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Correction page to Study 1, Erosion Study, as provided by SCL on February 12, 2009 
 
 
1)  p. 3, second bullet, The Boundary Wildlife Preserve (BWP) (155 acres) and adjoining 
SCL-owned property (85 acres). 
 
Subsequent to completion of the final report, SCL discovered a discrepancy between the 
description of the study area for the “adjoining SCL-owned parcel” and the area that was 
surveyed during field studies.  The BWP was mapped accurately in the study reports and 
the entire BWP was surveyed as planned; this discrepancy relates only to the "adjoining 
SCL-owned property." 
 
Terrestrial field crews were working from an incorrect map of the parcel and thus, 
detailed field surveys took place on only 42 acres of the parcel.  Regardless of this error, 
SCL believes that the conclusions presented in the final study report are still valid. 
 
Additionally, the size of the “adjoining SCL-owned parcel” is 88 acres, not 85 acres. 
 



 



Correction page to Study 1, Erosion Study, as provided by SCL on January 23, 2009 
 
 
1)  p. 37, 1st paragraph, 8th line 
Replace 1.3 feet with 1.1 feet 
 
 
2)  Appendix 2a 
Replace Appendix 2a with the following 18 pages 
 
 
3)  Appendix 2b 
Replace page 3 and page 7 with the following two pages 



 



FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY
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17W1 1 Boundary 
Rec. Area

9/6/2007 8:28 AM K Dubé, J 
Nodolf

39-40 SCL Raveling N Fill Fine N N Herbs; 
Cottonwood

Disturbed Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

Sparse 
trees

90 5 5 Herbs 50 50 Y 2 1

17W2 2 9/6/2007 8:55 AM K Dubé, J 
Nodolf

43 SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N Conifer 
forest

Erosion; Lacustrine 
Unconsolidated Bottom

100 Conifer 
forest

0 100 100 Y 2 1

17W3 a-c 3 9/6/2007 9:00 AM K Dubé, J 
Nodolf

44-46, 47-
48

USFS; SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N Shrub Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 10 Conifer 
forest

0 100 100 Y 2 1

17W4 4 9/6/2007 K Dubé, J 
Nodolf

49-50 USFS; SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 100 100 Y 1

17W5 5 9/6/2007 9:38 AM K Dubé, J 
Nodolf

51 SCL Slumping; 
translational 
slide/slump

Y Ledbetter 
Slate

Coarse; 
fine

N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

good 0 50 100 Conifer 
forest

0 100 100 N 2 Seepage - 
1

17W6 a-b 6 near 
Pewee 
Falls

9/6/2007 9:52 AM K Dubé, J 
Nodolf

52, 54-55 SCL Undercut 
bank; 
Slumping; 
Rills/gullies 
on scarps

N Ledbetter 
Slate

Fine N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 5 5 Conifer 
forest

0 100 100 Y 2 1 3

17W7 7 9/6/2007 10:03 AM K Dubé, J 
Nodolf

56 SCL Undercut 
bank

N Metaline 
Limestone

Coarse N N Bedrock Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

10 90 - 
bedrock

Shrub 0 10 90 10 Y 1

18W8 a-b 8 9/6/2007 10:18 AM K Dubé, J 
Nodolf

57-60 BLM    Undercut 
bank; 
Shallow 
translational 
slide

N Metaline 
Limestone

Coarse N N Bedrock Bedrock 
Outcrops/Cliffs; 
Erosion; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

10 90 - 
bedrock

Conifer 
forest

0 50 Moss - 
100

Y 1

19W9 9 dispersed 
campsite?

9/6/2007 10:45 AM K Dubé, J 
Nodolf

61 BLM      Trampling N Sand/gravel Fine N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

100 Shrubs, 
young 
trees

10-20? 0 10 100 100 Y 1

19W10 a-c
20W10 d

10 9/6/2007 K Dubé, J 
Nodolf

62 BLM    Undercut 
bank; 
Shallow 
translational 
slide

N Metaline 
Limestone

Coarse N N Herbs Bedrock 
Outcrops/Cliffs; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 10 Shrub 0 50 50 Y 2 1

19W11 11 Island 9/6/2007 11:17 AM K Dubé, J 
Nodolf

63-64 BLM    Undercut 
bank; 
Shallow 
translational 
slides

N Sand/gravel Coarse; 
fine

N N Herbs; 
shrub; 
conifer 
forest

Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

Young 5-20? 20 10 10 70 Conifer 
forest

0 30 30 100 Y 2 1

20W12 12 9/6/2007 K Dubé, J 
Nodolf

65-68 BLM    Undercut 
bank, 
Slumping  

Y Glaciolacus
trine

Fine Y N Herbs; 
Conifer 
forest

Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

10-15? 50 10 20 20 Conifer 
forest

0 100 50 50 Y 2 1 Seepage - 
2

Map ID*
Gleyed 
Soils?

Factors Affecting Erosion

Se
ep
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e?

Geology/ 
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Fine/ 
Coarse Piping?Surveyor Photos Landowner
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Site ID* 
(link to 
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Vegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 1

Seattle City Light
March 2009
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Vegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

20W13 a-c 13 9/6/2007 11:53 AM K Dubé, J 
Nodolf

69-70 BLM    Undercut 
bank, 
raveling

N Till Coarse; 
fine

N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 20 Moss - 
100

Y 2 1

20W14 14 9/6/2007 12:07 PM K Dubé, J 
Nodolf

71-72 SCL Undercut 
bank, 
Slumping  

N Sand Fine N N Herbs; shrub Lacustrine/Littoral 
Unconsolidated 
Shoreline

5-10? 40 20 20 Conifer 
forest;  
alders

0 40 40 40 Y 1 2

21W15 15 9/6/2007 12:55 PM K Dubé, J 
Nodolf

75-77 SCL Raveling Y Mine-
related 
Sediment

Coarse N N Small trees, 
shrubs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

10? 90 5 5 Conifer 
forest

0 70 40 100 N 1 2

21W16 a-c 16 9/6/2007 1:05 PM K Dubé, J 
Nodolf

78 BLM; SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N None Lacustrine Emergent 
Wetland; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

0 50 10 100 Y 1

21W17 17 9/6/2007 1:17 PM K Dubé, J 
Nodolf

80-81 BLM      Undercut 
bank; 
Slumping  

N Reservoir 
deposits 

Coarse; 
fine

N N None Lacustrine 
Unconsolidated Bottom

100 None 100 Y 1

21W18 a
22W18 b

18 9/6/2007 1:23 PM K Dubé, J 
Nodolf

83 BLM      Shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

100 Conifer 
forest

20? 0 40 Moss - 
100

Y 1

21W19 19 9/6/2007 1:30 PM K Dubé, J 
Nodolf

82 BLM      Undercut 
bank; 
raveling; 
trampling

N Ledbetter 
Slate

Coarse N N Conifer 
forest

Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

leaning/top
pling

15-20? 70 10 10 50 Conifer 
forest

Stressed 0 40 40 100 Y 2 1

22W20 20 9/6/2007 1:36 PM K Dubé, J 
Nodolf

84 BLM      Raveling; 
wind erosion

N Ledbetter 
Slate

Coarse; 
fine

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 40 40 90 Partial 1 Wind - 2

22W21 21 9/6/2007 1:46 PM K Dubé, J 
Nodolf

85 BLM    Undercut 
bank, 
raveling

N Metaline 
Limestone

Fine N Iron 
stained

Trees/shrub
s

Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated Bottom

30 10 20 Conifer 
forest

30 10 10 30 Bedroc
k - 30

Partial 3 2 Wind, 
unstable 
soil - 1

23W22 a-b 22 9/6/2007 2:02 PM K Dubé, J 
Nodolf

89 BLM    Undercut 
bank

N Metaline 
Limestone

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

Stressed 0 40 40 100 Y 1

23W23 23 9/6/2007 2:14 PM K Dubé, J 
Nodolf

86-88 BLM    Rills/gullies Y Metaline 
Limestone

Coarse; 
fine

N Y None Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

100 Conifer 
forest

Good 0 80 40 100 Partial 1 2

23W24 24 9/6/2007 2:26 PM K Dubé, J 
Nodolf

90 BLM    Undercut 
bank, 
Shallow 
translational 
slides

Y - a 
few

Ledbetter 
Slate

Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 40 40 100 Y 1

24W25 a-b
25W25 c

25 9/6/2007 2:41 PM K Dubé, J 
Nodolf

93 BLM    Undercut 
bank, 
raveling

N Talus Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated Bottom

100 Shrubs, 
herbs

80 5 15 Y 1

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 3

Seattle City Light
March 2009
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25W26 26 9/6/2007 2:48 PM K Dubé, J 
Nodolf

95-96 BLM    Undercut 
bank; 
Shallow 
translational 
slides

N Ledbetter 
Slate

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

Good 0 40 10 10 Duff-30 Y 1 2

25W27 27 9/6/2007 3:45 PM K Dubé, J 
Nodolf

97 BLM ;WADNR  Undercut 
bank

Y Till Coarse N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline

good 20 50 30 - 
Boulders

Conifer 
forest

Stressed 0 40 20 100 Y 1

25W28 28 9/6/2007 4:00 PM K Dubé, J 
Nodolf

98 BLM; SCL Undercut 
bank; 
Shallow 
translational 
slides

Y Ledbetter 
Slate

Coarse; 
fine

Y Y Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline; Mining 
Facility

90 10 Conifer 
forest

0 40 20 90 Y 2 1

25W29 29 9/6/2007 4:07 PM K Dubé, J 
Nodolf

99 BLM    Undercut 
bank; 
raveling; 
rills/gullies

N Mine-
related 
Sediment

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

100 None - 
disturbed 
site

n/a Partial 1 2 3

25W30 a-b 30 Flume 
Creek

9/6/2007 4:16 PM K Dubé, J 
Nodolf

100-107 BLM    Undercut 
bank

Y Ledbetter 
Slate

Coarse; 
fine

N N Moss Dry Mixed Conifer; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

50 10 - 
Moss, 40 
- rock

Conifer 
forest

0 40 40 100 Partial 1 2

26W31 a-b 31 9/6/2007 4:55 PM K Dubé, J 
Nodolf

110-111 BLM  WADNR  Rills/gullies; 
shallow 
translational 
slide

N Metaline 
Limestone

Coarse; 
fine

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

0 10 Bedroc
k - 90

N 2 Steep 
slope - 1

26E31A a-f 31A 9/6/2007 4:50 PM K Dubé, J 
Nodolf

108 USFS; SCL; 
Private

Raveling; 
rills/gullies; 
talus slope

N Metaline 
Limestone

Coarse; 
fine

N N None Bedrock 
Outcrops/Cliffs; Dry 
Mixed Conifer; 
Lacustrine 
Unconsolidated Bottom

100 Conifer 
Forest;  
bedrock

varies 0 10 Bedroc
k - 90

N Steep 
slope - 1

26E32 32 9/6/2007 5:00 PM K Dubé, J 
Nodolf

112 SCL Shallow 
translational 
slide

N Till Coarse; 
fine

N N Conifer 
forest

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

10-15 on 
stable 
part

90 5 5 Conifer 
forest

0 40 40 90 N Unstable 
soil - 1

25E33 33 9/6/2007 5:18 PM K Dubé, J 
Nodolf

114-121 USFS   Raveling N Till Coarse; 
fine

N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

80 5 15 Disturbed 
site

Partial 1 2 
(primar
y on 
half of 
site - 
runoff 
from 
mine 
i )25E34 a-b 34 9/6/2007 5:40 PM K Dubé, J 

Nodolf
122-123 USFS; SCL Raveling N Ledbetter 

Slate; Till
Coarse; 
fine

N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 5 5 Conifer 
forest

Stressed 0 70 20 90 Y 1 3 Unstable 
soil - 2

23E35 a-e
24E35 f-i
25E35 j-k

35 9/7/2007 12:40 PM K Dubé, J 
Nodolf

125-126 USFS; SCL Undercut 
bank; 
Shallow 
translational 
slides

Y Ledbetter 
Slate

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; 
Palustrine Emergent 
Wetland; Upland Shrub

100 Conifer 
forest

0 80 40 100 Y 1

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 5

Seattle City Light
March 2009
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23E36a
24E36 b-g

36 9/7/2007 12:53 PM K Dubé, J 
Nodolf

127 USFS   Undercut 
bank; 
raveling

N Ledbetter 
Slate

Coarse N N Duff Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer; Forest Upland 
Shrub

50 50 - duff Conifer 
forest

0 40 20 60 Y 2 Steep 
slope, dip 
plane - 1

24E37 37 9/7/2007 1:08 PM K Dubé, J 
Nodolf

128 USFS   Raveling N Fill Coarse N N Herb; shrub Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

90 5 5 Conifer 
forest

0 80 20 100 Partial 2 1

23E38 38 9/7/2007 1:23 PM K Dubé, J 
Nodolf

129 USFS   Shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 40 40 Moss - 
50

Y 1

22E39 a-b
23E39 c-d

39 9/7/2007 K Dubé, J 
Nodolf

130-131 USFS   Raveling; 
shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Mixed 
deciduous 
forest

Sparse 60 10 20 10 Y 1 Steep 
slope, weak 
rock - 2

22E40 40 9/7/2007 1:45 PM K Dubé, J 
Nodolf

132 USFS   Undercut 
bank

N Talus Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

10 40 10 40 Y 1

22E41 a-b 41 9/7/2007 1:50 PM K Dubé, J 
Nodolf

134-136 USFS   Raveling; 
rills/gullies; 
shallow 
translational 
slide

N Ledbetter 
Slate; till

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 90 20 100 Y 2 1

22E42 a-b 42 Slate 
Creek

9/7/2007 2:07 PM K Dubé, J 
Nodolf

137-139 USFS   Undercut 
bank; 
Shallow 
translational 
slide

Y Ledbetter 
Slate;Till

Fine; 
Coarse

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 50 40 90 Y 1 Seeps, till 
over slate - 
2

21E43 a-c  
22E43d

43 9/7/2007 2:41 PM K Dubé, J 
Nodolf

143-144 USFS   Undercut 
bank; 
Raveling

N Talus Fine; 
Coarse

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine Emergent 
Wetland; Lacustrine 
Unconsolidated Bottom

100 Conifer 
forest

50 10 10 30 Y 1

21E44 44 9/7/2007 2:50 PM K Dubé, J 
Nodolf

147 USFS   Undercut 
bank; 
Raveling

N Till Fine; 
Coarse

N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

Young 0 40 10 40 Moss - 
50

Y 2 1

20E45 a
21E45 b-c

45 9/7/2007 3:00 PM K Dubé, J 
Nodolf

148 USFS   Undercut 
bank

N Metaline 
Limestone

Coarse N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 50 20 80 Y 1

20E46 46 9/7/2007 3:16 PM K Dubé, J 
Nodolf

149-150 USFS   Undercut 
bank

N Till Fine; 
Coarse

N N None Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

Sparse 0 20 20 60 Y 2 1

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 7

Seattle City Light
March 2009
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Vegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

20E47 a-d 47 9/7/2007 3:25 PM K Dubé, J 
Nodolf

151-153 USFS   Undercut 
bank

N Till Fine; 
Coarse

N N None; 
Conifer 
forest

Bedrock 
Outcrops/Cliffs; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

On 
stabilized 
parts - rest 
bare

5-15 Conifer 
forest

0 30 20 60 Duff - 
40

Y 2 1

20E48 a-j 48 9/7/2007 3:30 PM K Dubé, J 
Nodolf

154-155 USFS   Undercut 
bank; 
Shallow 
translational 
slide

N Till Fine; 
Coarse

N N None; 
Conifer 
forest

Bedrock 
Outcrops/Cliffs; 
Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer; Forest Upland 
Shrub

Trees on 
stabilized 
areas

15-20 5 50 10 90 Conifer 
forest

0 60 20 90 Y 2 1

19E49 a-i 49 9/7/2007 3:47 PM K Dubé, J 
Nodolf

156-158 USFS   Undercut 
bank; 
Shallow 
translational 
slide

N Till Fine; 
Coarse

N N None; 
Conifer 
forest

Bedrock 
Outcrops/Cliffs; 
Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; Upland 
Shrub

Trees on 
stabilized 
areas

10-20 30 40 40 Conifer 
forest

0 60 30 80 Y 2 1

19E50 a-b 50 9/7/2007 3:57 PM K Dubé, J 
Nodolf

159-160 USFS   Undercut 
bank; 
Shallow 
translational 
slide

N Till Fine N N Herbs Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

90 10 Conifer 
forest

0 40 70 80 Y 1 2

17E51 a-c
18E51 d-f
19E51 g-i

51 9/7/2007 4:32 PM K Dubé, J 
Nodolf

169-172 USFS  Undercut 
bank; 
Shallow 
translational 
slide

N Talus Fine; 
Coarse

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; Upland 
Shrub

100 Conifer 
forest

Sparse  
younge
r- 40 
years?
?

0 20 60 100 Y 1

17E52 52 9/7/2007 5:10 PM K Dubé, J 
Nodolf

171 USFS   Undercut 
bank

N Fill (road) Fine; 
Coarse

N N None; 
Shrub; 
Herbs; 
Alder/willow

Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

Veg on 
stabilized 
areas

5-10? 40 15 5 20 Conifer 
forest; 
Alder/will
ow

0 60 40 90 Y 1 Steep 
slopes - 2

17E53 53 9/7/2007 5:28 PM K Dubé, J 
Nodolf

174 USFS   Undercut 
bank

N Till Fine; 
Coarse

N N None; 
Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

Veg on 
stabilized 
areas

3-5 10 20 90 Conifer 
forest

Sparse 0 10 95 90 Y 2 1

33E100 a-d 100 9/9/2007 8:39 AM K Dubé, J 
Nodolf

208 WADNR; 
Private 

Raveling N Glaciolacus
trine

Fine N N Conifer 
forest; Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Rocky 
Shore

40 20 40 Conifer 
forest

0 60 10 10 Duff - 
95

N 1

32E101 a
33E101b

101 9/9/2007 8:48 AM K Dubé, J 
Nodolf

209 WADNR  Undercut 
bank; 
Slumping

N Alluvium Fine N N Herbs Aquatic Bed; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 90 Herbs 0 100 Partial 2 1
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32E102 102 9/9/2007 9:13 AM K Dubé, J 
Nodolf

210-212 WADNR  Slumping N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 5 90 Conifer 
forest; 
Cottonwo
od

0 20 100 Partial 1 1

31E103 a-m
32E103 n

103 9/9/2007 9:32 AM K Dubé, J 
Nodolf

213-217 WADNR; SCL Undercut 
bank; 
Slumping

N Glaciolacus
trine

Fine N N Herbs Erosion; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Palustrine 
Emergent Wetland

20 80 Shrub; 
Herbs; 
Cottonwo
od

0 10 20 100 Partial 1 2

31E104 a-b 104 9/9/2007 10:21 AM K Dubé, J 
Nodolf

219 WADNR  Undercut 
bank; 
Slumping

N Alluvium Fine N N Herbs Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

5 95 Herbs 0 100 Partial 1 2

31E105 105 9/9/2007 10:29 AM K Dubé, J 
Nodolf

220  320 WADNR  Undercut 
bank; 
Slumping

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 10 90 Conifer 
forest

0 80 40 80 Partial 2 1

30E106 a-c 106 9/9/2007 10:46 AM K Dubé, J 
Nodolf

221-223  
319

USFS; 
WADNR  

Shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N Shrub; 
Herbs; 
Alder/willow

Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; Upland 
Shrub

5-15 5 5 20 95 Conifer 
forest

0 80 20 20 Duff - 
100

N Railroad 
fill/runoff - 
1

28E107 a
29E107 b-h
30E107 i

107 9/9/2007 10:57 AM K Dubé, J 
Nodolf

224  315 USFS; 
WADNR; 
Private

Shallow 
translational 
slide

N Sand/gravel
; 
Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

30 10 70 Mixed 
forest

0 60 40 60 Duff - 
40

Partial 2 1

27E108 a-g 108 9/9/2007 12:15 PM K Dubé, J 
Nodolf

227-228 
313-314

USFS; 
WADNR  

Shallow 
translational 
slide

N Till Fine; 
Coarse

N N Shrub; 
Herbs; 
Alder/willow

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest

5-20 20 10 10 60 Mixed 
forest

0 40 60 80 N Railroad 
fill/runoff - 
1

27E109 a-b 109 9/9/2007 12:43 PM K Dubé, J 
Nodolf

229  312 WADNR; SCL Shallow 
translational 
slide

N Glaciolacus
trine

Fine N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline

80 20 Mixed 
forest

0 40 40 80 Partial 2 1

26E110a-b 110 9/9/2007 1:31 PM K Dubé, J 
Nodolf

230-231 WADNR; City 
of Metaline 
Falls; SCL 

Slumping Y Glaciolacus
trine

Fine N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline; Mixed 
Deciduous Conifer; 
Riverine 
Unconsolidated Bottom

90 10 Conifer 
forest

Young 0 50 40 80 Partial 2 1 1 Seepage 
from sewer 
line??? 
Smells bad; 
line 
exposed 

26E111 111 9/9/2007 2:03 PM K Dubé, J 
Nodolf

235 SCL Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

30 20 50 Conifer 
forest; 
Shrub; 
Herbs

Varies-
houses, 
yards

0 Varies - 
100

Partial 1 2

26E112 112 9/9/2007 2:09 PM K Dubé, J 
Nodolf

234 SCL; Private Undercut 
bank

N Glaciolacus
trine

Fine N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated Bottom

20 80 Shrub; 
Herbs

0 90 90 Partial 2 1
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26E113 113 9/9/2007 2:11 PM K Dubé, J 
Nodolf

236 SCL Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Bedrock 
Outcrops/Cliffs; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated Bottom

5 60 5 55 Shrub; 
Herbs

0 20 90 Y 1

27W114 a-b 114 9/9/2007 2:23 PM K Dubé, J 
Nodolf

239-246 BLM; WADNR  Rills/gullies N Fill Fine; 
Coarse

N N Conifer 
forest; 
Shrub; 
Herbs

Disturbed 
Lacustrine/Littoral; 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; 
Palustrine Scrub Shrub

10-20 10 5 10 90 Mixed 
forest

0 20 40 100 N 1 2

27W115 115 9/9/2007 2:32 PM K Dubé, J 
Nodolf

241 310-
311

WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs; 
Alder/willow

Lacustrine/Littoral 
Unconsolidated 
Shoreline

10-20 20 10 20 60 Mixed 
forest

0 50 60 60 Partial 2 1

27W116 a-c 116 9/9/2007 2:30 PM K Dubé, J 
Nodolf

242-243 
306-308

BLM; WADNR  Slumping N Glaciolacus
trine

Fine N N None Disturbed Lacustrine; 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Mixed 
Deciduous Conifer; 
Palustrine Scrub Shrub

100 Conifer 
forest

0 80 20 20 Duff - 
60

?? ??? 
Unknown - 
perhaps 
from 
above??? 
Or related 
to very high 
water 
events??

