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0 1 2 3 4 5 6

RBCs for Sediment (mg/kg) 

Figure 2-1
PCB Sediment RBCs Protective of Human and Ecological Receptors 

Based on Risk from Fish Ingestion

Mink: 0.5 mg/kg - 0.6 mg/kg

1. RBC ranges for human exposure scenarios:
- Cancer risk range = 1x10-6 to 1x10-4 

 1x10-6

 1x10-5

 1x10-4

- Non-cancer HQ range = 0.1 to 3
 HQ=0.1 
 HQ=1 
 HQ=3 

2. Mixed diet of 76% smallmouth bass (SMB)
and 24% carp

3. High End Sport Angler assumed to ingest 50       
percent of fish from the site.

4.  Range for ecological receptors based on    
NOAEL and LOAEL RBCs HQ =1.

PRG =  Preliminary Remediation Goal
RBC =  Risk Based Concentration

Central Tendency Sport Angler1, 3

Bald Eagle: 1.4 mg/kg -1.7 mg/kg

HQ, 100% SMB Diet: 0.012 mg/kg - 0.36 mg/kg

HQ, Mixed Diet2 0.007 mg/kg - 0.21 mg/kg

HQ, 100% SMB Diet: 0.088 mg/kg - 2.64 mg/kg

Cancer Risk, 100% SMB Diet 0.02 mg/kg - 2.0 mg/kg

Cancer Risk, Mixed Diet2:  0.012 mg/kg - 1.2 mg/kg

0.33 mg/kg recommended PRG 
(see Section 2.4.5)

Cancer Risk, 100% SMB Diet: 0.007 mg/kg - 0.7 mg/kg

Cancer Risk, Mixed Diet2: 0.004 mg/kg - 0.4 mg/kg

Cancer Risk, 100 % SMB Diet:
0.051 mg/kg - 5.1 mg/kg

Cancer Risk, Mixed Diet2: 0.03 mg/kg - 3.0 mg/kg

HQ, Mixed Diet2:  0.052 mg/kg - 1.56 mg/kg

HQ, 100 % SMB Diet: 0.034 mg/kg - 1.02 mg/kg

HQ, Mixed Diet2: 0.02 mg/kg - 0.6mg/kg

Subsistence Angler1, 3

High End Sport Angler1, 3

Ecological Receptors4

AMEC Project No. 3293131541

OU-5 Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site
Area 1 Feasibility Study

December 19, 2014
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Figure 2-2
PCB RBCs Protective of Human and Ecological Receptors

Based on Risk from Floodplain Surface Soil Exposure

American Robin

H
American Woodcock

House Wren

MR
H

MR
H

MR

MR
H

Red-Tailed Hawk

Short-Tailed
Shrew

Red Fox

Residential 
Receptor

Recreational Receptor

Notes:
H High Sensitivity
MR       Mid-Range Sensitivity

+      Geometric Mean

Recommended PRG
(11 mg/kg)

*Lowest and highest RBCs for mid 
and high sensitivity receptors 
selected from Approaches 1, 2, 
and 3 to represent ranges.

11 mg/kg recommended PRG

AMEC Project No. 3293131541

OU-5 Allied Paper, Inc./Portage Creek/Kalamazoo River Superfund Site
Area 1 Feasibility Study

December 19, 2014
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Figure 3-4 
Box and Whisker Plots of Shallow (0-6”) PCB Data by Transverse Location 

 
Notes: 

1. Boxes extend from lower quartile value (25%) to upper quartile value (75%). The median value is shown as a bold 

line inside the box. Whiskers extend 1.5 times the inter‐quartile range (i.e., box height) above and below the box. 

Whiskers do not appear equal length due to log scale. 

2. Numbers inside each box represent the total number of data points in that geomorphic category. 

  



 

 

 

Figure 3-5 
Box and Whisker Plots of Deep (>6”) PCB Data by Transverse Location 

 
 

Notes: 

1. Boxes extend from lower quartile value (25%) to upper quartile value (75%). The median value is shown as a bold 

line inside the box. Whiskers extend 1.5 times the inter‐quartile range (i.e., box height) above and below the box. 

Whiskers do not appear equal length due to log scale. 

