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Map 4-1. Locations of surface sediment 
samples analyzed as part of discrete events

Scale is the same for each inset map
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Map 4-2. Locations of surface sediment 
samples analyzed as part of LDW-wide events

Scale is the same for each inset map
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a Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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a Several of the EAA boundaries are approximate
and have not been finalized by EPA/Ecology; a
description of each EAA boundary is presented
in Section 9.2.2. For the Duwamish/Diagonal
Early Action Area, surface sediment sampling
locations in the baseline dataset represent
samples collected before dredging, capping, or
thin-layer placement in 2003 to 2005.

b Tax parcel information was provided in
2008 by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation. A
comprehensive survey of property-owner
records was not conducted.
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Action Area, surface sediment sampling
locations in the baseline dataset
represent samples collected before
dredging, capping, or thin-layer
placement in 2003 to 2005.

b Tax parcel information was provided in
2008 by Seattle Public Utilities and King
County. Some tax parcel polygons were
edited to conform to the LDW shoreline
presentation. A comprehensive survey
of property-owner records was not
conducted.
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Map 4-4c. Surface sediment sampling 
locations, RM 0.9 to RM 1.4

0 200 400
Feet

0 50 100
Meters

LLCWindWard
environmental

a Tax parcel information was provided in 2008
by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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Map 4-4d. Surface sediment sampling
locations, RM 1.4 to RM 2.0
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a Tax parcel information was provided in 2008
by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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Map 4-4e. Surface sediment sampling
locations, RM 2.0 to RM 2.6
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a Several of the EAA boundaries are
approximate and have not been finalized by
EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

b Tax parcel information was provided by
Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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Map 4-4f. Surface sediment sampling
locations, RM 2.6 to RM 3.3

0 200 400
Feet

0 50 100
Meters

LLCWindWard
environmental

Surface sediment sampling location

!( Boeing SiteChar

!( EPA SI

!( KC WQA

!( LDWRI-Benthic

!( LDWRI-SurfaceSedimentRound1

!( LDWRI-SurfaceSedimentRound2

!( LDWRI-SurfaceSedimentRound3

!( NOAA SiteChar

�/ Plant 2 RFI-1

�/ Plant 2 RFI-2a

�/ Plant 2 RFI-2b

$1 Slip4-EarlyAction

Early Action Areaa

Tax parcelb

Bridge

Building

Dock/Pier

Road

Navigation channel

River mile 

a Several of the EAA boundaries are approximate and have not been finalized by EPA/
Ecology; a description of each EAA boundary is presented in Section 9.2.2.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to conform to the LDW shoreline presentation.
A comprehensive survey of property-owner records was not conducted.
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Map 4-4g. Surface sediment sampling
locations, RM 3.3 to RM 3.9
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EAA boundary is presented in Section 9.2.2.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons
were edited to conform to the LDW shoreline presentation. A comprehensive survey of property-owner records was
not conducted.
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a Tax parcel information was provided in 2008
by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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a Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Norfolk Early Action Area, surface
sediment sampling locations represent samples collected after dredging
and capping at the Norfolk CSO/SD removal area in 1999 and before
sediment removal and capping at the Boeing Developmental Center
south storm drain removal area in 2003.

b Tax parcel information was provided in 2008 by Seattle Public Utilities
and King County. Some tax parcel polygons were edited to conform to
the LDW shoreline presentation. A comprehensive survey of
property-owner records was not conducted.
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Map 4-6. Locations of subsurface sediment 
cores analyzed as part of LDW-wide events
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where applicable).
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Map 4-7b. Subsurface sediment core locations
and dredging events, RM 1.2 to RM 2.4
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Map 4-7c. Subsurface sediment core locations
and dredging events, RM 2.4 to RM 3.7
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Dredging information provided by AECOM.

! Subsurface core location

Dredged area
a

Bridge

Building

Dock/Pier

Marina

Intertidal zone

Road

Navigation channel

River mile
a Samples at locations within dredged areas were
collected prior to dredging. Labels adjacent to each
dredged area indicate the project name and the year
of dredging (and capping or thin-layer placement,
where applicable).
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Map 4-7d. Subsurface sediment core locations
and dredging events, RM 3.7 to RM 5.0
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environmental
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Dredging information provided by AECOM.

! Subsurface core location

Dredged area
a

Dredged and capped area
a

Bridge

Dock/Pier

Marina

Intertidal zone

Road

Navigation channel

River mile
a Samples at locations within dredged areas were
collected prior to dredging. Labels adjacent to each
dredged area indicate the project name and the year
of dredging (and capping or thin-layer placement,
where applicable).
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Map 4-8a. Locations with subsurface 
sediment data within the 0-to-2-ft, 2-to-4-ft,
and 4-to-6-ft sampling intervals, RM 0.0 to
RM 1.8

Scale is the same for each map frame
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Miles
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Kilometers

!(

Subsurface core location with empirical
data for specified core interval

�)
Subsurface core location with calculated
data for specified core interval

a

!

Subsurface core location with no data
for specified core interval

Early Action Area
b

Dredged area
c

Dredged and capped area
c

Dredged and thin-layer placement
c

Thin-layer placement

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 If data were available for 1-foot intervals, concentrations were 

averaged for an estimated concentration in each 2-foot interval. The 
0-to-2-foot interval was calculated from the 0-to-1-foot and 1-to-2-foot 
intervals, the 2-to-4-foot interval was calculated from the 2-to-3-foot 
and 3-to-4-foot intervals, and the 4-to-6-foot interval was calculated 
from the 4-to-5-foot and 5-to-6-foot intervals.

b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c
 Subsurface sediment data at locations in dredged areas were

collected prior to dredging.

Subsurface core locations with
0-to-2-ft sampling intervals

Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Dredging information provided by AECOM.
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Map 4-8b. Locations with subsurface
sediment data within the 0-to-2-ft, 2-to-4-ft,
and 4-to-6-ft sampling intervals, RM 1.8 to
RM 3.7

Scale is the same for each map frame
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Subsurface core location with empirical
data for specified core interval

�)
Subsurface core location with calculated
data for specified core interval

a

!

Subsurface core location with no data
for specified core interval

Early Action Area
b

Dredged area
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 If data were available for 1-foot intervals, concentrations were 

averaged for an estimated concentration in each 2-foot interval. The 
0-to-2-foot interval was calculated from the 0-to-1-foot and 1-to-2-foot 
intervals, the 2-to-4-foot interval was calculated from the 2-to-3-foot 
and 3-to-4-foot intervals, and the 4-to-6-foot interval was calculated 
from the 4-to-5-foot and 5-to-6-foot intervals.

b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c
 Subsurface sediment data at locations in dredged areas were

collected prior to dredging.

Subsurface core locations with
0-to-2-ft sampling intervals

Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Dredging information provided by AECOM.
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Map 4-8c. Locations with subsurface 
sediment data within the 0-to-2-ft, 2-to-4-ft,
and 4-to-6-ft sampling intervals, RM 3.7 to
RM 6.0

Scale is the same for each map frame
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data for specified core interval
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Early Action Area
b

Dredged area
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environmental

a
 If data were available for 1-foot intervals, concentrations were 

averaged for an estimated concentration in each 2-foot interval. The 
0-to-2-foot interval was calculated from the 0-to-1-foot and 1-to-2-foot 
intervals, the 2-to-4-foot interval was calculated from the 2-to-3-foot 
and 3-to-4-foot intervals, and the 4-to-6-foot interval was calculated 
from the 4-to-5-foot and 5-to-6-foot intervals.

b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c
 Subsurface sediment data at locations in dredged areas were

collected prior to dredging.

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

Dredging information provided by AECOM.
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Map 4-9. Fish tissue sampling locations

Scale is the same for each inset map
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Tissue sample locations by sampling event

LDWG trawl lines for starry flounder, perch, Pacific staghorn
sculpin

a
, and English sole
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2004  
Juvenile chinook salmon beach seine location (2003)  

LDW RI tissue sampling areas (2004-2005)

T1  

T2  

T3  

T4  
East Waterway; Windward (2002)

!? Juvenile chinook salmon beach seine location (2002)  
Waterway Sediment Operable Unit; ESG (1999)

!. Striped perch hand-collected (SCUBA) location (1998)  
 English sole trawl line (1998)  

King County Water Quality Assessment; King County (1999b)

English sole and shiner perch trawl line (1996-1998)  
EVS95

English sole trawl line (1995)  
Puget Sound Ambient Monitoring Program; West et al. (2001)

English sole trawl line (1992, 1995)  
Road

Navigation channel
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LLCWindWard
environmental

a Pacific staghorn sculpin were also collected in a subset of shrimp 
traps shown on Map 4-10.
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Map 4-10. Benthic invertebrate and shellfish
tissue sampling locations

Scale is the same for each inset map
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LDW RI

!@ Dungeness and slender crabs
a
 (2007)  

!@ Dungeness and slender crabs
a
 (2005)  
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!GF Benthic invertebrates (2004)  

#0 Clams (2007)  
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LDW RI tissue sampling areas (2004, 2005, 2007)
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Waterway Sediment Operable Unit; ESG (1998)

!@ Dungeness and red rock crabs (1998)  

King County Water Quality Assessment; King County (1999b)
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environmental

a Each location represents an individual crab trap or a pair of crab and
shrimp traps. Crabs were also captured in a subset of LDW RI trawls 
shown on Map 4-9. At some locations, crabs were captured but were 
not used in the compositing for chemical analysis. In addition, crabs
were not captured at all crab trap locations.
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Map 4-11a. Seep water and surface water 
sampling locations
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Map 4-11b. Seep water sampling data (only
detected chemicals), RM 0.0 to RM 2.5
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Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00117 0.00167 

Cadmium mg/L 0.000508 0.000588 

Copper mg/L 0.00825 J 0.0122 J

Lead mg/L 0.000204 0.00530 

Mercury mg/L 0.00000338 0.0000143 

Nickel mg/L 0.00346 0.00598 

Silver mg/L 0.000099 0.00011 

Zinc mg/L 0.161 0.194 

SP-82

Analyte Unit N

# of 

Detects

Range of 

Detects

1,2-Dichloroethene (total) µg/L 4 1 8.0

Vinyl chloride µg/L 6 1 1.0

S-11

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1-Dichloroethane µg/L 7 2 1.5  - 2.0

1,1-Dichloroethene µg/L 7 1 1.0

1,2-Dichloroethene (total) µg/L 5 4 1.0  - 19

Tetrachloroethene µg/L 7 1 2.6

Toluene µg/L 7 1 2.0

Trichloroethene µg/L 7 1 1.0

Vinyl chloride µg/L 7 2 1.0  - 2.0

Total xylene µg/L 5 1 1.0

S-4

0 200 400
Feet

Seep sampling event

!( Great Western

!( LDW RI

Road

Navigation channel

River mile

Note: All results are presented if single samples were analyzed at a given location; if multiple
samples were analyzed, the concentration range and number of detects are presented. Only
chemicals with detected concentrations are shown (in either filtered or unfiltered samples).

Analyte Unit N

# of 

Detects

Range of 

Detects

Acetone µg/L 3 1 6.4

Tetrachloroethene µg/L 4 2 1.3  - 5.8

S-6

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00102 0.00191 

Cadmium mg/L 0.000023 0.000078 

Copper mg/L 0.00607 U 0.0121 J

Lead mg/L 0.000175 0.0152 

Mercury mg/L 0.00000201 0.0000322 

Nickel mg/L 0.00195 0.00344 

Silver mg/L 0.000070 0.000068 

Zinc mg/L 0.0102 0.0269 

Aroclor-1254 µg/L 0.017 U 0.020 J

Total PCBs µg/L 0.017 U 0.020 J

SP-71

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00147 0.00164 

Cadmium mg/L 0.000016 0.000112 

Copper mg/L 0.00463 U 0.00806 J

Lead mg/L 0.000066 0.000356 

Mercury mg/L 0.00000349 0.0000127 

Nickel mg/L 0.00322 0.00452 

Silver mg/L 0.000053 0.000053 

Zinc mg/L 0.00395 0.0456 

SP-69 Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00220 0.00249 

Cadmium mg/L 0.000021 0.000031 

Copper mg/L 0.00679 U 0.00843 J

Lead mg/L 0.000056 0.000650 

Mercury mg/L 0.00000077 0.00000171 

Nickel mg/L 0.00142 0.00348 

Silver mg/L 0.000081 0.000068 

Zinc mg/L 0.00535 0.00836 

SP-75

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.253 0.287 

Cadmium mg/L 0.000091 0.000204 

Copper mg/L 0.00328 UJ 0.0509 

Lead mg/L 0.00300 0.0564 

Mercury mg/L 0.0000153 0.0000616 

Nickel mg/L 0.00237 J 0.00379 

Silver mg/L 0.000012 0.000077 

Zinc mg/L 0.138 J 0.309 

SP-76

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1,1-Trichloroethane µg/L 10 1 1.0

1,1-Dichloroethane µg/L 10 7 1.0  - 4.1

1,1-Dichloroethene µg/L 10 1 1.0

1,2,4-Trimethylbenzene µg/L 3 1 4.1

1,2-Dichloroethene (total) µg/L 7 7 1.0  - 37

Acetone µg/L 9 1 1.0

cis-1,2-Dichloroethene µg/L 3 3 5.6  - 41

Tetrachloroethene µg/L 10 10 1.0  - 19

Trichloroethene µg/L 10 8 2.0  - 8.0

Vinyl chloride µg/L 10 2 1.0  - 3.8

S-1

Analyte Unit N

# of 

Detects

Range of 

Detects

Acenaphthene µg/L 1 1 1.3

Total LPAH µg/L 1 1 1.3

Total PAH µg/L 1 1 1.3

1,2-Dichlorobenzene µg/L 3 2 1.0  - 1.3

1,1-Dichloroethane µg/L 3 3 53  - 62

1,1-Dichloroethene µg/L 3 2 18  - 27

1,2-Dichloroethane µg/L 3 1 8.5

1,2-Dichloropropane µg/L 3 1 2.7

Benzene µg/L 3 3 28  - 36

Chlorobenzene µg/L 3 1 4.1

cis-1,2-Dichloroethene µg/L 3 3 3,200  - 5,400

Tetrachloroethene µg/L 3 1 3.8

trans-1,2-Dichloroethene µg/L 3 3 27  - 72

Trichloroethene µg/L 3 2 6.2  - 11

Vinyl chloride µg/L 3 3 760  - 3,500

Xylene (ortho) µg/L 3 1 1.4

Total xylene µg/L 3 1 1.4

S-13

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1-Dichloroethane µg/L 1 1 18