27W117 a-b 117 9/9/2007 2:40 PM K Dubé, J 
Nodolf

244, 306 WADNR  Undercut 
bank

N Alluvium Fine N N Herbs Aquatic Bed; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

20 80 Herbs 0 100 Y 1

27W118 a
28W118 b

118 9/9/2007 3:30 PM K Dubé, J 
Nodolf

245 249-
256 296-
298 302-

303

WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Herbs Aquatic Bed; 
Lacustrine Emergent 
Wetland; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

20 80 Herbs 0 100 Partial 1 2

28W119 119 9/9/2007 4:04 PM K Dubé, J 
Nodolf

257-261 
295

WADNR  Slumping; 
Raveling; 
Rills/gullies

Y Mine-
related 
sediment

Fine; 
Coarse

N N Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

95 5 Disturbed 
site

N 1 2

29W120 120 9/9/2007 4:06 PM K Dubé, J 
Nodolf

262 294 WADNR; 
WSDOT; 
Private

Slumping N Metaline 
Limestone;
Glaciolacus
trine

Fine;Coa
rse

N N Shrub; 
Herbs

Bedrock 
Outcrops/Cliffs; 
Disturbed; Erosion; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; Upland 
Shrub

5 20 10 80 Conifer 
forest

0 80 20 90 N 1

29W121 121 9/9/2007 4:10 PM K Dubé, J 
Nodolf

263 292 WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Herbs Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

40 60 Conifer 
forest

0 60 20 100 Partial 1 2

30W122 122 9/9/2007 4:15 PM K Dubé, J 
Nodolf

264 291 WADNR; 
Private

Shallow 
translational 
slide

Y Glaciolacus
trine; FIll

Fine N N Shrub; 
Herbs

Aquatic Bed; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

20 10 70 Conifer 
forest

0 80 20 50 Partial 3 1 2 Saturated 
soils - 1
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30W123 a-c 123 9/9/2007 4:22 PM K Dubé, J 
Nodolf

265-267 
283-284

WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

40 10 50 Conifer 
forest

0 40 40 100 Partial 1 2

30W124 a
31W124 b-c
32W124 d
33W124 e

124 9/9/2007 4:24 PM K Dubé, J 
Nodolf

266 281-
282

WADNR  Undercut 
bank

N Glaciolacus
trine; 
Alluvium

Fine N N Herbs Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated Bottom

50 50 Herbs 0 100 Partial 1 2

31W125 125 9/9/2007 4:41 PM K Dubé, J 
Nodolf

267 282 WADNR  Raveling; 
Rills/gullies; 
Shallow 
translational 
slide

N Fill Fine; 
Coarse

N N Herbs Aquatic Bed; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

50 5 50 Conifer 
forest

0 80 20 60 Duff N 1

32W126 a
33W126 b-c

126 9/10/2007 10:15 AM K Dubé, J 
Nodolf

268  280 WADNR  Trampling; 
Road 
erosion

N Alluvium Fine N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Herbs 0 100 N 1

33W127 a-f 127 9/10/2007 10:19 AM K Dubé, J 
Nodolf

269-274 WADNR  Raveling; 
Rills/gullies

N Fill Fine; 
Coarse

N N Conifer 
forest; 
Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated Bottom

10-20 10 10 10 80 Conifer 
forest

0 60 40 80 N 1 2

34W128 128 9/10/2007 10:33 AM K Dubé, J 
Nodolf

275-276 WADNR  Raveling; 
Rills/gullies

N Fill Coarse N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 10 10 Rip rap - 
80

Disturbed 
area

N 1 2

34E129 129 9/10/2007 10:48 AM K Dubé, J 
Nodolf

277-279 USFS; 
WADNR; 
Private

Road 
erosion

N Fill Fine; 
Coarse

N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist Mixed 
Conifer Forest; 
Palustrine Forested 
Wetland; Project 
Facility; Rocky Shore; 
Timber Harvest; 
Upland Shrub

5 5 5 20 Rock - 
80

Disturbed 
area

N 1

16EBB1 a-b BB 1 9/8/2007 5:17 PM K Dubé, J 
Nodolf

197-199 USFS; 
WADNR  

Undercut 
bank

N Till Fine; 
Coarse

N N Shrub; 
Herbs

Bedrock 
Outcrops/Cliffs; 
Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

80 10 10 Conifer 
forest

0 60 40 100 Partial 1

16WBB2 BB 2 9/8/2007 5:22 PM K Dubé, J 
Nodolf

200-201 USFS; SCL Undercut 
bank

N Till Fine; 
Coarse

N N None Moist Mixed Conifer 
Forest; Riparian Grass; 
Riverine 
Unconsolidated 
Shoreline

100 Conifer 
forest

0 60 5 15 Duff - 
80

Partial 1

16WBB3 BB 3 9/8/2007 5:38 PM K Dubé, J 
Nodolf

204-206 WADNR; SCL Raveling; 
Shallow 
translational 
slide

Y Metaline 
Limestone;
Till

Fine; 
Coarse

N N Herbs Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

80 20 Conifer 
forest

0 60 40 80 Y 2 1

Note: At some sites, Map ID includes multiple lines and/or polygons on Figure 5.2-3.  These locations had similar characteristics and were grouped together during the field inventory.  The Original Site ID column links to the field notes in Appendix 1.
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17W1

17W2

17W3 a-c

17W4

17W5

17W6 a-b

17W7

18W8 a-b

19W9

19W10 a-c
20W10 d

19W11

20W12

Map ID*
Length 

(ft)
Full 

length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources

Shoreline above 
high water

837 Y 10 65 n/a Slowly 
eroding 
toward fence/ 
picnic area

SCL Forebay Recreation 
Area

3 0.06 465 LLM M L

Shoreline above 
high water

386 Y 3-5 60 Undercut 1-2.5 2 Trees 5 0.04 143 MML L/M M

Shoreline above 
high water

2,392 Y a 10-15
b/c 30-40

5,740 Vertical to 
undercut

80-90 1-2 4 Partially - bedrock 
at base of slope 
helps to protect

Trees 20 1.10 11,074 HML H a - M
b/c - H

Shoreline above 
high water

885 Y 10-20 80-90 Vertical 1-3 3 Partially - bedrock 
at base of slope 
helps to protect

Trees 5 0.10 1,229 HMM M/H M

Shoreline above 
high water

0 n/a 150 9,260 100 Vertical Vegetated slope - 
100% cover

Trees 5 0.21 3,430 LHM L/H L

Shoreline above 
high water

3,425 80% 20-50 100-vertical 80-90 1-3 22 18 Y Trees, Big 
game trail

Big game trail - down ravine 7 0.55 15,539 HHM H H All fallen trees on South side - 
appears more active

Shoreline above 
high water

466 Y 0-5 Vertical 20 Partially due to 
bedrock at base - 
slows erosion

Trees, 
riparian, 
Big game 
trail

Riparian (Sitka alder) grows 
here due to disturbance; Big 
game trail

3 0.03 65 LML L/M L

Shoreline above 
high water

1,262 Y 3-5 60 Vertical 1-2.5 3 Trees Big game trail 3 0.09 280 MHL L/H M Plus 1 slide:  30H x 40L x 3D

Shoreline above 
high water

0 11140 
(area)

5 20 150 n/a n/a BLM 
Boundary 
Rec. site

BLM Boundary Rec. site 3 0.00 0 LLH L/H M

Shoreline above 
high water

236 Y 3-5 7,730 Vertical 50 1-2 Shrubs 3 0.02 52 MHL L/M/H M Plus 1 slide:  30H x 10L x 3D

Shoreline above 
high water

580 Y 10-40 80-90, 
Undercut

50 Partially (90%) - 
abundant 
vegetation, 
boulders at base of 
bluff

Trees 5 0.07 1,343 LHM M/H M

Shoreline above 
high water, 
drawdown zone 
(rills)

789 Y 20-60 90-vertical 60 10 26 40% of length 
based on 
vegetation/ trees

Bank 
swallow 
nests, trees

Bank swallow nests 12 0.22 7,890 MHH H H

Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)
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Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Map ID*
20W13 a-c

20W14 

21W15

21W16 a-c

21W17

21W18 a
22W18 b

21W19

22W20

22W21

23W22 a-b

23W23

23W24

24W25 a-b
25W25 c

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shoreline above 
high water

277 Y a 10-40
b/c 10-20

160 90-vertical, 
undercut

70-80 3 2 2 Trees 3 0.02 231 HMH M/H H

Shoreline above 
high water

185 Y 5-10 80-90-
undercut

60 2-3 2 60% based on 
vegetation/ trees

Trees 3 0.01 77 MHH M/H M

Shoreline above 
high water

70 Y 15 80 n/a 3 0.00 58 LLM L/H L Pile of rubble

Shoreline above 
high water

529 Y 3-5 Undercut 80 2-3 1-2 Trees; Big 
game trail

Big game trail 3 0.04 118 MML L/M L

Drawdown zone 0 n/a 2-3 2,090 90-vertical 20 3 0.05 97 LHM L/M/H M

Shoreline above 
high water

0 n/a 40 5,100 150-
undercut

120 2-3 2 Bedrock at base 
helps reduce 
erosion rate

Trees 3 0.12 1,889 HHL H H/M

Shoreline above 
high water

0 n/a 3-5 400 Vertical 30 2.5 Campsite BLM campsite 3 0.01 30 MML M M

Shoreline above 
high water

0 n/a 100 11,700 120 120 Y 7 0.27 4,333 HLM H H Wind causing raveling during 
inventory

Shoreline above 
high water

162 Y 120 90-120-
undercut

110 Y - minor 
ravel

3 0.01 1,080 HMM M/H H

Shoreline above 
high water

318 Y 5-10 Vertical-
undercut 
bank

90 1-2 Trees 3 0.02 133 LML M L

Shoreline above 
high water, 
drawdown zone 
(rills)

192 Y 3-5 Undercut 20-40 1-2 2-3 Beaver 
Creek delta

Trees; Big 
game trails

Big game trail 3 0.01 43 MML L/M M

Shoreline above 
high water

277 Y 80 110 100 5 2 Trees 3 0.02 1,231 HHL M/H H

Shoreline above 
high water

1,724 50% 40 120 120 Y 3 0.12 3,831 HML M/H H/M
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STUDY NO. 1 – EROSION STUDY

Map ID*
25W26

25W27

25W28

25W29

25W30 a-b

26W31 a-b

26E31A a-f

26E32

25E33

25E34 a-b

23E35 a-e
24E35 f-i
25E35 j-k

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shoreline above 
high water

485 Y 5-10; 
slides 20-

40

120 80-90 1-2 4 6 Trees 3 0.03 269 HHL M/H M

Shoreline above 
high water

145 Y 1-2 Undercut 20 0-2.5 90% of length 
stabilized by 
boulders, 
vegetation

Trees 3 0.01 12 MMM L/M L

Shoreline above 
high water

136 Y 5-15 100 60 2 Trees 3 0.01 76 MHL M/H M

Shoreline above 
high water

128 Y 10 100 65 Buried trees 3 0.01 71 LMM M M

Shoreline above 
high water

214 Y 3-5 100-
undercut

100-110 1-2 1 5 Trees 3 0.01 48 HML L/M M Erosion observed at Site 30 was 
along the bank at the shoreline 
and appeared to be native 
materials.  

Shoreline above 
high water

298 partial 200 110-vertical 110-
vertical

Y 3 0.02 3,311 HHL M/H H

Shoreline above 
high water

0 n/a 100-200 110-vertical 110-
vertical

3 0.01 1,250 LML M/H L

Shoreline above 
high water

128 Y 40 Plus very 
old slide - 
60H x 60L

110 90 Older section 
stabilized - trees

Trees 3 0.01 284 LHM M/H M

Shoreline above 
high water

1,149 Y 10 90 20 9 27 Power poles, 
mine-related 
sediment pile

Purp Loos. 10 0.26 2,128 HLM H M Purple loosestrife (pulled);
Top of bank is disturbed from 
industrial activity

Shoreline above 
high water

741 Y 15-40 2,260 100-120-
vertical

90 10 37 Y Trees; Big 
game trails

Big game trails 10 0.17 3,705 HLM M/H H

Shoreline above 
high water

1,239 Y 15-20 6,940 Undercut 90 2-3 2-3 3 11 Trees 7 0.20 2,811 HHL H M 2 slides, 15H x 50L
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Map ID*
23E36a
24E36 b-g

24E37

23E38

22E39 a-b
23E39 c-d

22E40

22E41 a-b

22E42 a-b

21E43 a-c  
22E43d

21E44

20E45 a
21E45 b-c

20E46

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shoreline above 
high water

295 Y a 30
b-g 5

6,870 110 90-100 Trees 5 0.03 137 LML H L

Shoreline above 
high water

109 Y 5-10 100 90 Road fill 3 0.01 45 LLM M L

Shoreline above 
high water

154 Y 30 90 90 1 1 2 Trees 3 0.01 257 HHL M/H M

Shoreline above 
high water

1,039 Y a 80-150
b 50
c 80
d 20

100 100 5 10 Y (ravel) 3 0.07 5,772 HHL H H

Shoreline above 
high water

327 Y 5-10 Undercut 110 2-3 Trees 3 0.02 136 MMM M M

Shoreline above 
high water

0 n/a 50-60 8,180 110 90 1 2 1 8 Y Trees 5 0.12 509 HHM H H 2 large slides: 50-60H x 40-60W 
x 3-5D

Shore above 
high water

1,169 Y 3-10 Undercut 90 2-4 2-3 5 9 Y Trees 5 0.13 541 HHM M/H H 1 slide, 15H x 30L x 3 D

Shore above 
high water

181 Y 3-15 110-
Undercut

80 2-3 Y Trees 3 0.01 101 HML M/H H

Shore above 
high water

66 Y 10-15 90 30 4 2 3 Y 5 0.01 75 HMM L/H H

Shore above 
high water

591 small 
areas

a-b 5
c 15-20

Varies - cliffs 
to undercut

Varies - 
cliffs

Trees 3 0.04 99 LML L/M L

Shore above 
high water

345 Y 10-15 Undercut-
110

40 1 2-4.5 Trees; Big 
game trail

Big game trail 5 0.04 399 MMH M/H H
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Map ID*
20E47 a-d

20E48 a-j

19E49 a-i

19E50 a-b

17E51 a-c
18E51 d-f
19E51 g-i

17E52

17E53

33E100 a-d

32E101 a
33E101b

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shore above 
high water

1,388 Y a 5-10
b 20
c 40

10,450 60-80-
Undercut

40 2 4 1 28 Y 80% of site 
stabilized due to 
vegetation cover

Trees 5 0.16 2,570 HMH H M (H in a 
few spots)

Shore above 
high water

1,318 Y 40-50 16,080 110-
Undercut

30 1-3 2-3 9 111 60% of site stable 
due to tree/veg 
cover and cobbles/ 
boulders at base

Trees, 
bank 
swallows

Bank swallow nest site 10 0.30 10,983 HHH H H

Shore above 
high water

1,184 Y a-d 15-20
e 40

f-g 30
g 40

i 80-100

15,420 110-
Undercut

60 1-2 2-3 21 34 Approx. 50% of 
site stabilized by 
trees/veg.  Not as 
armored at base

Trees 10 0.27 10,963 HHH H H

Shore above 
high water

352 Y a 40
b 20

65-95-
Undercut

65 4-buried 4 29 Trees; Big 
game trail

Knapweed? Big game trail 10 0.08 1,304 HHH M/H H Possible knapweed at this 
site???

Shore above 
high water

0 n/a 10-15 14,610 110-
Undercut

70-80 1-2 3 1 2 Trees 3 0.34 3,382 HHL M/H H

Shore above 
high water

106 Y 15 90 80 Half of length 
stable due to 
vegetation at base

Trees; 
riparian

Riparian (Sitka alder) 3 0.01 88 LMM M/H M Old road fill

Shore above 
high water

90 Y 5-10 100 60 2 2 Half of length 
stable due to 
vegetation 

Brush 3 0.01 38 LMM L/M L

Shore above 
high water

235 partial 5-10 2,780 75-80 65 2 1 2 Trees 3 0.02 98 HLH M L

Shore above 
high water

1,807 Y 5-10 110-
Undercut

0 80% of site stable 
due to thick 
vegetation (grass)

Grass; Big 
game trail

Big game trail 3 0.12 753 LHH M/H L
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Map ID*
32E102

31E103 a-m
32E103 n

31E104 a-b

31E105

30E106 a-c

28E107 a
29E107 b-h
30E107 i

27E108 a-g

27E109 a-b

26E110a-b

26E111

26E112

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shore above 
high water

2,866 Y 10-15 0 2 2 90% of site stable 
due to thick 
vegetation

Trees, 
riparian, 
Boundary 
Wildlife 
Preserve

Boundary Wildlife Preserve; 
Riparian (snowberry, 
cottowood, aspen, dogwood)

3 0.20 1,990 MHH H M

Shore above 
high water

4,441 Y 15 90-100 2 2 Y Parts of site stable 
from vegetation - 
other parts active

Trees, 
riparian,ba
nk swallow 
nests, 
eagle nest 
tree,  
Boundary 
Wildlife 
Preserve

Boundary Wildlife Preserve; 
Riparian (snowberry, 
cottowood, aspen, dogwood), 
Bank Swallow nest sites (2), 
Former eagle nest site

3 0.31 3,701 HHH H M (H in a 
few spots)

Shore above 
high water

1,454 Y 10 90 Flat on top 
of bar

1 3 0.10 808 MHH H M

Shore above 
high water

503 Y 15-20 95-110 60-70 8 Parts of site stable 
from vegetation

Trees 3 0.03 489 MHH M/H L

Shore above 
high water

0 n/a 100 37,570 110 90 30 Parts of site stable 
from vegetation

Trees 3 0.86 13,915 MHL H M

Shore above 
high water

6,530 partial 15-20 9,630 110 90 10 8 Approx. 50% of 
site stabilized by 
trees/veg.  

Trees Kingfisher nests noted in 
2008

3 0.45 6,349 HHH H M

Shore above 
high water

956 Y 100 4,200 90 90 Many 
(too 
many to 
count)

Parts of site stable 
from vegetation

Trees 5 0.11 8,852 MHM M/H M

Shore above 
high water

886 Y 15-40 90 90 1-2 Trees House 3 0.06 1,329 MHH M/H M

Shore above 
high water

331 Y 15-40 3,220 Undercut 9 2-3 5 Trees House 5 0.07 1,610 HHH M/H H Largest slide is 40H x 40W x 
20D

Shore above 
high water

197 partial 5-10 90 90 2 Parts of site stable 
from vegetation

Trees Houses 3 0.01 82 MMH M L

Shore above 
high water

185 Y 10-15 Undercut Flat Riparian Roads, pipe Riparian (snowberry, paper 
birch, cottonwood; trees 
upland)

10 0.04 428 LMH M/H M Exposed pipe
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STUDY NO. 1 – EROSION STUDY

Map ID*
26E113

27W114 a-b

27W115

27W116 a-c

27W117 a-b

27W118 a
28W118 b

28W119

29W120

29W121

30W122

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shore above 
high water

128 Y 5-15 Flat Parts of site stable 
from vegetation

Riparian Riparian (snowberry, paper 
birch, cottonwood; trees 
upland)

5 0.01 119 LMH M/H L

Shore above 
high water

640 partial 30-40 6,940 90 90 Riparian Riparian (dogwood, paper 
birch)

3 0.16 2,570 LMM M/H L (H in a 
few spots)

Bare soil in rills; 90% cover 
between

Shore above 
high water

1,291 Y 10-15 90-Undercut 90 10 Parts of site stable 
from vegetation

Trees, 
riparian

Riparian (dogwood, paper 
birch)

3 0.09 897 MMH H L 4 leaning trees

Shore above 
high water

0 n/a 100 17,860 90-110 90 50 Trees 5 0.41 6,615 HHH H M Many leaning trees

Shore above 
high water

2,921 Y 5 Undercut Flat Grass, 
riparian 
along bank

Riparian (Sitka alder, 
cottonwood); Goose nest site

25 1.68 6,762 LMH M/H L

Shore above 
high water

4,662 partial 10-15 Undercut 65-flat 1-2 Y Grass, 
riparian

Park/boat 
ramp

Metaline Waterfront Park/ 
Boat Ramp; Riparian (Sitka 
alder, cottonwood)

5 0.54 5,396 HMH H M (H in a 
few spots)

Shore above 
high water

1,479 Y 10-30 45-110 n/a Riparian Riparian (cottonwood) 5 0.17 2,054 LHM H H Slump 50L x 30W x 30D

Shore above 
high water

0 n/a 200 92,460 90 110 50 Road 
improvements

Trees Road 5 2.12 34,244 MHM H L

Shore above 
high water

1,364 Y 15-20 110-
Undercut

95 1 Trees 3 0.09 1,326 MMH H L

Shore above 
high water

935 Y 100 95 95 50 Trees, 
beaver 
lodge

Road Beaver lodge in snags from 
slide (positive effect)

5 0.11 8,657 MHH M/H M Looks like uphill logging road 
may also have contributed based 
on aerial photograph
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Map ID*
30W123 a-c

30W124 a
31W124 b-c
32W124 d
33W124 e

31W125

32W126 a
33W126 b-c

33W127 a-f

34W128

34E129

16EBB1 a-b

16WBB2

16WBB3

Length 
(ft)

Full 
length?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)
Aquatic 
Habitat

Terrestrial 
Habitat Recreation Roads/ Devel. Noxious Weeds High Value Resources Relative Size

Overall 
future 

erosion 
rating Comments

Estimated Past 
Horizontal 

Shoreline Loss 
(ft)

Estimated Past 
Shoreline Area 
Loss (acres)

Estimated Past 
Volume Lost 

(cu yd)

Future 
Erosion 

Rate Scale
Tree fall 

(old)
Tree fall 

(very old)
Shore Area 

Affected

Disturbed 
Slope 

Gradient (%)

Un-
disturbed 

Slope 
Gradient 

(%)

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)
Tree fall 
(fresh)

Fresh 
soil?

Stabilized site? 
(Rationale)

Shore above 
high water

3,502 partial 15-20 100-
Undercut

90 Y Trees House 3 0.24 3,405 HMH H M (H in a 
few spots)

Some roads down steep banks 
on private homesites - minor 
erosion

Shore above 
high water

6,847 partial 5-10 Undercut Flat 1 Y Grass; Big 
game trail

Big game trail 3 0.47 2,853 HMH M/H M (H in a 
few spots)

Shore above 
high water

1,983 Y 50 95 90 Road 3 0.14 5,508 LHM H M

Shore above 
high water

786 Y n/a 3,000 5-10 Y Potential 
mountain 
whitefish 
spawning 
down stream

Riparian 
(river bar)

Two roads 
adjacent to 
reservoir

Riparian on river bar (willow); 
potential mountain whitefish 
spawning habitat

0 0.00 0 HLH H M

Shore above 
high water

2,707 Y 20-40 90-100 90 Parts of site stable 
from vegetation

Potential 
mountain 
whitefish 
spawning 
down stream

Trees, 
riparian

Road upslope Riparian in road fill (willow, 
dogwood);  potential 
mountain whitefish spawning 
habitat

3 0.19 4,512 LMM H M (H in a 
few spots)

Shore above 
high water

2,061 Y 20-30 90 Y Potential 
mountain 
whitefish 
spawning 
down stream

Riparian Park/boat 
ramp

Road upslope POCPUD Campbell Park/ 
boat ramp; Riparian in stable 
road rip rap (cottonwood, 
paper birch),  potential 
mountain whitefish spawning 
habitat

3 0.14 2,863 HMM H M (H in a 
few spots)

Shore above 
high water

0 n/a 360,000 0-20 n/a Trees, 
riparian

Knapweed? Riparian in disturbed Box 
Canyon Project area 
(cottonwood)

5 0.01 28 LLM H M

Shore above 
high water

587 Y 10-20 110-vert 65 Potential 
mountain 
whitefish 
spawning 
down stream

Trees Potential mountain whitefish 
spawning habitat

3 0.04 245 LMH M/H M

Shore above 
high water

191 Y 10-15 Undercut 20 1-2.5 4 3 Y Potential 
mountain 
whitefish 
spawning 
down stream

Trees Boat launch Potential mountain whitefish 
spawning habitat

3 0.01 133 HMH M/H H

Shore above 
high water

762 Y 20-30 Flat 0-2.5 3 Potential 
mountain 
whitefish 
spawning 
down stream

Trees Potential mountain whitefish 
spawning habitat

3 0.05 1,058 MHH M/H M (H in a 
few spots)

Note: At some sites, Map ID includes multiple lines and/or polygons on Figure 5.2-3.  These locations had similar characteristics and were grouped together during the field inventory.  The Original Site ID column links to the field notes in Appendix 1.
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Study No. 1: Erosion Study 
Final Report 

Boundary Hydroelectric Project (FERC No. 2144) 
 
 

1 INTRODUCTION 

Study No. 1, the Erosion Study, was conducted in support of the relicensing of the Boundary 
Hydroelectric Project (Project), Federal Energy Regulatory Commission (FERC) No. 2144.  This 
Project was identified in the Revised Study Plan (RSP; SCL 2007) submitted by Seattle City 
Light (SCL) on February 14, 2007, and approved by the FERC in its Study Plan Determination 
letter dated March 15, 2007.  This is the final report describing the field efforts, analyses, and 
determination of Project effects, and represents completion of the study. 
 
An interim report describing the 2007 efforts for the Erosion Study was prepared in March 2008 
(SCL 2008a).  Table 1.0-1 lists the key changes that were made to the interim report based on 
comments received from the U.S. Forest Service (USFS) (2008) and work completed in 2008.   
 

Table 1.0-1.  Key changes to Study 1 report between interim and final versions. 

Change Section 
Added discussion of observations of reservoir erosion following spring 2008 high flows Sections 4.2 and 5.2.3.2 
Added discussion of bank retreat rate at site 20E47 Sections 4.3 and 5.2.5 
Added feasibility assessment of erosion control measures at selected sites Sections 4.7 and 5.5 
Added map showing location of wind monitoring stations Figure 5.2-2 
Expanded discussion of Project-related reservoir and streamflow fluctuations Section 5.2.2.4 
Updated reservoir erosion site identification labels Figure 5.2-4 and 

Appendix 2 
Expanded discussion of erodibility of geologic units  Section 5.2.3 and 

Table 5.2-1 
Added discussion of the stabilized mass wasting site on Crescent Lake Road Section 5.3.2 and 

Appendix 4 
Updated discussion of effects of erosion on other resources Section 5.4.1 and 5.4.2; 

Table 5.4-2 
 
 

2 STUDY OBJECTIVES 

The primary goal of the Erosion Study was to provide the information needed to understand the 
relationship among several factors that may be contributing to erosion in the Project area and to 
identify the effects of erosion on water quality, aquatic habitat, cultural resources, recreation, 
wildlife habitat, sensitive plants, establishment and spread of noxious weeds, and scenic  
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resources.  Another goal was to provide information on sediment-related processes needed for 
fish and aquatic studies.  The Erosion Study addresses the following objectives: 

• Identify erosion and slope failure locations along the shoreline of the reservoir, along 
Project-related roads, or near Project facilities, and determine the primary processes 
contributing to erosion and slope failures at these locations, including the potential 
contributions of Project operations (for example, water surface elevations and 
fluctuations in water surface elevations), Project-related recreation (such as wave 
action from boating and dispersed shoreline camping), non-Project sources (mining, 
timber management and harvest, and non-Project roads and railroads), and natural 
processes. 

• Estimate erosion rates, the area and volume of land that could be lost to erosion and 
slope failures at each of the identified sites over the term of the new Project license, 
and the sediment size fractions contributed at each erosion and slope failure site 
identified. 

• Identify land ownership in areas affected by Project-related erosion and slope failures. 
• Identify sites having important resource values that may be affected by Project-

related erosion and slope failures and evaluate the feasibility of reducing erosion and 
slope failures at the high value resource sites.  

 

3 STUDY AREA 

The study area for the Erosion Study extended approximately 18 miles along the Pend Oreille 
River from the Box Canyon Dam tailrace downstream to the U.S.-Canada border (Figure 3.0-1) 
and encompassed the following: 

• Downstream of Metaline Falls—The reservoir fluctuation zone (elevation 1,974-
1,994 feet NAVD 88 [1,970–1,990 feet NGVD 291]), and the land within the FERC 
Project boundary (Project area), which includes most Project facilities, the area 200 
horizontal feet (i.e., along the ground surface, perpendicular to the shoreline) beyond 
the high water level along both shorelines, and the transmission line right-of-way 
from the powerhouse to the Bonneville Power Administration (BPA) interconnection. 

                                                 
1 SCL is in the process of converting all Project information from an older elevation datum (National Geodetic 
Vertical Datum of 1929 [NGVD 29]) to a more recent elevation datum (North American Vertical Datum of 1988 
[NAVD 88]).  As such, elevations are provided relative to both data throughout this document.  The conversion 
factor between the old and new data is approximately 4 feet (e.g., the crest of the dam is 2,000 feet NGVD 29 and 
2,004 feet NAVD 88). 
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• Upstream of Metaline Falls—The reservoir fluctuation zone (approximately 1,986-
2,020 feet NAVD 88 [1,982–2,016 feet NGVD 29], based on hourly records from 
1987 through 2005 at the U.S. Geological Survey [USGS] gage below Box Canyon 
Dam), and the land within approximately 200 horizontal feet beyond the high water 
surface elevation (approximately 2,020 feet NAVD 88 [2,016 feet NGVD 29]) along 
both shorelines, extending south to the FERC Project boundary for the Box Canyon 
Project.2 

• The Boundary Wildlife Preserve (BWP) (155 acres) and adjoining SCL-owned 
property (85 acres).   