2. Numbers inside each box represent the total number of data points in that geomorphic category. 
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Perform sediment SWAC analysis for the 8 Sections of 
Area 1, plus Mill Race and the Crown Vantage Side 
channel for three depth intervals (0-6”, 6-12”, and 

12-24”) using stream tube methodology. Evaluate post-
TCRA SWAC conditions in Portage Creek.

Are Section
SWACs below or near

sediment PRG (0.33 mg/kg) 
or below/near RAL of 

1 mg/kg?

Yes

No

No

Yes

Figure 3-6

Process Flow Diagram:  Identification of Area 1 Sediment Remediation Areas

AMEC Project No. 3293131541

Area 1 Feasibility Study Report – Morrow Dam to Former Plainwell Dam

OU5 Kalamazoo River Superfund Site

Prepared by: MTP 02/05/2014
Checked by: CED 02/20/2014

Portage Creek
Sections 1, 2, 4, 5, 6, & 7

Mill Race

No Further 
Evaluation

Does Section 
have any known 

hot spots? 

Sections 3, 8, and 
Crown Vantage side channel

Yes

Has remediation
work (TCRA) been

performed?

Yes

Perform sampling to 
confirm current conditions 
and re-evaluate SWAC.

Section 8

Statistically
significant geomorphic 

category or hot 
spot area?

Carry hot spots forward 
for development of 

remedial alternatives.

Portage Creek
Sections 1, 5, 6, & 7

Mill Race

No

Hot Spots KRT19 & KPT-20 (Section 2)
Hot Spot S-IM1 (Section 4)

Include Section in remedial 
alternatives analysis and perform 

geomorphic-PCB evaluation.

Section 3 and Crown 
Vantage side channel

Carry forward for use in 
remedial alternatives 

development.

No Further 
Evaluation

No
Channel edges (Section 3)

Hot Spots KRT4, KRT5/FF19 (Section 3)
Crown Vantage side channel

Channel Slope
Curve Position
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1.  RAL: REMEDIAL ACTION LEVEL (CONTIGUOUS AREAS
     OF OVER 1/4 ACRE GREATER  THAN 20 MG/KG.)

2.  INTERPOLATION PERFORMED USING NATURAL
     NEIGHBOR TECHNIQUE AND SURFACE SAMPLES.

3.  REMEDIATION ACCOUNTED FOR BY REPLACING 
     APPROPRIATE  AREAS WITH EITHER CONFIRMATION 
     GRID CONCENTRATIONS OR BACKFILL 
     CONCENTRATION ESTIMATES (0.078 MG/KG).

4.  AREA OF FORMER IMPOUNDMENT BOUNDARY IS
     APPROXIMATELY 57 ACRES.

5.   ORIGINAL SOURCE OF FIGURE: ARCADIS 
      MODIFIED WITH PERMISSION
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NOTES:

1.  BASEMAPPING PROVIDED BY THE MICHIGAN CENTER
     FOR GEOGRAPHIC INFORMATION.

2.  ORIGINAL SOURCE OF FIGURE: ARCADIS
     MODIFIED WITH PERMISSION

3.  INSETS SHOW THE REMEDIAL FOOTPRINT AT AN RAL OF 0.5 MG/KG PCB 
     IN THE TCRA STUDY AREAS BASED ON EXISTING DATA (SEE APPENDIX G). 
     FOR THE REMAINDER OF AREA 1 DOWNSREAM OF THE FORMER MILL SITES
    (THE HIGHLIGHTED SPAN), THE REMEDIAL FOOTPRINT IS ASSUMED TO 
    EXTEND 200 FEET ON EACH SIDE OF THE RIVER

