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Table 1

RFI Screening Matrix and CMS Applicable Exceedances

RCRA Corrective Action Corrective Measures Study

RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Lower 1,4-Dioxane Plants 2 

and 3
NA

Lower 1,4-

Dioxane  

Plants 2 and 3

GW: 

1,4-dioxane and VOCs  > DW

Metals > DW

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L) and DW
• Metals > DW: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as part of the 

CMS (ARCADIS 2014b).

SOIL:

SVOCs > GSIP

Metals > DWP and GSIP

SOIL:

SVOCs > GSIP

Metals > DWP and GSIP

• NA

GW: 

VOCs & SVOCs > GSI

Metals > DW and GSI

GW: 

VOCs  > GSI

Metals > DW and GSI

• SVOCs > GSI: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL:

VOCs > DWP, GSIP, and  SVIIC

Metals > DWP, GSIP, DC and PSIC

SOIL:

VOCs > DWP, GSIP, and SVIIC

Metals > DWP, GSIP, DC, and PSIC

• NA

GW: 

VOCs  > DW, GSI, and draft GWVI-nr

Metals > DW

GW: 

VOCs  > DW, GSI, and draft GWVI-nr

• Metals > DW: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as part of the 

CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: No constituents exceed Part 201 Criteria SOIL: No applicable exceedances of Part 201 Criteria • SOIL: No constituents exceed Part 201 Criteria.

GW:

1,4-dioxane > Proposed DW (8.5 µg/L)

Metals > DW and GSI

GW: No applicable exceedances of Part 201 Criteria

• 1,4-dioxane > Proposed DW (8.5 µg/L): Included in lower 1,4-Dioxane AOI  (ARCADIS 2014a).

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS, 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

Metals > DWP and GSIP 

SOIL: 

Metals > DWP and GSIP 
• NA

GW: 

Metals > DW
GW: No applicable exceedances of Part 201 Criteria

• Metals > DW: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as part of the 

CMS(ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

SVOCs > DWP, GSIP, and DC

Metals > DWP and GSIP

SOIL: 

SVOCs > DWP, GSIP, and DC

Metals > DWP and GSIP

• NA

GW: 

VOCs > DW

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

SVOCs > DW

Metals > DW and GSI

GW: 

VOCs > DW

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

• SVOCs > DW: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > DWP, GSIP, VSIC, and DC

PCBs > DC

Metals > DWP, GSIP, DC, and PSIC

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > DWP, GSIP, and DC

PCBs > DC

Metals > DWP, GSIP, DC, and PSIC

• SVOCs > VSIC: The concentrations did not exceed the generic Infinite Source VSIC for a ½-acre source area and, therefore, will not be addressed as part of the CMS 

(ARCADIS 2013).

GW: 

VOCs > DW and GSI

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

SVOCs > DW, GSI, GC, and Sol

PCBs > DW, GSI, GWVI-nr, GC, and Sol

Metals > DW and GSI

GW: 

VOCs > DW and GSI 

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

PCBs > DW, GC, and Sol

• SVOCs > DW, GSI, GC, and Sol: There has only been one historical SVOC exceedance in this area, the corrective measures driver in this area is LNAPL, 1,4-dioxane, and 

VOCs. Corrective measures implemented to address these drivers will address the SVOCs.  Therefore, SVOCs are not separately evaluated in the CMS (ARCADIS 2014c).

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL:  Present LNAPL:  Present • NA

See notes on page 5.

Plant and Investigation 

Area
Subarea Associated AOI CMS Applicable ExceedancesRFI Identified Exceedances

Plant 2

AREA 2
NA

AOI 2-12

AOI 2-52

AOI ID 2-26

Plant 2

AREA 1
NA AOI 2-16

Exceedances that do not Require a Corrective Measure

Plant 2

AREA 5-1
5-1

AOI 2-11

AOI ID 2-31

ID 2-32

ID 2-33

ID 2-34

ID 2-35

ID 2-49

Plant 2

AREA 3
NA AOI 2-11

Plant 2

AREA 4
NA AOI 2-8

Plant 2

AREA 5-2
5-2

AOI 2-6

AOI 2-14

AOI ID 2-36
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Table 1

RFI Screening Matrix and CMS Applicable Exceedances

RCRA Corrective Action Corrective Measures Study

RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > DWP, GSIP, and DC

Metals > DWP, GSIP, and PSIC

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > DWP, GSIP, and DC

Metals > DWP, GSIP, and PSIC

• NA

GW: 

VOCs > GSI

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

Metals > DW and GSI

GW: 

VOCs > GSI

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: No constituents exceed Part 201 Criteria SOIL: No constituents exceed Part 201 Criteria • SOIL: No constituents exceed Part 201 Criteria

GW: 

Metals > DW and GSI
GW: No applicable exceedances of Part 201 Criteria

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP

SVOCs > GSIP and DC

Metals > DWP, GSIP, and PSIC

SOIL: 

VOCs > DWP 

SVOCs > GSIP and DC

Metals > DWP and GSIP

• Metals > PSIC: Manganese exceedance of the PSIC is deep (56 to 57 feet) and, therefore, is not a concern, as soil this deep is not likely to be brought to the surface 

(ARCADIS 2013).

GW: 

1,4-dioxane > Prop DW (8.5 µg/L)

SVOCs > DW

Metals > DW and GSI

GW: 

1,4-dioxane > Prop DW (8.5 µg/L)

Metals > DW and GSI

• SVOCs > DW: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP and GSIP

Metals > DWP, GSIP, and DC

SOIL: 

VOCs > DWP and GSIP 

Metals > DWP, GSIP, and DC

• NA

GW: 

VOCs > DW and GSI

1,4-dioxane > Prop DW (8.5 µg/L)

Metals > DW and GSI

GW: 

VOCs > DW and GSI

1,4-dioxane > Prop DW (8.5 µg/L)

Metals > DW and GSI

• NA

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP, GSIP, SVIIC, and VSIC

Metals > DWP and GSIP

SOIL: 

VOCs > DWP, GSIP, and SVIIC

Metals > DWP and GSIP

• VOCs > VSIC: The concentrations did not exceed the generic Infinite Source VSIC for a ½-acre source area and, therefore, are not likely to be a concern for the Site 

(ARCADIS 2013).

GW: 

VOCs > DW, GSI, and GWVI-nr

SVOCs > GSI

1,4-dioxane > Proposed DW (8.5 µg/L)

Metals > DW and GSI

GW: 

VOCs > DW, GSI, and GWVI-nr

1,4-dioxane > Proposed DW (8.5 µg/L)

Metals > DW and GSI

• SVOCs > GSI: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

Metals > GSIP and PSIC

SOIL: 

Metals > GSIP and PSIC
• NA

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L)

Metals > DW and GSI

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L)

Metals > DW and GSI

• NA

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: No constituents exceed Part 201 Criteria SOIL: No constituents exceed Part 201 Criteria • SOIL: No constituents exceed Part 201 Criteria

GW: 

1,4-dioxane > Prop DW (8.5 µg/L)

Metals > DW and GSI

GW: 

Metals > DW and GSI

• 1,4-dioxane > Prop DW (8.5 µg/L): One historical detection of 1,4-dioxane was detected above the proposed drinking water standard at MWBP-12-UST5-6 at a concentration 

of 9 mg/L in October 2011. MWBP-UST5-6 has been sampled quarterly since October 2011 and no exceedances have been detected since that date.

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

See notes on page 5.

Plant 2

AREA 5-3
5-3

AOI 2-1

AOI ID 2-59

Miscellaneous 

Data  Gap Borings

Plant and Investigation 

Area
Subarea Associated AOI RFI Identified Exceedances CMS Applicable Exceedances Exceedances that do not Require a Corrective Measure

Plant 6

AREA 5-6
5-6

AOI 6-18

AOI 6-48

Plant 2

AREA 5-4
5-4 AOI ID 2-39

Plant 2

AREA 5-5
5-5 AOI 2-15

Plant 6

AREA 6
NA

AOI 6-16/6-33

AOI 6-59

AOI ID 6-36

ID 6-38

ID 6-39

ID 6-75

Plant 6

AREA 5-8
5-8

AOI 6-49

AOI 6-81

Plant 6

AREA 5-7
5-7

AOI 6-43

AOI 6-88
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Table 1

RFI Screening Matrix and CMS Applicable Exceedances

RCRA Corrective Action Corrective Measures Study

RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

SOIL: 

VOCs > DWP, GSIP, SVIIC, DC, GCP, and Csat

SVOCs > GSIP and DC

Metals > GSIP

SOIL: 

VOCs > DWP, GSIP, DC, SVIIC, and Csat

SVOCs >  GSIP and DC 

Metals > GSIP

• VOCs > GCP: GCP is no longer an MDEQ criteria (ARCADIS 2014a).

GW: 

VOCs > DW and GSI

SVOCs > DW

Metals > DW and GSI

GW: 

VOCs > DW and GSI

Metals > DW and GSI

• SVOCs > DW: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

SVOCs > DWP and GSIP

Metals > DWP and GSIP

SOIL: 

SVOCs > DWP & GSIP

Metals > DWP & GSIP

• NA

GW: 

SVOCs > GSI

Metals > DW and GSI

GW: No applicable exceedances of Part 201 Criteria

• SVOCs > GSI: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP, GSIP, DC, SVIIC, GCP, and Csat

SVOCs > DWP, GSIP, VSIC, and DC

SOIL: 

VOCs > DWP, GSIP, DC, SVIIC, and Csat

SVOCs > DWP, GSIP, and DC 

• VOCs >  GCP: GCP is no longer an MDEQ criteria (ARCADIS 2013).

• SVOCs > VSIC: The concentrations did not exceed the generic Infinite Source VSIC for a ½-acre source area and, therefore, are not likely to be a concern for the Site 

(ARCADIS 2013).

GW: 

VOCs > DW, GSI, FESL, and GWVI-nr 

SVOCs > GSI

Metals > DW and GSI

GW: 

VOCs > DW, GSI, FESL, and GWVI-nr

Metals > DW & GSI

• SVOCs > GSI: The SVOC exceedance in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation of 

corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

Metals > GSIP and PSIC

SOIL: 

Metals > GSIP 

• Metals > PSIC: Manganese (historical sample) exceeded the PSIC for a 100-acre source, but not a 5-acre source. Therefore, likely not a concern for the Site (ARCADIS 

2013). 

GW: No constituents exceed Part 201 Criteria GW: No constituents exceed Part 201 Criteria • GW: No constituents exceed Part 201 Criteria.

