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Table 1-1 
Summary of Historical RI Activities and Data Available for Area 1 (4) 

Area 1, OU-5 Kalamazoo River 
 

 

Source Investigation Data Generated 

Responsible 
Party Data1 

Remedial 
Investigations 

Sediment transect probing data, 1993 

Sediment PCB and total organic carbon (TOC) data, 1993 

Sediment particle size data, 1993 

Floodplain soil data, 1993 

Exposed sediment PCB and TOC data, 1993 

Surface water data, 1993 

Fish data, multiple locations, 1993 

Exposed sediment earthworm and mouse sampling, 1993 

Supplemental 
Investigations 

Fish data, multiple locations, 1999 

Geotechnical sediment sampling, 1999 

Sediment PCB and TOC data, 1999-2000 

Ocean Surveys, Inc. (OSI) bathymetry maps, 1999 

Sediment erodibility data (Lick UCSB)2, 1999 

Surface water PCB loading data, 1999-2000 

Erosion pin measurements, 2000-2002 

Ecological risk assessment sampling (Giesy MSU)3 2000-2003 
Finely sectioned sediment PCB, TOC, and radionuclide 
data, 1999 

Former Plainwell 
Impoundment 
Investigations 

Plainwell bank profile survey data, 2003 

Plainwell top-of-bank PCB sampling, 2003 

Plainwell habitat description and classification, 2003 

Sediment sampling in support of removal design, 2006 

Agency Data 

MDEQ Long-Term Monitoring Data (surface water, fish), 
1999, 2000, 2001, 2002-2008, 2009, 2011 (ongoing) 
USEPA Phase I (grid) sediment and soil sampling, 2001 

USEPA Phase II (radial) sediment and soil sampling, 2001 
MDEQ post-TCRA sampling in former Plainwell Impoundment 
(soil, sediment, and geomorphic data collection), 2008 

 
Notes: 
1. Only data collected by Georgia-Pacific, USEPA, or MDEQ are included in this table. Weyerhaeuser has also collected 

data within the Site, but those data are not listed here. 
2. The sediment erodibility/resuspension data were collected and analyzed under the direction of Dr. Wilbert Lick of the 

University of California at Santa Barbara (UCSB). 
3. Supplemental ecological field sampling program was carried out by staff from the Michigan State University‘s (MSU) 

Aquatic Toxicology Laboratory - Department of Zoology and the National Food Safety and Toxicology Center under the 
direction of Dr. John Giesy of MSU. 

4. Source: Table 2-1 Area 1 SRI Report (ARCADIS 2012a) 

 

 



Section Interval SWAC
Number 
of Data 
Points

Section 1 0-6" 0.11 90 <DL 0.28
Section 2 0-6" 0.23 42 0.14 0.33
Section 3 0-6" 2.19 33 <DL 5.59
Section 4 0-6" 0.42 92 <DL 1.16
Section 5 0-6" 0.24 64 0.07 0.42
Section 6 0-6" 0.72 43 <DL 1.91
Section 7 0-6" 0.72 13 <DL 1.76
Mill Race 0-6" 0.33 17 <DL 0.91
Section 8 0-6" 1.77 29 <DL 5.74

Section 1 6-12" 0.06 87 0.01 0.12
Section 2 6-12" 0.22 40 0.10 0.34
Section 3 6-12" 4.25 32 <DL 10.11
Section 4 6-12" 0.24 83 <DL 0.48
Section 5 6-12" 0.11 58 <DL 0.23
Section 6 6-12" 0.31 34 0.04 0.58
Section 7 6-12" 0.66 11 <DL 2.40
Mill Race 6-12" 0.21 12 <DL 0.56
Section 8 6-12" 1.79 22 <DL 5.28

Section 1 12-24" 0.12 66 <DL 0.35
Section 2 12-24" 1.05 26 <DL 5.16
Section 3 12-24" 18.13 26 <DL 42.67
Section 4 12-24" 0.26 49 <DL 0.78
Section 5 12-24" 0.09 29 <DL 0.27
Section 6 12-24" 0.39 26 <DL 0.98
Section 7 12-24" 0.76 8 <DL 2.29
Mill Race 12-24" 0.07 11 <DL 0.17
Section 8 12-24" 2.97 14 <DL 9.09

Notes:

DL = Detection Limit

PREPARED BY/DATE: NTG 5/20/13
CHECKED BY/DATE: LSV 6/13/13

Table 1-2 
SWAC Calculations By Section and Bounds on Confidence Limits

 Area 1, OU-5 Kalamazoo River

Chebyshev Area-
weighted (5% LCL, 95% 

UCL) CI Bounds **

* SWAC calculation by both GIS and R's SDMTools utilities

** Chebyshev nonparametric bounds on the confidence limits about the 
mean are not the actual confidence limits (which may not be exactly 
calculated if data does not fit a known distribution). The bounds are 
confidence limit values that cannot be exceeded no matter what the 
distribution of the underlying data really is.  The true LCL and UCL must 
lie within the bounds, but are often quite a bit within these bounds (i.e. 
the true UCL may be quite noticeably less than the UCL bound.)  For this 
reason, the nonparametric bound on the UCL is generally overly 
conservative and should not be used as an exposure point 
concentration.     
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Table 1-3 
Post-TCRA Mean PCB Concentrations by Floodplain Soil Area1 

Area 1, OU-5 Kalamazoo River 
 

Soil Area 
Mean PCB Concentration 

(mg/kg)2 

Surface3 Subsurface All depths 
Soil Area 1: 0.76 0.30 0.46 
Soil Area 2: 2.1 0.48 0.99 
Soil Area 3: 1.6 2.0 1.9 
Soil Area 4: 8.5 1.9 3.4 

Notes: 
1. Data set represents post-TCRA conditions. 
2. Results rounded to two significant digits.  
3. Average of surface intervals includes all samples with a depth interval starting at 

the ground surface 
Source: ARCADIS 2012a, Table 6-33 

 



Smallmouth Bass Fillet

Intercept Intercept SE Slope Slope SE Adj. R2 p Intercept Intercept SE Slope Slope SE Adj. R2 p C0 C0 SE k k SE θ θ SE
ABSA-03 77.85 ± 22.8 -0.04 ± 0.011 0.18 0.002 4631 ± 1372 -2.28 ± 0.69 0.19 0.002 86.5 ± 8.9 1.66E-06 ± 3.0E-05 3.46 ± 4.5
ABSA-04 -2.28 ± 18.1 0.003 ± 0.009 0.00 0.721 -1883 ± 1760 0.98 ± 0.88 0.00 0.268
ABSA-05 54.40 ± 22.0 -0.02 ± 0.011 0.05 0.027 3993 ± 4338 -1.93 ± 2.17 0.00 0.376
Urban 24.50 ± 18.3 -0.01 ± 0.009 0.00 0.266 529 ± 1519 -0.23 ± 0.76 0.00 0.762
Dams 60.03 ± 18.2 -0.03 ± 0.009 0.07 0.003 5127 ± 3227 -2.50 ± 1.61 0.01 0.124

Smallmouth Bass YOY WB

Intercept Intercept SE Slope Slope SE Adj. R2 p Intercept Intercept SE Slope Slope SE Adj. R2 p C0 C0 SE k k SE θ θ SE
ABSA-03 73.23 ± 32.6 -0.03 ± 0.016 0.25 0.057 1540 ± 751 -0.76 ± 0.37 0.22 0.071 30.7 ± 6.5 0.00369 ± 0.092 1.68 ± 7.8
ABSA-04 147.69 ± 84.3 -0.07 ± 0.042 0.09 0.104 2918 ± 2025 -1.44 ± 1.01 0.05 0.170
ABSA-05 197.85 ± 21.1 -0.10 ± 0.011 0.77 <0.001 6610 ± 473 -3.28 ± 0.24 0.88 <0.001 57.7 ± 2.1 22.09 ± 39.9 -0.53 ± 0.50
Urban 57.20 ± 29.5 -0.03 ± 0.015 0.08 0.079 1161 ± 691 -0.57 ± 0.34 0.06 0.112
Dams 191.28 ± 18.8 -0.09 ± 0.009 0.77 <0.001 6545 ± 416 -3.24 ± 0.21 0.89 <0.001

Common Carp

Intercept Intercept SE Slope Slope SE Adj. R2 p Intercept Intercept SE Slope Slope SE Adj. R2 p C0 C0 SE k k SE θ θ SE
ABSA-03 99.79 ± 25.8 -0.05 ± 0.013 0.25 0.001 9386 ± 2532 -4.64 ± 1.26 0.25 0.001
ABSA-04 49.64 ± 16.8 -0.02 ± 0.008 0.07 0.008 4341 ± 1508 -2.12 ± 0.75 0.08 0.006
ABSA-05 65.04 ± 14.0 -0.03 ± 0.007 0.15 <0.001 4908 ± 1731 -2.40 ± 0.87 0.06 0.007
Urban 51.68 ± 18.2 -0.02 ± 0.009 0.06 0.011 3817 ± 1608 -1.86 ± 0.80 0.05 0.023
Dams 63.93 ± 11.7 -0.03 ± 0.006 0.17 <0.001 5238 ± 1380 -2.57 ± 0.69 0.10 <0.001

Notes:
YOY WB = young of year whole body

Mixed-order Model uses Equation 5 in Stow et al. 1999: Ct = {C0
(1-q)-kt(1-q)}(1/(1-q))

Urban section includes fish collected between Kalamazoo Ave (near middle of ABSA-03) to D Avenue (near middle of ABSA-04)
Dams section includes fish collected between D Avenue (near middle of ABSA-04) to the Former Plainwell Dam at the end of ABSA-05
p  <0.05 indicates a slope significantly different than zero
Adj. R2 = Adjusted R-squared
SE = standard error PREPARED/DATE: LSV 6/10/2013

CHECKED/DATE: NTG 2/20/2014

Log-Linear Model Linear Model Mixed-order Model

Table 1-4
Summary of Regression Statistics for Fish Trends in Area 1 of the Kalamazoo River

Area 1, OU-5 Kalamazoo River

Does Not Converge
Does Not Converge
Does Not Converge
Does Not Converge

Log-Linear Model Linear Model Mixed-order Model

Log-Linear Model Linear Model Mixed-order Model

Does Not Converge

Does Not Converge
Does Not Converge

Does Not Converge
Does Not Converge
Does Not Converge
Does Not Converge
Does Not Converge
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Area 1

Mixed order First order Straight linear Mixed order First order Straight linear Mixed order First order Straight linear
ABSA-03 2.0% 3.4% 4.5% ABSA-03 2.8% 3.2% 3.1% ABSA-03 DNC 4.2% 6.3%
ABSA-04 DNC -0.3% -1.2% ABSA-04 DNC 6.0% 4.8% ABSA-04 DNC 2.1% 2.5%
ABSA-05 DNC 2.3% 1.6% ABSA-05 10.4% 7.7% 9.2% ABSA-05 DNC 2.8% 2.7%
Urban DNC 1.0% 0.3% Urban DNC 2.5% 2.3% Urban DNC 2.2% 2.3%
Dams DNC 2.6% 2.2% Dams DNC 7.5% 9.0% Dams DNC 2.8% 3.0%

Reference Areas

Mixed order First order Straight linear Mixed order First order Straight linear Mixed order First order Straight linear
ABSA-01 5.3% 5.1% 7.7% ABSA-01 DNC 3.5% 3.7% ABSA-01 DNC 0.03% -1.3%
ABSA-02 -1.1% -0.97% -1.0% ABSA-02 DNC -1.7% -1.5% ABSA-02 DNC 3.1% 3.4%

Notes:
Non-significant percent decline
Significant percent decline
Mixed Order model converged PREPARED/DATE: LSV 5/22/13
Negative percent decline values indicate increases in Total PCB concentrations CHECKED/DATE: NTG 2/20/14

Carp Fillet
Lipid Corrected

SMB Fillet SMB Whole Body
Lipid Corrected Lipid Corrected

Table 1-5

Carp Fillet
Lipid CorrectedLipid Corrected

SMB Fillet SMB Whole Body
Lipid Corrected

Percent Decline in Fish Tissue Total PCB Concentrations in Sections of Area 1 and the Reference Area of the Kalamazoo River, Michigan
Area 1, OU-5 Kalamazoo River

Page 1 of 1



Fish Type / Location / Time Frame Units

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration Mean Median

Upper 
Prediction 

Limit Data Distribution

SMB/ABSA 1-Ceresco Reservoir/2000-2006 3 / 33 mg/kg 0.0664 0.0818 0.03 0.05 0.074 Non-Parametric

SMB/ABSA 2-Morrow Lake/2009-2012 31 / 32 mg/kg 0.0829 0.404 0.2 0.2 0.33 Normal

Carp/ABSA 1-Ceresco Reservoir/2000-2006 31 / 32 mg/kg 0.0621 0.582 0.2 0.2 0.69 Gamma

Carp/ABSA 2-Morrow Lake/2009-2012 32 / 32 mg/kg 0.084 1.55 0.5 0.3 1.4 Gamma

PREPARED/DATE: LMS 8/16/13
CHECKED/DATE: MKB 8/18/13

Frequency of 
Detection

Table 1-6
PCB Fish Concentrations for Reference Locations

Area 1, OU-5 Kalamazoo River
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Table 1-7
Exposure Assumptions Used to Estimate Potential Exposures Via the Fish Consumption Pathway1

Angler Exposure Assumptions

Scenario Timeframe:  Current / Future
Medium:  Fish Tissue
Exposure Medium:  Fish Fillet

    
Exposure Receptor Receptor Exposure Parameter Parameter Definition Value Units Intake Equation/

Route Population Age Point Code Model Name

Ingestion All Ages Fish
Fillet Tissue

CF Chemical Concentration in 
Fish Fillet

-- mg/kg Chronic Daily Intake (CDI) (mg/kg-day) =

RF Reduction Factor 0.5 unitless

IR-F Ingestion Rate of Fish 0.078 kg/day CS x RF x IR-F x EF x ED x FI
EF Exposure Frequency 365 days/year BW x AT

EDc / i Exposure Duration - Cancer 
and Immunological 30 years

EDr Exposure Duration - 
Reproductive 2 years

FI Fraction Ingested at Site 50% percent
BW Body Weight 70 kg

AT-C Averaging Time - Cancer 25,550 days

AT-Ni Averaging Time - Non-Cancer 
Immunological 10,950 days

AT-Nr Averaging Time - Non-Cancer 
Reproductive 730 days

Ingestion All Ages Fish
Fillet Tissue

CF Chemical Concentration in 
Fish Fillet

-- mg/kg Chronic Daily Intake (CDI) (mg/kg-day) =

RF Reduction Factor 0.5 unitless

IR-F Ingestion Rate of Fish 0.015 kg/day CS x RF x IR-F x EF x ED x FI
EF Exposure Frequency 365 days/year BW x AT

EDc / i Exposure Duration - Cancer 
and Immunological 30 years

EDr Exposure Duration - 
Reproductive 2 years

FI Fraction Ingested at Site 100% percent
BW Body Weight 70 kg

AT-C Averaging Time - Cancer 25,550 days

AT-Ni Averaging Time - Non-Cancer 
Immunological 10,950 days

AT-Nr Averaging Time - Non-Cancer 
Reproductive 730 days

Ingestion All Ages Fish
Fillet Tissue

CF Chemical Concentration in 
Fish Fillet

-- mg/kg Chronic Daily Intake (CDI) (mg/kg-day) =

RF Reduction Factor 0.5 unitless

IR-F Ingestion Rate of Fish 0.11 kg/day CS x RF x IR-F x EF x ED x FI
EF Exposure Frequency 365 days/year BW x AT

EDc / i Exposure Duration - Cancer 
and Immunological 30 years

EDr Exposure Duration - 
Reproductive 2 years

FI Fraction Ingested at Site 100% percent
BW Body Weight 70 kg

AT-C Averaging Time - Cancer 25,550 days

AT-Ni Averaging Time - Non-Cancer 
Immunological 10,950 days

AT-Nr Averaging Time - Non-Cancer 
Reproductive 730 days

Notes:
Original source of table:  ARCADIS; Modified with permission
1. Source: CDM (2003) Table 3-3
2. CDM (2003) used an exposure duration of 2 years in non-cancer hazard calculations for the reproductive endpoint, and 30 years for the immunological endpoint.

PREPARED BY/DATE: MKB 9/17/13
CHECKED BY/DATE: LMS 10/18/13

Area 1, OU-5 Kalamazoo River

High End Sport 
Angler

Central Tendancy 
Sport Angler

Subsistence 
Angler
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Scenario Timeframe: Current and Future 
Medium: Fish Tissue
Exposure Medium: Fish Fillets

Smallmouth Bass Fillet Total PCBs mg/kg 4&5 0.47 0.77
(2009) mg/kg 4 0.33 0.38

mg/kg 5 0.88 1.3

Carp Fillet Total PCBs mg/kg 4&5 5.7 7.1
(2009) mg/kg 4 5.4 6.6

mg/kg 5 6.5 8.9

76% Smallmouth Total PCBs mg/kg 4&5 1.7 2.3
Bass /24% Carp mg/kg 4 1.6 1.9

(2009) mg/kg 5 2.2 3.1

Notes: 
(a) From Table A-4, Appendix A, 2012 Area 1 Supplemental Remedial Investigation Report, ARCADIS

ABSA = Aquatic Biota Study Area
mg/kg = milligrams per kilogram PREPARED BY/DATE: LMS 3/13/14
SMB = Concentration for Smallmouth Bass Fillets CHECKED BY/DATE: MKB 3/21/14
UCL = Upper Confidence Limit

95 percent upper confidence limits on the arithmetic mean and arithmetic means were calculated only for 2009 fillet data from fish greater 
than or equal to 8 inches in length.

Table 1-8
Exposure Point Concentration Summary - Fish Fillet

Reasonable Maximum Exposure
Area 1, OU-5 Kalamazoo River

Exposure Point Parameter Units
Arithmetic 

Mean 95% UCLABSA
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100% SMB 76% SMB & 
24% Carp 100% SMB 76% SMB & 24% 

Carp 100% SMB 76% SMB & 24% 
Carp 100% SMB 76% SMB & 24% 

Carp

Fish Fish Fillet ABSA 1 0.07 0.22 7E-06 2E-05 2E-05 5E-05 5E-05 1E-04
ABSA 2 0.33 0.59 3E-05 5E-05 8E-05 1E-04 2E-04 4E-04

ABSA 4&5 0.77 2.3 7E-05 2E-04 2E-04 5E-04 5E-04 2E-03
ABSA 4 0.38 1.9 4E-05 2E-04 9E-05 4E-04 3E-04 1E-03
ABSA 5 1.3 3.1 1E-04 3E-04 3E-04 7E-04 9E-04 2E-03

Fish Fish Fillet ABSA 1 0.07 0.22 0.4 1 1 3 3 9
ABSA 2 0.33 0.59 2 3 5 8 13 23

ABSA 4&5 0.77 2.3 4 12 11 32 30 90
ABSA 4 0.38 1.9 2 10 5 26 15 74
ABSA 5 1.3 3.1 7 17 18 44 52 123

Fish Fish Fillet ABSA 1 0.07 0.22 0.1 0.3 0.3 0.9 0.8 2
ABSA 2 0.33 0.59 0.5 0.9 1 2 4 7

ABSA 4&5 0.77 2.3 1 4 3 9 9 26
ABSA 4 0.38 1.9 0.6 3 2 7 4 21
ABSA 5 1.3 3.1 2.0 5 5 12 15 35

Notes:
1. Represents 95% UPLs for the two reference areas. 95% UCL of mean concentration in fish fillet samples greater than or equal to 8 inches in length.   
  Two fish tissue exposure point concentrations: diet of 100% smallmouth bass, and a diet composed of 24% carp and 76% smallmouth bass
2. Aquatic Biota Sampling Area (ABSA)

1 Ceresco Reservoir (Reference Area)
2 Morrow Lake (Reference Area)

4 & 5 Upstream of Plainwell Dam - 2009 Data
4 Near Former Plainwell No. 2 Dam - 2009 Data
5 Upstream of Plainwell Dam - 2009 Data

3. Target cancer risk range: 1E-06 to 1E-04 (USEPA); 1E-05 (MDEQ) PREPARED BY/DATE: LMS 3/13/14
4. Target hazard quotient: 1 (USEPA and MDEQ) CHECKED BY/DATE: MKB 3/21/14

Current Risks for Subsistence 
Angler

Carcinogenic Risk for Fish Ingestion

Systemic Hazard (Immunological)

Systemic Hazard (Reproductive)

Source 
Medium

Exposure 
Medium

Exposure 
Point 2

EPCs Current Risks for Central Tendency 
Sport Angler

Current Risks for High 
End Sport Angler

Area 1, OU-5 Kalamazoo River

Table 1-9
Summary of Estimated Potential Risks and Hazards Due to Exposure Through Consumption of Fish -- 95% UPL/UCL Fish EPCs in Smallmouth Bass and Carp 1 
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100% SMB 76% SMB & 
24% Carp 100% SMB 76% SMB & 24% 

Carp 100% SMB 76% SMB & 24% 
Carp 100% SMB 76% SMB & 24% 

Carp

Fish ABSA 1 0.03 0.08 3E-06 7E-06 7E-06 2E-05 2E-05 5E-05
ABSA 2 0.2 0.3 2E-05 2E-05 5E-05 6E-05 1E-04 2E-04

ABSA 4&5 0.5 1.7 4E-05 2E-04 1E-04 4E-04 3E-04 1E-03
ABSA 4 0.3 1.6 3E-05 1E-04 8E-05 4E-04 2E-04 1E-03
ABSA 5 0.88 2.2 8E-05 2E-04 2E-04 5E-04 6E-04 1E-03

Fish ABSA 1 0.03 0.08 0.2 0.4 0.4 1 1 3
ABSA 2 0.2 0.3 1 1 3 4 8 11

ABSA 4&5 0.5 1.7 3 9 7 24 18 68
ABSA 4 0.3 1.6 2 8 5 22 13 61
ABSA 5 0.88 2.2 5 12 12 31 35 87

Fish ABSA 1 0.03 0.08 0.05 0.1 0.1 0.3 0.4 0.9
ABSA 2 0.2 0.3 0.3 0.4 0.8 1 2 3

ABSA 4&5 0.5 1.7 0.7 3 2 7 5 19
ABSA 4 0.3 1.6 0.5 2 1 6 4 17
ABSA 5 0.88 2.2 1 3 4 9 10 25

Notes:
1. Represents arithmetic mean concentration in  fish fillet samples greater than or equal to 8 inches in length.  Two fish tissue exposure point concentrations: 100% smallmouth bass
   and a fish diet composed of 24% carp and 76% smallmouth bass. 
2. Aquatic Biota Sampling Area (ABSA)

1 Ceresco Reservoir (Reference Area)
2 Morrow Lake (Reference Area)

4 & 5 Upstream of Plainwell Dam - 2009 Data
4 Near Former Plainwell No. 2 Dam - 2009 Data
5 Upstream of Plainwell Dam - 2009 Data

3. Target cancer risk range: 1E-06 to 1E-04 (USEPA); 1E-05 (MDEQ) PREPARED BY/DATE: LMS 3/13/14
4. Target hazard quotient: 1 (USEPA and MDEQ) CHECKED BY/DATE: MKB 3/21/14

Table 1-10
Summary of Estimated Potential Risks and Hazards Due to Exposure Through Consumption of Fish -- 2009 Mean Fish EPCs in Smallmouth Bass and Carp 1 

Area 1, OU-5 Kalamazoo River

Source 
Medium

Exposure 
Medium

Exposure 
Point 2

EPC Current Risks for Central Tendency 
Sport Angler

Current Risks for High End Sport 
Angler

Current Risks for Subsistence 
Angler

Carcinogenic Risk for Fish Ingestion

Systemic Hazard (Immunological)

Systemic Hazard (Reproductive)
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Representative
Assessment Endpoint Receptor NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL
Approach 1 -  Total PCBs
Vermivorous Birds Robin 13 16 19 56 96% 100% 100% 100% 100% 100% 100% 100%

Woodcock 4 5 7 20 65% 86% 93% 100% 100% 100% 100% 100%
Insectivorous Birds Wren 16 20 23 70 99.9% 100% 100% 100% 100% 100% 100% 100%
Vermivorous Mammals Shrewa 6 18 6 18 66% 99% 66% 99% 98% 100% 98% 100%
Approach 1 - TEQs
Vermivorous Mammals Shrewa 3 27 3 27 41% 100% 41% 100% 73% 100% 73% 100%
Approach 2 - Total PCBs
Vermivorous Birds Robin 1 2 43 62 16% 30% 100% 100% 21% 61% 100% 100%
Insectivorous Birds Wren 1 2 43 62 16% 30% 100% 100% 21% 61% 100% 100%

Woodcock 1 2 43 62 9% 23% 100% 100% 16% 65% 100% 100%
Approach 2 - TEQs
Vermivorous Birds Robin 0.3 1 32 65 8% 16% 100% 100% 1% 22% 100% 100%
Insectivorous Birds Wren 0.3 1 32 65 8% 16% 100% 100% 1% 22% 100% 100%

Woodcock 0.3 1 32 65 4% 9% 100% 100% 0% 17% 100% 100%
Approach 3 - TEQs
Vermivorous Birds Robin 0.2 0.5 17 35 1% 11% 100% 100% 0% 6% 100% 100%

Notes:
HQ = hazard quotient

LOAEL = Lowest Observed Adverse Effect Level
NOAEL = No Observed Adverse Effect Level
PCBs = polychlorinated biphenyls
RBC = Risk Based Concentration
TEQ = toxic equivalents
Approach 1:  Dietary approach
Approach 2: Egg-based approach with bioaccumulation from soil to egg tissue
Approach 3: Egg-based approach with bioaccumulation from soil to soil invertebrates to egg tissue Prepared by/Date: KPH 12/17/2013
a. The RBCs for the shrew are the same for moderate sensitivity and high sensitivity species analysis. Checked by/Date: MTP 12/17/2013

Table 1-11
Summary of Possible Home Ranges with HQs Less Than or Equal to 1.0

Area 1, OU-5 Kalamazoo River

RBCs
High Sensitivity Range Mid-Sensitivity Range

Percent of Home Ranges 

High Sensitivity Range Mid-Sensitivity Range High Sensitivity Range Mid-Sensitivity Range
Former Plainwell Impoundment Plainwell No. 2 Dam Area
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Table 1-12 
Summary of Response Actions in Area 1*** 

Area 1, OU-5 Kalamazoo River 
 

Location Dates of 
Action Response Actions 

Allied Paper, Inc. 
Operable Unit 

1998–2004 

 Stabilized berms and installed sheet pile walls along Portage 
Creek (completed in 2001) 

 Removed 2,000 cy of materials from along Portage Creek and 
consolidated at the OU (2002) 

 Installed Part 115 cover system across 18-acre landfill site 
(completed in 2003) 

Bryant Mill Pond 
TCRA 1998–1999 

 Removal of 150,000 cy of sediment and floodplain soil in Bryant 
Mill Pond and along Portage Creek 

 Consolidation of PCB-containing materials under cap in former 
dewatering lagoons 

King Highway 
Landfill Operable 
Unit (KHL OU) 

1994–2000 

 Excavated 58,000 cy of materials: King Street Storm Sewer, 
Kalamazoo Mill Lagoons, King Mill Lagoons, the river next to the 
KHL OU and other locations 

 Installed Part 115 cover system across 23-acre site 
 Stabilized berms around the OU and installed a sheet pile wall 

along the Kalamazoo River 

Willow Boulevard/A-
Site Landfill 
Operable Unit 

1999–2000 

 Stabilized A-Site berms and installed a sheet pile wall along the 
Kalamazoo River 

 Excavated 7,000 cy sediment from the river next to Willow 
Boulevard 

 Consolidated materials at Willow Boulevard Site, regraded area, 
and installed a sand/soil cover for erosion protection 

Plainwell Mill*  2007–2008  Removed 4,700 cy of soil from riverbank and disposed off site 
Former Plainwell 
Impoundment TCRA 2007–2009  Removed 126,700 cy sediment and soil and disposed off site 

 Reconstruction/erosion control of riverbanks 
Kalamazoo Mill/ 
Hawthorne Mill 
TCRA** 

2007–2009  Removed 50,000 cy soil from mill properties and disposed in A-
Site 

Plainwell No. 2 Dam 
Area TCRA  2009–2010  Removed 15,700 cy sediment and soil and disposed off site 

 Reconstruction/erosion control of riverbanks 
12th Street Landfill 
Operable Unit* 2010–2011  Consolidation of PCB-containing materials 

 Installed Part 115 landfill cover system 
Willow Boulevard/A-
Site Landfill 
Operable Unit 

2011–2013  Consolidation of PCB-containing materials into landfills 
 Installed Part 115 landfill cover system 

Portage Creek 
TCRA 

2012-2013   Removal and off-site disposal of approximately 23,700 cy of 
sediment and soil from and along the creek. 