1,2-Dichloroethane µg/L 1 1 27

1,2-Dichloropropane µg/L 1 1 16

cis-1,2-Dichloroethene µg/L 1 1 2,000

trans-1,2-Dichloroethene µg/L 1 1 110

Vinyl chloride µg/L 1 1 670

S-14

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1-Dichloroethane µg/L 10 5 1.0  - 47

1,1-Dichloroethene µg/L 10 1 11

1,2-Dichloroethane µg/L 10 4 1.0  - 8.0

1,2-Dichloroethene (total) µg/L 7 7 40  - 470

1,2-Dichloropropane µg/L 10 1 1.0

Acetone µg/L 9 1 5.6

Benzene µg/L 10 1 21

Chlorobenzene µg/L 10 1 8.8

cis-1,2-Dichloroethene µg/L 3 3 62  - 190

Tetrachloroethene µg/L 10 10 79  - 760

Toluene µg/L 10 1 2.7

trans-1,2-Dichloroethene µg/L 3 3 3.5  - 16

Trichloroethene µg/L 10 10 58  - 480

Vinyl chloride µg/L 10 5 1.0  - 1,100

Xylene (ortho) µg/L 3 1 2.8

Total xylene µg/L 3 1 2.8

S-2

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00128 na

Cadmium mg/L 0.000045 na

Lead mg/L 0.000193 na

Mercury mg/L 0.00000126 J na

Silver mg/L 0.000049 na

Zinc mg/L 0.00386 na

Aroclor-1248 µg/L 0.017 U 0.092 

Aroclor-1254 µg/L 0.017 U 0.21 J

Aroclor-1260 µg/L 0.017 U 0.16 

Total PCBs µg/L 0.017 U 0.46 J

SP-64

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00684 na

Cadmium mg/L 0.000109 na

Lead mg/L 0.000101 na

Mercury mg/L 0.00000256 na

Silver mg/L 0.000044 na

Zinc mg/L 0.0122 na

SP-62

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.0724 0.0672 

Cadmium mg/L 0.0000090 0.000022 

Lead mg/L 0.000088 0.000240 

Mercury mg/L 0.00000099 J 0.00000216 

Silver mg/L 0.000027 0.000030 

Zinc mg/L 0.00329 0.00349 

SP-61

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000590 0.000855 

Cadmium mg/L 0.000011 0.000037 

Copper mg/L 0.0228 0.0214 

Lead mg/L 0.000078 0.000277 

Mercury mg/L 0.00000869 0.00000646 

Nickel mg/L 0.000040 U 0.00280 

Zinc mg/L 0.0168 0.0141 

Carbon disulfide µg/L na 1.1 

TPH - Diesel Range mg/L 0.50 0.54 

TPH mg/L 0.50 0.54 

SP-80

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000404 0.00130 

Cadmium mg/L 0.000012 0.000710 

Chromium mg/L na 0.0749 

Lead mg/L 0.000703 0.296 

Mercury mg/L 0.0000132 0.000582 

Nickel mg/L 0.00084 0.00392 

Zinc mg/L 0.00545 0.322 

1,2-Dichlorobenzene µg/L 1.0 U 2.9 

1,3-Dichlorobenzene µg/L 3.6 58.3 

1,4-Dichlorobenzene µg/L 3.9 40.2 

Aroclor-1248 µg/L 0.21 4.7 

Aroclor-1254 µg/L 0.15 U 2.3 J

Aroclor-1260 µg/L 0.047 1.9 J

Total PCBs µg/L 0.26 8.9 J

Carbon disulfide µg/L na 2.4 

Chlorobenzene µg/L na 6.5 

Gasoline mg/L na 0.29 

TPH - Diesel Range mg/L 1.4 2.2 

TPH - Motor Oil Range mg/L 0.50 U 1.9 

TPH mg/L 1.4 4.1 

SP-54
 S
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Map 4-11c. Seep water sampling data (only
detected chemicals), RM 2.5 to RM 3.4

LLCWindWard
environmental

0 300 600
Feet

0 100 200
Meters

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000422 0.000618 

Cadmium mg/L 0.000101 0.000127 

Copper mg/L 0.0101 J 0.0111 J

Lead mg/L 0.000154 J 0.00106 

Mercury mg/L 0.00000132 0.00000109 

Nickel mg/L 0.00156 0.00323 

Silver mg/L 0.000053 0.000054 

Zinc mg/L 0.0158 0.0177 

SP-48

Seep sampling event

!( Boeing Plant 2

!( LDW RI

Road

Navigation channel

River mile

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.01 0.012 

Lead mg/L 0.02 U 0.005 

Vanadium mg/L 0.004 0.02 

Zinc mg/L 0.008 U 0.02 

cis-1,2-Dichloroethene µg/L na 40 

Vinyl chloride µg/L na 36 

SE-11001

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.006 0.012 

Vanadium mg/L 0.01 U 0.01 

SE-21002

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.01 0.02 

Copper mg/L 0.002 U 0.03 

Mercury mg/L 0.00010 U 0.00020 

Vanadium mg/L 0.002 U 0.05 

Zinc mg/L 0.004 U 0.05 

SE-31003

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.009 

SE-41004

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.01 

Lead mg/L 0.02 U 0.004 

Vanadium mg/L 0.002 U 0.01 

SE-51005

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.01 0.01 

Lead mg/L 0.02 U 0.006 

Vanadium mg/L 0.002 U 0.02 

Zinc mg/L 0.004 U 0.02 

SE-61006

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000771 0.00113 

Cadmium mg/L 0.000107 0.000133 

Copper mg/L 0.0125 J 0.0158 J

Lead mg/L 0.000129 0.000823 

Mercury mg/L 0.00000074 0.00000518 

Nickel mg/L 0.00424 0.00803 

Silver mg/L 0.000053 0.000033 

Zinc mg/L 0.0141 0.0161 

SP-12

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000841 na

Cadmium mg/L 0.000085 na

Copper mg/L 0.00869 J na

Lead mg/L 0.000252 na

Mercury mg/L 0.00000092 na

Nickel mg/L 0.00132 na

Silver mg/L 0.000021 na

Zinc mg/L 0.01197 na

SP-10

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.008 

Copper mg/L 0.008 0.03 

Lead mg/L 0.02 U 0.005 

Vanadium mg/L 0.002 0.01 

Zinc mg/L 0.035 0.05 

SE-94105

Note: Only chemicals with detected concentrations are shown (in either
filtered or unfiltered samples). At some locations between RM 2.2 and
RM 2.5, multiple samples were collected over time. At those locations,
the range of concentrations is presented for detected chemicals.

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.005 

Chromium mg/L na 0.009 

Copper mg/L na 0.014 

Lead mg/L na 0.016 

Vanadium mg/L na 0.015 

Zinc mg/L na 0.052 

cis-1,2-Dichloroethene µg/L na 1.2 

Trichloroethene µg/L na 1.9 

SE-74101

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.004 

Chromium mg/L na 0.006 

Copper mg/L na 0.013 

Lead mg/L na 0.022 

Nickel mg/L na 0.01 

Vanadium mg/L na 0.022 

Zinc mg/L na 0.061 

Fluoranthene µg/L na 1.3 

Phenanthrene µg/L na 1.0 

Total HPAH µg/L na 1.3 

Total LPAH µg/L na 1.0 

Total PAH µg/L na 2.3 

Aroclor-1260 µg/L na 1.8 

Total PCBs µg/L na 1.8 

SE-84102
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Map 4-11d. Seep water sampling data (only
detected chemicals), RM 3.4 to RM 4.0

LLCWindWard
environmental

0 200 400
Feet

0 50 100
Meters

Chemical Unit

Filtered

Result

Unfiltered

Result

Copper mg/L 0.00500 J 0.00300

Zinc mg/L 0.00600 UJ 0.00700 J

SEEP_1

Chemical Unit

Filtered

Result

Unfiltered

Result

Chromium mg/L 0.00900 J 0.00600

Copper mg/L 0.00500 J 0.00250

BEHP µg/L na 8.9 J

SEEP_2

Chemical Unit

Filtered

Result

Unfiltered

Result

Chromium mg/L 0.00800 J 0.00700

Copper mg/L 0.00400 J 0.00400 

Aroclor-1260 µg/L na 0.94 J

Total PCBs µg/L na 0.94 J

SEEP_3

Seep sampling event

!( Boeing Plant 2

!( LDW RI

!( T-117

Road

Navigation channel

River mile

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00135 0.00158 

Cadmium mg/L 0.000111 0.000114 

Copper mg/L 0.00816 J 0.0102 J

Lead mg/L 0.000096 0.00144 

Mercury mg/L 0.00000062 0.00000061 

Nickel mg/L 0.00525 0.00883 

Silver mg/L 0.000112 0.000086 

Zinc mg/L 0.00808 0.0108 

SP-20

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.02 

Chromium mg/L 0.02 U 0.018 

Copper mg/L 0.01 U 0.02 J

Lead mg/L 0.001 U 0.03 J

Mercury mg/L 0.00010 U 0.00020 

Nickel mg/L 0.05 U 0.01 

Vanadium mg/L 0.01 U 0.03 J

Zinc mg/L 0.02 U 0.08 J

Aroclor-1260 µg/L na 1.7 J

Total PCBs µg/L na 1.7 J

cis-1,2-Dichloroethene µg/L na 7.2 

Vinyl chloride µg/L na 3.1 

SE-SWY01

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.009 0.012 

Chromium mg/L 0.02 U 0.01 

Copper mg/L 0.01 U 0.052 

Lead mg/L 0.005 U 0.04 

Nickel mg/L 0.05 U 0.05 

Vanadium mg/L 0.01 U 0.02 

Zinc mg/L 0.09 0.2 

SE-SWY04

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.01 

Chromium mg/L 0.02 U 0.049 

Copper mg/L 0.01 U 0.06 

Lead mg/L 0.001 U 0.1 

Mercury mg/L 0.00010 U 0.00020 

Nickel mg/L 0.05 U 0.03 

Vanadium mg/L 0.01 U 0.026 

Zinc mg/L 0.03 0.1 

Aroclor-1260 µg/L na 4.6 

Total PCBs µg/L na 4.6 

SE-SWY03

Note: Only chemicals with detected
concentrations are shown (in either
filtered or unfiltered samples).

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Chromium mg/L na 0.02 

Copper mg/L na 0.007 

Lead mg/L na 0.104 

Vanadium mg/L na 0.006 

Zinc mg/L na 0.036 

cis-1,2-Dichloroethene µg/L na 3.9 

Trichloroethene µg/L na 13 

SE-SWY02

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.008 

Copper mg/L na 0.006 

Lead mg/L na 0.005 

Vanadium mg/L na 0.003 

Zinc mg/L na 0.048 

cis-1,2-Dichloroethene µg/L na 26 

Trichloroethene µg/L na 2.7 

Vinyl chloride µg/L na 3.5 

SE-SWY05

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.006 

Copper mg/L na 0.002 

Lead mg/L na 0.002 

Vanadium mg/L na 0.002 

Zinc mg/L na 0.038 

cis-1,2-Dichloroethene µg/L na 16 

Vinyl chloride µg/L na 32 

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.006 

Lead mg/L na 0.001 

Vanadium mg/L na 0.009 

Zinc mg/L na 0.006 

Benzene µg/L na 2.2 

SE-SWY06

SE-SWY07

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.002 

Copper mg/L na 0.015 

Lead mg/L na 0.002 

Zinc mg/L na 0.059 

Aroclor-1254 µg/L na 0.93 J

Total PCBs µg/L na 0.93 J

SW-SWY01
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Map 4-11e. Seep water sampling data (only
detected chemicals), RM 4.0 to RM 5.0

LLCWindWard
environmental

0 300 600
Feet

0 100 200
Meters

Seep sampling event

!( LDW RI

!( Rhône-Poulenc

Road

Navigation channel

River mile

Note: Only chemicals with detected concentrations are shown (in either filtered or unfiltered samples).

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000235 0.000230 

Cadmium mg/L 0.000133 0.000158 

Lead mg/L 0.000036 0.000080 

Mercury mg/L 0.00000062 0.00000112 

Nickel mg/L 0.00223 0.00471 

Silver mg/L 0.000036 0.000026 

Zinc mg/L 0.00607 0.00714 

SP-41

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000054 0.000058 

Cadmium mg/L 0.000206 0.000272 

Copper mg/L 0.0101 J 0.0122 J

Lead mg/L 0.000051 0.000161 

Mercury mg/L 0.00000087 0.00000094 

Nickel mg/L 0.00278 0.00643 

Silver mg/L 0.000028 0.000025 

Zinc mg/L 0.00830 0.00990 

Heptachlor epoxide µg/L 0.0090 0.0076 

SP-39

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.0084

04-SP

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.0175

03-SP

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.005663

BEHP µg/L 13.8

07-SP

Chemical Unit

Unfiltered 

Result

Mercury mg/L 0.00065

Vanadium mg/L 0.0028

05-SP

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.0030

06-SP

Chemical Unit

Unfiltered 

Result

Arsenic mg/L 0.0310

Cadmium mg/L 0.0116

Chromium mg/L 0.202

Copper mg/L 0.203

Lead mg/L 0.0441

Nickel mg/L 0.0700

Vanadium mg/L 0.400

Zinc mg/L 0.223

BEHP µg/L 27.0

02-SP

Chemical Unit

Unfiltered 

Result

Cadmium mg/L 0.0021

Vanadium mg/L 0.0101

01-SP
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Map 4-12a. Porewater sampling locations
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Map 4-12b. Porewater sampling data (only
detected chemicals), RM 0.0 to RM 2.0

Sampling event

!? EPA SI

!? PSDDA99

Road

Navigation channel

River mile

LLCWindWard
environmental

0 500 1,000
Feet

0 100 200
Meters

Location Analyte Unit Result

S1 Tributyltin as ion µg/L 0.040 J

S2 Tributyltin as ion µg/L 0.020 J

S3 Tributyltin as ion µg/L 0.15

S4 Tributyltin as ion µg/L 0.15 J

S5 Tributyltin as ion µg/L 0.010 J

S6 Tributyltin as ion µg/L 0.020 J

B1 Tributyltin as ion µg/L 0.03

S7 Tributyltin as ion µg/L 0.040 J

S8 Tributyltin as ion µg/L 0.050 J

S9 Tributyltin as ion µg/L 0.020 J

S10 Tributyltin as ion µg/L 0.11 J

S11 Tributyltin as ion µg/L 0.040 J

PSDDA99 samples

Analyte Unit Result

Arsenic µg/L 63

Lead µg/L 2

Vanadium µg/L 16

Dibutyltin as ion µg/L 0.010 J

Tributyltin as ion µg/L 0.080 J

DR055

Analyte Unit Result

Arsenic µg/L 67

Lead µg/L 2 J

Silver µg/L 0.4 J

Vanadium µg/L 17

Dibutyltin as ion µg/L 0.010 J

Tributyltin as ion µg/L 0.040 J

DR038

Analyte Unit Result

Lead µg/L 1 J

Dibutyltin as ion µg/L 0.010 J

Tributyltin as ion µg/L 0.020 J

DR018

Analyte Unit Result

Aluminum µg/L 153

Arsenic µg/L 74

Lead µg/L 2

Vanadium µg/L 18

Tributyltin as ion µg/L 0.020 J

DR096

Analyte Unit Result

Arsenic µg/L 93

Cadmium µg/L 4 J

Lead µg/L 1 J

Vanadium µg/L 17

Tributyltin as ion µg/L 0.020 J

DR147

Analyte Unit Result

Arsenic µg/L 103

Cadmium µg/L 4 J

Copper µg/L 5

Lead µg/L 4

Silver µg/L 0.3 J

Vanadium µg/L 17

Zinc µg/L 5 J

Dibutyltin as ion µg/L 0.0070 J

Tributyltin as ion µg/L 0.020 J

DR109

Analyte Unit Result

Arsenic µg/L 43

Lead µg/L 0.9 J

Vanadium µg/L 14

Tributyltin as ion µg/L 0.0080 J

DR133

Note: Only detected chemical concentrations are shown.
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Map 4-12c. Porewater sampling data (only
detected chemicals), RM 2.0 to RM 3.5

Sampling event

!? EPA SI

!? PSDDA99

!? LDW RI

Road

Navigation channel

River mile

LLCWindWard
environmental

0 500 1,000
Feet

0 100 200
Meters

!?
!?