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > GSIP

Metals > DWP and GSIP

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > GSIP

Metals > DWP and GSIP

• NA

GW: 

VOCs > DW and GSI

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

Metals > DW

GW: 

VOCs > DW and GSI

1,4-dioxane > Proposed DW (8.5 µg/L) and DW

• Metals > DW: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as part of the 

CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: No applicable exceedances of Part 201 Criteria SOIL: No applicable exceedances of Part 201 Criteria • SOIL: No applicable exceedances of Part 201 Criteria

GW: 

VOCs > DW
GW: No applicable exceedances of Part 201 Criteria

• VOCs > DW: Based on the general lack of a chlorinated volatile organic compound (CVOC) source at Plant 3 and the known regional vinyl chloride impacts to bedrock, the 

vinyl chloride identified at Plant 3 is attributed to off-site source(s) and will not be addressed as part of the CMS (ARCADIS, 2014b). 

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: No applicable exceedances of Part 201 Criteria SOIL: No constituents exceed Part 201 Criteria • SOIL: No applicable exceedances of Part 201 Criteria

GW: No applicable exceedances of Part 201 Criteria GW: No applicable exceedances of Part 201 Criteria • GW: No applicable exceedances of Part 201 Criteria

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

Metals > DWP, GSIP, DC, and PSIC

SOIL: 

Metals > DWP and GSIP

• Metals > DC and PSIC: Arsenic exceeds the DC in the northern portion of Area 14 at a depth of 43.5 to 45 feet bgs, due to the depth of the exceedance exposure is not 

likely. Nickel did not exceed the PSIC for a ½-acre. Total chromium (as hexavalent chromium) did; however, it was determined that total chromium should be compared to 

chromium 3 and, therefore, it does not exceed PSIC (ARCADIS 2013). 

GW: 

Metals > DW and GSI

GW: 

Metals > DW and GSI
• NA

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

See notes on page 5.

Plant and Investigation 

Area
Subarea Associated AOI RFI Identified Exceedances CMS Applicable Exceedances Exceedances that do not Require a Corrective Measure

Plant 6

AREA 9
NA

AOI 6-60

Miscellaneous 

data gap

Plant 2

AREA 8
NA

AOI 2-7

AOI ID 2-37

AOI ID 2-38

Plant 6

AREA 7
NA

AOI 6-17

AOI 6-47

Plant 3

AREA 13
NA

Background 

Sample

Plant 3

AREA 11
NA AOI ID 3-54

Plant 6

AREA 10
NA

AOI 6-19

AOI 6-63

AOI 6-82

Plant 3

AREA 14
NA

AOI 3-10

Misc. Data Gap 

Borings

Plant 3

AREA 12
NA

MW-04-02 

(TD=132.7')

MW-04-03 

(TD=88.25')
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Table 1

RFI Screening Matrix and CMS Applicable Exceedances

RCRA Corrective Action Corrective Measures Study

RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

SOIL: 

VOCs > DWP and VSIC

SVOCs > GSIP

Metals > GSIP

SOIL: 

VOCs > DWP 

SVOCs > GSIP

Metals > GSIP

• VOCs > VSIC: The concentrations did not exceed the generic Infinite Source VSIC for a ½-acre source area and, therefore, are not likely to be a concern for the Site 

(ARCADIS 2013).

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L)

SVOCs > DW

Metals > DW and GSI

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L)

• SVOCs > DW: The SVOC exceedance(s) in this area were phthalates.  Phthalates are a common laboratory contaminant and were detected in blanks. Therefore, evaluation 

of corrective measures for SVOCs in this area are not required (ARCADIS 2014c).

• Metals > DW & GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as part 

of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

SVOCs > DWP, GSIP, and DC

Metals > DWP, GSIP, DC, and PSIC

SOIL: 

SVOCs > DWP, GSIP, and DC

Metals > DWP, GSIP, and DC

• Metals > PSIC: The concentration did not exceed the 5-acre source area and, therefore, are not likely to be a concern for the Site (ARCADIS 2013). 

GW: 

Metals > DW and GSI
GW: No constituents exceed Part 201 Criteria

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > GSIP

Metals > GSIP

SOIL: 

VOCs > DWP, GSIP, and SVIIC

SVOCs > GSIP

Metals > GSIP

• NA

GW: 

VOCs > DW, GSI, and GWVI-nr

1,4-dioxane > Proposed DW (8.5 µg/L)

SVOCs > DW

Metals > DW and GSI

GW: 

VOCs > DW, GSI, and GWVI-nr

Metals > DW and GSI

• SVOCs > DW, GSI, GC, and Sol: There has only been one historical SVOC exceedance in this area, the corrective measures driver in this area is LNAPL and VOCs. 

Corrective measures implemented to address these drivers will address the SVOCs.  Therefore, SVOCs are not separately evaluated in the CMS (ARCADIS 2014c).

LNAPL:  Present LNAPL:  Present • NA

SOIL: 

SVOCs > DWP, GSIP, and DC

Metals > DW and GSI

SOIL: 

SVOCs > DWP, GSIP, and DC

Metals > DWP and GSIP

• NA

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L) 

Metals > DW and GSI

GW: 

1,4-dioxane > Proposed DW (8.5 µg/L) 

• Metals > DW and GSI: Exceedances in groundwater are attributed to natural fluctuations in geochemical conditions; therefore, metals in this area will not be addressed as 

part of the CMS (ARCADIS 2014b).

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

SVOCs > GSIP

Metals > DWP, GSIP, and DC

SOIL: 

SVOCs > GSIP

Metals > DWP, GISP, and DC

• NA

GW: 

Metals > DW and GSI

GW: 

Metals > DW and GSI
• NA

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

SVOCs > GSIP

Metals > DWP, GSIP, and PSIC

SOIL: 

SVOCs > GSIP

Metals > DWP, GSIP, and PSIC

• NA

GW: No constituents exceed Part 201 Criteria GW: No constituents exceed Part 201 Criteria • GW: No constituents exceed Part 201 Criteria

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

SOIL: 

Metals > DWP, GSIP, and DC

SOIL: 

Metals > DWP, GSIP, and DC
• NA

GW: No constituents exceed Part 201 Criteria GW: No constituents exceed Part 201 Criteria • GW: No constituents exceed Part 201 Criteria

LNAPL: NA, not present LNAPL: NA, not present • LNAPL: NA, not present

See notes on page 5.

Plant and Investigation 

Area
Subarea Associated AOI RFI Identified Exceedances CMS Applicable Exceedances Exceedances that do not Require a Corrective Measure

Plant 3

AREA 16
NA AOI 3-11

Plant 3

AREA 15
NA AOI ID 3-15

Plant 3

AREA 21
NA AOI 3-51

Plant 3

AREA 20
NA AOI 3-51

Plant 3

AREA 19
NA AOI ID 3-17

Plant 3

AREA 18
NA

AOI 3-2

AOI 3-6

Plant 3

AREA 17
NA

AOI 3-3

AOI 3-4

AOI 3-9
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Table 1

RFI Screening Matrix and CMS Applicable Exceedances

RCRA Corrective Action Corrective Measures Study

RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Acronyms and Abbreviations:

> = greater than

AOI = area of interest

bgs = below ground surface

CMS = Corrective Measures Study

Csat = Soil Saturation Concentration Criteria

DC = Direct Contact Criteria

DW = Residential Drinking Water Criteria

DWP = Drinking Water Protection Criteria

FESL = Flammability and Explosivity Screening Level

GC = groundwater contact

GCP = groundwater contact protection

GSI = Groundwater/Surface Water Interface

GSIP = Groundwater/Surface Water Interface Protection Criteria

GW = groundwater

GWVI-nr = draft Groundwater Concentrations for Vapor Intrusion

LNAPL = light non-aqueous phase liquid

MDEQ = Michigan Department of Environmental Quality

NA = not applicable

Part 201 Criteria = Part 201 Generic Cleanup Criteria

PCB = polychlorinated biphenyl

Prop = proposed

PSIC = Particulate Soil Inhalation Criteria

RCRA = Resource Conservation and Recovery Act

RFI = RCRA Facility Investigation

Sol = solubility

SVIIC = Soil Volatilization to Indoor Air Inhalation Criteria

SVOC = semivolatile organic compound

µg/L = micrograms per liter

VOC = volatile organic compound

VSIC = volatile soil inhalation criteria

References:

ARCADIS. 2013. Resource Conservation and Recovery Act Facility Investigation (RFI) Phase 2 Activities Summary Report. Michigan Plants 2, 3 & 6 Industrial Land. April.

ARCADIS. 2014a. RFI Supplemental Phase 2 Activities Summary Report. RACER Trust, Lansing, Michigan Plants 2, 3 & 6 Industrial Land. February 26.

ARCADIS. 2014b. Preliminary Groundwater Geochemical and Plume Stability Assessment. Plants 2, 3, and 6, Industrial Land, Lansing, Michigan. April 24.

ARCADIS. 2014c. Revised Interim Groundwater Monitoring Work Plan. RACER Trust, Plants 2, 3, & 6, Lansing, Michigan. May 23.
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Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Source Area ISCO Yes Yes Yes

Hydraulic Containment Yes Yes Yes

Aggressive Pump and Treat Yes Yes Yes

Groundwater Recirculation Yes Yes Yes

Land Use Restriction Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability   Yes No Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restriction Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

SOIL: No constituents exceed Part 201 Criteria NA NA NA NA NA

GW: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

Land Use Restriction Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

GW: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

See notes on page 7.

SOIL:
SVOCs > GSIP
Metals > DWP and GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

2) Perched Perched Hydraulic Control 

SOIL:
VOCs > DWP, GSIP, and SVIIC
Metals > DWP, GSIP, DC, and PSIC

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2)  Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and 
Targeted Excavation

GW: 
VOCs  > DW, GSI, and draft GWVI-nr

GW: 
1,4-dioxane > Proposed DW (8.5 µg/L) and DW

1) Groundwater Use Restrictions, Monitored Plume Stability, and Source Area ISCO 

2) Groundwater Use Restrictions, Monitored Plume Stability, and On-site Hydraulic Containment 

3) Groundwater Use Restrictions, Monitored Plume Stability, and Aggressive Pump and Treat 

4) Groundwater Use Restrictions, Monitored Plume Stability, and Groundwater Recirculation 

Plant 2
AREA 1

NA AOI 2-16

Plant 2
AREA 3

NA AOI 2-11

Plant 2
AREA 4

NA AOI 2-8

Plant 2
AREA 2

NA

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further Evaluation

NA NA

AOI 2-12
AOI 2-52

AOI ID 2-26

Summary of Applicable Exceedances Identified Corrective Measures

SOIL: 
Metals > DWP & GSIP 

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

GW: 
VOCs  > GSI
Metals > DW and GSI

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control 

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

Plant and 
Investigation Area

Subarea Associated AOI

Lower 1,4-Dioxane  
Plants 2 and 3
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Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further EvaluationSummary of Applicable Exceedances Identified Corrective Measures
Plant and 

Investigation Area
Subarea Associated AOI

Land Use Restriction Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

LNAPL Recovery (Skimmers) Yes Yes Yes

Multi-Phase Extraction Yes Yes Yes

Excavation Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

SOIL: No constituents exceed Part 201 Criteria NA NA NA NA NA

GW: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

See notes on page 7.