GEORGIA-PACIFIC LLC
ALLIED PAPER, INC./PORTAGE CREEK/
KALAMAZOO RIVER SUPERFUND SITE

AREA 1 FEAS IBILITY S TUDY REPORT –MORROW DAM TO FORMER PLAINWELL DAM
AREA 1 FLOODPLAIN S OIL AREAS

EXCEEDING AN RAL OF 0.5 MG/KG PCB
FIGURE
3-13

Prepared by/Date:
JMP 06/13/13

Checked by/Date:
MTP 06/13/13

Project Number:
3293131541

PLAINWELL #2 DAM AREA

FORMER PLAINWELL DAM AREA

0 1 2
Miles

GRAPHIC SCALE

AREA OVER 1/4 ACRE AND AREA >0.5 mg/kg

AREA OVER 1/4 ACRE AND AREA >0.5 mg/kg

0 1,000 2,000
Feet

0 1,000 2,000
Feet

LEGEND:
!( RIVER MILE MARKER

ROAD

KALAMAZOO RIVER

WATER BODIES

OPERABLE UNIT

ADDITIONAL AREA OF INTEREST

INCORPORATED AREA

FLOODPLAIN REMEDIATION SPAN OUTSIDE 
THE FORMER TCRA STUDY AREAS (See Note 3)



Prepared by: SAG 11/17/14
Checked by: LSV 12/09/14

2012 Morrow Lake Reference 
Concentration

MDCH: 
2 Meals Per Month 

RBC: High End Sport Angler 
HQ =1

2006 Ceresco Reservoir 
Reference Concentration

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

-2 3 8 13 18 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98

To
ta

l P
C

B
 C

o
n

ce
n

tr
at

io
n

 (
m

g/
kg

)

Years to Achieve PRG after ROD Issuance

Figure 4-1a
Fish Tissue Projections for S-2:

Smallmouth Bass Fillet 

Upper Bound S-2: (MNR)

S-2: (MNR)

Lower Bound S-2: (MNR)

Upper Bound

Lower
Bound

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 (10-4) = 0.42 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
Refer to Table I-1.1 for definition of segments 

RBC: High End Sport Angler 10-5
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Figure 4-1b
Fish Tissue Projections for S-2:

Smallmouth Bass Young of Year Whole Body 

Upper Bound S-2: (MNR)

S-2: (MNR)

Lower Bound S-2: (MNR)

Upper Bound

Lower
Bound

Mink RBC = 0.60 mg/kg
2006 Morrow Lake Reference Concentration = 0.34 mg/kg
2006 Ceresco Reservoir Reference Concentration = 0.12 mg/kg
Refer to Table I-2.1 for definition of segments
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Figure  4-1c
Fish Tissue Projections for S-2:

Common Carp Fillet 

Upper Bound S-2: (MNR)

S-2: (MNR)

Lower Bound S-2: (MNR)

RBC:  High End 
Sport Angler 10-5

Upper Bound

Lower 
Bound

2012 Morrow Lake 
Reference Concentration

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 10-4 = 0.42 mg/kg
Human Health Fish Consumption RBC: High End Sport Angler 10-5 = 0.042 mg/kg
Refer to Table I-3.1 for definition of segments

2006 Ceresco Reservoir Reference Concentration

MDCH: 2 Meals Per Month
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Figure  4-2a
Fish Tissue Projections for S-3:

Smallmouth Bass Fillet 

Upper Bound S-3: Section 2-4 Hotspots (Upper Bound Step Down)

S-3: Section 2-4 Hotspots (Mid Approximation Step Down)

Lower Bound S-3: Section 2-4 Hotspots (Lower Bound Step Down)

Upper Bound

Lower
Bound

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 (10-4) = 0.42 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
Refer to Table I-1.2 for definition of segments 
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Figure 4-2b
Fish Tissue Projections for S-3:

Smallmouth Bass Young of Year Whole Body 

Upper Bound S-3: Section 2-4 Hotspots (Upper Bound Step Down)

S-3: Section 2-4 Hotspots (Mid Approximation Step Down)

Lower Bound S-3: Section 2-4 Hotspots (Lower Bound Step Down)

Upper Bound

Lower
Bound

Mink RBC = 0.60 mg/kg
2006 Morrow Lake Reference Concentration = 0.34 mg/kg
2006 Ceresco Reservoir Reference Concentration = 0.12 mg/kg
Refer to Table I-2.2 for definition of segments
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RBC: High End Sport Angler HQ =1
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Figure  4-2c
Fish Tissue Projections for S-3:

Common Carp Fillet 

Upper Bound S-3: Section 2-4 Hotspots (Upper Bound Step Down)