• 100 feet around any Project works areas that extend outside the Project boundary. 
• 100 horizontal feet along both sides of the river from Boundary Dam to the U.S.-

Canada border (approximately 0.9 mile). 
• All slopes potentially affected by Project-related roads, which include the road 

between the Boundary Dam and the Vista House, the road to the dam off County 
Road 2975 (West-Side Access Road), the county road from State Route (SR) 31 to 
the Vista House (Forest Road [FR] 3165-000), and other roads identified as necessary 
for Project purposes.   

• Slopes at locations that extend beyond the study area described above where the slope 
may have potentially been affected by erosion and slope failures associated with the 
shoreline to allow an understanding of the processes that may be related to Project 
operations. 

 
The range of water surface elevations recorded during the 2007 survey periods for this study is 
presented below.  For the area above Metaline Falls, this range represents typical conditions for 
the period in which data were collected.  Existing conditions at the time of surveys were 
considered adequate to acquire all data required for this study: 

• From Box Canyon Dam to Metaline Falls—Elevations were approximately elevation 
1,987 feet NAVD 88 (1,983 feet NGVD 29) as measured at the USGS gage 
12396500. 

• From Metaline Falls to Boundary Dam—The shoreline inventory for this section of 
the reservoir was conducted during a drawdown event on September 6–8, 2007.  
Water surface elevations were at or below elevation 1,974 feet NAVD 88 (1,970 feet 
NGVD 29), as measured at the SCL gage located in the Boundary forebay, while the 
inventory was conducted. 

 
 

                                                 
2 As indicated in this and other study reports in the Updated Study Report, SCL agreed it is appropriate to study the 
existing fluctuation range of the reservoir; however, for development of the preliminary licensing proposal (PLP) 
and license application, SCL will base its assessment of potential protection, mitigation, and enhancement measures 
on that portion of the fluctuation zone that is determined to be under the influence of Boundary Project operations, 
versus the effects of inflows and Metaline Falls that are beyond the control of the Project.   
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4 METHODS 

Seven tasks were identified in the RSP (SCL 2007) for this study.  In some cases, the 
information presented in this report does not correspond to the layout in the RSP (while 
preparing the data for this report, it was determined that an alternate order of presentation was 
preferable).  For several of the tasks, information is presented in multiple sections of the report.  
Table 4.0-1 is intended to assist the reader in linking the tasks (as outlined in the RSP) with the 
corresponding discussions in the report.  
 
Table 4.0-1.  Locations of methods and results. 

RSP Task 
Methods 
Location Results Location 

Task 1:  Information Review Section 4.1 Throughout Section 5 
Task 2:  Determine Shoreline Erosion and Slope Failure 
Processes at Identified Sites 

Sections 4.2 and 
4.3 

Section 5.2 

Task 3:  Assess Erosion and Slope Stability Near Project 
Facilities 

Section 4.4 Section 5.3 

Task 4:  Determine Land Ownership of Eroded Sites Section 4.5 Sections 5.2.4, 5.3, 5.4, and 
Appendices 2 and 4 

Task 5:  Identify Resource Values Impacted by Erosion or 
Slope Failures 

Section 4.6 Section 5.4 and Appendix 2 

Task 6:  Feasibility Assessment for Stabilization of 
Identified Resource Sites 

Section 4.7 Section 5.5 

Task 7:  Documentation of Fieldwork and Effects 
Assessment 

Sections 4.2 
through 4.6 

Section 5 and Appendices 2, 3, 4, 
5, 6, and 7 

 
 
4.1. Information Review 

Available information was reviewed to gain a better understanding and to describe current and 
historical conditions related to erosion in the study area.  The following sources were consulted 
for the review: 

• The RSP (SCL 2007) and Pre-Application Document (PAD) (SCL 2006), especially 
Section 4.3, which included detailed descriptions of the geologic history and soils in 
the Project area as compiled from Park and Cannon (1943), McClelland and 
Whitebread (1965), and the Washington State Department of Natural Resources 
(DNR) (2005)  

• Tabular and mapped data from the 2005 reconnaissance erosion study conducted for 
the PAD (which includes length, height, slope, and vegetative cover for each mapped 
shoreline section with evidence of erosion) 

• Boundary Reservoir, Hydrologic and Erosion Processes Affecting the Boundary 
Wildlife Preserve (Enserch Environmental 1994) 

• Slope Stability/Erosion Assessment, Boundary Project (Hart Crowser 1984), which 
focused on six slides along access roads 
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• Photographs and maps of the reservoir area downstream of Metaline Falls from 1965 
(SCL 1966) 

• Recent (2005) maps and aerial photographs at a scale of 1 inch equals 1,000 feet, and 
light detection and ranging (LiDAR) imagery of the Project area 

• Reconnaissance notes and photos used in preparation of the RSP (McShane 2007) 
• Historic aerial photographs (Table 4.1-1). 

 
Information on past erosion was also obtained from Marc Scherf, SCL Boundary Project, who is 
familiar with the Boundary Reservoir shoreline and Project-related roads.   
 

Table 4.1-1.  Historic aerial photographs reviewed for erosion study. 

Date Scale Agency Notes 
1935 UNK >1:60K Unknown B&W, partial coverage (Box Canyon to Metaline) 
1943 1:20K USFS B&W, partial coverage (Box Canyon to Metaline) 
1955 1:20K USFS B&W, full coverage (Box Canyon to Canadian border) 
1960-61 1:20K USFS B&W, full coverage (Box Canyon to Canadian border) 
Project Construction 
1972 1:20K USFS Color, full coverage (Box Canyon to Canadian border) 
1977 1:60K DNR B&W, full coverage (Box Canyon to Canadian border) 

Notes: 
DNR – Washington State Department of Natural Resources 
USFS – U.S. Forest Service 
 
 
4.2. Field Inventory of Shoreline Erosion in Boundary Reservoir 

The shoreline of Boundary Reservoir was inventoried for erosion on September 6–9, 2007.  The 
inventory was conducted by boat and foot.  Each site with evidence of erosion was assigned a 
unique identifier and plotted on field maps that used the 2005 aerial photographs as a base.  Each 
site was also photographed.   
 
Erosion sites identified during the 2005 reconnaissance survey were verified in the field, and 
other sites were added as necessary.  Information about the characteristics of each site was 
recorded on field forms (Appendix 1).  The field forms were developed in consultation with 
relicensing participants during the April 24, 2007, Terrestrial Workgroup meeting and 
subsequent e-mails in May, June, and July 2007.  Information recorded included: 

1. The physical process, or processes, believed to be contributing to the erosion or slope 
failure 

2. The underlying geologic and soil conditions 
3. Vegetation on the site and in adjacent areas, including noxious weeds 
4. The factors contributing to the erosion or slope failure, including Project operations 

and non-Project effects 
5. Dimensions of the eroding area 
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6. Evidence on the erosion rate (e.g., exposed roots, fresh soil, or vegetation at the base 
of a bluff) 

7. Potential effects of erosion on other resources (that could be observed during the field 
inventory) 

 
Field data for each erosion site were entered into a Microsoft Excel® table.  In addition to the 
parameters listed above, the data table was populated with information about each site that is 
described in the following sections (e.g., land ownership, mapped cover type, and estimates of 
past and potential future erosion volumes).  Location information was digitized and entered into 
a Geographic Information System (GIS).   
 
Grab samples of eroding material were collected at nine sites that were representative of the 
various geologic and soil conditions along the reservoir shoreline.  A shovel was used to scoop 
approximately 10 to 20 pounds of material that was air dried and sieved to provide information 
on the grain size distribution of sediment at the site.  The size distribution was extrapolated to 
non-sampled sites based on geology and soil conditions at each site.   
 
A one-day field visit to the Boundary Reservoir was made on July 17, 2008, following the spring 
2008 high flows.  During this field visit, banks that appeared to be freshly eroded were observed 
and photographed to help distinguish erosion resulting from peak flows from other processes.  
Figure 4.2-1 shows the estimated water surface levels during the peak spring 2008 flow in 
comparison to full pool levels in Boundary Reservoir as determined by the Hydraulic Routing 
Model (see Study 7, Mainstem Aquatic Habitat Modeling Study Final Report [SCL 2009a]). 
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Figure 4.2-1.  Modeled pool levels during peak spring 2008 flow and full pool levels in Boundary 
Reservoir under current Project operations. 

 
 
4.3. Estimate of Rate and Volume of Erosion 

The erosion rate over the life of the Project since the initiation of commercial operations, 1967 to 
2007 (past erosion rate), and the potential erosion rate over the next license period (future 
erosion rate) were estimated for each erosion site.  The methods used to estimate past and future 
erosion rates and slope failures varied from site to site, depending on the type and extent of 
erosion, slope conditions, and vegetation.   
 
Past erosion rates were quantified at sites where the slope could be projected.  At other locations, 
estimated past erosion rates were assigned based on measured rates at erosion sites with similar 
characteristics (geology or slope dimension).  Techniques included both qualitative and 
quantitative methods:   

• The age of vegetation on past failed slopes was estimated. 
• The root exposure of tree stumps in eroded areas was measured. 
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• Available site-specific photographs were reviewed and compared with present 
conditions (Enserch Environmental 1994; photographs and maps of the reservoir 
downstream of Metaline Falls from 1965 [SCL 1966]). 

• Estimates of bank retreat rates were made by comparing the edge of banks and 
vegetation on historical aerial photographs and 2005 aerial photographs.  This 
approach was attempted at the 16 erosion sites that appeared to have the highest 
erosion rates or the highest resource concerns based on the 2007 field inventory.  
Historic aerial photographs (Table 4.1-1) were enlarged and copied onto 
transparencies and overlain on the 1 inch = 600 feet scale 2005 photographs.  This 
method cannot detect small changes in bank position due to errors associated with 
copying and positioning photographs, the scale and resolution of the photographs, 
shadows in some of the canyons, and distortions inherent in using aerial photographs.  
The smallest meaningful differences in shoreline position that can be measured are on 
the order of 20 to 30 horizontal feet.  Measurable bank retreat using this method was 
observed only at five sites (17W1, 20W12, 31E103, 27W117, and 28W118).   

• Bank retreat and eroded volume were estimated using surveyed cross sections at nine 
erosion sites.  At each of these sites, cross sections were surveyed during the field 
inventory and plotted; bank retreat was then estimated based on either projecting the 
uphill (un-eroded) hillslope down across the eroded zone or by projecting the un-
eroded upper hillslope to the former ground surface based on the elevation of tree 
stumps remaining in the eroded area.   

• Bank retreat was also estimated at erosion sites using cross sections extracted from 
the LiDAR data set.  This method was successfully applied to six sites.  This method 
was attempted at other sites, but the resolution at these sites was not sufficient to 
estimate retreat rates.   

• Photographs of erosion sites taken in 1992 and 1993 (Enserch Environmental 1994) 
were compared with photographs of the same locations taken during the 2007 field 
inventory.  In general, resolution on the 1992 and 1993 photos was not adequate to 
estimate the exact extent of erosion.   

 
Details of the analysis are provided in Appendix 2. 
 
Estimated future erosion rates and erosion site sizes were assigned for each site based on the 
rating criteria shown in Tables 4.3-1 and 4.3-2.  This future erosion rating scale was developed in 
consultation with relicensing participants during the April 24, 2007, Terrestrial Workgroup 
meeting and subsequent e-mails.   
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Table 4.3-1.  Future erosion rate/activity rating. 

Rating 
Rating Category High Medium Low None 
Does the site show 
signs of recent 
activity? 

Fresh soil, slumped 
material, or trees at 
base of bank 

Partially decayed 
trees or slumped 
material at base. 
Hanging exposed 
roots. 

No fresh soil, trees, or 
vegetation at base 

Area of past 
erosion has 
revegetated with 
long-lived species. 

Erosion type Slumping, block 
sliding 

Toppling, wave 
undercutting, 
rills/gullies 

Raveling, frost heave, 
trampling 

No active erosion 

Substrate 
susceptibility to future 
erosion  

Fine textured 
substrate such as 
clay, silt, and sand 
with less than 30 
percent cobble 

Substrate dominated 
by coarse gravel, 
cobble or larger 
rocks, and highly 
fractured bedrock 

Slightly fractured 
bedrock or stable 
talus/riprap 

Solid bedrock 
(unfractured 
limestone) 

 
 

Table 4.3-2.  Size of erosion site. 

Rating 
Rating Category High Medium Low None 
Bank height (feet) >10 feet 5-10 feet 1-5 feet 0 feet 
Length of eroding 
bank (feet)1 

>1,000 feet 100–1,000 feet 1–100 feet 0 feet 

Or 
Area trampled from 
recreational use 
(sq feet) 

>1,000 sq feet 100–1,000 sq feet 0–100 sq feet 0 feet 

Note: 
1 The length of an eroding bank can be an unreliable measure in areas where there are eroding sections separated 

by short sections that are not eroding.  (Lumping versus splitting can affect the total length reported.)  Field 
notes provided additional insight to help categorize the length of eroding banks. 

 
 
The estimated past and future erosion rates were computed and recorded in the erosion data table 
for each reservoir site.  Estimated total past erosion volumes were based on bank height, length, 
and measured or assigned erosion rate values.   
 
4.4. Inventory of Erosion and Slope Stability near Project Facilities and Roads 

Erosion and slope stability were assessed along the transmission line corridor and along all 
Project-related roads on September 5–10, 2007.  This effort included: 

• Surveying Project-related roads and the transmission line corridor (from the 
Boundary Powerhouse to the BPA switching station) by driving or walking along the 
roads and recording information about the road prism condition for each road 
segment (see field forms in Appendix 1).  The road inventory focused on the roads 
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that are known to be needed for Project purposes, as outlined in table 5.2-1 in the 
Study 22, Land and Roads Study Revised Final Report (SCL 2009b).  In addition, 
approximately one mile of road within the BWP and adjacent SCL parcel was 
inventoried.   

• Visually assessing the transmission line corridor on the 2005 aerial photographs and 
in the field. 

• Coordinating with researchers conducting the Land and Roads Study (Study 22) to 
ensure information collected met the needs of both Study 1 and Study 22. 

 
Field information was entered into a data table.  Road location information was digitized and 
entered into GIS.  
 
4.5. Land Ownership of Eroded Sites 

Land ownership of all areas with Project-related erosion or slope failures was identified by 
overlaying the mapped erosion sites on the land ownership map developed by SCL (the 
landownership map is presented in Study 22 revised final report [SCL 2009b]).   
 
4.6. Identify Resource Values Impacted by Erosion or Slope Failures 

Resources that could potentially be affected by shoreline or road erosion and slope failures 
include historic properties, recreational developments, dispersed recreation sites, structures and 
roads (both Project and non-Project), riparian areas and shoreline wetlands, rare plant 
populations, water quality, aquatic and terrestrial wildlife habitat, and key observation points.  
Further, erosion has the potential to favor the establishment of noxious weeds.  Researchers 
conducting other relicensing studies were consulted to evaluate the overlap between erosion sites 
and the resources they were studying.  Sites currently known to support important resource 
values were assessed to evaluate whether they are being affected by Project-related erosion or 
slope failures, or are likely to be affected in the future.  This evaluation included a site visit by 
the terrestrial resource study leads and relicensing participants on July 21–23, 2008, to evaluate 
current and potential effects of erosion on these resources.   
 
4.7. Feasibility Assessment for Stabilization of Identified Resources  

Sites with important resource values identified as at risk from Project-related erosion or slope 
failures were further evaluated during the July 2008 field visit.  It was determined that Project-
related erosion occurring at four of the sites was of potential management concern; additional 
analysis was conducted to determine whether there are feasible means for reducing or treating 
the erosion or slope failure at those sites.  This feasibility analysis was based on field 
observations and knowledge of current erosion control and slope failure stabilization methods.  
 
Several engineering guidelines were utilized to identify potential stabilization alternatives 
applicable to the specific erosion sites, including the Washington State Department of 
Transportation Roadside Manual (WSDOT 2003), USFS Soil Bioengineering Guide (USFS 
2002), Natural Resources Conservation Service (NRCS) Stream Corridor Restoration Principles, 
Processes, and Practices (NRCS 2001), and NRCS Streambank and Shoreline Protection 
Engineering Field Handbook (NRCS 1996).  In addition to these engineering guidelines, this 
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feasibility assessment and the recommended erosion control measures for each site followed 
some basic principles (Gray and Sotir 1996): 

• Fit the stabilization plan to the site and avoid major grading and earthwork in erosion-
prone areas. 

• Design and install hydraulic conveyance facilities to handle surface runoff. 
• Divert runoff away from steep slopes. 
• Keep native site vegetation whenever possible. 

 
For the four sites, this feasibility assessment identified a preliminary list of potential control 
measures that could be applied to reduce or prevent further erosion (Table 5.5-1 in Section 5.5).  
Detailed analyses for final design, cost analysis, and construction of erosion control and slope 
stabilization measures were beyond the scope of this study.  
 
5 RESULTS 

This section presents and discusses data collected in 2007 as well as analysis and field visits 
conducted in 2008. 
 
5.1. Geology and Soils 

Detailed descriptions of the geologic history and soils in the Project area are included in the PAD 
and RSP (SCL 2006; SCL 2007) as compiled from Park and Cannon (1943), McClelland and 
Whitebread (1965), and the DNR (2005).  Characteristics of the geologic history and soil 
relevant to erosion are described below.   
 
The geology at each erosion site, as well as along the entire Project shoreline, was mapped 
during the field inventory to provide information on site characteristics and future potential for 
erosion.  Samples of several of the erodible units were collected to determine grain size 
distribution of eroded materials; the results are reported in Appendix 3.  The following geologic 
units were mapped in the Project area (Table 5.1-1 and Figure 5.2-4 in Section 5.2): 
 

• Metaline Limestone (ML)—Metaline Limestone formed during the middle 
Cambrian period.  The formation is estimated to be 1,500 feet thick and forms vertical 
cliffs more than 500 feet in height along sections of the canyon, which is evidence of 
its resistance to erosion.  Metaline Limestone is heterogeneous in color, texture, 
composition, amount of weathering, and strength because of the variation in 
depositional environments, fracturing during faulting, differential geochemical 
alteration of fractured surfaces, and re-crystallization and dolomitization.   
 
The Metaline Limestone is resistant to erosion because of its high strength, lack of 
closely spaced fractures, and relative lack of weathering at the majority of locations 
along Project shorelines.   

 
• Ledbetter Slate (LSL)—Ledbetter Slate is of Ordovician age and overlies the 

Metaline Limestone.  A major fault (the Z Canyon Fault) that crosses the Pend Oreille 
River at the downstream toe of the spillway offsets the Ledbetter Slate and Metaline 



FINAL REPORT  STUDY NO. 1 – EROSION STUDY 

Boundary Hydroelectric Project  Seattle City Light 
FERC No. 2144 13 March 2009 

Limestone.  Ledbetter Slate varies in composition and erosional characteristics from a 
well-consolidated slate with quartzite zones to a highly sheared and fractured slate.   
 
The consolidated portions of the Ledbetter Slate resist erosion and form cliffs (such as 
the cliffs around Beaver Creek).  Talus from the resistant areas is primarily gravel 
with minor amounts of sand and fines (Appendix 3, sample site 5).  The sheared 
portions of the slate are susceptible to wave erosion and undercutting (for example, 
the bluffs on either side of the Pewee Falls area).  The sheared portion of the slate is a 
mix of gravel and sand with some fines (sample site 25). 
 

• Talus—Talus cones have formed in several locations along the base of cliffs in both 
Metaline Limestone and Ledbetter Slate.  The material in the cones is composed of 
unconsolidated cobble, gravel, sand, and fines and generally grades from finer 
material at the top of the cone to coarser material at the base.   
 
The talus cones are moderately erodible, primarily influenced by wave action and 
surficial grain size within the wave.  A sample of talus at the base of a Metaline 
Limestone cliff was primarily gravel with sand and minor amounts of fines (sample 
site 43).   
 

• Quaternary glacial deposits (Till)—Quaternary glaciers covered the Project area 
and left behind a number of unconsolidated deposits, including till and ice-contact 
deposits, glaciolacustrine, and glaciofluvial deposits.  These deposits often grade into 
each other and include:  till and ice-contact deposits consisting of an unsorted mix of 
boulder, cobble, sand and fines deposited in contact with glacial ice; glaciofluvial 
deposits consisting of sorted boulder, cobble, sand, and fines deposited by flowing 
glacial melt water; and glaciolacustrine deposits consisting of sand, silt, and clay 
deposited in still-water environments.  Pockets of non-glacial alluvial deposits are 
present as well, the result of river and stream alluvium stranded on the valley walls as 
the river cut downward.  The areas downstream of Metaline Falls mapped as till 
during the field inventory include undifferentiated till and ice-contact deposits, 
glaciolacustrine and glaciofluvial deposits, and pockets of non-glacial deposits.  
Because these units occur together (either stacked or interfingering), are not always 
easily differentiated, and have similar erosional properties, they are mapped as a 
single unit on the erosion survey maps.   
 
The quaternary glacial deposits are unconsolidated and susceptible to erosion by all 
erosional processes.  Samples of the glacial deposits ranged from bouldery gravel 
with sand (site 33) to gravely sand with minor fines (site 47) to silty sand (site 50). 

 
• Quaternary lacustrine/alluvium (Qgl1 and Qgl2)—Quaternary lacustrine and 

alluvium deposits are widespread in the valley upstream of Metaline Falls.  These 
deposits have been mapped as Quaternary lacustrine deposits (Park and Cannon 1943; 
McClelland and Whitebread 1965; DNR 2005) and described as Quaternary alluvium 
deposited on terraces in the BWP (Enserch Environmental 1994).  The deposits 
consist of still water deposits from a time when water pooled in the valley near the 
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end of the last glacial period as well as fine-grained alluvial deposits from side 
streams and the river itself.  The deposits are laminated, slightly indurated 
(compacted) sand, silt, and clay.  During the 2007 field inventory, these deposits were 
mapped with a designation of Qgl1 or Qgl2, depending on the relative elevation of the 
terrace, with Qgl1 on higher terraces and Qgl2 on the lower terraces.   
 
The quaternary alluvium/lacustrine deposits are slightly indurated but still moderately 
susceptible to erosion by wave action, reservoir fluctuations, and river currents.  They 
are composed of silty sand with 10 to 20 percent clay (sample sites 103, 117, and 
118).   

 
• Fill—Fill includes road fill along roads adjacent to the reservoir and fill associated 

with Project features and other development.  The composition and erodibility of fill 
varies depending on the mix of materials used in construction of the fill.  In most road 
locations adjacent to the reservoir, the fill was placed on the side of an already steep 
slope and left at the angle of repose of the fill material.  This material can be 
susceptible to erosion from road runoff or wave action if not protected by riprap (see 
below).   

 
• Riprap—Riprap has been placed at various locations in the study area to protect 

shoreline areas, roads, facilities, and home sites from erosion.  Riprap consists of 
large, angular boulders.  Riprap is not very erodible because the angular boulders 
have been sized to resist erosion. 

 
• Mine-related Sediment (MRS)—Mine-related sediments were mapped in locations 

where disturbed rock and sediments appeared to be related to past or current mining 
operations.  These sediments include unconsolidated piles of unsorted coarse and 
fine-grained rock, as well as fine-grained sediments.   
 
Piles of coarse-grained mine-related sediments are somewhat erodible, but the large, 
angular rock fragments (cobble to gravel size) in many of these piles provide some 
resistance to surface erosion.  Fine-grained mine-related sediments are more erosive.  
Samples of mine-related sediment were collected as part of the Toxics Study 
(Study 4).   
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Table 5.1-1.  Geology along the Boundary Reservoir shoreline and composite grain size distribution. 

Geology 

Shoreline 
Length 
(feet) 

Percent of 
Total 

Shoreline 
Length 

Percent 
Boulder/ 
Cobble 

Percent 
Gravel 

Percent 
Sand 

Percent 
Silt 

Percent 
Clay 

Metaline Limestone 89,531 35 No samples collected 
Ledbetter Slate  46,040 18 0 46 43 5 6 
Talus 644 <1 2 74 21 3 1 
Quaternary Glacial Deposits 19,148 8 12 35 45 5 2 
Quaternary Lacustrine/ 
Alluvium High Terrace 

25,248 10 

Quaternary Lacustrine/ 
Alluvium Low Terrace 

60,532 24 
0 0 47 38 15 

Fill 6,683 3 
Riprap 5,379 2 
Mine-Related Sediment  1,563 1 

No samples collected 

 
 
5.2. Reservoir Erosion Inventory 

The inventory of the reservoir shoreline identified a number of different erosion types and 
processes in the study area, which are described below in Sections 5.2.1 and 5.2.2.  Information 
on the Project and non-Project related erosion sites is summarized in Section 5.2.3. 
 
5.2.1. Types of Erosion Observed 

Seven erosion processes were observed during the reservoir erosion inventory (Figure 5.2-1): 
• Undercut bank—Undercut banks occur in locations where the soil or rock is 

consolidated enough to form steep, sometimes nearly vertical banks.  Erosion 
occurring at the base of a bank removes material, which results in an undercut bank.  
The undercutting proceeds until the weight of the overlying material exceeds the 
material strength, the bank topples or slides, and the process repeats.  Roots and 
vegetation can provide additional strength to material at the top of the bank.   
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 Undercut bank 

(At right) Shallow translational slide 
with undercut bank at base and raveling surface 

 
Shallow translational slide with raveling surface Slumping covered by trees that have slid 

 
 Trampling at picnic/camping area Gullies 

Figure 5.2-1.  Photographs of erosion types observed at Boundary Reservoir. 
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• Shallow translational slides—Shallow translational slides occur on steep banks.  
The surficial soil layer (generally 3 to 5 feet thick) slides down the slope.  Shallow 
translational slides can be initiated by removal of toe support or by saturated soils 
within or at the base of the slope.   