GW: 
VOCs > DW and GSI 
1,4-dioxane > Proposed DW (8.5 µg/L) and DW
PCBs > DW, GC, and Sol

LNAPL:  Present

SOIL: 
SVOCS > DWP, GSIP, and DC
Metals > DWP and GSIP

GW: 
VOCs > DW
1,4-dioxane > Proposed DW (8.5 µg/L) and DW

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

AOI 2-11
AOI ID 2-31

ID 2-32
ID 2-33
ID 2-34
ID 2-35
ID 2-49

5-1

Plant 2
AREA 5-3

5-3

AOI 2-1
AOI ID 2-59

Miscellaneous 
Data  Gap Borings

Plant 2
AREA 5-4

5-4 AOI ID 2-39

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

2) Perched Hydraulic Control

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap 

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, a Cap, and 
Targeted Excavation

3) LNAPL Recovery (Skimmers)

4) Multi-Phase Extraction

5) Excavation

SOIL: 
VOCs > DWP, GSIP, and SVIIC
SVOCs > DWP, GSIP, and DC
Metals > DWP, GSIP, and PSIC

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2)  Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and 
Targeted Excavation

Plant 2
AREA 5-1

AOI 2-6
AOI 2-14

AOI ID 2-36

Plant 2
AREA 5-2

5-2

SOIL: 
VOCs > DWP, GSIP, and SVIIC
SVOCs > DWP, GSIP, and DC
PCBs > DC
Metals > DWP, GSIP, DC, and PSIC

GW: 
VOCs > GSI
1,4-dioxane > Proposed DW (8.5 µg/L) & DW

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Perched Hydraulic Control 

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation
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Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further EvaluationSummary of Applicable Exceedances Identified Corrective Measures
Plant and 

Investigation Area
Subarea Associated AOI

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Targeted Excavation Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

See notes on page 7.

AOI 6-43
AOI 6-88

5-7
Plant 6

AREA 5-7

SOIL: 
Metals > GSIP and PSIC

GW: 
VOCs > DW and GSI
1,4-dioxane > Prop DW (8.5 µg/L)
Metals > DW and GSI

GW: 
VOCs > DW, GSI, and GWVI-nr

1,4-dioxane > Proposed DW (8.5 µg/L)
Metals > DW and GSI

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability  

2) Perched Hydraulic Control

Plant 2
AREA 5-5

5-5

Plant 6
AREA 5-6

Plant 6
AREA 5-8

5-8
AOI 6-49
AOI 6-81

SOIL: 
VOCs > DWP, GSIP, and SVIIC
Metals > DWP and GSIP

1) Land Use Restrictions,  Groundwater Use Restrictions, and Monitored Plume Stability

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

5-6
AOI 6-18
AOI 6-48

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control 

AOI 2-15

GW: 
1,4-dioxane > Prop DW (8.5 µg/L)
Metals > DW and GSI

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control 

SOIL: 
VOCs > DWP and GSIP 
Metals > DWP, GSIP, and DC

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

GW: 
1,4-dioxane > Proposed DW (8.5 µg/L)
Metals > DW and GSI

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control 

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

SOIL: 
VOCs > DWP 
SVOCs > GSIP and DC
Metals > DWP and GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation
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Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further EvaluationSummary of Applicable Exceedances Identified Corrective Measures
Plant and 

Investigation Area
Subarea Associated AOI

SOIL: No constituents exceed Part 201 Criteria NA NA NA NA NA

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

GW: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

In-Situ Chemical Oxidation Yes Yes Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

Monitored Plume Stability  Yes No Yes

GW: No constituents exceed Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

See notes on page 7.

NA
Plant 6
AREA 7

SOIL: 
VOCs > DWP, GSIP, DC, SVIIC, and Csat

SVOCs > DWP, GSIP, and DC 

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

SOIL: 
SVOCs > DWP and GSIP
Metals > DWP and GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

SOIL: 
Metals > GSIP 

GW: 
VOCs > DW and GSI
Metals > DW and GSI

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control 

SOIL: 
VOCs > DWP, GSIP, DC, SVIIC, and Csat

SVOCs >  GSIP & DC 
Metals > GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

AOI 6-19
AOI 6-63
AOI 6-82

NA
Plant 6

AREA 10

AOI 6-60
Miscellaneous 

Data Gap
NA

AOI 2-7
AOI ID 2-37
AOI ID 2-38

NA
Plant 2
AREA 8

Plant 6
AREA 9

AOI 6-16/6-33
AOI 6-59

AOI ID 6-36
ID 6-38
ID 6-39
ID 6-75

NA
Plant 6
AREA 6

AOI 6-17
AOI 6-47

GW: 
Metals > DW and GSI

1) Groundwater Use Restrictions and Monitored Plume Stability  

2) Perched Hydraulic Control

1) Monitored  Plume Stability

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and In-Situ 
Chemical Oxidation

3) Perched Hydraulic Control 

GW: 
VOCs > DW, GSI, FESL, and  GWVI-nr

Metals > DW and GSI
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Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further EvaluationSummary of Applicable Exceedances Identified Corrective Measures
Plant and 

Investigation Area
Subarea Associated AOI

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

SOIL: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

GW: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

SOIL: No constituents exceed Part 201 Criteria NA NA NA NA NA

GW: No applicable exceedances of Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

LNAPL: NA, not present NA NA NA NA NA

See notes on page 7.

Plant 3
AREA 11

NA AOI ID 3-54

Plant 3
AREA 13

NA

NA
Plant 3

AREA 15

Plant 3
AREA 12

NA

MW-04-02 
(TD=132.7')
MW-04-03 
(TD=88.25')

Background 
Sample

AOI ID 3-15

GW: 
1,4-dioxane > Proposed DW (8.5 µg/L)

1) Groundwater Use Restrictions and Monitored Plume Stability
GW: 
Metals > DW & GSI

1)  Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

SOIL: 
Metals > DWP and GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

SOIL: 
VOCs > DWP 
SVOCs > GSIP
Metals > GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability  

SOIL: 
VOCs > DWP, GSIP, and SVIIC
SVOCs > GSIP
Metals > DWP and GSIP

GW: 
VOCs > DW and GSI

1) Groundwater Use Restrictions and Monitored Plume Stability

2) Perched Hydraulic Control 

1) Groundwater Use Restrictions and Monitored Plume Stability  

2) Perched Hydraulic Control

Plant 3
AREA 14

NA
AOI 3-10

Misc. Data Gap 
Borings
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Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further EvaluationSummary of Applicable Exceedances Identified Corrective Measures
Plant and 

Investigation Area
Subarea Associated AOI

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

GW: No constituents exceed Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Perched Hydraulic Control Yes Yes Yes

Land Use Restriction Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Soil-Vapor Extraction Yes Yes Yes

LNAPL Recovery (Skimmers) Yes Yes Yes

Multi-Phase Extraction Yes Yes Yes

Excavation Yes Yes Yes

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

GW: No constituents exceed Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

See notes on page 7.

NA
AOI 3-3
AOI 3-4
AOI 3-9

Plant 3
AREA 18

Plant 3
AREA 17

AOI 3-11NA
Plant 3

AREA 16

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

SOIL: 
SVOCs > DWP, GSIP, and DC
Metals > DWP, GSIP, and DC

AOI 3-2
AOI 3-6

NA

SOIL: 
SVOCs > DWP, GSIP, and DC
Metals > DWP and GSIP

SOIL: 
VOCs > DWP, GSIP, and SVIIC
SVOCs > GSIP
Metals > GSIP

1) Land Use Restrictions, Groundwater Use Restrictions, and Monitored Plume Stability

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

1) Land Use Restrictions, Groundwater Use Restrictions and Monitored Plume Stability  

2) Perched Hydraulic Control

GW: 
VOCs > DW, GSI, and GWVI-nr

Metals > DW & GSI

LNAPL: Present

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap 

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, a Cap, and 
Targeted Excavation

3) Soil-Vapor Extraction

4) LNAPL Recovery (Skimmers)

5) Multi-Phase Extraction

6) Excavation

CMS Tables 2 3 4 & App E_2014 DRAFT_06042014.xlsx(Table 2 - Screening) Page 6 of 32



Table 2
Corrective Measures Alternatives Screening Matrix

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT 

Protective of Human 
Health and the 
Environment

(Yes/No)

Attain Media Cleanup 
Objectives
(Yes/No)

Control the Source or 
Demonstrate Plume 

Stability
(Yes/No)

Potential Corrective Measures Alternatives for Further EvaluationSummary of Applicable Exceedances Identified Corrective Measures
Plant and 

Investigation Area
Subarea Associated AOI

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

GW: No constituents exceed Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

Land Use Restrictions Yes Yes No

Groundwater Use Restrictions Yes Yes No

Monitored Plume Stability  Yes No Yes

Cap Yes Yes Yes

Targeted Excavation Yes Yes Yes

GW: No constituents exceed Part 201 Criteria NA NA NA NA NA

LNAPL: NA, not present NA NA NA NA NA

Acronyms and Abbreviations:

> = greater than

AOI = area of interest

Csat = Soil Saturation Concentration Criteria

DC = Direct Contact Criteria

DW = Residential Drinking Water Criteria

DWP = Drinking Water Protection Criteria

FESL = Flammability and Explosivity Screening Level

GC = Groundwater Contact

GSI = Groundwater/Surface Water Interface

GSIP = Groundwater/Surface Water Interface Protection

GW = groundwater

GWVI-nr = draft Groundwater Concentrations for Vapor Intrusion

ISCO = in-situ chemical oxidation

LNAPL = light non-aqueous phase liquid

NA = not applicable Not Applicable 

Part 201 Criteria = Part 201 Generic Cleanup Criteria

PCB = polychlorinated biphenyl

Prop = proposed

PSIC = Particulate Soil Inhalation Criteria

RCRA = Resource Conservation and Recovery Act

Sol = solubility

SVIIC = Soil Volatilization to Indoor Air Inhalation Criteria

SVOC = semivolatile organic compound

µg/L = micrograms per liter

VOC = volatile organic compound

SOIL: 
SVOCs > GSIP
Metals > DWP, GSIP, and PSIC

SOIL: 
Metals > DWP, GSIP, and DC

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

SOIL: 
SVOCs > GSIP
Metals > DWP, GISP, and DC

1) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and a Cap

2) Land Use Restrictions, Groundwater Use Restrictions, Monitored Plume Stability, and Targeted 
Excavation

Plant 3
AREA 21

NA AOI 3-51

Plant 3
AREA 19

NA AOI ID 3-17

1) Groundwater Use Restrictions and Monitored Plume Stability
GW: 
Metals > DW and GSI

AOI 3-51NA
Plant 3

AREA 20
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Table 3a
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and 
Investigation Area

Media

Corrective 
Measures 
Alternative

Land Use Restrictions Groundwater Use Restrictions

Description

• Land Use Restrictions: Includes limiting future use 
of the Site to commercial and/or industrial, Site-wide 
contaminated soil management, Site-wide vapor 
intrusion exposure restrictions, subgrade utility 
restrictions, and health and safety requirements for 

intrusive activities 2.

