soil impacts in this area. 

¶ Initial operation of a single well (EW-1) groundwater extraction and carbon treatment system to address 

PCE impacts in groundwater in the vicinity of the former tank farm (SWMU-4) and former Return-and-Fill 

Station (SWMU-5).  As described more fully in Sections 1.4.5 and 3.3.1 below, the interim groundwater 

extraction system ultimately became the long-term corrective measure for addressing groundwater 

impacts at the Facility. 

1.4.4 Corrective Measures Studies  

The Corrective Measures Study (CMS) phase of the RCRA CAP was conducted to support and recommend 

appropriate remedies to eliminate or reduce potential risks to human health from anthropogenic chemicals 

in soil and groundwater, and to protect groundwater and surface water quality under provisions of the 

NREPA (Act 451 of 1994). The CMS were conducted in the vicinity of SWMUs-4 and -5 and included: 

¶ A glacial aquifer performance analysis (i.e., pumping test) conducted at well EW-1 in May 1992 in 

accordance with the Site Investigation Plan (LTI, February 18, 1992). Results from this study were 

reported in the Remedial Action Plan (LTI, November 30, 1992). 
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¶ A soil vapor extraction (SVE) pilot study conducted in EW-1 in accordance with the Proposed Work Plan 

for Soil Vapor Extraction Pilot Study (LTI, March 1992). EW-1 was originally designed and constructed so 

that it could be used for both groundwater and soil vapor extraction.  Results from this study were 

reported in the Remedial Action Plan, or RAP (LTI, November 30, 1992). Safety-Kleen proceeded with the 

activities proposed in the November 1992 RAP, even though it was not formally approved as a final 

document by MDNR5.  During the 1992 test, a vacuum of approximately 48 inches H2O was applied to 

EW-1, resulting in an air flow rate of 60 standard cubic feet per minute (scfm).  Observation wells that 

were located 11.5 feet and 27 feet radially from the extraction well were used to monitor subsurface 

pressure.  The test was conducted for four hours, over which time the concentration of PCE in the 

extracted soil vapor stayed at or above approximately 4,800 parts per million vapor (ppmv).  The study 

showed a radius of influence of approximately 30 feet, and demonstrated the applicability of SVE to 

remove PCE from the vadose zone.  The test also demonstrated that a single vapor extraction well would 

be sufficient to remediate the full extent of detected PCE impacts in the vadose zone, which were 

characterized in additional supplemental groundwater impact extent and distribution investigations that 

were conducted in this area in 1994 (LTI, April 19, 1994).  

¶ Two additional pumping test evaluations that were conducted when the Safety-Kleen bedrock aquifer 

supply well was shutdown over Labor Day weekend 1991 (by MDNR/EGLE personnel) and in September 

1992 (by LimnoTech personnel on behalf of Safety-Kleen) to characterize the extent of hydraulic 

communication between the shallow glacial aquifer and underlying bedrock aquifer.  Results from those 

studies were reported in the Remedial Action Plan (LTI, November 30, 1992).  The data from these tests 

were inconclusive regarding the magnitude, if any, of the hydraulic connection between the two 

aquifers.  Safety-Kleen determined that bedrock aquifer monitoring was the most direct way to 

determine the presence of chemical impacts downgradient of areas of surficial impacts.  Therefore, the 

installation and long-term monitoring of additional downgradient onsite and offsite bedrock aquifer wells 

was conducted in a phased approach from 1992 through 2008.  As described more fully in Chapter 3, 

long-term monitoring of all onsite and offsite bedrock wells from 1991 through 2016 has shown no 

detectable concentrations of PCE in bedrock groundwater (refer to historical data summary tables in 

Appendices A and C). 

¶ The extent and distribution of PCE impacts in onsite glacial aquifer groundwater was delineated in 

February 1994 during a groundwater investigation with a Geoprobe device in the vicinity of the east 

Above-ground Storage Tank (AST) area (LTI, April 1994).  Based on the results of this investigation, and 

one additional offsite geoprobe investigation conducted in 2007 along the west side of Mason Street, a 

άǊƛƴƎ ƻŦ ƴƻƴ-ŘŜǘŜŎǘǎέ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ was established around the east AST area. MW-1 was designated 

as the downgradient point-of-compliance monitoring well for the glacial aquifer.  The eastern boundary 

of chemicals in groundwater was determined to be in the approximate location of Mason Street.  Offsite 

glacial and bedrock monitoring wells were installed 1995 and 2008 for routine monitoring to confirm the 

results of the two geoprobe investigations (refer to Section 3.3.4 below). 

 
5  A previous version of the November 1992 RAP, entitled Data Analysis and Remediation Plan, had been submitted by Canonie 

for MDEQ review in July 1991.  This Plan proposed methods to remediate impacted soils and groundwater via the installation 
and operation of soil vapor and groundwater extraction and treatment systems in the vicinity of the former Return-and-Fill 
Station.  MDNR/EGLE approved the July 1991 Plan on an interim basis (MDNR, September 9, 1991), citing investigation 
deficiencies.  These concerns were addressed in subsequent communications and negotiations with MDNR/EGLE (LTI, 
November 4, 1992), and resulted in the submittal of the updated 1992 RAP (LTI, November 30, 1992). 
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¶ An extended SVE Pilot Study was conducted in well EW-1 in the summer of 1996 using a SoilVac SVE and 

carbon treatment system that previously had been installed at the former retention basin/SWMU-8 (see 

Section 3.2.1).  An extended test was conducted to: confirm the information collected during the 1992 

pilot SVE study; to gather data for specification of the vapor treatment technology to be used with an 

SVE system; and, to reliably predict long-term PCE concentrations in the extracted soil vapor.  The test 

was successful in meeting the objectives of: determining the achievable extraction rate; confirming the 

radius of influence of the SVE system; quantifying PCE removal over time; measuring the effectiveness of 

activated carbon for treating the extracted soil vapor under field conditions for effective vapor emissions 

control design; and observing the effect of the applied vacuum on the groundwater table.  The methods 

and results of the extended SVE Pilot Study are documented in Attachment A to the Remedial Action Plan 

for Soil Vadose Soil Near the East Above Ground Storage Tank Area (LTI, October 1996). 

¶ Field-testing was conducted in November 2004 to determine the suitability of the site soils in the vicinity 

of SWMU-4 for ISCO using permanganate injection.  The results of Natural Oxidant Demand (NOD) 

testing supported estimations of the cumulative demand exerted by the various reduced species in soil 

on the permanganate.  These tests involved: collection of soil and groundwater samples for NOD 

analyses to estimate the amount of permanganate needed to treat the impacted area; and collection of 

groundwater samples to analyze for Total Organic Carbon (TOC), Chemical Oxygen Demand (COD) and 

metals (iron and manganese) that might react with permanganate and oxidize, resulting in potential 

metals precipitation within the aquifer (Limno-Tech, Inc., April 2005).  The four NOD sample locations are 

shown in Figure 3 (i.e., GP04-A through GP04-D).  The groundwater data indicate that COD and TOC are 

low at the site (3.0 mg/l and 1.4 mg/l, respectively).  Manganese was not detected above a reporting 

limit of 0.02 mg/l and iron was detected at a concentration of 0.34 mg/l in the EW-1 effluent sample.  

Groundwater NOD also is low (0.010 g/l for the high KMnO4 dose and 0.001 g/l for the low and medium 

doses). The NOD results indicated that soil samples have a low natural oxidant demand, with an average 

48-hour demand of 9.7 g/kg for the high KMnO4 dose. Generally, remediation sites with a total soil 

oxidant demand of less than 35.0 g/kg are favorable for in-situ chemical oxidation with permanganate.  

Therefore, the Safety-Kleen Mason site was deemed a suitable candidate for ISCO treatment with 

permanganate.  No VOCs other than methylene chloride and acetone were detected above 5 ug/kg in 

vadose zone soil samples.  The acetone and methylene chloride detections were likely laboratory 

artifacts, and were also detected well below their respective risk-based criteria (LimnoTech, Inc., April 

2005). 

¶ Subsequent to MDEQ/EGLE approval of the November 2015 report, Safety-Kleen implemented a soil 

vapor study at the request of MDEQ/EGLE to evaluate the Volatilization to Indoor Air Pathway (VIAP) for 

PCE.  Soil vapor sampling locations (SG17-1 and SG-17-2, refer to Figures 2 and 3) were installed and 

sampled in October 2017 in accordance with the MDEQ/EGLE-approved Soil Gas Investigation Work Plan 

(Attachment A in LimnoTech, 29 August 2017;  MDEQ/EGLE, September 12, 2017).  SG17-1 is located in 

the approximate center of the former source area near SWMU-4, between 2006 soil borings GP06-01 

and GP06-08 (which had the highest residual concentrations of PCE prior to the 2006 KMnO4 injection 

program).  SG17-02 located adjacent to the Administration Building near Safety-Kleen onsite glacial 

aquifer monitoring well MW-8.  As specified in the 12 September 2017 MDEQ/EGLE approval letter to the 

August 2017 Work Plan, the soil vapor results were compared to applicable soil vapor screening levels for 

PCE as provided in the Media-Specific Interim Response Screening Levels (MSSLs) recently made available 

on the MDEQ/EGLE website (dated August 2017).  The two temporary soil vapor sampling locations were 
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abandoned and the results of the October 2017 soil vapor investigation were reported to MDEQ/EGLE 

(Safety-Kleen, 9 November 2017).  

MDEQ/EGLE summarized their review of the November 9, 2017 report in an email (Joe Rogers, 

MDEQ/EGLEΣ bƻǾŜƳōŜǊ мтΣ нлмтύΣ ǿƘƛŎƘ ǎǘŀǘŜǎΣ άΧSG-17-2 must be sampled at least three more times 

on a quarterly frequency to reliably demonstrate that the soil gas concentrations are below the MSSL 

[Media-Specific Interim Response Screening LevelsϐΦέ  /ƻƴǎŜǉǳŜƴǘƭȅΣ ŀ ǘƘƛǊŘ ǎƻƛƭ vapor sampling point 

(SG18-01) was installed on January 9, 2018 as an offset to the closed SG17-02 sample point location.  

SG18-01 was sampled in three additional quarterly events conducted in January, April and July 2018.  The 

results from the October 2017 through July 2018 soil vapor sampling events were reported to 

MDEQ/EGLE (Safety-Kleen, August 2, 2018).  MDEQ/EGLE provided their review of the soil vapor 

sampling report in which they approved Safety-YƭŜŜƴΩǎ ǊŜǉǳŜǎǘ ǘƻ ǘŜǊƳƛƴŀǘŜ ǉǳŀǊǘŜǊƭȅ ǎƻƛƭ vapor 

sampling at SG18-01 and abandon the station because there is no concern associated with the vapor 

intrusion pathway at the warehouse location (MDEQ August 15, 2018).  Consequently, SG18-01 was 

abandoned on November 9, 2018.  Per MDEQ/EGLEs request in their August 15, 2018 letter and followup 

conducted through 2023, this CMI report includes a land-use restriction to ensure that no buildings are 

constructed within 100 feet of the SWMU-4 former source area without an MDEQ/EGLE-approved 

evaluation of the VIAP performed, or an MDEQ/EGLE-approved presumptive mitigation system installed 

(refer to Appendix F). 

1.4.5 Corrective Measures Implementation  

Beginning in 1992, the Corrective Measures Implementation (CMI) portion of the RCRA CAP was conducted in 

phases to implement appropriate remedies to eliminate or reduce potential risks to human health from 

anthropogenic chemicals in soil and groundwater.  Historical corrective measures are summarized below, and 

are described more fully in Chapter 3 (refer to Figures 2 and 3 for maps of all soil and groundwater sampling 

locations):  

¶ Closure of all hazardous waste storage units (SWMUs-1, -2, -4, -5 and -6).  As noted above, in 1991 

Safety-Kleen proceeded with closure of hazardous waste units at the Facility after withdrawing the Part B 

RCRA Permit application and Construction Permit Application for a formerly proposed Limited Storage 

Facility (never constructed).  This included decontamination and closure of hazardous waste container 

storage areas, a spent mineral spirits storage tank, concrete storage pads and secondary containment 

structures under Code of Federal Regulations (CFR) 264.110-120 (formerly administered under Michigan 

Act 64). These activities were conducted in accordance with the MDNR-approved Partial Closure Plan 

(LTI, April 23, 1992). Safety-Kleen completed the closures, which eliminated concerns for potential COC 

release at SWMUs-1, -2, -4, -5 and -6 (LTI, April 12, 1993 and October 8, 1993).   The May 9, 1994 MDNR 

approval letter for these closures is provided in Appendix B. 

¶ Closure of the Retention Pond (SWMU-8).  In 1992, Safety-Kleen conducted soil and groundwater 

investigations of the former retention basin, which indicated that residual PCE soils impacts remained in 

the floor of the retention basin near the former outfall.  As described more fully in section 3.2.1 below, 

Safety-Kleen proceeded with soil corrective measures (i.e., SVE) that were successful in reducing PCE 

concentrations in soil to below detection limits.  Safety-Kleen submitted a closure completion report, 

which concluded that PCE impacts that were identified in the retention basin during the 1992 site 

investigations had been remediated successfully and that no further action was warranted (LTI, March 
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1996).  The May 28, 1996 MDEQ/EGLE approval letter for completion of remediation of the retention 

pond is provided in Appendix B. 

¶ Corrective actions to address soil and groundwater PCE impacts detected in the vicinity of SWMU-4.  

Safety-Kleen believes SWMU-4 to have been the most likely source of glacial soil and groundwater 

impacts at the facility. As described more fully in Section 3.3 below, a series of remedial activities were 

conducted to address these impacts, including: 

¶ November 1992 - June 2013:  Installation and operation of a single-well (EW-1) groundwater 

extraction and carbon treatment system.    