• Slumping—Slumping is a deep-seated, rotational mass movement of material that 
often occurs in more homogeneous, fine-grained sediments.  Slumping can be 
initiated by removal of toe support or saturated soils within or at the base of the slope.   

• Raveling—Raveling is a loose, grain-by-grain movement of material downslope.  It 
often occurs in unconsolidated material on steep slopes when vegetative cover is 
removed or not yet established.   

• Rills/gullies—Rills and gullies form when surface runoff is concentrated and has 
enough energy to erode and transport soil particles.   

• Trampling—Trampling occurs in locations where people or animals congregate, 
trample vegetation, and scuff underlying soils.   

• Non-Project roads adjacent to reservoir—Road erosion occurs on some unpaved 
road surfaces and on steep road fillslopes adjacent to the reservoir.  The roads 
included in this category are non-Project roads.  (Project-related roads are addressed 
in Section 5.3.) 

 
5.2.2. Factors Influencing Reservoir Shoreline Erosion 

The factors influencing reservoir shoreline erosion in the study area include natural processes, 
Project-related factors, and non-Project-related factors.  At many locations inventoried, more 
than one factor was influencing shoreline erosion.  Each factor is described below.   
 
5.2.2.1. Natural Processes 

Streamflow and river level fluctuations.  Bank erosion along the Pend Oreille River is a 
natural process that has resulted in many of the steep banks and canyons seen along the reservoir 
shoreline today.  Steep banks and eroding canyon walls were evident in photographs and aerial 
photographs taken before the Project was constructed.  Bank erosion by river currents occurs 
most rapidly during peak flow events and is often most dynamic at the outside of river bends, 
particularly in areas upstream of Metaline Falls and downstream of Boundary Dam.   
 
Wind (aeolian) erosion.  Wind (aeolian) erosion of fine-grained sediments was observed at a 
few locations during the field inventory.  Aeolian erosion occurs when winds are strong enough 
to directly dislodge soil particles from a bank, and can carry silt and sand particles with the wind; 
sand and larger particles often ravel down the bank.  Wind can erode exposed dry, 
unconsolidated, fine-grained sediments such as the sand-sized sediments in some of the 
unconsolidated glacial deposits, primarily downstream of Metaline Falls.   
 
Frost heave and frost creep.  Frost heave occurs as the water in soil expands in response to 
freezing temperatures.  Frost creep occurs during freeze/thaw cycles as soil freezes and expands, 
then moves downslope in response to gravity as it thaws.  Evidence of frost heave was not 
observed during the field inventory, which took place during September, but it is likely that frost 
heave and frost creep occur in some of the exposed glacial sediments during the winter months.   
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Saturated soils/seeps.  Seeps were observed in several locations, primarily downstream of 
Metaline Falls, and appeared to increase erosion in areas of erodible soils.   
 
5.2.2.2. Non-Project Human Disturbance Factors 

Industrial activities.  Industrial activities that have influenced shoreline erosion include 
disturbance and runoff from industrial or mine sites and placement of mine-related rock or 
sediment along reservoir shorelines in locations susceptible to erosion.   
 
Private development.  In some locations, houses and other private development along the 
reservoir shoreline have contributed to erosion by removal of vegetation, construction of 
driveways, and soil disturbance.  Conversely, at other locations, private development has 
included shoreline armoring that has reduced erosion.   
 
Railroads.  Railroad tracks were constructed on the steep slopes on the east side of the reservoir 
south of the town of Metaline Falls.  Several slides have occurred on the steep slopes and appear 
to have been influenced by over-steepened fillslopes or by runoff from the rail line, or by a 
combination of these factors. 
 
5.2.2.3. Project- and non-Project-related Disturbance Factors 

Road runoff/use.  Roads maintained by both SCL and other entities (primarily the Washington 
Department of Transportation, Pend Oreille County, and the USFS) are located within the study 
area.3  Road use and maintenance can contribute to reservoir shoreline erosion if the roads are 
close to the reservoir and/or if runoff is directed across the shoreline.  Non-Project roads have 
been constructed on the steep slopes adjacent to the west side of the reservoir south of Metaline 
Falls.  Slides have occurred at road cuts and steep sidecast slopes and at locations where 
drainages have been altered.  Project-related road erosion is described in Section 5.3. 
 
5.2.2.4. Project-related Factors 

Project-related wave action.  Wind and boat waves can cause erosion along the banks of the 
reservoir.  Although wind-related waves are a naturally occurring phenomenon and some amount 
of boat traffic would occur without the Project, the zone of potential wave erosion fluctuates as 
the reservoir level fluctuates due to Project operations.  To the extent that the Project increases 
the amount of recreational boat traffic, there can be a corresponding increase in boat wave 
erosion.   
 
Wave-related erosion in the reservoir can result in steep or undercut banks at the full pool water 
level in areas of erodible materials.  Waves also re-work material in the fluctuation zone as the 
reservoir level moves up and down as a result of Project operations.  Wave energy is 

                                                 
3 In USFS (2008), the USFS requested that SCL review the road numbering system referenced in this report.  
Further discussion with the USFS confirmed that the road numbering system used in this report is appropriate, so no 
changes to road numbers were made.   
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concentrated on headlands—locations where the shore projects out into the reservoir—and is 
dispersed in bays and inlets.   
 
Wave action can move material within a range of approximately 1 to 2 feet of the reservoir water 
surface elevation, depending on wave length and height.  The size of waves caused by boat 
wakes is related to the size and speed of the boat; most boat wakes in the Boundary Reservoir are 
likely less than 1 foot in amplitude when they break at the shoreline based on observations of 
boat waves during the field inventory.  Boat-generated waves affect both sides of the shoreline 
(different from wind waves – see below).  Information on boat use in the reservoir was compiled 
as part of Study 21, Recreation Resource Study (SCL 2009c).  During sampling periods, an 
average of 1.4 boat launches per hour were recorded at the Forebay Recreation Area in the lower 
reservoir and an average of 0.3 launch per hour was recorded at the Metaline Waterfront Park in 
the upper reservoir.  The recreation study estimated 3,000 powerboat users (1,150 boats) and 150 
personal watercraft users per year in the Boundary Reservoir (SCL 2009c).  Both of these 
watercraft types have the potential to create boat wakes that could cause shoreline erosion.  
However, the estimated level of annual boat trips on Boundary Reservoir represents a relatively 
low level of boating use, compared to some other recreational resources in the local area or the 
region.   
 
Wind waves are being treated as Project-related because Project operations result in fluctuating 
reservoir levels and therefore affect the zone of potential wind wave erosion.  Wind-related wave 
size is driven by wind speed, direction, and fetch distance.  Wind waves generally affect the 
shoreline toward which the wind is blowing at a given time.  Because of the narrow and twisting 
shape of the reservoir, the longest fetches would be along the length of the reservoir in sections 
that are relatively straight.  Two weather stations with wind data were found nearby:  Cedar 
Creek and Deer Mountain.  Wind rose diagrams were generated from available data (Figure 5.2-
2, RAWS 1995–2007 data [WRCC 2007]).  Dominant wind directions at these two stations are 
from the south, southwest, and north, with the highest mean wind speeds of 8 to 13 miles per 
hour (mph).  Erosion from wind waves is likely most dynamic along north and south facing 
shorelines in the wider areas of the reservoir (such as between Boundary Dam and the entrance 
to the canyon reach or in the Metaline/Metaline Falls area) and along shorelines at bends in the 
reservoir (for example, the eastern shoreline north of Slate Creek).   
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Project-related reservoir fluctuations.  Although water surface elevation fluctuations are a 
naturally occurring phenomenon (e.g., fluctuations associated with flood flows), Project 
operations also affect the timing, rate, and extent of water surface fluctuations.  Reservoir 
fluctuations influence shoreline erosion by moving the zone of erosive wave energy up and down 
across a shoreline.  If the material is unsupported and saturated, lowering the reservoir water 
surface level can result in slumping or sliding of some fine-grained materials due to build-up of 
excess pore water pressures.   
 
The water surface elevation of Boundary Reservoir fluctuates in response to inflow from Box 
Canyon Dam and Project operations.  The Compilation of Project Hydrologic Data (R2 Resource 
Consultants 2008) analyzed reservoir water surface elevations at two gage locations for the 
period 1987–2005:  1) the Boundary forebay just upstream of Boundary Dam, and 2) the USGS 
gage 12396500 just downstream from Box Canyon Dam.  These two gage locations provide 
information on fluctuations at the two ends of the Project reservoir.  Metaline Falls is located 
approximately midway between Boundary and Box Canyon dams and acts as a hydraulic control 
that primarily influences the rate and magnitude of water surface elevation fluctuations upstream 
of the falls (for an example, see Figure 4.2-1).   
 
The reservoir water surface elevation controls the vertical location of wave-related erosion, as 
well as the size of the area in the fluctuation zone where sediments are exposed to potential 
surface erosion from rain, freeze-thaw cycles, wind, or pore water pressure.  To examine the 
range of shoreline elevations affected by fluctuating water levels, the 10, 50, and 90 percent 
exceedance elevations were plotted for each month from hourly reservoir elevation data for the 
period 1987 to 2005 (Figure 5.2-3).  The graph displays exceedance values for both gages to 
provide a comparison of fluctuations at the upper and lower ends of the reservoir.  Exceedance 
values refer to the value that is exceeded for the specified percent of the time.  For example, in 
January, the 50 percent exceedance value at the forebay gage was 1,989.8 feet NAVD 88 
(1,985.8 feet NGVD 29), which means that during January, the reservoir elevation was above 
this level 50 percent of the time (hourly intervals) for the period 1987–2005, and lower than this 
level 50 percent of the time.  The 10 percent exceedance value for January was 1,993 feet NAVD 
88 (1,989 feet NGVD 29); 10 percent of the time the reservoir was above that elevation, and 
90 percent of the time the reservoir was lower. 
 
The analysis of reservoir water surface elevations at the USGS gage below Box Canyon Dam for 
the period 1987–2005 (Figure 5.2-3) shows that the median daily reservoir water surface 
elevation ranged from 1,992.4 feet NAVD 88 in August to 1,999.8 feet NAVD 88 in June 
(1,988.4 to 1,995.8 feet NGVD 29, respectively).  The high (10 percent exceedance) and low 
(90 percent exceedance) water surface elevations at the gage below Box Canyon Dam extended 
from 2,009.8 to 1,989.7 feet NAVD 88 (2,005.8 to 1,985.7 feet NGVD 29, respectively), a range 
of 20.1 feet.  This location in the reservoir is most “river-like,” displaying annual water level 
fluctuations in response to seasonal inflows ranging from low in the late summer to high during 
the spring runoff.   
 
Median reservoir water surface elevations in the forebay ranged from 1,988.7 feet NAVD 88 in 
October to 1,990.4 feet NAVD 88 in August (1,984.7 to 1,986.4 feet NGVD 29, respectively).  
The high (10 percent exceedance) and low (90 percent exceedance) water surface elevations at 
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the gage in the forebay extended from 1,993.1 to 1,981.7 feet NAVD 88 (1,989.1 to 1,977.7 feet 
NGVD 29), a range of 11.4 feet.  This location in the reservoir is controlled primarily by Project 
operations except during periods of extremely high inflows.   
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Figure 5.2-3.  Hourly reservoir elevation exceedance duration by month at the forebay and USGS gages 
(1987–2005).   

 
 
Lowering the reservoir water surface elevation can result in slumping or sliding of saturated, 
fine-grained, low to moderate cohesion soils.  This erosion mechanism can occur as follows: 

1. Sediment within or at the base of steep reservoir banks becomes saturated during 
higher reservoir levels.  

2. Reservoir levels drop faster than the water can drain out of the saturated banks.  
3. Banks remain saturated, and the reservoir water that previously supported them has 

dropped, leaving them unsupported.  
4. The saturated, unsupported material slumps or slides.   

 
Cohesive banks composed of unconsolidated silt and clayey soils are most susceptible to this 
erosion mechanism because they have a low hydraulic conductivity (the rate that water can flow 
through material), so they drain slowly and can remain saturated with high pore water pressure if 
water surface elevations drop quickly.  Excess pore water pressures in cohesive saturated banks 
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reduce frictional shear strength of the soil and increase sliding forces by adding weight to the soil 
mass.  Cohesionless banks with coarse-grained materials have a high hydraulic conductivity and 
are able to drain rapidly and release excess pore water pressure.   
 
The materials observed at reservoir erosion sites ranged from coarse-grained gravel/sand to finer 
grained sand-silt-clay (see Table 5.1-1 in Section 5.1).  Typical hydraulic conductivity rates 
reported for gravel and medium sand range from 5 to 500 inches/hour; fine sand and silt range 
from 0.05 to 4 inches/hour.  The erosion mechanism in response to rapid downramping is 
complicated by bank material particle characteristics, time-dependent (transient) seepage 
conditions, geotechnical instabilities due to seepage, and changes in hydraulic forces exerted on 
the banks.  In general, if downramping rates exceed hydraulic conductivity rates, the erosion 
mechanism described above could occur.  Median downramping rates at the Box Canyon gage 
ranged from 2.4 to 4.8 inches/hour.  Median rates in the forebay ranged from 4.3 to 12.7 
inches/hour.  Project downramping rates appear to be high enough on some occasions to 
influence the stability of steep banks composed of fine-grained material that has a high 
percentage of fine silt and clay, primarily the Quaternary lacustrine/alluvium deposits.   
 
Project-related stream flow variations downstream of Boundary Dam.  Stream flow is a 
naturally occurring factor that causes erosion along the Pend Oreille River and tributaries, 
primarily during peak flows.  Project operations alter stream flow downstream of Boundary 
Dam.  Project-related effects on erosion downstream from Boundary Dam from altered stream 
flow appears to be minimal because the Project does not increase peak flows in this reach.   
 
Project-related recreation.  Erosion related to recreational use can occur from trampling of 
vegetation and walking on reservoir banks at picnic and camp sites and hiking along the 
shoreline.  Trampling can result in the loss of vegetation, which can increase the potential for 
surface erosion.  Localized erosion from recreational use was noted at two sites.  Minor erosion 
associated with all-terrain vehicle and motorcycle use was also observed in some locations in the 
fluctuation zone and in the BWP.   
 
5.2.3. Shoreline Erosion Sites 

The reservoir erosion inventory conducted in 2007 identified 54 erosion sites between Boundary 
Dam and Metaline Falls, 30 sites from Metaline Falls to the Box Canyon Project boundary, and 3 
sites along the Pend Oreille River between Boundary Dam and the U.S.-Canada border (Figure 
5.2-4).  Detailed information on each site is included in the data table in Appendix 2.  
Photographs of sites are provided in Appendix 5, and copies of field notes are in Appendix 6.   
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The sites shown on Figure 5.2-4 represent both linear features (erosion along the shoreline) and 
polygons (mass wasting sites that extend above the shoreline).  Reservoir erosion site numbers 
correspond to data in Appendix 2.  Figure 5.2-4 also shows upland geology mapped during the 
field inventory (geology map units are described in Section 5.1) and substrate in the reservoir 
fluctuation zone.  Substrate codes are listed in Section 5.2.5.2.   
 
A total of 81,606 feet (15.5 miles, 32 percent of the total shoreline length) of the reservoir 
shoreline was identified as part of an erosion site.  Inclusion of a shoreline area as part of an 
erosion site indicates that this area either has been subject to shoreline erosion in the past or is 
eroding at present.  Many of these areas are at least partially stabilized.  In addition, at 12 of the 
sites (35 percent of the 15.5 miles), shoreline erosion was not continuous along the entire 
mapped length, but occurred intermittently at dispersed locations (the distinct erosion areas in 
some locations were too small and numerous to map as separate sites).   
 
Eroding areas were classified by bank height and geology (Table 5.2-1 and Figure 5.2-5).  Bank 
heights ranged from less than 1 foot to more than 200 feet.  Nearly half (45 percent) of the 
eroding banks were 10 to 20 feet high, 25 percent were less than 10 feet high, 19 percent were 20 
to 40 feet high, and the remaining 11 percent were more than 40 feet high.  The most erodible 
geologic units were talus and mine-related sediments (100 percent of the length of these geologic 
units was eroding).  Till, fill, and quaternary lacustrine and alluvium deposits were also quite 
erodible (81, 70, and 42 percent of the length of each of these units was eroding, respectively).  
The Ledbetter Slate and Metaline Limestone were least erodible (29 and 5 percent of the length 
of these geologic units was eroding, respectively).   
 

Table 5.2-1.  Length of erosion sites by bank height and major geologic unit. 

Bank Height 

Geology 0-5 feet 5-10 feet
10-20 
feet 

20-40 
feet >40 feet

Total 
Length 
Eroding 

(feet) 

Percent of 
Total Geology 

Eroding 
(by length) 

Metaline Limestone 2,747 318 0 762 460 4,287 5 
Ledbetter Slate 2,368 1,169 3,898 4,615 1,316 13,366 29 
Talus 0 327 181 1,724 0 2,232 100 
Glacial and non-glacial 
deposits (Till) 

145 275 9,497 2,096 3,458 15,471 81 

Quaternary 
lacustrine/alluvium 

3,707 9,086 20,396 1,217 1,724 36,130 42 

Fill 0 109 943 5,408 1,983 8,443 70 
Mine-related sediment 0 0 1677 0 0 1677 100 

Total 8,967 11,284 36,592 15,822 8,941 81,606 
Percent of total erosion area 
length 

11 14 45 19 11  
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Figure 5.2-5.  Length of eroding shoreline by geology and bank height.   

 
 
5.2.3.1. Factors Affecting Shoreline Erosion 

Multiple erosion processes were observed at the majority of erosion sites, so a quantitative 
analysis of erosion types is complicated.  The most common erosion processes occurring along 
the reservoir shoreline included undercut banks, shallow translational slides, raveling, and rills 
and gullies.  Less common were slumping, trampling, and bank erosion caused by upslope roads.   
 
During the reservoir inventory, the factors contributing to erosion at each site were noted, and in 
many cases, multiple factors appeared to be responsible.  At these sites, the factors were ranked 
in the order they appeared to be influencing the erosion (i.e., first, second, third) based on 
professional judgment and observations of site conditions made at the time of the inventory.  
Additionally, an assessment was made whether the factors affecting erosion appeared to be 
Project-related, non-Project-related, or a combination of both.   
 
Reservoir fluctuations, wave action, and stream flow were the most common factors affecting 
erosion (Table 5.2-2 and Figure 5.2-6).  Less common were road use and runoff, industrial 
activities, frost heave, and private development.  Project-related factors were associated with 
37 percent of the erosion site length; non-Project factors were related to 14 percent; and a 
combination of Project and non-Project factors was noted at sites along 49 percent of the eroded 
length (see Appendix 2 for details at each site). 
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Table 5.2-2.  Number and length of erosion sites by factors affecting erosion at that site. 

Natural Non-Project 
Proj. and 
Non-Proj. Project-related 

Factor Ranking 
Stream 
Flow 

Frost 
Heave Other1

Industrial 
Activities

Private 
Develop-

ment 
Road 

Runoff 

Reservoir 
Fluctu-
ations 

Wave 
Action

Rec-
reation 

Use 
No. of sites 11 1 10 2 1 10 13 40 21 
Length (ft) 15,843 0 3,105 1,549 331 9,552 28,919 26,770 0
No. of sites 16 3 6 1 0 1 23 5 02 
Length (ft) 30,993 717 3,844 128 0 762 24,982 941 0
No. of sites 0 3 0 1 0 0 1 1 03 
Length (ft) 0 4,294 0 1,149 0 0 935 162 0
No. of sites 27 7 16 4 1 11 37 46 2Total 

for 
Factor 

Length (ft) 46,836 5,011 6,949 2,826 331 10,314 54,836 27,873 0

Note: 
1 “Other” includes seepage, saturated soils, wind, and one railroad site. 
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Figure 5.2-6.  Number and length of erosion sites by factors affecting erosion.   
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5.2.3.2. Observations of Shoreline Erosion Following Spring 2008 Peak Flows 

High flows occurred in the Project area during spring 2008 with a reported mean daily flow of 
96,000 cubic feet per second (cfs) on June 6, 2008, at the USGS gage downstream of Box 
Canyon Dam (USGS data).  Peak water surface elevations at the Box Canyon gage were 
approximately 12.5 feet higher than median June water levels and 2.5 feet above the 10 percent 
exceedance value (see Figures 4.2-1 and 5.2-3).  To help determine the effects of high flows on 
reservoir erosion processes, observations of the shoreline were made on July 17, 2008.  The 
entire reservoir shoreline was examined and locations with fresh erosion were noted and 
photographed.  The observations were not meant to provide a complete or precise measurement 
of flood-related bank erosion, but to give an indication of the type, location, and relative 
magnitude of erosion following a peak flow.   
 
A total of 30 locations with evidence of fresh erosion were observed.  The majority of locations 
(28) with fresh bank erosion were located upstream of Metaline Falls, where reservoir water 
surface elevations were about 8 feet higher than those corresponding to the upper limit of 
Project-induced water level fluctuations due to load-following.  This upper limit corresponds to 
the inflow conditions of the maximum powerhouse capacity (approximately 55,000 cfs) with the 
forebay held at a maximum level of 1,994 feet NAVD 88 (1,990 feet NGVD 29) (see Figure 4.2-
1).  The assumed forebay elevation is higher than would actually occur during flows of this 
magnitude as the forebay is typically held several feet below 1,994 NAVD 88 (1,990 NGVD 29), 
but is appropriate for defining an upper limit.  Above an inflow of 55.000 the Project does not 
cause water surface level fluctuations as a result of load-following operations.  Some forebay 
elevation fluctuations still occur above this upper limit, but they are a result of changes in 
upstream inflow, spillway gate adjustments, and small changes in powerhouse discharges.   
 
All areas of fresh erosion upstream of Metaline Falls were underlain by Quaternary 
lacustrine/alluvium.  Only 2 locations with fresh erosion were observed downstream of Metaline 
Falls, where water levels during the spring 2008 peak flow were lower than the 55,000 cfs 
inflow/1,994-foot NAVD 88 (1,990-foot NGVD 29) forebay levels (Figure 4.2-1).  Most of the 
fresh erosion noted was relatively small areas of sloughing and scouring.  In a few locations 
within 29E107b (south of Pocahontas Creek), new or re-activated slumps were noted.   
 
High flows in the Pend Oreille River occur primarily during the spring freshet season (typically 
occurring within the period from May to early July), resulting in high reservoir water surface 
elevations between Box Canyon Dam and Metaline Falls (see Figures 4.2-1 and 5.2-3).  During 
flood flows, bank erosion can occur in this reach, as was observed following the spring 2008 
high flows.  Bank erosion during high flow events would occur in this reach without the Project 
in place; however, Project operations could potentially increase bank erosion during peak flows 
via three mechanisms:  1) inundating additional areas; 2) increasing the hydraulic forces on the 
banks; or 3) lowering water surface levels more rapidly than would occur without the Project.   
 
Study 2, Analysis of Peak Flood Flow Conditions above Metaline Falls Final Report (SCL 
2009d), investigated the effects of Project operations on peak flow levels.  Hydraulic modeling 
performed as part of Study 2 showed that water surface elevations near the town of Metaline at 
the peak of the three largest floods since 1967 (1972, 1974, and 1997 peaks) were 1.3 to 1.6 feet 
higher with Project operations than without them.  For example, the 1997 flood event resulted in 
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the highest stage recording at USGS gage 12396500 since the completion of the Project.  During 
this event, the peak water surface elevation at the USGS gage was recorded as approximately 
2,020 feet NAVD 88 (2,016 feet NGVD 29) and the coincident Boundary forebay elevation was 
approximately 1,988 feet NAVD 88 (1,984 feet NGVD 29).  Analysis conducted in support of 
Study 2 (2009d) estimated that the influence of the Project on water surface elevations in the 
Upper Reservoir Reach, which extends from Box Canyon Dam downstream to Metaline Falls 
(Project river mile [PRM] 34.5 to PRM 26.8), at the peak of this event ranged between 1.6 feet at 
the downstream end of the reach to 1.3 feet at the upstream end of the reach.  The upper limit of 
inundation for the 2008 high flow was estimated based on field evidence during the field visit 
following the high flow.  Evidence of erosion was not noted during the post-2008 high flow field 
visit in the upper 1 to 2 feet of the area inundated as a result of the 2008 high flow event.  These 
areas were generally well vegetated and/or covered with forest duff.  Therefore, it is unlikely that 
inundation of these areas is directly causing increased erosion.   
 
The second potential mechanism for Project-related erosion during peak flows relates to 
increased water levels potentially resulting in increased hydraulic forces on the banks.  Hydraulic 
tractive shear stress (force per unit area by the flow past the banks) is a measure of the hydraulic 
force on the bed and bank of a river, and is directly correlated with water depth and gradient 
(slope).  The Hydraulic Routing Model results for the 1972, 1974, and 1997 peak flows show 
that the higher water levels with the Project in place result in slightly lower velocities and lower 
hydraulic tractive shear stress than without Project operations.  Thus, Project operations during 
peak flows are not expected to increase bank erosion related to changes in tractive shear stress 
imposed by flowing water.  
 
The third potential mechanism by which Project operations could increase erosion during times 
of peak inflows is if water levels during the descending limb of the hydrograph are lowered more 
rapidly than the draining ability of the banks, leaving saturated banks unsupported.  This 
mechanism is discussed in more detail in Section 5.2.2.4.  Downramping rates during the 
descending limbs of the 1996 and 1997 peak flow events were analyzed using the Hydraulic 
Routing Model and measured water surface levels.  Erosion was reported following a rapid drop 
in water level during the 1996 event by a homeowner in the town of Metaline.  During both the 
1996 and 1997 events, maximum downramping rates in the forebay were up to 20 inches/hour.  
However, the downramping rates in the upper reservoir were much more muted due to the effects 
of the hydraulic constriction at Metaline Falls and the effects of the high inflows.  Maximum 
downramping rates in the upper reservoir were less than 4 inches/hour, with most downramping 
rates less than 2 inches/hour until inflows dropped below 55,000 cfs and normal Project 
operations resumed (SR 31 bridge, Sweet Creek confluence, and the Box Canyon tailrace were 
modeled).  These downramping rates likely result in some small Project-related increase in 
erosion of the Quaternary lacustrine/alluvium deposits during the descending limb of the peak 
flow hydrograph.  The one exception to the less than 4 inches/hour downramping rate occurred 
during the 1996 peak flow when inflow from Box Canyon dropped from 72,400 cfs to 59,700 cfs 
in one day and resulted in downramping rates in the Box Canyon tailrace of up to 17 inches/hour.  
This rapid drop in inflows (not related to Project operations) likely resulted in the reported bank 
erosion in the town of Metaline during the 1996 peak flow event.   
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5.2.4. Land Ownership at Reservoir Erosion Sites 

Information on land ownership at each of the reservoir erosion sites was determined using GIS 
coverages (Table 5.2-3; Appendix 2).  The majority of erosion occurs on land owned by the 
DNR, followed by the USFS, SCL, and the Bureau of Land Management (BLM).  Most of the 
5.7 acres in private ownership are located in erosion site 129; erosion at this site is not Project-
related.   
 