!?

!?

!?
!?

!?!?

!?

!?

!?
!?

!?

!?

PE-03

PZ-01

PE-04

PZ-06

PZ-05

PZ-03

PZ-02

PE-08

PE-06

PE-01

PZ-04
PE-07

PE-05

PE-02

0 25 50
Feet

0 5 10
Meters

Analyte Unit Result

Field 

Replicate

Field 

Replicate

1,2-Dichlorobenzene µg/L 0.4 U 0.6 1.2

1,4-Dichlorobenzene µg/L 0.4 U 0.2 U 0.3

1,1-Dichloroethane µg/L 6.7 4 7.7

1,1-Dichloroethene µg/L 0.4 U 0.3 0.2 U

Carbon disulfide µg/L 0.4 0.2 0.2

Chlorobenzene µg/L 0.4 U 0.3 0.6

cis-1,2-Dichloroethene µg/L 20 41 27

Isopropylbenzene µg/L 0.4 U 0.2 U 0.3

Toluene µg/L 0.5 0.3 0.5

trans-1,2-Dichloroethene µg/L 0.5 0.7 0.4

Vinyl chloride µg/L 11 92 86

LDW-PW-G-PE-08

Analyte Unit Result

1,1-Dichloroethane µg/L 0.4

cis-1,2-Dichloroethene µg/L 46

trans-1,2-Dichloroethene µg/L 3.4

Trichloroethene µg/L 2.5

Vinyl chloride µg/L 11

LDW-PW-G-PE-02

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.5

Vinyl chloride µg/L 0.4

LDW-PW-G-PE-03

Analyte Unit Result

1,1-Dichloroethane µg/L 3.7

1,1-Dichloroethene µg/L 1.1

1,2-Dichloroethane µg/L 15

1,2-Dichloropropane µg/L 2.5

cis-1,2-Dichloroethene µg/L 630

Tetrachloroethene µg/L 1.1

Toluene µg/L 0.5

trans-1,2-Dichloroethene µg/L 16

Trichloroethene µg/L 1.1

Vinyl chloride µg/L 270

LDW-PW-G-PE-05

Analyte Unit Result

1,2-Dichlorobenzene µg/L 0.5

1,4-Dichlorobenzene µg/L 0.3

1,1-Dichloroethane µg/L 16

1,1-Dichloroethene µg/L 4.9

1,2-Dichloroethane µg/L 7.4

1,2-Dichloropropane µg/L 1.7

Benzene µg/L 9.4

Carbon disulfide µg/L 0.7

Chlorobenzene µg/L 1.4

cis-1,2-Dichloroethene µg/L 2,900

Isopropylbenzene µg/L 0.2

Toluene µg/L 3.5

trans-1,2-Dichloroethene µg/L 21 J

Trichloroethene µg/L 0.4

Vinyl chloride µg/L 2,500

LDW-PW-G-PE-06

Analyte Unit Result

1,1-Dichloroethane µg/L 11

Chlorobenzene µg/L 0.4

cis-1,2-Dichloroethene µg/L 18

Vinyl chloride µg/L 7.2

LDW-PW-G-PE-07

See Map 4-12b.

LDW RI
Note: No VOCs were detected in
the piezometer (PZ) samples.

Analyte Unit Result

Silver µg/L 0.4 J

Vanadium µg/L 11

Zinc µg/L 6 J

DR140

Location Analyte Unit Result

B2 Tributyltin as ion µg/L 0.030 J

S13 Tributyltin as ion µg/L 0.020 J

S14 Tributyltin as ion µg/L 0.020 J

S15 Tributyltin as ion µg/L 0.55

S16 Tributyltin as ion µg/L 0.030 J

S17 Tributyltin as ion µg/L 0.020 J

S18 Tributyltin as ion µg/L 0.010 J

PSDDA99 samples

Analyte Unit Result

Arsenic µg/L 34

Cadmium µg/L 4 J

Lead µg/L 2

Vanadium µg/L 12

DR181

Analyte Unit Result

Arsenic µg/L 31

Silver µg/L 0.3 J

Vanadium µg/L 12

Zinc µg/L 4 J

DR228

Analyte Unit Result

1,1-Dichloroethane µg/L 0.4

Carbon disulfide µg/L 0.2

cis-1,2-Dichloroethene µg/L 6.1

Tetrachloroethene µg/L 0.4

trans-1,2-Dichloroethene µg/L 0.3

Trichloroethene µg/L 0.5

Vinyl chloride µg/L 3.4

LDW-PW-G-PE-01

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 2.4

Vinyl chloride µg/L 1.8

LDW-PW-G-PE-04

Note: Only chemicals with detected concentrations
are shown (in either original or field replicate samples).



!?!?!?

!?
!?
!?

!?

!?

!?
!?
!?!?

!?!?

!?!?!?!?!?!?!?!?
!?!?!? !?!?!?

!?

!?

!?

!?

!?

Slip 6

H
w

y 99

S.
 1

02
nd

 S
t. 

Br
id

ge

3.
5

5.5

5.4

5.3

5.2

5.
1

4.
9

4 .
8

4.
7

4.6

4.5

4.4

4.3

4.2

4.1

3.9

3.8

3.7

3.6

5.6

4.0

5.
0

SB-7

SHB-6

SH-08
SH-07

SH-06

SH-05

SH-04

SH-03
SH-02

SH-01

SHB-5

SB-8
DR244

DR298

DR262

DR260

DR301

SH-09

SB-18

P
re

p
ar

e
d 

by
 C

E
H

, 0
7

/1
3

/2
01

0;
 M

A
P

 #
3

80
0;

 W
:\

P
ro

je
ct

s\
0

0-
0

8-
0

6_
D

uw
a

m
is

h
_R

I\d
a

ta
\G

IS
\P

ha
se

2 
R

I\
N

at
ur

e
 a

nd
 E

xt
en

t\S
e

ep
s 

an
d 

po
re

w
at

er

±
Map 4-12d. Porewater sampling data (only
detected chemicals), RM 3.5 to RM 5.5

Sampling event

!? EPA SI

!? LDW RI

!? Rhône-Poulenc

Road

Navigation channel

River mile

LLCWindWard
environmental

0 500 1,000
Feet

0 100 200
Meters

!?

!?

!?
!?

!?!?

!?
!?

!?!?!?

!?
!?

!? PZ-12

PZ-11
PZ-10

PZ-09 PZ-07

PE-16

PE-13

PE-12
PE-11

PE-10
PE-09

PE-15

PE-14

PZ-08

0 25 50
Feet

0 5 10
Meters

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.4

LDW-PW-B-PE-09

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 1.7

Trichloroethene µg/L 0.2

Vinyl chloride µg/L 13

LDW-PW-B-PE-11

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.9

LDW-PW-B-PE-12

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.5

Vinyl chloride µg/L 1.1

LDW-PW-B-PE-13

Analyte Unit Result

1,1-Dichloroethane µg/L 0.3

cis-1,2-Dichloroethene µg/L 0.2

LDW-PW-B-PE-14

Analyte Unit Result

Field 

Replicate

Field 

Replicate

cis-1,2-Dichloroethene µg/L 0.2 U 0.4 1

Trichloroethene µg/L 0.2 U 0.2 U 0.2

LDW-PW-B-PE-10

Note: No VOCs were detected in the piezometer (PZ) samples.

Analyte Unit Result

Arsenic µg/L 114

Cadmium µg/L 4 J

Lead µg/L 0.6 J

Vanadium µg/L 22

Tributyltin as ion µg/L 0.0090 J

DR244

Analyte Unit Result

Mercury µg/L 0.0373

SH-01

Analyte Unit Result

Mercury µg/L 0.0488

Benzo(a)pyrene µg/L 0.0320 J

Benzo(b)fluoranthene µg/L 0.0390 J

Benzo(k)fluoranthene µg/L 0.0390 J

Total benzofluoranthenes µg/L 0.0780 J

Fluoranthene µg/L 0.26 J

Pyrene µg/L 0.32 J

Total HPAH µg/L 0.69 J

Total PAH µg/L 0.69 J

BEHP µg/L 390

SH-02

Analyte Unit Result

Mercury µg/L 0.00181

BEHP µg/L 6.2

SH-03

Analyte Unit Result

Mercury µg/L 0.0253

BEHP µg/L 2

SH-04

Analyte Unit Result

Mercury µg/L 0.00299

BEHP µg/L 4.3

SH-05

Analyte Unit Result

Mercury µg/L 0.00252

SH-06

Analyte Unit Result

Mercury µg/L 0.00206

SH-07

Analyte Unit Result

Mercury µg/L 0.0016

BEHP µg/L 3

SH-08

Analyte Unit Result

Mercury µg/L 0.0027

SH-09

Analyte Unit Result

Copper µg/L 264

SHB-5

Analyte Unit Result

Copper µg/L 32

SHB-6

Analyte Unit Result

Field 

Replicate

Copper µg/L 76.8 5 U

Mercury µg/L 0.408 0.2 U

Zinc µg/L 1,560 50 U

SB-18

Analyte Unit Result

Copper µg/L 5.4

Zinc µg/L 263

SB-7

Analyte Unit Result

Zinc µg/L 1,360

SB-8

Analyte Unit Result

Arsenic µg/L 36

Lead µg/L 2

Vanadium µg/L 12

DR260

Analyte Unit Result

Arsenic µg/L 26

Copper µg/L 5

Lead µg/L 1

Vanadium µg/L 11

DR262

Analyte Unit Result

Copper µg/L 2

Lead µg/L 1

Silver µg/L 0.3 J

Vanadium µg/L 3 J

DR298

Analyte Unit Result

Copper µg/L 1

Lead µg/L 0.9

Silver µg/L 0.5 J

Vanadium µg/L 4 J

DR301

Note: Only chemicals with detected concentrations are shown (in either original or field replicate samples).
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Map 4-13. Exceedances of SQS and CSL
criteria for all chemicals with SMS criteria in
the RI baseline surface sediment dataset

SQS/CSL categories for all chemicals
a

!( > CSL, detect
!( > SQS and ≤ CSL, detect

! ≤ SQS, detect; and all non-detects

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Early Action Area
b

Road

River mile

Navigation channel

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

a When OC-normalization was not appropriate because TOC content
was < 0.5% or > 4.0%, dry weight concentrations for these locations
were compared instead to the LAET and 2LAET. One sample within
the Boeing Plant 2/Jorgensen Forge EAA had a lead concentration
(1,300 mg/kg dw) greater than the CSL. However, according to data
management rules (Section 4.1.2.1), data for this location were
replaced with data from a more recent sample (SD-343) that was
collected within 10 ft of the original location, but was not analyzed for
lead.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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Map 4-14a. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 0.0 to RM 0.9

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National
Pollutant Discharge Elimination System (NPDES) permit files and
other relevant agency databases. These locations were later
surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG)
personnel provided additional outfall-specific information. Some
locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent
verifications. The outfall layer is meant to serve as a snapshot of
outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment
data in the baseline dataset represent samples collected before
dredging, capping, or thin-layer placement in 2003 to 2005.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the Duwamish/
Diagonal dredged and capped or thin-layer placement areas are
shown with exceedance factors. Colored symbols within these
areas represent samples collected prior to dredging, capping, or
thin-layer placement.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

M ercury 1.3 ne
C hrysene 1.1 ne
B enz o ( g ,h, i) p erylene 1.0 ne
Ind eno ( 1,2 ,3 - cd ) p yrene 1.0 ne

F luo r ant hene 1.4 ne

M ercur y 1.4 ne
PC B s 1.2 ne

PC B s 15 2 .8
Lead 1.3 1.1
B EHP 1.7 1.0
A rsenic 1.5 ne
Z inc 1.3 ne

A r senic 1.4 ne

PC B s 1.6 ne

A r senic 2 .2 1.3
PC B s 1.7 ne

BEHP 1.6 ne
BB P 1.1 ne

LDW - SS17 BEHP 1.4 ne
EST 2 3 1 PC Bs 1.1 ne

4 - M et hylp henol 1.1 1.1
BEHP 1.5 ne
BB P 1.1 ne
PC Bs 1.1 ne
PC Bs 1.7 ne
BEHP 1.6 ne
BEHP 2 .6 1.5
PC Bs 2 .3 ne
BB P 1.3 ne
BEHP 2 .1 1.3
BB P 1.5 ne
BEHP 2 .5 1.5
PC Bs 2 .3 ne
BB P 1.4 ne