¶ June 1996 ς May 2000:  Installation and operation of initial soil vapor extraction (SVE) system to 

address vadose zone soil impacts. 

¶ May 2000  -   2006:  Operation of expanded SVE and groundwater air sparging (AS) and treatment 

system to address vadose zone soil and groundwater impacts;  

¶ May/June 2006:   In-situ chemical oxidation through injection into the subsurface of potassium 

permanganate (KMnO4) compounds (Carus Chemical Company RemOxTM S ISCO Reagent) to address 

both vadose zone soil and groundwater impacts; and  

¶ 1989 through June 2017:  Onsite and offsite groundwater monitoring of the glacial and bedrock 

aquifers for organic compounds and metals.  

¶ November 2017 through November 2022:  Annual monitoring of groundwater from onsite Safety-

Kleen glacial well MW-6 and offsite Americhem glacial well SEG-MW-35. Groundwater monitoring 

was deemed complete after PCE was detected below 5 ug/l in MW-6 annual samples for three 

consecutive years (November 2020, 2021 and 2022). 

¶ June 2020 sampling for PFAS at onsite monitoring well MW-6. 

¶ October 16, 2023 and July 31, 2024.  Recorded offsite and onsite Restrictive Covenants with Ingham 

County to restrict groundwater use on a portion of the City of Mason dump property and to address 

the VIAP in the vicinity of SWMU-4. 
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2  
Corrective Measures Requirements 

This section of the CMI report summarizes the corrective actions objectives, chemicals of concern, media 

cleanup standards, compliance with media cleanup standards and a description of the technology at the site.  

This chapter also includes verification that a Deed Notice has been filed for the property. 

2.1 Corrective Action Objectives  

Corrective Action Objectives were developed to address onsite and offsite potential risk to human health and 

compliance with regulatory policy. The regulatory policy addressed was the protection of beneficial uses of 

groundwater. 

Potential risks to human health on the Safety-Kleen Mason property were evaluated based on a non-

residential (i.e., industrial) land use scenario, which is consistent with the current and potential future land 

use at Safety-Kleen Mason facility. The potential onsite receptors associated with this land-use scenario are 

Safety-Kleen employees (facility workers, office workers and outdoor workers such as landscape 

maintenance workers) and construction workers.  

Potential risks to human health beyond and adjacent to the Safety-Kleen Mason property boundaries were 

evaluated based on a residential land use scenario.  

The potential risks to human health for the Safety-Kleen Mason site are evaluated using Michigan Act 451, 

Part 201 Cleanup Criteria that are based on two criteria:  

¶ The target cancer-risk (i.e., a theoretical incremental lifetime cancer risk (ILCR)) of 1 x 10-5 and  

¶ A non-cancer hazard quotient (HQ) value (for individual chemicals) of 1.0.  

An ILCR in the range of 10-4 to 10-6 is considered by the USEPA to be safe and protective of public health 

(Federal Register 56 [20]: 3535, Wednesday, January 30, 1991). A Hazard Index (HI) (sum of HQs) below 1.0 

will likely not result in adverse non-cancer health effects over a lifetime of exposure. 

Site groundwater is not used for drinking or other domestic water supply at the Safety-Kleen Mason facility. 

Use of the site water well (SKWW, refer to Figure 2) was discontinued and the well abandoned on October 

16, 2003. Figure 2 shows the locations of nearby potable water wells, which include two residential wells (#1 

and #2) located cross-gradient of the Safety-Kleen property on the east side of Mason Street, a pitcher pump 

located on City property on the east side of Mason Street and cross-gradient of the Safety-Kleen.  A former 

bedrock municipal supply well is located on Curtis Street (approximately 500 ft south of the Safety-Kleen 

property boundary).  Based on information provided in the Americhem 2003-2006 Site Investigation Report 

(Weston Solutions, May 2006): 

¶ Residential Well #1 appears to be installed in the glacial drift aquifer at a depth less than 36 feet below 

grade; 

¶ Residential Well #2 appears to be cased 5 feet into the bedrock aquifer and is open to the bedrock to 

approximately 180 feet below grade; 

¶ Construction of the Pitcher Pump well is unknown. 
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The residential water wells are monitored regularly by the Health Department, and are not threatened by 

impacts potentially emanating from Safety-Kleen.  Over twenty years of bedrock monitoring on the Safety-

Kleen site have shown no impacts to site bedrock groundwater, however, bedrock groundwater impacts have 

been documented at the Americhem site (Weston Solutions, May 2006).  The Curtis Street well is located 

approximately 1,800 ft north of the Americhem site and has been inactive since 2002, when the MDEQ/EGLE 

warned the City of Mason of potential VOC contamination from the Americhem site in the bedrock aquifer 

within 200 ft of the well (Weston Solutions, May 2006).  Weston states that the known VOC plume extent 

emanating from the Americhem site is within the combined estimated Well-Head Protection Areas (WHPAs) 

for the Curtis Street Well and the Howell Road municipal well (751 West Howell Street).  The Howell Road 

well is no longer used by the City of Mason as a municipal supply well, but instead is used as a purge well to 

remediate chloride contamination emanating from the Ingham County Road Commission (ICRC) salt storage 

facility located northwest of the Americhem Site (Weston Solutions, May 2006).  

During the years when the Curtis Street municipal bedrock well and the Safety-Kleen bedrock water well 

were in operation, site bedrock groundwater flowed towards the southwest, but bedrock pumping did not 

influence the northerly onsite shallow glacial groundwater flow direction in the overlying glacial aquifer. 

Safety-Kleen's most recent bedrock monitoring data show bedrock groundwater flow is generally north-

northeast towards Sycamore Creek (refer to Appendix C for the June 2016 potentiometric surface maps of 

the glacial and bedrock aquifers). 

East of the City of Mason property is Sycamore Creek, which is the nearest significant water body and is not 

used as a drinking water source (refer to Figure 1).   

2.2 Media Cleanup Standards  

Media Cleanup Standards (MCSs) are media- and chemical-specific concentrations that a corrective measure 

must achieve to meet corrective action objectives and be considered complete. The MCSs used for the 

Safety-Kleen Mason site were developed by the MDNR/MDEQ/EGLE under rules and guidance for the 

Michigan Act 451, Part 201, and include the MDEQ/EGLE Part 201 cleanup criteria table values. These criteria 

address both risk-based and regulatory-based Corrective Action Objectives. Risk-based MCSs for the Safety-

Kleen site are based on potential threats to human health associated with the existing and future land-use, as 

well as receptor exposure pathways. The risk-based MCSs (EGLE Part 201 cleanup criteria) are based on 

theoretical ILCRs of 1 x 10-5 and a non-cancer HQ of 1.0. Regulatory-based MCSs are based on protection of 

beneficial uses of groundwater. The final MCS is determined for each COC by medium and land use as the 

lowest Part 201 cleanup criterion value among applicable receptor exposure pathways (e.g., drinking water, 

direct contact, inhalation). 

The Part 201 Cleanup Criteria potentially applicable to the site are listed in Table 2. These are generally risk-

based criteria. However, for a number of criteria, the value is determined by other regulatory- or science-

based policy. For example, when a risk-based criterion is less than the target detection limit (TDL), the TDL is 

listed as the criterion (Act 451 §324.20120a(10)). For certain groundwater COCs, the criterion is the state of 

Michigan drinking water standard established pursuant to Section 5 of 1976 PA 399, MCL 325.1005, or 

drinking water aesthetic value as required by Section 20120a(5) of Act 451. In addition, other regulatory- or 

science-based policy considerations include addressing free-phase liquids in soil, adverse impacts to plant life 

and phytotoxicity, pH or hardness of receiving waters, the presence of chemical isomers or speciation, 

biologically-based models for derivation of lead criteria, contributions to nitrate-nitrogen levels in a drinking 
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water source, potential for release of hydrogen cyanide gas from soils, PAH relative potential potencies to 

benzo(a)pyrene, chemical water solubility limits, applicability to Toxic Substances Control Act (TSCA) or other 

standards, and other chemico-physical considerations in the absence of risk-based supporting data. 
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Table 2. Applicable Michigan Act 451 Part 201 Cleanup Criteria 

Medium Soil Groundwater 

Land Use 
Onsite 

Nonresidential 
Offsite Residential 

Onsite 
Nonresidential 

Offsite Residential 

Groundwater / Drinking 
Water 

Nonresidential 
Drinking Water 
Protection Criteria 

Residential 
Drinking Water 
Protection Criteria 

Nonresidential 
Drinking Water 
Criteria 

Residential 
Drinking Water 
Criteria 

Groundwater 
Surface Water 
Interface 
Protection Criteria 

Groundwater 
Surface Water 
Interface 
Protection Criteria 

Groundwater 
Surface Water 
Interface Criteria 

Groundwater 
Surface Water 
Interface Criteria 

Indoor Air 
Soil Volatilization 
to Indoor Air 
Inhalation Criteria 

Soil Volatilization 
to Indoor Air 
Inhalation Criteria 

Nonresidential 
Groundwater 
Volatilization to 
Indoor Air 
Inhalation Criteria 

Residential 
Groundwater 
Volatilization to 
Indoor Air 
Inhalation Criteria 

Ambient Air 

Volatile Soil 
Inhalation Criteria 
(VSIH) 

Volatile Soil 
Inhalation Criteria 
(VSIH) 

n/a n/a 

Particulate Soil 
Inhalation Criteria 
(PSIC) 

Particulate Soil 
Inhalation Criteria 
(PSIC) 

n/a n/a 

Contact 
Direct Contact 
Criteria 

Direct Contact 
Criteria 

n/a n/a 

 

Per MDEQ/EGLEΩǎ aŀȅ нлмо Guidance Document for the Vapor Intrusion Pathway (updated January 2023), 

generic Part 201 cleanup criteria for both soil and groundwater data initially were used because the following 

conditions are met: 

1. There is no structure present (or planned to be constructed at the facility) which does not have 

concrete block or poured concrete floor and walls; 

2. The highest water table elevation of a contaminated saturated zone at the facility (considering 

seasonal variation) is greater than 3 meters below the ground surface (at the site groundwater is 

greater than 12 ft below grade near EW-1 and is greater than 10 ft below grade at the bottom of the 

retention pond); and, 

3. There are no sumps present that are not completely isolated from the surrounding soil by materials 

of construction, or there is no other direct entry of contaminated groundwater into a basement. 
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However, at a meeting with MDEQ/EGLE personnel in August 2017, MDEQ/EGLE required the development 

of a work plan for Safety-Kleen to conduct soil vapor sampling at the site.  In their approval letter to the 

August 2017 Work Plan, MDEQ/EGLE required the use of  oil vapor screening levels as provided in the Media-

Specific Interim Response Screening Levels (MSSLs) made available on the MDEQ/EGLE website in August 

2017 (MDEQ, 12 September 2017). 

 

As of August 2023, EGLE required a non-residential soil screening level of 74 ug/kg for PCE in accordance with 

Table 2 of Appendix D.1 of the updated 2013 EGLE Guidance Document For The Vapor Intrusion Pathway to 

delineate the SWMU-4 source area for the onsite VIAP Restrictive Covenant (EGLE-Joe Rogers, August 2, 2023 

email). 

2.3 Chemicals of Concern  

Appendix A provides summary tables of all soil and groundwater data that have been collected at the site 

through June 2015.  Additional groundwater data that were collected during the December 2015 through 

June 2017 semi-annual groundwater sampling events,  the November 2017 and November 2022 annual 

groundwater sampling events, and the June 2020 PFAS sampling event are provided in Appendix C.  

Compounds that historically have been detected at the site include the following: 

¶ Soils:   

o Background:  6 metals (arsenic, barium, chromium, copper, lead and zinc) 

o Parking Lot:  1 metal (lead) and TPH (C14) 

o SWMU-8:  1 metal (lead), 1 VOC (PCE) and TPH (C9-C12) 

o EW-1:  1 metal (lead) and 4 VOCs (PCE, TCE, ethylbenzene and xylene)  

o SWMUs-4 and -5:  1 VOC (PCE) 

¶ Groundwater: 17 metals, 19 VOCs,  3 petroleum hydrocarbon compounds and 6 PFAS. 

¶ Soil Vapor:  1 VOC (PCE) 

Historical risk-based and regulatory-based MCSs (i.e., Part 201 generic criteria) for COCs are listed in 

Appendix A for soil, groundwater and soil vapor.  Detected compounds that exceed Part 201 criteria are 

selected to determine completion of corrective measures. 

2.4 Compliance with Media Cleanup Standards and Screening Levels 

Table 3 summarizes the media cleanup standards that are applicable to COCs detected in soil and 

groundwater samples above Part 201 generic criteria.  Table 4 summarizes the media cleanup standards for 

determining completion of corrective measures for soil and groundwater, and screening levels for 

determining appropriate interim actions for soil vapor impacts.   The rationale for selecting these MCS and 

screening levels is explained by media in the following subsections. 

2.4.1 Soil 

Completion of corrective measures at soil units is documented by comparing residual concentrations of COCs 

in soil to the required MCSs. Residual COC concentration values used for these comparisons may be either 

the maximum detected concentrations or the representative chemical concentrations to which human 

receptors may be exposed (exposure point concentrations, EPCs). If either the maximum concentrations or 
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the EPCs are less than the MCSs, then the corrective measure is considered complete. In accordance with 

USEPA guidance (U.S.EPA, 1989), EPCs for soil may be set at the 95-percent upper confidence limit (UCL) on 

the arithmetic mean of the sample concentrations. 