Table 5.2-3.  Summary of shoreline erosion sites by landowner. 

Landowner 
Length or Area of Shoreline 

Erosion Site 
Percent of Total Erosion Site 

Length or Area 
Erosion line lengths Length in feet  
BLM 7,061 9% 
USFS 13,305 16% 
DNR 51,115 63% 
SCL 10,068 12% 
Private landowner 58 <1% 
Erosion polygon areas Area in acres  
BLM 1.4 10% 
USFS 3.6 28% 
DNR 1.6 12% 
WSDOT 0.4 3% 
Town of Metaline Falls 0.1 0% 
SCL 0.3 3% 
Private landowners 5.7 44% 

Notes: 
BLM – Bureau of Land Management 
DNR – Washington State Department of Natural Resources 
SCL – Seattle City Light 
USFS – U.S. Forest Service 
WSDOT – Washington State Department of Transportation 
 
 
5.2.5. Estimated Past and Future Erosion Rates 

5.2.5.1 Estimated Past Erosion 

Although no direct measures of past bank retreat rates were possible, the following information 
was collected, as available, at different sites (Table 5.2-4). 

• Comparing the bank and vegetation edges on historical aerial photographs and 2005 
aerial photographs showed measurable bank retreat at sites 17W1, 20W12, 31E103, 
27W117, and 28W118.   

• Direct cross sectional analysis measured bank retreat and eroded volume at erosion 
sites 17W3, 19W11, 25E33, 25E35, 22E41, 21E43, 31E103, 27W117, and 28W118 
(Figure 5.2-7).   
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• Cross sections extracted from the LiDAR data set estimated bank retreat at erosion 
sites 17W1, 17W6, 20W12, 22W20, 25E34, and 22E41.   

• A comparison of photographs of bank erosion taken in 1992 and 1993 at locations 
throughout the reservoir (Enserch Environmental 1994) with photographs of the same 
locations taken during the 2007 field inventory showed no major changes.   

• Erosion at sites 20E47a-d was investigated using a series of historical aerial 
photographs.  The USFS reported that a portion of an old road located at the top of 
the bluff near site 20E47b was missing.  They estimated that 20 to 50 feet of road 
prism was lost at this location (USFS 2008).  In assessing this location, three sets of 
aerial photographs were reviewed:  1) pre-Project (July 8, 1961); 2) photos from July 
29, 1972 (approximately 5 years after start of operations); and 3) more recent photos 
(August 20, 2005).  The road was shown on the pre-inundation photo approximately 
450 feet from the river channel (400 feet from the top of an eroding river bluff).  In 
the 1972 photo, the road was located at the top of an eroding bluff, and the 
approximately 150-foot-long by 50-foot-wide section of road mentioned by the USFS 
was missing.  In the 2005 photo, the road was in the same configuration as in 1972; 
bank retreat between the 1972 and 2005 photo was not measureable at this location at 
the scale of the photos.  Based on the aerial photographs, the missing road prism at 
this location was likely lost as a result of inundation or in the first 5 years following 
inundation (prior to the 1972 photo).   

 
Based on the estimated area of past shoreline loss, the estimated erosion rates at each erosion 
site, and the dimensions of each site (length and bank height), it is calculated that a total of 14 to 
15 acres of land adjacent to the shoreline has been lost in the past 40 years as a result of all 
erosion factors (Project and non-Project).  This is equivalent to the loss of an estimated 240,000 
cubic yards of material.  Based on the composite grain size distribution of the various parent 
materials (Table 5.1-1) applied to each erosion site, it is estimated that 1 percent of the material 
was boulder/cobble size, 47 percent was gravel, 42 percent was sand, 5 percent was silt-sized, 
and 5 percent was clay.   
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Table 5.2-4.  Measured and estimated bank retreat at Boundary Reservoir. 

Erosion 
Site Method Bank Retreat  

Time 
Period 
(years) 

Estimated Average 
Rate (feet/yr) 

17W1 Aerial photographs 1972, 2005 40 feet at one spot (100 feet 
long); rest not measurable 33 1.2 at one spot  

17W1 LiDAR-based cross section 3 feet 40 0.08 
17W3 Surveyed cross section 20 feet 40 0.5 

17W6 Aerial photographs 1972, 2005 50 feet at one spot (500 feet 
long); rest not measurable 33 1.5 along 500 feet 

length  
17W6 LiDAR-based cross section 5-10 feet 40 0.13-0.25 
20W12 Aerial photographs 1972, 2005 0-30 feet (unclear) 33 0-0.9 
20W12 LiDAR-based cross section 10-15 feet 40 0.25-0.38 
22W20 LiDAR-based cross section 3 feet 40 0.08 
25E33 Surveyed cross section 10 feet 40 0.25 
25E34 LiDAR-based cross section 10 feet 40 0.25 
25E35 Surveyed cross section 7 feet 40 0.18 
22E41 Surveyed cross section 10 feet 40 0.25 
22E41 LiDAR-based cross section 5 feet 40 0.13 
21E43 Surveyed cross section 3 feet 40 0.08 

20E47 Aerial photographs 1961, 1972, 
2005 

1960-1972: 50 feet following 
inundation (150 feet long);  

1972-2005: not measureable 
40 

1960-1972:  3  
1972-2005:  not 

measureable 

31E103 Aerial photographs 1960, 1972, 
2005 

1960-1972: 20-40 feet at one spot 
(200 feet long);  

1972-2005: 0 feet  
33 1960-1972:  3  

1972-2005:  0 

31E103 Surveyed cross sections 20 feet at eroding portions 40 0.5 

27W117 Aerial photographs 1960, 1972, 
2005 

1960-1972: 100 feet;  
1972-2005: 0 feet 33 1960-1972:  3 

1972-2005:  0 

27W118 Aerial photographs 1960, 1972, 
2005 

1960-1972: 50-75 feet;  
1972-2005: 0 feet 33 1960-1972:  1.5-2.3 

1972-2005:  0 
Note: 
LiDAR – light detection and ranging 
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Figure 5.2-7.  Example of estimating bank retreat based on surveyed cross sections of eroding sites. 
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5.2.5.2 Future Bank Retreat Rates 

Continuing bank retreat rates appear to be slow at most of the erosion sites, and future shoreline 
loss is expected to be slower than initial rates.  This conclusion is based on the aerial photograph 
analysis, anecdotal information, observations made during the reservoir inventory, and erosion 
observed and measured in other similar reservoirs.  Most of the erosion noted from aerial 
photographs took place between 1960 (based on pre-Project photos) and 1972 (based on photos 
from 1972) as the shoreline adjusted to the new water surface elevations.  There was little 
measurable change between the 1972 and 2005 aerial photographs at locations throughout the 
reservoir (Table 5.2-4).  A few of the erosion sites continue to be active, but many portions of the 
sites are revegetating and are at least partially stabilized.   
 
A future erosion rate was assigned to each reservoir erosion site based on the three criteria listed 
in Table 4.3-1 (evidence of recent erosion, erosion type, and substrate susceptibility to erosion).  
The future erosion potential ratings at most sites did not result in a single rating (e.g., all high 
[H], medium [M], or low [L]) because the three rating criteria in Table 4.3-1 often resulted in 
three different ratings (for example, HLM, HML, HHL).  The three ratings for each site are listed 
in Appendix 2.  An overall future erosion rating was assigned to each site based on a 
combination of the three ratings obtained from the criteria in Table 4.3-1, the size rating of each 
site (based on Table 4.3-2), and the professional judgment of the geologist conducting the 
inventory.  Most of the overall ratings for erosion sites downstream of Metaline Falls were 
consistent with the ratings made based on Tables 4.3-1 and 4.3-2.  However, many of the overall 
ratings for sites upstream of Metaline Falls were different than the ratings made based on the two 
tables.  Using the tables, the sediment grain size, observed erosion type, and erosion site length 
resulted in a high rating.  On-the-ground observations at these sites, however, showed that many 
of the sites were vegetated and stable for much of their length, with only small sections of active 
erosion.  Therefore, moderate or low overall ratings were assigned to these sites and it was noted 
that there are a few areas of active erosion within the sites that have a high erosion potential.   
 
Overall, 19 percent of the erosion site lengths (6 percent of total reservoir length) had a high 
future rating, 34 percent (11 percent of total reservoir length) had a moderate rating, 15 percent 
had a low rating (5 percent of total reservoir length), and 32 percent (11 percent of total reservoir 
length) had a moderate or low rating with inclusions of areas with higher erosion potential.   
 
5.2.5.3 Potential Future Erosion in the Fluctuation Zone 

An indication of potential future erosion in the fluctuation zone (Figure 5.2-4) was based on the 
substrate in each zone.  Substrate codes were mapped based on dominant or dominant/ 
subdominant substrate size.  Codes used are listed below in order of susceptibility to future 
erosion (from most resistant to least resistant): 

• Concrete 
• Bedrock (BR) 
• Riprap 
• Boulder (BLD) 
• Talus 
• Cobble (CO) 
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• Gravel (GR) 
• Sand (SA) 
• Silt (SI) 

 
Based on dominant substrate, approximately 21 percent of the fluctuation zone has a low 
susceptibility to future erosion (concrete, bedrock, riprap, boulder); 42 percent has a moderate 
susceptibility to future erosion (cobble, gravel); and 37 percent has a higher susceptibility to 
future erosion (sand, silt).  Erosion in the fluctuation zone is a combination of substrate 
susceptibility, slope gradient at the site (higher gradient slopes are more likely to erode), and the 
amount of time a particular location is exposed to erosive forces (such as wind, waves, 
streamflow, runoff).  Finer grained substrate in the fluctuation zone will continue to be reworked 
and transported downslope over the term of the new license as a result of Project operations.  
However, as described in Section 5.4, no effects on high value resources from this reworking of 
sediments were noted.   
 
Areas where tributary streams were observed to be reworking either delta or reservoir sediments 
are shown on Figure 5.2-4.  These erosion/deposition areas were mapped at the mouths of Lime, 
Everett, Whiskey, Slate, Flume, Sullivan, Linton, Pocahontas, Sweet, Sand, and Lost creeks.  
Sediment from the tributaries is deposited in the corresponding delta during peak flows.  The 
delta and/or reservoir sediments are reworked by the streams as the reservoir elevation fluctuates.  
More detail on delta processes is included in Study 8, Sediment Transport and Boundary 
Reservoir Tributary Delta Habitats Final Report (SCL 2009e). 
 
5.3. Field Inventory of Erosion and Slope Stability near Project Facilities and 

Roads  

Project-related roads and facilities were inventoried to identify past or current erosion and 
current road conditions.  
 
5.3.1. Erosion Processes Observed 

The following types of erosion were observed along Project-related roads and at Project facilities 
(Figure 5.3-1): 

• Road surface erosion—Road surface erosion occurs on unpaved road surfaces as a 
result of traffic and runoff.  Road surface erosion is minor because of the low traffic 
levels on most roads in the Project area.   

• Cutslope sliding/raveling/rills—Shallow translational slides, and raveling and rilling 
on unvegetated surfaces occur, or have occurred, on a few steep road cutslopes in 
unstable soils.   

• Mass wasting—A few areas of mass wasting (shallow translational slides and/or 
slumps) occurred or are continuing to occur along Project-related roads as a result of 
over-steepened fillslopes or seeps in the road prism.  An unstable area in a drainage 
upslope of Project facilities (Oilhouse Creek) occasionally slides and in the past has 
transported sediment into the Project maintenance facility area.   
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Figure 5.3-1.  Road surface erosion (left); shallow translational slides and rilling on road cutslope (right).   

 
 
5.3.2. Road Erosion Sites 

Approximately 10 miles of Project-related roads and approximately 1 mile of road within the 
BWP were inventoried as part of the Erosion Study.  Complete information collected on road 
characteristics, drainage structures, and mass wasting sites is included in Appendix 4.  
Photographs of road sites are included in Appendix 5, and copies of road field notes are in 
Appendix 6.  
 
Overall, Project-related roads most commonly used are in good shape, with paved surfaces on 
roads with higher traffic volumes and gravel surfaces on low-use roads (Table 5.3-1).  Drainage 
structures were generally maintained and in good shape.  Three culverts out of the 47 inventoried 
were rated as having a high priority for cleaning or maintenance, primarily because the intakes or 
catch basins were more than 75 percent blocked by sediment.  Roads only occasionally used (for 
both Project and non-Project-related activities), such as USFS spur roads, are maintained at a 
lower level, consistent with USFS road management objectives, and appeared to have little 
traffic use.  
 
Approximately 30 percent of the 11 road miles surveyed were hydrologically connected to 
streams or water bodies.  (Hydrologically connected road segments are the portions of the road 
that drain to a stream or water body.)  Of this hydrologically connected length, 17 percent were 
native surfaced, 23 percent were gravel, and 60 percent were paved.  Direct hydrologic 
connectivity occurs at locations where the road ditch drains directly into a stream, such as at 
stream crossings or locations where a gully has developed downslope of a relief culvert and 
connects to the stream network.  Road segments that drain to the forest floor far away from 
streams are generally not considered hydrologically connected.   
 
Seven mass wasting sites were identified along roads (Figure 5.2-4 and Table 5.3-1) as follows:   

• Steep, tall cutslopes through quaternary glacio-lacustrine deposits on the West-Side 
Access Road continue to experience shallow debris slides, raveling, and rilling (site 
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HC1).  Portions of the cutslopes are revegetated, and erosion control measures have 
been installed to help control and contain the continuing erosion.  Drainage trenches 
and benching at the tops of the slopes help to direct water away from the steep areas, 
jersey barriers at the base of the slopes are backfilled with large rocks to help filter 
and contain runoff and sediment, and an array of culverts and drainage structures 
carry water draining from the slopes off site.  These measures appear to be successful 
in minimizing erosion and containing sediments at the site.  This area is on SCL and 
USFS land (Table 5.3-1, road #1). 

• A slide on the Crescent Lake Road (site 3165-1 on Pend Oreille County Road 
3990/FR 3165-000 Boundary Dam/Crescent Lake Road) occurred in spring 1997 
(Gifford Consultants, Inc. 1998; GeoEngineers 1999).  This slide was investigated 
and stabilized by Pend Oreille County.  This site is on USFS land.   

• A small, inactive area of past fillslope sliding was noted along FR 3165-200 (site 
200-1).  This area appears to be stabilized.  This area is on USFS land (Table 5.3-1, 
road #10). 

• Two areas of recent, active slides or road washouts were observed on FR 3165-340 
spur 1 (sites 340-1 and 340-2).  The slides appear to be related to seepage that 
saturates the steep road cut and fillslope and an undersized (12-inch-diameter) culvert 
that is no longer functioning.  The culvert inlet is damaged, and water has bypassed 
the culvert and eroded through the road tread.  These areas are rated with a high 
future failure potential because of saturated soils, a nonfunctioning culvert, drainage 
crossing the road tread, saturated landslide debris on the roadway, and saturated over-
steepened fillslope.  These areas are on USFS land (Table 5.3-1, road #11). 

• A site of past mass movement (site HC 4) along the access road just east of Boundary 
Dam has been stabilized with a gabion wall and drainage structures.  These measures 
appear to be effective at present.  This site is on SCL land (Table 5.3-1, road #8). 

• Two inactive shallow translational slides were noted in the BWP (sites BWP-1 and 
BWP-2).  One area is a cutslope along the road, and the other is on a slope 100 feet 
from the road.  Both areas appear to be stabilizing, with shrubs, herbaceous plants, 
and conifers becoming established.  Unvegetated areas continue to ravel slowly 
(Table 5.3-1, road BWP).  These sites are on SCL land.   
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Table 5.3-1.  Summary of road inventory results. 

Hydrologic 
Connectivity 

Map 
Road 

ID 
Road 
Number/Name 

Length 
Inventoried 

(mi) Surface

Number 
of 

Drainage 
Structures

Length 
(feet) 

Percent 
of 

Total 
Length Stability Issues 

1 West-Side Access 
Road 

2.14 Paved 15 5,745 51 Continuing ravel and 
shallow debris slides on 
steep cutslopes at through 
cut (HC1).  Barriers and 
revegetation help to control 
and contain sediment (site 
already treated). 

2 Maintenance facility 
road network 

1.59 Paved/ 
gravel 

1 437 5 None 

3 Road to Forebay 
Recreation Area 

0.36 Paved/ 
gravel 

0 1,890 100 None 

4 BPA switchyard road 0.21 Gravel 0 0 0 None 
5 Spur off the BPA 

switchyard road 
0.38 Gravel/ 

native 
1 704 35 None 

6 South end of FR 
6200-348 

0.50 Native 2 793 30 None 

7 POC Road 3990/FR 
3165-000 Boundary 
Dam/Crescent Lake 

2.10 Paved 19 2,181 20 One slide stabilized by 
Pend Oreille County  
(3165-1).   

8 FR 3165-350 0.48 Gravel 4 2,110 83 None 
9 Tailrace boat launch 

road (west side) 
0.23 Gravel 1 1,200 100 None 

10 FR 3165-200 0.28 Native 1 0 0 One small, inactive 
shallow debris slide in 
over-steepened road fill 
(200-1) 

10 Unnamed spur off of 
FR 3165-200 

0.95 Native 2 0 0 None 

11 FR 3165-340 0.71 Native 1 1,363 36 Two active/potential mass 
movement sites, road 
blocked by past sliding 
(340-1 and 340-2).  
Seeping, drainage issues, 
over steepened fill.  
Delivers sediment to 
stream. 

BWP Boundary Wildlife 
Preserve Road 

0.47 Native 0 831 33 Two inactive shallow 
debris slides.  Areas still 
raveling, but no recent 
sliding.  Does not deliver 
sediment to waterways. 

SCR Sand Creek Road  0.62 Gravel/ 
native 

0 0 0 None 
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5.3.3. Erosion Sites Near Project Facilities 

No erosion areas were observed on the transmission line corridor during this study.  An 
assessment was made of four non-road sites documented by Hart Crowser (1984; note that the 
Hart Crowser report also included two road-related sites discussed in Section 5.3.2).  These sites 
are shown on Figure 5.2-4, Map 1, and are described below:   

• Hart Crowser Area 3 (HC3) is an old soil disposal area that is revegetating and does 
not appear to be eroding.   

• Hart Crowser Area 2 (HC2) is located along a former Project access road.  Fill from 
excavation of the road re-alignment was placed at this location in the mid-1980s.  
Raveling was noted during the Hart Crowser site visit in 1984 (Hart Crowser 1984).  
This area has revegetated and appears to be stable; however, it is possible that future 
erosion or sliding could take place if the material becomes saturated.  The landowner 
is SCL.   

• Hart Crowser Area 5 (HC5) is a steep slope west of the West-Side Access Road.  In 
July 1982, this area slid and blocked the access road during heavy rains.  Hart 
Crowser (1984) concluded that the slide was not related to Project operations.  This 
area continues to ravel.  A barrier has been constructed to help contain any future 
slide material.  The landowners are SCL and the USFS.   

• Hart Crowser Area 6 (HC 6) is an area of ongoing mass wasting in the upper drainage 
of Oil House Creek.  This slide is not related to Project operations and continues to be 
active during peak rainfall events.  Slide material flows down Oil House Creek, and 
in the past has inundated portions of the maintenance yard.  One of the Project 
surveillance cameras monitors the stream for high flows and debris movement, and a 
containment and routing system has been constructed to help keep rock and sediment 
in the stream channel and out of Project facilities.  A cutoff access road has also been 
constructed in case material blocks the main access road to the dam.  This location 
will continue to slide and erode during peak rainfall events.  This is on private land.   

 
Minor surface erosion occurs in un-vegetated areas of the Project as a result of Project-related 
use (such as the maintenance area, material storage areas, and steep unvegetated slopes around 
the Boundary forebay).   
 
5.4. Potential Effects of Erosion on Other Resource Values 

Discussions with researchers conducting the relicensing studies listed below identified sites with 
high resource values potentially affected by erosion: 

• Toxics, Study 4 
• Water quality (turbidity), Study 5 
• Aquatic habitat, Study 7 
• Wetlands and riparian habitats, Study 16 
• Terrestrial habitat/vegetation (sensitive habitats/plants, noxious weeds), Study 17 
• Wildlife (roost trees, bank swallow nesting areas, other habitat features), Studies 15, 

18, 19, and 20 
• Recreation (recreation effects on erosion and erosion effects on recreation), Study 21 
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• Aesthetic/Visual resources, Study 23 
• Cultural resources, Study 24 
• Structures/infrastructure (buildings, roads, bridges, etc.), Study 22 

 
5.4.1. Potential Effects Considered 

Table 5.4-1 identifies the potential effects of erosion on each resource category and specific 
effects noted in the study area for that resource.  Site-specific effects are discussed in Section 
5.4.2.  Determinations were made based on the extent and severity of the Project-related erosion 
at the site and the location and sensitivity of the specific resource.  Non-Project erosion effects 
are not included in this analysis, but are noted in the data table in Appendix 2.   
 

Table 5.4-1.  Potential effects of erosion. 

Resource Potential Effect Considered Effects Noted  
Water quality Erosion of fine-grained material could 

result in increased turbidity. 
Short-term, localized increases in turbidity likely 
occur during periods of active erosion of fine-grained 
material.  According to the WA Department of 
Ecology’s criteria for salmonid spawning, rearing, 
and migration, turbidity shall not exceed 5 
nephelometric turbidity units (NTUs) over 
background when background is 50 NTUs or less 
(Ecology 2006).  In Boundary Reservoir, no turbidity 
values over 5 NTU were measured during the in situ 
data collection period (May–August 2007, Study 5 
[SCL 2009f]).  Note that higher turbidity values were 
observed in May and June as compared to July and 
August likely as a result of higher inflow in the 
spring months. 

Erosion of fine-grained sediments 
adjacent to spawning areas could result 
in degradation of spawning habitat 
(trout, mountain whitefish). 

Potential erosion at three sites downstream of 
Boundary Dam could affect mountain whitefish 
spawning locations (Table 5.4-2).  However, erosion 
rates at these sites are slow and the addition of coarse 
sediment resulting from erosion would improve 
spawning habitat.   

Erosion of large amounts of sediment 
could inundate juvenile salmonid and 
rainbow trout rearing habitat along 
reservoir margins. 

No areas with continuing erosion large enough to 
affect rearing habitat were noted along reservoir 
margins.  

Aquatic habitat 

Mass wasting events and bank 
erosion/undercutting along forested 
shorelines could provide woody debris 
to near shore aquatic habitat areas. 

Trees and large woody debris provided by shoreline 
mass wasting were observed at several locations.   
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Resource Potential Effect Considered Effects Noted  
Bank erosion adjacent to riparian habitat 
could result in direct loss of riparian 
habitat and vegetation. 

In general, this effect is limited by the slow rate of 
erosion, but potential sites are noted in Table 5.4-2.   

Re-working and movement of soil in the 
reservoir fluctuation zone could limit the 
establishment of riparian vegetation in 
this zone. 

Movement of sediment through the fluctuation zone, 
as well as scour and daily inundation, affect where 
riparian vegetation can establish.   

Wetlands and 
Riparian Habitat 

Erosion of large amounts of sediment 
could inundate nearby wetlands. 

No erosion effects on wetlands were noted.   

Bank erosion of terrestrial habitat could 
result in direct loss of vegetation and 
habitat. 

An analysis of the rate of loss of land is included in 
Section 5.2.5. 

Erosion of habitat suitable for rare and 
sensitive plants could result in direct loss 
of vegetation and habitat. 

Fifty-two (52) mapped RTE plant population 
polygons overlap with 36 erosion sites.  Based on 
field observations, Project-related erosion was 
determined to be affecting RTE plants at the 
population level at two sites (see Study 17 final 
report [SCL 2009g]).   

Terrestrial 
habitat/ 
vegetation 

Erosion resulting in bare soil could 
provide areas for noxious weeds to 
become established. 

Noxious weeds (purple loosestrife and knapweed) 
were noted at 3 erosion sites (Appendix 2).   

Bank erosion adjacent to eagle nest trees 
could result in a loss of nest trees. 

An inactive eagle nest site occurs at one erosion site 
(Table 5.4-2).  This site is eroding very slowly.   

Erosion of waterfowl nesting areas could 
result in loss of nesting habitat. 

Waterfowl nest sites occur at one erosion site (Table 
5.4-2).  This site is eroding very slowly and is not 
affecting the nest sites.   

Erosion of bank swallow nesting areas 
could result in loss of nesting habitat 
(and conversely, erosion has created and 
may continue creating banks for nesting 
habitat). 

Bank swallow nest sites occur at three erosion sites 
(Table 5.4-2).  Erosion creates the banks that are 
used for nest sites.  Nest cavities are used for a few 
months each year, and new cavities are excavated in 
subsequent years.   

Wildlife 

Erosion resulting in banks more than 10 
feet high could preclude wildlife access 
to the shoreline. 

Wildlife corridors cross 10 shoreline erosion areas 
(Table 5.4-2).  Banks at 8 of these sites are less than 
10 feet in height and do not affect wildlife access.  
Two corridors cross erosion areas mapped as banks 
over 10 feet high, but the corridors traverse ravines 
within these sites and do not impede access.   

Erosion at developed and dispersed 
recreation sites could result in loss of 
land and facilities. 