• Groundwater Use Restrictions: Includes prohibiting 
the construction and use of wells or other devices 
on the Site to extract groundwater for consumption, 
irrigation, or any other purpose, with the exception of 
evaluating groundwater, remediation of subsurface 
contamination, or short-term dewatering for 
construction purposes.

Long-term 
Reliability and 
Effectiveness

• Restrictions are a reliable legal mechanism to 
restrict current and future land use at the Site.

• Restrictions are a reliable legal mechanism to 
restrict current and future groundwater use at the 
Site.

Reduction in the 
Toxicity, Mobility, or 
Volume of Waste

• Land use restrictions do not reduce the toxicity, 
mobility, or volume of waste at the Site.

• Groundwater use restrictions do not reduce the 
toxicity, mobility, or volume of waste at the Site.

Short-term 
Effectiveness

• Restrictions are a reliable legal mechanism to 
restrict land use at the Site once they are registered.

• Restrictions are a reliable legal mechanism to 
restrict groundwater use at the Site once they are 
registered.

Implementability
• Restrictions would be easy to implement, as 
RACER Trust currently owns the property that would 
be restricted.

• Restrictions would be easy to implement, as 
RACER Trust currently owns the property that would 
be restricted.

Community 
Acceptance

• The restrictions are consistent with current zoning 
for the Site (heavy industrial).
• Vapor intrusion exposure restrictions would 
eliminate the SVIIC exposure risk for future property 
owners. 

• The restrictions are consistent with current zoning 
for the Site (heavy industrial) and are likely to be 
accepted by the community.

MDEQ Acceptance

• The restrictions are consistent with current zoning 
for the Site (heavy industrial) and are readily 
acceptable by the MDEQ.
• Vapor intrusion exposure restrictions have been 
accepted by the MDEQ to address vapor intrusion 
exposure risk.

• Groundwater use restrictions in areas with 
municipal services are acceptable to the MDEQ.

Pre-Design Testing • None • None

Sustainability
• Restrictions do not generate waste, have energy 
requirements, or increase emissions.

• Restrictions do not generate waste, have energy 
requirements, or increase emissions.

Corrective Measure 
Area

Site-Wide Site-Wide

Groundwater Sampling: $2,784,000
Pilot Testing/Design/Full-

Scale Installation:
$3,374,000

Initial Surface Cover and 
Vegetation Control  and Surface 

Cover Maintenance :
$1,218,000

Annual Performance 
Monitoring (annual cost):

$96,000

Well Abandonment (year 30) $122,000 Annual O&M (annual cost): $517,000

General Notes: Acronyms and Abbreviations:

1. Current hydraulic control has been evaluated under the worse-case scenario that the perched plume does not remain stable. Actual implementation COC = constituent of concern

   of hydraulic control would be limited to areas with plume(s) that are not stable. LNAPL = light non-aqueous phase liquid

2. Health and safety requirements for intrusive activities are only required in Areas 2, 5-1, 5-2, 5-3, 5-5, 5-6, 7, 9, 16, 17, 18, 19, 20, and 21. Subgrade MDEQ = Michigan Department of Environmental Quality

    utility restrictions are required in Areas 2, 5-1, 5-2, 5-5, 5-6, 5-8, and 17. O&M = operation and maintenance

3. Major cost assumptions for hydraulic control include: POTW = publically owned treatment works

    • Long-term (approximately 1 year) treatability testing will be required. RACER = Revitalizing Auto Communities Environmental Response

    • Influent groundwater concentrations are summarized in Appendix E. SVIIC = Soil Volatilization to Indoor Air Inhalation Criteria

    • The treatment process will include equalization, aeration, pH adjustment, filtration, air stripping, advanced oxidation, 

       ion exchange, and granular-activated carbon.

    • 30 years of system operation.

4. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives.  The information in this cost estimate is based on the available information regarding the Site investigation and the anticipated scope 
of the remedial alternative.  Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative.  This cost estimate is expected to be within -30% to +50% of 
the actual project cost.  Utilization of this cost estimate information beyond the stated purpose is not recommended.  ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is not intended to 
be used for complying with financial reporting requirements associated with liability reserves.

Site-Wide

• Hydraulic control (i.e., pump and treat) is composed of 
pumping wells located near the property boundaries to 
prevent off-site migration of source mass. Extracted 
groundwater would be treated with an above-grade system, 
and treated water would be discharged to a POTW or 
surface water body.

Groundwater

Perched Hydraulic Control 1Monitored Plume Stability

• Implementation of a Site-wide monitoring program that 
provides the data to continue to verify plume stability. In 
addition, surface cover will be maintained/retained (e.g., 
building slabs, asphalt, concrete) near soil and 
groundwater impacts to minimize infiltration and 
maximize the potential for the perched groundwater 
plume to remain stable and on site.

Soil, Groundwater, and LNAPL

• Based on current data, the groundwater plume is 
stable.
• The building slabs would minimize infiltration and 
maximize the potential for the groundwater plume to 
remain stable and on site.

• The groundwater monitoring program would monitor 
plume stability and the reduction in COC mass present 
at the Site from natural processes.
• Monitoring groundwater in the storm sewer during dry 
weather flow would verify that COCs leaving the Site do 
not exceed surface water quality standards at the Grand 
River.
• The preservation of existing building slabs would 
minimize infiltration and maximize the potential for the 
groundwater plume to remain stable and on site.

• A groundwater monitoring program would verify the 
stability of the groundwater plume over time.
• Monitoring groundwater in the storm sewer during dry 
weather flow would verify that COCs leaving the Site do 
not exceed surface water quality standards at the Grand 
River.
• The building slabs would minimize infiltration and 
maximize the potential for the groundwater plume to 
remain stable and on site.

• Data collected during groundwater monitoring would be 
provided to the MDEQ to show that the groundwater 
plume remains stable over time.

• Aesthetic upgrades to the building slabs and/or Site 
may be desired.

• Due to the heterogeneities in the perched groundwater 
zone, it would be difficult to operate and maintain a reliable 
and effective system to contain Site groundwater; large 
variations in capture and flow rates are expected.

Site-Wide

• This option would generate waste, have long-term energy 
requirements, and emissions related to the construction and 
operation of the hydraulic control system.

• Additional characterization to refine the areas that would 
require containment and/or source control.
• Pumping tests to capture the heterogeneities associated 
with the range of flow, drawdown, and capture in the 
interbedded zone.    
• Treatability testing to determine the appropriate treatment 
technologies to meet the standards based on the range of 
contaminants at the Site.
• Geochemical analysis of groundwater required for proper 
design of the above-grade treatment system.
• Extended field-scale pilot test would be required to verify 
long-term performance and cost.

• Hydraulic control is widely accepted by the MDEQ as a 
remedial option.

• Due to the complexities in hydraulics and range of 
contaminants requiring treatment, multiple pumping tests 
and an extended field-scale pilot test would be conducted to 
verify long-term performance and cost.

• Hydraulic control would reduce the toxicity, mobility, and 
volume of impacted groundwater at the Site by preventing 
off-site migration by extracting groundwater and treating the 
extracted groundwater with an above-grade system.

Site-Wide

• The groundwater monitoring program would generate 
minimal waste.

• None

• Hydraulic control would prevent off-site migration, as well 
as control the horizontal and vertical migration of source 
area contamination; therefore, it would likely be acceptable 
to the community.

• Hydraulic control would be very difficult to implement due 
to the following: 
• Interbedded lithology in some areas may not be conducive 
for a traditional pump and treat system.
• Multiple pumping tests would be required to capture the 
heterogeneities associated with the range of flow, 
drawdown, and capture in the interbedded zone.       
• The extended field-scale pilot test would be required to 
verify long-term performance and cost.

• Monitored plume stability would be easy to implement, 
as the existing monitoring well network would be used 
for groundwater monitoring. 

$25,000$94,000Cost 3,4

$4,124,000

Cost for 30-Year O&M Duration:Cost for 30-Year Monitoring/Maintenance Duration:

$21,800,000
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Table 3b
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation Area

Media

Corrective Measures Alternative 1 Source Area ISCO

Description
• Injection of a chemical oxidant through injection wells to reduce source area 1,4-dioxane 
concentrations. 

Long-term Reliability and 
Effectiveness

• ISCO injections would effectively reduce source mass contributing to the deep 1,4-
dioxane plume. 

Reduction in the Toxicity, Mobility, 
or Volume of Waste

• This option does reduce the toxicity and volume of impacted groundwater at the Site in 
the source area.
• ISCO in the source area will not prevent off-site migration at the toe of the plume.

Short-term Effectiveness

• ISCO injections would be conducted to reduce source mass contributing to the deep 1,4-
dioxane plume; however, in the short-term, rebound (the diffusion of COCs from the non-
mobile to mobile pore space after treatment) is likely to occur, multiple injections may be 
required. 

Implementability

 MDEQ approval for injection would be required prior to implememtation.
Additional field pilot testing is required to verify feasibility prior to full-scale 
implementation. 

Community Acceptance • Reduction of source mass will be acceptable to the community.

MDEQ Acceptance
• ISCO is widely accepted by the state as a remedial option; however, there may be 
additional requirements to obtain approval to complete injections in a well-head protection 
zone.

Pre-Design Testing
• Investigation to further define treatment area.
• Field injection test to determine injection hydraulics and oxidant transport.

Sustainability
• Injection activities would generate minimal waste, have some energy requirements 
(electric/fuel consumption), and minor emissions related to the injection activities.

Treatment Area  4,100 ft2

Total: $12,912,000

Pilot Testing/Design/Full-Scale Installation: $1,092,000

Annual Performance Monitoring (annual cost): $72,000

Annual O&M (annual cost): $322,000

Notes: 

1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in Table 3a. Cap inspection and maintenance cost are
included with the monitored plume stability cost.
2. Major cost assumptions for hydraulic containment, aggressive pump and treat, and groundwater recirculation are as follows:
    • No source mass is present in the perched zone in the vicnity of the colesium (Plant 3, Area 11) that is contributing to the lower 1,4-dioxane plume
    • The treatment process will include equalization, aeration, pH adjustment, filtration, air stripping, advanced oxidation, 
       ion exchange, and granular-activated carbon.
    • Timeframe of operation for the hydraulic containment based on 30 years of system operation.
    • Estimated timerames for aggressive pump and treat (15 years) and groundwater recirculation (10 years) is based on the estimated timeframe to attain current drinking water standards for 1,4-dioxane by 
       achieving 2-3 pore flushes throughout the lower 1,4-dioxane plume.