All soil results for detected compounds were compared to current Part 201 generic cleanup criteria.  For the 

purpose of determining compliance with soil corrective measures, the most current post-remediation soil 

data for each SWMU were evaluated.  This comparison showed exceedances of the groundwater protection 

standard for PCE only in a few post-remediation soil samples collected near SWMUs-4 and -5.  All detected 

PCE concentrations in the 2006 soil were well below current and proposed Part 201 Generic Soil Criteria for 

inhalation, direct contact and GSI pathways.  There are no generic criteria for TPH and no toxicity data are 

available to calculate criteria for TPH or specific aliphatics.   

Compliance with soil corrective measures objectives is discussed further in Section 3.2 of this report.
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Table 3. Media Cleanup Standards (MCSs) for Soil and Groundwater Results that Were Detected Above Current Part 201 Generic Criteria* and Soil Vapor Screening Levels. 

COC 
 

Media 

Part 201 
Residential/ 

Non-
Residential 

Direct 
Contact 
Criteria 
(ug/kg) 

Part 201 
Groundwater 

Protection 
Criterion 
(ug/kg) 

Part 201 
Residential/ 

Non-
Residential 

Drinking Water 
Criterion (ug/l) 

Part 201 
Residential/ 

Non-
Residential 

Groundwater 
Volatilization 
to Indoor Air 
Inhalation 

Criteria (ug/l) 

Part 201 
Volatilization 
to Indoor Air 

Non-
Residential Soil 
Screening Level 

(ug/kg) 

 

Part 201 
GSI 

Criterion 
(ug/l)^ 

Part 201 GSI 
Protection 
Criterion 
(ug/kg) 

Part 201 
Residential/ 

Non-
Residential 
Soil Vapor 
Screening 

Level (ug/m3) 

Part 201 
Residential/ 

Non-
Residential 
Volatile Soil 
Inhalation 

Criteria 
(VSIC) 
(ug/kg) 

Part 201 
Residential/ 

Non-
Residential 

Particulate Soil 
Inhalation 

Criteria (PSIC) 
(ug/kg) 

Minimum/ 
Maximum Soil 
Concentration 

(ug/kg) 

Minimum/ 
Maximum 

Groundwater 
Concentration 

(ug/l) 

SK Locations 
where 

Historical Soil 
Concentrations 

Exceeded 
Protection 

Criteria 

SK Locations where 
Historical 

Groundwater 
Concentrations 

Exceeded 
Protection Criteria 

PCE Soil*, GW 
& Soil 
Vapor 

200,000/ 
930,000 

100 5  170,000/ 
310,000 

74 60 1,200 1,400 11,000/ 
21,000 

2,700,000,000/
1,200,000,000 

<10 / 28,172 <0.4 / 820 EW-1, BH4, 
G06-01, GP06-
08 

EW-1, MW-3, MW-
6, MW-8, P-3 

Benzene GW   5 5,600/ 35,000  200      <0.4 / 5.7  MW-7A 

Trichloroethylene GW   5 2,200/ 4,900  200      <0.4 / 14  MW-3 

Manganese GW   50 (aesthetic) NLV  1,965 to 
6,600 
(calculated^) 

     11 / 3,800  EW-1, P-2, P-3, 
MW-2, MW-2B, 
MW-3, MW-6, 
MW-7A, MW-7B, 
MW-8, MW-8B, 
MW-10B, MW-11, 
MW-12, MW-13, 
MW-14 

Chromium (6+) GW   100 NLV  11      <5 / 53  EW-1, P-3, MW-8 

Iron GW   300 (aesthetic) NLV  Not 
applicable 

     18.4 / 2,740  MW-6 

Lead GW   4 NLV  21 to 61 
(calculated^) 

     <2 / 110  MW-1, MW-2, 
MW-4, MW-5B, 
MW-7, MW-8 

Selenium GW   50 NLV  5      2.5 / 6.2  P-3 

Chloride GW   250,000 
(aesthetic) 

NLV  FF      67,600 / 
774,000 

 EW-1, P-3, MW-8, 
MW-10B 

TDS GW   500,000 
(aesthetic) 

ID  500,000**       652,000 / 
1,880,000 

 EW-1, P-3, MW-6, 
MW-8, MW-10B 

NOTES: 
*  This summary applies to confirmatory soil samples collected after shutdown of the EW-1 SVE/AS system near SWMU-4, and prior to implementation of the ISCO program in May/June 2006. 

**If TDS data are not available, the TDS criterion may be used as a screening level for the sum of the concentrations of the following substances: calcium, chlorides, iron, magnesium, potassium, sodium, sulfate.  

^GSI criteria for certain metals are hardness based, and were calculated as summarized in Appendix A. 

FF = The chloride GSI criterion shall be 125 mg/l when the discharge is to surface waters of the state designated as public water supply sources or 50 mg/l when the discharge is to the Great Lakes or connecting waters. Chloride GSI criteria shall not apply for surface waters of the state that are not designated as a public water supply source, 

however, the total dissolved solids criterion is applicable.  

ID = means insufficient data to develop criterion 

NLV = hazardous substance is not likely to volatilize under most conditions. 

  



CMI Report ς Safety-Kleen Mason, Michigan Facility  June 2024 

         Page | 26 

 

Blank page 



CMI Report ς Safety-Kleen Mason, Michigan Facility  June 2024 

  Page | 27 

Table 4. Final Media Cleanup Standards (MCSs) for Soil and Groundwater and Soil Vapor Screening Levels for Determining 
Completion of Corrective Measures and Interim Actions. 

COC 

 

Media Part 201 
Groundwater 

Protection 
Criterion 
(ug/kg)  

Part 201 
Residential/Non-

Residential 
Drinking Water 
Criterion (ug/l) 

Part 201 
Volatilization 
to Indoor Air 

Non-
Residential 

Soil Screening 
Level  (ug/kg) 

 

Part 201 GSI 
Criterion 
(ug/l)^ 

Part 201 
Residential/ 

Non-
Residential 
Soil Vapor 
Screening 

Level (ug/m3) 

PCE Soil*,  GW 
& Soil 
Vapor 

100 5  74 60 1,400 

Manganese GW  50 (aesthetic)  1,965 to 6,600 
(calculated^) 

 

^GSI criteria for manganese is hardness based, and was calculated as summarized in Appendix A. 

2.4.2 Groundwater 

Completion of corrective measures at groundwater units is documented by comparing residual 

concentrations of COCs in groundwater to the required MCSs. Compliance with groundwater MCSs must be 

demonstrated throughout the area of groundwater contamination. Locations for demonstrating compliance 

consist of groundwater monitoring wells located in the area where MCSs are exceeded, and also 

downgradient from those areas to monitor for downgradient COC migration. Groundwater monitoring at 

Safety-Kleen Mason was based on a semi-annual schedule for select wells that was approved by the 

MDEQ/EGLE in 2013 (MDEQ, June 12, 2013) and subsequently modified to an annual frequency in 2017 (Sep 

12, 2017, MDEQ). The methods and locations of historical monitoring groundwater for compliance with MCSs 

are described more fully in Section 3.3.4 below. 

All groundwater results for detected compounds were compared to current Part 201 generic cleanup criteria.  

For the purpose of determining compliance with groundwater corrective measures, the most current post-

remediation groundwater data from the semi-annual and annual monitoring programs were evaluated.  This 

comparison shows that low concentration residual PCE impacts are being detected in a few onsite glacial 

aquifer wells, but that the concentrations have dropped below 5 ug/l for 3 consecutive annual sampling 

events.   All detected PCE concentrations are well below current Part 201 Generic Criteria for the inhalation 

and GSI pathways.   

Manganese concentrations exceed the 50 ug/l aesthetic drinking water standard, but the most current data 

are well below the 860 ug/l Residential Health-Based Drinking Water Standard.   

There are no generic criteria for TPH and no toxicity data are available to calculate criteria for TPH or specific 

aliphatics.   

Benzene, TCE, chromium (6+), iron, lead, selenium, chloride, PFAS and TDS are eliminated as COCs for 

determining completion of corrective measures at the Safety-Kleen site for the following reasons (refer to 

Appendix A for additional detail): 

¶ Benzene and TCE have been detected very infrequently from in onsite glacial aquifer samples 

collected through June 2015 (1 out of 297 samples and 2 out of 297 samples, respectively), and at 
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very low concentrations (up to 5.7 ug/l and 14 ug/l, respectively).  These compounds have not been 

detected in EW-1 samples, in offsite glacial aquifer sample, nor in onsite and offsite bedrock aquifer 

samples. 

¶ Iron was detected above the residential drinking water criterion in 5 of 15 onsite glacial aquifer 

samples, and in 4 of 5 onsite bedrock aquifer samples, at concentrations up to 2,740 ug/l and 929 

ug/l, respectively.  Iron has not been detected above 63.2 ug/l in ten samples collected from EW-1.  

The residential aesthetic drinking water standard is 300 ug/l.  Michigan groundwater typically has 

high iron concentrations , up to 24,000 ug/lg to 43,000 ug/l (USGS Water Supply Paper 2325), and 

the maximum iron concentration detected in SK groundwater is at the lower end of this range. 

¶ Lead has been detected fairly infrequently in onsite glacial and bedrock aquifer groundwater 

samples:  in 11 of 46 samples and 5 of 10 samples, respectively.  Lead has been detected in only 2 of 

10 EW-1 groundwater samples, at concentrations less than or equal to 3 ug/l.  Lead was detected 

above the residential drinking water criterion in 7 of 46 onsite glacial aquifer samples, and in 1 of 10 

onsite bedrock aquifer samples, at concentrations up to 110 ug/l and 16 ug/l, respectively. The Part 

201 GSI criterion was exceeded in 3 of 46 onsite glacial aquifer samples.  The source of lead impacts 

in site groundwater is unknown. With the exception of one lead exceedance of 16 ug/l in bedrock 

well MW-5B in April 1991, the data trends show that these high concentrations are anomalous to the 

June or July 2, 1990 groundwater sampling events in glacial aquifer wells that are located outside of 

PCE source areas: 

o MW-1:  lead = 80 ug/l on July 2, 1990 but prior to this lead was non-detect at 50 ug/l (April 

1989) and 10 ug/l (June 1990). 

o MW-2:  lead = 40 ug/l on July 2, 1990 but prior to this lead was non-detect at 50 ug/l (April 

1989) and 10 ug/l (June 1990) and the following spring (April 1991) lead was non-detect at 2 

ug/l. 

o MW-4:  lead = 80 ug/l on July 2, 1990 but prior to this lead was non-detect at 50 ug/l (April 

1989), was detected at 10 ug/l (June 1990) and the following spring (April 1991) lead was 

non-detect at 2 ug/l. 

o MW-5:  lead = 30 ug/l on July 2, 1990 but prior to this lead was non-detect at 50 ug/l (April 

1989) and 10 ug/l (June 1990). 

o MW-7:  lead = 20 ug/l in June 1990 but not detected above 10 ug/l in July 1990. At nearby 

deeper glacial cluster well MW-7A, lead was not detected in three consecutive sampling 

events (<10 ug/l in June and July 1990 and <2 ug/l in April 1991). 

o MW-8:  lead = 110 ug/l on July 2, 1990 but prior to this lead was non-detect at 10 ug/l (June 

1990) and the following spring was non-detect at 2 ug/l (April 1991). MW-8 was resampled 

for lead in five consecutive quarterly sampling events (March, June, September and 

December 2006 and March 2007) and the results were 3.1 ug/l, 1.8 ug/l, <3, <3 and <3, 

respectively.  

At MW-6, lead was not detected above 10 ug/l (June and July 1990) and 2 ug/l (April 1991).  In 

subsequent sampling events, lead was detected once at 2 ug/l in March 2006, then was not detected 

above 3 ug/l in the June, September and December 2006 and March 2007 sampling events.  Based 
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on the low/non-detect lead concentrations in confirmatory groundwater samples collected after July 

1990, no corrective actions are required for lead.  

¶ Selenium has been detected very infrequently in onsite glacial and bedrock aquifer groundwater 

samples:  in 3 of 15 samples and 2 of 5 samples, respectively.  Selenium has been detected in only 2 

of 10 EW-1 groundwater samples.  All detected concentrations of selenium (up to 6.2 ug/l) are below 

the Part 201 residential drinking water standard.  Only one sample had a selenium concentration 

slightly above the Part 201 GSI criterion of 5 ug/l.   

¶ The source of chloride and TDS concentrations in site groundwater are unknown but may be 

associated with chloride contamination emanating from the Ingham County Road Commission (ICRC) 

salt storage facility and/or a former pickle factory located northwest of the Americhem Site based on 

investigations conducted by Weston Solutions for the nearby Americhem site (Weston Solutions, 

May 2006).  The Weston 2006 report documents glacial drift chloride concentrations well above 

250,000 ug/l (greater than 1,200,000 ug/l) in a broad area south of the Safety-Kleen site that 

includes a former pickle factory. A more recent regional study of Inghram County shows that average 

chloride concentrations in southwestern Ingham County bedrock wells range from 10,300 ug/l to 

35,000 ug/l, were noted to be highest along the I-127 corridor, and when compared to bromide 

concentrations the data were observed to fall within regimes consistent with groundwater impacted 

by road salt and septic effluent (Rowe et. al., March 2021).  

¶ Seven PFAS compounds (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFBS and PFHxS) were detected in the 

June 2020 groundwater sample collected from onsite well MW-6, but all detections were <4.5 ng/l.  

The most stringent applicable criterion is 6 ng/l for PFOA. 

Compliance with groundwater corrective measures objectives is discussed further in Section 3.3 of this 

report. 