DU D _ 10 C PC Bs 3 .1 ne
PC Bs 2 8 5.1
BEHP 4 .5 2 .7
HC B 1.4 ne
BB P 1.2 ne
Phenol 1.3 ne
PC Bs 1.1 ne
BEHP 1.3 ne
PC Bs 1.1 ne
PC Bs 2 .2 ne
BEHP 1.1 ne
PC Bs 2 .3 ne
BB P 1.3 ne
BEHP 1.2 ne
M ercury 1.5 1.0
PC Bs 3 .0 ne
BEHP 1.3 ne
PC Bs 6 .9 1.3
BEHP 1.8 1.1
PC Bs 2 1 3 .9
BEHP 2 .8 1.7
M ercury 2 .1 1.5
Silver 1.0 1.0
Cad mium 1.0 ne
PC Bs 1.5 ne
BEHP 1.3 ne

CH10 3 8 PC Bs 6 .8 1.2
BEHP 2 .1 1.3
4 - M et hylp henol 1.1 1.1
BB P 2 .7 ne
BEHP 2 .3 1.4
F luorant hene 2 .3 ne
BB P 2 .2 ne
Tot al HPAH 1.1 ne
BEHP 3 .8 2 .3
PC Bs 1.5 ne
BEHP 2 .0 1.2
BB P 1.1 ne
4 - M et hylp henol 2 .1 2 .1
BEHP 1.8 1.1
PC Bs 1.3 ne
BB P 1.2 ne
N- N it ro sod ip henylamine 3 .9 2 .8
BEHP 3 .7 2 .5
F luorant hene 1.8 1.2
PC Bs 6 .6 ne
BB P 4 .9 ne
Chrysene 1.4 ne
Tot al HPAH 1.2 ne
Benzo( a) ant hracene 1.2 ne
Benzof luorant henes 1.0 ne
BEHP 2 .3 1.4
PC Bs 1.4 ne

DR 0 10 BEHP 1.1 ne
DU D 0 14 BB P 3 .7 ne

DU D 0 10

DU D _ 2 C

DU D 0 0 9

DU D _ 1C

DR 0 59

DU D 2 0 5

DR 0 8 1

DU D _ 8 C

DU D 0 3 3

DU D 2 0 4

DU D _ 9 C

DU D 0 3 1

DU D 0 4 5

DU D 0 3 2

DR 0 0 6

DU D _ 11C

DU D 0 4 4

K- 0 3

DR 0 0 5

DU D 2 0 0

DU D _ 12 C

DU D 0 4 3

PC B s 1.1 ne
F luorant hene 2 .3 ne
Phenant hrene 1.5 ne
F luorene 1.4 ne
Indeno( 1,2 ,3 - cd ) pyrene 1.3 ne
C hrysene 1.3 ne
B enzo( g ,h, i) p erylene 1.2 ne
A cenapht hene 1.1 ne
Tot al  HPA H 1.1 ne
PC B s 1.1 ne

PC B s 1.6 ne

Pheno l 1.4 ne

PC B s 1.3 ne

Pheno l 1.5 ne

M ercury 1.5 1.0

PC B s 1.3 ne

M ercur y 3 .8 2 .6
PC B s 1.5 ne

F luo rene 1.9 ne
Phenant hrene 1.7 ne
A cenap ht hene 1.7 ne
D ib enzo f uran 1.3 ne
F luo rant hene 1.1 ne

M ercury 4 .4 3 .1
PC B s 1.9 ne

F luo rant hene 1.9 ne
Phenant hrene 1.4 ne
PC B s 1.1 ne

Z inc 1.0 ne

PC B s 1.4 ne

F luo rant hene 1.7 1.2
PC B s 6 .0 ne
C hrysene 1.5 ne
T o t al  HPA H 1.0 ne

Z inc 1.1 ne

B enzyl alcoho l 12 9 .2
F luorant hene 3 .1 2 .1
Indeno( 1,2 ,3 - cd ) pyrene 2 .0 1.7
B enzo ( a) ant hracene 2 .0 1.6
B enzo ( g ,h,i ) p erylene 1.6 1.5
To t al HPA H 2 .0 1.4
C hrysene 2 .6 1.3
Pyrene 1.7 1.3
M ercury 1.5 1.1
B enzo f luo rant henes 1.2 1.1
PC B s 2 .2 ne
D ibenzo ( a,h) ant hracene 1.5 ne
B enzo ( a) pyrene 1.3 ne
Phenant hrene 1.3 ne
Z inc 1.1 ne

F luorant hene 2 .3 1.6
PC B s 2 .8 ne
C hrysene 1.3 ne
Tot al  HPA H 1.2 ne
Pyrene 1.1 ne

P C B s 1.4 ne

PC B s 5.9 ne
Indeno( 1,2 ,3 - cd ) pyrene 2 .7 2 .3
B enzo ( g ,h,i ) p erylene 2 .4 2 .2
F luorant hene 2 .9 2 .0
To t al HPA H 2 .2 1.5
Pyrene 1.8 1.5
B enzo ( a) ant hracene 1.7 1.4
B enzo f luo rant henes 1.5 1.3
C hrysene 2 .1 1.1
B enzo ( a) pyrene 2 .0 1.1
PC B s 7.8 1.0
M ercury 1.5 1.0
Phenant hrene 2 .3 ne
D ibenzo ( a,h) ant hracene 1.4 ne

F luorant hene 6 .9 ne
Tot al  HPA H 2 .6 ne
C hrysene 2 .0 ne
Phenant hrene 1.4 ne

C ad mium 1.4 1.1
Pheno l 2 .4 ne

PC B s 2 .1 ne
B B P 1.6 ne

PC B s 1.6 ne

PC B s 1.5 ne

PC B s 2 .0 ne
B EHP 1.0 ne

PC B s 2 .1 ne
B EHP 1.1 ne

B B P 3 .9 ne
PC B s 3 .0 ne

Pheno l 1.1 ne

PC B s 1.1 ne

PC B s 2 .3 ne
B EHP 1.0 ne

PC B s 1.5 ne

PC B s 1.7 ne

PC B s 1.8 ne

PC B s 4 .6 ne

PC B s 3 .8 ne

F luo rant hene 3 .9 ne
PC B s 1.4 ne
T o t al  HPA H 1.1 ne

PC B s 1.1 ne

Pheno l 1.8 ne
F luo rant hene 1.1 ne

PC B s 2 .7 ne

PC B s 3 .2 ne

Outfall classificationb

k

#*

9 CSO/storm drain
k

#*

9 EOF

k

#*

9
Permitted private
storm drain

k

#*

9 Public storm drain

k

#*

9
Pipe of unresolved
origin and/or use

XW� Abandoned
XW� Not an outfall
GF Stream, channel, or swale

Early Action Area
c

Navigation channel

River mile

Dredged and
capped area

d

Thin-layer placement
d

Dredging information provided by AECOM.

k9k9



k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)
�)

�)

�)

�)

�)

�)

�)

�)
�)

�)

�)

�)

�)�)

�)

�)

�)

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

Slip 1

Slip 2
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Hardie
(1999)

Lehigh Northwest
(2004)

Lone Star NW
(1986 & 1993)

Glacier Ready-Mix 
(2001)

Lone Star-Hardie/Kaiser
(1996)

Glacier NW
(2005)
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(1993)
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LDW-SS39

LDW-SS35

LDW-SS58 LDW-SS57

LDW-SS56

LDW-SS50
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JHGSA-SD1-32-0010
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Map 4-14b. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 0.9 to RM 1.8

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

Dredged area
Dredged and thin-layer placement

River mile

Navigation channel
a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.

bOutfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency and
LDWG personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some
additional outfall locations were identified during these subsequent
verifications. The outfall layer is meant to serve as a snapshot of
outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

P C B s 3 . 2 ne M er cury 2 .1 1.5
PC B s 1.1 ne

P C B s 1. 8 ne

M e r c ur y 1. 2 ne

P C B s 3 . 0 ne

Z i nc 1. 0 ne

P C B s 2 . 6 ne

P C B s 1. 2 ne

A rsenic 13 7.8
Z inc 5.1 2 .2
C o pp er 1.3 1.3
C hrysene 2 .7 ne
PC B s 1.6 ne
B enzo ( a) ant hracene 1.4 ne
F luorant hene 1.3 ne
D ib enzo ( a,h) ant hracene 1.1 ne
To t al  HPA H 1.1 ne
Ind eno ( 1,2 ,3 - cd) p yrene 1.1 ne
B enzo ( g ,h, i ) perylene 1.1 ne

A r senic 2 .1 1.3
Z inc 2 .4 1.0

A cenapht hene 16 4 .6

F luo rene 10 3 .0

D ib enz of uran 11 2 .9

2 - M et hylnapht halene 4 .2 2 .5

To t al  LPA H 4 .6 2 .2
Phenant hrene 7.5 1.6

N apht halene 2 .6 1.5

F luo rant hene 5.3 ne

PC B s 2 .7 ne

To t al  HPAH 2 .2 ne
C hrysene 1.6 ne

B enzo ( a) ant hracene 1.5 ne

M ercury 1.1 ne

B enzo f luorant henes 1.1 ne
B enzo ( a) p yrene 1.0 ne

M e r c ur y 2 . 7 1.8

PC B s 3 .1 ne
B EHP 1.3 ne
B B P 1.0 ne

F luo rant hene 3 .9 2 .7
Pyrene 1.6 1.3
T o t al  HPA H 1.5 1.1
PC B s 1.8 ne
C hrysene 1.5 ne
B enzo ( a) ant hracene 1.2 ne

PC B s 18 3 .4
M ercury 1.7 1.2

P C B s 3 . 8 ne

P C B s 2 . 3 ne

PC B s 1.2 ne
B EHP 1.0 ne

C o p p er 3 .2 3 .2
Z inc 1.9 ne
B EHP 1.6 ne
A rsenic 1.2 ne

C o p p er 3 .4 3 .4
A rsenic 2 .8 1.7
Z inc 2 .1 ne

B EHP 1.1 ne
B B P 1.0 ne

A rsenic 3 .0 1.8
C o p p er 1.6 1.6
Z inc 1.9 ne

A rsenic 14 8 .7
C o pp er 3 .6 3 .6
Z inc 6 .9 2 .9
Lead 1.7 1.5
M ercury 1.9 1.3
Phenant hrene 1.3 ne
F luorant hene 1.3 ne
C hrysene 1.3 ne
B EHP 1.2 ne
A cenapht hene 1.1 ne
B B P 1.1 ne

F luo rant hene 3 .1 ne
Phenant hrene 1.4 ne
C hrysene 1.1 ne
T o t al  HPA H 1.0 ne

P C B s 1. 1 ne

PC B s 1.2 ne
B enz yl a lco ho l 1.2 ne

P C B s 2 . 5 ne

A rsenic 2 .8 1.7
PC B s 5.5 1.0
Z inc 1.5 ne

PC B s 3 .8 ne
PC P 1.1 ne

F luorant hene 2 .9 ne
To t al  HPA H 1.4 ne
PC B s 1.4 ne
B enzo ( g ,h,i ) p erylene 1.4 ne
Ind eno ( 1,2 ,3 - cd ) pyrene 1.3 ne
C hrysene 1.2 ne
Phenant hrene 1.2 ne

P C B s 3 . 6 ne

P C B s 1. 3 ne

B B P 3 . 1 ne

P C B s 1. 7 ne

P C B s 1. 4 ne

C hr y s e ne 2 . 5 ne

Z i nc 3 . 7 1.6

P C B s 1. 9 ne

P he no l 1. 2 ne

P C B s 5 . 7 1.0

P C B s 1. 3 ne

P C B s 3 . 2 ne

HC B 9 . 7 1.6

Dredging information provided by AECOM.

!(



k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

Slip 3

78

Terminal 115
(1993)

Boyer
(1998)

Hurlen
(1998)

Early Action

Area 2

Boyer
(2004)
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Map 4-14c. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 1.8 to RM 2.7

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Not an outfall

Early Action Area
c

Dredged area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
bOutfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency and
LDWG personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some
additional outfall locations were identified during these subsequent
verifications. The outfall layer is meant to serve as a snapshot of
outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.
cSeveral of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

B E H P 1. 2 ne

B EHP 2 .0 1.2
B B P 1.8 ne

P C B s 1.1 ne

P C B s 1. 3 ne

B E H P 2 . 0 1. 2

P C B s 2 . 5 ne

P C B s 2 . 1 ne

P C B s 1. 1 ne

P C B s 1.9 ne

P C B s 1. 3 ne

P C B s 1.2 ne

P C B s 2 .2 ne

P C B s 1. 1 ne

P C B s 1. 0 ne

P C B s 2 . 8 ne

B e nz y l  a l c o ho l 2 .6 2 . 1

A r s e nic 1.4 ne

F l uo r a nt he ne 1.3 ne

P C B s 1.2 ne

Ind eno ( 1,2 ,3 - cd ) p yr ene 1.1 ne
B enz o ( g ,h, i ) p er y lene 1.1 ne

PC B s 18 0 2 3
M ercury 6 .0 4 .2
B EHP 3 .2 2 .2
Lead 1.4 1.2
Z inc 1.0 ne

PC B s 8 .2 1.5
M ercury 2 .0 1.4
B EHP 1.8 1.1

P C B s 10 1. 8
PC B s 3 6 4 .7
M ercury 3 .9 2 .7
B EHP 1.8 1.2
B B P 1.4 ne

P C B s 1.4 ne

P C B s 2 . 8 ne

Phenant hrene 1.3 ne
A cenap ht hene 1.2 ne
F luo rene 1.1 ne

P C B s 1.2 ne

Z i nc 1.2 ne

P C B s 1.2 ne

HC B 5.8 ne
F luo rant hene 3 .1 ne
Phenant hrene 1.8 ne
T o t al  HPA H 1.3 ne
C hrysene 1.1 ne

M er cur y 1.5 1.1
PC B s 3 .2 ne

P C B s 1.1 ne

P C B s 1. 8 ne

P C B s 15 2 . 8

P C B s 2 .0 ne

F l uo r a nt he ne 1. 7 ne

P C B s 1.1 ne

B EHP 1.9 1.2
F luo rant hene 1.6 ne
B B P 1.4 ne

Fluorene 11 3 .3
A cenap ht hene 11 3 .0
D ibenzo f uran 10 2 .6
To t al  LPA H 4 .6 2 .2
Phenant hrene 8 .3 1.7
F luorant hene 4 .0 ne
C hrysene 2 .0 ne
To t al  HPA H 1.9 ne
A nt hracene 1.7 ne
B enzo( a) ant hracene 1.4 ne
Ind eno( 1,2 ,3 - cd ) p yrene 1.1 ne

