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Figure 2.1.  Map of the Upper Columbia River.
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Figure 2.2.  Map of the Upper Columbia River region, showing the six reaches.
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Figure 4.1.  Map of the Upper Columbia River displaying sediment sampling stations for whole-sediment chemistry 
                    and/or other indicators.
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Figure 4.2.  Map of the Upper Columbia River displaying Phase 1 sediment sampling stations for whole-sediment toxicity.

0 10 20 30 405
Kilometers

±

Legend

!( Station
!( Reference Station
^ Municipalities

National Boundary
Reaches

1
2
3
4
5
6

1:937,500
Page F-4



●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

740 720 700 680 660 640 620 600

5000

10000

15000

20000

River Mile

To
ta

l A
lu

m
in

um
 (

m
g/

kg
)

In
te

rn
at

io
na

l B
or

de
r

●●●●●●●●●●
●

●●●
●

●
●

●

●●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

740 720 700 680 660 640 620 600

0

10

20

30

40

50

60

River Mile

To
ta

l A
nt

im
on

y 
(m

g/
kg

)

In
te

rn
at

io
na

l B
or

de
r

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●●

●

740 720 700 680 660 640 620 600

0

10

20

30

40

50

60

River Mile

To
ta

l V
an

ad
iu

m
 (

m
g/

kg
)

In
te

rn
at

io
na

l B
or

de
r

Figure 5.1. Concentrations of aluminum, antimony, and vanadium in the sediments of the Upper Columbia
                    River from the international border to the Grand Coulee Dam. Dashed lines represent the range
                    of concentrations at the reference stations.
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Figure 5.2. Indicator metal to aluminum ratios in sediment of the Upper Columbia River. Dashed lines represent the range of ratios at the 
                   reference stations.
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Figure 5.3. Slag classification of sediments in the Upper Columbia River using the Cu:Al model. Dashed lines represent the range of ratios at
                   the reference stations.
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Figure 5.4. Slag classification of sediments in the Upper Columbia River using the Cu:Al and Zn:Cd model.

Page F-8



Bounds for reference sites

5% Slag Boundary (based on Nener 1992 data)

10 100 1000 10000 100000

0.2

0.5

1.0

2.0

5.0

10.0

20.0

Zn:Cd

F
e:

A
l

●

●

●

●●

●
●

●
●●

●●

●

●

Reference Sites
Non slag-affected
Potentially slag-affected
Slag-affected

Figure 5.5. Slag classification of sediments in the Upper Columbia River using the Fe:Al and Zn:Cd model.
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Figure 5.6. Identification of samples affected by slag using the Cu:Al method for samples from the 2005 USEPA 
                   sampling program (Stefanoff et. al. 2006; Schut and Stefanoff 2007).
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Figure 5.7. Identification of samples affected by slag using the Cu:Al and Zn:Cd method for samples from the 2005 
                   USEPA sampling program (Stefanoff et. al. 2006; Schut and Stefanoff 2007).
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Figure 5.8. Identification of samples affected by slag using the Fe:Al and Zn:Cd method for samples from the 2005 
                   USEPA sampling program (Stefanoff et. al. 2006; Schut and Stefanoff 2007).
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Figure 6.1. Comparison of physical characteristics of sediments at reference and test stations in the Upper Columbia River collected during 
                    the 2005 USEPA sampling program (Stefanoff et al. 2006; Schut and Stefanoff 2007).
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Figure 6.2. Comparison of physical characteristics of sediments at reference and test stations in the Upper Columbia River collected by 
                    Besser et al. (2008).
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Figure 6.3. Comparison of physical characteristics of sediments at reference and test stations in the Upper Columbia River collected by 
                    Bortleson et al. (1994).
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Figure 6.4. Comparison of Chironomus dilutus control−adjusted survival and physical characteristics of 
                    surficial sediments at reference stations in the Upper Columbia River (Stefanoff et al. 2006;
                    Schut and Stefanoff 2007).
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Figure 6.5. Comparison of Chironomus dilutus control−adjusted growth and physical characteristics of 
                    surficial sediments at reference stations in the Upper Columbia River (Stefanoff et al. 2006;
                    Schut and Stefanoff 2007).
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Figure 6.6. Comparison of Chironomus dilutus control−adjusted biomass and physical characteristics of 
                    surficial sediments at reference stations in the Upper Columbia River (Stefanoff et al. 2006;
                    Schut and Stefanoff 2007).
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Figure 6.7. Comparison of Hyalella azteca control−adjusted survival and physical characteristics of 
                    surficial sediments at reference stations in the Upper Columbia River (Stefanoff et al. 2006;
                    Schut and Stefanoff 2007).
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Figure 6.8. Comparison of Hyalella azteca control−adjusted growth and physical characteristics of 
                    surficial sediments at reference stations in the Upper Columbia River (Stefanoff et al. 2006;
                    Schut and Stefanoff 2007).
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Figure 6.9. Comparison of Hyalella azteca control−adjusted biomass and physical characteristics of 
                    surficial sediments at reference stations in the Upper Columbia River (Stefanoff et al. 2006;
                    Schut and Stefanoff 2007).
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Figure 6.10. Map of the Upper Columbia River showing toxic and not toxic stations for toxicity of all species, inclusive of 
                     all endpoints.  (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope 
                     approach, as described in Section 6.7)
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Figure 6.11. Pie symbology categorization for toxic stations for all species and endpoints.
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Figure 6.12. Map showing the results of toxicity tests conducted with all three species using sediment samples from Reach 1 of the Upper Columbia River.  
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as described in Section 6.7)
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Figure 6.13. Map showing the results of toxicity tests conducted with all three species using sediment samples from Reach 
                     2 of the Upper Columbia River.  (Note:  Each sediment sample was designated as toxic or not toxic using the
                     reference envelope approach, as described in Section 6.7)
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Figure 6.14. Map showing the results of toxicity tests conducted with all three species using sediment samples from Reach 
                     3 of the Upper Columbia River.  (Note:  Each sediment sample was designated as toxic or not toxic using the 
                     reference envelope approach, as described in Section 6.7)
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Figure 6.15. Map showing the results of toxicity tests conducted with all three species using sediment samples from Reach 
                     4 of the Upper Columbia River.  (Note:  Each sediment sample was designated as toxic or not toxic using the 
                     reference envelope approach, as described in Section 6.7)
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Figure 6.16. Map showing the results of toxicity tests conducted with all three species using sediment samples from Reach 5 of the Upper Columbia River.  
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as described in Section 6.7)
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Figure 6.17. Map showing the results of toxicity tests conducted with all three species using sediment samples from Reach 6 of the Upper Columbia River.  
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as described in Section 6.7)
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Figure 6.18. Map of the Upper Columbia River showing the results of toxicity tests conducted with the amphipod, 
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                     moderately impacted, or highly impacted using the reference envelope approach, as described in Section 6.7).
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Figure 6.19. Map of the Upper Columbia River showing toxic and not toxic stations for Hyalella azteca (Survival).  
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                     described in Section 6.7)
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Figure 6.20. Map of the Upper Columbia River showing toxic and not toxic stations for Hyalella azteca (Growth).  
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                      described in Section 6.7)
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Figure 6.21. Map of the Upper Columbia River showing toxic and not toxic stations for Hyalella azteca (Biomass).
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                     described in Section 6.7)
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Figure 6.22.  Map of the Upper Columbia River showing toxic and not toxic stations for Hyalella azteca (Biomass, Survival, 
                       or Growth).  (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope 
                       approach, as described in Section 6.7)
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Figure 6.23. Map of the Upper Columbia River showing the results of toxicity tests conducted with the midge, Chironomus 
                      dilutus (Survival, Growth, and Biomass).  (Note:  Each sediment sample was designated as not toxic, 
                      moderately impacted, or highly impacted using the reference envelope approach, as described in Section 6.7).
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Figure 6.24. Map of the Upper Columbia River showing toxic and not toxic stations for Chironomus dilutus (Survival).
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                     described in Section 6.7)
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Figure 6.25. Map of the Upper Columbia River showing toxic and not toxic stations for Chironomus dilutus (Growth).
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                     described in Section 6.7)
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Figure 6.26. Map of the Upper Columbia River showing toxic and not toxic stations for Chironomus dilutus (Biomass).
                     (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                     described in Section 6.7)
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Figure 6.27. Map of the Upper Columbia River showing toxic and not toxic stations for Chironomus dilutus (Biomass,
                     Survival, or Growth).  (Note:  Each sediment sample was designated as toxic or not toxic using the reference 
                     envelope approach, as described in Section 6.7)
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Figure 6.28. Map of the Upper Columbia River showing the results of toxicity tests conducted with the cladoceran, 
                     Ceriodaphnia dubia (Survival and Reproduction).  (Note:  Each sediment sample was designated as not toxic, 
                      moderately impacted, or highly impacted using the reference envelope approach, as described in Section 6.7).
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Figure 6.29.  Map of the Upper Columbia River showing toxic and not toxic stations for Ceriodaphnia dubia (Survival).
                      (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                      described in Section 6.7)
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Figure 6.30. Map of the Upper Columbia River showing toxic and not toxic stations for Ceriodaphnia dubia (Reproduction).
                    (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope approach, as 
                    described in Section 6.7)

0 10 20 30 405
Kilometers

±
Legend

^ Municipalities
National Boundary

!(! Ceriodaphnia dubia Reference Station
Ceriodaphnia dubia - Reproduction
# Toxic

Not Toxic
Reaches

1
2
3
4
5
6

1:940,000
Page F-42



^

^

^

^

^

^

^

^

^

^

^

^

^

^

^

^

^

^ ^

^

^

^

^

^

^

^

^

^

^

^

^
^

!(!

!(!

!(!!(!

!(!!(
!

!(!
!(!

!(!

#

#
#

#

#

#

#

#

#

#

#

#

###

#

Banks
Lake

Colville River

San poil River

Spokane River

Hall Creek

Columbia R
iver

Sherman Creek

Willmont Cr eek

Ha wk Creek

Nesp
ele

m Rive
r

Kettle River

Lake Roosevelt

Lower
Arrow
Lake

Christina
Lake

Osoyoos
Lake

Skaha
Lake

Pend Oreille River

Co
lum

bia
 Ri

ver

Ko
otn

ey 
River

Blueberry Creek

Big Sheep Cr eek

Pend Orei lle Rive r

Ninemile Creek

Bo
un

da
ry 

Cr
ee

k
Smelter

4

5
6

3

2

1

Omak

Nelson

Almira
Hauser

Spokane
Reardan

Newport

Tonasket

Oroville

Okanogan

Hartline

Brewster

Castlegar

Penticton

Greenwood

Riverside

Mansfield

Deer Park

Conconully

Bridgeport

Ione

Trail

Wilbur

Marcus

Cusick

Creston

Rossland

Republic

Nespelem

Metaline

Colville

Chewelah

Northport

Davenport

Springdale
Elmer CityCoulee Dam

Grand Forks

Kettle Falls

Grand Coulee

Inchelium CDP

North Omak CDP

Figure 6.31. Map of the Upper Columbia River showing toxic and not toxic stations for Ceriodaphnia dubia (Reproduction 
                     or Survival).  (Note:  Each sediment sample was designated as toxic or not toxic using the reference envelope 
                     approach, as described in Section 6.7)
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