2.4.3 Soil Vapor 

Completion of corrective measures at soil vapor units is documented by comparing concentrations of COCs in 

soil vapor to the required MSSLs (current EGLE non-residential screening levels provided in Appendix D.1 of 

the 2013 EGLE Vapor Intrusion Guidance Document). Compliance with soil vapor MSSLs must be 

demonstrated in documented source areas and potential structures located within 100 feet of the source 

area.  Locations for demonstrating compliance consist of soil vapor monitoring points located in source areas 

and also inside and/or near buildings that are situated near or within 100 ft of the source area. When the 

concentrations of COCs in all compliance wells at the site are less than applicable MSSLs for four consecutive 

quarters of monitoring, the corrective measure will be considered complete for that unit, or a mitigating 

measure(s) must be implemented to eliminate exposure pathways. 

Only PCE was detected in soil vapor data collected from sampling points installed in the SWMU-4 source area 

and outside the southeast corner of the site Administration/warehouse building.  The most stringent MSSL 

for PCE in soil vapor is the Residential/Non-residential Soil Vapor Screening Level of 1,400 ug/m3.  The 

concentration of PCE in the October 2017 soil vapor sample from warehouse boring SG17-2 was below the 

most restrictive MSSL.  However, the results from the two samples collected in the former source area 

(SWMU-4) exceeded MSSLs.  PCE was detected well below the 1,400 ug/m3 Soil Vapor Screening Level in the 

three 2018 quarterly samples (plus duplicates) collected from warehouse offset boring SG18-01.  The soil gas 
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data were outside of the source area but within the 100-foot inclusion zone; the data show that soil vapors 

were below screening levels adjacent to the Administration Building. This  eliminates the volatilization to 

indoor air pathway (VIAP) as a pathway of concern for the Administration Building. 

2.5 Technology Description 

2.5.1 Soil Units 

The technology approved by MDEQ/EGLE and used at the site for cleanup of soil units is in-situ soil vapor 

extraction (SVE) and treatment. 

2.5.2 Groundwater Units 

The primary technologies approved and used for cleanup of groundwater at the site are groundwater 

extraction and treatment, in-situ air sparging (AS) and treatment, enhanced in-situ chemical remediation (in-

situ chemical oxidation) and routine groundwater monitoring.  

2.5.3 Soil Vapor Units 

The primary technology that is approved and used to address the VIAP is an onsite Restrictive Covenant over 

the portion of the property that includes a likely ongoing source that is contributing to soil vapor impacts 

above applicable criteria. 

2.5.4 Technology Summary 

Groundwater Extraction and Treatment.  As described by U.S. EPA (September 2012a), pump and treat is a 

common method for cleaning up groundwater that is contaminated with dissolved chemicals, including 

industrial solvents, metals and fuel oils.  Groundwater is pumped from one or more extraction wells to an 

above-ground treatment system that removes the contaminants.  Pump and treat systems also are used to 

provide hydraulic containment of the contaminant plume, which helps to keep it from spreading and 

reaching potential receptors (e.g., drinking water supplies, surface water bodies and other natural resources).  

The treatment may consist of a single cleanup method, such as activated carbon or air stripping.  Multiple 

treatment methods may be required if the groundwater contains different types of contaminants or high 

concentrations of a single contaminant. 

A 4-inch diameter, fully penetrating groundwater extraction test well (EW-1) with a 25 ft screen was installed 

at the Safety-Kleen site in the glacial aquifer to a depth of 30 ft below grade.  This well was used for an 

aquifer characterization test (conducted May 1992) and an interim single-well groundwater extraction and 

treatment system that subsequently became the long-term corrective action for groundwater at the site.  

Treatment consisted of pumping the extracted groundwater through a 2-stage carbon canister system, with 

permitted discharge of the treated effluent to the City of Mason sewer system. 

Soil Vapor Extraction (SVE).  SVE is an efficient means to remove VOCs from above the water table, while 

causing little disruption to nearby activities when in full operation.  As described by U.S. EPA (September 

2012b), SVE involves drilling one or more extraction wells into the contaminated soil zone to a depth above 

the water table, which must be deeper than 3 ft below the ground surface.  Attached to the extraction well(s) 

is equipment (such as a blower or vacuum pump) that creates a vacuum.  The vacuum pulls air and vapors 

through the soil zone and up into the extraction well to the ground surface for treatment. The extracted air 
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and vapor are first piped from the extraction wells to an air-water separator to remove moisture, which 

interferes with treatment.  The vapors are then separated from the air, usually by pumping them through 

containers of activated carbon.  The chemicals are captured by the carbon while clean air exits to the 

atmosphere (U.S.EPA, September 2012b). 

Soils with hydraulic conductivities greater than 10-3 to 10-2 cm/sec are generally considered good candidates 

for successful SVE applications (Danko, 1991).  In addition, the properties of PCE make it well-suited for SVE.  

Generally, compounds with vapor pressures greater than 1 mm Hg are considered suitable for SVE.  PCE has a 

vapor pressure of 14 mm Hg at 20oC.  Combined, these conditions would allow relatively rapid removal of 

PCE remaining in vadose zone soils.  

The SVE system used at the Safety-Kleen site consisted of a closed-loop dual-blower unit with a two-stage 

vapor phase granular activated carbon system connected to the extraction well.  The dual-blower system was 

designed to provide both vapor extraction and re-injection of carbon-treated vapor into the vadose zone to 

facilitate air circulation through the zone of impacts.   

Groundwater Air Sparging (AS).  AS is an efficient means to remove VOCs from below the water table by 

pumping air underground into the saturated zone to facilitate the extraction of vapors by enhancing 

volatilization.  Injection of air beneath the water table during AS has two potential remedial benefits: physical 

mass removal and enhancement of biodegradation. First, the introduction of air promotes mass transfer of 

volatile organic compounds (VOCs) from the dissolved phase in groundwater to the vapor phase in the 

injected air. As buoyancy carries the injected air up to the water table, the entrained vapor-phase VOCs are 

carried upward as well. As the air breaks at the water table, the vapor phase constituents are released to the 

vadose zone, where they can be removed by SVE. The second remedial benefit is the introduction of oxygen 

during AS to promote aerobic biodegradation of organic compounds. At the Mason site, however, the target 

compound is PCE, which has not been shown to be aerobically biodegraded to any significant degree. 

Therefore, the main benefit of AS at the Mason site is to physically remove PCE through vapor phase 

transport (LTI, September 1998).  

In-situ Chemical Oxidation (ISCO) Using Potassium Permanganate (KMnO4) Compounds (Carus Chemical 

Company RemOxTM S ISCO Reagent).  As described by the U.S. DOE (September 1999), in-situ chemical 

oxidation is a class of remediation technologies in which organic contaminants are degraded in place by 

oxidants delivered to the subsurface.  Successful implementation of this technology requires an effective 

means for dispersing the oxidant to the subsurface contaminated regions.  In-situ chemical oxidation using 

KMnO4 for soil and groundwater treatment has been demonstrated at a number of sites impacted with 

chlorinated solvents (alkenes such as TCE and PCE), naphthalene and pyrene.  The technique involves 

delivering aqueous oxidant through multiple horizontal and/or vertical wells.   

KMnO4 destroys PCE in saturated soil or groundwater through complete oxidation.  Permanganate is a very 

stable compound, reacting only with organic compounds, organic carbon in soil, and reduced metals species 

(typically dissolved iron) to produce inert by-products.  The treatment design involved the application of a 

calculated volume of permanganate sufficient to provide complete reaction with the target compound PCE.  

The design accounted for natural soil characteristics, the mass of the PCE present, as well as expected 

dispersion rates in groundwater.   

Field-testing was conducted to determine the suitability of the Safety-Kleen site soils for ISCO using 

permanganate injection.  The results showed site soil samples have a low natural oxidant demand, with an 
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average 48-hour demand of 9.7 g/kg for the high KMnO4 dose. Generally, remediation sites with a total soil 

oxidant demand of less than 35.0 g/kg are favorable for in-situ chemical oxidation with permanganate.  

Therefore, the Safety-Kleen Mason site was deemed a suitable candidate for ISCO treatment with 

permanganate.  No VOCs other than methylene chloride and acetone were detected above 5 ug/kg in vadose 

zone soil samples.  The acetone and methylene chloride detections were likely laboratory artifacts, and were 

also detected well below their respective risk-based criteria. 

Routine Groundwater Monitoring.  A groundwater monitoring program is designed to monitor the long-term 

behavior of plumes, ensure that COCs are not migrating downgradient from the plume area, and document 

attainment of MCSs. Monitoring data are used to identify spatial and temporal changes in the areas of 

groundwater contamination, and to assess whether concentrations of groundwater impacts are expanding, 

declining or stable.  A system of groundwater monitoring wells is installed and maintained for regular 

monitoring of depth to groundwater data to assess groundwater flow direction (vertical and horizontal) and 

to collect representative groundwater samples for analysis of relevant water quality parameters. 

Restrictive Covenants.  A restrictive covenant is a clause that can be added to the property deed to limit 

what the owner can do with the property, such as use of groundwater and building and/or new construction 

requirements to address potential exposure via the VIAP.  A Restrictive Covenant document is to be used for 

hazardous waste facilities that do not require closure as a landfill, but have soil and/or groundwater 

contamination that requires the preparation of a restrictive covenant to comply with Part 111, Hazardous 

Waste Management, MCL 324.11101 et seq. (Part 111), of the Natural Resources and Environmental 

Protection Act, 1994 PA 451, as amended (NREPA), and the administrative rules promulgated pursuant to 

that part, MAC 299.9101 et seq. (Part 111 rules).  This document is only appropriate for use with corrective 

actions approved by the MDEQ/EGLE, Office of Waste Management and Radiological Protection under the 

limited or site-specific cleanup criteria allowed for under Part 111, R 299.9629.   

2.6 Deed Notice 

As required per R 299.9525 of the Part 111 Rules, if a property is subject to corrective action, a deed notice 

must be filed for recording with the Register of Deeds for the County in which the property is located by the 

owner or operator (MDEQ, June 15, 2011).  A Deed Notice for the Safety-Kleen Mason property was filed 

with Ingham County on November 10, 2000; a copy is included in Appendix F. 



CMI Report ς Safety-Kleen Mason, Michigan Facility  June 2024 

  Page | 33 

3  
Corrective Measures 

3.1 Summary of Corrective Measures  

A summary of the status of the corrective measures recommended for implementation at each SWMU in the 

Corrective Measures Study Reports, and approved for implementation by MDEQ/EGLE, is provided in Table 1.  

The locations of the SWMUs are shown on Figure 2. The details of the corrective measures approved for 

implementation at these SWMUs were provided in the CMI Workplans listed in Table 1.  Sections 3.2, 3.3 and 

3.4 describe the corrective measures implemented by SWMU for soil, groundwater and soil vapor, 

respectively. 

3.2 Corrective Measures for Soil Impacts 

This section provides the details of the interim corrective measures completed for soil impacts detected at 

SWMUs-8 and -4. 

3.2.1 SVE at Retention Basin (SWMU-8) 

Background on Historical Soil Impacts.  The former retention basin is approximately 5 to 6 feet deep, 120 

feet long and 60 feet wide, and is located on the northwest corner of the property (refer to Figure 2).  The 

basin is lined with a Claymax liner.  At one time, a PVC conduit from the tanker unloading pad on the north 

side of SWMU-4 was connected to the basin.  The basin received storm water runoff from the tanker 

unloading pad until the conduit was capped sometime prior to May 1992.  After that, the retention basin 

remained dry throughout most of the year and became overgrown with vegetation. 

In May 1992, Safety-Kleen conducted an initial screening level investigation of soils (i.e., head space analysis 

with a portable Gas Chromatograph), and identified the presence of PCE at concentrations ranging from 2 

ug/kg to 100 ug/kg in 24 of 51 samples collected from 27 locations in the floor of the basin.  The highest 

concentrations were located near the former outfall on the east side of the basin.  Based on these screening 

level results, an additional 28 soil samples were collected from 15 locations in July 1992 for laboratory 

confirmation.  The laboratory analytical results showed detectable PCE concentrations in two samples 

located near the former outfall (SB-2 @ 15 ft and SB-4 @ 3 ft) at concentrations of 24 and 32 ug/kg, 

respectively. MDNR/EGLE was informed of the investigation results in September 1992. 

As documented in the CMI Workplan for the retention basin, depth to groundwater is approximately 10 to 12 

feet below the floor of the basin (LTI, August 27, 1993).  Investigations of possible glacial aquifer groundwater 

impacts near the retention basin were conducted on November 17, 1992.  These results showed that glacial 

aquifer groundwater had not been impacted.  This supplemental groundwater investigation consisted of 

sampling nearby, downgradient glacial aquifer groundwater monitoring wells MW-4, MW-7 and MW-7A for 

VOCs.  The results for all parameters in all samples were below detection limits.  Consequently, there was no 

evidence to suggest the need for groundwater remediation in the vicinity of the retention basin (LTI, August 

27, 1993). 
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The results of the soil and groundwater investigations indicated that relatively minor PCE impacts were 

present in the floor of the retention basin within approximately 15 feet of the former outfall, and that 

groundwater impacts were not indicated (LTI, January 1996). 

Soil Corrective Measures Objective.  At the time of the 1992 investigation, the soil Corrective Measures 

Objective was the Act 307 Type B criterion for PCE (14 ug/kg).  The current MDEQ/EGLE Part 201 Generic Soil 

Cleanup Criteria is 100 ug/kg for Residential and Non-residential Drinking Water Protection Criteria, and the 

current Non-Residential Volatilization to Indoor Air Soil Screening Level is 74 ug/kg.  Note that Corrective 

Measures for soils impacts were implemented based on the 14 ug/kg Act 307 Type B criterion for PCE, but 

would not have been required based on current Part 201 criteria. 