Allied Paper, Inc. 
Operable Unit 

To be 
determined 

 Remedial alternatives in FS include consolidation of PCB-
containing materials and installation of a cap over the OU  

* Weyerhaeuser Co. is the responsible party at the Plainwell Mill and the 12th Street Landfill Operable Unit. 
** After the Kalamazoo Mill/Hawthorne Mill TCRA and documentation under the SRI/FS AOC that the two mill properties were no 

longer sources of PCBs to the Site, USEPA determined that no further investigation under CERCLA was necessary at either 
location and the mill properties are no longer considered part of the Site (Karl 2009). 

*** Source:  Table 2-1 Draft Area 1 ASTM (ARCADIS 2012b), updated with permission. 



Table 1-13 
Summary of Maintenance Work Completed from 2008 to 2013 

at the Former Plainwell Impoundment Area TCRA 
Area 1, OU-5 Kalamazoo River 

Removal Area Year Description 
RA-4A 2012 Angular riprap installed to the predicted river elevation after dam 

removed (prism-out 2-year river flow elevation). Soil was filled 
behind riprap in a portion of the area to allow the armored bank to 
be at a 3:1 slope.  

RA-6B & 7 
 

2008 Installed river run rock and coir log to the prism-out median river 
elevation in western 100 feet of RA-6B and eastern 400 feet of 
RA-7. 

RA-6B 2012 & 2013 Installed angular rip rap at toe of bank and river run rock to the 
prism-out 2-year river elevation in remaining section not repaired in 
2008. Installed live willow stakes above the prism-out 2-year river 
elevation. Planted willow live plants in 2013 to replace live stakes 
that did not survive.  

RA-7, 8, & 9B 2009 & 2013 Installed river run rock and coir log to approximately prism-out 
median flow elevation in most sections, and to the prism-out 3-year 
river elevation in the western 125 feet of RA-8 and the eastern 150 
feet of RA-9B. Placed willow live plants in 2013.  

Ra-9B 2010 Re-graded/vegetated bank around 35-foot bank washout area and 
installed river run rock to the top of bank 

RA-11A 2009 Removed gray material from edge of water and re-graded/reseeded 
bank in vicinity of the pipeline crossing. 

RA-11A, 12A, & 
13A 

2011 Taller trees were replanted in the vicinity of the great ragweed. 

South Bank of 
Western Channel 

2012 & 2013 Installed angular rip rap and river rock on areas of exposed 
geotextile fabric. 

Miscellaneous 
Areas 

2009 & 2010 

2011 

2012 

Herbicide treatment for reed and canary grass 

Herbicide treatment for Phragmites and Purple loosestrife. 

Installed angular rip rap over areas of exposed geotextile 
 
  



Table 1-14 
Summary of Maintenance Work Completed at the Plainwell No. 2 Dam Area TCRA  

 (2011–2014) 
Area 1, OU-5 Kalamazoo River 

 
Removal Area Year Description 
RA-3A 2012  Installed river run rock and coir log to the median river 

elevation for 150 feet. 
RA-2, 3A. & 4A 2013 and 2014 Installed brush wattles and woody debris (2013 and 

2014); plant woody vegetation along 800 feet of bank 
(2014) 

Miscellaneous 
Areas 

2011 and 2012 Herbicide application to control purple loosestrife. 
2012 Trees replanted due to low survival rate as the result of 

high river levels and beaver harvesting. 
2013 Purple loosestrife control with Galerucella beetles.  

 

 
 



Sediment Soil

Protection of surface water and 
sediment

Establishes effluent standard for toxic compounds including PCBs.  
Applies to discharges to navigable waters.    The ambient water quality 
criterion for navigable waters is 0.001 μg/L total PCB.

Discharges to waters of the State of Michigan - 
relevant and appropriate

40 CFR Part 129.105
Toxic Pollutant Effluent Standards X X

Protection of aquatic life and 
human health

Water quality criterion for protection of aquatic life for continuous 
concentration (chronic) is 0.014 μg/L PCBs in freshwater. Water quality 
criterion for protection of human health is 0.000064 μg/L PCBs in 
freshwater.

PCB concentrations in surface water - relevant 
and appropriate

63 Fed. Reg. 68354 (December 10, 1998)
Clean Water Act X

Protection of surface water, 
sediment, and soil

Water quality criteria for 29 pollutants and detailed methodologies to 
develop criteria for additional pollutants; implementation procedures to 
develop more consistent, enforceable water quality-based effluent limits in 
discharge permits, as well as total maximum daily loads of pollutants that 
can be allowed to reach the Great Lakes and their tributaries from all 
sources; and antidegradation policies and procedures. The Great Lakes 
States must adopt water quality standards, antidegradation policies and 
implementation procedures for waters within the Great Lakes System. 
The PCB human health criterion is 3.9 × 10-6 μg/L for both drinking and 
non-drinking water, and the wildlife protection criterion is 7.5 × 10-5 μg/L.

Effluent discharges to the Great Lakes and/or their 
tributaries - relevant and appropriate   

40 CFR Parts 9, 122, 123, 131, and 132
Final Water Quality Guidance for the Great Lakes 
System

X X

Protection of potential drinking 
water sources

The Safe Drinking Water Act regulations establish maximum contaminant 
levels (MCL) and maximum contaminant level goals (MCLG) for public 
water supplies. The MCL for PCBs is 0.5 µg/L and the MCLG is 0.0 µg/L.

PCB concentrations in a potential drinking water 
source - relevant and appropriate

40 CFR 141 
Safe Drinking Water Act

Protection of soil and sediment

Establishes requirements for handling, storage, and disposal of PCB-
containing materials, including PCB remediation waste, in excess of 50 
mg/kg.  Applicable for PCB-containing materials that are removed from 
the Site.

Establishes performance standards for disposal technologies. Soils 
containing PCBs at concentrations >50 mg/kg can be incinerated, treated 
with an equivalent method, or landfilled at a licensed chemical waste 
landfill. Industrial sludge with PCB concentrations in excess of 500 mg/kg 
may not be landfilled.

Spill cleanup policy establishes cleanup criteria for spills after 5/4/87. Soil 
cleanup levels:  Unrestricted access - 10 mg/kg, restricted access - 25 
mg/kg.

PCB concentrations in soil and/or sediment - 
relevant and appropriate

40 CFR Part 761.60 - 761.79
Polychlorinated Biphenyls (PCBs) Manufacturing, 
Processing, Distribution in Commerce, and Use 
Prohibitions
(Toxic Substance Control Act (TSCA) Regulations)

X X

Protection of soil and sediment Guidance on remedial actions for Superfund sites containing PCBs.  May 
be used as a guideline for handling PCB-contaminated sediment/soil.

PCB concentrations in soil and/or sediment at 
CERCLA sites - TBC

OSWER Directive 9355.4-01
Guidance on Remedial Actions for Superfund Sites 
with PCB Contamination

X X

Table 2-1
Federal and State Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements CitationAction/Medium Prerequisite
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Sediment Soil

Table 2-1
Federal and State Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements CitationAction/Medium Prerequisite

Protection of soil and sediment Guidance on technology alternatives for the remediation of PCB-
contaminated soil and sediment.

Remedial actions for PCB-contaminated soil and 
sediment  - TBC

USEPA Guidance EPA/540/S-93/506 
Technology Alternatives for the Remediation of PCB-
Contaminated Soil and Sediment

X X

Protection of surface water

Establishes water quality requirements for surface waters in the State. 
Part 4 rules specify standards for all waters of the State, and require that 
all deseignated uses of the receiving water be protected, including aquatic 
life and wildlife. Applicable to remedial activities. The approved water 
quality standard for  protection of wildlife and human health are 1.2 x 10-4 

μg/L and 2.6 x 10-5 μg/L PCBs, respectively.  Prior Substantive 
Requirement Documents (SRDs) at the Site have specified PCB 
discharge limitations of 2.6 x 10-5 μg/L.

Discharges to waters of the State of Michigan -- 
standards are applicable to venting groundwater, 

storm water, and discharges associated with 
remedial action - relevant and appropriate, 

except as noted in citation

Michigan NREPA, MCL 324.3101-3133; Mich. Admin. 
Code R 323.1041-1097, R 323.1100-1117 (Part 4 
Rules), and R 323.1201-1221 (Part 8 Rules)

R 323.1098, Michigan's Antidegradation Rule, is 
relevant but NOT APPROPRIATE for this site. The 
Antidegradation Rule may be relevant and appropriate 
when TMDLs are established for PCBs entering the 
Kalamazoo River

X

Protection of soil Establishes screening levels and generic cleanup criteria for soils in the 
State.

PCB concentrations in sediment/soil -- would 
apply if federal requirements were less stringent. 

Here, because site-specific cleanup criteria are set 
at 2.5 and 11 mg/kg, Michigan's criteria are  
relevant but NOT APPROPRIATE for the 

floodplains.

Mich Admin Code R 299.1-299.50                                   

Risk-based Sediment Criteria for 
PCBs

Part 201 generic sediment cleanup criteria are not available.  Site-specific 
cleanup criteria may be required to address multiple exposure scenarios. 
These standards may be used in determining site-specific PCB cleanup 
levels.

Would apply to development of site-specific 
cleanup criteria for PCBs in sediment; the cancer 

(1 in 100,000) and noncancer (HI=1) risk 
standards in Michigan's NREPA can be more 

protective than the EPA standards, and therefore 
would be relevant and appropriate

Michigan NREPA, MCL 324.20120a, 324.20120b X

Risk-based Soil Criteria for PCBs

Protocol for developing site-specific human exposure concentrations over 
a representative exposure area (e.g., a residential back yard) for PCBs in 
soil. Concentrations are back-calculated from various cancer risk 
thresholds and non-cancer hazard indices based on a combination of site-
specific characteristics and site-specific exposure assumptions.

Site-specific PCB risk-based thresholds in soil (CDM 2003b):
   Residential:
       Carcinogenic at 1x10-5 risk:  2.5 mg/kg
       Non-carcinogenic at HI = 1:  15 mg/kg
   Recreationist:
       Carcinogenic at 1x10-5 risk:  23 mg/kg
       Non-carcinogenic at HI = 1:  139 mg/kg

PCB concentrations in floodplain soil; site-specific 
human health risk assessment per CERCLA 

guidance - TBC

Risk Assessment Guidance for Superfund Volume 1, 
Human Health Evaluation Manual (Part B, 
Development of Risk-based Preliminary Remediation 
Goals) , EPA/540/R-92/003, December 1991.

X
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Sediment Soil

Table 2-1
Federal and State Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements CitationAction/Medium Prerequisite

Protection of surface water, soil, 
and floodplains

Establishes permit requirements for alteration of floodplains and 
discharges to surface waters.  Applicable if remedial alternatives involve 
construction in floodplains.

Discharges to waters of the State of Michigan 
classified for wildlife use and human health, 

Alteration of floodplains as defined by MDEQ 
R324.3101 - R324.3111 and R323.2190 - 

relevant and appropriate

Michigan NREPA (Part 4 of Part 31)
Water Resources Protection R324.3101 - R324.3111 X

Fish Tissue Residue Criterion for 
PCBs

Since 1970, MDCH has issued Guidelines to provide the public with the 
information needed to make decisions to protect themselves and their 
families from the health risks of consuming fish that contain 
environmental contaminants. The MDCH Mission statement summarizes 
the intent of Michigan's GUidelines: Protect, preserve, and promote the 
health and safety of the people of Michigan with particular attention to 
providing for the needs of vulnerable and under-served populations. 
(MDCH 2014)

PCBs in fish tissue residue - TBC Michigan Fish Consumption Advisory Program 
Guidance Document Dated August 1, 2013. X

References
MDCH 2014. Michigan Fish Consumption Advisory Program Guidance Document. http://www.michigan.gov/documents/mdch/MDCH_MFCAP_Guidance_Document_417043_7.pdf

TMDLs - total maximum daily load standards Prepared by/Date:  KPW 04/21/14
Checked by/Date:  MTP 06/11/14

Page 3 of 3



Sediment Soil

Presence of farmland as 
indicated in Farmland 
Protection Policy Act of 1981                                                   
7 USC 4201, et seq

The purpose of the law is to “...minimize the extent to which Federal programs contribute to 
the unnecessary conversion of farmland to nonagricultural uses...” (P.L. 97-98, Sec. 1539-
1549; 7 U.S.C. 4201, et seq.). The FPPA also stipulates that federal programs be 
compatible with state, local and private efforts to protect farmland. For the purposes of the 
law, federal programs include construction projects—such as highways, airports, dams and 
federal buildings—sponsored or financed in whole or part by the federal government, and 
the management of federal lands.

Federal actions that involve potential 
conversion of farmland to non-
agricultural areas - relevant and 
appropriate

Farmland Protection Policy Act of 1981         X

Presence of Kalamazoo River, 
a direct link to surface waters of 
the Great Lakes

Applicable to action or activity by any source, point or nonpoint, of pollutants that is 
anticipated to result in an increased loading of bioaccumulative contaminants of concern to 
surface waters of the Great Lakes.

Remedial actions that are anticipated to 
result in increased loading of 
bioaccumulative contaminants in the 
surface water of the Kalamazoo River 
and, in turn, the Great Lakes - relevant 
and appropriate

40 CFR Part 132, Appendix E
Great Lakes Water Quality Initiative 
Antidegradation Policy

X

Presence of floodplain, 
designated as such on a map  

Shall take action to reduce the risk of flood loss, to minimize the impact of floods on human 
safety, health and welfare, and to restore and preserve the natural and beneficial values 
served by floodplains.

Federal actions that involve potential 
impacts to, or take place within, 
floodplains – applicable

Executive Order 11988  –  Floodplain 
Management  Section 1. Floodplain 
Management

X X

Presence of floodplain, 
designated as such on a map  

Shall consider alternatives to avoid, to the extent possible, adverse effects and 
incompatible development in the floodplain. Design or modify its action in order to minimize 
potential harm to or within the floodplain

Federal actions that involve potential 
impacts to, or take place within, 
floodplains – applicable

Executive Order 11988 
Section 2.(a)(2) Floodplain Management X X

Presence of floodplain, 
designated as such on a map  

If there is no practicable alternative to locating in or affecting the floodplain, the potential 
harm to the floodplain shall be minimized.
The natural and beneficial values of floodplains shall be restored and preserved.

Federal actions that involve potential 
impacts to, or take place within, 
floodplains – applicable

40 C.F.R. Part 6, App. A, § 6(a)(5) X X

Presence of floodplain, 
designated as such on a map  

Structures and facilities must be constructed in accordance with existing criteria and 
standards set forth under the National Flood Insurance Program (NFIP) and must include 
mitigation of adverse impacts wherever feasible.  

If newly constructed structures or facilities are to be located in a floodplain, accepted 
floodproofing and other flood protection measures shall be undertaken.  To achieve flood 
protection, EPA shall, wherever practicable, elevate structures above the base flood level 
rather than filling land.

Construction of structures and facilities 
within floodplains – applicable 40 C.F.R. Part 6, App. A, § 6(c)(1) & (2) X X

Presence of floodplain, 
designated as such on a map; 
discharge to surface water

Establishes permit requirements for alteration of floodplains and discharges to surface 
waters.

Substantive requirements would apply if 
remedial alternatives involve 
construction in floodplains - relevant 
and appropriate

Michigan NREPA, MCL 324.3108; Part 13 
Floodplain Rules at Mich. Admin. Code R. 
323.1311-323.1329

X

Table 2-2 

Applicable to 
Sediment/Soil AlternativesRequirements Citation

Federal and State Location-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Location Prerequisite

Area 1, OU-5 Kalamazoo River
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Sediment Soil

Table 2-2 

Applicable to 
Sediment/Soil AlternativesRequirements Citation

Federal and State Location-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Location Prerequisite

Area 1, OU-5 Kalamazoo River

Presence of federally 
endangered or threatened 
species, as designated in 50 
C.F.R. §§ 17.11 and 17.12 -or- 
critical habitat of such species 
listed in 50 C.F.R. § 17.95

Actions that jeopardize the existence of a listed species or results in the destruction or 
adverse modification of critical habitat must be avoided or reasonable and prudent 
mitigation measures taken.

Action that is likely to jeopardize fish, 
wildlife, or plant species or destroy or 
adversely modify critical habitat— 
relevant and appropriate

16 U.S.C. § 1538(a) X X

Presence of federally 
endangered or threatened 
species, as designated in 50 
C.F.R. §§ 17.11 and 17.12 -or- 
critical habitat of such species 
listed in 50 C.F.R. § 17.95

Each Federal agency shall, in consultation with and with the assistance of the Secretary [of 
DOI], insure that any action authorized, funded, or carried out by such agency is not likely to 
jeopardize the continued existence of any endangered species or threatened species or 
result in the destruction or adverse modification of habitat of such species which is 
determined by [DOI] to be critical.

Actions authorized, funded, or carried 
out by any Federal agency, pursuant to 
16 U.S.C. § 1536 – relevant and 
appropriate

16 U.S.C. § 1536(a)(2); 50 C.F.R. §§ 
402.13(a), 402.14 X X

Presence of endangered or 
threatened species, as 
designated in MCL 324.36501-
36507

Establishes requirements for conservation, management, enhancement, and protection of 
species either endangered or threatened with extinction. For certain remedial alternatives, 
activities may disrupt or disturb endangered species.

Action that is likely to jeopardize fish, 
wildlife, or plant species or destroy or 
adversely modify critical habitat — 
relevant and appropriate

Michigan NREPA (Part 365), MCL 
324.36501-36507 X X

Presence of any migratory bird, 
as defined by 50 C.F.R. § 10.13

It shall be unlawful at any time, by any means or in any manner, to pursue, hunt, take, 
capture, kill, attempt to take, capture, or kill, possess, offer for sale, sell, offer to barter, 
barter, offer to purchase, purchase, deliver for shipment, ship, export, import, cause to be 
shipped, exported, or imported, deliver for transportation, transport or cause to be 
transported, carry or cause to be carried, or receive for shipment, transportation, carriage, 
or export, any migratory bird, any part, nest, or eggs of any such bird.

Federal actions that have, or are likely to 
have, a measurable negative effect on 
migratory bird populations – relevant 
and appropriate

16 U.S.C. § 703(a) X X

Presence of archaelogically or 
historically sensitive area 

Establishes procedures to provide for preservation of historical and archaeological data 
which might be destroyed through alteration of terrain as a result of a federal construction 
project for a federal licensed activity or program. Historic or archaeological value is currently 
unknown. 

Location of historically or archaelogically 
significant areas in Area 1 - relevant 
and appropriate

40 CFR Part 6.301(c) X X

Presence of archaelogically or 
historically sensitive area 

The NAGPR act requires federal agencies and museums with possession or control over 
Native American human remains and associated funerary objects to compile an inventory of 
such items. It requires federal agencies and museums with possession or control over 
Native American non-associated funerary objects, sacred objects, or objects of cultural 
patrimony to provide a written summary of such objects. It prescribes when a federal 
agency or museum must return Native American cultural items.  This regulation is only 
applicable if Native American remains or funerary objects are in Area 1.

Applies if Native American remains or 
funerary objects are discovered in Area 
1 - relevant and appropriate

43 CFR Part 10
Excavations and Inadvertent Discoveries X

Presence of wetlands Shall take action to minimize the destruction, loss or degradation of wetlands and to 
preserve and enhance beneficial values of wetlands.

Federal actions that involve potential 
impacts to, or take place within, wetlands 
– TBC

Executive Order 11990 – Protection of 
Wetlands  Section 1.(a) X X

Presence of wetlands
Shall avoid undertaking construction located in wetlands unless: (1) there is no practicable 
alternative to such construction, and (2) that the proposed action includes all practicable 
measures to minimize harm to wetlands which may result from such use.

Federal actions that involve potential 
impacts to, or take place within, wetlands 
– TBC

Executive Order 11990,
Section 2.(a) Protection of Wetlands X X
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Sediment Soil

Table 2-2 

Applicable to 
Sediment/Soil AlternativesRequirements Citation

Federal and State Location-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Location Prerequisite

Area 1, OU-5 Kalamazoo River

Location encompassing aquatic 
ecosystem as defined in 40 
C.F.R. § 230.3( c )

No discharge of dredged or fill material shall be permitted if there is a practicable alternative 
to the proposed discharge which would have less adverse impact on the aquatic 
ecosystem, so long as the alternative does not have other significant adverse 
environmental consequences.

Action that involves discharge of 
dredged or fill material into waters of the 
United States, including wetlands – 
relevant and appropriate

40 C.F.R. § 230.10(a) X

Location encompassing aquatic 
ecosystem as defined in 40 
C.F.R. § 230.3( c )

No discharge of dredged or fill material shall be permitted if it:
• Causes or contributes, after consideration of disposal site dilution and dispersion, to 
violations of any applicable State water quality standard;
• Violates any applicable toxic effluent standard or prohibition under Section 307 of the 
Clean Water Act;
• Jeopardizes the continued existence of species listed as endangered or threatened under 
the Endangered Species Act of 1973, or results in the likelihood of the destruction or 
adverse modification of critical habitat;
• Violates any requirement imposed by the Secretary of Commerce to protect any marine 
sanctuary designated under title III of the Marine Protection, Research, and Sanctuaries Act 
of 1972.

Action that involves discharge of 
dredged or fill material into waters of the 
United States, including wetlands – 
relevant and appropriate

40 C.F.R. § 230.10(b) X

Location encompassing aquatic 
ecosystem as defined in 40 
C.F.R. § 230.3( c )

No discharge of dredged or fill material shall be permitted which will cause or contribute to 
significant degradation of the waters of the United States

Action that involves discharge of 
dredged or fill material into waters of the 
United States, including wetlands – 
relevant and appropriate

40 C.F.R. § 230.10( c ) X

Location encompassing aquatic 
ecosystem as defined in 40 
C.F.R. § 230.3( c )

No discharge of dredged or fill material shall be permitted unless appropriate and 
practicable steps have been taken which will minimize potential adverse impacts of the 
discharge on the aquatic ecosystem.

Action that involves discharge of 
dredged or fill material into waters of the 
United States, including wetlands – 
relevant and appropriate

40 C.F.R. § 230.10(d) X

Presence of any stream or 
other body of water proposed to 
be impounded, diverted, 
controlled, or modified for 
drainage

Whenever the waters of any stream or other body of water are proposed or authorized to be 
impounded, diverted, the channel deepened, or the stream or other body of water otherwise 
controlled or modified for any purpose whatever, including navigation and drainage, by any 
department or agency of the United States, or by any public or private agency under 
Federal permit or license, such department or agency first shall consult with the United 
States Fish and Wildlife Service, Department of the Interior, and with the head of the 
agency exercising administration over the wildlife resources of the particular State wherein 
the impoundment, diversion, or other control facility is to be constructed, with a view to the 
conservation of wildlife resources by preventing loss of and damage to such resources as 
well as providing for the development and improvement thereof in connection with such 
water-resource development.