Acronyms and Abbreviations:
COC = constituent of concern

ft2 = square feet
ISCO = in-situ chemical oxidation
MDEQ = Michigan Department of Environmental Quality
O&M = operation and maintenance
ppb = parts per billion
RCRA = Resource Conservation and Recovery Act

Hydraulic Containment

• Hydraulic containment would be composed of pumping wells located at Plant 2 near the downgradient 
(i.e., southern) edge of the lower 1,4-dioxane plume to prevent off-site migration. Based on the range of 
contaminants at the Site, treatment would require an above-grade treatment system that may include 
equalization, aeration, pH adjustment, filtration, air stripping, advanced oxidation, ion exchange, and 
granular-activated carbon.  The treatment system effluent would be discharged in accordance with a 
National Pollutant Discharge Elimination System permit or publicly owned treatment works permit.

• Hydraulic containment would be easily implementable at the toe of the plume.

• Hydraulic capture at the toe of the deep 1,4-dioxane plume would be a reliable and effective way to 
prevent off-site migration of impacted groundwater. 

• On-site hydraulic containment would reduce the toxicity, mobility, and volume of impacted groundwater 
at the Site by preventing off-site migration by extracting groundwater and treating the extracted 
groundwater with an above-grade system.

• Pumping tests would be required to verify performance and cost.

Groundwater

Lower 1,4-Dioxane Plants 2 and 3

• Hydraulic containment would prevent off-site migration; therefore, it would likely be acceptable to the 
community.

• Hydraulic containment is widely accepted by the MDEQ as a remedial option.

• Pumping tests will be required to ensure capture by pumping is feasible. 
• Once Implemented, hydraulic containment will be effective immediately.

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives.  The information in this cost estimate is based on the available information regarding the Site investigation and the 
anticipated scope of the remedial alternative.  Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative.  This cost estimate is expected to 
be within -30% to +50% of the actual project cost. Utilization of this cost estimate information beyond the stated purpose is not recommended.  ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost 
estimate information is not intended to be used for complying with financial reporting requirements associated with liability reserves.

Cost 3 $2,720,000

Cost for 30-Year O&M Duration:

• This option would generate waste, have long-term energy requirements, and emissions related to the 
construction and operation of the hydraulic control system.

890,000 ft2

(deep 1,4-dioxane > 8.5 ppb footprint)
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Table 3b
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation Area

Media

Corrective Measures Alternative 1

Description

Long-term Reliability and Effectiveness

Reduction in the Toxicity, Mobility, or Volume 
of Waste

Short-term Effectiveness

Implementability

Community Acceptance

MDEQ Acceptance

Pre-Design Testing

Sustainability

Treatment Area

Total: $12,101,000 Total: $8,426,000

Pilot Testing/Design/Full-Scale Installation: $2,411,000 Pilot Testing/Design/Full-Scale Installation: $2,706,000

Annual Performance Monitoring (annual 
cost):

$72,000 Annual Performance Monitoring (annual cost): $72,000

Annual O&M (annual cost): $574,000 Annual O&M (annual cost): $500,000

General Notes: 

1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in Table 3a. Cap inspection and maintenance cost are
included with the monitored plume stability cost.
2. Major cost assumptions for hydraulic containment, aggressive pump and treat, and groundwater recirculation are as follows:
    • No source mass is present in the perched zone in the vicnity of the colesium (Plant 3, Area 11) that is contributing to the lower 1,4-dioxane plume
    • The treatment process will include equalization, aeration, pH adjustment, filtration, air stripping, advanced oxidation, 
       ion exchange, and granular-activated carbon.
    • Timeframe of operation for the hydraulic containment based on 30 years of system operation.
    • Estimated timerames for aggressive pump and treat (15 years) and groundwater recirculation (10 years) is based on the estimated timeframe to attain current drinking water standards for 1,4-dioxane by 
       achieving 2-3 pore flushes throughout the lower 1,4-dioxane plume.

Acronyms and Abbreviations:
COC = constituent of concern

ft2 = square feet
ISCO = in-situ chemical oxidation
MDEQ = Michigan Department of Environmental Quality
O&M = operation and maintenance
ppb = parts per billion
RCRA = Resource Conservation and Recovery Act

Aggressive Pump and Treat Groundwater Recirculation

• Aggressive pump and treat would be composed of pumping wells located at Plant 2 near 
the downgradient edge of the lower 1,4-dioxane plume to prevent off-site migration. In 
addition, pumping wells would be located along the spine of the plume and in the source 
area located on Plant 3. Based on the range of contaminants at the Site, treatment would 
require an above-grade treatment system that may include equalization, aeration, pH 
adjustment, filtration, air stripping, advanced oxidation, ion exchange, and granular-activated 
carbon.  The treatment system effluent would be discharged in accordance with a National 
Pollutant Discharge Elimination System permit or publicly owned treatment works permit.

• The remedy consists of extraction of groundwater from the plume via extraction wells, above-
grade treatment of groundwater, and reinjection of treated groundwater back into the plume via 
injection wells.  Based on the range of contaminants at the Site, treatment would require an above-
grade treatment system that may include equalization, aeration, pH adjustment, filtration, air 
stripping, advanced oxidation, ion exchange, and granular-activated carbon.  Any excess treatment 
system effluent that cannot be re-injected would be discharged in accordance with a National 
Pollutant Discharge Elimination System permit or publicly owned treatment works permit.

• Aggressive pump and treat will be moderately difficult to implement due to piping/trenching 
under Saginaw and through existing source areas. 

• Groundwater recirculation will be moderately difficult to implement due to piping/trenching under 
Saginaw and through existing source areas.  Special care/maintenance will be required to keep 
injection/extraction wells from fouling. 

• Pumping at the toe and along the spine of the deep 1,4-dioxane plume would be a reliable 
and effective way to prevent off-site migration of impacted groundwater. 
• Pumping along the entire plume increases pore flushes and reduces concentrations more 
efficiently and effectively than hydraulic containment. 

• Groundwater recirculation would be a reliable and effective way to prevent off-site migration of 
impacted groundwater. 
• Recirculation increases pore flushes and reduces concentrations more effectively and efficiently 
than pumping options.

• Aggressive pump and treat would reduce the toxicity, mobility, and volume of impacted 
groundwater at the Site by preventing off-site migration by extracting groundwater and 
treating the extracted groundwater with an above-grade system.
• Aggressive pump and treat would reduce mass faster than the hydraulic containment 
option.

• Groundwater recirculation would reduce the toxicity, mobility, and volume of impacted 
groundwater at the Site by preventing off-site migration by extracting groundwater and treating the 
extracted groundwater with an above-grade system.
• Groundwater recirculation reduces mass faster than pumping only options.

• Pumping tests would be required to verify performance and cost.
• Pumping and injection tests would be required to verify performance and cost.

Lower 1,4-Dioxane Plants 2 and 3

Groundwater

• Aggressive pump and treat would prevent off-site migration; therefore, it would likely be 
acceptable to the community.

• Groundwater recirculation would prevent off-site migration; therefore, it would likely be acceptable 
to the community.

• Pump and treat is widely accepted by the MDEQ as a remedial option. • Groundwater recirculation is acceptable to the MDEQ as a remedial option.

• Pumping test will be required to ensure capture by pumping is feasible.
• Once implemented aggressive pump and treat will be effective immediately.

• Pumping test will be required to ensure capture by pumping is feasible.
• Injection test will be required to ensure reinjection of treated water is feasible.
• Once implemented recirculation will be effective immediately.

Cost for 15-Year O&M Duration2:

Cost 3

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives.  The information in this cost estimate is based on the available information regarding the Site investigation and the anticipated 
scope of the remedial alternative.  Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative.  This cost estimate is expected to be within -30% to 
+50% of the actual project cost. Utilization of this cost estimate information beyond the stated purpose is not recommended.  ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is not 
intended to be used for complying with financial reporting requirements associated with liability reserves.

Cost for 10-Year O&M Duration2:

• This option would generate waste, have long-term energy requirements, and emissions 
related to the construction and operation of the hydraulic control system.

• This option would generate waste, have long-term energy requirements, and emissions related to 
the construction and operation of the hydraulic control system.

890,000 ft2

(deep 1,4-dioxane > 8.5 ppb footprint)
890,000 ft2 

(deep 1,4-dioxane > 8.5 ppb footprint)
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Table 3c
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation Area

Media

Corrective Measures Alternative 1 Cap4

Description

• A cap would be implemented to cover DC and PSIC soil exceedances.
• The cap would be constructed using clean surface cover (soil or gravel) or existing cover (concrete or 
asphalt).  
• An RC would be filed with the deed prohibiting the removal of the cap and requiring inspections and 
maintenance of the cap.

Long-term Reliability and 
Effectiveness

• A cap would effectively prevent particulate inhalation and direct contact with the impacted soils.
• An RC would be filed with the deed prohibiting the removal of the cap to ensure long-term 
effectiveness.

Reduction in the Toxicity, Mobility, 
or Volume of Waste

• The cap would not reduce toxicity or volume of waste.

Short-term Effectiveness
• A cap would effectively prevent particulate inhalation and direct contact with the impacted soils once 
construction was completed.

Implementability
• Placement of a clean surface cover (soil, gravel) or the utilization of existing cover (concrete or 
asphalt) to cover the DC and PSIC exceedances could be easily implemented.

Community Acceptance
• None (see community acceptance for land use restrictions, groundwater use restrictions, and 
monitored plume stability)

MDEQ Acceptance • Caps have been accepted by the MDEQ to mitigate DC and PSIC risks in non-residential areas.

Pre-Design Testing • Evaluation of existing concrete and/or asphalt for potential use as a cap.

Sustainability
• Construction of the cap would not generate waste but would have some energy requirements (fuel 
consumption) and minor emissions related to the source of the cap material and the construction 
activities.

Cap Area/Excavation 

Volume 2
Cap Area: 800 ft2

Excavation for DC and PSIC: $34,000 

Excavation for SVIIC: $473,000

Notes: 

1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in Table 3a. Cap inspection and maintenance cost are included 
with the monitored plume stability cost.
2. Excavation volumes are rounded estimates.

4. Major cost assumptions for a cap are:
    •  The cap is constructed using clean surface cover (sand).

    •  Area defined by on RFI investigation data. DC/PSIC exceedance location(s) to the next clean boring location.

5. Major cost assumptions for targeted excavation are:

    •  Excavated material is not classified as a Listed or Characteristically Hazardous Waste.
    •  No shoring will be required and any materials removed for excavation benching, and sloping will not require off-site transport and disposal.
    •  Benching, sloping, groundwater management/disposal activities are incidental to the project and are not subject to unit rates.
    • DC/PSIC volume based on RFI investigation data, DC/PSIC exceedance location(s) to the next clean boring location.
    • SVIIC volume based on RFI investigation data, SVIIC exceedance location(s) to half-way to the next clean boring location. Cost also includes investigation to refine excavation.