Soil Corrective Measures Implementation.  A CMI Workplan to address PCE impacts detected in soils near 

the outfall of the retention basin, entitled Remedial Action Plan for the Retention Basin (LTI, August 27, 1993), 

was submitted for MDNR/EGLE review and approval.  The Corrective Measure consisted of a closed-loop 

dual-blower unit with a two-stage vapor phase granular activated carbon system connected to the extraction 

well.  The dual-blower system was designed to provide both vapor extraction and re-injection of carbon-

treated vapor into the vadose zone to facilitate air circulation through the zone of impacts.  The extraction 

well was installed near the former outfall.  The return injection well was installed in the floor of the basin at a 

distance of 20 feet to the west of the extraction well.  The closed-loop design prevented emissions to the 

atmosphere; consequently, an air emission permit was not necessary (LTI, January 1996). 

The MDNR/EGLE June 7, 1995 approval letter of the SVE system as an interim measure corrective action, in 

accordance with the August 27, 1993 RAP, is provided in Appendix B.  A waiver for a groundwater discharge 

permit for the treated air was issued in the June 7, 1995 MDNR/EGLE approval letter.  Construction of the 

SVE system occurred during the first half of 1995, system startup began in June 1995, and shutdown occurred 

in December 1995 after confirmatory soil sampling data showed that remediation was complete.   

Performance and effectiveness monitoring included periodic sampling and analysis of the extracted air 

stream and the treated air stream (prior to re-injection), and quarterly groundwater monitoring of glacial 

aquifer wells MW-4 and MW-7 for VOCs, with quarterly reporting to MDNR/EGLE (MDNR, June 7, 1995).  The 

results of the SVE system operation, monitoring and confirmatory soil sampling are provided in the Closure 

Report for the Former Retention Basin (LTI, January 1996).  

After shutdown of the SVE system, the system components (blower, piping and carbon treatment units) were 

re-used to treat PCE impacted soil near SWMU-4 (see Section 3.2.2 below). 

Waste Disposal.  Investigation and monitoring derived wastes were drummed, properly labeled and dated, 

and transferred to the Safety-Kleen site for staging and disposal pending analytical results.   

A noted above, there were no emissions to the atmosphere during operation of the SVE system.   

Compliance with Corrective Measures Objective.  As documented in the Closure Report, PCE was not 

detected above the detection limit of 0.05 ug/l (1 ug/tube for a 20-liter air sample) in any vapor samples 

collected from the SVE system, and PCE was not detected in any groundwater samples (LTI, January 1996).  In 

accordance with the approved RAP, confirmatory soil samples were collected from three locations near the 

former outfall in October 1995.  The results from the confirmatory soil samples showed that PCE was no 

longer present in detention basin soils at detectable concentrations (LTI, January 1996). 
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Safety-Kleen submitted a closure completion report, which concluded that PCE impacts that were identified 

in the retention basin during the 1992 site investigations had been remediated successfully and that no 

further action was warranted (LTI, March 1996).  MDEQ/EGLE approval of the retention basin closure 

completion report was received in a letter dated May 28, 1996 (refer to Appendix B). 

3.2.2 SVE at Tank Farm (SWMU-4) 

Background.  The purpose of the SVE system was to accelerate the completion of remedial activities at the 

Mason facility by directly remediating PCE-impacted soils in the vadose zone in the vicinity of SWMU-4.   In 

accordance with the MDEQ/EGLE approved Work Plan (LTI, October 1996;  MDEQ, July 21, 1997), Safety-

Kleen continued operating a single extraction well SVE system in the vicinity of the ASTs at the east side of 

the Mason facility following successful completion of an extended SVE pilot test in June and July 1996 (refer 

to Section 1.4.4 above).  The system was expanded to include additional extraction wells and air sparge in 

1999-2000. 

Corrective Measures Objective.  Pursuant to the adoption of the MI Act 451 Part 201 standards by the 

MDEQ/EGLEWaste Management Division, the remedial objective for the Mason site is to achieve PCE 

concentrations in soil less than the Part 201 Residential and Non-Residential Drinking Water Protection 

Criterion (100 ug/kg) and the most recent 74 mg/kg soil vapor screening level.   

Corrective Measures Implementation.  The SoilVac SVE unit that previously had been installed at the former 

retention basin was connected with 2-inch diameter flexible hose to the existing extraction well, EW-1 (refer 

to Figure 2).  EW-1 was originally designed and constructed by LimnoTech to serve as both a groundwater 

and a soil vapor extraction well, so no significant modifications were necessary.  EW-1 continued to be used 

for groundwater extraction during the course of the SVE pilot test, as it had since August 1992 (See Section 

3.3.1 below). The initial SVE system augmented the groundwater extraction and treatment system, which 

had been successful in reducing the extent of PCE impacted groundwater but had not directly addressed PCE 

impacts in vadose zone soils. 

In September 1999, MDEQ/EGLE approved the September 1998 Remedial Action Plan Addendum (LTI, 

September 1998;  MDEQ, September 14, 1999), which permitted expansion of the SVE system to include 

installation and operation of three additional SVE/AS wellpoints. In May of 2000, the expanded SVE/AS 

system began operation (Limno-Tech, Inc., 2005).   

Waste Disposal.  Soil vapor was extracted at a rate of approximately 70 scfm and was treated through 

activated carbon before discharge to the atmosphere. Vapor emissions were sampled quarterly and were not 

regulated by an air use permit because continuous loading of PCE to the atmosphere was less than 0.1 lb/hr 

(LTI, September 1998). 

Investigation and monitoring derived wastes were drummed, properly labeled and dated, and transferred to 

the Safety-Kleen site for staging and disposal pending analytical results. 

Compliance with Corrective Measures Objective.  PCE concentrations in vapor samples that were collected 

during the extended SVE pilot test dropped over the course of the June-July 1996 extended pilot test from 

more than 2,500 ppmv (>12 mg/l PCE) to approximately 20 ppmv (0.1 mg/l  PCE) (LTI, October 1996). 

The results of the SVE corrective actions are summarized in the Remedial Action Plan Addendum (Limno-

Tech, Inc., April 2005).  SVE influent concentrations of PCE remained below the method detection limit after 

operation of the expanded system began in May 2000. Monthly PID readings of the SVE influent remained 
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near background levels after operation of the expanded system began. Based on laboratory analytical data, it 

is estimated that operation of the SVE/AS system removed approximately 560 pounds of PCE from the 

subsurface.  Remediation of vadose zone soils likely occurred early on in the operation of the SVE system and 

via subsequent enhancements.   

The primary function of the enhanced system was to collect any volatilized PCE from groundwater sparging 

activities (see Section 3.3.2 below). The trend of stable PCE concentrations in the influent groundwater 

supported the conclusion that continued operation of the SVE/AS system was not likely to assist in providing 

any further remediation of groundwater impacts.  On July 30, 2003, Safety-Kleen requested MDEQ/EGLE 

approval to shut down the SVE/AS system due to its observed inability to further enhance groundwater 

remediation.   Safety-Kleen subsequently proposed additional groundwater remedial actions (i.e., in-situ 

chemical oxidation using potassium permanganate, as described in Section 3.3.3 below), which were 

implemented in 2006 following the collection and analysis of confirmatory soil samples. 

Confirmatory soil sampling was conducted in February 2006 in accordance with the approved Remedial 

Action Plan for Vadose Zone Soil Near the East Above-Ground Storage Tank Area, (LTI, October 1996) and the 

Remedial Action Plan Addendum (Limno-Tech, Inc., April 2005).  A total of 32 vadose zone soil samples 

(including 3 duplicate samples) were collected from 10 separate spatial and vertical locations.  Samples were 

collected using the recommended methods and protocols described in the then current MDEQ/EGLE 

guidance for soil sample collection (specifically, the MDEQ/EGLE Operational Memorandum RRD-2, released 

October 22, 2004).  Soil samples were submitted for analysis of PCE only.  The results of the February 2006 

confirmatory soil sampling program were reported to MDEQ/EGLE (Safety-Kleen, June 21, 2006). 

PCE was not detected in 8 of 10 sampling locations, which confirmed that operation of the former soil vapor 

extraction system was effective in addressing the majority of impacted soils.  PCE impacts remaining in soil 

appeared to be associated with thin silt seams, and were located at depths greater than 14 feet below 

ground surface (bgs).  PCE was detected above the 50 ug/kg detection limit in 5 of the 32 confirmatory soil 

samples and in one duplicate sample, at concentrations ranging from 61 ug/kg to 680 ug/kg (refer to 

Appendix A).  These detections occurred at three locations:  GP06-01a, GP06-04 and GP06-08 (refer to Figure 

3).  PCE concentrations in two samples from GP06-01a (collected at depths 14 to 14.5 ft and 17 to 17.5 ft) and 

one sample from GP06-08 (18 to 19 ft, and its associated duplicate) were detected above the current Part 

201 Residential and Non-Residential Drinking Water Protection Criterion (100 ug/kg) and the current Non-

Residential Volatilization to Indoor Air Soil Screening Level (74 ug/kg). All detected PCE concentrations were 

well below Part 201 Generic Soil Criteria for inhalation, direct contact and GSI pathways.  

Based on the confirmatory soil sampling results, Safety-Kleen proceeded with additional supplementary 

remedial actions in this area, which consisted of injection of a water solution containing potassium 

permanganate (KMnO4) (refer to Section 3.3.3 below).  Soils deeper than 14 feet bgs were included in the 

permanganate injection activities (Limno-Tech, Inc., April 2005;  Safety-Kleen, June 21, 2006).  The SVE 

system was shutdown in 2006, prior to the implementation of the KMnO4 injection activities.
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3.3 Corrective Measures for Groundwater Impacts 

This section provides the details of the corrective measures completed for groundwater impacts detected in 

the vicinity of SWMU-4.   

3.3.1 EW-1 Groundwater Extraction System (SWMU-4)  

Background.  Initial site-wide hydrogeological investigations were conducted in 1989 through 1991 to 

identify the sources, nature and extent of impacted soils and groundwater at the site (GAS, 1989; Canonie, 

August 1990, December 1990, February 1991 and May 1991;  refer also to MDEQ/EGLE-approved 2015 RFI 

Report provided in Appendix A).  The only significant impacts were associated with shallow glacial soils and 

groundwater that had detectable levels of PCE in the vicinity of the former above ground storage tanks 

(SWMU-4) and former Return-and-Fill Station (SWMU-5).  These impacts were generally less than 1 ppm in 

both glacial groundwater and soils, and there was no evidence of impacts to bedrock groundwater (LTI, 

November 30, 1992).  The extent and distribution of glacial aquifer groundwater impacts was estimated to be 

approximately 1 acre (LTI, November 30, 1992).  Feasibility studies were conducted in 1992 to provide 

necessary design information for remedial alternatives.  A 4-inch diameter, fully penetrating groundwater 

extraction test well (EW-1) with a 25 ft screen was installed in the glacial aquifer to a depth of 30 ft below 

grade (refer to Figure 2).  This well was used for an aquifer characterization test (conducted May 1992) and 

an interim single-well groundwater extraction and treatment system that subsequently became the long-

term corrective action for groundwater at the site. 

Corrective Measures Objective.  Pursuant to the adoption of the MI Act 451 Part 201 standards by the 

MDEQ/EGLE Waste Management Division, the remedial objective for the Mason site is to achieve PCE 

concentrations in groundwater less than the Part 201 drinking water criterion of 5 ug/l. 

Corrective Measures Implementation.  The groundwater extraction system began operating on an interim 

basis in August 1992 following preliminary evaluations of aquifer characterization data collected during the 

May 1992 glacial aquifer pumping test (refer to Section 1.4.4).  As proposed in the June 23, 1992 letter to 

MDNR/MDEQ/EGLE, the interim system was set up to operate eight hours per day, five days per week.  As 

described in the 1992 RAP (LTI, November 1992), after treatment through a two-stage activated carbon 

canister system, the treated effluent was discharged through temporary piping to the City of Mason sanitary 

sewer under Permit #002.  Extraction flow rates were monitored daily, and influent and effluent groundwater 

quality was monitored monthly.  Monthly monitoring reports were submitted to the City of Mason.  Because 

of the temporary nature of the interim action, there were periods when the operation of the system was 

interrupted for maintenance or due to early freezing conditions.  

The interim system was converted to a long-term system in accordance with the 1992 RAP as follows: 

¶ Installation and wiring of a heated building to house the carbon units, installation of underground piping 

from the extraction well to the treatment system, and installation of underground piping from the 

treatment system to the discharge location. 

¶ Modification of the groundwater pumping rates to 5 gpm for 24 hours per day, 5-days per week. 

¶ Application for a NPDES permit to discharge treated groundwater to surface waters via storm sewers and 

eventual conversion of the discharge outfall to the storm sewer. 

¶ Installation and monitoring of one downgradient bedrock well (MW-8B), located between the areas of 

identified groundwater impacts and the Safety-Kleen supply well, SKWW (refer to Figure 2).  Note that 
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bedrock groundwater flow was toward the southwest when City of Mason Curtis Street water supply well 

was in operation.  Since operations of the Curtis Street well ceased (approximately 2002), bedrock 

groundwater flow is towards Sycamore Creek, located east of the City of Mason landfill/dump (refer to 

Appendix C for the June 2016 potentiometric surface maps of the glacial and bedrock aquifers).  

¶ Implementation of a long-term groundwater monitoring program to evaluate the effectiveness of the 

remediation plan.  Information regarding the historical development and results of the site groundwater 

monitoring plan is provided in Section 3.3.4 below. 

Monthly monitoring of the groundwater extraction system included sampling the influent, midpoint and 

effluent ports of the carbon treatment system, recording the total monthly flow volume through the 

treatment system, and collecting a full round of static water level data from all monitoring wells.  In addition, 

carbon changeout was included if breakthrough occurred in the upstream carbon canister.  Carbon 

changeout initially occurred approximately every 3 months after breakthrough was detected at the midpoint 

sampling port (i.e., when PCE was detected above the reporting limit in the midpoint sample). Carbon 

changeout consisted of removing the upstream carbon canister, moving the downstream canister to the 

upstream location, and placing a fresh canister in the downstream location.   