PC B s 2 .6 ne
F luo r ant hene 1.1 ne

Dredging information provided by AECOM.
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Map 4-14d. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 2.8 to RM 3.7

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO

k

#*

9 EOF

k

#*

9 EOF/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall
GF Stream, channel, or swale

Early Action Area
c

Dredged area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
One sample within the Boeing Plant 2/Jorgensen Forge EAA had
a lead concentration (1,300 mg/kg dw) greater than the CSL.
However, according to data management rules (Section 4.1.2.1),
data for this location were replaced with data from a more recent
sample (SD-343) that was collected within 10 ft of the original
location, but was not analyzed for lead.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency
and LDWG personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve
as a snapshot of outfall conditions at the time the survey was
completed (2003). More recent information, when available, is
reflected in the outfall discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the EAA 
boundaries are shown with exceedance factors.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

B enz yl  alco ho l 9 .5 7 .4
B enz o ic  acid 2 .5 2 .5

PC B s 6 .3 1.2

PC B s 1.2 ne

PC B s 1.2 ne

PC B s 1.1 ne

PC B s 1.1 ne

PC B s 1.5 ne

PC B s 2 .4 ne

PC B s 1.5 ne

PC B s 1.3 ne

PC B s 3 .0 ne

PC B s 9 .2 1.7

PC B s 2 .4 ne

PC B s 1.5 ne

PC B s 2 .7 ne

PC B s 1.5 ne

HC B 1.7 ne

PC B s 1.6 ne

HC B 10 1.7

PC B s 1.3 ne

PC B s 3 .3 ne

PC B s 1.3 ne

Pheno l 1.7 ne

PC B s 1.8 ne

PC B s 1.7 ne

PC B s 1.1 ne

HC B 2 .0 ne
PC B s 1.3 ne

P C B s 6 .1 1.1

P C B s 1.7 ne

PCBsPCBsPCBsPCBs 1.41.41.41.4 nenenene

PCBsPCBsPCBsPCBs 1.91.91.91.9 nenenene

PCBsPCBsPCBsPCBs 1.31.31.31.3 nenenene

PCBsPCBsPCBsPCBs 1.81.81.81.8 nenenene

Dredging information provided by AECOM.
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Map 4-14e. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 3.7 to RM 4.5

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 EOF/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall
GF Stream, channel, or swale

Early Action Area
c

Dredged area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency
and LDWG personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant
to serve as a snapshot of outfall conditions at the time the
survey was completed (2003). More recent information, when
available, is reflected in the outfall discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the EAA 
boundaries are shown with exceedance factors.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

PC B s 1.7 ne

PC B s 1.1 ne

HC B 2 .0 ne
PC B s 1.3 ne

PC B s 1.6 ne

A rsenic 8 .4 5.2
B B P 2 .4 ne
PC B s 2 .2 ne
F luo rant hene 1.2 ne

PC B s 1.3 ne

A rsenic 19 12
PC B s 4 .5 ne
B EHP 1.7 ne
F luo rant hene 1.3 ne
Ind eno( 1,2 ,3 - cd ) pyrene 1.1 ne
C hrysene 1.1 ne

Pheno l 1.0 ne

PC B s 1.8 ne

PC B s 1.3 ne

PC B s 4 .4 ne

PC B s 2 .2 ne
M ercury 1.1 ne

P C B s 1.6 ne

PC B s 1.9 ne
B B P 1.2 ne

PC B s 4 .9 ne
B B P 1.9 ne

B B P 3 .7 ne
B EHP 1.3 ne

P C B s 2 . 3 ne

PC B s 2 .7 ne
B B P 2 .4 ne

P C B s 2 .3 ne

B B P 1.3 ne Lead 1.2 1.0
PC B s 4 .8 ne
B B P 3 .5 ne

B B P 1.7 ne
PC B s 1.3 ne

P C B s 1.1 ne

B enz o ic  ac id 1.4 1.4

B enz o ic acid 2 .0 2 .0
D ib enz o ( a,h) ant hracene 2 .2 ne
F luo rant hene 2 .1 ne
T o t al HPA H 1.0 ne

P C B s 9 .6 1.3

B enz o ic acid 1.3 1.3
PC B s 1.6 ne

P C B s 1.8 ne

M er cur y 1.6 1.1

B enz o ic acid 2 .9 2 .9
Pheno l 3 .3 1.2
B EHP 1.3 ne
D ib enz o ( a,h) ant hracene 1.3 ne

D ib enz o ( a,h) ant hracene 2 .2 ne
Ind eno ( 1,2 ,3 - cd ) p yrene 1.3 ne
B EHP 1.3 ne
B enz o ( g ,h, i ) perylene 1.3 ne
F luo rant hene 1.1 ne

D ib enz o ( a,h) ant hracene 2 .0 ne
PC B s 1.2 ne

A cenap ht hene 1.6 ne

B enz o ic acid 2 .6 2 .6
D ib enz o ( a,h) ant hracene 1.3 ne

A cenap ht hene 2 .9 ne
F luo rene 1.7 ne
D ib enzo f uran 1.7 ne
Phenant hrene 1.5 ne

D ib enz o ( a,h) ant hracene 1.6 ne
B enz o ( g ,h, i ) p erylene 1.6 ne
Ind eno ( 1,2 ,3 - cd ) p yrene 1.5 ne
F luo rant hene 1.1 ne

P C B s 1.3 ne P C B s 1.1 ne

P heno l 3.3 1.2
D ibenzo (a,h)anthracene 1.9 ne
B EH P 1.6 ne
Indeno (1,2 ,3-cd)pyrene 1.0 ne

Dredging information provided by AECOM.
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Map 4-14f. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 4.5 to RM 5.8

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

Early Action Area
c

Dredged area
Dredged and capped area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency
and LDWG personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant
to serve as a snapshot of outfall conditions at the time the
survey was completed (2003). More recent information, when
available, is reflected in the outfall discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the Norfolk
Early Action Area boundary are shown with exceedance factors.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

P C B s 1.3 ne

P C B s 1.1 ne

P C B s 1.2 ne

P C B s 1.9 ne

A c e na p ht he ne 1.3 ne

Le a d 1.4 1. 2

P C B s 1. 7 ne

P heno l 2 . 6 ne

A c ena p ht he ne 1. 1 ne
N F K304 P C B s 1.5 ne

P C B s 830 150
B enzo ic  acid 6.9 6.9

LD W-SS143 P C B s 33 6.0
N F K306 P C B s 3.8 ne
N F K307 P C B s 4.2 ne
N F K308 P C B s 2.2 ne
LD W-SS144 P C B s 2.1 ne
N F K309 P C B s 1.1 ne
N F K310 P C B s 2.9 ne
N F K311 P C B s 1.7 ne
N F K005 B EH P 1.4 ne

P henanthrene 1.4 ne
D ibenzo (a ,h)anthracene 1.3 ne
Indeno (1,2 ,3-cd)pyrene 1.2 ne

N F K305

N F K006

Dredging information provided by AECOM.
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Map 4-15. Surface sediment sampling locations
with non-detect RLs greater than SQS or CSL
chemical criteria (and no detected exceedances)
and locations with detected 1,2,4-trichloro-
benzene, 2,4-dimethylphenol, and
hexachlorobenzene

1,2,4-Trichlorobenzene

#* > CSL, detect

#* > CSL, non-detect

#* > SQS and ≤ CSL, non-detect

2,4-Dimethylphenol

$+ > SQS and CSL, detect
a

$+ > SQS and CSL, non-detect
a

Hexachlorobenzene

!( > CSL, detect

!( > SQS and ≤ CSL, detect

!( > CSL, non-detect

!( > SQS and ≤ CSL, non-detect

Other chemicals

�) > CSL, non-detect

�) > SQS and ≤ CSL, non-detect

Early Action Area
b

Dredged and capped area
c

Thin-layer placement
c

Outfall classification
d

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 EOF/storm drain

k

#*

9
Permitted private
storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9
Pipe of unresolved
origin and/or use

XW� Abandoned

XW� Not an outfall

GF
Stream, channel,
or swale

Road

River mile

Navigation channel

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

a SQS and CSL have the same value for 2,4-dimethylphenol.
b Several of the EAA boundaries are approximate and have not been finalized by
EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the base-
line dataset represent samples collected before dredging, capping, and thin-layer
placement in 2003 to 2005. For the Norfolk Early Action Area, surface sediment
data represent samples collected after dredging and capping at the Norfolk CSO/
SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey in 2003
(Herrera 2004). Some locations were initially identified using drainage maps from
Ecology’s National Pollutant Discharge Elimination System (NPDES) permit files
and other relevant agency databases. These locations were later surveyed in the
field. Review of agency files and interviews with agency and Lower Duwamish
Waterway Group (LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional outfall loca-
tions were identified during these subsequent verifications. The outfall layer is
meant to serve as a snapshot of outfall conditions at the time of the survey was
completed (2003). More recent information, when available, is reflected in the
outfall discussions in Appendix I.
Note: Multpile symbols are shown at a single location if more than one of these
chemicals was not detected but the RLs were above the SQS or CSL chemical
criteria.
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Map 4-16. Exceedances of SQS and CSL 
(chemical criteria and toxicity combined)
using Thiessen polygons for the baseline
surface sediment dataset

> CSL toxicity or
> CSL chemistry if no toxicity data

a

> SQS and ≤ CSL toxicity or
> SQS and ≤ CSL chemistry
if no toxicity data

a

≤ SQS toxicity or
≤ SQS chemistry if no toxicity data

a

Outside LDW study area

Road

River mile

Navigation channel

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

a Exceedances of the SQS and CSL chemical criteria are based on
detected concentrations. For chemicals whose SQS and CSL are on
an organic carbon normalized basis, if the TOC was < 0.5% or > 4.0%,
the dry weight concentration of that chemical was compared to the
LAET and 2LAET, and exceedances of the LAET and 2LAET were
equated with exceedances of the SQS and CSL, respectively.
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Map 4-17a. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 0.0 to
RM 1.4LLCWindWard

environmental

0 250 500
Feet

0 50 100
Meters

Subsurface sediment core locations and exceedances of SQS and CSL (chemical criteria and toxicity combined) in
surface sediment

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in the Duwamish/Diagonal Early Action Area were collected prior to dredging and capping or thin-layer placement. In other dredged areas subsurface data were collected prior to dredging.

Note: This map does not include samples in the Duwamish/Diagonal dredged and capped area.
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Map 4-17b. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 0.0 to RM 1.4LLCWindWard
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Map 4-17c. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 1.4 to
RM 2.3LLCWindWard

environmental

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in dredged areas were collected prior to dredging.
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Map 4-17d. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 1.4 to RM 2.3LLCWindWard

environmental
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SQS/CSL categories for SMS chemicals in subsurface core intervalsa
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Map 4-17e. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 2.3 to
RM 3.5LLCWindWard

environmental
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Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in dredged areas were collected prior to dredging.

Note: This map does not include samples in the Boeing Plant 2/Jorgensen Forge Early Action Area.
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Map 4-17f. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 2.3 to RM 3.5LLCWindWard
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Map 4-17g. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 3.5 to
RM 4.3LLCWindWard

environmental

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in dredged areas were collected prior to dredging.

Note: This map does not include samples in the Boeing Plant 2/Jorgensen Forge or T-117 Early Action Areas.
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Map 4-17h. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 3.5 to RM 4.3LLCWindWard

environmental
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a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.
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< 0.5% or > 4.0%, dry weight concentrations for these locations were
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Map 4-18. Total PCB concentrations in surface
sediment

Total PCB concentration
(µg/kg dw)

a

!( > 4,300
!( > 390 and ≤ 4,300
!( > 140 and ≤ 390
!( > 58 and ≤ 140
!( ≤ 58
$+ Non-detect

Early Action Area
b

Dredged and capped area
c

Thin-layer placement
c

Road

Navigation channel

River mile

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on a numerical basis using both detected and
non-detected values from the baseline surface sediment dataset. Total PCBs
represent the sum of the concentrations of all detected Aroclors. For loca-
tions with non-detects for all Aroclors, a value equal to the highest RL of an
individual Aroclor at that location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is presented
in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data in the
baseline dataset represent samples collected before dredging, capping, or
thin-layer placement in 2003 to 2005. For the Norfolk early action area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm drain
in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and LDWG personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications. The
outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available,
is reflected in the outfall discussions in Appendix I.
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Map 4-19. IDW interpolation of total PCB
concentrations in surface sediment

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated concen-
trations ≤ 810 µg/kg dw). Total PCBs represent the sum of the concen-
trations of all detected Aroclors. For locations with non-detects for all
individual Aroclors, a value equal to the highest RL of an individual
Aroclor at that location was used.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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Map 4-20. Exceedances of SMS criteria (SQS
or CSL) for total PCBs in surface sediment

Scale is the same for each inset map
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a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized
by EPA/Ecology; a description of each EAA boundary is presented in Section
9.2.2.

c For the Duwamish/Diagonal Early Action Area, surface sediment data in
the baseline dataset represent samples collected before dredging, capping,
or thin-layer capping in 2003 to 2005. For the Norfolk Early Action Area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm
drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall discussions
in Appendix I.
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Map 4-21. PCB TEQ values in surface sediment

Scale is the same for each inset map
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
TEQs were calculated with mammalian TEFs for individual PCB
congeners (Van den Berg et al. 2006), using one-half the RL for
undetected congeners.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal Early Action Area, surface sediment data
in the baseline dataset represent samples collected before dredging,
capping, or thin-layer capping in 2003 to 2005. For the Norfolk Early
Action Area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.



k9

k

#*

9

k

#*

9 k

#*

9
k9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9 GF

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

GF

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

!(

!(

!(!(

!(
!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(
!(

!(

!(

Slip 1

Slip 2

Kellogg I.