Acronyms and Abbreviations:

cy = cubic yards

DC = Direct Contact Criteria

ft2 = square feet

MDEQ = Michigan Department of Environmental Quality

PSIC = Particulate Soil Inhalation Criteria

RC = Restrictive Covenant
RCRA = Resource Conservation and Recovery Act
RFI = RCRA Facility Investigation
SVIIC = Soil Volatilization to Indoor Air Inhalation Criteria

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives.  The information in this cost estimate is based on the available information regarding the Site investigation and the anticipated scope of 
the remedial alternative.  Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative.  This cost estimate is expected to be within -30% to +50% of the 
actual project cost.  Utilization of this cost estimate information beyond the stated purpose is not recommended.  ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is not intended to be 
used for complying with financial reporting requirements associated with liability reserves.

Plant 2, Area 2

Soil

Cost 3 $9,000

• Targeted excavation activities would generate waste, have some energy requirements (fuel 
consumption), and minor emissions related to the construction and transport activities.

Targeted Excavation Volume for DC and PSIC: 200 cy
Targeted Excavation Volume for SVIIC: 6,300 cy

• Investigation to refine vertical and horizontal targeted excavation area.

• Excavations are widely accepted by the MDEQ as a remedial option.

• Targeted excavation would eliminate soil exceeding DC, PSIC, and SVIIC; therefore, it would likely be 
acceptable to the community.

• Based on estimated depth (up to 10 feet), excavation for DC and PSIC exceedances may require 
shoring, sloping, and/or benching but would be implementable. 
• Based on estimated depth (up to 25 feet), excavation to eliminate SVIIC exceedances would require 
shoring, sloping, and/or benching; non-traditional utility locating equipment; and potentially water 
management and soil solidification and could be difficult to implement.

• Targeted excavation would be effective in removing soils exceeding DC, PSIC, and SVIIC once 
construction was completed. 

• Removal of impacted soil reduces the toxicity, mobility, and volume of impacted soils at the Site.

• Targeted excavation would be a reliable and effective way to remove soils exceeding DC, PSIC, and 
SVIIC near the property boundary.
• Removal of these soils will eliminate a potential long-term source to groundwater near the property 
boundary.

• Targeted excavations would be completed to remove soils exceeding DC, PSIC, and SVIIC near the 
property boundary.
• Excavated soils would be transported and disposed in accordance with applicable requirements of 
RCRA and all other relevant state and federal laws.

Targeted Soil Excavation5
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Table 3d
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation Area

Media

Corrective Measures Alternative 1 Cap4

Description

• A cap would be implemented to cover DC soil exceedances.
• An existing building slab covers the applicable DC exceedances and would serve as the cap for this 
area. 
• An RC would be filed with the deed prohibiting the removal of the cap and requiring inspections and 
maintenance of the cap.

• Targeted excavations would be completed to remove soils exceeding DC.
• Excavated soils would be transported and disposed in accordance with applicable requirements of 
RCRA and all other relevant state and federal laws.

Long-term Reliability and 
Effectiveness

• A cap would effectively prevent direct contact with the impacted soils.
• An RC would be filed with the deed prohibiting the removal of the cap to ensure long-term 
effectiveness.

• Targeted excavation would be a reliable and effective way to remove soils exceeding DC. 

Reduction in the Toxicity, Mobility, 
or Volume of Waste

• The cap would not reduce toxicity or volume of waste. • Removal of impacted soil reduces the toxicity, mobility, and volume of impacted soils at the Site.

Short-term Effectiveness • The existing building slab is effectively preventing direct contact with the impacted soils.
• Targeted excavation would be effective in removing soils exceeding DC once construction was 
completed. 

Implementability
• A cap would be easy to implement, as there is an existing building slab that cover the DC 
exceedances and is currently preventing direct contact with the impacted soils. 

• Based on estimated depth (5 feet), excavation may require shoring, sloping, and/or benching but 
would be implementable. 

Community Acceptance
• None (see community acceptance for land use restrictions, groundwater use restrictions, and 
monitored plume stability)

• Targeted excavation would eliminate soil exceeding DC; therefore, it would likely be acceptable to 
the community.

MDEQ Acceptance • Caps have been accepted by the MDEQ to mitigate DC risks in non-residential areas. • Excavations are widely accepted by the MDEQ as a remedial option.

Pre-Design Testing • None • Investigation to refine vertical and horizontal targeted excavation area.

Sustainability • There is an existing building slab in place; therefore, no waste or emissions would be generated.
• Targeted excavation activities would generate waste, have some energy requirements (fuel 
consumption), and minor emissions related to the construction and transport activities.

Cap Area/Excavation 

Volume 2
Cap Area: 4,900 ft2 Targeted Excavation Volume: 1,000 cy

Cost 3 $0 $150,000

Notes: 

1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in Table 3a. Cap inspection and maintenance cost are included 
with the monitored plume stability cost.
2. Excavation volumes are rounded estimates.

4. Major cost assumptions for a cap are:
    •  An existing building slab will serve as the cap.

    •  Area defined by on RFI investigation data. DC exceedance location(s) to the next clean boring location.

5. Major cost assumptions for targeted excavation are:

    •  Excavated material is not classified as a Listed or Characteristically Hazardous Waste.
    •  No shoring will be required and any materials removed for excavation benching and sloping will not require off-site transport and disposal.
    •  Benching, sloping, groundwater management/disposal activities are incidental to the project and are not subject to unit rates.
    • DC volume based on RFI investigation data, DC exceedance location(s) to the next clean boring location.

Acronyms and Abbreviations:
cy = cubic yards
DC = Direct Contact Criteria

ft2 = square feet
MDEQ = Michigan Department of Environmental Quality
RC = Restrictive Covenant
RCRA = Resource Conservation and Recovery Act

RFI = RCRA Facility Investigation

Plant 2 Area, 5-1

Soil

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives.  The information in this cost estimate is based on the available information regarding the Site investigation and the anticipated 
scope of the remedial alternative.  Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative.  This cost estimate is expected to be within -30% to 
+50% of the actual project cost.  Utilization of this cost estimate information beyond the stated purpose is not recommended.  ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is no
intended to be used for complying with financial reporting requirements associated with liability reserves.

Targeted Soil Excavation5
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Table 3e
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation 
Area

Media

Corrective Measures 

Alternative1 Cap 5 Targeted Soil Excavation 6 LNAPL Cap 5 Cap and Targeted LNAPL Excavation 5,6

Description

• A cap would be implemented to cover DC and PSIC soil 

exceedances (135,000 ft2).
• In the area where the existing building slab covers the 
applicable DC and PSIC exceedances, the building slab 

would serve as the cap (100,000 ft2). 
• The existing building slab would be extended to cover the 
remaining green space area with applicable DC and PSIC 

exceedances (20,000 ft2). 
• An RC would be filed with the deed prohibiting the removal 
of the cap and requiring inspections and maintenance of the 
cap.

• Targeted excavations would be completed to remove soils 
exceeding DC and PSIC.
• Excavated soils would be transported and disposed in 
accordance with applicable requirements of RCRA and all 
other relevant state and federal laws.

• A cap would be implemented to cover the LNAPL plume 

(135,000 ft2) 2.
• In the area where the existing building slab covers the 
LNAPL plume, the building slab would serve as the cap  

(100,000 ft2). 
• The existing building slab would be extended over the 
remaining green space over the LNAPL footprint to prevent 

exposure and limit infiltration (20,000 ft2). 
• An RC would be filed with the deed prohibiting the removal 
of the cap and requiring inspections and maintenance of the 
cap.

• Targeted excavations would be completed to remove 
LNAPL that has the highest fraction of VOCs to eliminate 
ongoing potential sources to groundwater.
• Excavated soils would be transported and disposed in 
accordance with applicable requirements of RCRA and all 
other relevant state and federal laws.

Long-term Reliability and 
Effectiveness

• A cap would effectively prevent particulate inhalation and 
direct contact with impacted soils.
• An RC would be filed with the deed prohibiting the removal 
of the cap to ensure long-term effectiveness.

• Targeted excavation would be a reliable and effective way 
to remove soils exceeding DC and PSIC. 

•  LNAPL is defined and not migrating.
• A cap would effectively prevent exposure to the LNAPL.
• An RC would be filed with the deed prohibiting the removal 
of the cap to ensure long-term effectiveness.

• Targeted excavation would be a reliable and effective way 
to remove LNAPL that has the highest fraction of VOCs to 
eliminate potential ongoing sources to groundwater.

Reduction in the Toxicity, 
Mobility, or Volume of 
Waste

• The cap would not reduce toxicity or volume of waste.
• Removal of impacted soil reduces the toxicity, mobility, and 
volume of impacted soils at the Site.

• The cap would not reduce toxicity or volume of waste.
• Mobility testing indicated the LNAPL plumes are not 
migrating.

• Removal of LNAPL via targeted excavations reduces the 
toxicity, mobility, or volume of LNAPL at the Site.

Short-term Effectiveness
• A cap would effectively prevent particulate inhalation and 
direct contact with the impacted soils once construction was 
completed.

• Targeted excavation would be effective in removing soils 
exceeding DC and PSIC once construction was completed. 

• A cap would effectively prevent exposure to the LNAPL 
once construction was completed.

• Targeted excavation would be a reliable and effective way 
to remove LNAPL that has the highest fraction of VOCs to 
eliminate ongoing potential sources to groundwater.

Implementability

• A cap would be easy to implement, as there are existing 
building slabs that partially cover the DC and PSIC 
exceedances and is currently preventing particulate inhalation 
and direct contact with the impacted soils. 
• An extension of the existing building slab could be easily 
implemented.

• The depth of the majority of the excavation would be up to 5 
feet and may require shoring, sloping, and/or benching but 
would be implementable. 
• One location would be up to 27 feet and would require 
shoring, sloping, and/or benching; non-traditional utility 
locating equipment; and potentially water management and 
soil solidification and could be difficult to implement.

• A cap would be easy to implement, as there is an existing 
building slab that partially covers the LNAPL plume and is 
currently preventing exposure to LNAPL. 
• An extension of the existing building slab could be easily 
implemented.

• Based on estimated depth (6 to 13 feet), excavation may 
require shoring, sloping, and/or benching; non-traditional 
utility locating equipment; and potentially LNAPL/water 
management and/or soil solidification, and could be difficult to 
implement.

Community Acceptance
• None (see community acceptance for land use restrictions, 
groundwater use restrictions, and monitored plume stability)

• Targeted excavation would eliminate soil exceeding DC and 
PSIC and would, therefore, likely be acceptable to the 
community.

• None (see community acceptance for land use restrictions, 
groundwater use restrictions, and monitored plume stability)

• Targeted excavation would remove impacted soils from the 
Site; therefore, it would likely be acceptable to the 
community.

MDEQ Acceptance
• Caps have been accepted by the MDEQ to mitigate DC and 
PSIC risks in non-residential areas.

• Excavations are widely accepted by the MDEQ as a 
remedial option.

• Caps are an acceptable way to mitigate LNAPL risks for 
plumes that are defined, not migrating, and have limited 
recoverability in non-residential areas.