Project-related reservoir erosion was noted at three 
recreation sites:  SCL Forebay Recreation Area, 
BLM Boundary recreation site, and a BLM dispersed 
use campsite (Table 5.4-2). 

Recreation 

Recreational use can result in trampling 
and bank erosion through overuse of 
areas. 

Recreational use at two sites is causing trampling and 
minor bank erosion.   

Aesthetics Tall banks of eroding material are 
visually noticeable and do not blend with 
surrounding vegetated areas or tall 
bedrock faces.   

Erosion was not mentioned as a concern by 
respondents in a recreation/aesthetics survey or in 
area resident focus group meetings.  Determinations 
of any effects of erosion will be made as part of the 
analysis of Key Observation Points in the visual 
study.   

Cultural 
resources 

Erosion of cultural resource areas could 
result in loss of resources.   

No erosion effects on listed sites were noted.   
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Resource Potential Effect Considered Effects Noted  
Project-related shoreline erosion could 
result in over-steepened slopes adjacent 
to roads, buildings, or bridges. 

Thirteen erosion sites were identified adjacent to 
roads and structures.  The majority of these are 
eroding slowly; several have been armored with 
riprap.   

Structures/ 
infrastructure 

Erosion from road/railroad runoff or 
over-steepened fill slopes could result in 
erosion of shorelines. 

Road erosion/runoff is affecting 11 reservoir erosion 
sites; 10 of these are non-Project roads and one is a 
Project-related road.  Railroad runoff/fillslopes are 
related to 2 sites, and industrial activities are factors 
at 4 sites.   

Toxics Erosion of sediment containing toxics 
could result in toxics entering or being 
re-distributed in the Project area.   

Potential effects are addressed in Study 4, Toxics 
Assessment Interim Report (SCL 2008b). 

Note: 
RTE – rare, threatened, and endangered 
 
 
5.4.2. Effects of Erosion on High-Value Resources 

High-value resources were defined as those with a limited geographic extent (for example, 
habitat for fish/wildlife species life stage or riparian habitat), or considered by a regulating 
agency as important (for example, sites used by rare, threatened, and endangered [RTE] species 
or cultural resource sites).   
 
During 2007, the erosion inventory site map was overlaid on the corresponding resource map(s) 
and reviewed to identify sites where Project-related erosion could be affecting high-value 
resources.  Because this assessment was conducted as a map exercise (not in the field), the list of 
sites developed and included in the Study 1 interim report was considered preliminary (SCL 
2008a).  During July 2008, Tetra Tech resource leads and relicensing participants visited each of 
these sites to: 1) confirm whether erosion was in fact occurring in association with the resource 
of concern; 2) determine if the erosion was Project-related; and 3) determine if a feasibility 
assessment of erosion control measures should be conducted for the site.  Table 5.4-2 presents 
the list of high-value resource sites and identifies whether erosion is affecting the resource(s). 
 
RTE plant sites and cultural resource sites are not included in Table 5.4-2 to preserve the 
confidentiality of these locations.  This information is available in the Study 17, RTE Plant 
Species Inventory Final Report (SCL 2009g), and Study 24, Cultural Resources Study Final 
Report (SCL 2009h).  A total of 52 RTE plant polygons overlapped erosion sites indicating that 
Project-related erosion was potentially affecting individual RTE plants or subpopulations.  
During the 2008 field visit, it was determined that erosion was not occurring within 19 of the 
RTE plant subpopulations, and that in 12 of the plant subpopulations, the erosion was non-
Project related.  Of the remaining 21 RTE/erosion overlap sites, Project-related erosion was 
affecting individual plants at 19 sites but was not resulting in population-level effects on those 
plant subpopulations.  Project-related erosion could potentially adversely affect RTE plant 
subpopulations at two locations.  More detail on this analysis and potential effects are included in 
the Study 17 final report (SCL 2009g).   
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Erosion was identified as potentially affecting cultural resources at six sites.  However, 
discussions with the Cultural Resources technical study lead about these sites determined that 
either Project-related erosion was not affecting cultural sites, or the locations were determined to 
be non-eligible for listing, so analysis of potential erosion control measures was not necessary at 
any of the sites (SCL 2009h).   
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Table 5.4-2.  Erosion sites potentially affecting high-value resources. 

Site ID 
Land-
Owner 

Erosion 
Type 

Geology/ 
Soils 

Project 
Related?

Length 
(feet) 

Bank 
Height 
(feet) 

Stabilized 
Site? 

(Rationale) 
High Value 
Resources 

Overall 
Future 
Erosion 
Rating Determination of Effects 

17W1 SCL Raveling Fill Yes 837 10 No SCL Forebay 
Recreation Area 

Low Bank slowly eroding toward 
fence/picnic area.  Evaluated 
feasibility of erosion control.   

17W6b SCL Undercut 
bank; 
Slumping; 
Rills/gullies 
on scarps 

Ledbetter 
Slate 

Yes 3,425 20-50 No Big game trail  High Big game trail crosses ravine—
no erosion effect on wildlife. 

17W7 SCL Undercut 
bank 

Metaline 
Limestone 

Yes 466 0-5 Partially as a 
result of 
bedrock at 
base - slows 
erosion 

Riparian (Sitka 
alder) grows here 
as a result of 
disturbance; Big 
game trail 

Low Riparian vegetation grows in 
cove (no erosion at that 
location). 
Big game trail crosses low 
bank—no erosion effect on 
wildlife.  

18W8a SCL Undercut 
bank; 
Shallow 
translational 
slide 

Metaline 
Limestone 

Yes 1,262 3-5 No Big game trail  Moderate Big game trail crosses low 
bank—no erosion effect on 
wildlife. 

19W9 BLM Trampling Sand/ 
gravel 

Yes 11,000 
sq ft 
area 

5 No BLM Boundary 
recreation site 

Moderate Erosion ongoing.  Evaluated 
feasibility of erosion control. 

20W12 BLM Undercut 
bank, 
Slumping   

Glacio-
lacustrine 

Yes 789 20-60 40% of 
length based 
on 
vegetation/ 
trees 

Bank swallow 
nests 

High Bank swallow nests are 
constructed in erosion area 
(erosion is providing habitat). 

21W16a BLM; SCL Undercut 
bank 

Ledbetter 
Slate 

Yes 529 3-5 No Big game trail  Low Big game trail crosses low 
bank; no erosion effect on 
wildlife. 
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Site ID 
Land-
Owner 

Erosion 
Type 

Geology/ 
Soils 

Project 
Related?

Length 
(feet) 

Bank 
Height 
(feet) 

Stabilized 
Site? 

(Rationale) 
High Value 
Resources 

Overall 
Future 
Erosion 
Rating Determination of Effects 

21W19 BLM Undercut 
bank; 
raveling; 
trampling 

Ledbetter 
Slate 

Yes 400 sq 
ft area 

3-5 No BLM campsite Moderate Erosion ongoing.  Evaluated 
feasibility of erosion control. 

23W23 BLM Rills/gullies Metaline 
Limestone 

Partial 192 3-5 No based on 
field notes 

Big game trail  Moderate Big game trail crosses low 
bank; no erosion effect on 
wildlife. 

25E34a USFS, 
SCL 

Raveling Ledbetter 
Slate; Till 

Yes 741 15-40 No based on 
field notes 

Big game trails High Big game trail crosses low 
bank; no erosion effect on 
wildlife. 

20E46 USFS Undercut 
bank 

Till Yes 345 10-15 No based on 
field notes 

Big game trail High Big game trail crosses low 
bank; no erosion effect on 
wildlife. 

20E48a-b USFS Undercut 
bank; 
Shallow 
translational 
slide 

Till Yes 1,318 40-50 60% of site 
stable 
because of 
trees and 
vegetative 
cover and 
cobbles and 
boulders at 
base 

Bank swallow 
nest site 

High Bank swallow nests are 
constructed in erosion area 
(erosion is providing habitat). 

19E50b USFS Undercut 
bank; 
Shallow 
translational 
slide 

Till Yes 352 10-30 No based on 
field notes 

Big game trail High Big game trail crosses ravine; 
no erosion effect on wildlife. 

17E52 USFS Undercut 
bank 

Fill (road) Yes 106 15 Half of 
length stable 
because 
vegetation at 
base 

Riparian (Sitka 
alder) 

Moderate Riparian vegetation does not 
occur in erosion area. 



FINAL REPORT  STUDY NO. 1 – EROSION STUDY 
 
Table 5.4-2, continued… 

Boundary Hydroelectric Project  Seattle City Light 
FERC No. 2144 54 March 2009 

Site ID 
Land-
Owner 

Erosion 
Type 

Geology/ 
Soils 

Project 
Related?

Length 
(feet) 

Bank 
Height 
(feet) 

Stabilized 
Site? 

(Rationale) 
High Value 
Resources 

Overall 
Future 
Erosion 
Rating Determination of Effects 

33E101b  DNR Undercut 
bank; 
Slumping 

Alluvium Partial 1,807 5-10 80% of site 
stable 
because of 
thick 
vegetation 
(grass) 

Big game trail Low Big game trail crosses low 
bank; no erosion effect on 
wildlife. 

32E102 DNR Slumping Glacio-
lacustrine 

Partial 2,866 10-15 90% of site 
stable 
because of 
thick 
vegetation 

Boundary 
Wildlife 
Preserve; 
Riparian 
(snowberry, 
cottonwood, 
aspen, dogwood) 

Moderate Slow erosion rate results in 
minimal effects on riparian 
vegetation. 

31E103c 
32E103n 

SCL; DNR Undercut 
bank; 
Slumping 

Glacio-
lacustrine 

Partial 4,441 15 Parts of site 
stable from 
vegetation - 
other parts 
active 

Boundary 
Wildlife 
Preserve; 
riparian 
(snowberry, 
cottonwood, 
aspen, 
dogwood); bank 
swallow nest 
sites (2); former 
eagle nest site  

Moderate 
(High in a 
few spots)

Bank swallow nests are 
constructed in eroded banks 
with suitable substrate (erosion 
is providing habitat). 
 
Slow erosion rate results in 
minimal effects on riparian 
vegetation and inactive eagle 
nest. 

29E107f USFS; 
DNR; 
Private 

Shallow 
translational 
slide 

Sand/ 
gravel; 
Glacio-
lacustrine 

Partial 6,530 15-20 Approx. 50% 
of site 
stabilized by 
trees/ 
vegetation 

Kingfisher nest Moderate Kingfisher nests are constructed 
in eroded banks with suitable 
substrate (erosion is providing 
habitat). 

26E112 SCL; 
private 
landowner 

Undercut 
bank 

Glacio-
lacustrine 

Partial 185 10-15 No based on 
field notes 

Riparian - 
(snowberry, 
paper birch, 
cottonwood; 
trees upland) 

Moderate Erosion results in slow loss of 
riparian vegetation.  Evaluated 
feasibility of controlling 
erosion. 
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Site ID 
Land-
Owner 

Erosion 
Type 

Geology/ 
Soils 

Project 
Related?

Length 
(feet) 

Bank 
Height 
(feet) 

Stabilized 
Site? 

(Rationale) 
High Value 
Resources 

Overall 
Future 
Erosion 
Rating Determination of Effects 

26E113 SCL Undercut 
bank 

Glacio-
lacustrine 

Yes 128 5-15 Parts of site 
stable from 
vegetation 

Riparian 
(snowberry, 
paper birch, 
cottonwood; 
trees upland) 

Low Slow erosion rate results in 
minimal effects on riparian 
vegetation. 

27W115 DNR Undercut 
bank 

Glacio-
lacustrine 

Partial 1,291 10-15 Parts of site 
stable from 
vegetation 

Riparian 
(dogwood, paper 
birch)  

Low Seeps and slumps have brought 
soil and vegetation from above 
into reservoir fluctuation zone, 
resulting in slow undercutting of 
riparian vegetation.  

27W117 
a-b 

DNR Undercut 
bank 

Glacio-
lacustrine 

Yes 2,921 5 No based on 
field notes 

Riparian (Sitka 
alder, 
cottonwood); 
goose nest site 
(appears stable) 

Low Slow erosion rate results in 
minimal effects on riparian 
vegetation and goose nest site. 

27W118a 
28W118b 

DNR Undercut 
bank 

Glacio-
lacustrine 

Partial 4,662 10-15 No based on 
field notes 

Metaline 
Waterfront Park/ 
Boat Ramp; 
Riparian (Sitka 
alder, 
cottonwood) 

Moderate 
(High in a 
few spots)

Slow erosion rate results in 
minimal effects on riparian 
vegetation and recreation 
facilities. 

30W122 DNR, 
private 
landowner 

Shallow 
translational 
slide 

Glacio-
lacustrine, 
Fill 

Partial 935 100 No based on 
field notes 

Beaver lodge in 
snags from slide 
(positive effect) 

Moderate Beaver lodge constructed in 
undercut bank (erosion is 
providing habitat). 

32W124d DNR Undercut 
bank 

Glacio-
lacustrine; 
Alluvium 

Partial 6,847 5-10 No based on 
field notes 

Big game trail  Moderate 
(High in a 
few spots)

Big game trail crosses low 
bank; no erosion effect on 
wildlife. 

16EBB1 
a-b 

USFS; 
DNR 

Undercut 
bank 

Till Partial 587 10-20 No based on 
field notes 

Potential 
mountain 
whitefish 
spawning habitat

Moderate Likely little effect on spawning 
habitat; erosion slow, few 
fines—any gravel that erodes 
from this site would augment 
potential spawning area. 
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Site ID 
Land-
Owner 

Erosion 
Type 

Geology/ 
Soils 

Project 
Related?

Length 
(feet) 

Bank 
Height 
(feet) 

Stabilized 
Site? 

(Rationale) 
High Value 
Resources 

Overall 
Future 
Erosion 
Rating Determination of Effects 

16WBB2 SCL; 
USFS 

Undercut 
bank 

Till Partial 191 10-15 No based on 
field notes 

Potential 
mountain 
whitefish 
spawning habitat

High Likely little effect on spawning 
habitat; erosion slow, few 
fines—any gravel that erodes 
from this site would augment 
potential spawning area. 

16WBB3 SCL; DNR Raveling; 
Shallow 
translational 
slide 

Metaline 
Limestone; 
Till 

Yes 762 20-30 No based on 
field notes 

Potential 
mountain 
whitefish 
spawning habitat

Moderate 
(High in a 
few spots)

Likely little effect on spawning 
habitat; erosion slow, few 
fines—any gravel that erodes 
from this site would augment 
potential spawning area. 

Notes: 
BLM – Bureau of Land Management 
DNR – Washington State Department of Natural Resources 
SCL – Seattle City Light 
USFS – U.S. Forest Service 
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5.5. Feasibility Assessment 

During the July 2008 relicensing participant site visit, four erosion sites—17W1, 19W9, 21W19, 
and 26E112—were identified as having important resource values at risk from Project-related 
erosion and/or slope failures that should be evaluated to determine the feasibility of erosion 
control measures.  Detailed information about these sites is provided in Table 5.4-2 and 
Appendix 2.  This section provides the results of the feasibility assessment of erosion control 
measures for each of the four sites.  
 
The feasibility assessment for stabilization of the four erosion sites focused on soil 
bioengineering/biotechnical stabilization methods.  The terms “soil bioengineering” and 
“biotechnical soil stabilization practices” are both used in this report to describe the use of live 
plants to stabilize a bank.  Vegetation on banks provides subsurface soil reinforcement and 
surface protection from erosion through the soil-root matrix.  Biotechnical bank stabilization has 
advantages over the use of traditional hard armoring methods for geotechnical, ecological, 
economic, and aesthetic purposes (Schiechtl and Stern 1996).  Although soil bioengineering is an 
excellent tool for stabilizing areas of soil instability, it has limitations and is not applicable for all 
erosion sites (USFS 2002).   
 
Erosion control sites treated by soil bioengineering methods require periodic monitoring.  
Maintenance is often needed at eroded sites until plants are established.  Different portions of the 
bank (e.g., splash zone, bank zone, and terrace zone) may require different types of vegetation to 
withstand wave wash, streamflow, ice and debris, wet-dry cycles, and freeze-thaw cycles.  Daily 
water fluctuations and periods of flooding should also be considered in the selection of plant 
species and materials.  Established vegetation can be vulnerable to soil nutrients, sunlight 
deficiencies, and trampling of the site, and special management measures may be required.  
 
Common bioengineering bank protection alternatives include conventional vegetation planting 
techniques, branch packing, brush layering, brush mattresses, live stakes, joint planting, live 
fascines (i.e., long bundles of dormant branches buried in shallow trenches), live cribwalls, live 
siltation, vegetated geogrids, turf reinforcement mats, and seeded erosion control blankets.  
Biodegradable materials, such as straw and jute mesh, are commonly used as erosion control 
blankets for temporary or permanent erosion control purposes.  Armoring the toe of a slope can 
prevent wave-induced scouring from undermining the bank, decreasing stability, and increasing 
erosion.  Toe protection alternatives include rock toe, tree revetments, live cribwalls, root wads, 
live siltation, trench pack, brush mattress, dead fascines, vegetated geogrids, coconut logs, and 
jute-mat logs.  Additional information about the potential biotechnical stabilization techniques 
applicable to the erosion sites in the Project area is summarized in Table 5.5-1.  
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Table 5.5-1.  Potential bioengineering techniques for stabilizing eroding banks. 

Eroding Bank Treatment Description Application and Effectiveness 
Bank Shaping and Planting 
 

 

Regrading banks to a stable slope; 
placing topsoil and other materials 
needed for sustaining plant growth; 
and selecting, installing, and 
establishing appropriate plant 
species. 

• Where moderate erosion is anticipated.  
• Reinforcement at the toe is often needed.  
• Use with other protective practices where flow 

velocities exceed the tolerance range for available 
plants. 
 

Branch Packing 

 

Alternate layers of live branches and 
compacted backfill that stabilize and 
revegetate slumps and holes in 
eroded banks.   
 

• Where patches of banks have been scoured out or 
have slumped leaving a void.  

• Produces a filter barrier that prevents erosion and 
scouring from bank.  

• Rapidly establishes a vegetated bank and provides 
immediate soil reinforcement.  

• Not effective in slump areas greater than 4 feet deep 
or 4 feet wide. 
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Eroding Bank Treatment Description Application and Effectiveness 
Brush Mattresses 

 

Combination of live stakes, live 
facines, and branch cuttings installed 
to cover and physically protect 
banks; eventually sprouts and 
establishes numerous individual 
plants.   
 

• Forms an immediate protective cover over the bank, 
captures sediment during flood flows, provides 
opportunity for rooting of the cuttings over the bank, 
and rapidly restores riparian vegetation and habitat.  

• Not to be used on slopes experiencing mass 
movement or other slope instability. 

Live Stakes 

 

Live, woody cuttings that are 
tamped into the soil to root, grow 
and create a living root mat that 
stabilizes the soil by reinforcing and 
binding soil particles together, and 
by extracting excess soil moisture.  

• Effective where site conditions are uncomplicated, 
construction time is limited, and an inexpensive 
method is needed.  

• Requires toe protection where toe scour is 
anticipated. 
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Eroding Bank Treatment Description Application and Effectiveness 
Joint Planting 

 

Live stakes tamped into joints or 
openings between rock which have 
previously been installed on a slope 
or while rock is being placed on the 
slope face.  
 

• Root systems provide a mat upon which the rock 
riprap rests and prevents loss of fines from the 
underlying soil base.  

• Root systems improve drainage in the soil base.  
 

Live Cribwalls 

 

Hollow, box-like interlocking 
arrangements of untreated log or 
timber members filled above 
baseflow with alternate layers of soil 
material and live branch cuttings 
that root and gradually take over the 
structural functions of the wood 
members.   
 

• Provides protection to eroded bank in areas with near 
vertical banks where bank sloping is an option.  

• Appropriate at the base of a slope where a low wall 
might be required to stabilize the toe and reduce 
slope steepness.  

• Affords a natural appearance and immediate 
protection, and accelerates the establishment of 
woody species.  

• Does not adjust to toe scour. 
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Eroding Bank Treatment Description Application and Effectiveness 
Live Fascines 

 

Dormant branch cuttings bound 
together into long sausage-like, 
cylindrical bundles and placed in 
shallow trenches on slopes to reduce 
erosion and shallow sliding. 
 

• Effective stabilization technique for eroded banks 
requiring a minimum amount of site disturbance.  

• Can trap and hold soil on bank by creating small 
dam-like structures and reducing the slope length 
into a series of shorter slopes.  

• Requires toe protection where toe scour is 
anticipated. 

Rock Toe Protection 

 

A ridge of quarried rock or stream 
cobble placed at the toe of the bank 
as an armor to deflect flow from the 
bank, stabilize the slope and 
promote sediment deposition.  

• Used where banks are being undermined by toe 
scour, and where vegetation cannot be used.  

• Stone prevents removal of failed bank material that 
collects at the toe, allows revegetation and stabilizes 
the bank.  

• Can be placed with minimal disturbance to existing 
slope, habitat, and vegetation.  

 

Tree Revetments 

 

A row of interconnected trees 
attached to the toe of the bank to 
reduce flow velocities along eroding 
banks, trap sediment, and provide a 
substrate for plant establishment and 
erosion control.  

• Limited life and must be replaced periodically. 
• Wire anchoring systems can present safety hazards.  
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Eroding Bank Treatment Description Application and Effectiveness 
Coconut Fiber Rolls 

 

Cylindrical structures composed of 
coconut husk fibers bound together 
with twine woven from coconut 
material to protect slopes from 
erosion while trapping sediment 
which encourages plant growth 
within the fiber roll.   
 

• Where moderate toe stabilization is required in 
conjunction with bank restoration where site 
sensitivity allows only minor disturbance.  

• Staked near the toe of the bank with dormant cuttings 
and rooted plants inserted into slits cut into the rolls.  

• Provides excellent medium for promoting plant 
growth at the water’s edge 

Source:  NRCS (2001). 
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A relative comparison of bioengineering options is provided for general guidance (Table 5.5-2).  
A detailed analysis of different biotechnical stabilization techniques is not required for this study 
and will be conducted at a later date if it is determined that any sites require stabilization.  
 

Table 5.5-2.  Relative cost, complexity, and benefits comparison of several bioengineering stabilization 
techniques. 

Bank 
Protection 
Measures Relative Cost 

Relative 
Complexity 

Relative 
Benefit to 
Aquatic 
Habitat 

Relative 
Benefit to 
Riparian 
Habitat 

Relative 
Benefit to 
Recreation 

Relative 
Benefit to 
Aesthetics 

Live stakes Low Simple Fair to good Good Poor to fair Good 
Live fascines Moderate Moderate Good to very 

good 
Good Fair to good Good to very 

good 
Brach packing Moderate Moderate to 

complex 
Negligible Fair Negligible  Fair 

Brush mattress Moderate Moderate to 
complex 

Good Very good to 
excellent 

Fair to good Good to 
excellent 

Conventional 
vegetation 

Low Simple to 
moderate 

Negligible to 
good 

Fair Fair Good 

Joint planting Moderate Moderate Fair to good Good Fair Good to very 
good 

Sources:  Fischenich et al. (2001); Caulk et al. (2000) 
 
 
5.5.1. Site 17W1 

Site 17W1 is located just upstream from Boundary Dam at the Forebay Recreation Area (Figure 
5.5-1).  The bank is 10 feet to 15 feet high, and approximately 850 feet of it has been eroded.  
The erosion is progressing toward the existing fence and the picnic area.  Reservoir fluctuations 
and surficial erosion (the result of surface runoff from the recreation area) are causing sloughing 
and erosion of the bank.  
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Figure 5.5-1.  Photograph of site 17W1. 

 
 
Erosion control at this site could be accomplished by installation of a seeded erosion control 
blanket or turf reinforcement mats.  Toe protection is not required; however, the erosion control 
fabric would need to be anchored at the toe and the top of the bank.  The recommended 
stabilization method does not require bank sloping and shaping which would cause loss of a part 
of the recreational site, although minor slope grading would be required before installation.  
Surface runoff from the recreation area could also be controlled to prevent further erosion.  
Currently, a drainage swale cuts through the bank, carries runoff from the picnic area, and 
contributes to the bank erosion.  The outlet of the swale could be armored down the face of the 
bank or drainage could be re-routed to the south of the site closer to the boat ramp.  
 
5.5.2. Site 19W9 

This recreation site is managed by the BLM (Figure 5.5-2).  The eroded area is about 280 feet 
long; about 30 feet of the bank is 2 to 3 feet high and the rest of the bank is approximately 7 to 8 
feet high.  The bank is well vegetated but reservoir fluctuations are undermining the toe and 
causing bank erosion.  This site is believed to be an old log landing, and logs were placed along 
the toe to control undermining.  However, the toe is still being undermined because of improper 
installation (anchors were not used) and backfilling of the undermined area.  Trampling of the 
site to access the reservoir (both on and off of the user-made recreation trails) also contributes to 
the progress of bank erosion.  These trails decrease the stability and uniformity of the bank and 
damage the existing vegetation.  
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Overview of the site. 

 
Decayed and improperly installed logs. 

 

 
Trampling of the site. 

 

 
User-made recreation trail. 

Figure 5.5-2.  Photographs of site 19W9. 
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Bank erosion at this site could be controlled by a combination of biotechnical stabilization 
techniques.  Toe protection could be achieved through the use of tree revetments, live cribwalls, 
live siltation, coconut logs, or native rock.  The bank could be stabilized using brush layering, 
branch packing, or live cribwalls.  Any stabilization technique should be carefully planned to 
minimize further destruction of established vegetation on the bank.  The erosion due to 
recreational activities could further be addressed by constructing public access to the reservoir 
using a terraced log cribwall and eliminating existing trails by revegetating and blocking access 
with downed trees or similar natural material. 
 
5.5.3. Site 21W19 

Site 21W19 is a BLM boat-in camp site with a low bank (3 to 4 feet high).  The eroded bank is 
approximately 120 feet long.  Similar to site 19W9, there is undercutting and slumping due to 
reservoir fluctuations (Figure 5-5.3).  Trampling by recreational users also contributes to bank 
erosion.  
 