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.1

0.2

0.3

0.6

0.5

0.4

0.0

2.0

1.0

96
97

88
29

31
91

95
126

96
169

153
87

750
900

155
115

117
227

209
185

400
207

103
260

122
162

790
413

350
142

128
187

171
516

161
200

68
1,200

97
4,400

520
1,200

590
4,800

510
1,010

5,100
696

120
1,060

B4b

DR028

LDW-SS75

R7

LDW-SS4

K-07

LDW-SS1

K-11

LDW-SS10

K-05

LDW-SS51

DR160

LDW-SS76

DR106

LDW-SS70

DR131

LDW-SS63

DR097

LDW-SS44

DR053

LDW-SS40

DR088

LDW-SS37

DR087

LDW-SS31

DR020

LDW-SS15

DR079

LDW-SSB2b

DR085

LDW-SS319

DR021

LDW-SS27

EST219

LDW-SS17

DUD042

DR048

WST367

LDW-SS52

DR065

LDW-SS32

DR019

LDW-SS12

DR035

LDW-SS79

CH0023

LDW-SS50

DR030

LDW-SS57

DR123

Duwamish/Diagonal

Early Action Area

W
 M

ar
gi

na
l W

ay
 S

1s
t A

ve
. S

 B
rid

ge

GF

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�

XW�

XW�

XW
XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k
#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9 k

#*

9 k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9
k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(
!(

!(
!(

!(!(

!(!(

!(
!(

!(

!(

!(

!(

!(
!

Slip 3

Slip 4

T-117

Early

Action

Area

LDW-SS115

DR187

LDW-SS113b

R21

37
10

79
73

75
98

74
85

68
38

58
119

18
200

72
120

220
246

970
230

660
450

117
227

20 U
109

68
1,200

880
1,250

149
1,500

210
2,030

520
1,200

1,060
2,400

1,200
7,900

1,730
5,200

B8b

EST135

LDW-SS75

R7

DR141

WST342

B5a-2

WIT280

LDW-SS127

R40

LDW-SS81

DR113

LDW-SS76

DR106

LDW-SS104

DR202

LDW-SS102

DR198

LDW-SS92

EST180

LDW-SS88

EIT074

LDW-SS79

CH0023

LDW-SS126

A11-05

T117-SE-10-G

WST323

LDW-SS119

R30

LDW-SS117

R24

LDW-SS94

DR175

LDW-SS123

EST144

LDW-SS121

EIT061

Early Action

Area 2

RM 3.8

Early Action Area

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

E
 M

argina l W
ay S

1s
t A

ve
. S

 B
rid

ge

South P
ark 

Brid
ge

2.2

2.1

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

4.1

2.0

4.0

3.0

±±

P
re

pa
re

d 
by

 C
E

H
, 0

7/
14

/2
01

0;
 M

A
P

 2
67

9;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\R
ou

nd
3 

T
ru

m
pi

ng

GF

XW�

XW�

XW�XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

!(

!(
!(

!(
!(!(

!(

!(

Slip 6

Upper Turning
Basin

S. 102nd St. B
ridge

5.2

5.1

4.9

4.
8

4.
7

4.6

4.5

4.4

4.3

4.2

5.0

Norfolk

Early Action Area

37
10

9.8
54

520
9,400

B10b

DR286

LDW-SS148

DR271

B8b

EST135

±

Map 4-22. Differences in total PCB
concentrations in surface sediment at
locations that have been resampled

Scale is the same for each inset map
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An evaluation of
monitoring data for
the Norfolk removal
area is presented in
Appendix I, 
Section I.4.8.
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monitoring data for
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are presented in 
Appendix I, 
Section I.4.1.
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Section 9.2.2.

c Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time of the survey was completed
(2003). More recent information, when available, is reflected in the outfall
discussions in Appendix I.
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a Percentiles were calculated on a numerical basis for the Slip 4 area using both detected and
non-detected values from the baseline surface sediment dataset. For locations with non-detects
for all Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used.

b Area with insufficient data was estimated visually based on density of existing data points.

c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004).
Some locations were initially identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other relevant agency databases. These
locations were later surveyed in the field. Review of agency files and interviews with agency and
Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional outfall locations were
identified during these subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time of the survey was completed (2003). More recent information, when
available, is reflected in the outfall discussions in Appendix I.

d Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some
tax parcel polygons were edited to conform to the LDW shoreline presentation. A comprehensive
survey of property-owner records was not conducted.

Map 4-23. Total PCB concentrations 
in surface sediment from Slip 4 in
1990, 1997-1998, and 2004
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Map 4‐24. Surface sediment data at
Duwamish/Diagonal perimeter
monitoring locations
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a Outfalls shown were identified during a City of Seattle low‐tide survey in 2003 (Herrera 2004). Some locations were initially identified 
using drainage maps from Ecology s National Pollutant Discharge Elimination System (NPDES) permit files and other relevant agency 
databases. These locations were later surveyed in the field. Review of agency files and interviews with agency and Lower Duwamish 
Waterway Group (LDWG) personnel provided additional outfall‐specific information. Some locations were field‐verified by LDWG 
members; some additional outfall locations were identified during these subsequent verifications. The outfall layer is meant to serve as 
a snapshot of outfall conditions at the time the survey was completed (2003). More recent information, when available, is reflected in 
the outfall discussions in Appendix I.
b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to 
conform to the LDW shoreline presentation. A comprehensive survey of property‐owner records was not conducted.

Total PCBs (µg/kg dw)

Total PCBs (µg/kg dw)

Total PCBs (µg/kg dw)

Total PCBs (µg/kg dw)

Total PCBs (µg/kg dw)

Total PCBs (µg/kg dw)
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Map 4-25a. Total PCB concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 0.0 to RM 1.8

Scale is the same for each map frame

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

!

Other subsurface sampling location analyzed
for total PCBs, but not in the illustrated 
sampling interval

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Dredged and thin-layer placement
e

Thin-layer placement

Road

Navigation channel
River mile

LLCWindWard
environmentalSubsurface core locations with 

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-
detects for all Aroclors, a value equal to the highest RL of an
individual Aroclor at that location was used.
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Total PCB concentration 
(µg/kg dw)a

�) > 4,300

�) > 390 and ≤ 4,300

�) > 140 and ≤ 390

�) > 58 and ≤ 140

�) ≤ 58

�) Non-detect

95th percentile = 4,300
75th percentile = 390
50th percentile = 140
25th percentile = 58

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval

Left
panel

Middle
panel

Right
panel
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Map 4-25b. Total PCB concentrations in
subsurface sediment within the 0-to-2-ft,
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Other subsurface sampling location analyzed
for total PCBs, but not in the illustrated 
sampling interval

Early Action Area
d

Dredged area
e

Road

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Total PCB concentration 
(µg/kg dw)a

�) > 4,300

�) > 390 and ≤ 4,300

�) > 140 and ≤ 390

�) > 58 and ≤ 140

�) ≤ 58

�) Non-detect

95th percentile = 4,300
75th percentile = 390
50th percentile = 140
25th percentile = 58

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. Total PCBs represent the sum of the concen-
trations of all detected Aroclors. For locations with non-detects for
all Aroclors, a value equal to the highest RL of an individual
Aroclor at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the average
of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA boundary
is presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-25c. Total PCB concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame
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Other subsurface sampling location analyzed
for total PCBs, but not in the illustrated 
sampling interval

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Road

Navigation channel

River mile

LLCWindWard
environmental

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

Total PCB concentration 
(µg/kg dw)a

�) > 4,300

�) > 390 and ≤ 4,300

�) > 140 and ≤ 390

�) > 58 and ≤ 140

�) ≤ 58

�) Non-detect

95th percentile = 4,300
75th percentile = 390
50th percentile = 140
25th percentile = 58

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-
detects for all Aroclors, a value equal to the highest RL of an
individual Aroclor at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval
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Map 4-26a. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 0.0 to RM 1.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment

SQS = 12
CSL = 65

!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimenta

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48

Non-detect
Not analyzed

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g. the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26b. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 1.0 to RM 2.2

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.

b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

Dredging information provided by AECOM.

! Subsurface sediment core
SQS/CSL categories for total PCB
concentration (mg/kg OC) in
surface sediment
SQS = 12
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Map 4-26c. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 2.2 to RM 3.0

LLCWindWard
environmental
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Feet
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Meters

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for total PCB
concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Areaa

Dredged areab

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Map 4-26d. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 3.0 to RM 4.0

LLCWindWard
environmental
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Feet

0 50 100
Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged areac

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26e. Total PCB concentrations in
surface sediment and subsurface sediment
cores from the Boeing Plant 2/Jorgensen
Forge Early Action Area, RM 3.0 to RM 3.5LLCWindWard
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a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Map 4-26f. Total PCB concentrations in
surface sediment and subsurface sediment
cores from the Boeing Plant 2/Jorgensen
Forge Early Action Area, RM 3.5 to RM 3.7LLCWindWard
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a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Dredging information provided by AECOM.
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Map 4-26g. Total PCB concentrations in
surface sediment and subsurface sediment
cores from the T-117 Early Action Area
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Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
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Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
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> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26h. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 4.0 to RM 5.0

LLCWindWard
environmental
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Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
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!( > CSL, detect
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≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated values ≤ 810 µg/kg dw). Total PCBs represent the sum of the concentrations
of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

iiiiii

ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-27a. Comparison of PCB concentrations
in subsurface cores to co-located surface
sediment locations, RM 0.0 to RM 2.5

LLCWindWard
environmental

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-27b. Comparison of PCB concentrations
in subsurface cores to co-located surface
sediment locations, RM 2.5 to RM 5.0

LLCWindWard
environmental

Total PCB concentrations (µg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.
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SWAC ‐ spatially weighted average concentration

95th percentile = 810
75th percentile = 210
50th percentile = 110
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a 
Percentiles were calculated on an area basis as the concentration at which a particular percentage 
of the LDW area has interpolated values less than or equal to that concentration (e.g., the 95th 
percentile is the concentration at which 95% of the LDW area has interpolated values 
 810 µg/kg dw). Interpolated concentrations were calculated including locations with non‐detected 
values. For locations with non‐detects for all Aroclors, a value equal to the highest RL of an individual 
Aroclor at that location was used.

Map Legend

DC ‐ Dungeness crab
SC ‐ Slender crab
ES ‐ English sole
PS ‐ Pacific staghorn sculpin
SS ‐ Shiner surfperch
EM ‐ Edible meat
FL ‐ Fillet with skin
HP ‐ Hepatopancreas
WB ‐ Whole body

2004 fish or crab PCB concentration

Graph Legend

Acronyms for species
and tissue type

2005 fish or crab PCB concentration

2006 fish or crab PCB concentration

2004 softshell clam, benthic
invertebrate, or salmon PCB 
concentration

2004 co‐located PCB concentration
in sediment

2007 fish or crab PCB concentration

2007 softshell clam PCB 
concentration

b 
For the Duwamish/Diagonal early action area, surface sediment data in the baseline dataset 
represent samples collected before dredging, capping, or thin‐layer placement in 2003 to 2005. For 
the Norfolk early action area, surface sediment data represent samples collected after dredging and 
capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the 
Boeing Developmental Center south storm drain in 2003.
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sediment sampling location (2007)
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Map 4-29. Arsenic concentrations in surface
sediment 

Arsenic concentration
(mg/kg dw)

a

!( > 30
!( > 15 and ≤ 30
!( > 11 and ≤ 15
!( > 7.9 and ≤ 11
!( > 1.2 and ≤ 7.9
$+ Non-detect

Exceedance
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data
in the baseline dataset represent samples collected before dredging,
capping, or thin-layer capping in 2003 to 2005. For the Norfolk Early
Action Area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 30
75th percentile = 15
50th percentile = 11
25th percentile = 7.9
CSL = 93
SQS = 57
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Map 4-30. IDW interpolation of arsenic
concentrations in surface sediment

Scale is the same for each inset map
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Arsenic concentration (mg/kg dw)
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> 25
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SQS/CSL categories for arsenic
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b
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Navigation channel

River mile

LLCWindWard
environmental

a Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated concen-
trations ≤ 25 mg/kg dw). Interpolated concentrations were calculated
including locations with non-detected values. For locations with non-
detects, a value of one-half the RL at that location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.

95th percentile = 25
75th percentile = 14
50th percentile = 11
25th percentile = 8.6
CSL = 93
SQS = 57
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c Outfalls shown were identified during a City of Seattle low-tide survey in
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average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
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collected prior to dredging.
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at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
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Map 4-32c. Arsenic concentrations in
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�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-33a. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 0.0 to RM 1.0

LLCWindWard
environmental
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Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93

!( > CSL, detect
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!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged area
b

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

c

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33b. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 1.0 to RM 2.2

LLCWindWard
environmental
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Feet

0 50 100
Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93

!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Dredged area
a

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

b

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33c. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 2.2 to RM 3.0

LLCWindWard
environmental
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Feet
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Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93

!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged area
b

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

c

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33d. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 3.0 to RM 4.0

LLCWindWard
environmental
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Feet

0 50 100
Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged area
b

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

c

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33e. Arsenic concentrations in surface
sediment and subsurface sediment cores,
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b For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-34a. Comparison of arsenic
concentrations in subsurface cores to
co-located surface sediment locations, RM 0.0
to RM 2.5LLCWindWard

environmental

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
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Map 4-34b. Comparison of arsenic
concentrations in subsurface cores to
co-located surface sediment locations, RM 2.5
to RM 5.0LLCWindWard

environmental

Arsenic concentrations (mg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.
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analyzed for arsenic in 2007 but are not shown on this figure.
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Total arsenic concentration
in co‐located sediment

Graph Legend

Total arsenic concentration
in tissue (inorganic arsenic
concentration is shown
in black)
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Interpolated arsenic concentration (mg/kg dw) in
surface sediment a,b
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sediment sampling location (2004)
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Navigation channel
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a 
Percentiles were calculated on an area basis as the concentration 
at which a particular percentage of the LDW area has interpolated 
values less than or equal to that concentration (e.g., the 95th 
percentile is the concentration at which 95% of the LDW area has 
interpolated values   25 mg/kg dw). Interpolated concentrations 
were calculated including locations with non‐detected values. For 
locations with non‐detects, a value of one‐half the RL at that 
location was used.