Federal actions that propose to 
impound, divert, control, or modify 
waters of any stream or body of water  – 
relevant and appropriate

16 U.S.C. § 662(a) X

Presence of contamination 
requiring remedial action, risk 
assessment, and 
environmental response 
activities.

Establishes rules specifying environmental response, risk assessment, remedial action, and 
site cleanup criteria.  Applicable to remedial activities conducted in Area 1.

Occurrence of environmental response, 
remedial action, and site cleanup - 
relevant and appropriate

Michigan NREPA (Part 201); MDEQ 
Admin. Code R324.20101 - R324.20142 X X
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Table 2-2 

Applicable to 
Sediment/Soil AlternativesRequirements Citation

Federal and State Location-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Location Prerequisite

Area 1, OU-5 Kalamazoo River

Presence of floodplain as 
defined in MDEQ Admin. Code 
R324.9101 - R324.9123a

Establishes rules prescribing soil erosion and sedimentation control plans, procedures, and 
measures.  If work is conducted in floodplain areas, a soil erosion and sedimentation 
control plan may be required to perform earth changes.

State actions that involve potential 
impacts to, or take place within, a 
floodplain - relevant and appropriate

                                               

Michigan NREPA (Part 17); Michigan 
NREPA (Part 91); MDEQ Admin. Code 
R324.9101 - R324.9123a

X X

Presence of designated 
environmental area boundary 
as defined in MDEQ Admin. 
Code R324.32301 - 
R324.32315 

In the absence of an approved local ordinance, any person or agency must first apply for 
and obtain a permit from the MDEQ when proposing to dredge, fill, grade, or otherwise alter 
the soil, alter the natural drainage, or alter the vegetation on a parcel or property within a 
designated environmental area boundary.

Activities likely to involve dredging, filling, 
grading, or other alterations to the soil 
within an environmental boundary - 
relevant and appropriate

Michigan NREPA (Part 323); MDEQ 
Admin Code R324.32301 - R324.32315 X X

Presence of endangered or 
thereatened species, as 
deisgnated in MDEQ Admin. 
Code R324.36501 - 
R324.36507

Establishes rules to provide for conservation, management, enhancement, and protection 
of species either endangered or threatened with extinction.  For certain remedial 
alternatives, activities may disrupt or disturb endangered species.

Action that is likely to jeopardize fish, 
wildlife, or plant species or destory or 
adversely modify critical habitat - 
relevant and appropriate

Michigan NREPA (Part 365); MDEQ 
Admin Code R324.36501 - R324.36507 X X

Enaction of fish consumption 
advisory as defined by MDCH 
Division of Community Health 
2014

The MichiganEat Safe Consumption Guide  provides fish consumption advice for 
Kalamazoo River by fish species and fish length. Consumption of fish from Area 1 - TBC

Michigan Department of Community 
Health (MDCH) Fish Consumption 
Advisory MDCH Division of Community 
Health 2014

X

Reference

Prepared by/Date:  KPW 04/22/14
Checked by/Date:  MTP 06/11/14

MDCH. 2014. Michigan Fish Advisory. Michigan Department of Community Health, Lansing, MI, 2014.
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Engagement in remedial activities 
damaging to fish or wildlife

Requires the Corps of Engineers to develop mitigation plans to repair fish and wildlife damage 
associated with remedy implementation.

Remedy incurs damage to fish and wildlife as indicated in 
33 USC §§ 2201-2331 - relevant and appropriate 33 USC § 2201 et seq. X

Water quality-based limits for discharge 
into navigable waters

Regulates any federal-authorized activity which may result in any discharge into navigable 
waters and requires reasonable assurance that the action will comply with state applicable water 
quality standards. 

Dredging activities are considered to impact discharge to 
navigable waters as defined in Section 401, Clean Water 
Act - relevant and appropriate

Clean Water Act 
33 USC §§ 1341 Section 401 X

Risk-based limits protective of human 
health for air emissions associated with 
soil and sediment removal

Establishes ambient air quality standards for protection of public health.
Air emissions are generated that create threats to human 
health as defined in 40 CFR Part 50 - relevant and 
appropriate

40 CFR Part 50
National Primary and Secondary Ambient 
Air Quality Standards

X X

Risk-based limits protective of human 
health for air emissions associated with 
soil and sediment removal

Establishes filing requirements and standards for constituent emission rates in accordance with 
National Ambient Air Quality Standards (NAAQS).  To be considered for remedial alternatives 
that include removal of sediment/soil.

Air emissions are generated that create threats to human 
health as defined in 40 CFR Part 50 - relevant and 
appropriate

40 CFR Part 52
Approval and Promulgation of 
Implementation Plans

X X

Protection of soil and sediment

Establishes requirements for handling, storage, and disposal of PCB-containing materials, 
including PCB remediation waste in excess of 50 mg/kg.  Applicable for PCB-containing 
materials that are removed from the Site.

Establishes performance standards for disposal technologies. Soils containing PCBs at 
concentrations in excess of 50 mg/kg can be incinerated, treated with an equivalent method, or 
landfilled at a licensed chemical waste landfill. Industrial sludge with PCB concentrations in 
excess of 500 mg/kg may not be landfilled.

Spill cleanup policy establishes cleanup criteria for spills after 5/4/87. Soil cleanup levels:  
Unrestricted access - 1 to10 mg/kg, restricted access - 10 to 50 mg/kg.

Actions which address soil and/or sediment containing 
PCBs  - relevant and appropriate

40 CFR Part 761.60 - 761.79
Polychlorinated Biphenyls (PCBs) 
Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions
(Toxic Substance Control Act (TSCA) 
Regulations)

X X

Transportation of hazardous waste off site Defines threshold levels and criteria to determine whether material is hazardous waste.
Waste generated from remedial process and analyzed in 
accordance with 40 CFR Part 261 - relevant and 
appropriate

40 CFR Part 261                                                                                    
Identification and Listing of Hazardous 
Waste

X X

Transportation of hazardous waste off site Includes manifest, record-keeping and other requirements applicable to generators of hazardous 
waste.  

Waste generated from remedial process and transported 
off site for storage and/or disposal - relevant and 
appropriate

40 CFR Part 262
Standards Applicable to Generators of 
Hazardous Waste

X X

Transportation of hazardous waste off site Sets forth standards for transporters of hazardous wastes, including the receipt of an EPA 
identification number and manifesting requirements.  

Waste generated from remedial process and transported 
off site for storage and/or disposal - relevant and 
appropriate

40 CFR Part 263
Standards Applicable to Transporters of 
Hazardous Waste

X X

Transportation, storage, and disposal of 
hazardous waste off site

Includes management standards including record keeping, requirements for particular units such 
as tanks or containers, and other requirements applicable to owners and operators of hazardous 
waste treatment, storage and disposal facilities.

Waste generated from remedial process and transported 
off site for storage and/or disposal in accordance with 40 
CFR Part 264 - relevant and appropriate

40 CFR Parts 264 and 265
Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage 
and Disposal Facilities

X X

Disposal of samples and remedial waste Places land disposal restrictions, including treatment standards and related testing, tracking and 
record keeping requirements on hazardous waste.  

Waste generated from remedial process and analyzed 
samples transported off site for disposal in accordance 
with 40 CFR Part 268 - applicable and relevant

40 CFR Part 268
Land Disposal Restrictions X X

Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)
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Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Disposal of samples and remedial waste Identifies disposal requirements for various PCB waste types.

40 CFR Part 761.50
Polychlorinated Biphenyls (PCBs) 
Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions: 
Storage and Disposal, Applicability

X X

Disposal of  waste material off site

Cleanup and disposal options for PCB remediation waste, which includes PCB-contaminated 
sediments and dredged materials.  Disposal options for PCB remediation waste include disposal 
in a high-temperature incinerator, an approved chemical waste landfill, or a facility with a 
coordinated approval under 40 CFR Part 761.77.  PCB remediation waste containing PCBs at 
concentrations less than 50 mg/kg may be disposed of off-site in an approved land disposal 
facility for the management of municipal solid waste, or in a disposal facility approved under 40 
CFR Part 761.  40 CFR Part 761.61(c) allows an EPA Regional Administrator to approve a risk-
based disposal method that will not pose an unreasonable risk of injury to human health or the 
environment.

Sediment waste with PCB concentrations less than 50 
mg/kg generated from remedial process and transported 
off site for storage and/or disposal in accordance with 40 
CFR Part 761.61 -relevant and appropriate

40 CFR Part 761.61
PCB Remediation Waste X X

Storage of hazardous waste on site Storage requirements:  Establishes technical requirements for temporary storage of PCB wastes 
prior to treatment or disposal.

PCB wastes generated on site with storage needs defined 
in 40 CFR Part 761.65 - relevant and appropriate

40 CFR Part 761.65
Polychlorinated Biphenyls (PCBs) 
Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions: 
Storage for Disposal

X X

Decontamination of equipment used in 
remedial activities

Decontamination standards and procedures for removing PCBs that are regulated for disposal 
from water, organic liquids, and other materials.

Decontamination necessary for equipment, water, organic 
liquids, or other materials contaminated with PCBs during 
remedial activities 40 CFR Part 761.79 - relevant and 
appropriate

40 CFR Part 761.79
Polychlorinated Biphenyls (PCBs) 
Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions: 
Decontamination standards and 
procedures

X X

Technology-based water quality 
discharge limits Best available technology and monitoring requirements. Wastewater generated in remedial process to be 

discharged  - relevant and appropriate

40 CFR Part 122.44 (a,e,i)
Establishing Limitations, Standards, and 
Other Permit Conditions

X X

Technology-based water quality 
discharge limits Establishes criteria and standards for imposing technology-based treatment requirements. Wastewater generated in remedial process to be 

discharged  - relevant and appropriate

40 CFR Part 125
Criteria and Standards for the National 
Pollutant Discharge Elimination System

X X

Disposal of dredged or fill material on site 

These regulations apply to all existing, proposed, or potential disposal sites for discharges of 
dredged or fill materials into U.S. waters, which include wetlands.  Includes special policies, 
practices, and procedures to be followed by the U.S. Army Corp of Engineers in connection with 
the review of applications for permits to authorize the discharge of dredged or fill material into 
waters of the United States pursuant to Sections 301 and 404 of the Clean Water Act.  In 
accordance with CERCLA Section 121(e), a permit is not required for on-site CERCLA response 
actions, although the selected remedy will comply with substantive requirements of these 
regulations.

Dredged or fill materials will be disposed of on site,  in a 
wetland area as defined in 40 CFR Part 231, 
Section 301 Effluent Standards, Section 404(c) 
Procedures, and 33 CFR Parts 320-330 - relevant and 
appropriate

40 CFR Part 231
Section 301 Effluent Standards 
Section 404(c) Procedures

33 CFR Parts 320-330
Navigation and Navigable Waters

X X

Treatment of wastewater generated from 
remediation process

Establishes responsibilities of Federal, State, and local government, industry and the public to 
implement National Pretreatment Standards to control pollutants which pass through or interfere 
with treatment processes in Publicly Owned Treatment Works (POTWs).  Provides guidelines 
establishing test procedures for the analysis of pollutants.

Remedial actions generate waste that will pass through or 
interfere with treatment processes in POTWs as defined in 
40 CFR Part 403 and 40 CFR Part 136 - relevant and 
appropriate

40 CFR Part 403
General Pre-Treatment Regulations for 
Existing and New Sources of Pollution

40 CFR Part 136
Guidelines Establishing Test Procedures 
for the Analysis of Pollutants

X X
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Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Remedial activities on site include 
dredging, filling, etc. 

Prohibits unauthorized obstruction or alteration of any navigable water in the U.S. (dredging, 
filling, cofferdams, piers, etc.).  Remedial activities may have to be conducted in such a way as 
to avoid obstruction or alteration of the waterway. 

The Kalamazoo River altered by dredging, filling, etc. to 
complete remedial actions - relevant and appropriate

33 CFR Parts 320-330
Navigation and Navigable Waters X

Remedial activities on site include 
dredging, filling, etc. 

Requirements for permits affecting "navigable waters of the U.S."  If excavation or capping 
activities are performed, the substantive requirements of the Act must be met for work affecting 
"navigable waters of the United States."

The Kalamazoo River altered by dredging, filling, etc. to 
complete remedial actions - relevant and appropriate

33 CFR Part 322
Permits for Structures or Work in or 
Affecting Navigable Waters of the United 
States                                                                              

X

Transportation, storage, and disposal of 
hazardous waste off site

Transportation and handling requirements for hazardous materials, including procedures for the 
packaging, labeling, manifesting and transporting of hazardous materials.  This would apply to 
alternatives where sediment/soil are removed and transported from Area 1.

Contaminated, hazardous soil and sediment are removed 
and transported off site for storage and/or disposal as 
defined by 49 CFR Part 107, 49 CFR Part 171, and 49 
CFR Part 172 - relevant and appropriate

49 CFR Part 107
Hazardous Materials Program 
Procedures

49 CFR Part 171
General Information, Regulations and 
Definitions

49 CFR Part 172
Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements

X X

Human health and risk-based limits for air 
emissions

Establishes 8-hour time-weighted average air concentrations for particulates and PCBs for 
protection of worker breathing zones, PPE requirements, medical monitoring requirements, 
respiratory protection requirements, and HAZMAT training requirements.  Establishes health and 
safety requirements for cleanup operations at NPL sites; Site is listed on NPL.

Air emissions are generated during remedial activities that 
create threats to human health as defined in 29 CFR Part 
1910 Subpart I - to be considered (TBC)

29 CFR Part 1910 Subpart I, Personal 
Protective Equipment (General Industry); 
also Parts 1904 and 1926

X X

Disposal of dredged or fill material

Guidelines for Specification of Disposal Sites for Dredged or Fill Material.  Except as otherwise 
provided under Clean Water Act § 404(b)(2), no discharge of dredged or fill material shall be 
permitted if there is a practicable alternative to the proposed discharge which would have less 
adverse impact on the aquatic ecosystem, so long as the alternative does not have other 
significant adverse environmental consequences.  If there is no other practical alternative, 
impacts must be minimized.  Includes criteria for evaluating whether a particular discharge site 
may be specified. 

Disposal of dreged or fill materials will create adverse 
environmental impacts in proposed disposal site - relevant 
and appropriate

40 CFR Part 230
Guidelines for Specification of Disposal 
Sites for Dredged or Fill Material.

X X

Waste characterization of dredged or fill 
material

Testing manual establishes procedures for determining the potential for contaminant-related 
impacts associated with discharge of dredged material in inland waters.

Dredged or fill wastes generated in the remedial process 
for disposal off site as defined in Department of Army, U.S. 
Army Corps of Engineers Directive - TBC

Department of Army
U.S. Army Corps of Engineers Directive X X

Transportation and handling of 
contaminated sediments

Guidance designed to assist EPA staff managing sediment sites by providing a thorough 
overview of methods that can be used to reduce risk caused by contaminated sediment. 

Dredged or fill wastes generated in the remedial process 
for handling/transportation off site as defined in EPA-540-R-
05-012, OSWER 9355.0-85 - TBC

EPA-540-R-05-012, OSWER 9355.0-85 X

Characterization of solid waste (all 
primary and secondary wastes)

Must determine if solid waste is excluded from regulation under 40 C.F.R. § 261.4(b); and 
determine if waste is listed as hazardous waste under subpart D 40 C.F.R. Part 261.
Must determine whether the waste is (characteristic waste) identified in subpart C of 40 CFR part 
261by either:
    (1) Testing the waste according to the methods set forth in subpart C of 40 CFR part 261, or 
according to an equivalent method approved by the Administrator under 40 CFR 260.21; or
    (2) Applying knowledge of the hazard characteristic of the waste in light of the materials or the 
processes used.

Generation of solid waste as defined in 40 C.F.R. § 261.2 
– applicable 40 C.F.R. § 262.11 X X

Characterization of solid waste (all 
primary and secondary wastes)

Must refer to Parts 261, 262, 264, 265, 266, 268, and 273 of Chapter 40 for possible exclusions 
or restrictions pertaining to management of the specific waste.

Generation of solid waste which is determined to be 
hazardous waste – applicable 40 C.F.R. § 262.11(d) X X
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Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Characterization of hazardous waste (all 
primary and secondary wastes)

Must obtain a detailed chemical and physical analysis on a representative sample of the 
waste(s), which at a minimum contains all the information that must be known to treat, store, or 
dispose of the waste in accordance with pertinent sections of 40 C.F.R. Parts 264 and 268.

Generation of RCRA-hazardous waste for storage, 
treatment or disposal – applicable 40 C.F.R. § 264.13(a)(1) X X

Determinations for management of 
hazardous waste

Must determine each EPA Hazardous Waste Number (waste code) applicable to the waste in 
order to determine the applicable treatment standards under 40 C.F.R. Part 268 et seq. 
Note: This determination may be made concurrently with the hazardous waste determination 
required in Sec. 262.11 of this chapter.

Generation of  hazardous waste for storage, treatment or 
disposal – applicable 40 C.F.R. § 268.9(a) X X

Determinations for management of 
hazardous waste

Must determine the underlying hazardous constituents [as defined in 40 C.F.R. § 268.2(i)] in the 
waste.

Generation of RCRA characteristic  hazardous waste for 
storage, treatment or disposal – applicable 40 C.F.R. § 268.9(a) X X

Determinations for management of 
hazardous waste

Must determine if the hazardous waste meets the treatment standards in 40 C.F.R. §§ 268.40, 
268.45, or 268.49 by testing in accordance with prescribed methods or use of generator 
knowledge of waste.
Note: This determination can be made concurrently with the hazardous waste determination 
required in 40 CFR 262.11.

Generation of RCRA characteristic  hazardous waste for 
storage, treatment or disposal – applicable 40 C.F.R. § 268.7(a) X X

Temporary on-site storage of hazardous 
waste in containers (e.g., excavated 
sediments and soils)

A generator may accumulate hazardous waste at the facility provided that:
• Waste is placed in containers that comply with 40 C.F.R. §§ 265.171-173; and
• The date upon which accumulation begins is clearly marked and visible for inspection on each 
container; and
• Container may be marked with other words that identify the contents.
• Container is marked with the words “hazardous waste”; or

Accumulation of RCRA hazardous waste on site as defined 
in 40 C.F.R. § 260.10 – applicable
Accumulation of 55 gal. or less of RCRA hazardous waste 
or one quart of acutely hazardous waste listed in 261.33(e) 
at or near any point of generation – applicable

40 C.F.R.  § 262.34(a)(1)(i);
40 C.F.R. § 262.34(a)(2) &(3);
40 C.F.R. § 262.34(c)(1) X X

Use and management of hazardous 
waste in containers

If container is not in good condition (e.g. , severe rusting, structural defects) or if it begins to leak, 
must transfer waste into container in good condition. Use container made or lined with materials 
compatible with waste to be stored so that the ability of the container is not impaired. Keep 
containers closed during storage, except to add/remove waste. Open, handle and store 
containers in a manner that will not cause containers to rupture or leak. Containers having 
capacity greater than 30 gallons must not be stacked over two containers high.

Storage of RCRA hazardous waste in containers – 
applicable

40 C.F.R. § 265.171
40 C.F.R. § 265.172
40 C.F.R. § 265.173

X X

Storage of hazardous waste in container 
area 

Area must have a containment system designed and operated in accordance with 40 C.F.R. § 
264.175(b). Storage of RCRA hazardous waste in containers with free 

liquids  – applicable 40 C.F.R. § 264.175(a) X X

Storage of hazardous waste in container 
area 

Area must be sloped or otherwise designed and operated to drain liquid from precipitation, or
Containers must be elevated or otherwise protected from contact with accumulated liquid.

Storage of RCRA-hazardous waste in containers that do 
not contain free liquids  (other than F020, F021, F022, 
F023, F026 and F027) –applicable

40 C.F.R. § 264.175(c) X X

Closure of RCRA container storage  unit

At closure, all hazardous waste and hazardous waste residues must be removed from the 
containment system. Remaining containers, liners, bases, and soils containing or contaminated 
with hazardous waste and hazardous waste residues must be decontaminated or removed.
[Comment: At closure, as throughout the operating period, unless the owner or operator can 
demonstrate in accordance with40 CFR 261.3(d) of this chapter that the solid waste removed 
from the containment system is not a hazardous waste, the owner or operator becomes a 
generator of hazardous waste and must manage it in accordance with all applicable 
requirements of parts 262 through 266 of this chapter].

Storage of RCRA hazardous waste in containers in a unit 
with a containment system – applicable 40 C.F.R. § 264.178 X X
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Temporary on-site storage of remediation 
waste in staging piles (e.g., excavated 
sediments and soils)

Must be located within the contiguous property under the control of the owner/operator where the 
wastes are to be managed in the staging pile originated.
For purposes of this section, storage includes mixing, sizing, blending or other similar physical 
operations so long as intended to prepare the wastes for subsequent management or treatment.

Accumulation of non-flowing hazardous remediation waste 
(or remediation waste otherwise subject to land disposal 
restrictions) as defined in 40 C.F.R. § 260.10 –applicable

40 C.F.R. § 264.554(a)(1) X X

Performance criteria for staging pile

Staging pile must:
•  Facilitate a reliable, effective and protective remedy;
• Must be designed to prevent or minimize releases of hazardous wastes and constituents into 
the environment, and minimize or adequately control cross–media transfer as necessary to 
protect human health and the environment (e.g. use of liners, covers, run–off/run–on controls).

Storage of remediation waste in a staging pile –applicable 40 C.F.R. § 264.554(d)(1)(i) and (ii) X X

Operation of a staging pile

Must not operate for more than 2 years, except when an operating term extension under 40 CFR 
264.554(i) is granted.  Note: Must measure the 2-year limit (or other operating term specified)   
from first time remediation waste placed in staging pile.

Must not use staging pile longer than the length  of time designated by EPA in appropriate 
decision document

Storage of remediation waste in a staging pile – 
applicable

40 C.F.R. § 264.554(d)(1)(iii)

40 C.F.R. § 264.554(h) X X

Design criteria for a staging pile

In setting standards and design criteria, must consider the following factors:
• Length of time pile will be in operation;
• Volumes of waste you intend to store in the pile;
• Physical and chemical characteristics of the wastes to be stored in the unit;
• Potential for releases from the unit;
• Hydrogeological and other relevant environmental conditions at the facility that may influence 
the migration of any potential releases; and
• Potential for human and environmental exposure to potential releases from the unit. 

Storage of remediation waste in a staging pile – 
applicable 40 C.F.R. § 264.554(d)(2)(i) –(vi) X X

Closure of staging pile of remediation 
waste 

Must be closed within 180 days after the operating term by removing or decontaminating all 
remediation waste, contaminated containment system components, and structures and 
equipment contaminated with waste and leachate.
Must decontaminate contaminated sub –soils in a manner that EPA determines will protect 
human and the environment.

Storage of remediation waste in staging pile in previously 

contaminated area  – applicable 40 C.F.R. § 264.554(j)(1) and (2) X X

Discharge of residual water from 
dewatering activities to surface water

Comply with any applicable substantive water quality requirements under the Clean Water Act 
(CWA) including application of technology- or ambient water quality- based effluent limitations to 
ensure discharge does not cause or contribute to violation of water quality standards.

Discharge of pollutants into surface waters – applicable 40 C.F.R. § 122 X
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Discharge of residual water from 
dewatering activities to surface water

• Technology based effluent limitations and standards based on effluent limitations and 
standards promulgated under Sections 301 of the [CWA], or case-by-case effluent limitations 
determined under Section 402(a)(1) of the [CWA] when technology based standards or new 
source performance standards have not been promulgated, or on a combination of the two.
• Other applicable effluent limitations and standards under Sections 301, 302, 303, 304, 307, 
318, and 405 of the [CWA] and applicable effluent guidelines and standards under 40 C.F.R. 
Subchapter N.; and
• Other requirements in addition to or more stringent than promulgated effluent limitations, 
guidelines, or standards under Sections 301, 306, 307, 318, and 405 of the Clean Water Act 
where necessary to achieve water quality standards established under Section 303 of the Clean 
Water Act and AWPCA §2-22-9(g)
• Take all reasonable steps to minimize or prevent any discharge or sludge use or disposal in 
violation of effluent standards which has the reasonable likelihood of adversely affecting human 
health and the environment.
• Properly operate and maintain all facilities and systems of treatment and control (and related 
appurtenances) which are installed or used to achieve compliance with effluent standards.  
Proper operation and maintenance also includes adequate laboratory controls and appropriate 
quality assurance procedures.

Discharge of pollutants into surface waters – applicable
40 C.F.R. § 122.44(a), (b), (d)
40 C.F.R. § 122.41(d)
40 C.F.R. § 122.41(e)

X

Disposal of RCRA hazardous waste in an 
off-site  land-based unit

May be land disposed if it meets the requirements in the table “Treatment Standards for 
Hazardous Waste” at 40 CFR 268.40 before land disposal. 

Land disposal, as defined in 40 CFR 268.2, of restricted 
RCRA waste – applicable 40 C.F.R. § 268.40(a) X X

Disposal of RCRA hazardous waste in an 
off-site  land-based unit

All underlying hazardous constituents [as defined in 40 CFR 268.2(i)] must meet the Universal 
Treatment Standards (UTSs), found in 40 CFR 268.48 Table UTS prior to land disposal

Land disposal of restricted RCRA characteristic wastes 
(D001 –D043) that are not managed in a wastewater 
treatment system that is regulated under the CWA, that is 
CWA equivalent, or that is injected into a Class I 
nonhazardous injection well – applicable

40 C.F.R. § 268.40(e) X X

Disposal of RCRA – hazardous waste soil 
in an off-site land–based unit

Must be treated according to the alternative treatment standards of 40 CFR 268.49(c) or 
according to the UTSs specified in 40 CFR 268.48 applicable to the listed and/or characteristic 
waste contaminating the soil prior to land disposal.