As described in Sections 3.2.2 and 3.3.2, in 1996, the groundwater remediation system at the Mason facility 

was converted to a combined groundwater/SVE well (EW-1) with aqueous- and vapor-phase carbon 

treatment to enhance groundwater remediation.  The system was expanded to include additional vapor 

extraction wells and air sparge in 1999-2000. 

The EW-1 groundwater extraction SVE/AS system continued to operate until the AS system failed in 2003 due 

to age and wear.  Groundwater extraction and SVE from EW-1 continued until the well was shut-down in May 

2006 prior to implementation of in-situ groundwater corrective actions in June 2006 (refer to Section 3.3.3 

below).  The EW-1 groundwater extraction system was re-started on June 5, 2007 (approximately one year 

after the 2006 in-situ treatment program occurred), and was operated continually until June 6, 2013, when it 

was stopped as negotiated with MDEQ/EGLE (Safety-Kleen, May 10, 2013;  MDEQ, June 12, 2013).  Safety-

Kleen continued semi-annual monitoring of the lower glacial groundwater interval with a reduced number of 

monitoring wells (refer to Section 3.3.4 below).  

Monthly system sampling and reporting to the City of Mason had been re-initiated with the June 2007 

startup and operation of the system, and continued through June 19, 2013 (final report to the City).  No 

further reporting to the City of Mason has been conducted since the June 2013 monthly report for EW-1 was 

submitted.  During the June 2013 semi-annual groundwater sampling event, the carbon canisters were back-

flushed to clear plugging that had caused a pressure buildup in the carbon canisters, and the system was 

drained for long-term shutdown. 

Waste Disposal.  Investigation and monitoring derived wastes were drummed, properly labeled and dated, 

and transferred to the Safety-Kleen site for staging and disposal pending analytical results. 

Compliance with Corrective Measures Objective.  The data collected as part of the 1992 interim monitoring 

program showed the highest PCE concentrations at the site were detected in the EW-1 extraction well, 

indicating that the extraction well was set in the heart of groundwater impacts (LTI November, 1992).  Initial 

monthly monitoring data showed a consistent decrease in PCE concentrations, suggesting a lack of a 

significant continuing source (LTI, November 1992).   
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Throughout its operation, the groundwater extraction and treatment system was successful in maintaining 

hydraulic control and reducing the size of the plume of PCE impacts in groundwater.  PCE concentrations in 

groundwater have declined significantly in site monitoring wells and EW-1 samples since implementation of 

groundwater corrective actions (refer to Appendix A and Section 3.3.4 below for additional detail).  As has 

been demonstrated from monitoring data collected since early 2008, the PCE plume at the Safety-Kleen site 

is stable.  A four-year period of post-shutdown monitoring data collected since June 2013 showed that the 

onsite PCE plume was of low concentrations (generally fluctuating just above and below 5 ug/l in only a few 

wells), rebound had not occurred at the site and offsite migration of groundwater impacts was not occurring. 

Consequently, per negotiations with MDEQ/EGLE, annual monitoring of onsite Safety-Kleen glacial well MW-6 

and offsite Americhem glacial well SEG-MW-35 began in November 2017.  As of the November 2022 annual 

sampling event, PCE concentrations in groundwater samples collected at onsite well MW-6 were below 5 ng/l 

for three consecutive years (Safety-Kleen, November 18, 2022). Consequently, Safety-Kleen requested and 

received permission from EGLE to discontinue annual sampling at onsite monitoring well MW-6 and proceed 

with closure/abandonment of all Safety-Kleen onsite and offsite glacial and bedrock monitoring wells 

(excluding MW-6 and MW-13), along with decommissioning of the idled EW-1 groundwater extraction 

system and all remaining former SVE equipment and wells (EGLE, June 28, 2023 email). 

3.3.2 EW-1 Air Sparge System (SWMU-4)  

Background.  As described in Section 3.2.2 above, Safety-Kleen began operating a combination SVE/AS 

system in 1999/2000 to enhance PCE removal from impacted glacial aquifer groundwater in the vicinity of 

SWMU 4.   

Corrective Measures Objective.  Pursuant to the adoption of the MI Act 451 Part 201 standards by the 

MDEQ/EGLE Waste Management Division, the remedial objective for the Mason site is to achieve PCE 

concentrations in groundwater less than the Part 201 drinking water criterion of 5 ug/l. 

Corrective Measures Implementation.  In September 1999, MDEQ/EGLE approved the September 1998 

Remedial Action Plan Addendum (LTI, September 1998), which permitted expansion of the SVE system in EW-

1 to include installation and operation of three additional SVE/AS wellpoints (refer to Figure 2). In May of 

2000, the expanded SVE/AS system began operation (Limno-Tech, Inc., April 2005).   

Waste Disposal.  Investigation and monitoring derived wastes were drummed, properly labeled and dated, 

and transferred to the Safety-Kleen site for staging and disposal pending analytical results. 

Compliance with Corrective Measures Objective.  The SVE/AS modification to the groundwater treatment 

system contributed to enhanced mass removal of PCE from soil and groundwater without diminishing the 

groundwater capture zone in any measurable way. The results of the SVE/AS corrective actions are 

summarized in the Remedial Action Plan Addendum (Limno-Tech, Inc., April 2005).  SVE influent 

concentrations of PCE remained below the method detection limit after operation of the expanded system 

began in May 2000. Monthly PID readings of the SVE influent remained near background levels after 

operation of the expanded system began. Based on laboratory analytical data, it is estimated that operation 

of the SVE/AS system removed approximately 560 pounds of PCE from the subsurface.  Remediation of 

vadose zone soils likely occurred early on in the operation of the SVE system and subsequent enhancements. 
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In early 2003, the electrical motor for the AS system shut down due to age and wear (Limno-Tech, Inc., April 

2005).  On July 30, 2003, Safety-Kleen requested MDEQ/EGLE approval to shut down the SVE/AS system due 

to its observed inability to enhance groundwater remediation. 

3.3.3 In-Situ Chemical Oxidation (SWMU-4)  

Background.  To supplement the SVE/AS corrective actions described in Sections 3.2.2 and 3.3.2 above, 

Safety-Kleen proposed additional groundwater remedial actions (i.e., in-situ chemical oxidation using 

potassium permanganate), which were implemented in 2006 following the collection and analysis of 

confirmatory soil samples near SWMU-4. 

Corrective Measures Objective.  Pursuant to the adoption of the MI Act 451 Part 201 standards by the 

MDEQ/EGLEWaste Management Division, the remedial objectives for the Mason site are to achieve PCE and 

manganese concentrations in groundwater less than the Part 201 drinking water criteria of 5 ug/l and 50 ug/l 

(aesthetic), respectively.  

Corrective Measures Implementation. In accordance with the MDEQ/EGLE-conditionally approved Work 

Plan (Limno-Tech, Inc., April 2005;  MDEQ January 20, 2006), corrective measures included onsite baseline 

groundwater monitoring for certain metals, cations and anions (conducted on March 28, 2006), and injection 

of KMnO4 at 76 one-inch diameter PVC injection points to address residual PCE impacts in vadose zone soils 

and glacial aquifer groundwater (conducted in early June 2006).  Extraction well EW-1 was shut down on May 

25, 2006, prior to implementation of the injection program, and remained off throughout the first year of the 

post-injection monitoring period.  The results of the March and June 2006 field activities were reported to 

MDEQ/EGLE in the June 2006 monitoring report (Safety-Kleen, June 21, 2006).  Post-injection quarterly 

monitoring of the site commenced in late-June 2006, and continued as specified in the April 2005 RAP 

Addendum.  

Waste Disposal.  Investigation and monitoring derived wastes were drummed, properly labeled and dated, 

and transferred to the Safety-Kleen site for staging and disposal pending analytical results. 

Compliance with Corrective Measures Objective.  Onsite baseline monitoring for manganese showed 

concentrations ranging from 3 to 28.9 ug/l in glacial aquifer wells EW-1, P-3, MW-6 and MW-8, and a 

manganese concentration of 69.3 ug/l in bedrock well MW-8B (Safety-Kleen, June 21, 2006).  Subsequent 

quarterly monitoring showed that manganese concentrations increased to above 50 ug/l in onsite glacial 

aquifer groundwater monitoring wells following the KMnO4 injection activities.  As described more fully in 

Section 3.3.4 below, manganese concentrations have continued to be monitored on a routine basis from 

select onsite and offsite wells, and have declined since peaking in most wells around late 2008 (refer to 

Appendix A). Manganese was detected in onsite and offsite glacial aquifer monitoring wells at concentrations 

above the 50 ug/l aesthetic drinking water standard, but well below the former 860 ug/l health based 

drinking water standard.  With EGLE approval, annual groundwater sampling for manganese in onsite well 

MW-6 was discontinued starting with the November 2022 annual monitoring event (EGLE, January 13, 2022). 

Post-injection quarterly monitoring showed no appreciable decline in PCE groundwater concentrations 

approximately six months after the injection program was conducted (Safety-Kleen, December 26, 2006).  As 

described more fully in Section 3.3.4 below, PCE concentrations continued to be monitored on a routine basis 

from select onsite and offsite wells through November 2022, and the data showed a a decline in PCE 
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concentration to below 5 ug/l for three consecutive annual sampling event and  no offsite migration of PCE 

impacts above 5 ug/l. 

3.3.4 Onsite and Offsite Glacial and Bedrock Aquifer Groundwater Monitoring  

Background.  Routine monitoring of onsite glacial and bedrock aquifer groundwater has been conducted 

since April 1989 and April 1991, respectively. Figure 2 shows the locations of the 12 glacial wells and 5 

bedrock wells that historically have been used for onsite groundwater monitoring.    

Safety-Kleen installed 7 offsite glacial wells and one offsite bedrock well for monitoring groundwater impacts 

east of the Safety-Kleen property. Initial monitoring of offsite glacial aquifer groundwater began in February 

1995 following the installation of shallow glacial aquifer wells MW-9 and MW-10 along the west side of 

Mason Street (refer to Figure 2).  These wells were installed based on the results of a February 1994 onsite 

geoprobe investigation in the vicinity of the east AST area (SWMU-4).  Additional offsite investigations were 

conducted by Safety-Kleen in March 2007 and March 2008 after Safety-Kleen was informed by MDEQ/EGLE 

that PCE impacts had been detected shortly after the completion of the 2006 KMnO4 injection program in 

Americhem glacial monitoring well SEG-MW-356 (MDEQ, January 19, 2007), which is located on the east side 

of Mason Street at the entrance to the City of Mason dump (refer to Figure 2).   

¶ In accordance with the February 2007 Work Plan (Safety-Kleen, February 19, 2007), the March 2007 

investigations consisted of vertical aquifer sampling (VAS) of the glacial aquifer at three geoprobe 

locations (GP07-09, GP07-10 and GP07-11), located on the west side of Mason Street, hydraulically 

downgradient of the Safety-Kleen property and upgradient or cross-gradient relative to Americhem well 

SEG-MW-35 (refer to Figure 2). The results of the VAS investigation were reported to MDEQ/EGLE 

(Safety-Kleen, May 15, 2007), which showed that PCE was detected above the 5 ug/l Drinking Water 

Criterion in groundwater samples collected in the lower portion of the glacial drift aquifer (26.5 feet and 

deeper, at concentrations up to 21 ug/l).   Manganese was detected above the 50 ug/l aesthetic Drinking 

Water Criterion.  Safety-Kleen subsequently initiated additional corrective measures in response to 

MDEQ/EGLEΩǎ ǊŜǾƛŜǿ ƻŦ ǘƘŜ aŀȅ нллт ǊŜǇƻǊǘ όa59vΣ Wǳƭȅ фΣ нллтύΦ 

¶ In accordance with the MDEQ/EGLE-approved July 2007 Work Plan (Safety-Kleen, July 19, 2007;  MDEQ, 

July 31, 2007), five offsite deep glacial aquifer monitoring wells (MW-10A, MW-11, MW-12, MW-13 and 

MW-14) and one offsite shallow bedrock monitoring well (MW-10B) were installed in May/June 2008 

(refer to Figure 2) to evaluate the extent and distribution of vertical and horizontal offsite groundwater 

impacts (PCE and manganese). 

Corrective Measures Objective.  Pursuant to the adoption of the MI Act 451 Part 201 standards by the 

MDEQ/EGLE Waste Management Division, the remedial objectives for the Mason site are to achieve PCE and 

manganese concentrations in groundwater less than the Part 201 drinking water criteria of 5 ug/l and 50 ug/l 

(aesthetic), respectively. 