95th percentile = 25
75th percentile = 14
50th percentile = 11
25th percentile = 8.6

Map Legend

SWAC ‐ spatially weighted average concentration

b 
For the Duwamish/Diagonal early action area, surface sediment data in 
the baseline dataset represent samples collected before dredging, 
capping, or thin‐layer placement in 2003 to 2005. For the Norfolk early 
action area, surface sediment data represent samples collected after 
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

Co‐located softshell clam and
sediment sampling location (2007)
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Map 4‐35. Total and inorganic arsenic concentrations in 
composite tissue samples and the IDW interpolation of 
total arsenic concentrations in surface sediment
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Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-37. cPAH concentrations in surface
sediment

Scale is the same for each inset map
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Dredged and capped area
c

Thin-layer placement
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Navigation channel
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LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
cPAH concentrations are based on benzo(a)pyrene equivalents. TEQs
were calculated with mammalian PEFs for seven individual PAH
compounds (California EPA 1994), using one-half the RL for undetected
compounds.
a
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal Early Action Area, surface sediment data

in the baseline dataset represent samples collected before dredging,
capping, or thin-layer capping in 2003 to 2005. For the Norfolk Early
Action Area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-38. IDW interpolation of cPAH
concentrations in surface sediment

Scale is the same for each inset map
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Carcinogenic PAH concentration (µg/kg dw)
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Early Action Area
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Navigation channel
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a Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated concen-
trations ≤ 1,100 µg/kg dw). Interpolated concentrations were calculated
including locations with non-detected values. cPAH concentrations are
based on benzo(a)pyrene equivalents. TEQs were calculated with
mammalian PEFs for seven individual PAH compounds (California EPA
1994), using one-half the RL for undetected compounds.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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Map 4-39. Differences in cPAH concentrations
in surface sediment at locations that have
been resampled

Scale is the same for each inset map
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a A location was considered to have been resampled if the new location was
within 10 ft of the old location. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using one-half
the RL for undetected compounds.

b Several of the EAA boundaries are approximate and have not been final-
ized by EPA/Ecology; a description of each EAA boundary is presented in
Section 9.2.2.

c Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time of the survey was completed
(2003). More recent information, when available, is reflected in the outfall
discussions in Appendix I.

Note: Samples collected in the Duwamish/Diagonal and Norfolk EAAs were
not included in this evaluation.
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Map 4-40a. cPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 0.0 to RM 1.8

Scale is the same for each map frame
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Other subsurface sampling location analyzed
for cPAH, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Dredged and thin-layer placement
e

Thin-layer placement

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. cPAH concentrations are based on benzo(a)-
pyrene equivalents. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using
one-half the RL for undetected compounds.
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

cPAH concentration
(µg/kg dw)

a

�) > 1,500
�) > 540 and ≤ 1,500
�) > 260 and ≤ 540
�) > 100 and ≤ 260
�) ≤ 100

�) Non-detect

95th percentile = 1,500
75th percentile = 540
50th percentile = 260
25th percentile = 100

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval
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panel
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Map 4-40b. cPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 1.8 to RM 3.7

Scale is the same for each map frame
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Other subsurface sampling location analyzed
for cPAH, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

cPAH concentration
(µg/kg dw)a

�) > 1,500

�) > 540 and ≤ 1,500

�) > 260 and ≤ 540

�) > 100 and ≤ 260

�) ≤ 100

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. cPAH concentrations are based on benzo(a)-
pyrene equivalents. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using
one-half the RL for undetected compounds.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval
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95th percentile = 1,500
75th percentile = 540
50th percentile = 260
25th percentile = 100

Dredging information provided by AECOM.
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Map 4-40c. cPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame
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Other subsurface sampling location analyzed
for cPAH, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Navigation channel

River mile

LLCWindWard
environmental

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

cPAH concentration
(µg/kg dw)a

�) > 1,500

�) > 540 and ≤ 1,500

�) > 260 and ≤ 540

�) > 100 and ≤ 260

�) ≤ 100

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. cPAH concentrations are based on benzo(a)-
pyrene equivalents. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using
one-half the RL for undetected compounds.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 1,500
75th percentile = 540
50th percentile = 260
25th percentile = 100

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval
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panel
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panel
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Map 4-41a. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 0.0 to RM 1.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Map 4-41b. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 1.0 to RM 2.2

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Dredged area

a

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

b

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-41c. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 2.2 to RM 3.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-41d. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 3.0 to RM 4.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

Core recovered to a depth of 100 ft
but not analyzed for cPAHs below 10 ft.

Core recovered to a depth of 100 ft
but not analyzed for cPAHs below 10 ft.
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Map 4-41e. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 4.0 to RM 5.0

LLCWindWard
environmental
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Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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navigation channel

Locations in the
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Dredging information provided by AECOM.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

iiiiii

ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-42a. Comparison of cPAH
concentrations in subsurface cores to
co-located surface sediment locations, RM 0.0
to RM 2.5LLCWindWard

environmental

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-42b. Comparison of cPAH
concentrations in subsurface cores to
co-located surface sediment locations, RM 2.5
to RM 5.0LLCWindWard

environmental

cPAH concentrations (µg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.
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Map Legend
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Percentiles were calculated on an area basis as the concentration at which a particular 
percentage of the LDW area has interpolated values less than or equal to that concentration 
(e.g., the 95th percentile is the concentration at which 95% of the LDW area has 
interpolated values   1,100 µg/kg dw). Interpolated concentrations were calculated 
including locations with non‐detected values. TEQs were calculated with mammalian PEFs 
for seven individual PAH compounds (California EPA 1994), using one‐half the RL for 
undetected compounds.

Note: Results for Pacific staghorn sculpin 
and English sole fillet without skin are not 
presented because of the low detection 
frequency and high reporting limits (see 
Section 4.2.3.4).
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For the Duwamish/Diagonal early action area, surface sediment data in the baseline dataset 
represent samples collected before dredging, capping, or thin‐layer placement in 2003 to 
2005. For the Norfolk early action area, surface sediment data represent samples collected 
after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment 
removal and capping at the Boeing Developmental Center south storm drain in 2003.

*

Note: Clam and benthic invertebrate tissue concentrations are in wet weight and 
sediment concentrations are in dry weight. Depurated clam samples were also 
analyzed for cPAHs in 2007 but are not shown on this figure.
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Map 4-44. BEHP concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on a numerical basis using both detected and
non-detected values from the baseline surface sediment dataset. For
locations with non-detects, a value of one-half the RL at that location was
used. When OC-normalization was not appropriate because TOC content
was < 0.5% or > 4.0%, dry weight concentrations for these locations are
compared instead to the LAET and 2LAET.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in
the baseline dataset represent samples collected before dredging, capping,
or thin-layer capping in 2003 to 2005. For the Norfolk Early Action Area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm
drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.
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c Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
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snapshot of outfall conditions at the time of the survey was completed
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Map 4-46a. BEHP concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 0.0 to RM 1.8
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a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

BEHP concentration
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Map 4-46b. BEHP concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 1.8 to RM 3.7
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a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-46c. BEHP concentrations in
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a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
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d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-47a. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 0.0 to RM 1.0

LLCWindWard
environmental
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Meters

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78

!( > CSL, detect
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 percentile = 990
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50
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25
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 percentile = 84
> 990
> 440 and ≤ 990
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> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
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Map 4-47b. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 1.0 to RM 2.2

LLCWindWard
environmental
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Feet

0 50 100
Meters

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
a

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
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Map 4-47c. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 2.2 to RM 3.0

LLCWindWard
environmental

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP concentration
(mg/kg OC) in surface sediment
SQS = 47
CSL = 78
!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
c

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.

c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
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Map 4-47d. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 3.0 to RM 4.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78
!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
c

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
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Map 4-47e. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 4.0 to RM 5.0

LLCWindWard
environmental
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BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
a

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Interpolated concentrations are based on data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the Thiessen polygon concentration at the core location.
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ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-48a. Comparison of BEHP
concentrations in subsurface cores to
co-located surface sediment locations, RM 0.0
to RM 2.5LLCWindWard

environmental

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-48b. Comparison of BEHP
concentrations in subsurface cores to
co-located surface sediment locations, RM 2.5
to RM 5.0LLCWindWard

environmental

BEHP concentrations (µg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.

S
U

B
S

U
R

FA
C

E
S

U
R

FA
C

E

Dredging information provided by AECOM.

D
e

p
th

 b
e

lo
w

 m
u

d
lin

e
 (ft)

±
0 990 1,980

Feet

0 200 400
Meters

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

L
D

W
-S

C
4

6
 (R

M
 2

.7
)

D
R

2
2

4
 (R

M
 3

)

L
D

W
-S

C
5

0
a
 (R

M
 3

.8
)

D
R

2
2

0
 (R

M
 3

.8
)

S
H

-0
3

 (R
M

 4
.1

)

S
B

-1
2

 (R
M

 4
.1

)

S
B

-3
 (R

M
 4

.2
)

S
B

-1
 (R

M
 4

.2
)

S
B

-4
 (R

M
 4

.2
)

S
H

-0
6

 (R
M

 4
.1

)

S
B

-5
 (R

M
 4

.2
)

S
H

-0
9

 (R
M

 4
.2

)

D
R

2
8

4
 (R

M
 4

.1
)

S
B

-8
 (R

M
 4

.2
)

D
R

2
4

6
 (R

M
 4

.2
)

L
D

W
-S

C
5

5
 (R

M
 4

.9
)

D
R

2
6

9
 (R

M
 4

.6
)

2
5

0
2

2
0

2
0

0

1
0

 U
3

0

6
8

0
6

4
6

3
1

0
 U

1
6

0
4

7
0

4
1

0
 U

6
0

0
 U

2
,1

0
0

1
,6

0
0

1
,7

0
0

3
7

0
 U

1
,6

0
0

3
4

0
 U

3
7

0
6

5
0

7
0

0
 U

3
4

0
6

5
0

1
4

 U
1

0
 U

1
0

 U

1
2

0
1

4
0

LD
W

-S
S

9
5

D
R

2
2

4

LD
W

-S
S

1
1

4

D
R

2
2

0

S
H

-0
3

S
B

-1
2

S
B

-3

S
B

-1

S
B

-4

S
H

-0
6

S
B

-5

S
H

-0
9

D
R

2
8

4

S
B

-8

D
R

2
4

6

LD
W

-S
S

1
4

3

D
R

2
6

9

4
3

0

2
6

0

1
,2

0
0

4
0

0

4
4

0

5
5

0

2
,1

0
0

1
,6

0
0

1
,9

0
0

4
3

0

7
5

0

4
2

0

3
4

0

7
5

0

4
0

0

6
0

6
0

! Subsurface sediment core

SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment

a

SQS = 47
CSL = 78

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
b

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84

> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84

Non-detect
Not analyzed

Early Action Area
c

Dredged area
d

Navigation channel

River mile



GF

GF

k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9

k

#*

9

XW�

XW�

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

X

X

X

X
X

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

Slip 1

Slip 2

Harbor I.

Kellogg I.

10.6

2,100

W
 M

ar
gi

na
l W

ay
 S

West Seattle Bridge

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.1

0.2

0.3

0.6

0.5

0.4

0.0

2.0

1.0

Duwamish/Diagonal

Early Action Area

LDW-SC29

LDW-SC28

LDW-SC26

LDW-SC20

LDW-SC19

13

11

12

13

16

4.3

124

565 463

2.2

8.1

8.9

7.8

180

7.25.9

21.1

24.2

14.4

16.4

16.9

10.2

13.0

49.0

10.1

18.2

27.1

11.7

1.59

0.878

1s
t A

ve
. S

 B
rid

ge

GF

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�

XW�

XW�

XW

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k
#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9 k

#*

9 k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9
k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

X

X

X

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

Slip 3

Slip 4

E
 M

argina l W
ay S

2.2

2.1

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

4.1

2.0

4.0

3.0

RM 3.8

Early Action Area

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

Early Action

Area 2

T-117

Early Action Area

LDW-SC41

LDW-SC40

LDW-SC39

11

11

3.1

101

412

8.4

2.9

2.6

2.2

2.0

4.4

3.9

6.9

7.8

15.5

13.0

5.08

33.3

1s
t A

ve
. S

 B
rid

ge

South P
ark 

Brid
ge

±±

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

A
P

 2
66

3;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ur

fa
ce

 S
ed

im
en

t\O
th

er
 C

O
C

s

GF

k

#*

9

XW�

XW�

XW�XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

!(

!(

!(

!(

!(

!(

!(

!(

Slip 6

Upper Turning
Basin

H
w

y 
99

S. 102nd St. B
ridge

4.2

5.7

5.6

5.5

5.4

5.3

5.2

5.1

4.9

4.
8

4.
7

4.5

4.4

4.3

5.0

Norfolk

Early Action Area

1.2

1.1

4.7

1.7

8.4

4.69

13.5

±

Map 4-49. Dioxin and furan TEQs in surface
sediment and subsurface sediment cores

Scale is the same for each inset map

0 0.1 0.2
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Kilometers

Dioxin and furan TEQ
(ng/kg dw)

a

!( > 490
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X
Dioxin and furan TEQ
subsurface core location

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a TEQs were calculated with mammalian TEFs for individual dioxin and
furan congeners (Van den Berg et al. 2006), using one-half the reporting
limit for undetected congeners. Percentiles were calculated on a numer-
ical basis using all values from the baseline surface sediment, dataset.
Seven samples shown on this map were not included in the RI baseline
dataset for reasons discussed in Section 4.2.7.1. The samples were
collected at RM 0.4 (0.878 and 24.2 ng/kg dw), RM 0.5 (21.1 ng/kg dw),
RM 0.9 (13 ng/kg dw), RM 1.4 (4.3 ng/kg dw), RM 3.8 (11 ng/kg dw) and
RM 4.1 (3.1 ng/kg dw).
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-50. Cadmium concentrations in
surface sediment

Scale is the same for each inset map
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Thin-layer placement
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-51. Chromium concentrations in
surface sediment

Scale is the same for each inset map
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Thin-layer placement
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a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-52. Copper concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
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0 0.1 0.2
Kilometers

Copper concentration
(mg/kg dw)

a

!( > 150
!( > 81 and ≤ 150
!( > 52 and ≤ 80
!( > 34 and ≤ 52
!( ≤ 34
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile =150
75th percentile = 81
50th percentile = 52
25th percentile = 34
CSL = SQS = 390
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Map 4-53. Lead concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Lead concentration
(mg/kg dw)

a

!( > 210
!( > 66 and ≤ 210
!( > 36 and ≤ 66
!( > 20 and ≤ 36
!( ≤ 20
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset. For
locations with non-detects, a value of one-half the RL at that location was
used.  One sample within the Boeing Plant 2/Jorgensen Forge EAA had a
lead concentration (1,300 mg/kg dw) greater than the CSL. However,
according to data management rules (Section 4.1.2.1), data for this
location were replaced with data from a more recent sample (SD-343) that
was collected within 10 ft of the original location, but was not analyzed for
lead.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is presented
in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data in

the baseline dataset represent samples collected before dredging, capping,
or thin-layer placement in 2003 to 2005. For the Norfolk early action area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm
drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey in

2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.