Land disposal, as defined in 40 CFR 268.2, of restricted 
hazardous soils – applicable 40 C.F.R. § 268.49(b) X X

Transportation of hazardous materials 
Shall be subject to and must comply with all applicable provisions of the HMTA and HMR at 49 
C.F.R. §§ 171-180 related to marking, labeling, placarding, packaging, emergency response, 
etc.

Any person who, under contract with a department or 
agency of the federal government, transports “in 
commerce,” or causes to be transported or shipped, a 
hazardous material – applicable

49 C.F.R. § 171.1(c) X X

Transportation of hazardous waste 
off–site

Must comply with the generator standards of Part 262 including 40 C.F.R. §§ 262.20-23 for 
manifesting, Sect. 262.30 for packaging, Sect. 262.31 for labeling, Sect. 262.32 for marking, 
Sect. 262.33 for placarding,

Preparation and initiation of shipment of hazardous waste 
off–site – applicable 40 C.F.R. § 262.10(h); X X

Transportation of samples  (i.e. 
contaminated soils and wastewaters)

Except as provided in  40 C.F.R. § 261.4(d)(2), a sample of waste is not subject to any 
requirements of 40 C.F.R. Parts 261 through 268 or 270 provided the requirements specified in 
subparagraphs d)(1) (i) through (iii) are complied with.
Exemption does not apply if laboratory determines waste is hazardous but it no longer meets 
conditions in paragraph (d)(1).

Samples of solid waste or a sample of water, soil for 
purpose of conducting testing to determine its 
characteristics or composition – applicable

40 C.F.R. § 261.4 (d) X X

Presence of floodplain, designated as 
such on a map  

Shall take action to reduce the risk of flood loss, to minimize the impact of floods on human 
safety, health and welfare, and to restore and preserve the natural and beneficial values served 
by floodplains.

Federal actions that involve potential impacts to, or take 
place within, floodplains – relevant and appropriate

Executive Order 11988  –  Floodplain 
Management   Section 1. Floodplain 
Management

X X
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Sediment Soil

Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Presence of floodplain, designated as 
such on a map  

Shall consider alternatives to avoid, to the extent possible, adverse effects and incompatible 
development in the floodplain. Design or modify its action in order to minimize potential harm to 
or within the floodplain

Federal actions that involve potential impacts to, or take 
place within, floodplains – relevant and appropriate

Executive Order 11988  Section 2.(a)(2) 
Floodplain Management X X

Presence of floodplain, designated as 
such on a map  

If there is no practicable alternative to locating in or affecting the floodplain, the potential harm to 
the floodplain shall be minimized. The natural and beneficial values of floodplains shall be 
restored and preserved.

Federal actions that involve potential impacts to, or take 
place within, floodplains  – relevant and appropriate 40 C.F.R. Part 6, App. A, § 6(a)(5) X X

Presence of floodplain, designated as 
such on a map  

Structures and facilities must be constructed in accordance with existing criteria and standards 
set forth under the National Flood Insurance Program (NFIP) and must include mitigation of 
adverse impacts wherever feasible.  

If newly constructed structures or facilities are to be located in a floodplain, accepted 
floodproofing and other flood protection measures shall be undertaken.  To achieve flood 
protection, EPA shall, wherever practicable, elevate structures above the base flood level rather 
than filling land.

Construction of structures and facilities within floodplains – 
relevant and appropriate 40 C.F.R. Part 6, App. A, § 6(c)(1) & (2) X X

Presence of federally endangered or 
threatened species, as designated in 50 
C.F.R. §§ 17.11 and 17.12 -or- critical 
habitat of such species listed in 50 C.F.R. 
§ 17.95

Actions that jeopardize the existence of a listed species or results in the destruction or adverse 
modification of critical habitat must be avoided or reasonable and prudent mitigation measures 
taken.

Action that is likely to jeopardize fish, wildlife, or plant 
species or destroy or adversely modify critical habitat— 
applicable

16 U.S.C. § 1538(a) X X

Presence of federally endangered or 
threatened species, as designated in 50 
C.F.R. §§ 17.11 and 17.12 -or- critical 
habitat of such species listed in 50 C.F.R. 
§ 17.95

Each Federal agency shall, in consultation with and with the assistance of the Secretary [of DOI], 
insure that any action authorized, funded, or carried out by such agency is not likely to 
jeopardize the continued existence of any endangered species or threatened species or result in 
the destruction or adverse modification of habitat of such species which is determined by [DOI] 
to be critical.

Actions authorized, funded, or carried out by any Federal 
agency, pursuant to 16 U.S.C. § 1536 – relevant and 
appropriate

16 U.S.C. § 1536(a)(2); 50 C.F.R. §§ 
402.13(a), 402.14 X X

Presence of any migratory bird, as 
defined by 50 C.F.R. § 10.13

It shall be unlawful at any time, by any means or in any manner, to pursue, hunt, take, capture, 
kill, attempt to take, capture, or kill, possess, offer for sale, sell, offer to barter, barter, offer to 
purchase, purchase, deliver for shipment, ship, export, import, cause to be shipped, exported, or 
imported, deliver for transportation, transport or cause to be transported, carry or cause to be 
carried, or receive for shipment, transportation, carriage, or export, any migratory bird, any part, 
nest, or eggs of any such bird.

Federal actions that have, or are likely to have, a 
measurable negative effect on migratory bird populations – 
applicable

16 U.S.C. § 703(a) X X

Presence of wetlands

Shall take action to minimize the destruction, loss or degradation of wetlands and to preserve 
and enhance beneficial values of wetlands.  Shall avoid undertaking construction located in 
wetlands unless: (1) there is no practicable alternative to such construction, and (2) that the 
proposed action includes all practicable measures to minimize harm to wetlands which may 
result from such use.

Federal actions that involve potential impacts to, or take 
place within, wetlands – TBC

Executive Order 11990 – Protection of 
Wetlands 
Section 1.(a)
Section 2.(a) 

X X

Location encompassing aquatic 
ecosystem as defined in 40 C.F.R. § 
230.3( c )

No discharge of dredged or fill material shall be permitted if there is a practicable alternative to 
the proposed discharge which would have less adverse impact on the aquatic ecosystem, so 
long as the alternative does not have other significant adverse environmental consequences.

Action that involves discharge of dredged or fill material 
into waters of the United States, including wetlands – 
relevant and appropriate

40 C.F.R. § 230.10(a) X
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Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Location encompassing aquatic 
ecosystem as defined in 40 C.F.R. § 
230.3( c )

No discharge of dredged or fill material shall be permitted if it:
• Causes or contributes, after consideration of disposal site dilution and dispersion, to violations 
of any applicable State water quality standard;
• Violates any applicable toxic effluent standard or prohibition under Section 307 of the Clean 
Water Act;
• Jeopardizes the continued existence of species listed as endangered or threatened under the 
Endangered Species Act of 1973, or results in the likelihood of the destruction or adverse 
modification of critical habitat;
• Violates any requirement imposed by the Secretary of Commerce to protect any marine 
sanctuary designated under title III of the Marine Protection, Research, and Sanctuaries Act of 
1972.
• No discharge of dredged or fill material shall be permitted which will cause or contribute to 
significant degradation of the waters of the United States
• No discharge of dredged or fill material shall be permitted unless appropriate and practicable 
steps have been taken which will minimize potential adverse impacts of the discharge on the 
aquatic ecosystem.

Action that involves discharge of dredged or fill material 
into waters of the United States, including wetlands – 
relevant and appropriate

40 C.F.R. § 230.10(b)
40 C.F.R. § 230.10(c)
40 C.F.R. § 230.10(d)

X

Presence of any stream or other body of 
water proposed to be impounded, 
diverted, controlled, or modified for 
drainage

Whenever the waters of any stream or other body of water are proposed or authorized to be 
impounded, diverted, the channel deepened, or the stream or other body of water otherwise 
controlled or modified for any purpose whatever, including navigation and drainage, by any 
department or agency of the United States, or by any public or private agency under Federal 
permit or license, such department or agency first shall consult with the United States Fish and 
Wildlife Service, Department of the Interior, and with the head of the agency exercising 
administration over the wildlife resources of the particular State wherein the impoundment, 
diversion, or other control facility is to be constructed, with a view to the conservation of wildlife 
resources by preventing loss of and damage to such resources as well as providing for the 
development and improvement thereof in connection with such water-resource development.

Federal actions that propose to impound, divert, control, or 
modify waters of any stream or body of water  – relevant 
and appropriate

16 U.S.C. § 662(a) X

Water quality-based limits for discharge 
into navigable waters

Establishes effluent standards in accordance with federal WPCA and CWA.  Applicable for 
alternatives involving discharge of water to the river.

Wastes generated from remedial process to be discharged 
to river would be subject to the substantive requirements of 
Part 31 of the NREPA, MCL 324.3101 et seq , and Mich 
Admin Code R. 323.1201-1221; and R. 323.2101-2195 - 
relevant and appropriate

Michigan NREPA, MCL 324.1301 et seq , 
Mich Admin Code R 323.1201-1221; R 
323.2101-2195

X X

Water quality-based limits for discharge to 
groundwater or the ground Establishes requirements for discharges of waters or waste to groundwater or to the ground.  

Substantive requirements would apply if remedial 
alternatives involve discharges of wastewater or wastes to 
groundwater or to the ground - relevant and appropriate

Mich Admin Code R 323.2201-2240 (Part 
22 Rules for groundwater protection) X X

Transportation, storage, and disposal of 
hazardous waste off site

Establishes requirements for hazardous waste generators, transporters, and 
treatment/storage/disposal (TSD) facilities.  Area 1  is likely not a TSD facility nor a generator of 
hazardous wastes, although certain portions of the regulations may be useful as a means of 
determining handling/transportation requirements.

Hazaradous wates generated from remedial process to be 
transported, stored, and/or disposed of off site as defined 
in MCL324.11101-11153 - relevant and appropriate

Miichigan NREPA, MCL 324.11101-
11153 X X

Disposal of non-hazardous waste off site Establishes rules for solid waste disposal facilities.  Applies to a remedial alternative involving 
landfilling.

Non-hazardous wasts generated from remedial process to 
be transported and disposed of off site as defined in MCL 
324.11101-11153 and Mich Admin Code R. 299.4401 - 
4922 - relevant and appropriate

Michigan NREPA, MCL 324.11101-11153 
and Mich Admin Code R 299.4401 - 4922 X X

Regulation of activities in inland lakes or 
streams to complete remedial actions

Regulates dredging or filling of lake or stream bottoms and establishes mitigation requirments.  
For certain remedial alternatives, activities may be affected by these regulations.

Dredging or filling will be included in remedial activities as 
defined in MCL 324.30101 - 30113 - applicable

Michigan NREPA, MCL 324.30101 - 
30113; Mich Admin Code R 281.811-845 X X
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Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Use of dredging or filling in wetlands to 
complete remedial activities

Establishes the rules regarding wetland uses and the permit application process for protection of 
state wetland areas.  For certain remedial alternatives, activities may be affected by these rules.

Dredging or filling in regulated wetlands may be included in 
remedial activities as defined in MCL 324.30101 - 30113 -  
relevant and appropriate

Michigan NREPA, MCL 324.30101-
30329; Mich Admin Code R 281.921-925; 
R 281.951-961

X X

Maintaining safe conditions during 
remedial activities

Establishes the rules for safety standards in the workplace.  For certain remedial alternatives, 
activities may be restricted by these regulations.

Safety standards used during remedial activities as 
detailed in MCL 408.1001 - 1094 - applicable

Michigan NREPA, MCL 408.1001-1094; 
portions of the MIOSHA rules including 
Part 4 through 13 of the All Industry 
Administrative Rules, Parts 1-91 of 
Construction Safety Standards Comission 
Rules, Part 1-93 of the General Industry 
Safety Standards Comission Rules, and 
Parts 301-681 of the Occupational Health 
Standards Commission Rules.

X X

Human health and wildlife risk-based 
limits for air emissions

Establishes rules prohibiting the emission of air contaminants in quantities that cause injurious 
effects to human health, animal life, plant life of significant economic value, and/or property. For 
certain remedial alternatives, dust emissions may need to be monitored and controlled, if 
appropriate.

Air emissions may be generated that create threats to 
human health as defined in MCL 324.5501 - 5542 and 
Mich Admin Code R. 336.1101-2823 - relevant and 
appropriate

Michigan NREPA, MCL 324.5501-5542; 
Mich Admin Code R 336.1101-2823 X X

Soil erosion and sediment control 
requirements for owners of land 
undergoing an earth change

Establishes rules prescribing soil erosion and sedimentation control plans, procedures, and 
measures

For any remedial action involving an earth change, 
substantive requirements of permit must be satisfied - 
relevant and appropriate

Michigan NREPA, Part 91 (Soil Erosion 
and Sediment Control), MCL 324.9101-
9112; Mich Admin Code R 323.1701-
1714

X X

Dam Safety

Provides requirements for dam construction and maintenance to ensure that dams are properly 
constructed, inspected, and maintained, and that the owners have adequately prepared for 
potential emergencies. Permits are required for the construction, enlargement, repair, alteration, 
removal, abandonment, and reconstruction of state regulated dams.

Applies to dams over 6' in height and over 5 acres of 
impoundment during the design flood. Would apply to 
remedial actions that impact regulated dams and 
surrounding areas - relevant and appropriate

Michigan NREPA, Part 315 (Dam Safety), 
MCL 324.31501-31529 X X
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Table 2-3

Action Prerequisite

Area 1, OU-5 Kalamazoo River

Applicable to Sediment/Soil 
AlternativesRequirements Citation

 Federal and State Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considereds (TBCs)

Invasive Species
Lists nonnative species that are prohibited or restricted in Michigan; provides authority and 
procedures for State Natural Resources Commission to add or delete from the list. Provides for 
a permit for introduction of genetically engineered organisms. Provides penalties for violations.

Substantive requirements apply to remedial alternatives 
that involve restoration or planting activities - relevant and 
appropriate

Michigan NREPA, Part 413 (Transgenic 
and Nonnative Organisms), MCL 
324.41301-41325

X X

Storage and handling of liquid industrial 
wastes

Imposes requirements on generators for storage, documentation, and handling for onsite liquid 
waste in preparation for transport, for the use of registered haulers, and for the inspection of 
vehicles and control of the disposal of wastes.

Remedial actions may require transportation and disposal 
of liquid waste, and the Part 121 requirements apply to the 
storage and transport of those wastes - relevant and 
appropriate

Michigan NREPA, Part 121 (Liquid 
Industrial Waste), MCL 324.12101-12118 X X

Reporting wastewater discharge Requires discharge reporting on the part of any wastewater discharger other than of sanitary 
sewage to a sewer system.  Applicable to any alternatives involving discharge of wastewater.

Remedial activities include discharge of wastewater as 
defined Mich Admin Code R. 299.9007 - relevant and 
applicable

Michigan NREPA; Mich Admin Code R 
299.9007 X X

Human health and wildlife risk-based 
limits for air emissions

Establishes rules prohibiting the emission of air contaminants in quantities that cause injurious 
effects to human health, animal life, plant life of significant economic value, and/or property.  For 
certain remedial alternatives, dust emissions may need to be monitored.

Air emissions are generated that create threats to human 
health as defined in MCL 336.1101 - 2823 and MCL 
324.5501 -5542 - relevant and applicable

Michigan NREPA; MCL 336.1101 - 2823;
MCL 324.5501 - 5542 X X

Prepared by/Date:  KPW 04/22/14
Checked by/Date:  MTP 06/11/14
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Table 2-4 
Risk-Based Fish Fillet Concentrations (RBCfish)  

(CDM 2003a) 
Area 1, OU-5 Kalamazoo River 

 

Receptor/Scenario 

RBCfish 
(based on 1 x 10-5 Cancer 

Risk) 
(mg/kg) 

RBCfish 
(based on HQ=1 Hazard 

Quotient) 
(mg/kg) 

Sport Angler – Central Tendency 0.109 0.187 
Sport Angler – High End 0.042 0.072 
Subsistence Angler 0.015 0.025 

 



Fish Tissue Type
Concentration 

Value

ABSA-01 
Concentration 

(mg/kg)a Yearb

ABSA-02 
Concentration 

(mg/kg)a Yearb

ABSA-02 
Concentration 

(mg/kg)a Yearb

ABSA-03c 

Concentration 
(mg/kg) Yearc

Smallmouth Bass Fillet Mean 0.030 2006 0.20 2012 0.20 2006-2012 1.1 1993
Median 0.026 2006 0.23 2012 0.20 2006-2012 0.82 1993

Smallmouth Bass YOY Whole Body Mean 0.13 2006 0.35 2006 -- -- NA NA
Median 0.12 2006 0.34 2006 -- -- NA NA

Common Carp Fillet Mean 0.14 2006 0.29 2012 0.54 2006-2012 4.4 1993
Median 0.13 2006 0.29 2012 0.34 2006-2012 3.5 1993

Notes:
a. Total Congeners used for Whole Body samples, Total Aroclors used for other tissue types
b. Year listed is the most recent year of data for which concentrations are presented

NA = not available
Prepared by: LSV 5/20/13
Checked by: NTG 2/24/14

Table 2-5
Recent Fish Tissue PCB Concentrations in Reference Areas

Area 1, OU-5 Kalamazoo River

c. Values for fish collected in ABSA-03 excludes samples identified as ABSA-3.5 (sampling location near Portage Creek confluence). 
    Collection location of other samples from ABSA-03 was not available.  
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Fish Tissue Type Concentration Value

ABSA-01
Concentration

(mg/kg)

ABSA-02
Concentration

(mg/kg)

Smallmouth Bass Fillet Median 4.5 27
Mean 5.6 30

Lipid-Corrected HI=1 RBCa,b 11 11
Lipid-Corrected 10-5 RBCa,b 6.4 6.2

Smallmouth Bass YOY Whole Body Median 3.2 16
Mean 3.2 16

Lipid-Corrected Mink RBCa,b 14 26

Common Carp Fillet Median 7.3 19
Mean 8.2 20

Lipid-Corrected HI=1 RBCa,b 4.1 3.9
Lipid-Corrected 10-5 RBCa,b 2.4 2.3

Notes:
a. Units for lipid corrected concentrations are in mg PCB / kg lipid

SMB = Smallmouth Bass
SMB YOY = Smallmouth Bass Young of Year
ABSA = Aquatic Biota Sampling Area
RBC = Risk-based Concentration Prepared by: LSV 6/07/13

Checked by: NTG 2/24/14

Table 2-6
Lipid-Corrected Total PCB Concentrations and Risk-Based Concentrations for Fish Collected 

b. Lipid-Corrected RBCs for HI=1 of 0.072 mg/kg and for 10-5 of 0.042 mg/kg corrected for the mean percent lipids since 
2006 for both fish fillets in ABSA-01 and ABSA-02. The mink RBC of 0.6 mg/kg corrected for mean percent lipids since 2006 
for SMB YOY whole body in ABSA-01 and ABSA-02.

from 2006-2012 from Reference Area ABSAs
Area 1, OU-5 Kalamazoo River
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Table 2-7 
Human Health Risk-Based Concentrations for Sediment  

(CDM 2003b) 
Area 1, OU-5 Kalamazoo River 

Receptor/Scenario 

RBCsed 
(Protective of Fish Ingestion; 

Cancer Risk = 10-5) 
(mg/kg) 

RBCsed 
(Protective of Fish Ingestion; 

HQ=1) 
(mg/kg) 

Diet 100% 
Smallmouth 

Bass 
76% smallmouth 
bass/24% carp 

100% 
Smallmouth 

Bass 
76% smallmouth 
bass/24% carp 

Sport Angler – 
Central Tendency 0.51 0.30 0.88 0.52 

Sport Angler – High 
End 0.20 0.12 0.34 0.20 

Subsistence Angler 0.07 0.04 0.12 0.07 
 
 
 

Table 2-8 
Risk-Based Floodplain Soil Concentrations (RBCsoil) Protective of Residents 

(CDM 2003b) 
Area 1, OU-5 Kalamazoo River 

 

Receptor/Scenario 

Age-Adjusted RBCsoil 
(1 x 10-5 Cancer Risk ) 

(mg/kg) 

RBCsoil 
(THI=1 ) 
(mg/kg) 

Residential Receptor 2.5 15 (R – 2 to 7 years) 
4.0 (I – 30 year exposure) 

(R) = Reproductive Endpoint 
(I) = Immunological Endpoint 
 
 
 

Table 2-9 
Risk-Based Floodplain Soil Concentrations (RBCsoil) Protective of Recreationists 

(CDM 2003b) 
Area 1, OU-5 Kalamazoo River 

 

Receptor/Scenario 

Age-Adjusted RBCsoil 
(10-5 Cancer Risk) 

(mg/kg) 

RBCsoil 
(THI=1) 
(mg/kg) 

Recreational Receptor 23 139 (R – 2 to 7 years) 
32 (I- 30 year exposure) 

(R) = Reproductive Endpoint 
(I) = Immunological Endpoint 
  



 
Table 2-10 

RBCs for Floodplain Soil in mg/kg Total PCB 
(ARCADIS 2012d) 

Area 1, OU-5 Kalamazoo River 
 

  
High Sensitivity  

TRVs 
Mid-Range Sensitivity  

TRVs 
Receptor NOAEL LOAEL NOAEL LOAEL 

Approach 1 - Total PCBs 
American robin 13 16 19 56 
American woodcock 4 5 7 20 
House wren 16 20 23 70 
Red-tailed hawk* 29 38 44 137 
Shrewa 6 18 6 18 
Fox*,a 17 54 17 54 

Approach 1 – TEQs 
Shrewa 3 27 3 27 

Approach 2§ - Total PCBs 
Birds (robin, woodcock, wren) 1 2 43 62 

Approach 2§ - TEQs 
Birds (robin, woodcock, wren) 0.3 1 32 65 

Approach 3 - TEQs 
American robin 0.2 0.5 17 35 
* Range of NOAEL-and LOAEL-based RBCs presented for these species based on use of different 

BAF approaches. 
§ Approach 2 does not include species-specific inputs and is applicable to American Robin, American 

woodcock, and house wren 
a The RBCs for the shrew and the fox are the same for moderate sensitivity and high sensitivity 

species analysis. 
 



General Response 
Actions Technology Type Process Options Description Cost Implementability Short-Term Effectiveness Long-Term Effectiveness Retain

No Further Action Natural Recovery      Natural Recovery Natural recovery through attenuation.  Extensive 
source control efforts have been completed in 
and adjacent to Area 1.  Existing site conditions 
left would be left "as-is".  Would rely on ongoing 
natural attenuation of PCBs in sediments to 
further reduce exposure.  Inclusion of No Action 
mandated by USEPA for a baseline comparison.

Low Straightforward Unknown
Without monitoring and documentation of 
recovery, effectiveness is not known. 

Unknown
Without monitoring and documentation of 
recovery, effectiveness is not known. 

Yes

Monitored Natural 
Recovery (MNR)

Monitored 
Natural Recovery

Monitored 
Natural Recovery

Relies on ongoing, naturally-occurring processes 
(reduction through deposition of incoming 
"cleaner" sediments, dilution, and/or 
biodegradation) to reduce constituent 
concentrations in sediment. Includes long-term 
monitoring to document constituent 
concentrations.

Low Straightforward
Readily implementable and minimally intrusive.  
Activities would include sediment and fish tissue 
sampling from a boat and/or shoreline.

Not Effective
Not expected to be effective in the short term. 
Effectiveness relies on the progression of 
ongoing natural recovery processes in the river. 
Immediate risk reduction may not be easily 
achieved as natural processes may take time. It 
is recognized as one of the three major remedial 
approaches available for managing risks 
associated with contaminated sediments (USEPA 
2005).

Moderately Effective
May be effective in the long term. Effectiveness 
relies on the progression of ongoing natural 
recovery processes in the river.  It is recognized 
as one of the three major remedial approaches 
available for managing risks associated with 
contaminated sediments (USEPA 2005).  Over a 
period of time, RAOs would be achieved.

Yes

Enhanced MNR Enhanced 
Sedimentation

Enhanced 
Sedimentation

Constructing or enhancing depositional areas to 
alter the rate of deposition of cleaner incoming 
sediments in some portions of the Area 1 to 
increase the rate of natural recovery.  Includes 
monitoring to confirm and document recovery. 

Moderate Moderately Difficult
Implementable, however, would be in opposition to 
restoring free-flowing conditions created through the 
removal of the Plainwell Dam.  

Not Effective
Not expected to be effective in the short term. 
Effectiveness relies on the progression of 
ongoing natural recovery processes in the river.  
Even with enhancements, immediate risk 
reduction may not be easily achieved as natural 
processes may take time. 

Moderately Effective 
May be effective in the long term. Effectiveness 
relies on the progression of ongoing natural and 
enhanced recovery processes in the river. Over a 
period  of time, RAOs would be achieved.

No

Thin Layer Cap Thin Layer Cap Application of a thin layer cap after dredging  to 
address the potential for post-dredging residuals.

Moderate Straightforward
Readily implementable.  May require access 
agreements with adjacent property owners.

Moderately Effective
Would reduce surface concentrations 
immediately upon placement of cover over 
dredge residuals.                                                                                                                                               

Not Effective
Not effective in free flowing river sections. Would 
reduce surface concentrations immediately upon 
placement of cover over dredge residuals.   
Potential for erosion of cap in naturally free-
flowing portions of the river may limit long-term 
effectiveness.  

No

Institutional Controls Legal and 
Administrative 
Mechanisms

Fish 
Consumption 
Advisory

Public notification, education, and warning 
systems regarding fish consumption to limit 
exposure above permissible limits.

Low Straightforward 
Fish consumption advisories are already in place and 
maintained by MDCH.  Advisories would remain in place 
until the MDCH determine it is appropriate to modify.  

Moderately Effective
Human exposure depends on public knowledge of 
and compliance with advisories.

Moderately Effective
Human exposure depends on public knowledge of 
and compliance with advisories.

Yes

Engineering Controls Access 
Restrictions

Fences Restrict access to limit exposure.  Moderate Not Practical
Fencing the river is not practical; numerous private 
properties adjoin the river.  It will be difficult to gain 
access and permission to install the fence.  Access 
along less populated areas would also be limited.   