Corrective Measures Implementation. Appendix A provides a summary of all historical onsite and offsite 

groundwater data collected through June 2015.  The results from semi-annual monitoring conducted from 

December 2015 through June 2017 and for annual monitoring of MW-6 and SEG-MW-35 from November 

 
6  SEG-MW-35 was installed to monitor VOC impacts in glacial aquifer groundwater emanating from the Americhem site, 

located approximately 2,000 ft southeast of the Safety-Kleen property.  SEG-MW-35 was monitored semi-annually by 
MDEQ/EGLE until Safety-Kleen began annual monitoring of SEG-MW-35 for PCE in November 2017.  
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2017 through November 2022 are provided in Appendix C.  As summarized below, routine groundwater 

monitoring has been implemented in accordance with the 1992 RAP (LTI November 1992), 1998 RAP 

Addendum (LTI, September 1998), 2000 Groundwater Monitoring Plan (LTI, September 2000), 2005 and Rap 

Addendum (Limno-Tech, Inc., April 2005), and additional modifications to the groundwater monitoring plans 

(Safety-Kleen, July 19, 2007; May 20, 2009;  May 10, 2013 and August 29, 2017;  MDEQ, September 16, 2017;  

EGLE, January 13, 2022):  

¶ Implementation of 1992 RAP Monitoring Program.  In addition to monthly sampling of extraction well 

EW-1 (implemented August 1992), and monthly measurements of the static water levels in all site 

monitoring wells, the groundwater monitoring plan included semi-annual sampling for water quality data 

at monitoring wells MW-1, MW-6, MW-8 and P-3, and annual sampling for water quality data at 

monitoring wells MW-2, P-2, MW-5 and MW-8B to evaluate the effectiveness of the groundwater 

remediation system.  Well MW-1 served as the downgradient point-of-compliance location. Monthly 

reports summarizing the groundwater extraction system data were provided to the City of Mason by the 

15th of each month.  These reports included the groundwater quality data from the influent, midpoint 

and discharge samples, and a table summarizing the daily and monthly total groundwater 

extraction/discharge volumes. The MDEQ/EGLE WMD was provided with a semi-annual report 

(May/June and December/January) that included copies of the previous 6 monthly reports to the City of 

Mason, a summary table of the historic static water level data and representative potentiometric surface 

maps for the glacial and bedrock aquifers, and the results of the semi-annual (or annual groundwater) 

sampling event. 

¶ 2000 Groundwater Monitoring Plan.  The groundwater sampling plan consisted of monthly sampling of 

the groundwater extraction well, monthly measurements of the static water levels in all site monitoring 

wells, semi-annual sampling for water quality data at monitoring wells MW1, MW6, MW-8, MW-8B and 

P-3, and annual sampling for water quality data at monitoring wells MW-2, P-2, MW-5, MW-9 and MW-

10.  MW-8B represents the downgradient monitoring point for the bedrock aquifer.  Reporting to the City 

of Mason and MDEQ/EGLE was conducted as described in the previous bulleted item. 

¶ 2006 ς 2008 Quarterly Sampling.  Quarterly sampling was initiated in March 2006 at onsite glacial 

aquifer wells MW-6, MW-8 and P-3 and onsite bedrock aquifer well MW-8B to monitor the effectiveness 

of the in-situ chemical oxidation corrective actions conducted in May and June 2006, and corresponding 

shutdown of EW-1 from approximately May 2006 through June 2007.  PCE had been detected 

consistently in the semi-annul groundwater samples collected from monitoring wells MW-6, MW-8 and 

P-3 at levels below 10 ug/l, but had not been detected in samples from the other seven performance 

monitoring wells (Limno-Tech, Inc., April 2005).  Quarterly lab reports were provided to MDNR, along 

with a report of any necessary adjustments to the operational parameters of the groundwater extraction 

system.  

¶ 2008 - 2012 Monitoring Program.  Following the installations of offsite glacial aquifer monitoring wells 

MW-10A, MW-11, MW-12, MW-13 and MW-14 and offsite bedrock monitoring well MW-10B in early 

2008, semi-annual sampling of these wells was initiated in June 2008 and continued through December 

2012.  In June 2009, Safety-Kleen implemented semi-annual sampling of onsite glacial wells EW-1, MW-3, 

MW-6, MW-7A, MW-8 and P-3, and onsite bedrock well MW-8B (Safety-Kleen, May 20, 2009) for VOCs 

and Mn.  MW-3, MW-7A and MW-8B were added for routine monitoring at the request of MDEQ/EGLE 

(MDEQ, April 10, 2009).  In addition, MDEQ/EGLE requested sampling and analysis for 1,4-ŘƛƻȄŀƴŜ άdue 

to its use as a solvent stabilizer and the fact that the solvent tetrachloroethylene (PCE) is the constituent 



CMI Report ς Safety-Kleen Mason, Michigan Facility  June 2024 

  Page | 43 

of concern at the siteέ όa59vΣ !ǇǊƛƭ млΣ нллфύΦ  {ŀŦŜǘȅ-Kleen agreed to incorporate semi-annual 

monitoring for 1,4-dioxane at monitoring wells EW-1, MW-6, MW-8 and MW-10A for a minimum of two 

sampling events, after which additional sampling would be stopped if 1,4-dioxane was not present or was 

detected below risk-based standards (Safety-Kleen, May 20, 2009).  MDEQ/EGLE approved the updated 

monitoring program proposed in the May 20, 2009 letter from Safety-Kleen (MDEQ, June 15, 2009).  

Sampling for 1,4-dioxane was discontinued after the results from the June and December 2009 sampling 

events showed that 1,4-diozane was not detected in any of the four wells (Safety-Kleen, February 11, 

2010). 

¶ 2013 ς June 2017 Sampling Program.  The proposed shutdown of EW-1 and reduced monitoring 

program were presented to MDEQ/EGLE personnel during a meeting in Lansing on May 7, 2013, followed 

by a formal letter request with supporting information (Safety-Kleen, May 10, 2013). The request from 

Safety-Kleen was made because (Safety-Kleen, May 10, 2013): 

o Groundwater monitoring data collected by MDEQ/EGLE from Americhem well SEG-MW-35 for the 

previous six years showed that pumping from EW-1 had negligible or no influence on PCE impacts 

detected in SEG-MW-35.   

o Monitoring data collected by Safety-Kleen showed very minimal PCE mass removal from EW-1, and 

low concentration/residual PCE impacts in only a few onsite glacial wells.   

o Nearby downgradient property conditions and use showed minimal exposure risk from potential 

offsite migration of Safety-Kleen groundwater impacts.  

o Data from Safety-YƭŜŜƴΩǎ ƻŦŦǎƛǘŜ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳ ŎƻƴǎƛǎǘŜƴǘƭȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ƻŦŦǎƛǘŜ t/9 

impacts were non-detect or were below 5 ug/l.  

o The PCE release was small and largely removed. 

MDEQ/EGLE approved the shutdown of EW-1 and implementation of a reduced semi-annual sampling 

program in their June 12, 2013 letter, following earlier verbal approval.  Per their approval, MDEQ/EGLE 

also requested a minimum of two years of post-shutdown monitoring (MDEQ, June 12, 2013).  EW-1 was 

shutdown June 2013, and Safety-Kleen conducted 9.5 years of post-shutdown groundwater monitoring 

(refer to Appendix C for data).  The June 2013 through June 2017  groundwater monitoring program 

(which was implemented in June 2013 following shutdown of EW-1 on June 6) consisted of semi-annual 

sampling from five onsite glacial monitoring wells (EW-1, P-3, MW-3, MW-6, and MW-8), two offsite 

deep glacial monitoring wells (MW-10A and MW-13) and one offsite bedrock monitoring well (MW-10B) 

for VOCs and Mn.  In addition, depth to groundwater data were collected from all onsite and offsite 

glacial and bedrock monitoring wells.  

¶ November 2017 - 2022 Sampling Program.  In accordance with an August 3, 2017 meeting with 

MDEQ/EGLE personnel in Lansing and follow-up correspondence (Safety-Kleen, August 29, 2017;  MDEQ, 

September 16, 2017), Safety-Kleen implemented a new annual post-remediation groundwater 

monitoring program on November 9, 2017.  The new annual groundwater monitoring program included 

sampling from two glacial aquifer monitoring wells:  onsite Safety-Kleen well MW-6 for VOCs and total 

manganese (through November 2021 only) and offsite Americhem well SEG-MW-35 (PCE only).  Six 

annual sampling events (November 2017 through November 2022) were conducted and reported to 

MDEQ/EGLE (refer to Appendix C). As of November 2022, PCE concentrations in onsite well MW-6 were 

below 5 ug/l for three consecutive annual sampling events, consequently, annual groundwater 

monitoring was terminated and an offsite Restrictive Covenant for groundwater use was negotiated with 

the City of Mason for a portion of their City dump property.  The offsite Restrictive Covenant was 
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recorded with Ingham County on October 16, 2023, and well closures were conducted during the week 

of November 27, 2023 (see Section 3.3.6 below). 

 

Waste Disposal.   Investigation and monitoring derived wastes were drummed, properly labeled and dated, 

and transferred to the Safety-Kleen site for staging and disposal through their waste management system. 

Compliance with Corrective Measures Objective.  During the period of operation of extraction well EW-1 

(August 1992 to June 2013), an estimated 75 pounds of PCE was removed from approximately 32 million 

gallons of extracted glacial aquifer groundwater (refer to Appendix A).  The 9.5 year period of monitoring 

data that were collected from onsite and offsite Safety-Kleen wells since EW-1 was shut down in early June 

2013 have demonstrated that the onsite PCE plume concentrations declined below 5 ug/l, rebound had not 

occurred at the site, and offsite migration of groundwater impacts is not occurring.  Detectable 

concentrations of PCE occurred at only four onsite glacial aquifer well locations (EW-1, P-3, MW-6 and MW-8) 

as follows (refer to PCE time series- graphs in Figure 4 and data summary tables in Appendix C): 

¶ EW-1.  The time-series graph of PCE data for EW-1 shows that groundwater impacts stayed below 5 ug/l 

at EW-1 since it was shut down in early June 2013.  This figure demonstrates that PCE concentrations 

declined in EW-1 since 2009, with the exceptions of two occasions when PCE concentrations peaked 

following extraction well refurbishing activities on December 29, 2010 and October 2, 2012.  Maximum 

PCE groundwater concentrations always occurred on the Safety-Kleen property in the vicinity of 

extraction well EW-1. 

¶ P-3.  PCE concentrations fluctuated above and below 5 ug/l at the P-3 location, but stayed below 8 ug/l in 

all semi-annual samples collected after June 2008, and consistently stayed below 5 ug/l in semi-annual 

samples from June 2016 through the last semi-annual sampling event conducted in June 2017.   

¶ MW-6.  PCE concentrations at MW-6 ranged from 2.3 ug/l to 8.4 ug/l from December 2009 through 

December 2016, then increased to 29 ug/l in June 2017.  Since annual sampling was initiated for MW-6 in 

November 2017, PCE concentrations did not exceeded 13 ug/l at this location and declined to less than 5 

ug/l in the November 2020, 2021 and 2022 sampling events. With EGLE, approval, annual sampling at 

MW-6 was terminated following the results of the November 2022 annual monitoring event (Joe Rogers-

EGLE, June 28, 2023 email). 

¶ MW-8.  Concentrations of PCE remained below 5 ug/l in all groundwater samples collected from MW-8 

from December 2006 through the last semi-annual sampling event conducted in June 2017.  

PCE had not been detected in any Safety-Kleen onsite or offsite bedrock monitoring wells, or in any Safety-

Kleen offsite glacial aquifer monitoring wells.  The PCE detections in offsite Americhem monitoring well SEG-

MW-35 increased from non-detect starting in 2006 (refer to Figure 5).  PCE concentrations in SEG-MW-35 

peaked at 19 ug/l in November 2013, declined to 5.4 ug/l in November 2015, and 5.7 ug/l in June 2016, then 

increased to 12 ug/l in November 2016, which was the last sampling event conducted by MDEQ/EGLE under 

their surface water monitoring program.  Safety-Kleen initiated annual sampling of SEG-MW-35 in November 

2017;  the November 207 and November 2018 PCE concentrations were 26 ug/l and 18 ug/l, respectively. 

Since November 2018, PCE concentrations at SEG-MW-35 declined to 13 ug/l as of the November 2022 

sampling event (Safety-Kleen, November 18, 2022, see Appendix C).   

Venting groundwater potentially emanating from Safety-Kleen property would be below relevant criteria for 

PCE because the Generic GSI criteria for venting groundwater is 60 ug/l for PCE.  If the water body is used as a 
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drinking water source, the PCE GSI criteria is 11 ug/l, but Sycamore Creek is not used for a drinking water 

source.   

Manganese was detected at all eight semi-annual sampling locations that were monitored since the 2006 

injection program through the final June 2017 semi-annual sampling event.  The concentrations detected 

during the June 2017 final semi-annual groundwater sampling event ranged between 25 to 250 ug/l offsite, 

and 48 to 120 ug/l onsite.  Some of these concentrations exceed the 50 ug/l aesthetic drinking water 

standard, but are well below the 860 ug/l Residential Health-Based Drinking Water Standard. The highest 

manganese concentrations generally occurred fairly soon after the 2006 permanganate injection program, 

with some locations showing subsequent significantly declining trends (refer to Figure 6).  The groundwater 

exposure pathway is likely incomplete.  The GSI criterion for manganese is hardness based, and also is a 

function of whether or not the water body is used as a drinking water source.  No hardness data are available 

for Sycamore Creek, so the Final Chronic Value (FCV) was calculated assuming a hardness range of 100 to 400 

mg-CaCO3/L.   This results in estimated FCV values ranging from 1,965 to 6,600 ug/l;  this range of values 

exceeds the maximum Mn concentrations detected in both onsite and offsite groundwater samples that have 

been collected since June 2007 (3,800 ug/l at onsite extraction well EW-1 and 1,300 ug/l at MW-10B, 

respectively).  Since annual sampling was implemented at the MW-6 onsite monitoring well in November 

2017, Mn concentrations have not exceeded 210 ug/l at this location and declined to 95 ug/l in November 

2021 (refer to Figure 6). Average manganese groundwater concentrations in southwest Ingham County 

bedrock water wells ranges from 70 to 90 ug/l (Rowe, et. al., March 2021). With EGLE approval, annual 

groundwater sampling for manganese in onsite well MW-6 was discontinued starting with the November 

2022 annual monitoring event (EGLE, January 13, 2022). Safety-Kleen does not have manganese data for 

Americhem monitoring well SEG-MW-35. 