• Excavations are widely accepted by the MDEQ as a 
remedial option.

Pre-Design Testing
• Evaluation of existing concrete and/or asphalt for potential 
use as a cap where the existing building slab is not present.

• Investigation to refine the vertical and horizontal targeted 
excavation area.

• Evaluation of existing concrete and/or asphalt for potential 
use as a cap where the existing building slab is not present.

• Investigation to refine the vertical and horizontal targeted 
excavation area.

Sustainability

• Construction of the cap would not generate waste but would 
have some energy requirements (fuel consumption) and 
minor emissions related to the source of the cap material and 
the construction activities.

• Targeted excavation activities would generate waste, have 
some energy requirements (fuel consumption), and minor 
emissions related to the construction and transport activities.

• Construction of the cap would not generate waste, but 
would have some energy requirements (fuel consumption) 
and minor emissions related to the construction activities.

• Targeted excavation would generate waste, have some 
energy requirements (fuel consumption), and minor emissions 
related to the construction and transport activities.

Cap/Treatment Area or 

Excavation Volume 3
Total Cap Area: 135,000 ft2 Targeted Excavation Volume:  27,200 cy Total Cap Area: 135,000 ft2

Total Cap Area: 135,000 ft2

Targeted Excavation Volume: 3,700 cy

See notes on page 3

Plant 2, Area 5-2

LNAPL

$666,000$269,000$2,606,000

Soil

Cost 4 $269,000
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Table 3e
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation 
Area

Media

Corrective Measures 

Alternative1

Description

Long-term Reliability and 
Effectiveness

Reduction in the Toxicity, 
Mobility, or Volume of 
Waste

Short-term Effectiveness

Implementability

Community Acceptance

MDEQ Acceptance

Pre-Design Testing

Sustainability

Cap/Treatment Area or 

Excavation Volume 3

Pilot Testing/Design/Full-Scale 
Installation:

$2,385,000
Pilot Testing/Design/Full-Scale 

Installation:
$3,100,000

Annual O&M: $80,000 Annual O&M: $949,000

See notes on page 3

• Based on estimated depth (up to 24 feet), excavation may 
require shoring, sloping, and/or benching; non-traditional utility 
locating equipment; and potentially LNAPL/water management 
and/or soil solidification, and could be difficult to implement.

• MPE would be difficult to implement because:
      - Mobility and recoverability testing indicated the LNAPL 
plumes have limited potential for recoverability; therefore, it 
would be difficult to operate and maintain a reliable and 
effective system to remove LNAPL; large variations in capture 
and flow rates are expected.
      - Interbedded and low permeability lithology in some areas 
of the Site may not be conducive for a mass recovery via 
vapor extraction.
      - LNAPL present in the interbedded and/or lower 
permeability silts and clays would be minimally recovered by 
an MPE system.
     - Multiple extraction tests would be required to capture the 
heterogeneities associated with the range of flow, drawdown, 
and capture in the interbedded zone.       
     - Treatability testing would be required to determine the 
appropriate treatment technologies to meet the standards 
based on the range of contaminants at the Site.
     - An extended field-scale pilot test would be required to 
verify long-term performance and cost.

$4,790,000 $17,400,000

Cost 4

• Additional characterization to refine the vertical and 
horizontal excavation area.

• Excavation is widely accepted by the MDEQ as a remedial 
option.

• LNAPL skimming is widely accepted by the MDEQ as a 
remedial option.

• LNAPL skimming would remove LNAPL from the Site; 
therefore, it would likely be acceptable to the community.

• LNAPL skimming would be difficult to implement due to the 
following: 
      - Mobility and recoverability testing indicated the LNAPL 
plumes have limited potential for recoverability; therefore, it 
would be difficult to design and implement an effective LNAPL 
skimming system to recover significant quantities of LNAPL. 
      - Skimmers would have limited influence away from the 
recovery wells; therefore, a large number of wells would be 
required to be effective.

$2,475,000

• Additional characterization to refine the vertical and 
horizontal treatment area.
• MPE pilot testing to assess the feasibility of recovering free-
phase LNAPL and reducing LNAPL mass via vapor extraction 
in interbedded zones and low-permeability silts and clays.
• Treatability testing to determine the appropriate treatment 
technologies to meet the standards based on the range of 
contaminants at the Site.
• Geochemical analysis of groundwater required for proper 
design of the above-grade treatment system.
• An extended field-scale pilot test would be required to verify 
long-term performance and cost.

Excavation Volume: 27,800 cy

• Excavation would generate large quantities of waste, have 
large energy requirements (fuel consumption), and some 
emissions related to the construction and transport activities.

• Installation and operation of an MPE system would generate 
waste, have energy requirements (fuel consumption/electrical), 
and emissions.

MPE Area: 50,000 ft2

• Excavation would be completed to remove LNAPL; 
excavated LNAPL-impacted soils would be transported and 
disposed in accordance with applicable requirements of RCRA 
and all other relevant state and federal laws.

• MPE would involve recovery of LNAPL and perched 
groundwater by pumping or high vacuum extraction. Soil vapor 
would also be removed to enhance recovery of LNAPL and 
promote volatilization and aerobic biodegradation, where 
applicable.
• Extracted soil vapor would be treated with an above-grade 
system and discharged to the atmosphere. 
• Extracted groundwater would be treated with an above-grade 
system and discharged to a POTW or surface water body.
• LNAPL would be separated from groundwater in an above-
grade system, transferred to an above-grade storage tank, 
and removed and disposed in accordance with applicable 
requirements of RCRA and all other relevant state and federal 
laws.

• Interbedded and low permeability lithology would limit the 
long-term effectiveness of MPE in some areas of the LNAPL 
plume.
• Mobility and recoverability testing indicated the LNAPL plume 
has limited potential for recoverability. 
• Due to the heterogeneities in the perched groundwater zone 
(most impacted), it would be difficult to operate and maintain a 
reliable and effective system to remove LNAPL; large 
variations in capture and flow rates are expected.

• LNAPL skimming would be a reliable way to remove 
recoverable LNAPL at the Site to the extent practicable.  
• Recoverability testing indicated LNAPL plumes have limited 
potential for recoverability; therefore, it would be difficult to 
design and implement an effective LNAPL skimming system to 
recover significant quantities of LNAPL. 

• LNAPL skimming would involve installation of skimmers (belt 
skimmers or skimmer pumps) in permanent recovery wells to 
remove free-phase LNAPL that collected in wells. 
• LNAPL would be transferred to an above-grade storage tank 
or drum and removed and disposed in accordance with 
applicable requirements of RCRA and all other relevant state 
and federal laws.

LNAPL Skimming Area: 50,000 ft2

• Installation of LNAPL skimmers and recovery wells would 
generate waste, have some energy requirements (fuel 
consumption), and minor emissions related to the construction 
activities.
• Operation of the LNAPL skimmers would generate LNAPL 
waste and minor emissions. 
• Solar-powered skimmers can be considered to minimize 
energy requirements.

• Additional characterization to refine the vertical and 
horizontal treatment area.

Cost for 30 Year O&M Duration: Cost for 15 Year O&M Duration:

Plant 2 Area 5-2

LNAPL

Excavation6MPE8LNAPL Recovery (Skimmers)7

• This option would, to the extent practicable, reduce the 
toxicity, mobility, and volume of LNAPL at the Site.

• This option does reduce the toxicity, mobility, and volume of 
LNAPL at the Site.
• Mobility and recoverability testing indicated the LNAPL 
plumes are not migrating and have limited potential for 
recoverability. 

• Removal of LNAPL via excavation reduces the toxicity, 
mobility, or volume of LNAPL at the Site.

• MPE would minimize LNAPL at the Site; therefore, it would 
likely be acceptable to the community.
• The MPE system may generate nuisance noise.

• MPE is widely accepted by the MDEQ as a remedial option 
for LNAPL.

• Excavation would remove LNAPL from the Site; therefore, it 
would likely be acceptable to the community.

• Excavation would be a reliable and effective way to remove 
LNAPL from the Site once construction was complete.

• Mobility and recoverability testing indicated the LNAPL 
plumes are not migrating and have limited potential for 
recoverability. 
• Due to the limited potential for recoverability, an extended 
field-scale pilot test would be conducted to verify long-term 
performance and cost.

• Mobility and recoverability testing indicated the LNAPL 
plumes are not migrating and have limited potential for 
recoverability; therefore, the LNAPL recovery would be slow 
and have limited short-term effectiveness.

• Excavation would be a reliable and effective way to remove 
LNAPL from the Site.
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Table 3e
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Notes: 

1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in 
Table 3a. Cap inspection and maintenance costs are included with the monitored plume stability cost.
2. The LNAPL plume is within the cap area for DC and PSIC soil exceedances; therefore, an additional cap for LNAPL would be redundant 
and the cost is reflective of the cap area for DC and PSIC soil exceedances.

4. Cost estimates are rounded engineering estimates, +/- 30 to 50%.
5. Major cost assumptions for a cap are:
    • An existing building slab will serve as the cap for a portion of the area, in the remaining green space area  the cap is constructed concrete.
    •  Area defined by RFI investigation data. DC/PSIC exceedance location(s) to the next clean boring location.
6. Major cost assumptions for excavation are:
    • Excavated material is not classified as a Listed or Characteristically Hazardous Waste.
    • No shoring will be required and any materials removed for excavation benching and sloping will not require off-site transport and disposal.
    • Benching, sloping, groundwater management/disposal activities are incidental to the project and are not subject to unit rates.
    • DC/PSIC volume based on RFI investigation data, DC/PSIC exceedance location(s) to the next clean boring location.
    • Targeted excavation volume based on RFI investigation data, source location(s) half-way to the next clean boring location.
    • LNAPL plume excavation volume based on RFI investigation data, covers the approximate extent of LNAPL.
7. Major cost assumptions for LNAPL skimming are:
    • Full-scale installation of 160 recovery wells to a maximum depth of 24 feet with a 10 foot treatment interval.
    •  Recovery wells installed on 20-foot centers, with a 10-foot radius of influence.

    • Skimmers to be installed in 80 recovery wells at a time and rotated around the Site as needed.

    • 30 years of skimmer operation.

8. Major cost assumptions for MPE are:

    • Full-scale installation of 56 recovery wells to a maximum depth of 24 feet with a 10-foot treatment interval.