Not Effective
Fence installation is not practical.

Not Effective
Fence installation is not practical.

No

Warning Signs Post activity advisories (fish consumption, 
cleaning, etc.) at river access locations to help 
limit exposure above permissible limits.

Low Straightforward 
Warning sings are already in place.

Moderately Effective
Human exposure depends on public response to 
warning signs.

Moderately Effective
Human exposure depends on public response to 
warning signs.

Yes

Erosion Controls Armoring Placement of armor material or structures to limit 
the potential for erosion

Moderate Straightforward
Armoring for erosion controls have been successfully 
implemented during the two TCRAs performed in 
Area 1.

Effective
Proven to be effective based upon of TCRA 
completion inspections.

Effective
Proven to be effective based upon TCRA 
completion inspections.                             

Yes

Table 3-1
Remedial Technology Screening Summary -- Sediment

Area 1, OU-5 Kalamazoo River
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General Response 
Actions Technology Type Process Options Description Cost Implementability Short-Term Effectiveness Long-Term Effectiveness Retain

Table 3-1
Remedial Technology Screening Summary -- Sediment

Area 1, OU-5 Kalamazoo River

Containment Capping In-situ Capping 
(with or without 
amendments)

Containment is accomplished by placing cap 
material over areas of sediment exceeding the 
remediation goal.  A bioactive or habitat zone is 
installed over the cap materials.

If amendment added, containment may be 
enhanced by reactive or sorptive properties of 
admixture incorporated into capping material to 
impede contaminant migration through cap.

Moderate Moderately Difficult
Implementable in lower energy reaches of the river.  
Implementation in shallower, higher energy 
environments may not be practical.  Water depths are 
important to define the maximum allowable thickness of 
cap and to identify the potential for cap erosion during 
flooding, ice scour, and wind-induced waves. Side 
channels such as Crown Vantage area are conducive to 
cap placement in Area 1. 

If amendment added, requires specialized equipment to 
meter in and mix additive into cap media. Amendments 
may require special or modified placement techniques 
(e.g., to prevent loss to water column in broadcast 
application techniques). Availability of amendments 
would depend on material selected, and ability to 
procure sufficient quantities in the Kalamazoo River 
area.

Effective
Would be most effective in lower energy portions 
of Area 1 such as the Crown Vantage side 
channel.  

Short-term effectiveness of amendments is 
unknown, and a treatability study would be 
required during remedial design. Capacity of 
amendments to sorb or react with PCBs may be 
limited by competition with native constituents 
such as naturally-occurring organic compounds 
and metal complexes.

Effective
Would be most effective in lower energy portions 
of Area 1 such as the Crown Vantage side 
channel.  

Long-term effectiveness of amendments is 
unknown, and a treatability study would be 
required during remedial design. Capacity of 
amendments to sorb or react with PCBs may be 
limited by competition with native constituents 
such as naturally-occurring organic compounds 
and metal complexes.

Yes

Rechannelization Rechannelization Permanently redirecting a section of Kalamazoo 
River into a newly-constructed or modified 
channel, while isolating PCB-containing sediment 
through capping in the original channel, and 
restoring the channel to surrounding grade.

Moderate Very Difficult
Implementable only where property is available and 
river configuration is conducive to rechannelization. 

Effective
Reduces exposure to and potential erosion of 
PCB-containing sediments.

Effective
Reduces exposure to and potential erosion of 
PCB-containing sediments.

No

Removal Dredging Mechanical 
Dredging 

Underwater sediment removal using mechanical 
methods, such as buckets or clamshells.  Would 
be combined with dewatering and disposal of 
dredged materials.

High Difficult
Implementability would be dependent upon (1) access 
to removal areas, (2) water depths and velocities, and 
(3) availability of near shore support area for sediment 
storage and dewatering operations. Can be 
implemented from land depending on accessibility of 
shoreline and reach of equipment. May require access 
agreements with adjacent property owners.   

Effective
Reduces potential exposure to ecological 
receptors through removal of PCB-containing 
sediments. It has successfully been used for the 
TCRAs in the former Plainwell Impoundment and 
Plainwell No. 2 Dam Area.  Engineering controls 
to reduce the potential for  resuspension and 
transport of sediment would be used to reduce 
negative short-term effects.  Restoration of 
habitat may also be required where habitat is 
significantly disturbed.  

Effective
Reduces potential exposure to ecological 
receptors through removal of PCB-containing 
sediments. It has successfully been used for the 
TCRAs in the former Plainwell Impoundment and 
Plainwell No. 2 Dam Area.  

Yes

Hydraulic Dredging Underwater sediment removal using hydraulic 
methods.  Sediments are removed and 
transported in a slurry form for further 
processing/treatment.  Treatment would consist 
of dewatering followed by disposal of dredged 
materials. 

High Very Difficult
Implementability is highly dependent upon water levels.  
Sufficient water depth is needed to support hydraulic 
dredging equipment.  Access to removal areas and 
availability of nearby onshore support areas for 
sediment storage and dewatering operations are also 
critical.  May require access agreements with adjacent 
property owners.  

Effective
Reduces potential exposure to ecological 
receptors through removal of PCB-containing 
sediments. Engineering controls to reduce the 
potential for resuspension of sediment and 
transport would be used to reduce negative short-
term effects.  Restoration of habitat may also be 
required where habitat is significantly disturbed.  

Effective
Reduces potential long-term exposure through 
removal of PCB-containing sediments.  

No

Excavation Excavation "in the 
dry"

Rerouting or isolation of river section through the 
use of cofferdams or sheet pile barriers to create 
a dry environment for removal.   Removal would 
be combined with dewatering and disposal of 
excavated material.  

High Difficult
Implementability is dependent upon (1) water levels, 
(2) access to removal areas, and (3) availability of 
nearby onshore support areas for sediment storage and 
dewatering operations.  May require access 
agreements with adjacent property owners. 

Effective
Reduces potential exposure to ecological 
receptors through removal of PCB-containing 
sediments.  Restoration of habitat may also be 
required where habitat is significantly disturbed.  

Effective
Reduces potential long-term exposure through 
removal of PCB-containing sediments.  

Yes
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General Response 
Actions Technology Type Process Options Description Cost Implementability Short-Term Effectiveness Long-Term Effectiveness Retain

Table 3-1
Remedial Technology Screening Summary -- Sediment

Area 1, OU-5 Kalamazoo River

Treatment and 
Disposal

Treatment of 
Dredged Sediments

Dewatering Dredged sediments would be dewatered either 
mechanically or in Geotubes® to prepare material 
for landfill disposal.

Medium Moderately Difficult
Technically implementable, may require access 
agreements from private property owners for support 
areas.

Effective
Dewatering would be accomplished through 
proven technologies.

Effective
Dewatering would be accomplished through 
proven technologies.

Yes

Amendment 
Addition 

Dredged sediments would be treated with 
appropriate amendments for landfill disposal.

Medium Moderately Difficult
Technically implementable, may require access 
agreements from private property owners for support 
areas.

Effective
Amendment addition would be accomplished 
through proven technologies.

Effective
Amendment addition would be accomplished 
through proven technologies and treated material 
disposed of in a approved landfill.

Yes

Disposal in a 
Landfill

On-site  Landfill Construct an approved landfill cell(s) on site, also 
known as a confined disposal facility (CDF). 
CDFs are engineered structures enclosed by 
dikes and specifically designed to contain 
sediment. Dredge and deposit sediments and/or 
bulk waste (debris) into a CDF. Not applicable to 
TSCA residuals containing PCB concentrations 
greater than 50 mg/kg.

High Very Difficult
Technically implementable if suitable location is 
identified where a CDF could be constructed to 
accommodate the potential volume of dredged material.  
Handling is extensive and would require sufficient 
available space, which may be  limited.  Permits would 
be required.  May require purchase of property for 
construction and permitting.

Effective
Landfill cells are a proven technology to reduce 
mobility and contain waste.

Effective
Landfill cells are a technology proven to reduce 
mobility and contain waste.

No 

Off-site  Landfill Off-site disposal at an existing non-hazardous 
landfill or TSCA landfill for residuals exceeding 50 
mg/kg PCBs.

 High Straightforward
Several disposal facilities used during the 
implementation of previous removals at the site remain 
readily available.

Effective
A permitted landfill is a technology proven to 
reduce mobility and contain waste.

Effective
A permitted landfill is a technology proven to 
reduce mobility and contain waste.

Yes

MNR = monitored natural recovery PREPARED BY/DATE: FKM 06/25/2013
REVISED BY/DATE: MTP 02/21/2014

CHECKED BY/DATE: CED 02/24/2014
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General Response 
Actions Technology Type Process Options Description Cost Implementability Short-Term Effectiveness Long-Term Effectiveness Retain

No Action Natural Recovery      Natural Recovery Natural recovery through attenuation. Inclusion of 
this remedial action mandated by USEPA as a 
baseline condition.

Low Straightforward Unknown
Without monitoring and documentation of 
recovery, effectiveness is not known. 

Unknown
Without monitoring and documentation of 
recovery, effectiveness is not known. 

Yes

Monitored Natural 
Recovery

Monitored Natural 
Recovery

Monitored Natural 
Recovery

Relies on ongoing, naturally-occurring processes 
to reduce constituent concentrations in floodplain 
soil. Includes long-term monitoring to document 
constituent concentration reduction over time.

Low Straightforward                                                            
Readily implementable and minimally intrusive.  

Not Effective
Not expected to be effective in the short term. 
Effectiveness relies on the progression of ongoing 
natural recovery processes. Immediate risk 
reduction may not be easily achieved as natural 
processes may take time. 

Moderately Effective                                  
Effectiveness relies on the progression of ongoing 
natural recovery processes in soil.  Over a period 
of time, risk reduction to meet RAOs would likely 
be achieved.

Yes

Institutional Controls Legal and 
Administrative 
Mechanisms

Land Use 
Restrictions

Land use restrictions involve zoning and/or deed 
restrictions to limit future land use of an area.

Low Moderately Difficult
Implementable but requires agreement of individual 
property owners. May be difficult to achieve for a large 
number of affected properties. 

Moderately Effective
Reduces human exposure to PCBs  by restricting 
activities such as excavation. 

Moderately Effective
Reduces human exposure to PCBs by restricting 
activities such as excavation.  

Yes

Engineering Controls Access 
Restrictions

Fences Restrict access to limit exposure.  Low Not Practical
Fencing the entire floodplain is not practical, numerous 
private properties would be involved  It may be difficult to 
gain access and permission to install a fence.          

Not Effective
Fence installation is not practical for entire 
floodplain. Would not restrict all ecological 
receptors.

Not Effective
Fence installation is not practical for entire 
floodplain. Would not restrict all ecological 
receptors.

No

Containment Capping Cover Soil Containment is accomplished by placing soil fill 
and/or topsoil over areas of floodplain soil 
exceeding the remediation goal.  The soil cover 
provides a barrier to prevent direct contact, 
erosion, or disturbance.  Would require clearing, 
grubbing, and site grading prior to barrier 
placement. Institutional controls may be required 
to prevent cap disturbance by trespassers or 
recreationists.  

Moderate Moderately Difficult
Implementation may require access agreements from 
property owners. Would require clearing, grubbing, and 
site grading prior to cover placement.  Access may be 
difficult depending upon location within Area 1. 
Floodplain evaluations and state permitting required if 
final ground surface elevations would be modified by 
cover soil placement.

Effective
Reduces potential exposure for ecological 
receptors to PCBs in the floodplain soil and the 
potential for migration of PCB-impacted surface 
soil.  Localized, short-term impacts on the 
ecological community (habitat destruction/ 
disturbance) are anticipated during cap 
placement. Soil cover design would allow for 
ecological habitat recovery following installation.

Effective
Reduces potential exposure for ecological 
receptors to PCBs in the floodplain soil and the 
potential for migration of PCB-impacted surface 
soil. 

Yes

Engineered Barrier This process option consists of the placement of 
impermeable layer, fill soil (sand, gravel, clay), 
geosynthetics, and/or topsoil.  The multi-layered 
cap would be designed to isolate and contain 
underlying soil, prevent direct contact, and reduce 
potential for PCB migration. Would require 
clearing, grubbing, and site grading prior to barrier 
placement. Institutional controls may be required 
to prevent cap disturbance by trespassers or 
recreationists.  

Moderate Moderately Difficult
Implementation may require access agreements from 
property owners.  Would require clearing, grubbing, and 
site grading prior to cover placement.  Access may be 
difficult depending upon location within Area 1. 
Floodplain evaluations and state permitting required if 
final ground surface elevations would be modified 
through barrier installation.

Effective
Reduces potential exposure for ecological 
receptors to PCBs in the floodplain soil and the 
potential for migration of PCB-impacted surface 
soil.  Localized, short-term impacts on the 
ecological community (habitat destruction/ 
disturbance) are anticipated during cap 
placement. Soil cover design would allow for 
ecological habitat recovery following installation.

Effective
Reduces potential exposure for ecological 
receptors to PCBs in the floodplain soil and the 
potential for migration of PCB-impacted surface 
soil. 

Yes

Removal Excavation Excavation This technology involves excavation of impacted 
floodplain soil using conventional earthmoving 
equipment and the backfilling of excavated areas 
with clean soil.  

Moderately 
High

Moderately Difficult
Technically implementable.  May require access 
agreements with property owners.  If large volumes are 
excavated and require off-site disposal, there are 
potential risks associated with release and exposure 
during staging and transportation.

Effective
Excavation removes impacted soil from the 
floodplain resulting in immediate reduction in risk.  
Has been successfully implemented as part of the 
TCRA in the former Plainwell Impoundment and 
Plainwell No. 2 Dam Area.  Excavation will 
temporarily destroy the ecological habitat. Design 
would allow for habitat restoration and recovery.

Effective
Excavation removes impacted soil from the 
floodplain resulting in immediate reduction in risk.  
Has been successfully implemented as part of the 
TCRA in the former Plainwell Impoundment and 
Plainwell No. 2 Dam Area.  

Yes

Table 3-2
Remedial Technology Screening Summary -- Floodplain Soil

Area 1, OU-5 Kalamazoo River
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Table 3-2
Remedial Technology Screening Summary -- Floodplain Soil

Area 1, OU-5 Kalamazoo River

Treatment and 
Disposal

Treatment of 
Excavated Soils

Soil Amendments Excavated soil would be treated with soil 
amendments to meet landfill disposal 
requirements

Medium Moderate
Technically implementable; would require area for 
staging/mixing.

Effective
The addition of soil amendments to meet landfill 
disposal requirements is a proven technology.

Effective
The addition of soil amendments to meet landfill 
disposal requirements is a proven technology.

Yes

Landfill On-site Landfill Construct an approved landfill cell(s) on site, also 
known as a confined disposal facility (CDF). CDFs 
are engineered structures enclosed by dikes and 
specifically designed to contain soil. They can be 
built near-shore or upland.  It is anticipated that 
the excavated soil will be non-hazardous and not 
contain PCB concentrations greater than 50 
mg/kg on average.

High Very Difficult
May be difficult to obtain a suitable location where a 
CDF could be constructed to accommodate the 
excavated soil.  Permits would be required.  May require 
purchase of property for construction and permitting.  

Effective
Landfill cells are a proven technology to reduce 
mobility and contain waste.

Effective
Landfill cells are a technology proven to reduce 
mobility and contain waste.

No

Off-site Landfill Off-site disposal at an existing non-hazardous 
landfill.

 High Straightforward
Several disposal facilities used during the 
implementation of previous soil removals at the site 
remain readily available.

Effective
A permitted landfill is a technology proven to 
reduce mobility and contain waste.

Effective
A permitted landfill is a technology proven to 
reduce mobility and contain waste.

Yes

PREPARED BY/DATE: FKM 6/25/13
CHECKED BY/DATE: CED 6/28/13
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Table 3-3 
Shallow (0-6″) Geomorphic-PCB Analysis Data Summary 

Area 1, OU-5 Kalamazoo River 
 

Data Set n 

Quartile Range Values 
(mg/kg PCB) 

0% 25% 50% 75% 100% 

Transverse Location 
Backwater 4 0.085 0.192 0.414 1.73 5.1 
Confluence 4 0.403 0.671 0.835 2.19 6.02 
Left Channel 198 0.025 0.053 0.212 0.803 189 
Mid Channel 130 0.026 0.030 0.063 0.172 162 
Right Channel 170 0.008 0.046 0.158 0.525 101 

Channel Slope 
Low 209 0.008 0.086 0.217 0.610 148 
Moderate 163 0.017 0.030 0.047 0.176 68.5 
High 89 0.017 0.033 0.141 0.725 189 

Curve Position 
Inside Curve 101 0.008 0.095 0.264 0.940 189 
Mid-channel in Curve 74 0.026 0.031 0.083 0.199 162 
Outside Curve 100 0.025 0.046 0.198 0.763 101 
Straight 223 0.017 0.034 0.096 0.334 17.6 

 
 PREPARED/DATE: LSV 7/23/13 
 CHECKED/DATE: NTG 7/23/13  



Table 3-4 
Deep (>6”) Geomorphic-PCB Analysis Data Summary 

Area 1, OU-5 Kalamazoo River 
 

Data Set n 

Quartile Range Values 
(mg/kg PCB) 

0% 25% 50% 75% 100% 

Transverse Location 
Backwater 4 0.044 0.130 0.394 2.15 6.7 
Confluence 3 1.48 2.01 2.54 10.0 17.5 
Left Channel 116 0.014 0.050 0.295 2.55 161 
Mid Channel 65 0.015 0.042 0.133 0.530 22.4 
Right Channel 85 0.021 0.037 0.210 0.451 67 

Channel Slope 
Low 133 0.015 0.080 0.310 0.986 142 
Moderate 64 0.021 0.032 0.115 0.385 17.7 
High 52 0.014 0.034 0.130 3.56 161 

Curve Position 
Inside Curve 65 0.021 0.127 0.419 4.08 161 
Mid-channel in Curve 38 0.015 0.108 0.145 0.538 22.4 
Outside Curve 49 0.014 0.035 0.092 0.416 52.3 
Straight 113 0.026 0.034 0.180 0.540 122 

 
PREPARED/DATE: LSV 7/23/13 

 CHECKED/DATE: NTG 7/23/13 
 



n % n %

Backwater 1 25% 3 75%
Confluence 1 25% 3 75%
Left Channel 45 23% 153 77%
Mid Channel 4 3% 126 97%
Right Channel 25 15% 145 85%

Backwater 1 25% 3 75%
Confluence 1 25% 3 75%
Left Channel 24 12% 174 88%
Mid Channel 3 2% 127 98%
Right Channel 9 5% 161 95%

Backwater 1 25% 3 75%
Confluence 1 25% 3 75%
Left Channel 17 9% 181 91%
Mid Channel 2 2% 128 98%
Right Channel 6 4% 164 96%

Backwater 0 0% 4 100%
Confluence 0 0% 4 100%
Left Channel 9 5% 189 95%
Mid Channel 2 2% 128 98%
Right Channel 6 4% 164 96%

Backwater 0 0% 4 100%
Confluence 0 0% 4 100%
Left Channel 4 2% 194 98%
Mid Channel 2 2% 128 98%
Right Channel 4 2% 166 98%

PREPARED/DATE: LSV 7/23/13
CHECKED/DATE: NTG 7/23/13

RAL = 10 mg/kg PCB

RAL = 50 mg/kg PCB

Channel Location
Samples

Above RAL
Samples Below or 

Equal to RAL

RAL = 1 mg/kg PCB

Table 3-5
Shallow Sediment (0-6") PCB RAL Analysis by Transverse Location

Area 1, OU-5 Kalamazoo River

RAL = 2 mg/kg PCB

RAL = 5 mg/kg PCB

Sections 2-4
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n % n %

Backwater 1 25% 3 75%
Confluence 3 100% 0 0%
Left Channel 38 33% 78 67%
Mid Channel 7 11% 58 89%
Right Channel 12 14% 73 86%

Backwater 1 25% 3 75%
Confluence 2 67% 1 33%
Left Channel 31 27% 85 73%
Mid Channel 6 9% 59 91%
Right Channel 7 8% 78 92%

Backwater 1 25% 3 75%
Confluence 1 33% 2 67%
Left Channel 22 19% 94 81%
Mid Channel 4 6% 61 94%
Right Channel 5 6% 80 94%

Backwater 0 0% 4 100%
Confluence 1 33% 2 67%
Left Channel 20 17% 96 83%
Mid Channel 2 3% 63 97%
Right Channel 5 6% 80 94%

Backwater 0 0% 4 100%
Confluence 0 0% 3 100%
Left Channel 10 9% 106 91%
Mid Channel 0 0% 65 100%
Right Channel 2 2% 83 98%

PREPARED/DATE: LSV 7/23/13
CHECKED/DATE: NTG 7/23/13

Sections 2-4

Channel Location

RAL = 1 mg/kg PCB

RAL = 2 mg/kg PCB

RAL = 5 mg/kg PCB

RAL = 10 mg/kg PCB

RAL = 50 mg/kg PCB

Table 3-6
Deep Sediment (>6") PCB RAL Analysis by Transverse Location

Area 1, OU-5 Kalamazoo River

Samples 
Above RAL

Samples Below or 
Equal to RAL
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Upper Bound Mid Lower Bound
MNR 0.33% 2.3% 4.1%

Recovery 0.33% 2.3% 4.1%

Upper Bound Mid Lower Bound
2 Year MNR (%) 0% 3.4% 5.1%

2 Year Step Down (mg/kg) 0.0063 0.049 0.066
Recovery (%) 3.4% 4% (power) 5.1%

Notes:

Percentages with no (explanation) calculated from the log-linear regression

Upper Bound Mid Lower Bound
2 Year MNR (%) 0% 1.9% 5.1%

4 Year Step Down (mg/kg) 0.0067 0.092 0.075
Recovery (%) 3.4% 4% (power) 5.1%

Notes:

Percentages with no (explanation) calculated from the log-linear regression

Upper Bound Mid Lower Bound
2 Year MNR (%) 0.33% 2.3% 4.1%

10 Year Step Down (mg/kg) 0.023 0.15 0.14
Recovery (%) 2.3% 4% (power) 4.1%

Notes:
Used Area 1 Wide SWAC (see Section 4.7.2.1)
Percentages with no (explanation) calculated from a log-linear regression

Prepared by/Date: SAG 12/08/2014
Checked by/Date: LSV 12/09/2014

S-4

Used SWACs based on GIS and Arithmetic approaches for Remedial Reach (see 
Table 4-4 for SWAC values)

S-5

Used SWACs based on GIS and Arithmetic approaches for Remedial Reach (see 
Table 4-4 for SWAC values)

Table 4-1a
Smallmouth Bass Fillet: Fish Projection Rate Percentages and Step Downs

Area 1, OU-5 Kalamazoo River

S-2

S-3
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Upper Bound Mid Lower Bound
MNR (%) 6.3% 7.5% 8.9%

Recovery (%) 6.3% 7.5% 8.9%

Upper Bound Mid Lower Bound
2 Year MNR (%) 0% 3.2% 5.7%

2 Year Step Down (mg/kg) 0.021 0.16 0.21
Recovery (%) 3.2% 4% (power) 5.7%

Notes:

Percentages with no (explanation) calculated from the log-linear regression

Upper Bound Mid Lower Bound
2 Year MNR (%) 0% 3.2% 5.7%

4 Year Step Down (mg/kg) 0.022 0.30 0.24
Recovery (%) 3.2% 4% (power) 5.7%

Notes:

Percentages with no (explanation) calculated from the log-linear regression

Upper Bound Mid Lower Bound
2 Year MNR (%) 6.3% 7.5% 8.9%

10 Year Step Down (mg/kg) 0.059 0.39 0.36
Recovery (%) 7.5% 8% (power) 8.9%

Notes:
Used Area 1 Wide SWAC (see Section 4.7.2.1)
Percentages with no (explanation) calculated from a log-linear regression

Prepared by/Date: SAG 12/08/2014
Checked by/Date: LSV 12/09/2014

Table 4-1b
Smallmouth Bass Whole Body (Young of Year): Fish Projection Rate 

Percentages and Step Downs
Area 1, OU-5 Kalamazoo River

S-2

S-5

Used SWACs based on GIS and Arithmetic approaches for Remedial Reach (see 
Table 4-4 for SWAC values)

Used SWACs based on GIS and Arithmetic approaches for Remedial Reach (see 
Table 4-4 for SWAC values)

S-3

S-4
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Upper Bound Mid Lower Bound
MNR (%) 1.6% 2.8% 3.9%

Recovery (%) 1.6% 2.8% 3.9%

Upper Bound Mid Lower Bound
2 Year MNR (%) 0.58% 2.2% 6.1%

2 Year Step Down (mg/kg) 0.11 1.1 1.3
Recovery (%) 2.2% 3.5% (power) 6.1%

Notes:

Percentages with no (explanation) calculated from a log-linear regression

Upper Bound Mid Lower Bound
2 Year MNR (%) 0.58% 2.2% 6.1%

4 Year Step Down (mg/kg) 0.12 2.0 1.5
Recovery (%) 2.2% 3.5% (power) 6.1%

Notes:

Percentages with no (explanation) calculated from a log-linear regression

Upper Bound Mid Lower Bound
2 Year MNR (%) 1.6% 2.8% 3.9%

10 Year Step Down (mg/kg) 0.19 1.5 1.4
Recovery (%) 2.8% 3.5% (power) 3.9%

Notes:
Used Area 1 Wide SWAC (see Section 4.7.2.1)
Percentages with no (explanation) calculated from a log-linear regression

Prepared by/Date: SAG 12/08/2014
Checked by/Date: LSV 12/09/2014

S-4

Used SWACs based on GIS and Arithmetic approaches for Remedial Reach (see 
Table 4-3 for SWAC values)

S-5

Used SWACs based on GIS and Arithmetic approaches for Remedial Reach (see 
Table 4-3 for SWAC values)