S-3: Section 2-4 Hotspots (Mid Approximation Step Down)

Lower Bound S-3: Section 2-4 Hotspots (Lower Bound Step Down)

Upper Bound

Lower 
Bound

2012 Morrow Lake 
Reference Concentration

RBC: High End Sport Angler 10-5 2006 Ceresco Reservoir Reference Concentration

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 10-4 = 0.42 mg/kg
Human Health Fish Consumption RBC: High End Sport Angler 10-5 = 0.042 mg/kg
Refer to Table I-3.2 for definition of segments

MDCH: 2 Meals Per Month



Prepared by: SAG 11/17/14
Checked by: LSV 12/09/14

2012 Morrow Lake Reference 
Concentration

MDCH: 
2 Meals Per Month 

RBC: High End Sport Angler 
HQ =1

RBC: High End Sport Angler    
(10-5)

2006 Ceresco Reservoir 
Reference Concentration

0.00

0.05

0.10

0.15

0.20

0.25

-2 3 8 13 18 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98

To
ta

l P
C

B
 C

o
n

ce
n

tr
at

io
n

 (
m

g/
kg

)

Years to Achieve PRG after ROD Issuance

Figure  4-3a
Fish Tissue Projections for S-4:

Smallmouth Bass Fillet 

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

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

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

Upper Bound

Lower Bound

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 (10-4) = 0.42 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
Refer to Table I-1.3 for definition of segments 
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Figure 4-3b
Fish Tissue Projections for S-4:

Smallmouth Bass Young of Year Whole Body 

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

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

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

Upper Bound

Lower
Bound

Mink RBC = 0.60 mg/kg
2006 Morrow Lake Reference Concentration = 0.34 mg/kg
2006 Ceresco Reservoir Reference Concentration = 0.12 mg/kg
Refer to Table I-2.3 for definition of segments
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RBC: High End Sport Angler 10-5
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Figure 4-3c
Fish Tissue Projections for S-4:

Common Carp Fillet 

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

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

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

2012 Morrow Lake 
Reference Concentration

RBC: High End 
Sport Angler HQ = 1

2006 Ceresco Reservoir
Reference Concentration

Lower 
Bound

Upper Bound

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 (10-4) = 0.42 mg/kg
Human Health Fish Consumption RBC: High End Sport Angler (10-5) = 0.042 mg/kg
Refer to Table I-3.3 for definition of segments

MDCH: 2 Meals Per Month
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Figure 4-4a
Fish Tissue Projections for S-5:

Smallmouth Bass Fillet 

Upper Bound S-5: Area-wide Removal (Upper Bound Step Down)

S-5: Area-wide Removal (Mid Approximation Step Down)

Lower Bound S-5: Area-wide Removal (Lower Bound Step Down)

Upper Bound

Lower
Bound

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 (10-4) = 0.42 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
Refer to Table I-1.4 for definition of segments 
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Figure 4-4b
Fish Tissue Projections for S-5:

Smallmouth Bass Young of Year Whole Body 

Upper Bound S-5: Area-wide Removal (Upper Bound Step Down)

S-5: Area-wide Removal (Mid Approximation Step Down)

Lower Bound S-5: Area-wide Removal (Lower Bound Step Down)

Upper Bound

Lower Bound

Mink RBC = 0.60 mg/kg
2006 Morrow Lake Reference Concentration = 0.34 mg/kg
2006 Ceresco Reservoir Reference Concentration = 0.12 mg/kg
Refer to Table I-2.4 for definition of segments
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Figure 4-4c
Fish Tissue Projections for S-5:

Common Carp Fillet 

Upper Bound S-5: Area-wide Removal (Upper Bound Step Down)

S-5: Area-wide Removal (Mid Approximation Step Down)

Lower Bound S-5: Area-wide Removal (Lower Bound Step Down)

Upper Bound 

Lower 
Bound 

2012 Morrow Lake
Reference Concentration

RBC: High End Sport Angler 10-5

2006 Ceresco Reservoir Reference Concentration

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 (10-4) = 0.42 mg/kg
Human Health Fish Consumption RBC: High End Sport Angler (10-5) = 0.042 mg/kg
Refer to Table I-3.4 for definition of segments
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