    • Recovery wells installed on 30-oot centers, with a 15-foot radius of influence
    • Long-term (approximately 1 year) treatability testing will be required.
    • Influent groundwater concentrations are summarized in Appendix D.
    • The treatment process will include equalization, aeration, pH adjustment, filtration, air stripping, advanced oxidation, 
       ion exchange, and granular-activated carbon.
    • 15 years of system operation

Acronyms and Abbreviations:
cy = cubic yard
DC = Direct Contact Criteria

ft2 = square feet
LNAPL = light non-aqueous phase liquid
MDEQ = Michigan Department of Environmental Quality
MPE = multi-phase extraction
O&M = operation and maintenance
POTW = publically owned treatment works
PSIC = Particulate Soil Inhalation Criteria
RC = Restrictive Covenant
RCRA = Resource Conservation and Recovery Act
RFI = RCRA Facility Investigation
VOC = volatile organic compound

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives.  The information in this cost estimate is 
based on the available information regarding the Site investigation and the anticipated scope of the remedial alternative.  Changes in the cost elements 
are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative.  This cost estimate is 
expected to be within -30% to +50% of the actual project cost. Utilization of this cost estimate information beyond the stated purpose is not recommended.  
ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is not intended to be used for complying 
with financial reporting requirements associated with liability reserves.
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Table 3f
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation Area

Media

Corrective Measures Alternative 1 Cap4 Targeted Soil Excavation5

Description

• A cap would be implemented to cover DC and PSIC soil exceedances (3,300 ft2).
• In the area where the existing building slab covers the applicable DC and PSIC exceedances, the 

building slab would serve as the cap (2,500 ft2). 
• The existing building slab would be extended to cover the remaining area with applicable DC and PSIC

exceedances (800 ft2). 
• An RC would be filed with the deed prohibiting the removal of the cap and requiring inspections and 
maintenance of the cap.

• Targeted excavations would be completed to remove soils exceeding DC and PSIC.
• Excavated soils would be transported and disposed in accordance with applicable requirements of 
RCRA and all other relevant state and federal laws.

Long-term Reliability and 
Effectiveness

• A cap would effectively prevent particulate inhalation and direct contact with the impacted soils.
• An RC would be filed with the deed prohibiting the removal of the cap to ensure long-term 
effectiveness.

• Targeted excavation would be a reliable and effective way to remove soils exceeding DC and PSIC. 

Reduction in the Toxicity, Mobility, 
or Volume of Waste

• The cap would not reduce toxicity or volume of waste. • Removal of impacted soil reduces the toxicity, mobility, and volume of impacted soils at the Site.

Short-term Effectiveness
• A cap would effectively prevent particulate inhalation and direct contact with the impacted soils once 
construction was completed.

• Targeted excavation would be effective in removing soils exceeding DC and PSIC once construction 
was completed. 

Implementability

• A cap would be easy to implement, as there are existing building slabs that partially cover the DC and 
PSIC exceedances and is currently preventing particulate inhalation and direct contact with the 
impacted soils. 
• An extension of the existing building slab slabs could be easily implemented.

• Based on estimated depth (2 feet), excavation could be easily implemented. 

Community Acceptance
• None (see community acceptance for land use restrictions, groundwater use restrictions, and 
monitored plume stability)

• Targeted excavation would eliminate soil exceeding DC; therefore, it would likely be acceptable to the 
community.

MDEQ Acceptance • Caps have been accepted by the MDEQ to mitigate DC and PSIC risks in non-residential areas. • Excavations are widely accepted by the MDEQ as a remedial option.

Pre-Design Testing
• Evaluation of existing concrete and/or asphalt for potential use as a cap where the existing building 
slab is not present.

• Investigation to refine vertical and horizontal targeted excavation area.

Sustainability
• Construction of the cap would not generate waste but would have some energy requirements (fuel 
consumption) and minor emissions related to the source of the cap material and the construction 
activities.

• Targeted excavation activities would generate waste, have some energy requirements (fuel 
consumption), and minor emissions related to the construction and transport activities.

Cap Area/Excavation 

Volume 2
Cap Area: 3,300 ft2

(Extension Area 800 ft2)
Targeted Excavation Volume:  300 cy

Cost 3 $11,000 $61,000

Notes: 
1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in Table 3a. Cap inspection 
and maintenance cost are included with the monitored plume stability cost.
2. Excavation volumes are rounded estimates.

4. Major cost assumptions for a cap are:
    • An existing building slab will serve as the cap for a portion of the area, in the remaining area  the cap is constructed using clean surface cover (sand).
    • Area defined by on RFI investigation data. DC/PSIC exceedance location(s) to the next clean boring location.

5. Major cost assumptions for targeted excavation are:

    • Excavated material is not classified as a Listed or Characteristically Hazardous Waste.
    • No shoring will be required and any materials removed for excavation benching and sloping will not require off-site transport and disposal.
    • Benching, sloping, groundwater management/disposal activities are incidental to the project and are not subject to unit rates.
    • DC/PSIC volume based on RFI investigation data, DC/PSIC exceedance location(s) to the next clean boring location.

Acronyms and Abbreviations:
cy = cubic yards
DC = Direct Contact Criteria

ft2 = square feet
MDEQ = Michigan Department of Environmental Quality
PSIC = Particulate Soil Inhalation Criteria
RC = Restrictive Covenant
RCRA = Resource Conservation and Recovery Act
RFI = RCRA Facility Investigation

Plant 2, Area 5-3

Soil

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives. The information in this cost estimate is based on the available information regarding the Site investigation and the anticipated scope of 
the remedial alternative. Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative. This cost estimate is expected to be within -30% to +50% of the 
actual project cost. Utilization of this cost estimate information beyond the stated purpose is not recommended. ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is not intended to be 
used for complying with financial reporting requirements associated with liability reserves.
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Table 3g
Evaluation of Corrective Measures Alternatives

RCRA Corrective Action Corrective Measures Study
RACER Plants 2, 3, and 6

Lansing, Michigan

DRAFT

Plant and Investigation Area

Media

Corrective Measures Alternative 1 Cap4 Targeted Soil Excavation5

Description

• A cap would be implemented to cover DC soil exceedances.
• The cap would be constructed using clean surface cover (soil or gravel) or existing cover (concrete or 
asphalt).  
• An RC would be filed with the deed prohibiting the removal of the cap and requiring inspections and 
maintenance of the cap.

• Targeted excavations would be completed to remove soils exceeding DC.
• Excavated soils would be transported and disposed in accordance with applicable requirements of 
RCRA and all other relevant state and federal laws.

Long-term Reliability and 
Effectiveness

• A cap would effectively prevent direct contact with the impacted soils.
• An RC would be filed with the deed prohibiting the removal of the cap to ensure long-term 
effectiveness.

• Targeted excavation would be a reliable and effective way to remove soils exceeding DC. 

Reduction in the Toxicity, Mobility, 
or Volume of Waste

• The cap would not reduce toxicity or volume of waste. • Removal of impacted soil reduces the toxicity, mobility, and volume of impacted soils at the Site.

Short-term Effectiveness
• A cap would effectively prevent direct contact with the impacted soils once construction was 
completed.

• Targeted excavation would be effective in removing soils exceeding DC once construction was 
completed. 

Implementability
• Placement of a clean surface cover (soil, gravel) or the utilization of existing cover (concrete or 
asphalt) to cover the DC exceedances could be easily implemented.

• Based on estimated depth (10 feet), excavation may require shoring, sloping, and/or benching but 
would be implementable. 

Community Acceptance
• None (see community acceptance for land use restrictions, groundwater use restrictions, and 
monitored plume stability)

• Targeted excavation would eliminate soil exceeding DC; therefore, it would likely be acceptable to the 
community.

MDEQ Acceptance • Caps have been accepted by the MDEQ to mitigate DC risks in non-residential areas. • Excavations are widely accepted by the MDEQ as a remedial option.

Pre-Design Testing • Evaluation of existing concrete and/or asphalt for potential use as a cap. • None

Sustainability
• Construction of the cap would not generate waste but would have some energy requirements (fuel 
consumption) and minor emissions related to the source of the cap material and the construction 
activities.

• Targeted excavation activities would generate waste, have some energy requirements (fuel 
consumption), and minor emissions related to the construction and transport activities.

Cap Area/Excavation 

Volume 2
Cap Area: 2,200 ft2 Targeted Excavation Volume: 300 cy

Cost 3 $11,000 $28,000

Notes: 
1. Corrective measures alternatives also include land use restrictions, groundwater use restrictions, and monitored plume stability as evaluated in Table 3a. Cap inspection 
and maintenance cost are included with the monitored plume stability cost.
2. Excavation volumes are rounded estimates.

4. Major cost assumptions for a cap are:
    • The cap is constructed using clean surface cover (sand).

    • Area defined by on RFI investigation data. DC exceedance location(s) to the next clean boring location.

5. Major cost assumptions for targeted excavation are:

    • Excavated material is not classified as a Listed or Characteristically Hazardous Waste.
    • No shoring will be required and any materials removed for excavation benching and sloping will not require off-site transport and disposal.
    • Benching, sloping, groundwater management/disposal activities are incidental to the project and are not subject to unit rates.
    • DC volume based on RFI investigation data, DC exceedance location(s) to the next clean boring location.

Acronyms and Abbreviations:
cy = cubic yards
DC = Direct Contact Criteria

ft2 = square feet
MDEQ = Michigan Department of Environmental Quality
RC = Restrictive Covenant
RFI = RCRA Facility Investigation

Plant 2, Area 5-5

Soil

3. All cost estimates presented have been prepared for the purposes of comparing potential remedial alternatives. The information in this cost estimate is based on the available information regarding the Site investigation and the anticipated scope of 
the remedial alternative. Changes in the cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial alternative. This cost estimate is expected to be within -30% to +50% of the 
actual project cost. Utilization of this cost estimate information beyond the stated purpose is not recommended. ARCADIS is not licensed to provide financial or legal consulting services; as such, this cost estimate information is not intended to be 
used for complying with financial reporting requirements associated with liability reserves.

CMS Tables 2 3 4 & App E_2014 DRAFT_06042014.xlsx(Table 3g - Area 5-5) Page 17 of 32
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RFI Figure and Table References 
 
 
  









































Boring Log Lithology 

Higher Permeability 
(Sand/Gravel) 

Lower Permeability 
(Silt/Clay) 

Bedrock 

General 
Hydrostratigraphy 

Project Number 

Figure  C-19 
Plant 3, Area 15/19/16 Cross Section 
(Soil/Metals) 
RACER Trust 
Plants 2, 3 & 6, Lansing, Michigan 

Source:  
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Plant 3, Area 15/19/16 
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Notes: 
1. Metals concentrations represent 

normalized totals and displayed 
as above (>1) or below (<1) 
Criteria. See Appendix B for 
discussion of the normalization 
process.  

2. Metals normalized to lowest 
applicable criteria (typically 
Michigan Part 201 GSI/GSIP or 
DW/DWP Criteria). 

3. Dry zones are generally noted in 
zones were sample collected was 
attempted, but the interval was 
noted as dry (gray boxes), or 
noted as dry on the boring log. 

4. Actual  compound concentrations 
can be found on Tables 12 
through 17. 
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Advanced Oxidation Process 

Treatability Test Results 
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Appendix C 

 

LNAPL Conceptual Site Model 

Decision Tree 
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Interim Corrective Measures Work 

Plan 
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Corrective Measures Alternative Cost 

Estimate Backup 
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