Table 4-1c
Common Carp Fillet: Fish Projection Rate Percentages and Step Downs

Area 1, OU-5 Kalamazoo River

S-2

S-3
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S-2a Lower Bound S-2: (MNR)
S-2: (MNR)
Upper Bound S-2: (MNR)

S-3b Lower Bound S-3: Section 2-4 Hotspots (Lower Bound Step Down)
S-3: Section 2-4 Hotspots (Mid Approximation Step Down)
Upper Bound S-3: Section 2-4 Hotspots (Upper Bound Step Down)

S-4b Lower Bound S-4: Section 2-4 Hotspots and Section 3 Edges (Lower Bound Step Down)
S-4: Section 2-4 Hotspots and Section 3 Edges (Mid Approximation Step Down)
Upper Bound S-4: Section 2-4 Hotspots and Section 3 Edges (Upper Bound Step Down)

S-5a Lower Bound S-5: Area-wide Removal (Lower Bound Step Down)
S-5: Area-wide Removal (Mid Approximation Step Down)
Upper Bound S-5: Area-wide Removal (Upper Bound Step Down)

Notes:
a Scenarios S-2 and S-5 apply the more conservative dam model, see Appendix I
b Scenarios S-3 and S-4 apply the urban model, see Appendix I
NA = Not Achievable under this scenario
NC = Not Calculated 
RBC = Risk-Based Concentration
MDCH = Michigan Department of Community Health Prepared by/Date: SAG 12/05/14
mg/kg = milligrams per kilogram Checked by/Date: LSV 12/08/14

19

96
47
42

48
25

Table 4-2a
Summary of Years from Initiation of Remediation to Achieve Smallmouth Bass Fillet Concentration Thresholds

Area 1, OU-5 Kalamazoo River

Fish Concentration Thresholds

Remedial Alternative Scenarios

2012 Morrow Lake 
Reference Concentration 

0.23 mg/kg

MDCH: 
2 Meals Per Month 

0.11 mg/kg

Human Health Fish 
Consumption RBC: High 
End Sport Angler (HQ =1)

0.072 mg/kg

Human Health Fish 
Consumption RBC: High 
End Sport Angler (10-5)

0.042 mg/kg

2006 Ceresco Reservoir 
Reference Concentration

0.026 mg/kg
(years to goal)

Achieved

Achieved
Achieved
Achieved

9
18
151

Achieved

10
10
29

25
47
375

2
7
19

4
4
21

20
23
56

Achieved

12
34

30

35
65
504

9
19

34
74

57
106
813

26
43
59

27
36
61

52
59
115

32

10

18
32
46

667
87
47

(years to goal) (years to goal) (years to goal) (years to goal)
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S-2a Lower Bound S-2: (MNR)
S-2: (MNR)
Upper Bound S-2: (MNR)

S-3b Lower Bound S-3: Section 2-4 Hotspots (Lower Bound Step Down)
S-3: Section 2-4 Hotspots (Mid Approximation Step Down)
Upper Bound S-3: Section 2-4 Hotspots (Upper Bound Step Down)

S-4b Lower Bound S-4: Section 2-4 Hotspots and Section 3 Edges (Lower Bound Step Down)
S-4: Section 2-4 Hotspots and Section 3 Edges (Mid Approximation Step Down)
Upper Bound S-4: Section 2-4 Hotspots and Section 3 Edges (Upper Bound Step Down)

S-5a Lower Bound S-5: Area-wide Removal (Lower Bound Step Down)
S-5: Area-wide Removal (Mid Approximation Step Down)
Upper Bound S-5: Area-wide Removal (Upper Bound Step Down)

Notes:
a Scenarios S-2 and S-5 apply the more conservative dam model, see Appendix I
b Scenarios S-3 and S-4 apply the urban model, see Appendix I
NA = Not Achievable under this scenario
NC = Not Calculated 
RBC = Risk-Based Concentration
MDCH = Michigan Department of Community Health
mg/kg = milligrams per kilogram

Prepared by/Date: SAG 12/05/14
Checked by/Date: LSV 12/08/14

Remedial Alternative Scenarios

Mink RBC
0.60 mg/kg

2006 Morrow Lake 
Reference Concentration 

0.34 mg/kg

2006 Ceresco Reservoir 
Reference Concentration 

0.12 mg/kg

Table 4-2b
Summary of Years from Initiation of Remediation to Achieve Smallmouth Bass Young of Year Whole Body Concentration Thresholds

Area 1, OU-5 Kalamazoo River

Fish Concentration Thresholds

(years to goal) (years to goal) (years to goal)

5
7
9

Achieved
2
7

Achieved
4
9

3
10
23

18

10
13
16

18
24
30

35
52

4
4
25

19
28
54

22
27
32

10
10
15

15
13

21
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S-2a Lower Bound S-2: (MNR)
S-2: (MNR)
Upper Bound S-2: (MNR)

S-3b Lower Bound S-3: Section 2-4 Hotspots (Lower Bound Step Down)
S-3: Section 2-4 Hotspots (Mid Approximation Step Down)
Upper Bound S-3: Section 2-4 Hotspots (Upper Bound Step Down)

S-4b Lower Bound S-4: Section 2-4 Hotspots and Section 3 Edges (Lower Bound Step Down)
S-4: Section 2-4 Hotspots and Section 3 Edges (Mid Approximation Step Down)
Upper Bound S-4: Section 2-4 Hotspots and Section 3 Edges (Upper Bound Step Down)

S-5a Lower Bound S-5: Area-wide Removal (Lower Bound Step Down)
S-5: Area-wide Removal (Mid Approximation Step Down)
Upper Bound S-5: Area-wide Removal (Upper Bound Step Down)

Notes:
a Scenarios S-2 and S-5 apply the more conservative dam model, see Appendix I
b Scenarios S-3 and S-4 apply the urban model, see Appendix I
NA = Not Achievable under this scenario
NC = Not Calculated 
RBC = Risk-Based Concentration
MDCH = Michigan Department of Community Health
mg/kg = milligrams per kilogram

Prepared by/Date: SAG 12/05/14
Checked by/Date: LSV 12/08/14

Table 4-2c
Summary of Years From Initiation of Remediation to Achieve Common Carp Fillet Concentration Thresholds

Area 1, OU-5 Kalamazoo River

Fish Concentration Thresholds

Remedial Alternative Scenarios

2012 Morrow Lake 
Reference Concentration 

0.29 mg/kg

2006 Ceresco Reservoir 
Reference Concentration 

0.13 mg/kg

MDCH: 
2 Meals Per Month 

0.11 mg/kg

Human Health Fish 
Consumption RBC: High 
End Sport Angler (HQ =1) 

0.072 mg/kg

Human Health Fish 
Consumption RBC: High 
End Sport Angler (10-5) 

0.042 mg/kg
(years to goal) (years to goal) (years to goal) (years to goal)

53
80

144

27
64

112

28
54

113

46
56
87 114

78
64

71
106
193

75
111
203

151

44
80

153

37 40

147
76
38

145
86

67
82

119

85
127
229

46
103
170

47
93

172

78
95

135

90

98

(years to goal)

145
261

53

90
110
153

118
192

54
108
194
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Table 4-3
Estimated Cost for Alternative S-2 - MNR, ICs and ECs

Area 1, OU-5 Kalamazoo River

AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:  
Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS
Fish Advisory and warning signs already exist. 1 LS -$                                

TOTAL CAPITAL COSTS -$                                

1 LS $8,960 $9,000
Fish Sampling - Field 1 LS $37,060 $37,000
Fish Sampling - Lab Analysis 1 LS $22,491 $22,000
Surface Water Sampling  - Field 1 LS $10,990 $11,000
Surface Water Sampling  - Lab Analysis 1 LS $838 $800
Sediment Sampling - Field 1 LS $33,830 $33,800
Sediment Sampling - Lab Analysis 1 LS $5,922 $5,900
Reporting/Evaluation 1 LS $47,040 $47,000

SUBTOTAL $166,500

Contingency 20% $33,000
SUBTOTAL $200,000

Project Management 10% $20,000
Technical Support 5% $10,000

TOTAL LTM PER EVENT $230,000

Verification of ICs and Reporting 1 LS $10,000 $10,000
Contingency 10% $1,000

SUBTOTAL $11,000
Project Management 10% $1,000
Technical Support 5% $600

TOTAL Annual O&M $12,600

One-time manintenance 1 LS $23,000 $23,000
Contingency 5% $1,200

SUBTOTAL $24,000
Project Management 10% $2,000
Technical Support 5% $1,200

TOTAL MAINTENANCE $27,200

MONITORED NATURAL RECOVERY/ICs/ECs     GP 
KALAMAZOO

ESTIMATED COSTS1,3

O&M COSTS

LONG TERM MONITORING (LTM)
Visual Inspections of River Banks

This cost estimate includes long term monitoring of fish and 
surface water, visual inspections of river banks, and verification 
of ICs.  Fish/surface water monitoring and river bank inspections 
would be performed annually for the first 5 years and every 5 
years until year 30. ECs would be added for erosion control 
based on visual inspections over 30 years and erosion 
maintenance events are assumed at Years 0 and 15. 

MAINTENANCE COSTS
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Table 4-3
Estimated Cost for Alternative S-2 - MNR, ICs and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

Visual Inspection, Sampling, Reporting / 5-Year Review Report

PERIODIC COST  $230,000
Description Year
Maintenance 0 LS $27,200
Inspection, Sampling, Reporting 1 LS $230,000
Inspection, Sampling, Reporting 2 LS $230,000
Inspection, Sampling, Reporting 3 LS $230,000
Inspection, Sampling, Reporting 4 LS $230,000
Inspection, Sampling, Reporting 5 LS $230,000
Inspection, Sampling, Reporting 10 LS $230,000
Maintenance 15 LS $27,200
Inspection, Sampling, Reporting 15 LS $230,000
Inspection, Sampling, Reporting 20 LS $230,000
Inspection, Sampling, Reporting 25 LS $230,000
Inspection, Sampling, Reporting 30 LS $230,000

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0  -$           1.000 -$       
Annual O & M Cost 1 - 30 $12,600 $380,000 12.409 $160,000
Periodic Cost 1 $230,000 0.935 $215,000
Periodic Cost 2 $230,000 0.873 $200,900
Periodic Cost 3 $230,000 0.816 $187,700
Periodic Cost 4 $230,000 0.763 $175,500
Periodic Cost 5 $230,000 0.713 $164,000
Periodic Cost 10 $230,000 0.508 $116,900
One-Time Maintenance 15 $27,200 0.362 $9,900
Periodic Cost 15 $230,000 0.362 $83,400
Periodic Cost 20 $230,000 0.258 $59,400
Periodic Cost 25 $230,000 0.184 $42,400
Periodic Cost 30 $230,000 0.131 $30,200

$2,700,000 $1,400,000

TOTAL PRESENT WORTH2 $1,400,000
TOTAL COST3 $2,700,000

ICs - Institutional Controls PREPARED/DATE: FKM 07/03/2013
LS - Lump Sum REVISED/DATE: MTP 02/14/2014
O&M - Operation and Maintenance CHECKED/DATE: JNM 02/17/2014

1. A list of detailed assumptions is provided in Appendix H.
2. A discount rate of 7% annually was applied to calculate present worth.  
3. Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between
remedial alternatives (USEPA, 1988).  Costs are rounded to two significant figures.

PERIODIC COSTS
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Alternative S-3
LCL Best Est.(S-3C) UCL LCL Best Est.(S-3C) UCL LCL Best Est.(S-3C) UCL LCL Best Est.(S-3C) UCL

Pre Remediation 0.49 1.76 2.33 0.20 2.35 4.73 0.18 2.66 2.91 0.87 2.21 2.96
Post Remediation 0.35 1.09d 1.06 0.06 1.12 3.07 0.00 1.00 1.27 0.39 1.07 1.73

Alternative S-4
LCL Best Est. (S-4F) UCL LCL Best Est. (S-4F) UCL LCL Best Est. (S-4F) UCL LCL Best Est. (S-4F) UCL

Pre Remediation 0.49 1.76 2.23 0.30 2.35 3.32 0.25 2.66d 2.53 0.86 2.21 2.31
Post Remediation 0.34 0.60 0.90 0.43c 0.72 0.79 0.00 0.56 0.81 0.50 0.63 0.71

Notes:
LCL - lower confidence limit
UCL - upper confidence limit
SWAC - Surface area weighted average concentration 
IPWCs - Interval participation weighted concentrations

Interval 1 = 0" to 6"
Interval 2 = 6" to 12" Prepared by: MTP 12/18/2013
Interval 3 = 12" to 24" Checked by: CED 12/18/2013

Table 4-4
Summary of SWAC Bounds for Remedial Alternatives S-3 and S-4

Area 1, OU-5 Kalamazoo River

Remedial Reacha SWACs (mg/kg)
Interval 1 Interval 2 Interval 3 Combined Intervals

b. Best Estimate corresponds to calculation methods S-3C and S-4F, which are the most representative of site conditions based on the available data by
    limiting the post-remediation "credit" for removal to the actual footprint of excavation (rather than whole stream tubes), and consider all of the available
    sediment data within a hot spot area.
c. Post-remediation SWACs do not include sample variability from hotspots and edges. LCL and UCL values calculated solely on sample variability of the
    remaining reach concentrations. For interval 2, this results in a slightly higher post-remediation LCL than the pre-remediation LCL.
d. Best estimate in this scenario is slightly above the UCL calculated.  The difference between these two methods is that one weights each hot spot area 
    separately and the other weights the aggregate average hot spot concentration.  The UCL is based on the latter, which has lower variability.

Remedial Reach SWACs (mg/kg)
Interval 1 Interval 2 Interval 3 Combined Intervals

a. The Remedial Reach extends approximately 3 miles, from RM72.4 (upstream of KPT 19) to RM69.4 (downstream of S-IM1) and includes hot spots KPT-19,
    KPT-20, KRT-4, KRT-5, and S-IM1.
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Table 4-5
Estimated Cost for Alternative S-3A - Removal of Four Hot Spot Areas and

Crown Vantage Side Channel with MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

REMOVAL OF 4 HOT SPOTS, Crown Vantage Side Channel, ICs/ECs, and MNR
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:  

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS

Sediment Removal
Mobilization/Demobilization 1 5% $221,000 $221,000
Site and Staging Areas Preparation 1 LS $350,000 $350,000
Access Roads 5,000 LF $21 $105,000
Resuspension Control 2,600 LF $80 $208,000
Debris Removal 4.00 AC $7,000 $28,000
Sediment Removal (Mechanical) 19,500  CY $75 $1,463,000
Material Dewatering and Handling 19,500 CY $50 $975,000
Water Treatment 9.0 MTH $50,000 $450,000
Confirmation Sampling 3.76 AC $14,300 $54,000
Residual Management 3,700  CY $40 $148,000
Transportation and Disposal
Sampling 57 EA $500 $28,500
TD - Non-TSCA 24,200 TONS $46 $1,113,000
TD - TSCA 4,300 TONS $170 $731,000
Environmental Monitoring 9.0 MTH $8,900 $80,000
Survey 1.0 LS $155,000 $155,000
Site Restoration 
Vegetation 5.0 AC $20,000 $100,000
Bank Armoring 3,700 LF $74 $274,000

SUBTOTAL $6,480,000

Contingency (15% scope+ 20% bid) 35% $2,270,000
SUBTOTAL $8,750,000

Project Management 5% $438,000
Pre-Remedial Design Sampling and Planning 1 $330,000
Remedial Design 5% $438,000
Construction Management 5% $438,000

TOTAL CAPITAL COSTS $10,390,000

ESTIMATED COSTS1,3 

This cost estimate includes removal of four hot spot areas and Crown 
Vantage, MNR, ICs/ECs.  Long term monitoring costs include fish and 
surface water sampling and river bank inspections for the first 5 years and 
every five years thereafter over a 30 year period with  verification of ICs 
annually.  ECs would be added for erosion control based on visual 
inspections over 30 years. An erosion maintenance event is assumed at 
Year 15.
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Table 4-5
Estimated Cost for Alternative S-3A - Removal of Four Hot Spot Areas and

Crown Vantage Side Channel with MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $8,960 $9,000
Fish Sampling - Field 1 LS $37,060 $37,000
Fish Sampling - Lab Analysis 1 LS $22,491 $22,000
Surface Water Sampling  - Field 1 LS $10,720 $11,000
Surface Water Sampling  - Lab 1 LS $838 $800
Sediment Sampling - Field 1 LS $33,830 $33,800
Sediment Sampling - Lab Analysis 1 LS $5,922 $5,900
Reporting/Evaluation 1 LS $47,040 $47,000

SUBTOTAL $166,500
Contingency 20% $33,300

SUBTOTAL $200,000

Project Management 10% $20,000
Technical Support 5% $10,000

TOTAL LTM PER EVENT $230,000

TOTAL PERIODIC COSTS $230,000

Verification of ICs and Reporting 1 LS $10,000 $10,000
Contingency 10% $1,000

SUBTOTAL $11,000
Project Management 10% $1,000
Technical Support 5% $600

TOTAL Annual Verification of ICs $12,600

ECs for erosion maintenance 10% $23,000

30-Year Distributed Costs Summary
Year

Capital Costs 0 LS $10,390,000
Verification of ICs 1-30 LS $12,600
LTM, Reporting 1 LS $230,000
LTM, Reporting 2 LS $230,000
LTM, Reporting 3 LS $230,000
LTM, Reporting 4 LS $230,000
LTM, Reporting 5 LS $230,000
LTM, Reporting 10 LS $230,000
One-Time Maintenance 15 LS $23,000
LTM, Reporting 15 LS $230,000
LTM, Reporting 20 LS $230,000
LTM, Reporting 25 LS $230,000
LTM, Reporting 30 LS $230,000

ANNUAL VERIFICATION OF ICs 

Visual Inspections of River Banks

Description

ONE-TIME MAINTENANCE COST

LONG TERM MONITORING (LTM)
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Table 4-5
Estimated Cost for Alternative S-3A - Removal of Four Hot Spot Areas and

Crown Vantage Side Channel with MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost & ECs 0  $10,413,000 1.000 $10,413,000
Annual ICs Verification 0 - 30 $12,600 $380,000 12.409 $160,000
Periodic Cost 1 $230,000 0.935 $215,000
Periodic Cost 2 $230,000 0.873 $200,900
Periodic Cost 3 $230,000 0.816 $187,700
Periodic Cost 4 $230,000 0.763 $175,500
Periodic Cost 5 $230,000 0.713 $164,000
Periodic Cost 10 $230,000 0.508 $116,900
One-time Maintenance 15 $23,000 0.362 $8,300
Periodic Cost 15 $230,000 0.362 $83,400
Periodic Cost 20 $230,000 0.258 $59,400
Periodic Cost 25 $230,000 0.184 $42,400
Periodic Cost 30 $230,000 0.131 $30,200

$13,100,000 $11,900,000

TOTAL PRESENT WORTH3 $11,900,000
TOTAL COST3 $13,100,000

 

ICs - Institutional Controls PREPARED/DATE: FKM  07/08/2013
MNR - Monitored Natural Recovery REVISED/DATE: MTP 02/14/2014
LS - Lump Sum CHECKED/DATE: JNM 02/17/2014
ECs - Engineering Controls
LF - Linear Feet
AC - Acres
CY - Cubic Yard
MTH - Month
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.

3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial alternatives 
      (USEPA, 1988).  Costs are rounded to three significant figures.

2.   A discount rate of 7.0% annually was applied to calculate present worth.  
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Table 4-6
Estimated Cost for Alternative S-3B - Removal of Four Hot Spot Areas,

In-situ Capping of Crown Vantage Side Channel, MNR, ICs and ECs
Area 1, OU-5 Kalamazoo River

REMOVAL OF HOT SPOTS, CAPPING OF CV, ICs/ECs, and MNR
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:  

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS

Sediment Removal
Mobilization/Demobilization 1 5% $206,000 $206,000
Site and Staging Areas Preparation 1 LS $350,000 $350,000
Access Roads 5,000 LF $21 $105,000
Resuspension Control 2,600 LF $70 $182,000
Debris Removal 3.0 AC $7,000 $21,000
Sediment Removal (Mechanical) 15,600 CY $75 $1,170,000
Material Dewatering and Handling 15,600 CY $50 $780,000
Water Treatment 9.0 MTH $50,000 $450,000
Confirmation Sampling 2.8 AC $14,300 $39,000
Residual Management 2,700 CY $40 $108,000
Transportation and Disposal 
Sampling 46 EA $500 $23,000
TD - Non-TSCA 19,300 TONS $46 $888,000
TD - TSCA 3,500 TONS $170 $595,000
Environmental Monitoring 9.0 MTH $8,900 $80,000

Sediment Cap
Sand 4,900 CY $40 $196,000
Gravel Armor Stone 2,000 CY $45 $90,000
Survey 1 LS $155,000 $155,000

Site Restoration 
Vegetation 5.0 AC $20,000 $100,000
Bank Amoring 3,700 LF $74 $274,000

SUBTOTAL $5,810,000

Contingency (15% scope+ 20% bid) 35% $2,030,000
SUBTOTAL $7,840,000

Project Management 5% $392,000
Pre-Remedial Design Sampling and Planning 1 $330,000
Remedial Design 5% $392,000
Construction Management 5% $392,000

TOTAL CAPITAL COSTS $9,350,000

ESTIMATED COSTS1,3 

This cost estimate includes removal of five hot spot areas, in-situ capping 
of Crown Vantage side channel, ICs/ECs, and MNR.  Long term 
monitoring costs include fish and surface water sampling, river bank 
inspections for the first 5 years and every five yerars until year 30 years 
with  verification of ICs/ECs with inspections annually. Costs include a 
one-time maintenance event on the cap at year 15. An erosion 
maintenance ia assumed at year 15.
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Table 4-6
Estimated Cost for Alternative S-3B - Removal of Four Hot Spot Areas,

In-situ Capping of Crown Vantage Side Channel, MNR, ICs and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $8,960 $9,000
Fish Sampling - Field 1 LS $37,060 $37,000
Fish Sampling - Lab Analysis 1 LS $22,491 $22,000
Surface Water Sampling  - Field 1 LS $10,720 $11,000
Surface Water Sampling  - Lab 1 LS $838 $800
Sediment Sampling - Field 1 LS $33,830 $33,800
Sediment Sampling - Lab Analysis 1 LS $5,922 $5,900
Reporting 1 LS $47,040 $47,000

SUBTOTAL $166,500
Contingency 20% $33,300
Project Management 10% $20,000
Technical Support 5% $10,000

LTM SUBTOTAL $230,000

CAP AND EROSION CONTROL INSPECTIONS
Cap monitoring 1 LS $5,000 $5,000
Reporting 1 LS $5,000 $5,000

SUBTOTAL $10,000
Contingency 20% $2,000
Project Management 10% $1,200
Technical Support 5% $600

$13,800

LTM of fish, surface water, river banks, and reporting $230,000
Cap Monitoring/Inspections $13,800

TOTAL PERIODIC COSTS $243,800

Verification of ICs and Reporting 1 LS $10,000 $10,000
Contingency 10% $1,000
Project Management 10% $1,000
Technical Support 5% $600

TOTAL Annual Verification of ICs $12,600

One-time Cap Maintenance 5% % of installation w/ 35% contingency $30,000
One time Bank Erosion Control Maintenance 10% % of installation w/ 35% contingency $37,000

TOTAL ONE-TIME MAINTENANCE COSTS $67,000

Year
Capital Costs 0 LS $9,350,000
Annual Verification Ics 1-30 LS $12,600
LTM, Cap/EC Insp., Reporting 1 LS $243,800
LTM, Cap/EC Insp., Reporting 2 LS $243,800
LTM, Cap/EC Insp., Reporting 3 LS $243,800
LTM, Cap/EC Insp., Reporting 4 LS $243,800
LTM, Cap/EC Insp., Reporting 5 LS $243,800
LTM, Cap/EC Insp., Reporting 10 LS $243,800
One-time maintenance 15 LS $67,000
LTM, Cap/EC Insp., Reporting 15 LS $243,800
LTM, Cap/EC Insp., Reporting 20 LS $243,800
LTM, Cap/EC Insp., Reporting 25 LS $243,800
LTM, Cap/EC Insp., Reporting 30 LS $243,800

LONG TERM MONITORING

ANNUAL VERIFICATION OF ICs 

Visual Inspections of River Banks

CAP & EC INSPECTIONS SUBTOTAL

Description

PERIODIC COSTS

ONE-TIME MAINTENANCE COSTS

30-YEAR DISTRIBUTED COSTS SUMMARY:
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Table 4-6
Estimated Cost for Alternative S-3B - Removal of Four Hot Spot Areas,

In-situ Capping of Crown Vantage Side Channel, MNR, ICs and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0  $9,350,000 1.000 $9,350,000
Annual Verification Ics 0 - 30 $12,600 $380,000 12.409 $160,000
Periodic Cost 1 $244,000 0.935 $228,000
Periodic Cost 2 $244,000 0.873 $213,100
Periodic Cost 3 $244,000 0.816 $199,200
Periodic Cost 4 $244,000 0.763 $186,100
Periodic Cost 5 $244,000 0.713 $174,000
Periodic Cost 10 $244,000 0.508 $124,000
One-Time Maintenance Cost 15 $67,000 0.362 $24,300
Periodic Cost 15 $244,000 0.362 $88,440
Periodic Cost 20 $244,000 0.258 $63,050
Periodic Cost 25 $244,000 0.184 $44,960
Periodic Cost 30 $244,000 0.131 $32,050

$12,200,000 $10,890,000

TOTAL PRESENT WORTH3 $10,900,000
TOTAL COST3 $12,200,000

 

ICs - Institutional Controls PREPARED/DATE: FKM  07/08/2013
MNR - Monitored Natural Recovery REVISED/DATE: MTP 02/17/2014
LS - Lump Sum CHECKED/DATE: JNM 02/18/2014
ECs - Engineering Controls
LF - Linear Feet
AC - Acres
CY - Cubic Yard
MTH - Month
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.