Bank erosion at this site could be controlled by a combination of biotechnical stabilization 
techniques such as brushlayering, branch packing, and live cribwalls.  Protecting the toe with 
native rock would further stabilize the scoured areas.  Application of other soft toe protection 
techniques is possible; however, the soft, friable nature of this site should be considered during 
toe protection design.  Further measures to address erosion due to recreational activities could 
include constructing public access to the reservoir, such as a terraced cribwall using logs; 
designated access to the reservoir would help limit disturbance of the bank at multiple locations.  
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Overview of the site. 

 
Soft, friable nature of the bank. 

 
Undercut bank, erosion gullies. 

 
Undercut bank. 

Figure 5.5-3.  Photographs of site 21W19. 



FINAL REPORT  STUDY NO. 1 – EROSION STUDY 
 

Boundary Hydroelectric Project  Seattle City Light 
FERC No. 2144 68 March 2009 

5.5.4. Site 26E112 

This site is located at the confluence of Sullivan Creek and Boundary Reservoir in the Sullivan 
Creek delta area.  In the past, a channel in the Sullivan Creek delta eroded approximately 185 
feet of the bank (Figure 5-5.4).  The eroded bank is 15 to 20 feet high.  Riparian vegetation and 
RTE plants are located at the top of the bank.  There is an existing exposed pipeline buttressed 
with concrete blocks at the site.  Pend Oreille County Public Utility District personnel indicated 
that this pipeline is part of an abandoned backup water pipe that failed in 2000 (Scott 2008).   
 
During the site visit, potential factors influencing bank erosion were discussed, including channel 
migration in the Sullivan Creek delta and reservoir fluctuations.  Relicensing participants 
suggested that fluctuations of the reservoir could result in a change in the location of aggradation 
areas in the Sullivan Creek delta, which may cause the creek to migrate toward the bank.  It was 
determined that further study of the potential factors influencing bank erosion was necessary.   
 
Subsequent to the site visit, an investigation was conducted using a series of pre-Project aerial 
photographs (1943, 1955, 1962) and post-Project construction photos (1972, 2005).  These aerial 
photographs are reproduced in Appendix 7.  Potential Project effects on delta formation were 
discussed with Tetra Tech team members conducting the Sediment Transport and Tributary 
Delta Study (Study 8).  The historic aerial photographs showed that prior to Project operations, 
Sullivan Creek delta was active in the area of site 26E112, and the main channel of the creek had 
migrated back and forth across the entire delta through time.  In the 1943 photo, active erosion of 
site 26E112 was evident as a channel had been carving out the bank in this area.  This indicates 
delta forming processes caused erosion of this site without the Project in place.   
 
Comparison of the aerial photographs shows that the spit of land protruding into the Sullivan 
Creek delta at this location was extended approximately 40 to 50 feet into the delta between 1972 
and 2005, likely during installation of the pipeline.  Existing riprap, concrete blocks, and other 
bank protection measures along and at the end of this extension were presumably installed at this 
time (see Figure 5.5-4).  In the 2005 aerial photograph, the main channel of Sullivan Creek was 
directed at site 26E112, resulting in most of the erosion seen during the 2007 inventory and 2008 
site visit.  In 2008, the main channel moved to the center of the delta and was not directly 
adjacent to the eroding bank.  It is likely that the channel will continue to migrate back and forth 
across the delta in the future.   
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Overview of the site. 

 
Eroded bank and abandoned water pipeline. 

 
Old concrete headwall. 

Figure 5.5-4.  Photographs of site 26E112. 
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Although it is evident that erosion of this site occurred as part of delta processes prior to 
operation of the Project, two potential mechanisms for Project effects on the erosion site were 
investigated: 

1. Operation of the Project (e.g., higher water surface elevations in the Pend Oreille 
River/Boundary Reservoir) could alter the location of deposition areas in the Sullivan 
Creek delta, potentially causing the creek channel to migrate toward site 26E112 
more frequently. 

2. Reservoir fluctuations could cause undercutting of the base of the bank at site 26E112 
due to either wave action or wet/dry cycles if the base of the bank is within the 
fluctuation zone.   

 
Discussions with the Tetra Tech lead investigator for the tributary delta study indicated the 
following:  1) during peak flows, which is when the majority of bedload transport in Sullivan 
Creek occurs, reservoir water levels are approximately 10 feet deep near site 26E112;  2) Project 
operations may increase reservoir elevations during peak flows compared to conditions without 
the Project;  3) the location of the deposition zone and active delta channel migration in the 
Sullivan Creek delta does not appear substantially different on aerial photographs taken before 
and with the Project in place.   
 
The toe of the bank at site 26E112 is within the zone of Project-related reservoir fluctuations, 
and the bank is composed of fine-grained materials (fine sand, silt, clay).  Therefore, it is 
possible that reservoir fluctuations could result in some continued undercutting of the toe of the 
bank if the material is saturated and reservoir levels drop quickly.  This location is fairly well 
protected from wave action, so wave erosion is not a likely erosion mechanism.   
 
Based on the review of historic aerial photographs, hydraulic modeling, and Project operations, it 
appears that the erosion at site 26E112 resulting from migration of the Sullivan Creek channel 
across the delta is not related to Project operations.  However, the toe of the bank is within the 
reservoir fluctuation zone, and Project operations are likely resulting in ongoing minor erosion at 
the toe of the bank.   
 
A possible solution to control further erosion of the bank at this site would involve rock toe 
protection and live staking with erosion control fabric or a seeded erosion control blanket or joint 
planting.  Toe excavation and slope grading would be required for installation.  Several potential 
biotechnical stabilization methods such as live fascines, brush layering, and brush mattresses can 
also provide long-term erosion control; however, they require greater bank sloping and short-
term disturbance of existing habitat.  The effect of further excavation of the slope on existing 
shoreline vegetation, in return for long-term erosion protection, should be considered during 
application of these biotechnical stabilization methods.  Existing riprap can be used for rock toe 
construction.  Coordination and collaborative effort with the entity responsible for the 
maintenance of the pipeline would be required during the design.   
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6 CONCLUSIONS 

An inventory of erosion features associated with the Boundary Reservoir and Project-related 
roads and facilities was conducted in 2007.  The inventory identified past or current erosion 
features and the processes, both Project- and non-Project-related, contributing to erosion at each 
site.  At each site with Project-related erosion, the potential effects of erosion on other resources 
were determined in consultation with other resource study leads and relicensing participants.   
 
The reservoir shoreline erosion inventory identified 84 erosion sites between Box Canyon Dam 
and the Canadian border that showed evidence of past or ongoing erosion.  These sites covered a 
total of 15.5 miles (32 percent) of the 48.8-mile long shoreline of Boundary Reservoir.  Several 
of the sites were old erosion areas that were at least partially stabilized.  An overall future 
erosion rating was assigned to each of the sites.  Six percent of the total reservoir length had a 
high future erosion rating, 11 percent had a moderate rating, 5 percent had a low rating, and 11 
percent had a moderate or low rating with inclusions of higher potential areas.  Factors affecting 
erosion included reservoir fluctuations, wave action, flood flows, upslope road use, industrial 
activities, frost heave, and private development.  Project-related factors were solely responsible 
for 37 percent (5.7 miles) of the eroding length and partially responsible for (along with non-
Project factors) 49 percent (7.6 miles) of the eroding length.   
 
Substrate in the fluctuation zone was mapped to provide an indication of potential future erosion 
in the fluctuation zone.  Approximately 21 percent of the fluctuation zone was found to have a 
low susceptibility to future erosion (substrate is concrete, bedrock, riprap, or boulder), 42 percent 
a moderate susceptibility (cobble, gravel) and 37 percent a higher susceptibility (sand, silt).  
Finer grained substrate in the fluctuation zone and material in tributary deltas will continue to be 
reworked over the term of the new license.   
 
An estimated 14 to 15 acres of land (240,000 cubic yards of material) adjacent to the shoreline 
has been lost in the 40 years since Project operations began as a result of Project and non-Project 
shoreline erosion.  Future shoreline loss rates are expected to be less than past rates.   
 
All of the erosion sites were evaluated to determine whether Project-related erosion is affecting 
other resources, including water quality, aquatic habitat, wetlands and riparian habitats, 
terrestrial habitats/vegetation, wildlife, recreation, aesthetics, cultural resources, 
structures/infrastructure, and toxics.  At four sites, erosion is providing habitat for bank swallow 
or kingfisher nesting sites or bank dens for beaver.  Nine sites were identified where Project-
related erosion will likely continue at a slow pace and have minor effects on wildlife or 
riparian/terrestrial resources.  At 19 sites, ongoing erosion is affecting individual RTE plants, but 
not resulting in population-level effects.  Four reservoir erosion sites were identified as having 
important resource values (RTE plants, riparian habitat, recreation resources) at risk from 
Project-related erosion that warranted a feasibility assessment of potential erosion control 
measures.  These sites included three recreation areas (Forebay Recreation Area, BLM Boundary 
Recreation Site, and a BLM boat-in campsite) and a riparian area in the Sullivan Creek delta.  
The analysis of potential erosion control measures at these sites included toe stabilization and 
bioengineering stabilization techniques.   
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Roads inventoried for this study included roads used for Project and non-Project purposes.  All 
roads and drainage structures are generally maintained to a standard compatible with the current 
level of use and USFS management objectives, where applicable.  Seven mass wasting sites were 
inventoried along the roads.  Five of the mass wasting sites are inactive or stabilized.  Two of the 
sites on the USFS 3165-340 spur road are not stabilized and have a high future erosion potential.  
Four mass wasting sites were mapped adjacent to Project facilities.  These sites are either 
stabilized or are not Project-related.  Minor surface erosion will likely continue on unvegetated 
areas of Project roads and facilities but no substantial effects were observed relative to high 
value resources.   
 

7 VARIANCES FROM FERC-APPROVED STUDY PLAN AND PROPOSED 
MODIFICATIONS 

The Erosion Study followed the RSP with no major modifications.  Additional detail on field 
forms and procedures was provided to relicensing participants for review and comment during 
the April 24, 2007, Terrestrial Workgroup meeting and subsequent correspondence in 2007.  
Erosion sites potentially affecting important resources were reviewed in the field during the July 
2008, site visit with relicensing participants to determine whether erosion is affecting important 
resource values at each site, and whether the sites required a feasibility assessment.   
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Boundary Dam Reservoir Erosion Field Form
Site ID Date/Time

Location Surveyors

Landowner Photo #

Erosion Type  Undercut bank Shore Area  Shore above high water

 Slumping    Affected  Drawdown zone

Seepage?  Raveling  _________________

Y  /  N  Rills/gullies

 Trampling Dimensions Shoreline length

 _________________    of eroding Bank height

   area (ft) Dist. from shore

Geology/Soils  Metaline Limestone Area (sq ft)

 Ledbetter Slate Disturbed slope gradient (%)

Piping?  Talus  Fine Undisturbed slope gradient (%)

Y  /  N  Till  Coarse

Gleyed soils?  Sand/gravel Evidence of erosion rate/activity
Y  /  N  Glaciolacustrine    Exposed roots/stump depth (ft)

 Fill    Fresh tree fall (#, decay class)
 Mine-related sediment    Fresh soil
 _________________    Stabilized (rationale)

Vegetation on erosion site Potential resource effects noted in field

   Type    Aquatic Habitat

   Condition Age    Terrestrial Habitat

   % Bare soil    Recreation

Trees Shrub Herb Other    Roads/Development

Percent Cover Rank

Vegetation adjacent (undistubed) Factors  Reservoir fluctuations

   Type    Affecting  Wave action

   Condition Age    Erosion  Recreation use

   % Bare soil  Industrial Activities

Trees Shrub Herb Other  Private Development

Percent Cover  Road Runoff

Comments/Sketch  Streamflow

 Frost Heave

 _________________  
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Road Inventory Field Form
Road Number  
Segment No.  
Surveyor  
Date  
 
Weather 

 Sunny 
 Cloudy 
 Rainy 
 Stormy 

Segment Start Sta.  
Segment End Station  
Drainage Point Sta.  
 
Delivery 
(Stream, Lake or 
Wetland) 

 None  
 Direct 
 Direct via gully 
 1-100         LF 
 101-200     LF 

 
Drainage Point Type 
 
 
 
 
 
 

 Culvert  
 Arched Culvert 
 Box Culvert  
 Ditchout 
 Bridge 
 Natural Swale 
 Sag Point 
 Water Bar 
 Dispersed 

Ditch Width 
(sum of 2 ditchs)                          LF 

Ditch Veg. or Rocked  Yes 
 No 

Ditch Eroding  Yes 
 No 

2 ditches  Yes 
Ditch Depth  No ditch 

 < 1              LF 
 1–2             LF 
 > 2              LF 

Ditch Issues: 
 Stream in ditch 
 Ditch partially blocked 
 Ditch fully blocked 

Tread Gradient                          % 
Full Tread Width                          LF 
Travel Width 
(tread wear)                          LF 

 
Road Configuration 

 On Grade 
 Thru fill 
 Thru cut 
 Partial bench 
 Full bench 

Tread Configuration  None 
 Half 
 Full 

Surfacing  
Paving stripe? (Sta)  
 
Road Shape 

 Flat     Indeterminate 
 Insloped 
 Outsloped 
 Crowned 

Drivability  Overgrown 
 Blocked 
 Not drivable 
 Drivable 

 
Cut Slope Cover 
Density 

 90 – 100 % 
 70 – 90 % 
 50 – 70 % 
 30 – 50 % 
 10 – 30 % 
  0 – 10 % 

Cut Slope Average 
Height 
 
 

 No cutslope 
   2.5           VF 
   5.0           VF 
 10.0           VF 
 25.0           VF 

 
Cut Slope Angle 

 < 45º     (<1:1) 
 45–50º   (1:1) 
 50-70º  (1/2:1) 
 > 70º    (1/4:1) 

Cut Slope Structure Issues: 
 Stable Cut Bank 
 Overhanging’ 
 Solid Rock 
 Seepage from bank 
 Raveling, large 
 Raveling, fines 
 Slumping 
 Other: 

Road Issues: 
 Sidecast berm 
 Rutted >2” 
 Potholes 
 Holes/failed drng. structure 
 Debris on road (rock, soil) 
 Water running across road 
 Saturated road bed 
 Washboarding 
 Washout 
 Other: 

Fill Slope Structure Issues: 
 Potential to deliver 
 Oversteepened fill 
 Culvert fill failing 
 Soft fill on shoulder 
 Shoulder slope failure 
 Perched landing 
 Sidecast cracking 
 Sidecast erosion 
 Other: 

Features Type/side Station 
Warning Sign   
Regulatory Sign   
Gate   
Debris disposal   
Aggregt/sand pit   
Photo #’s: 
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Culvert/Bridge Inventory Field Form 
Road Number  Surveyor Date 

Crossing Number  Station (ft)  

Length (ft)  Culvert Diameter (in)   

Skew (degrees)  Bridge width (ft)  
Purpose 

 Stream crossing 
 Relief 
 Other ______ 

 

Posted Bridge Load Photo 
 Yes    Number ________ 
 No 

CULVERT INFORMATION: Inlet 
 OK 
 Perched intake <1’ 
 Perched intake >1’ 

Outfall Drop 
 Drop < 1’ 
 1’ to 2 
 2’ to 5’ 
 > 5’ 

Inlet Features 
 Trash rack 
 Drop inlet 
 Wingwall 
 Other ______ 

 

Outlet Features 
 Downspout 
 Armored 
 Other ______ 

 

Future Plug Potential 
 None 
 Low  
 Medium  
 High 
  

Type of Culvert 
 CMP  
 HDPE 
 Puncheon 
 Cast iron 
 Concrete 
 Tile 
 Wood staves 
 Arched Pipe 
 Bottomless 

Arch 
 Other ______ 

Inlet Blockage  
 None 
 0 to 25% 
 24% to 50% 
 50% to 75% 
 75% to 100% 

Cause _______ 

Outlet Blockage 
 None 
 0 to 25% 
 24% to 50% 
 50% to 75% 
 75% to 100% 

Cause __________ 

Prescription Urgency 
 None 
 Low  
 Medium 
 High 

Culvert Condition Issues 
 No Problems 
 Belly 
 Bent 
 Broken  
 Corrosive rust 
 Corrosive Rust with holes 
 Fill Failing 
 Intake damaged 
 Outfall damaged 
 Partially Crushed 
 Puncheon Failing 
 Separated 
 Undermined 

Culvert Function Issues 
 None 
 Cutslope erosion 
 Ditch Blocked 
 Failed Headwall 
 CB full of Sediment 
 CB Full of Water 
 CB too Deep/Sump 
 Poor Alignment 
 Intake Eroded 
 Flow under/ around 
 Too short 
 Too Small 
 Outfall eroded 
 Shotgunned 

 

Prescription 
 None 
 Clear Ditch 
 Rebuild CB 
 Headwall Install/Repair 
 Backhoe 
 Remove blockage  
 Flush 
 Raise 
 Lower 
 Lengthen 
 Cut at outfall 
 Repair 
 Remove 
 Add Flume 
 Armor outfall 
 Replace w./drivable dip 

Comments 
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Mass Movement Site 
 

Road Number 
 

Surveyor Date 

Station (ft)  Weather  

Width (ft)  Length (ft)  
Scarp Height (ft) 
 

 Estimated Past Failure 
volume (cu ft)  

Delivery to Stream 
(%) 

 Estimated Future Failure 
volume (cu ft)  

Type 
 Shallow debris 

slide 
 Debris torrent 
 Deep-seated 

rotational 
 Other ______ 

Activity 
 Active 
 Potential 
 Inactive 

Features 
 Cracks 
 Scarps 
 Sagging 
 Holes 
 Wet Vegetation 
 Leaning Trees 
 Ponded water 

Future Failure Potential 
 High 
 Medium 
 Low 

 

Photos:   
Comments:   Potential Treatment 

 Fix drainage 
 Dewater slope 
 Pull back fill 
 Retaining wall/butress 
 Revegetate 
 Other________ 

 

Treatment Urgency 
 High 
 Medium 
 Low 
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Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

1 Boundary 
Rec. Area

9/6/2007 8:28 AM K Dubé, J 
Nodolf

39-40 SCL Raveling N Fill Fine N N Herbs; 
Cottonwood

Disturbed Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

Sparse 
trees

90 5 5 Herbs 50 50 Y 2 1

2 9/6/2007 8:55 AM K Dubé, J 
Nodolf

43 SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N Conifer 
forest

Erosion; Lacustrine 
Unconsolidated 
Bottom

100 Conifer 
forest

0 100 100 Y 2 1

3 9/6/2007 9:00 AM K Dubé, J 
Nodolf

44-46, 47-
48

USFS; SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N Shrub Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 10 Conifer 
forest

0 100 100 Y 2 1

4 9/6/2007 K Dubé, J 
Nodolf

49-50 USFS; SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 100 100 Y 1

5 9/6/2007 9:38 AM K Dubé, J 
Nodolf

51 SCL Slumping; 
translational 
slide/slump

Y Ledbetter 
Slate

Coarse; 
fine

N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

good 0 50 100 Conifer 
forest

0 100 100 N 2 Seepag
e - 1

6 near 
Pewee 
Falls

9/6/2007 9:52 AM K Dubé, J 
Nodolf

52, 54-55 SCL Undercut 
bank; 
Slumping; 
Rills/gullies 
on scarps

N Ledbetter 
Slate

Fine N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 5 5 Conifer 
forest

0 100 100 Y 2 1 3

7 9/6/2007 10:03 AM K Dubé, J 
Nodolf

56 SCL Undercut 
bank

N Metaline 
Limestone

Coarse N N Bedrock Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

10 90 - 
bedrock

Shrub 0 10 90 10 Y 1

8 9/6/2007 10:18 AM K Dubé, J 
Nodolf

57-60 BLM    Undercut 
bank; 
Shallow 
translational 
slide

N Metaline 
Limestone

Coarse N N Bedrock Bedrock 
Outcrops/Cliffs; 
Erosion; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

10 90 - 
bedrock

Conifer 
forest

0 50 Moss - 
100

Y 1

9 dispersed 
campsite?

9/6/2007 10:45 AM K Dubé, J 
Nodolf

61 BLM      Trampling N Sand/gravel Fine N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

100 Shrubs, 
young 
trees

10-20? 0 10 100 100 Y 1

10 9/6/2007 K Dubé, J 
Nodolf

62 BLM    Undercut 
bank; 
Shallow 
translational 
slide

N Metaline 
Limestone

Coarse N N Herbs Bedrock 
Outcrops/Cliffs; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 10 Shrub 0 50 50 Y 2 1

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 1

Seattle City Light
March 2009
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Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

11 Island 9/6/2007 11:17 AM K Dubé, J 
Nodolf

63-64 BLM    Undercut 
bank; 
Shallow 
translational 
slides

N Sand/gravel Coarse; 
fine

N N Herbs; 
shrub; 
conifer 
forest

Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

Young 5-20? 20 10 10 70 Conifer 
forest

0 30 30 100 Y 2 1

12 9/6/2007 K Dubé, J 
Nodolf

65-68 BLM    Undercut 
bank, 
Slumping  

Y Glaciolacus
trine

Fine Y N Herbs; 
Conifer 
forest

Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

10-15? 50 10 20 20 Conifer 
forest

0 100 50 50 Y 2 1 Seepag
e - 2

13 9/6/2007 11:53 AM K Dubé, J 
Nodolf

69-70 BLM    Undercut 
bank, 
raveling

N Till Coarse; 
fine

N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 20 Moss - 
100

Y 2 1

14 9/6/2007 12:07 PM K Dubé, J 
Nodolf

71-72 SCL Undercut 
bank, 
Slumping  

N Sand Fine N N Herbs; shrub Lacustrine/Littoral 
Unconsolidated 
Shoreline

5-10? 40 20 20 Conifer 
forest;  
alders

0 40 40 40 Y 1 2

15 9/6/2007 12:55 PM K Dubé, J 
Nodolf

75-77 SCL Raveling Y Mine-
related 
Sediment

Coarse N N Small trees, 
shrubs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

10? 90 5 5 Conifer 
forest

0 70 40 100 N 1 2

16 9/6/2007 1:05 PM K Dubé, J 
Nodolf

78 BLM; SCL Undercut 
bank

N Ledbetter 
Slate

Coarse N N None Lacustrine Emergent 
Wetland; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

0 50 10 100 Y 1

17 9/6/2007 1:17 PM K Dubé, J 
Nodolf

80-81 BLM      Undercut 
bank; 
Slumping  

N Reservoir 
deposits 

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom

100 None 100 Y 1

18 9/6/2007 1:23 PM K Dubé, J 
Nodolf

83 BLM      Shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

100 Conifer 
forest

20? 0 40 Moss - 
100

Y 1

19 9/6/2007 1:30 PM K Dubé, J 
Nodolf

82 BLM      Undercut 
bank; 
raveling; 
trampling

N Ledbetter 
Slate

Coarse N N Conifer 
forest

Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

leaning/top
pling

15-20? 70 10 10 50 Conifer 
forest

Stressed 0 40 40 100 Y 2 1

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 3

Seattle City Light
March 2009
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STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

20 9/6/2007 1:36 PM K Dubé, J 
Nodolf

84 BLM      Raveling; 
wind erosion

N Ledbetter 
Slate

Coarse; 
fine

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 40 40 90 Partial 1 Wind - 
2

21 9/6/2007 1:46 PM K Dubé, J 
Nodolf

85 BLM    Undercut 
bank, 
raveling

N Metaline 
Limestone

Fine N Iron 
stained

Trees/shrub
s

Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom

30 10 20 Conifer 
forest

30 10 10 30 Bedroc
k - 30

Partial 3 2 Wind, 
unstabl
e soil - 
1

22 9/6/2007 2:02 PM K Dubé, J 
Nodolf

89 BLM    Undercut 
bank

N Metaline 
Limestone

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

Stressed 0 40 40 100 Y 1

23 9/6/2007 2:14 PM K Dubé, J 
Nodolf

86-88 BLM    Rills/gullies Y Metaline 
Limestone

Coarse; 
fine

N Y None Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

100 Conifer 
forest

Good 0 80 40 100 Partial 1 2

24 9/6/2007 2:26 PM K Dubé, J 
Nodolf

90 BLM    Undercut 
bank, 
Shallow 
translational 
slides

Y - a 
few

Ledbetter 
Slate

Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 40 40 100 Y 1

25 9/6/2007 2:41 PM K Dubé, J 
Nodolf

93 BLM    Undercut 
bank, 
raveling

N Talus Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom

100 Shrubs, 
herbs

80 5 15 Y 1

26 9/6/2007 2:48 PM K Dubé, J 
Nodolf

95-96 BLM    Undercut 
bank; 
Shallow 
translational 
slides

N Ledbetter 
Slate

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

Good 0 40 10 10 Duff-30 Y 1 2

27 9/6/2007 3:45 PM K Dubé, J 
Nodolf

97 BLM ;WADNR  Undercut 
bank

Y Till Coarse N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline

good 20 50 30 - 
Boulders

Conifer 
forest

Stressed 0 40 20 100 Y 1

28 9/6/2007 4:00 PM K Dubé, J 
Nodolf

98 BLM; SCL Undercut 
bank; 
Shallow 
translational 
slides

Y Ledbetter 
Slate

Coarse; 
fine

Y Y Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline; Mining 
Facility

90 10 Conifer 
forest

0 40 20 90 Y 2 1

29 9/6/2007 4:07 PM K Dubé, J 
Nodolf

99 BLM    Undercut 
bank; 
raveling; 
rills/gullies

N Mine-
related 
Sediment

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

100 None - 
disturbed 
site

n/a Partial 1 2 3

30 Flume 
Creek

9/6/2007 4:16 PM K Dubé, J 
Nodolf

100-107 BLM    Undercut 
bank

Y Ledbetter 
Slate

Coarse; 
fine

N N Moss Dry Mixed Conifer; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

50 10 - 
Moss, 40 
- rock

Conifer 
forest

0 40 40 100 Partial 1 2

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 5

Seattle City Light
March 2009
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Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