In furthest downgradient offsite deep glacial aquifer monitoring well MW-13, tetrahydrofuran and vinyl 

chloride historically have been detected at very low concentrations (i.e., <2.5 ug/l for tetrahydrofuran and < 

0.64 J ug/l for vinyl chloride, which are well below the residential drinking water criteria of 95 ug/l and 2 ug/l, 

respectively).  Vinyl chloride has not been detected in any other Safety-Kleen wells, and tetrahydrofuran has 

only been detected 4 times in other Safety-Kleen wells7, at concentrations less than or equal to 2 ug/l (refer 

to Appendix A).  Tetrahydrofuran has never been detected in Safety-Kleen extraction well EW-1. 

Consequently, the presence of these two compounds in offsite Safety-Kleen well MW-13, and the frequency 

of detections at this location, are suspected to be associated with the leading edges of multiple VOC plumes 

emanating from the Americhem site (refer to Appendix E for Americhem groundwater plume maps and a 

table summary of June 2016 groundwater monitoring data for Americhem wells).  The June 2016 Americhem 

data show tetrahydrofuran and vinyl chloride concentrations up to 230 ug/l and 170 ug/l, respectively, in 

groundwater samples collected from Americhem monitoring wells.  However, tetrahydrofuran also has been 

detected on occasion at low concentrations in Safety-Kleen rinse blank samples, the source of which is 

unknown. 

With EGEL approval (Joe Rogers-EGLE, June 28, 2023 email), during the week of November 27, 2023, Safety-

Kleen completed closures of all onsite and offsite glacial and bedrock monitoring wells (except for MW-6 and 

MW-13) and decommissioning of the idled EW-1 groundwater extraction/SVE/AS system per ASTM standard 

D5299-92 as specified in Part 111 R299.9612(1)(b).   Copies of the well closure reports are provided in 

 
7  Tetrahydrofuran has been detected once at each of the following locations:  MW-3 (1.8 ug/l in June 2017), 

MW-6 (2.0 J ug/l in June 2009), MW-7A (0.67 J ug/l in June 2009) and MW-14 (0.57 J in June 2009). 
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Appendix G, along with a text description and photo documentation of the well closure and system 

decommissioning procedures. 
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Figure 4. Time-series graphs of PCE concentrations in groundwater samples collected from EW-1, MW-8, MW-6 and P-3 (2005 - 2018). NOTE:  Only MW-6 was sampled 
annually for PCE data through November 2022 after the semi-annual sampling program was terminated after the June 2017 event. 
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Figure 5. Time-series graphs of PCE concentrations in groundwater samples collected from Americhem monitoring well SEG-MW-35 through November 2022.
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Figure 6.  Time-series graphs of manganese concentrations in groundwater samples. NOTE:  Only MW-6 was sampled annually for manganese data through November 2021 after the 
semi-annual sampling program was terminated after the June 2017 event. 
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3.3.5 Notices of Offsite Migration 

The property map indicates that there are no receptors downgradient of the Safety-Kleen site for the 

drinking water exposure pathway.  Property parcels downgradient of the Mason site are depicted on Figure 7 

(b).  The City of Mason is the primary landowner on the east side of Mason Street, directly across from the 

Conrail railway gully that is oriented parallel to the east boundary of the Safety-Kleen property. According to 

Ingham County and City files, the City owns parcels 33-19-10-05-252-001, -002, .003, -004 and -013. 

City property is primarily undeveloped and includes a landfill/dump that currently is used for yard waste and 

composting.  East of the City of Mason property is Sycamore Creek, which is the nearest significant water 

body and is not used as a drinking water source.  South of the City of Mason property is the Americhem site, 

which has extensive glacial and bedrock groundwater VOC impacts that by December 2005 had migrated 

north onto the City of Mason properties (refer to Appendix E and additional information in Section 3.3.4 

above). 

Nevertheless, based on the results of the offsite geoprobe investigation conducted in March 2007, pursuant 

to R 299.5522 and R 299.51017 for Part 210 and as specified by MDEQ/EGLE (July 9, 2007), Safety-Kleen filed 

Notices of Migration of Contamination with the MDEQ/EGLE Waste and Hazardous Materials Division 

(WHMD) and all affected adjacent property owners, including Conrail and the 922 Mason Street property 

(owned by the City of Mason).  

3.3.6 Restrictive Covenant (Offsite Groundwater)  

Safety-Kleen negotiated with the City of Mason for a Restrictive Covenant to restrict the use of offsite 

groundwater on a portion of the City dump property (refer to Figure 7 (a)).  The Restrictive Covenant is a 

requirement for EGLE approval of this CMI Report; a copy of the recorded document is provided in Appendix 

F.      

3.4 Corrective Measures for Soil Vapor Impacts 

This section provides details of the corrective measures proposed for soil vapor impacts detected at SWMU-

4. 

3.4.1 Restrictive Covenant (SWMU-4) 

Background on Historical Soil Vapor Impacts.  As described in Sections 1.4.4 and 2.4.3 above, Safety-Kleen 

implemented a soil vapor study at the request of MDEQ /EGLE to evaluate the Volatilization to Indoor Air 

Pathway (VIAP) for PCE.  Soil vapor sampling locations were installed in the approximate center of the former 

source area near SWMU-4 (in the vicinity of historical soil borings which had the highest residual 

concentrations of PCE prior to the 2006 KMnO4 injection program) and near a site building located 

approximately 100 feet away from the SWMU-4 source area (i.e., adjacent to the Administration Building 

near Safety-Kleen onsite glacial aquifer monitoring well MW-8).  Only PCE was detected in soil vapor data 

collected from sampling points installed in the SWMU-4 source area and outside the southeast corner of the 

site Administration/warehouse building (refer to Appendix D).   

The results from a single sample and duplicate sample collected in October 2017 in the SWMU-4 source area 

sampling location were 8,300 ug/m3 and 8,200 ug/m3, respectively ς no further sampling was conducted at 
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this location.  PCE was detected at concentrations of 1,100 ug/m3, 200/190 ug/m3, 160/150 ug/m3 and 

680/650 ug/m3 in four quarterly samples (plus duplicates) collected from the Administration/warehouse 

building sampling location in October 2017 and January, April and July 2018, respectively.   

Soil Vapor Corrective Measures Objective.  The current most stringent MSSL for PCE in soil vapor is the 

Residential/Non-residential Soil Vapor Screening Level of 1,400 ug/m3.  The Residential/ Nonresidential MSSL 

soil vapor, soil, shallow groundwater, and groundwater is based on a former residential structure that is now 

nonresidential use that has an unoccupied basement.  The 1,400 ug/m3 Soil Vapor Screening Level is used to 

assess whether detected vapor PCE concentrations pose a potential risk to indoor air quality. 

Soil Vapor Corrective Measures Implementation.  A copy of an onsite restrictive covenant is included in 

Appendix F of this CMI Report to address the VIAP pathway related to PCE impacts detected in soils within 

100 feet of the SWMU-4 source area (refer to Figure 6b).  The source area boundary was defined by historical 

soil data with PCE concentrations below the 74 ug/kg Part 201 Non-Residential Volatilization to Indoor Air 

Soil Screening Level. Per MDEQ/EGLEs request in their August 15, 2018 letter, this CMI report includes a land-

use restriction to ensure that no buildings are constructed within 100 feet of the SWMU-4 former source area 

without an MDEQ/EGLE-approved evaluation of the VIAP performed, or an MDEQ/EGLE-approved 

presumptive mitigation system installed. 

Compliance with Corrective Measures Objective.  PCE soil vapor concentrations were consistently below the 

most stringent MSSL of 1,400 ug/m3  as determined from a full year of quarterly soil vapor samples collected 

outside the southeast corner of the Administration/warehouse building.  Consequently, MDEQ/EGLE agreed 

that soil vapor sampling near the warehouse could be terminated because there is no concern associated 

with the vapor intrusion pathway at the warehouse location.   

 

Implementation of a land-use restriction on a portion of the property will ensure that no buildings are 

constructed within 100 feet of the SWMU-4 former source area without an MDEQ/EGLE-approved evaluation 

of the VIAP performed or an MDEQ/EGLE-approved presumptive mitigation system installed. The Restrictive 

Covenant is required by EGLE for approval of this CMI report; a copy of the recorded onsite Restrictive 

Covenant to address the VIAP is included in Appendix F. 

3.5 Corrective Measures Financial Assurance 

As specified in the May 12, 2017 letter from MDEQ/EGLE, and upon written notification from EGLE, Safety-

Kleen will provide financial assurance that is sufficient to cover future maintenance and closures of remaining 

onsite monitoring well MW-6 and offsite monitoring well MW-13 (summarized below): 

¶ Annual Maintenance costs:  $500 (@ 10 years, total =   $5,000) 

¶ Closure costs for MW-6 and MW-13:     $5,500
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(a) Portion of Parcel 33-19-10-05-252-013 included in Restrictive Covenant to address offsite groundwater at the City of Mason dump property. 

 

(b) Portions of parcels 39-19-10-05-176-013 and -016 included in Restrictive Covenant to address the VIAP at the Safety-Kleen Mason property. 

Figure 7. Parcels included in Restrictive Covenants for offsite groundwater use and to address the onsite VIAP.
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Appendix E:   
Americhem Groundwater Data (June 2016)  
and 2005 Plume Maps (Weston, May 2006) 
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Appendix F:   
Safety-Kleen Deed Notice and Restrictive Covenants 

to Address Onsite VIAP and Offsite Groundwater 
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Appendix G:   
November 2023 Groundwater Extraction System 

Decommissioning and Well Closure Reports 
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APPENDIX G:  Nov 27 ς Dec 1, 2023 Well Closures and System Decommissioning 

As negotiated with the Michigan Department of Environment, Great Lakes, and Energy (EGLE), thirty-two (32) 

of thirty-four (34) onsite and offsite monitoring wells owned by Safety-Kleen Systems, Inc. were approved for 

closure at the Safety-Kleen facility located in Mason, Michigan (refer to Table G-1)8. Of the thirty-two (32) 

approved wells, a total of twenty-nine (29) wells are successfully abandoned, with the remaining three (3) 

wells (i.e., SVE-2/AS-2, SVE-3/AS-3, and OW-2) presumed to have been destroyed or paved over because they 

could not be located. Well closure activities were performed by Stock Drilling, Inc., located in Petersburg, 

Michigan, and was completed between November 27 and November 30, 2023, with oversight by LimnoTech 

personnel. 

Monitoring wells were abandoned by grouting the well screen and casing according to the following standard 

procedure. For offsite wells, a tremie pipe was lowered to the bottom of the well, sealing and plugging agent 

(i.e., GROUT-WELL® DF manufactured by Wyoming Bentonite and consisting of one-step granular grouting 

product) was pumped into the well from the bottom up until the grout reached the surface. For onsite wells, 

the sealing and plugging agent was poured into the well (i.e., tremie pipe not used) until the grout reached 

the surface. 

Following grouting, above-ground well protectors, bollards/bumper posts, and flush mounted manhole 

covers were removed and, where applicable, the well casing was cut below grade. Next, if needed, the well 

was topped off with bentonite chips (i.e., ENVIROPLUG® MEDIUM manufactured by Wyoming Bentonite and 

consisting of pure Wyoming bentonite) to account for slight settling. Finally, the remaining area above the 

abandoned well was covered with topsoil, asphalt (i.e., QUIKRETE® High Performance Blacktop Repair), or 

concrete (i.e., QUIKRETE® Fast-Setting Concrete Mix), as appropriate.  All abandonment logs are included in 

this Appendix.  

In addition to well closures and as approved by EGLE, the idled onsite combination glacial aquifer 

groundwater extraction/Soil Vapor Extraction(SVE)/Air Sparge(AS) and treatment system was fully 

decommissioned and disassembled by LimnoTech personnel, with demolition of the extraction/treatment 

system occurring between November 27 and December 1, 2023. The onsite groundwater pump-and-treat 

system routed effluent groundwater from EW-1 (via pitless adaptor) to a two-stage granular activated carbon 

canister system and then discharged treated water to the city sewer, with all above ground hardware housed 

two metal sheds. Safety-Kleen begain operating the SVE system in 1996, and operated the combination 

SVE/AS system from 1999/2000 through 2003, and the groundwater extraction/treatment system was 

operated from August 1992 through early June 2013. All metal from the groundwater sheds (e.g., siding) and 

the system equipment (e.g., canisters and blower) were removed from site for disposal at a scrap metal 

facility by a Safety-Kleen employee. Other nonmetal debris was removed by LimnoTech personnel and was 

disposed at a licensed solid waste facility. 

 
8 As request by EGLE, onsite glacial aquifer well MW-6 and offsite glacial aquifer well MW-13 were not closed. 
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Table G-1.  Summary of 2023 Well Closures 
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EW-1 demolition (11/29/23) Grouting EW-1 (11/29/23) EW-1 and PW-1 closed (11/29/23) 

     

MW-1 (11/29/23) Grouting MW-1 (11/29/23) MW-1 closed (11/29/23) 
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SVE-1/AS-1 (11/29/23) SVE-1/AS-1 closed (11/29/23) 

    
SVE-4 (11/29/23) SVE-4 demolition (11/29/23)   SVE-4 closed (11/29/23) 
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MW-2 (11/28/ 23) Grouting MW-2 (11/28/ 23) MW-2 closed (11/28/ 23) 

       

MW-2A Grouting (11/28/ 23) MW-2B demolition (11/28/ 23) MW-2B grouting (11/28/23) 
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MW-2C Demolition (11/28/23) MW-2C Grouting (11/28/23)    MW-2 Cluster Closed (11/28/23) 

     

MW-3 Demolition (11/29/23) MW-3 Grouted (11/29/23)    MW-3 Closed (11/29/23) 
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MW-4 Grouted (11/28/23) MW-4 Demolition (11/28/23)    MW-4 Closed (11/28/23) 

     

MW-5 & 5B (11/29/23) MW-5 Grouted (11/29/23)    MW-5 Closed (11/29/23) 