3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial alternatives 
      (USEPA, 1988).  Costs are rounded to three significant figures.

2.   A discount rate of 7.0% annually was applied to calculate present worth.  
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Table 4-7
Estimated Cost for Alternative S-4A - Removal of Four Hot Spot Areas,

Section 3 River Edges, Crown Vantage Side Channel, MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:  

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS

Sediment Removal1

Mobilization/Demobilization 1 5% $654,000 $654,000
Site and Staging Areas Preparation 1 LS $285,000 $285,000
Access Roads 10,000 LF $21 $210,000
Resuspension Control 10,400 LF $80 $832,000
Debris Removal 19.00 AC $7,000 $133,000
Sediment Removal (Mechanical) 63,900 CY $75 $4,793,000
Material Dewatering and Handling 63,900  CY $50 $3,195,000
Water Treatment 30.0 MTH $50,000 $1,500,000
Confirmation Sampling 17.66 AC $14,300 $253,000
Residual Management 10,400 CY $40 $416,000
Transportation and Disposal 
Sampling 187 EA $500 $93,500
TD - Non-TSCA 79,100 TONS $46 $3,639,000
TD - TSCA 14,000 TONS $170 $2,380,000
Environmental Monitoring 30.0 MTH $8,900 $267,000
Survey 1.0 LS $310,000 $310,000
Site Restoration 
Vegetation 12.0 AC $20,000 $240,000
Bank Amoring 7,400 LF $74 $548,000

SUBTOTAL $19,750,000

Contingency (15% scope+ 20% bid) 35% $6,910,000
SUBTOTAL $26,660,000

Project Management 5% $1,333,000
Pre-Remedial Design Sampling and Planning 1 $330,000
Remedial Design 5% $1,333,000
Construction Management 5% $1,333,000

TOTAL CAPITAL COSTS $30,990,000

This cost estimate includes removal of four hot spot areas, Section 3 
River Edges, Crown Vantage Side Channel, MNR, and ICs/ECs.  Long 
term monitoring costs include fish/surface water sampling for the first 5 
years and every five years until year 30-year with IC verification/reporting 
annually. ECs would be added for control of erosion based on visual 
inspections over the 30 years. An erosion maintenance ia assumed at 
Year 15.

ESTIMATED COSTS1,3 

REMOVAL OF 4 HOT SPOTS, CROWN CHANNEL SIDE CHANNEL, SECTION 3 
RIVER EDGES, ICs/ECs, and MNR
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Table 4-7
Estimated Cost for Alternative S-4A - Removal of Four Hot Spot Areas,

Section 3 River Edges, Crown Vantage Side Channel, MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $8,960 $9,000
Fish Sampling - Field 1 LS $37,060 $37,000
Fish Sampling - Lab Analysis 1 LS $22,491 $22,000
Surface Water Sampling  - Field 1 LS $10,720 $11,000
Surface Water Sampling  - Lab 1 LS $838 $800
Sediment Sampling - Field 1 LS $33,830 $33,800
Sediment Sampling - Lab Analysis 1 LS $5,922 $5,900
Reporting 1 LS $47,040 $47,000

SUBTOTAL $166,500
Contingency 20% $33,300

SUBTOTAL $200,000

Project Management 10% $20,000
Technical Support 5% $10,000

TOTAL LTM COSTS $230,000

Verification of ICs and Reporting 1 LS $10,000 $10,000
Contingency 5% $500

SUBTOTAL $11,000
Project Management 10% $1,000
Technical Support 5% $600

TOTAL Annual Verification of ICs $12,600

ECs - for erosion maintenance 10% % of installation w/ 35% contingency $73,980

30-Year Distributed Costs Summary
Year

Capital Costs 0 LS $30,990,000
Annual Verification Ics 1-30 LS $12,600
LTM and Reporting 1 LS $230,000
LTM and Reporting 2 LS $230,000
LTM and Reporting 3 LS $230,000
LTM and Reporting 4 LS $230,000
LTM and Reporting 5 LS $230,000
LTM and Reporting 10 LS $230,000
One-Time ECs Maintenance 15 LS $73,980
LTM and Reporting 15 LS $230,000
LTM and Reporting 20 LS $230,000
LTM and Reporting 25 LS $230,000
LTM and Reporting 30 LS $230,000

Visual Inspections of River Banks

ANNUAL VERIFICATION OF ICs 

Description

ONE-TIME COSTS

LONG TERM MONITORING
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Table 4-7
Estimated Cost for Alternative S-4A - Removal of Four Hot Spot Areas,

Section 3 River Edges, Crown Vantage Side Channel, MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0  $30,990,000 1.000 $30,990,000
Annual Verification Ics 0 - 30 $12,600 $380,000 12.409 $160,000
Periodic Cost 1 $230,000 0.935 $215,000
Periodic Cost 2 $230,000 0.873 $200,900
Periodic Cost 3 $230,000 0.816 $187,700
Periodic Cost 4 $230,000 0.763 $175,500
Periodic Cost 5 $230,000 0.713 $164,000
Periodic Cost 10 $230,000 0.508 $116,900
ECs 15 $73,980 0.362 $26,810
Periodic Cost 15 $230,000 0.362 $83,360
Periodic Cost 20 $230,000 0.258 $59,440
Periodic Cost 25 $230,000 0.184 $42,380
Periodic Cost 30 $230,000 0.131 $30,210

$33,700,000 $32,500,000

TOTAL PRESENT WORTH3 $32,500,000
TOTAL COST3 $33,700,000

 

PREPARED/DATE: FKM  07/08/2013
ICs - Institutional Controls REVISED/DATE: MTP 02/14/2014
MNR - Monitored Natural Recovery CHECKED/DATE: JNM 02/18/2014
LS - Lump Sum
ECs - Engineering Controls
LF - Linear Feet
AC - Acres
CY - Cubic Yard
MTH - Month
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.

3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial alternatives 
      (USEPA, 1988).  Costs are rounded to three significant figures.

2.   A discount rate of 7.0% annually was applied to calculate present worth.  
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Table 4-8
Estimated Cost for Alternative S-4B - Removal of Four Hot Spot Areas

and Section 3 River Edges, In-situ Capping of Crown Vantage Side Channel, MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

REMOVAL OF 5 HOT SPOTS, SECTION 3 RIVER EDGES, CAPPING OF 
CROWN VANTAGE, ICs/ECs and MNR
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:  

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS

Sediment Removal
Mobilization/Demobilization 1 5% $623,000 $623,000
Site and Staging Areas Preparation 1 LS $350,000 $350,000
Access Roads 10,000 LF $21 $210,000
Resuspension Control 10,400 LF $80 $832,000
Debris Removal 18 AC $7,000 $126,000
Sediment Removal (Mechanical) 59,900 CY $75 $4,493,000
Material Dewatering and Handling 59,900 CY $50 $2,995,000
Water Treatment 25.0 MTH $50,000 $1,250,000
Confirmation Sampling 16.65 AC $14,200 $236,000
Residual Management 9,400  CY $40 $376,000
Transportation and Disposal
Sampling 175 EA $500 $87,500
TD - Non-TSCA 74,200 TONS $46 $3,413,000
TD - TSCA 13,100 TONS $170 $2,227,000
Environmental Monitoring 30.0 MTH $8,900 $267,000

Sediment Cap
Sand 4,900 CY $40 $196,000
Gravel Armor Stone 2,000 CY $45 $90,000
Survey 1.0 LS $155,000 $155,000

Site Restoration 
Vegetation 12.0 AC $20,000 $240,000
Bank Amoring 7,400 LF $74 $548,000

SUBTOTAL $18,710,000

Contingency (15% scope+ 20% bid) 35% $6,550,000
SUBTOTAL $25,260,000

Project Management 5% $1,263,000
Pre-Remedial Design Sampling and Planning 1 $330,000
Remedial Design 5% $1,263,000
Construction Management 5% $1,263,000

TOTAL CAPITAL COSTS $29,380,000

This cost estimate includes removal of five hot spot areas, river channel 
edges, capping of Crown Vantage side channel, ICs/ECs, and MNR.  Long 
term monitoring costs include fish and surface water sampling, visual 
inspections of river banks, for the first 5 years and every five years following 
over a 30 year period with and verification of ICs/ECs annually.  ECs would 
be added for control of erosion based on visual inspections over the 30 
years. An erosion maintenance ia assumed at year 15.

ESTIMATED COSTS1,3 

Page 1 of 3



Table 4-8
Estimated Cost for Alternative S-4B - Removal of Four Hot Spot Areas

and Section 3 River Edges, In-situ Capping of Crown Vantage Side Channel, MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $8,960 $9,000
Fish Sampling - Field 1 LS $37,060 $37,000
Fish Sampling - Lab Analysis 1 LS $22,491 $22,000
Surface Water Sampling  - Field 1 LS $10,720 $11,000
Surface Water Sampling  - Lab 1 LS $838 $800
Sediment Sampling - Field 1 LS $33,830 $33,800
Sediment Sampling - Lab Analysis 1 LS $5,922 $5,900
Reporting 1 LS $47,040 $47,000

SUBTOTAL $166,500
Contingency 20% $33,300
Project Management 10% $20,000
Technical Support 5% $10,000

LTM SUBTOTAL $230,000

CAP AND EROSION CONTROL INSPECTIONS
Cap monitoring 1 LS $5,000 $5,000
Reporting 1 LS $5,000 $5,000

SUBTOTAL $10,000
Contingency 20% $2,000
Project Management 10% $1,200
Technical Support 5% $600

$13,800

LTM of fish, surface water, river banks, and reporting $230,000
Cap Monitoring/Inspections $13,800

TOTAL PERIODIC COSTS $243,800

Verification of ICs and Reporting 1 LS $10,000 $10,000
Contingency 10% $1,000
Project Management 10% $1,000
Technical Support 5% $600

TOTAL Annual Verification of ICs $12,600

One-time Cap Maintenance 5% % of installation w/ 35% contingency $30,000
One time Bank Erosion Control Maintenance 10% % of installation w/ 35% contingency $74,000

TOTAL ONE-TIME MAINTENANCE COSTS $104,000

Year
Capital Costs 0 LS $29,380,000
Annual ICs Verification 1-30 LS $12,600
LTM, Cap/ECs Insp, Reporting 1 LS $243,800
LTM, Cap/ECs Insp, Reporting 2 LS $243,800
LTM, Cap/ECs Insp, Reporting 3 LS $243,800
LTM, Cap/ECs Insp, Reporting 4 LS $243,800
LTM, Cap/ECs Insp, Reporting 5 LS $243,800
LTM, Cap/ECs Insp, Reporting 10 LS $243,800
One-time maintenance 15 LS $104,000
LTM, Cap/ECs Insp, Reporting 15 LS $243,800
LTM, Cap/ECs Insp, Reporting 20 LS $243,800
LTM, Cap/ECs Insp, Reporting 25 LS $243,800
LTM, Cap/ECs Insp, Reporting 30 LS $243,800

CAP & EC INSPECTIONS SUBTOTAL

PERIODIC COSTS

ONE-TIME MAINTENANCE COSTS

Visual Inspections of River Banks

ANNUAL VERIFICATION OF ICs 

Description

LONG TERM MONITORING (LTM)
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Table 4-8
Estimated Cost for Alternative S-4B - Removal of Four Hot Spot Areas

and Section 3 River Edges, In-situ Capping of Crown Vantage Side Channel, MNR, ICs, and ECs
Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0  $29,380,000 1.000 $29,380,000
Annual Verification Ics 0 - 30 $12,600 $380,000 12.409 $160,000
Periodic Cost 1 $244,000 0.935 $228,000
Periodic Cost 2 $244,000 0.873 $213,100
Periodic Cost 3 $244,000 0.816 $199,200
Periodic Cost 4 $244,000 0.763 $186,100
Periodic Cost 5 $244,000 0.713 $174,000
Periodic Cost 10 $244,000 0.508 $124,000
One-Time Maintenance Cost 15 $104,000 0.362 $37,700
Periodic Cost 15 $244,000 0.362 $88,440
Periodic Cost 20 $244,000 0.258 $63,050
Periodic Cost 25 $244,000 0.184 $44,960
Periodic Cost 30 $244,000 0.131 $32,050

$32,300,000 $30,900,000

TOTAL PRESENT WORTH3 $31,000,000
TOTAL COST3 $32,300,000

 

PREPARED/DATE: FKM  07/08/2013
REVISED/DATE: MTP 02/17/2014

ICs - Institutional Controls CHECKED/DATE: JNM 02/18/2014
MNR - Monitored Natural Recovery
LS - Lump Sum
ECs - Engineering Controls
LF - Linear Feet
AC - Acres
CY - Cubic Yard
MTH - Month
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.
2.   A discount rate of 7.0% annually was applied to calculate present worth.  
3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial alternatives 
      (USEPA, 1988).  Costs are rounded to three significant figures.
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Table 4-9
Estimated Cost for Alternative S-5 - Area 1-Wide Removal, MNR, ICs, and ECs

Area 1, OU-5 Kalamazoo River

REMOVAL OF IMPACTED SEDIMENTS FROM
THE ENTIRE AREA 1
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost2

CAPITAL COSTS

Sediment Removal
Mobilization/Demobilization 1 5% $5,497,000 $5,500,000
Access Agreements 1 LS $5,000,000 $5,000,000
Site and Staging Areas Preparation 1 LS $1,530,000 $1,500,000
Access Roads 58,000 LF $21 $1,218,000
Resuspension Control 40,000 LF $80 $3,200,000
Debris Removal 300 AC $7,000 $2,100,000
Sediment Removal (Mechanical) 485,650  CY $75 $36,400,000
Material Dewatering and Handling 485,650  CY $50 $24,300,000
Water Treatment 240 MTH $50,000 $12,000,000
Confirmation Sampling 300 AC $12,900 $3,900,000
Residual Management 73,000  CY $40 $2,900,000
Transportation and Disposal
Sampling 1,430 EA $500 $715,000
TD - Non-TSCA 608,900 TONS $46 $28,000,000
TD - TSCA 107,500 TONS $170 $18,300,000
Environmental Monitoring 80.0 MTH $8,900 $700,000
Survey 1.0 LS $2,200,000 $2,200,000
Site Restoration 
Restoration 1 LS $10,500,000 $10,500,000
Vegetation 200 AC $20,000 $4,000,000
Bank Amoring 58,000 LF $74 $4,300,000

SUBTOTAL $166,700,000

Contingency (25% scope+ 20% bid) 45% $75,000,000
SUBTOTAL $242,000,000

Project Management 10% $24,200,000
Pre-Remedial Design Sampling and Planning 1 $2,420,000
Remedial Design 5% $12,100,000
Construction Management 10% $24,200,000

TOTAL CAPITAL COSTS $305,000,000

ESTIMATED COSTS1,3 

This cost estimate includes costs for dredging the entire Area 1 with PCB 
conc > 1 mg/kg.  Long term monitoring costs include fish and surface 
water sampling, visual inspections of river banks for the first 5 years and 
every five years until year 30 year with verification of ICs annually.  
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Table 4-9
Estimated Cost for Alternative S-5 - Area 1-Wide Removal, MNR, ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost2

1 LS $8,960 $9,000
Fish Sampling - Field 1 LS $37,060 $37,000
Fish Sampling - Lab Analysis 1 LS $22,491 $22,000
Surface Water Sampling  - Field 1 LS $10,720 $11,000
Surface Water Sampling  - Lab 1 LS $838 $800
Reporting 1 LS $47,040 $47,000

SUBTOTAL $126,800
Contingency 20% $25,400

SUBTOTAL $152,000

Project Management 10% $15,000
Technical Support 5% $8,000

SUBTOTAL $175,000

TOTAL LTM PER EVENT $175,000

Verification of ICs and Reporting 1 LS $10,000 $10,000
Contingency 5% $500

SUBTOTAL $11,000
Project Management 10% $1,000
Technical Support 5% $600

TOTAL ANNUAL Verification of ICs $12,600

ECs for erosion maintenance 10% $30,500,000

Year
Capital Costs 0 - 10 LS $305,000,000
LTM, IC/EC Verification, Reporting 11 LS $175,000
LTM, IC/EC Verification, Reporting 12 LS $175,000
LTM, IC/EC Verification, Reporting 13 LS $175,000
LTM, IC/EC Verification, Reporting 14 LS $175,000
LTM, IC/EC Verification, Reporting 15 LS $175,000
LTM, IC/EC Verification, Reporting 20 LS $175,000
ECs 20 LS $30,500,000
LTM, IC/EC Verification, Reporting 25 LS $175,000
LTM, IC/EC Verification, Reporting 30 LS $175,000

Description

PERIODIC COSTS

LONG TERM MONITORING (LTM)
Visual Inspections of River Banks

ANNUAL VERIFICATION OF ICs 
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Table 4-9
Estimated Cost for Alternative S-5 - Area 1-Wide Removal, MNR, ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost2

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0 - 10 $30,500,000 $305,000,000 7.024 $214,230,000
Annual O&M 11 - 30 $12,600 $250,000 5.385 $70,000
Periodic Cost 11 $175,000 0.475 $83,100
Periodic Cost 12 $175,000 0.444 $77,700
Periodic Cost 13 $175,000 0.415 $72,600
Periodic Cost 14 $175,000 0.388 $67,900
Periodic Cost 15 $175,000 0.362 $63,400
Periodic Cost 20 $175,000 0.258 $45,200
ECs 20 $30,500,000 0.258 $7,881,800
Periodic Cost 25 $175,000 0.184 $32,240
Periodic Cost 30 $175,000 0.131 $22,990

$337,000,000 $223,000,000

TOTAL PRESENT WORTH3 $223,000,000
TOTAL COST3 $337,000,000

 

ICs - Institutional Controls PREPARED/DATE: FKM  07/08/2013
MNR - Monitored Natural Recovery REVISED/DATE: MTP 02/14/2014
LS - Lump Sum CHECKED/DATE: JNM 02/18/2014
ECs - Engineering Controls
LF - Linear Feet
AC - Acres
CY - Cubic Yard
MTH - Month
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.
2.   A discount rate of 7.0% annually was applied to calculate present worth.  3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial
      alternatives (USEPA, 1988).  Costs are rounded to three significant figures.
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Alternative Description
Overall Protection of Human Health and the 

Environment Compliance with ARARs Short-term Effectiveness Long-term Effectiveness Reduction of TMV Through Treatment Implementability Cost

S-1 No Further Action

PRGs would eventually be met through natural 
recovery; however, the time to reach recovery is 
estimated to be lengthy (87 to 145 years 
depending on fish species). Recovery would not be 
documented by long-term monitoring.

Chemical-specific ARARs would eventually be met 
through natural recovery; however, the time to 
reach recovery is estimated to be lengthy (87 to 
145 years, depending on fish species). Recovery 
would not be documented by long-term monitoring.

No immediate short-term effect.

Implementation of TCRA and natural recovery 
have already reduced PCB concentrations in 
surficial sediment and will continue.  The 
timeframe to achieve the sediment PRG would be 
very lengthy. 

Does not reduce TMV. No active implementation required. Total Cost: $0

S-2 MNR, ICs, and ECs

PRGs would eventually be met through natural 
recovery; however, the time to reach recovery is 
estimated to be lengthy (87 to 145 years, 
depending on fish species). Recovery would  be 
documented by long-term monitoring.  Fish 
advisories and signage would remain in place.  
Engineering controls would be implemented to limit 
observed erosion where PCBs are elevated.

TSCA equivalency documentation required. 
Chemical-specific ARARs would eventually be met 
through natural recovery.  Action-specific ARARs 
would include existing fish advisories and signage. 
Engineering controls would be implemented to limit 
observed erosion where PCB concentrations are 
elevated.

No immediate short-term effect.

Implementation of TCRA and natural recovery 
have already reduced PCB concentrations in 
surficial sediment and will continue.  The time to 
achieve the sediment PRG would be very lengthy. 

Does not reduce TMV.
Long-term monitoring and inspections are easy to 
implement.  ICs are currently in place and would be 
continued.

Total Cost: $2,700,000

S-3A
Removal of 5 Hot Spot Areas in 
Remedial Reach and Crown Vantage 
Side Channel; MNR; ICs; and ECs

PRGs estimated to be met in approximately 32 and 
118 years for smallmouth bass and carp, 
respectively.  Higher concentrations of PCBs 
would be removed to provide sediment SWACs at 
or below 1 mg/kg.  Natural recovery processes 
would then reduce the sediment concentrations to 
the PRG (0.33 mg/kg or background) over time.  

TSCA equivalency documentation required. 
Complies with ARARs in a reasonable timeframe 
32 to 118 years, depending upon fish species).

Reduction of sediment SWACs upon 
removal.  Temporary, reversible, and  
limited impact to habitat area. Risks to 
workers during construction activities would 
be controlled through safe work practices 
and training. 

Reduction of sediment SWACs to less than 1 
mg/kg upon removal with achievement of fish 
tissue PRGs over a period of 32 to 118 years. 

Does not reduce TMV through treatment; 
however, removal would reduce the volume 
of PCB containing sediment within Area 1.  

Requires the construction of roads and staging areas. 
Removal and dewatering will be performed through the 
use of conventional equipment which is readily available.  
Transport of dewatered material to an approved landfill 
would be required.  Time to complete is estimated at 1 to 
2 years assuming 8 months to a construction season.  

Total Cost: $13,100,000
to $16,600,000

S-3B Same as S-3A except capping of 
Crown Vantage Side Channel

See Alternative S-3A.  Capping of the side channel 
would be immediately effective in overall 
protection in the side channel because a protective 
barrier would prohibit direct contact with receptors. 

See Alternative S-3A.  Capping of the side channel 
would be immediately effective in achieving 
ARARs in the side channel because a protective 
barrier would prohibit direct contact with receptors. 

See Alternative S-3A.  Capping would be 
effective in the short term. 

See Alternative S-3A.  Capping would be effective 
in the long term. 

Does not reduce TMV through treatment; 
however, mobility would be reduced through 
capping and removal would reduce the 
volume of PCB containing sediment . 

Capping is implementable with conventional equipment.  
Total Cost: $12,200,000

to $15,700,000

S-4A

Removal of 5 Hot Spot Areas in 
Remedial Reach, Crown Vantage 
Side Channel, and Section 3 River 
Edges; MNR, ICs, and ECs

PRGs estimated to be met in approximately 25 and 
108 years for smallmouth bass and carp, 
respectively.  Higher concentrations of PCBs 
would be removed to provide sediment SWACs 
less than 1 mg/kg.  Natural recovery processes 
would then reduce the sediment concentrations to 
the PRG (0.33 mg/kg or background) over time.  

TSCA equivalency documentation required. 
Complies with ARARs in a reasonable timeframe 
(estimated at 25 to 108 years, depending upon fish 
species).

Reduction of SWAC upon removal.  Impact 
to habitat would be invasive such that 
habitat in Section 3 (1.7 miles) would be 
destroyed and habitat/wildlife recovery could 
be lengthy. Risks to workers during 
excavation activities would be controlled 
through safe work practices and training. 

Reduction of sediment SWACs to less than 1 
mg/kg upon removal with achievement of fish 
tissue PRGs over a period of 25 to 108 years, 
depending on fish species. Large increase in 
habitat destruction over S-3A with no additional 
reduction in time to reach fish tissue and sediment 
PRGs.

Does not reduce TMV through treatment; 
however, removal would reduce the volume 
of PCB containing sediment .  

Requires the construction of roads and staging areas for 
access of 1.4 miles on both sides of river in Section 3. 
Removal and dewatering will be performed through the 
use of conventional equipment, which is readily available.  
Transport of dewatered material to an approved landfill 
would be required.  Time to complete is estimated at 4 
years assuming 8 months to a construction season.  

Total Cost : $33,700,000
to $37,200,000

S-4B Same as S-4A except capping of 
Crown Vantage Side Channel

See Alternative S-4A.  Capping of the side channel 
would be immediately effective in overall 
protection in the side channel because a protective 
barrier would prohibit direct contact with receptors. 

See Alternative S-4A  Capping of the side channel 
would be immediately effective in achieving 
ARARs in the side channel because a protective 
barrier would prohibit direct contact with receptors. 

See Alternative S-4A.  Capping would be 
effective in the short term. 

See Alternative S-4A.  Capping would be effective 
in the long term. 

Does not reduce TMV through treatment; 
however, mobility would be reduced through 
capping and removal would reduce the 
volume of PCB containing sediment . 

Capping is implementable with conventional equipment.  
Total Cost: $32,300,000

to $35,800,000

S-5
Area 1-wide Removal of sediment 
with PCB concentrations greater than 
1 mg/kg

PRGs estimated to be met within 47 and 110 years 
for smallmouth bass and carp, respectively.  
Higher concentrations of PCBs would be removed 
to provide sediment SWACs less than 0.33 mg/kg. 
throughout Area 1.  However, an extensive 
construction effort and impact to habitat/wildlife 
would delay achievement of PRGs compared to 
other excavation alternatives. 

Compliance with ARARs would be delayed until 
after construction complete. Time to complete is 
10 years assuming a construction season of 8 
months within a year and a minimum of three 
crews working in three separate areas.  Removal 
activities would increase resuspension of PCBs 
within these 10 years such that time to reach goals 
is not improved over Alternatives 3A and 3B. Total 
time to reach chemical-specific ARARs is 
estimated to be 47 to 110 years, depending upon 
fish species. 

Not effective in short term due to 
resuspension potential during a prolonged 
construction period of at least 10 years. 
Impact to habitat would be invasive and 
extensive such that habitat within 22 miles of 
the River would be destroyed and 
habitat/wildlife recovery would be lengthy. 
Risks to workers during construction 
activities would be controlled through safe 
work practices and training. 

Evidence that extensive dredging leads to the 
achievement of long-term RAOs is generally 
lacking (National Research Council, 2007). Long-
term effectiveness of this option is good with 
respect to PCB levels, as sediments meet goals 
upon completion of excavation.  However, overall 
protectiveness and time to achieve overall fish 
tissue goals is longer than the less invasive 
options. Short and long term impacts to habitat 
may out-weigh and outlast the benefits of PCB 
reduction achieved. 