95th percentile = 210
75th percentile = 66
50th percentile = 36
25th percentile = 20
CSL = 530
SQS = 450
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Map 4-54. Mercury concentrations in
surface sediment

Scale is the same for each inset map
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Mercury concentration
(mg/kg dw)

a

!( > 0.41
!( > 0.23 and ≤ 0.41
!( > 0.14 and ≤ 0.23
!( > 0.08 and ≤ 0.14
!( ≤ 0.08
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 0.41
75th percentile = 0.23
50th percentile = 0.14
25th percentile = 0.08
CSL = 0.59
SQS = 0.41
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sediment

Scale is the same for each inset map
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 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-56. Silver concentrations in surface
sediment 

Scale is the same for each inset map
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a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 1.7
75th percentile = 0.51
50th percentile = 0.30
25th percentile = 0.20
CSL = SQS = 6.1
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Map 4-57. Vanadium concentrations in
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Vanadium concentration
(mg/kg dw)

a

!( > 81
!( > 68 and ≤ 81
!( > 57 and ≤ 68
!( > 48 and ≤ 57
!( ≤ 48
$+ Non-detect

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 81
75th percentile = 68
50th percentile = 57
25th percentile = 48
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Map 4-58. Zinc concentrations in surface
sediment

Scale is the same for each inset map
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Zinc concentration
(mg/kg dw)
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#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
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Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 410
75th percentile = 160
50th percentile = 110
25th percentile = 79
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Map 4-59. TBT concentrations in surface
sediment

Scale is the same for each inset map
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a

!( > 250
!( > 88 and ≤ 250
!( > 22 and ≤ 88
!( > 4.0 and ≤ 22
!( ≤ 4.0
$+ Non-detect
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area
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Thin-layer placement
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LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 250
75th percentile = 88
50th percentile = 22
25th percentile = 4.0
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Map 4-60. TBT concentrations in surface
sediment and subsurface sediment cores

LLCWindWard
environmental

TBT concentrations (µg/kg dw) in surface sediments using Thiessen polygons

TBT concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the Thiessen polygon concentration at the core location.

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. For the Norfolk Early Action Area,
surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing Developmental Center south storm drain in
2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on data from the baseline surface sediment dataset. Percentiles were calculated on an area-basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 230 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.

Core recovered to a depth of 100 ft
but not analyzed for TBT below 10 ft.

Core recovered to a depth of 100 ft
but not analyzed for TBT below 10 ft.
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Map 4-61. Total HPAH concentrations in 
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles
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Kilometers

aPercentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, one-half the non-detect value was
used. When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for 
these locations are compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

HPAH concentration
(µg/kg dw)

a

!( > 13,000
!( > 4,200 and ≤ 13,000
!( > 2,000 and ≤ 4,200
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!( ≤ 830
$+ Non-detect
�) > CSL
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!( ≤ SQS

Early Action Area
b

Dredged and capped
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Thin-layer placement
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Road

Navigation channel

River mile

95th percentile = 13,000
75th percentile = 4,200
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Map 4-62. Total LPAH concentrations in
surface sediment

Scale is the same for each inset map
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LPAH concentration
(µg/kg dw)

a
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!( > 230 and ≤ 550
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#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

aPercentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, one-half the non-detect value was
used. When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for 
these locations are compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-63. BBP concentrations in surface
sediment

Scale is the same for each inset map
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that location
was used. When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for these
locations are compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-64. Phenol concentrations in surface
sediment

Scale is the same for each inset map
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 320
75th percentile = 95
50th percentile = 31
25th percentile = 10
CSL = 1,200
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Map 4-65. Benzoic acid concentrations in
surface sediment

Scale is the same for each inset map

0 0.1 0.2
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0 0.1 0.2
Kilometers

Benzoic acid concentration
(µg/kg dw)

a

!( > 640
!( > 190 and ≤ 640
!( > 100 and ≤ 190
!( > 95 and ≤ 100
!( ≤ 95
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 640
75th percentile = 190
50th percentile = 100
25th percentile = 95
CSL = SQS = 650
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Other subsurface sampling location analyzed
for HPAHs, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
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LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a In accordance with the Washington State SMS, Total HPAH 
represents the sum of the concentrations of detected HPAH 
compounds. Percentiles were calculated on a numerical basis
using both detected and non-detected values from the
baseline surface sediment dataset. For locations with non-detects, 
one-half the non-detect value was used. 
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Total HPAH concentration
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0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval

Left
panel

Middle
panel

Right
panel

I

)

**

#*



!!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!

!!!!!

!!!

!

!

!

!!
!
!

!

!

!!

!

!

!!!

!

!

!!!

!

!

!!!

!!!

!

!!

�)

�)

�)
�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

#I

#*
#*

#*#*
#*

#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#I
#I

#I#I
#I

#I

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

Slip 3

Slip 4

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

Early Action

Area 2

T-117

Early Action Area

E
 M

arginal W
ay S

1s
t A

ve
. S

 B
rid

ge

So
ut

h 
Pa

rk
 B

rid
ge

1.8

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

3.7

2.1

1.9

2.0

3.0

!!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!!

!

!

!!!!!!

!!!!!

!!!

!!!

!

!!!

!!!!
!!!

!!!

!!!

!!!!

!!!

!

!

!!!

!!!

!!!

!!!

!!!

!!!

!!!

!!

!!!

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�) �)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

#I#I

#I

#I#*

#*

#*

#*

#*#*

#*

#*#I

#*

#*

#*

Slip 3

Slip 4

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

Early Action

Area 2

T-117

Early Action Area
E

 M
arginal W

ay S

1s
t A

ve
. S

 B
rid

ge

So
ut

h 
Pa

rk
 B

rid
ge

1.8

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

3.7

2.1

1.9

2.0

3.0

±

P
re

p
ar

ed
 b

y 
C

E
H

, 0
7/

15
/2

01
0;

 M
A

P
 2

81
5;

 W
:\P

ro
je

ct
s\

00
-0

8-
06

_D
uw

am
is

h_
R

I\d
at

a\
gi

s\
P

ha
se

2 
R

I\N
at

u
re

 a
nd

 E
xt

en
t\S

ub
su

rf
ac

e\
D

ep
th

 In
te

rv
al

\O
th

er
 C

O
C

s

!!!!

!!

!!

!!

!!

!!

!!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!
!!

!

!

!!!!!!

!!!!!

!!!

!!!!

!!

!!!!

!!!!!
!!!!
!

!!!!

!!!!

!!!!

!!!!

!!

!!!!

!!!!

!!!!

!!!!!!

!!!!

!!!!

!!!!!!

!!!

!!!

!!!

�)

�)

�)

�)

�)

Slip 3

Slip 4

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

Early Action

Area 2

T-117

Early Action Area

E
 M

arginal W
ay S

1s
t A

ve
. S

 B
rid

ge

So
ut

h 
Pa

rk
 B

rid
ge

3.7

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

2.1

1.9

1.8

2.0

3.0
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Other subsurface sampling location analyzed
for HPAHs, but not in the illustrated sampling 
intervals
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�) > 13,000
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�) Non-detect

a In accordance with the Washington State SMS, Total HPAH 
represents the sum of the concentrations of detected HPAH 
compounds. Percentiles were calculated on a numerical basis
using both detected and non-detected values from the
baseline surface sediment dataset. For locations with non-detects, 
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 13,000
75th percentile = 4,200
50th percentile = 2,000
25th percentile = 830

Dredging information provided by AECOM.
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Map 4-66c. Total HPAH concentrations in
subsurface sediment within the 0-to-2-ft,
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Other subsurface sampling location analyzed
for HPAHs, but not in the illustrated sampling 
intervals
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75th percentile = 4,200
50th percentile = 2,000
25th percentile = 830

a In accordance with the Washington State SMS, Total HPAH 
represents the sum of the concentrations of detected HPAH 
compounds. Percentiles were calculated on a numerical basis
using both detected and non-detected values from the
baseline surface sediment dataset. For locations with non-detects, 
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-67a. Total LPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 0.0 to RM 1.8

Scale is the same for each map frame
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a In accordance with the Washington State SMS, Total LPAH 
represents the sum of the concentrations of detected LPAH 
compounds. Percentiles were calculated on a numerical
basis using both detected and non-detected values from the 
baseline surface sediment dataset. For locations with non-detects,
one-half the non-detect value was used. 
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Total LPAH concentration
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for LPAHs, but not in the illustrated sampling 
intervals
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0-to-2-ft sampling intervals
Subsurface core locations with
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Total LPAH concentration
(µg/kg dw)a

�) > 2,300

�) > 550 and ≤ 2,300

�) > 230 and ≤ 550

�) > 84 and ≤ 230

�) ≤ 84

�) Non-detect

a In accordance with the Washington State SMS, Total LPAH 
represents the sum of the concentrations of detected LPAH 
compounds. Percentiles were calculated on a numerical
basis using both detected and non-detected values from the 
baseline surface sediment dataset. For locations with non-detects,
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 2,300
75th percentile = 550
50th percentile = 230
25th percentile = 84

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval
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�) Non-detect

a In accordance with the Washington State SMS, Total LPAH 
represents the sum of the concentrations of detected LPAH 
compounds. Percentiles were calculated on a numerical
basis using both detected and non-detected values from the 
baseline surface sediment dataset. For locations with non-detects,
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 2,300
75th percentile = 550
50th percentile = 230
25th percentile = 84

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb
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Map 4-68. Total DDT concentrations in
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
Total DDT values represent the sum of the concentrations of the DDT,
DDD, and DDE congeners, using one-half the RL for undetected
congeners.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-69a. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 0.0 to RM 1.0
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a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.
b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)
c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.
d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.
e Cores located within dredged areas were collected prior to dredging.
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Map 4-69b. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 1.0 to RM 2.2
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a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.

b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)

c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.

d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.

e Cores located within dredged areas were collected prior to dredging.

Peak total PCB concentrations in subsurface cores
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Map 4-69c. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 2.2 to RM 3.5

LLCWindWard
environmental
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Peak total PCB concentrations in subsurface cores

Interpretation of core chemistry profile
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Consistent with assumptions
b

(peak total PCB concentration
as deep or deeper than expected)

’�

Inconsistent with assumptions
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(peak total PCB concentration
shallower than expected)

! Core excluded from analysis

Average annual net sedimentation
rate from STM (cm/yr)

Net sediment loss
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Outfall classification
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9 CSO
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#*

9 EOF/storm drain
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#*

9 Permitted private storm drain
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9 Private storm drain
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9 Public storm drain
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#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall

Early action area
d

Dredged area
e

River mile

Navigation channel

a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.

b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)

c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.

d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.

e Cores located within dredged areas were collected prior to dredging.

Estimated depth of peak total PCB concentration

Analyzed core interval with actual peak total PCB concentration
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Map 4-69d. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 3.5 to RM 4.8

LLCWindWard
environmental

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Average annual net sedimentation rate (cm/yr)

Peak total PCB concentrations in subsurface cores

a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.
b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)
c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.
d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.
e Cores located within dredged areas were collected prior to dredging.

Interpretation of core chemistry profile
a

’	

Consistent with assumptions
b

(peak total PCB concentration
as deep or deeper than expected)

’	

Inconsistent with assumptions
b

(peak total PCB concentration
shallower than expected)

! Core excluded from analysis

Average annual net sedimentation
rate from STM (cm/yr)

Net sediment loss

0.1 - 0.5

0.5 - 1.0

1.0 - 2.0

2.0 - 3.0

> 3.0

Outside of STM modeling area

Outfall classification
c

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

GF Stream, channel, or swale

Early action area
d

Dredged area
e

River mile

Navigation channel
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Map 4-70a. 95th and 75th Percentiles of risk driver
chemicals, RM 0.0 to RM 1.8

LLCWindWard
environmental

For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 to 2005.

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on an
area basis as the concentration at
which a particular percentage of 
the LDW area has IDW-interpolated
values less than or equal to that
concentration (e.g., the 95th percentile
is the concentration at which 95%
of the LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentrations
above these percentile values.
Thiessen polygon concentrations
were calculated including locations
with non-detected values. For
locations with non-detects for all
individual Aroclors, a value equal
to the highest RL of an individual
Aroclor was used.

cPAH concentration
(µg/kg dw)

a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline surface
sediment dataset. Percentiles
were not calculated on an
area basis as for the other
chemicals because there
were too few dioxin and furan
samples to establish a spatial
distribution. TEQs were
calculated using mammalian
TEFs for individual dioxin and
furan congeners (Van den Berg
et al. 2006), using one-half the
reporting limit for undetected
congeners.

Scale is the same for each inset map
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BEHP concentration
(µg/kg dw)

95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-detects,
a value of one-half the RL at that
location was used.
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Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on
an area basis as the concentration
at which a particular percen-
tage of the LDW area has
IDW-interpolated values less than
or equal to that concentration (e.g.,
the 95th percentile is the concen-
tration at which 95% of the
LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentra-
tions above these percentile
values. Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-
detects for all individual
Aroclors, a value equal to the
highest RL of an individual Aroclor
was used.

cPAH concentration
(µg/kg dw)

a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is
the concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline
surface sediment dataset.
Percentiles were not calculated
on an area basis as for the other
chemicals because there were too
few dioxin and furan samples
to establish a spatial distribution.
TEQs were calculated using
mammalian TEFs for individual
dioxin and furan congeners
(Van den Berg et al. 2006),
using one-half the reporting limit for
undetected congeners.

Scale is the same for each inset map
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BEHP concentration
(µg/kg dw)

95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations with
non-detects, a value of one-half the
RL at that location was used.
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Map 4-70c. 95th and 75th Percentiles of risk driver
chemicals, RM 3.7 to RM 6.0

LLCWindWard
environmental

For the Norfolk Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 and 2004.

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on an
area basis as the concentration at
which a particular percentage of 
the LDW area has IDW-interpolated
values less than or equal to that
concentration (e.g., the 95th percentile
is the concentration at which 95%
of the LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentrations
above these percentile values.
Thiessen polygon concentrations
were calculated including locations
with non-detected values. For
locations with non-detects for all
individual Aroclors, a value equal
to the highest RL of an individual
Aroclor was used.

cPAH concentration (µg/kg dw)
a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline surface
sediment dataset. Percentiles
were not calculated on an
area basis as for the other
chemicals because there
were too few dioxin and furan
samples to establish a spatial
distribution. TEQs were
calculated using mammalian
TEFs for individual dioxin and
furan congeners (Van den Berg
et al. 2006), using one-half the
reporting limit for undetected
congeners.

Scale is the same for each inset map
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BEHP concentration
(µg/kg dw)

95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-detects,
a value of one-half the RL at that
location was used.
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