Does not reduce TMV through treatment; 
however, removal would reduce the volume 
of PCB containing sediment within Area 1.  

The effort required to construct access roads and staging 
areas along the River would be extensive. Access along 
all 22 miles of the Area 1 would be difficult to achieve 
both physically and administratively. Achieving work 
completion in 10 years (assuming 8 months to a 
construction season) requires three crews working 
simultaneously. The use of multiple crews would increase 
impacts from sediment resuspension and cross-
contamination even with work flow progressing from 
upstream to downstream areas. If a single crew were to 
work down river sequentially to avoid cross-
contamination, construction would take approximately 30 
years. Removal and dewatering would be performed 
through the use of conventional equipment which is 
readily available. Transport of extensive quantities of 
dewatered material to an approved landfill would be 
required.

Total Cost: $202,000,000
to $337,000,000

Prepared/Date: FKM 07/13/2012
Revised/Date: KPW 02/21/2014
Checked/Date: MTP 02/21/2014

Table 4-10
Comparative Analysis of Sediment Remedial Alternatives

Area 1, OU-5 Kalamazoo River
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Table 5-1
Estimated Cost for Alternative FPS-2 - MNR, ICs, and ECs

Area 1, OU-5 Kalamazoo River

AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description: 
Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS
Floodplain Exposure Sampling
Sampling/Analytical/Validation 1 LS $522,000 $522,000
Work Plan/Report 1 LS $283,300 $283,000

SUBTOTAL $805,000
Contingency 20% $161,000

TOTAL $966,000

TOTAL CAPITAL COSTS $970,000

1 LS $6,350 $6,400
Reporting 1 LS $10,000 $10,000

SUBTOTAL $16,400
Contingency 10% $1,600

SUBTOTAL $18,000

Project Management 10% $1,800
Technical Support 5% $900

SUBTOTAL $20,700

TOTAL LTM $20,700

MONITORED NATURAL RECOVERY/ICs     GP 
KALAMAZOO    

ESTIMATED COSTS1,3

This cost estimate includes long term monitoring of floodplain 
soils with PCB conc. > 20 mg/kg. Monitoring would consist of: 
collection of soil core samples and visual inspections.  A baseline 
sampling event would occur in Year 0 with a follow-up event in 
Year 5.  Inspections/reporting would be performed annually for the 
first 5 years and every 5 years until year 30. Cost also includes 
floodplain sampling to identify areas of PCB contamination for 
current and potential future residential receptors in Area 1

LONG TERM MONITORING
Visual Inspections
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Table 5-1
Estimated Cost for Alternative FPS-2 - MNR, ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

Floodplain soil sampling -Field 1 LS $12,890 $12,900
Floodplain soil sampling -Lab 1 LS $3,232 $3,200
Evaluation 1 LS $15,082 $15,100
SUBTOTAL $31,200

Contingency 10% $3,100

SUBTOTAL $34,000
Project Management 10% $3,400
Technical Support 5% $1,700

TOTAL $39,100

PERIODIC COST/LONG TERM MONITORING  
Description Year
Exposure & Baseline Sampling 0 LS $1,009,100
Inspection, Reporting 1 LS $20,700
Inspection, Reporting 2 LS $20,700
Inspection, Reporting 3 LS $20,700
Inspection, Reporting 4 LS $20,700
Inspection, Reporting 5 LS $20,700
Soil Sampling, Evaluation 5 LS $39,100
Inspection, Reporting 10 LS $20,700
Inspection, Reporting 15 LS $20,700
Inspection, Reporting 20 LS $20,700
Inspection, Reporting 25 LS $20,700
Inspection, Reporting 30 LS $20,700

PERIODIC COSTS
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Table 5-1
Estimated Cost for Alternative FPS-2 - MNR, ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Exposure & Baseline Sampling 0  $1,009,100 1.000 $1,009,100
Periodic Cost 1 $20,700 0.935 $19,300
Periodic Cost 2 $20,700 0.873 $18,100
Periodic Cost 3 $20,700 0.816 $16,900
Periodic Cost 4 $20,700 0.763 $15,800
Periodic Cost 5 $20,700 0.713 $14,800
Soil Sampling 5 $39,100 0.713 $27,900
Periodic Cost 10 $20,700 0.508 $10,500
Periodic Cost 15 $20,700 0.362 $7,500
Periodic Cost 20 $20,700 0.258 $5,300
Periodic Cost 25 $20,700 0.184 $3,800
Periodic Cost 30 $20,700 0.131 $2,700

$1,260,000 $1,150,000

TOTAL PRESENT WORTH2 $1,200,000
TOTAL COST3 $1,300,000

ICs - Institutional Controls PREPARED/DATE: FKM 07/03/2013
LS - Lump Sum REVISED/DATE: MTP 06/04/2014
ECs - Engineering Controls CHECKED/DATE: ADB 06/05/2014

1.   A list of detailed assumptions is provided in Appendix H.
2.    A discount rate of 7% annually was applied to calculate present worth.  
3.    Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between 
       remedial alternatives (USEPA, 1988).  Costs are rounded to thwo significant figures.
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Table 5-2
Estimated Cost for Alternative FPS-3 - Capping (RAL 20), ICs, and ECs

Area 1, OU-5 Kalamazoo River

CAPPING OF FLOODPLAIN SOILS, MNR, AND  ICs
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description: 

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS
Implementation of ICs 
Institutional Controls (Deed Restrictions) 1  $10,000.00 $10,000

Cap Construction
Mobilization/Demobilization 1 5% $61,400 $61,400
Site Preparation 1 LS $117,345 $117,000
Staging Area Preparation 1 LS $132,750 $133,000
Access Roads 5,660 LF $28 $158,000
Common Borrow Fill 6,720  CY $25 $168,000
Top Soil 6,720  CY $40 $269,000
Geotextile layer 313,000 SF $0.30 $93,900
Transport of Materials for Site Prep 5,960 TONS $46 $274,000
Site Restoration 11 AC $20,000 $220,000
Environmental Monitoring (air) 2.3 MTH $5,800 $13,300
Survey 1 LS $56,000 $56,000

SUBTOTAL $1,570,000

Contingency (15% scope+ 20% bid) 35% $550,000
TOTAL $2,120,000

Project Management 5% $106,000
Pre-Remedial Design Sampling and Planning 1 $94,000
Remedial Design 5% $106,000
Construction Management 5% $106,000

TOTAL $412,000

Floodplain Sampling
Sampling/Analytical/Validation 1 LS $522,000 $522,000
Work Plan/Report 1 LS $283,300 $283,000

SUBTOTAL $805,000
Contingency 20% $161,000

TOTAL $966,000

TOTAL CAPITAL COSTS $3,500,000

ESTIMATED COSTS1,3 

This cost estimate includes construction of a soil cover system over 
floodplain soils (PCB conc. > 20 mg/kg) consisting of a non-woven 
geotextile, 0.5 foot clean fill, and 0.5 foot top soil.  The cap area is 
approximately 7 acres. Long term monitoring costs include cap 
inspections/reporting annually for first 5 years and every five years until 
year 30. A cap repair erosion control is assumed to occur in Year 15. Cost 
also includes pre-design sampling to confirm remediation footprints and 
floodplain sampling to identify areas of PCB contamination for current and 
potential future residential receptors in Area 1.

Page 1 of 3



Table 5-2
Estimated Cost for Alternative FPS-3 - Capping (RAL 20), ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $12,000 $12,000

Annual Reporting 1 LS $5,000 $5,000

$17,000

10% $1,700

SUBTOTAL $19,000

Project Management 5% $1,000
Technical Support 5% $1,000

TOTAL ANNUAL O&M COSTS $21,000

Maintenance1

One-time Maintenance 10% $53,100
Contingency 10% $5,300

SUBTOTAL $58,400

Project Management 5% $2,900
Technical Support 5% $2,900

TOTAL MAINTENANCE $64,200
 

Year

Inspection and Reporting 1 LS $21,000
Inspection and Reporting 2 LS $21,000
Inspection and Reporting 3 LS $21,000
Inspection and Reporting 4 LS $21,000
Inspection and Reporting 5 LS $21,000
Inspection and Reporting 10 LS $21,000
Inspection and Reporting 15 LS $21,000
Cap Maintenance 15 LS $64,200
Inspection and Reporting 20 LS $21,000
Inspection and Reporting 25 LS $21,000
Inspection and Reporting 30 LS $21,000

Contingency

SUBTOTAL

Visual Inspections
ANNUAL O & M/PERIODIC COSTS

Description
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Table 5-2
Estimated Cost for Alternative FPS-3 - Capping (RAL 20), ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0  $3,500,000 1.000 $3,500,000
Periodic Cost 1 $21,000 0.935 $19,600
Periodic Cost 2 $21,000 0.873 $18,300
Periodic Cost 3 $21,000 0.816 $17,100
Periodic Cost 4 $21,000 0.763 $16,000
Periodic Cost 5 $21,000 0.713 $15,000
Periodic Cost 10 $21,000 0.508 $10,700
Maintenance Cost 15 $64,000 0.362 $23,200
Periodic Cost 15 $21,000 0.362 $7,610
Periodic Cost 20 $21,000 0.258 $5,430
Periodic Cost 25 $21,000 0.184 $3,870
Periodic Cost 30 $21,000 0.131 $2,760

$3,800,000 $3,640,000

TOTAL PRESENT WORTH2 $3,600,000
TOTAL COST3 $3,800,000

 

ICs - Institutional Controls PREPARED/DATE: FKM  07/08/2013
CY - Cubic yards REVISED/DATE: MTP 06/04/2014
LS - Lump Sum CHECKED/DATE: ADB 06/04/2014
SF - Square feet
LF - Linear Feet
AC - Acre
MTH - Month

1.   A list of detailed assumptions is provided in Appendix H.

3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial
      alternatives (USEPA, 1988).  Costs are rounded to three significant figures.

2.   A discount rate of 7.0% annually was applied to calculate present worth.  
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Table 5-3
Estimated Cost for Alternative FPS-4A - Removal (RAL 20), ICs, and ECs

Area 1, OU-5 Kalamazoo River

EXCAVATION OF FLOODPLAIN SOILS
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description:  

Year: 2014

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS
Implementation of ICs 
Institutional Controls $10,000
Excavation
Mobilization/Demobilization 1 5% $105,100 $105,000
Site Preparation 1 LS $97,841 $98,000
Staging Area Preparation 1 LS $403,188 $403,000
Access Roads 5,660 LF $28 $158,000
Floodplain Excavation 12,100  CY $25 $303,000
Backfill - Common Borrow Fill 6,720 CY $25 $168,000
Backfill -Topsoil 6,720 CY $40 $269,000
Material Dewatering and Handling 3,025 CY $40 $121,000
Water Treatment 5.3 MTH $25,000 $133,000
Confirmation Sampling 7 AC $9,800 $69,000
Transportation and Disposal (TD)
Sampling 49 EA $500 $24,500
TD - Non-TSCA 23,700 TONS $46 $1,090,000
TD - TSCA 790 TONS $170 $134,000
Environmental Monitoring 5.3 MTH $5,800 $31,000
Site Restoration 13 AC $20,000 $260,000
Survey 1 LS $63,500 $64,000

SUBTOTAL $3,440,000

Contingency (15% scope+ 20% bid) 35% $1,200,000
TOTAL $4,640,000

Project Management 5% $232,000
Pre-Remedial Design Sampling and Planning 1 $94,000
Remedial Design 5% $232,000
Construction Management 5% $232,000

TOTAL $790,000

Floodplain Sampling
Sampling/Analytical/Validation 1 LS $522,000 $522,000
Work Plan/Report 1 LS $283,300 $283,000

SUBTOTAL $805,000
Contingency 20% $161,000

TOTAL $966,000

TOTAL CAPITAL COSTS $6,400,000

ESTIMATED COSTS1,3 

This cost estimate includes excavation of floodplain soils with PCB conc. 
greater than 20 mg/kg to a depth of 1 foot and Backfill with clean soil.  The 
excavation area is approximately 7 acres. Long term monitoring costs include 
inspections/reporting annually for the first 5 years and every five years until 
year 30. Estimate includes a one-time maintenance event for erosion control 
in Year 15. Cost also includes pre-design sampling to confirm remediation 
footprints and floodplain sampling to identify areas of PCB contamination for 
current and potential future residential receptors in Area 1.
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Table 5-3
Estimated Cost for Alternative FPS-4A - Removal (RAL 20), ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $12,000 $12,000

Annual Reporting 1 LS $5,000 $5,000

$17,000

10% $1,700

SUBTOTAL $19,000

Project Management 5% $1,000
Technical Support 5% $1,000

TOTAL ANNUAL O&M COSTS (Inspections and Reporting) $21,000

Maintenance
One-time Maintenance/ erosion control 30% $131,100
Contingency 10% $13,100

SUBTOTAL $144,200

Project Management 5% $7,200
Technical Support 5% $7,200

ONE-TIME MAINTENANCE COST $158,600
 

Year

Inspection and Reporting 1 LS $21,000
Inspection and Reporting 2 LS $21,000
Inspection and Reporting 3 LS $21,000
Inspection and Reporting 4 LS $21,000
Inspection and Reporting 5 LS $21,000
Inspection and Reporting 10 LS $21,000
Inspection and Reporting 15 LS $21,000
Maintenance 15 LS $158,600
Inspection and Reporting 20 LS $21,000
Inspection and Reporting 25 LS $21,000
Inspection and Reporting 30 LS $21,000

Visual Inspections

Description

Contingency

SUBTOTAL

ANNUAL O & M
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Table 5-3
Estimated Cost for Alternative FPS-4A - Removal (RAL 20), ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0  $6,400,000 1.000 $6,400,000
Inspection and Reporting 1 $21,000 0.935 $19,600
Inspection and Reporting 2 $21,000 0.873 $18,300
Inspection and Reporting 3 $21,000 0.816 $17,100
Inspection and Reporting 4 $21,000 0.763 $16,000
Inspection and Reporting 5 $21,000 0.713 $15,000
Inspection and Reporting 10 $21,000 0.508 $10,700
One-time Maintenance 15 $159,000 0.362 $57,600
Inspection and Reporting 15 $21,000 0.362 $7,610
Inspection and Reporting 20 $21,000 0.258 $5,430
Inspection and Reporting 25 $21,000 0.184 $3,870
Inspection and Reporting 30 $21,000 0.131 $2,760

$6,770,000 $6,570,000

TOTAL PRESENT WORTH2 $6,600,000
TOTAL COST3 $6,800,000

 

ICs - Institutional Controls PREPARED/DATE: FKM 05/19/2014
LF - Linear Feet REVISED/DATE: MTP 05/19/2014
LS - Lump Sum CHECKED/DATE: CED 05/19/2014
MTH - Month
AC - Acre
CY - Cubic Yard
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.

3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial 
alternatives (USEPA, 1988).  Costs are rounded to three significant figures.

2.   A discount rate of 7.0% annually was applied to calculate present worth.  
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Table 5-4
Estimated Cost for Alternative FPS-4B - Removal (RAL 0.5), ICs, and ECs

Area 1, OU-5 Kalamazoo River

EXCAVATION OF FLOODPLAIN SOILS
GP KALAMAZOO
AREA 1 FEASIBILITY STUDY

Site: AREA 1 Description: 

Year: 2013

Unit Total Item
Description Quantity Units Cost Cost1

CAPITAL COSTS
Implementation of ICs 
Institutional Controls (Deed Restriction/GP Property Rights) $5,000,000

Excavation1

Mobilization/Demobilization 1 3% $5,382,900 $5,400,000
Site Preparation 1 LS $10,197,329 $10,200,000
Staging Area Preparation 1 LS $2,419,125 $2,400,000
Access Roads 175,000 LF $39 $6,800,000
Floodplain Excavation 1,540,000  CY $25 $38,500,000
Backfill - Common Borrow Fill 924,000 CY $25 $23,100,000
Backfill -Topsoil 924,000 CY $40 $36,960,000
Material Dewatering and Handling 385,000 CY $40 $15,400,000
Water Treatment 85.5 MTH $50,000 $4,280,000
Confirmation Sampling 850 AC $9,800 $8,330,000
Transportation and Disposal (TD)
Sampling 4,370 EA $500 $2,190,000
TD - Non-TSCA 2,090,000 TONS $46 $96,100,000
TD - TSCA 100,000 TONS $170 $17,000,000
Environmental Monitoring 85.5 MTH $5,800 $496,000
Site Restoration 949 AC $30,000 $28,500,000
Bank Armoring 58,000 LF $31 $1,800,000
Survey 1 LS $474,000 $474,000

SUBTOTAL $303,000,000

Contingency (15% scope+ 20% bid) 35% $106,000,000
TOTAL $409,000,000

Project Management 5% $20,500,000
Remedial Design 5% $20,500,000
Construction Management 5% $20,500,000

TOTAL $61,500,000

Floodplain Sampling
Sampling/Analytical/Validation 1 LS $522,000 $522,000
Work Plan/Report 1 LS $283,300 $283,000

SUBTOTAL $805,000
Contingency 20% $161,000

TOTAL $966,000

TOTAL CAPITAL COSTS $471,000,000

ESTIMATED COSTS1,3 

This cost estimate includes excavation of floodplain soils to a depth of 1 
foot and backfilling with clean soil (0.5' fill and 0.5' topsoil).  The 
excavation area is approximately 850 acres and covers the length of Area 
1 along the river. Long term monitoring costs include inspections annually 
for the first 5 years and every five years until year 30. Cost also includes 
pre-design sampling to confirm remediation footprints and floodplain 
sampling to identify areas of PCB contamination for current and potential 
future residential receptors in Area 1.

Page 1 of 3



Table 5-4
Estimated Cost for Alternative FPS-4B - Removal (RAL 0.5), ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

1 LS $12,000 $12,000

Annual Reporting1 1 LS $5,000 $5,000

$17,000

10% $1,700

SUBTOTAL $19,000

Project Management 5% $1,000
Technical Support 5% $1,000

TOTAL ANNUAL O&M COSTS (Inspections and Reporting) $21,000

Maintenance1

One-time Maintenance 20% $12,012,000
Contingency 10% $1,201,200

SUBTOTAL $13,213,200

Project Management 5% $660,700
Technical Support 5% $660,700

ONE-TIME MAINTENANCE COST $14,534,600
 

Year

Inspection and Reporting 11 LS $21,000
Inspection and Reporting 12 LS $21,000
Inspection and Reporting 13 LS $21,000
Inspection and Reporting 14 LS $21,000
Inspection and Reporting 15 LS $21,000
Inspection and Reporting 20 LS $21,000
Maintenance 20 LS $14,534,600
Inspection and Reporting 25 LS $21,000
Inspection and Reporting 30 LS $21,000

Contingency

Description

Visual Inspections1

SUBTOTAL

ANNUAL O & M
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Table 5-4
Estimated Cost for Alternative FPS-4B - Removal (RAL 0.5), ICs, and ECs

Area 1, OU-5 Kalamazoo River

Unit Total Item
Description Quantity Units Cost Cost1

PRESENT WORTH ANALYSIS
Total Cost Total Discount Present 

Cost Type Year Per Year Cost Factor2 Worth
Capital Cost 0 - 10 $47,100,000 $471,000,000 7.024 $330,830,400
Inspection and Reporting 11 $21,000 0.475 $10,000
Inspection and Reporting 12 $21,000 0.444 $9,300
Inspection and Reporting 13 $21,000 0.415 $8,700
Inspection and Reporting 14 $21,000 0.388 $8,100
Inspection and Reporting 15 $21,000 0.362 $7,600
Inspection and Reporting 20 $21,000 0.258 $5,400
One-time Maintenance 20 $14,535,000 0.258 $3,800,000
Inspection and Reporting 25 $21,000 0.184 $3,900
Inspection and Reporting 30 $21,000 0.131 $2,800

$486,000,000 $335,000,000

TOTAL PRESENT WORTH2 $335,000,000
TOTAL COST3 $486,000,000

 

ICs - Institutional Controls PREPARED/DATE: FKM  07/13/2013
LS - Lump Sum REVISED/DATE: MTP 06/04/2014
ECs - Engineering Controls CHECKED/DATE: ADB 06/04/2014
LF - Linear Feet
AC - Acres
CY - Cubic Yard
MTH - Month
EA - Each

1.   A list of detailed assumptions is provided in Appendix H.

3.   Estimated costs are considered to be -30% to +50% in accuracy and are meant to be comparative between remedial alternatives 
2.   A discount rate of 7.0% annually was applied to calculate present worth.  
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Alternative Description
Overall Protection of Human Health 

and the Environment Compliance with ARARs Short-term Effectiveness Long-term Effectiveness
Reduction of TMV Through 

Treatment Implementability Cost

FPS-1 No Further Action

No further action would rely on naturally-
occurring processes to reduce PCB 
concentrations in floodplain soil over time.  
Timeframe could be lengthy.  Previous soil 
cores cannot be used to predict future 
MNR rates since they are not 
representative of current conditions with 
the Plainwell dam removed.  LTM would 
not be performed to establish recovery 
rates to confirm ability to be protective. 

No further action would consist of naturally 
occurring processes to reduce PCB 
concentrations in floodplain soil over time.  
Timeframe could be lengthy.  Previous soil 
cores cannot be used to predict future 
MNR rates since they are not 
representative of current conditions with 
the Plainwell dam removed.  LTM would 
not be performed to establish MNR rates 
to confirm ability to meet chemical-specific 
ARARs. 

Not effective in the short term.  No 
action taken, so no negative short 
term effects.

Effectiveness is not known and would not 
be documented. TMV would not be reduced. No actions to implement. Total Cost: 

$0

FPS-2 MNR, ICs and ECs

MNR in depositional areas such as 
floodplains typically occurs; however, 
changes in impoundment area and area of 
floodplain due to the removal of the 
Plainwell dam make evaluation of 
previous core data for MNR moot.  
Additional core data would need to be 
collected in the future to establish 
depositional rates and time to reach 
protective levels.    

MNR in depositional areas such as 
floodplains typically occurs; however, 
changes in impoundment area and area of 
floodplain due to the removal of the 
Plainwell dam make evaluation of 
previous core data for MNR moot.  
Additional core data would need to be 
collected in the future to establish 
depositional rates and time to reach 
chemical-specific ARARs.    

MNR would not be effective in the 
short term and would it would take 
several years to identify a recovery 
rate.  No action taken, so no negative 
short term effects.

Effectiveness is not currently known, but 
rate of recovery would be determined over 
time based on LTM.

TMV would not be reduced. 

Implementation is straightforward and consists 
of long-term monitoring plus inspections and 
maintenance of ECs implemented for erosion 
control.

Total Cost: 
$1,300,000

FPS-3 Capping (RAL = 20 mg/kg), ICs 
and ECs

Protective of human health and the 
environment.  Results in 98-100% of 
home ranges for ecological receptors 
being below the 11 mg/kg PRG. 

Raising ground surface may not be 
allowed under Executive Order 11988. 
Additional studies/evaluation necessary to 
understand impact of changing ground 
surface elevation in floodplain due to cap. 
Chemical-specific ARARs would be met.

Would be effective in short term.  
Risk to workers would be managed 
through safe work practices and 
appropriate PPE.  PCB materials 
would not directly handled.

Effective in long term.  Would require ICs 
to limit disturbance of the cap and 
maintenance of EC to keep remaining 
volume from eroding. 

Capping would reduce mobility 
of PCB-containing floodplain 
soil.

Requires access roads, staging areas, and 
property access rights.  Conventional capping 
equipment is readily available.  Restoration 
would also be performed.  PCB material 
handling is minimal. Time to complete is 1 year. 
Permit/waiver required to change floodplain 
elevation.

Total Cost: 
$3,800,000

FPS-4A Removal (RAL=20 mg/kg), ICs 
and ECs

Protective of human health and the 
environment.  Results in  98-100% of 
home ranges for ecological receptors 
being below the 11 mg/kg PRG. 

Chemical-specific ARARs would be met.

Would be effective in short term.  
Risk to workers would be managed 
through safe work practices and 
appropriate PPE.  Dust would need 
to monitored and controlled through 
dust suppression practices. 

Effective in long term.  Would require ICs 
to limit disturbance of the cover soil and 
maintenance of EC to keep remaining 
volume from eroding.

Partial removal and backfill 
would reduce volume and 
mobility of PCB-containing 
floodplain soil in Area 1. 

Requires access roads, staging areas and 
property access rights.  Conventional 
removal/dewatering equipment would be readily 
available.  Restoration would also be 
performed.  Off site disposal would be required.  
Time to complete construction would be 1 year. 

Total Cost: 
$6,800,000

FPS-4B Removal (RAL = 0.5 mg/kg), 
ICs, and ECs

Extensive destruction of 850 acres of 
habitat would render alternative not 
protective because habitat and wildlife 
may not fully recover. 

Would not comply with all ARARs due to 
destruction of 850 acres of 
wetland/riparian habitat. 

Would not be protective in short term 
due to long implementation time (10 
years)  and extensive habitat 
destruction.  

Marginally protective in long term due to 
extensive habitat destruction.  

Removal would reduce volume 
of PCB-containing floodplain 
soil in Area 1. 

Area of impact plus that required for access 
roads and staging would be excessive.  
Conventional removal/dewatering equipment 
would be readily available.  Amount of truck 
traffic along local roads would also be 
excessive.  Obtaining access agreement for 
such large-scale destruction on private 
residential and commercial properties may not 
be granted even with compensation. Time to 
complete construction would be greater than 10 
years.

Total Cost: 
$486,000,000

Prepared/Date: FKM 07/13/2012
Revised/Date: KPW 02/21/2014
Checked/Date: MTP 02/21/2014

Table 5-5
Comparative Analysis of Floodplain Soil Remedial Alternatives

Area 1, OU-5 Kalamazoo River
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