31 9/6/2007 4:55 PM K Dubé, J 
Nodolf

110-111 BLM  WADNR  Rills/gullies; 
shallow 
translational 
slide

N Metaline 
Limestone

Coarse; 
fine

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

0 10 Bedroc
k - 90

N 2 Steep 
slope - 
1

31A 9/6/2007 4:50 PM K Dubé, J 
Nodolf

108 USFS; SCL; 
Private

Raveling; 
rills/gullies; 
talus slope

N Metaline 
Limestone

Coarse; 
fine

N N None Bedrock 
Outcrops/Cliffs; Dry 
Mixed Conifer; 
Lacustrine 
Unconsolidated 
Bottom

100 Conifer 
Forest;  
bedrock

varies 0 10 Bedroc
k - 90

N Steep 
slope - 
1

32 9/6/2007 5:00 PM K Dubé, J 
Nodolf

112 SCL Shallow 
translational 
slide

N Till Coarse; 
fine

N N Conifer 
forest

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

10-15 on 
stable 
part

90 5 5 Conifer 
forest

0 40 40 90 N Unstabl
e soil - 
1

33 9/6/2007 5:18 PM K Dubé, J 
Nodolf

114-121 USFS   Raveling N Till Coarse; 
fine

N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

80 5 15 Disturbed 
site

Partial 1 2 
(primar
y on 
half of 
site - 
runoff 
from 
mine 
site)

34 9/6/2007 5:40 PM K Dubé, J 
Nodolf

122-123 USFS; SCL Raveling N Ledbetter 
Slate; Till

Coarse; 
fine

N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

90 5 5 Conifer 
forest

Stressed 0 70 20 90 Y 1 3 Unstabl
e soil - 
2

35 9/7/2007 12:40 PM K Dubé, J 
Nodolf

125-126 USFS; SCL Undercut 
bank; 
Shallow 
translational 
slides

Y Ledbetter 
Slate

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Palustrine Emergent 
Wetland; Upland 
Shrub

100 Conifer 
forest

0 80 40 100 Y 1

36 9/7/2007 12:53 PM K Dubé, J 
Nodolf

127 USFS   Undercut 
bank; 
raveling

N Ledbetter 
Slate

Coarse N N Duff Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer; Forest 
Upland Shrub

50 50 - duff Conifer 
forest

0 40 20 60 Y 2 Steep 
slope, 
dip 
plane - 
1

37 9/7/2007 1:08 PM K Dubé, J 
Nodolf

128 USFS   Raveling N Fill Coarse N N Herb; shrub Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

90 5 5 Conifer 
forest

0 80 20 100 Partial 2 1

38 9/7/2007 1:23 PM K Dubé, J 
Nodolf

129 USFS   Shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 40 40 Moss - 
50

Y 1

39 9/7/2007 K Dubé, J 
Nodolf

130-131 USFS   Raveling; 
shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Mixed 
deciduous 
forest

Sparse 60 10 20 10 Y 1 Steep 
slope, 
weak 
rock - 2

40 9/7/2007 1:45 PM K Dubé, J 
Nodolf

132 USFS   Undercut 
bank

N Talus Coarse N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

10 40 10 40 Y 1

Boundary Hydroelectric Project
FERC No. 2144 Appendix 2a Page 7

Seattle City Light
March 2009
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Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

41 9/7/2007 1:50 PM K Dubé, J 
Nodolf

134-136 USFS   Raveling; 
rills/gullies; 
shallow 
translational 
slide

N Ledbetter 
Slate; till

Coarse; 
fine

N N None Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 90 20 100 Y 2 1

42 Slate 
Creek

9/7/2007 2:07 PM K Dubé, J 
Nodolf

137-139 USFS   Undercut 
bank; 
Shallow 
translational 
slide

Y Ledbetter 
Slate;Till

Fine; 
Coarse

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

0 50 40 90 Y 1 Seeps, 
till over 
slate - 2

43 9/7/2007 2:41 PM K Dubé, J 
Nodolf

143-144 USFS   Undercut 
bank; 
Raveling

N Talus Fine; 
Coarse

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine Emergent 
Wetland; Lacustrine 
Unconsolidated 
Bottom

100 Conifer 
forest

50 10 10 30 Y 1

44 9/7/2007 2:50 PM K Dubé, J 
Nodolf

147 USFS   Undercut 
bank; 
Raveling

N Till Fine; 
Coarse

N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

100 Conifer 
forest

Young 0 40 10 40 Moss - 
50

Y 2 1

45 9/7/2007 3:00 PM K Dubé, J 
Nodolf

148 USFS   Undercut 
bank

N Metaline 
Limestone

Coarse N N None Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

100 Conifer 
forest

0 50 20 80 Y 1

46 9/7/2007 3:16 PM K Dubé, J 
Nodolf

149-150 USFS   Undercut 
bank

N Till Fine; 
Coarse

N N None Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Conifer 
forest

Sparse 0 20 20 60 Y 2 1

47 9/7/2007 3:25 PM K Dubé, J 
Nodolf

151-153 USFS   Undercut 
bank

N Till Fine; 
Coarse

N N None; 
Conifer 
forest

Bedrock 
Outcrops/Cliffs; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; Moist Mixed 
Conifer Forest

On 
stabilized 
parts - rest 
bare

5-15 Conifer 
forest

0 30 20 60 Duff - 
40

Y 2 1

48 9/7/2007 3:30 PM K Dubé, J 
Nodolf

154-155 USFS   Undercut 
bank; 
Shallow 
translational 
slide

N Till Fine; 
Coarse

N N None; 
Conifer 
forest

Bedrock 
Outcrops/Cliffs; 
Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer; Forest 
Upland Shrub

Trees on 
stabilized 
areas

15-20 5 50 10 90 Conifer 
forest

0 60 20 90 Y 2 1

49 9/7/2007 3:47 PM K Dubé, J 
Nodolf

156-158 USFS   Undercut 
bank; 
Shallow 
translational 
slide

N Till Fine; 
Coarse

N N None; 
Conifer 
forest

Bedrock 
Outcrops/Cliffs; 
Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Upland Shrub

Trees on 
stabilized 
areas

10-20 30 40 40 Conifer 
forest

0 60 30 80 Y 2 1

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

50 9/7/2007 3:57 PM K Dubé, J 
Nodolf

159-160 USFS   Undercut 
bank; 
Shallow 
translational 
slide

N Till Fine N N Herbs Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

90 10 Conifer 
forest

0 40 70 80 Y 1 2

51 9/7/2007 4:32 PM K Dubé, J 
Nodolf

169-172 USFS  Undercut 
bank; 
Shallow 
translational 
slide

N Talus Fine; 
Coarse

N N None Bedrock 
Outcrops/Cliffs; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Upland Shrub

100 Conifer 
forest

Sparse  
younge
r- 40 
years?
?

0 20 60 100 Y 1

52 9/7/2007 5:10 PM K Dubé, J 
Nodolf

171 USFS   Undercut 
bank

N Fill (road) Fine; 
Coarse

N N None; 
Shrub; 
Herbs; 
Alder/willow

Erosion; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

Veg on 
stabilized 
areas

5-10? 40 15 5 20 Conifer 
forest; 
Alder/will
ow

0 60 40 90 Y 1 Steep 
slopes - 
2

53 9/7/2007 5:28 PM K Dubé, J 
Nodolf

174 USFS   Undercut 
bank

N Till Fine; 
Coarse

N N None; 
Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

Veg on 
stabilized 
areas

3-5 10 20 90 Conifer 
forest

Sparse 0 10 95 90 Y 2 1

100 9/9/2007 8:39 AM K Dubé, J 
Nodolf

208 WADNR; 
Private 

Raveling N Glaciolacus
trine

Fine N N Conifer 
forest; Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Rocky 
Shore

40 20 40 Conifer 
forest

0 60 10 10 Duff - 
95

N 1

101 9/9/2007 8:48 AM K Dubé, J 
Nodolf

209 WADNR  Undercut 
bank; 
Slumping

N Alluvium Fine N N Herbs Aquatic Bed; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 90 Herbs 0 100 Partial 2 1

102 9/9/2007 9:13 AM K Dubé, J 
Nodolf

210-212 WADNR  Slumping N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 5 90 Conifer 
forest; 
Cottonwo
od

0 20 100 Partial 1 1

103 9/9/2007 9:32 AM K Dubé, J 
Nodolf

213-217 WADNR; SCL Undercut 
bank; 
Slumping

N Glaciolacus
trine

Fine N N Herbs Erosion; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Palustrine 
Emergent Wetland

20 80 Shrub; 
Herbs; 
Cottonwo
od

0 10 20 100 Partial 1 2

104 9/9/2007 10:21 AM K Dubé, J 
Nodolf

219 WADNR  Undercut 
bank; 
Slumping

N Alluvium Fine N N Herbs Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

5 95 Herbs 0 100 Partial 1 2

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

105 9/9/2007 10:29 AM K Dubé, J 
Nodolf

220  320 WADNR  Undercut 
bank; 
Slumping

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 10 90 Conifer 
forest

0 80 40 80 Partial 2 1

106 9/9/2007 10:46 AM K Dubé, J 
Nodolf

221-223  
319

USFS; 
WADNR  

Shallow 
translational 
slide

N Ledbetter 
Slate

Coarse N N Shrub; 
Herbs; 
Alder/willow

Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Upland Shrub

5-15 5 5 20 95 Conifer 
forest

0 80 20 20 Duff - 
100

N Railroa
d 
fill/runof
f - 1

107 9/9/2007 10:57 AM K Dubé, J 
Nodolf

224  315 USFS; 
WADNR; 
Private

Shallow 
translational 
slide

N Sand/gravel
; 
Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

30 10 70 Mixed 
forest

0 60 40 60 Duff - 
40

Partial 2 1

108 9/9/2007 12:15 PM K Dubé, J 
Nodolf

227-228 
313-314

USFS; 
WADNR  

Shallow 
translational 
slide

N Till Fine; 
Coarse

N N Shrub; 
Herbs; 
Alder/willow

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest

5-20 20 10 10 60 Mixed 
forest

0 40 60 80 N Railroa
d 
fill/runof
f - 1

109 9/9/2007 12:43 PM K Dubé, J 
Nodolf

229  312 WADNR; SCL Shallow 
translational 
slide

N Glaciolacus
trine

Fine N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline

80 20 Mixed 
forest

0 40 40 80 Partial 2 1

110 9/9/2007 1:31 PM K Dubé, J 
Nodolf

230-231 WADNR; City 
of Metaline 
Falls; SCL 

Slumping Y Glaciolacus
trine

Fine N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline; Mixed 
Deciduous Conifer; 
Riverine 
Unconsolidated 
Bottom

90 10 Conifer 
forest

Young 0 50 40 80 Partial 2 1 1 Seepag
e from 
sewer 
line??? 
Smells 
bad; 
line 
expose
d 

111 9/9/2007 2:03 PM K Dubé, J 
Nodolf

235 SCL Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

30 20 50 Conifer 
forest; 
Shrub; 
Herbs

Varies-
houses, 
yards

0 Varies - 
100

Partial 1 2

112 9/9/2007 2:09 PM K Dubé, J 
Nodolf

234 SCL; Private Undercut 
bank

N Glaciolacus
trine

Fine N N Herbs Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom

20 80 Shrub; 
Herbs

0 90 90 Partial 2 1

113 9/9/2007 2:11 PM K Dubé, J 
Nodolf

236 SCL Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Bedrock 
Outcrops/Cliffs; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom

5 60 5 55 Shrub; 
Herbs

0 20 90 Y 1

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

114 9/9/2007 2:23 PM K Dubé, J 
Nodolf

239-246 BLM; WADNR  Rills/gullies N Fill Fine; 
Coarse

N N Conifer 
forest; 
Shrub; 
Herbs

Disturbed 
Lacustrine/Littoral; 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Palustrine Scrub 
Shrub

10-20 10 5 10 90 Mixed 
forest

0 20 40 100 N 1 2

115 9/9/2007 2:32 PM K Dubé, J 
Nodolf

241 310-
311

WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs; 
Alder/willow

Lacustrine/Littoral 
Unconsolidated 
Shoreline

10-20 20 10 20 60 Mixed 
forest

0 50 60 60 Partial 2 1

116 9/9/2007 2:30 PM K Dubé, J 
Nodolf

242-243 
306-308

BLM; WADNR  Slumping N Glaciolacus
trine

Fine N N None Disturbed Lacustrine; 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Mixed 
Deciduous Conifer; 
Palustrine Scrub 
Shrub

100 Conifer 
forest

0 80 20 20 Duff - 
60

?? ??? 
Unknow
n - 
perhap
s from 
above?
?? Or 
related 
to very 
high 
water 
events?
?

117 9/9/2007 2:40 PM K Dubé, J 
Nodolf

244, 306 WADNR  Undercut 
bank

N Alluvium Fine N N Herbs Aquatic Bed; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

20 80 Herbs 0 100 Y 1

118 9/9/2007 3:30 PM K Dubé, J 
Nodolf

245 249-
256 296-
298 302-

303

WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Herbs Aquatic Bed; 
Lacustrine Emergent 
Wetland; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

20 80 Herbs 0 100 Partial 1 2

119 9/9/2007 4:04 PM K Dubé, J 
Nodolf

257-261 
295

WADNR  Slumping; 
Raveling; 
Rills/gullies

Y Mine-
related 
sediment

Fine; 
Coarse

N N Shrub; 
Herbs

Lacustrine/Littoral 
Unconsolidated 
Shoreline

95 5 Disturbed 
site

N 1 2

120 9/9/2007 4:06 PM K Dubé, J 
Nodolf

262 294 WADNR; 
WSDOT; 
Private

Slumping N Metaline 
Limestone;
Glaciolacus
trine

Fine;Coa
rse

N N Shrub; 
Herbs

Bedrock 
Outcrops/Cliffs; 
Disturbed; Erosion; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Upland Shrub

5 20 10 80 Conifer 
forest

0 80 20 90 N 1

121 9/9/2007 4:10 PM K Dubé, J 
Nodolf

263 292 WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Herbs Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

40 60 Conifer 
forest

0 60 20 100 Partial 1 2
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

122 9/9/2007 4:15 PM K Dubé, J 
Nodolf

264 291 WADNR; 
Private

Shallow 
translational 
slide

Y Glaciolacus
trine; FIll

Fine N N Shrub; 
Herbs

Aquatic Bed; 
Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

20 10 70 Conifer 
forest

0 80 20 50 Partial 3 1 2 Saturat
ed soils 
- 1

123 9/9/2007 4:22 PM K Dubé, J 
Nodolf

265-267 
283-284

WADNR  Undercut 
bank

N Glaciolacus
trine

Fine N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

40 10 50 Conifer 
forest

0 40 40 100 Partial 1 2

124 9/9/2007 4:24 PM K Dubé, J 
Nodolf

266 281-
282

WADNR  Undercut 
bank

N Glaciolacus
trine; 
Alluvium

Fine N N Herbs Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom

50 50 Herbs 0 100 Partial 1 2

125 9/9/2007 4:41 PM K Dubé, J 
Nodolf

267 282 WADNR  Raveling; 
Rills/gullies; 
Shallow 
translational 
slide

N Fill Fine; 
Coarse

N N Herbs Aquatic Bed; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

50 5 50 Conifer 
forest

0 80 20 60 Duff N 1

126 9/10/2007 10:15 AM K Dubé, J 
Nodolf

268  280 WADNR  Trampling; 
Road 
erosion

N Alluvium Fine N N None Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

100 Herbs 0 100 N 1

127 9/10/2007 10:19 AM K Dubé, J 
Nodolf

269-274 WADNR  Raveling; 
Rills/gullies

N Fill Fine; 
Coarse

N N Conifer 
forest; 
Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Riverine 
Unconsolidated 
Bottom

10-20 10 10 10 80 Conifer 
forest

0 60 40 80 N 1 2

128 9/10/2007 10:33 AM K Dubé, J 
Nodolf

275-276 WADNR  Raveling; 
Rills/gullies

N Fill Coarse N N Shrub; 
Herbs

Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline

10 10 10 Rip rap - 
80

Disturbed 
area

N 1 2

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes) Location Date Time Surveyor Photos Landowner

Erosion 
Type

Seep-
age?

Geology/ 
Soils

Fine/ 
Coarse Piping?

Gleyed 
Soils? Veg. Type Cover Type

Veg 
Condition Veg Age

% Bare 
Soil Trees Shrub Herb Other

Veg. 
Type

Veg 
Condition

Veg 
Age

% Bare 
Soil Trees Shrub Herb Other

Project 
Related

?

Reser-
voir 

Fluctu-
ations

Wave 
Action

Recre-
ation 
Use

Indus-
trial 
Acti-
vities

Private 
Devel-

opment
Road 

Runoff
Stream 

flow
Frost 
Heave Other

Factors Affecting ErosionVegetation on Erosion Site Vegetation Adjacent (undisturbed)Percent Cover on Erosion Site Percent Cover Adjacent to Site

129 9/10/2007 10:48 AM K Dubé, J 
Nodolf

277-279 USFS; 
WADNR; 
Private

Road 
erosion

N Fill Fine; 
Coarse

N N Shrub; 
Herbs

Erosion; Lacustrine 
Unconsolidated 
Bottom; 
Lacustrine/Littoral 
Unconsolidated 
Shoreline; Moist 
Mixed Conifer Forest; 
Palustrine Forested 
Wetland; Project 
Facility; Rocky Shore; 
Timber Harvest; 
Upland Shrub

5 5 5 20 Rock - 
80

Disturbed 
area

N 1

BB 1 9/8/2007 5:17 PM K Dubé, J 
Nodolf

197-199 USFS; 
WADNR  

Undercut 
bank

N Till Fine; 
Coarse

N N Shrub; 
Herbs

Bedrock 
Outcrops/Cliffs; 
Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

80 10 10 Conifer 
forest

0 60 40 100 Partial 1

BB 2 9/8/2007 5:22 PM K Dubé, J 
Nodolf

200-201 USFS; SCL Undercut 
bank

N Till Fine; 
Coarse

N N None Moist Mixed Conifer 
Forest; Riparian 
Grass; Riverine 
Unconsolidated 
Shoreline

100 Conifer 
forest

0 60 5 15 Duff - 
80

Partial 1

BB 3 9/8/2007 5:38 PM K Dubé, J 
Nodolf

204-206 WADNR; SCL Raveling; 
Shallow 
translational 
slide

Y Metaline 
Limestone;
Till

Fine; 
Coarse

N N Herbs Riverine 
Unconsolidated 
Bottom; Riverine 
Unconsolidated 
Shoreline

80 20 Conifer 
forest

0 60 40 80 Y 2 1
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FINAL REPORT

Boundary Dam 2007-2008 Reservoir Inventory Data

STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes)

1

2

3

4

5

6

7

8

9

10

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Shoreline 
above high 
water

837 Y 10 65 n/a Slowly 
eroding 
toward 
fence/ 
picnic 
area

SCL Forebay 
Recreation Area

0.06 465 0 LLM M L

Shoreline 
above high 
water

386 Y 3-5 60 Undercut 1-2.5 2 Trees 0.04 143 0 MML L/M M

Shoreline 
above high 
water

2,392 Y a 10-15
b/c 30-40

5,740 Vertical to 
undercut

80-90 1-2 4 Partially - 
bedrock at 
base of slope 
helps to 
protect

Trees 1.10 11,074 0 HML H a - M
b/c - H

Shoreline 
above high 
water

885 Y 10-20 80-90 Vertical 1-3 3 Partially - 
bedrock at 
base of slope 
helps to 
protect

Trees 0.10 1,229 0 HMM M/H M

Shoreline 
above high 
water

0 n/a 150 9,260 100 Vertical Vegetated 
slope - 100% 
cover

Trees 0.21 3,430 0 LHM L/H L

Shoreline 
above high 
water

3,425 80% 20-50 100-vertical 80-90 1-3 22 18 Y Trees, Big 
game trail

Big game trail - 
down ravine

0.55 15,539 0 HHM H H All fallen trees on South side - 
appears more active

Shoreline 
above high 
water

466 Y 0-5 Vertical 20 Partially due 
to bedrock at 
base - slows 
erosion

Trees, 
riparian, 
Big game 
trail

Riparian (Sitka 
alder) grows here 
due to 
disturbance; Big 
game trail

0.03 65 0 LML L/M L

Shoreline 
above high 
water

1,262 Y 3-5 60 Vertical 1-2.5 3 Trees Big game trail 0.09 280 0 MHL L/H M Plus 1 slide:  30H x 40L x 3D

Shoreline 
above high 
water

0 11140 
(area)

5 20 150 n/a n/a BLM 
Boundary 
Rec. site

BLM Boundary 
Rec. site

0.00 0 0 LLH L/H M

Shoreline 
above high 
water

236 Y 3-5 7,730 Vertical 50 1-2 Shrubs 0.02 52 0 MHL L/M/H M Plus 1 slide:  30H x 10L x 3D

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)
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STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes)

11

12

13

14

15

16

17

18

19

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shoreline 
above high 
water

580 Y 10-40 80-90, 
Undercut

50 Partially (90%) 
- abundant 
vegetation, 
boulders at 
base of bluff

Trees 0.07 1,343 0 LHM M/H M

Shoreline 
above high 
water, 
drawdown 
zone (rills)

789 Y 20-60 90-vertical 60 10 26 40% of length 
based on 
vegetation/ 
trees

Bank 
swallow 
nests, trees

Bank swallow 
nests

0.22 7,890 0 MHH H H

Shoreline 
above high 
water

277 Y a 10-40
b/c 10-20

160 90-vertical, 
undercut

70-80 3 2 2 Trees 0.02 231 0 HMH M/H H

Shoreline 
above high 
water

185 Y 5-10 80-90-
undercut

60 2-3 2 60% based on 
vegetation/ 
trees

Trees 0.01 77 0 MHH M/H M

Shoreline 
above high 
water

70 Y 15 80 n/a 0.00 58 0 LLM L/H L Pile of rubble

Shoreline 
above high 
water

529 Y 3-5 Undercut 80 2-3 1-2 Trees; Big 
game trail

Big game trail 0.04 118 0 MML L/M L

Drawdown 
zone

0 n/a 2-3 2,090 90-vertical 20 0.05 97 0 LHM L/M/H M

Shoreline 
above high 
water

0 n/a 40 5,100 150-
undercut

120 2-3 2 Bedrock at 
base helps 
reduce 
erosion rate

Trees 0.12 1,889 0 HHL H H/M

Shoreline 
above high 
water

0 n/a 3-5 400 Vertical 30 2.5 Campsite BLM campsite 0.01 30 0 MML M M
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STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes)

20

21

22

23

24

25

26

27

28

29

30

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shoreline 
above high 
water

0 n/a 100 11,700 120 120 Y 0.27 4,333 0 HLM H H Wind causing raveling during 
inventory

Shoreline 
above high 
water

162 Y 120 90-120-
undercut

110 Y - 
minor 
ravel

0.01 1,080 0 HMM M/H H

Shoreline 
above high 
water

318 Y 5-10 Vertical-
undercut 
bank

90 1-2 Trees 0.02 133 0 LML M L

Shoreline 
above high 
water, 
drawdown 
zone (rills)

192 Y 3-5 Undercut 20-40 1-2 2-3 Beaver 
Creek 
delta

Trees; Big 
game trails

Big game trail 0.01 43 0 MML L/M M

Shoreline 
above high 
water

277 Y 80 110 100 5 2 Trees 0.02 1,231 0 HHL M/H H

Shoreline 
above high 
water

1,724 50% 40 120 120 Y 0.12 3,831 0 HML M/H H/M

Shoreline 
above high 
water

485 Y 5-10; 
slides 20-

40

120 80-90 1-2 4 6 Trees 0.03 269 0 HHL M/H M

Shoreline 
above high 
water

145 Y 1-2 Undercut 20 0-2.5 90% of length 
stabilized by 
boulders, 
vegetation

Trees 0.01 12 0 MMM L/M L

Shoreline 
above high 
water

136 Y 5-15 100 60 2 Trees 0.01 76 0 MHL M/H M

Shoreline 
above high 
water

128 Y 10 100 65 Buried 
trees

0.01 71 0 LMM M M

Shoreline 
above high 
water

214 Y 3-5 100-
undercut

100-110 1-2 1 5 Trees 0.01 48 0 HML L/M M Erosion observed at Site 30 was 
along the bank at the shoreline 
and appeared to be native 
materials.  
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STUDY NO. 1 – EROSION STUDY

Original 
Site ID* 
(link to 

field 
notes)

31

31A

32

33

34

35

36

37

38

39

40

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shoreline 
above high 
water

298 partial 200 110-vertical 110-
vertical

Y 0.02 3,311 0 HHL M/H H

Shoreline 
above high 
water

0 n/a 100-200 110-vertical 110-
vertical

0.01 1,250 0 LML M/H L

Shoreline 
above high 
water

128 Y 40 Plus very 
old slide - 
60H x 60L

110 90 Older section 
stabilized - 
trees

Trees 0.01 284 0 LHM M/H M

Shoreline 
above high 
water

1,149 Y 10 90 20 9 27 Power poles, 
mine-related 
sediment 
pile

Purp Loos. 0.26 2,128 0 HLM H M Purple loosestrife (pulled);
Top of bank is disturbed from 
industrial activity

Shoreline 
above high 
water

741 Y 15-40 2,260 100-120-
vertical

90 10 37 Y Trees; Big 
game trails

Big game trails 0.17 3,705 0 HLM M/H H

Shoreline 
above high 
water

1,239 Y 15-20 6,940 Undercut 90 2-3 2-3 3 11 Trees 0.20 2,811 0 HHL H M 2 slides, 15H x 50L

Shoreline 
above high 
water

295 Y a 30
b-g 5

6,870 110 90-100 Trees 0.03 137 0 LML H L

Shoreline 
above high 
water

109 Y 5-10 100 90 Road fill 0.01 45 0 LLM M L

Shoreline 
above high 
water

154 Y 30 90 90 1 1 2 Trees 0.01 257 0 HHL M/H M

Shoreline 
above high 
water

1,039 Y a 80-150
b 50
c 80
d 20

100 100 5 10 Y 
(ravel)

0.07 5,772 0 HHL H H

Shoreline 
above high 
water

327 Y 5-10 Undercut 110 2-3 Trees 0.02 136 0 MMM M M
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Original 
Site ID* 
(link to 

field 
notes)

41

42

43

44

45

46

47

48

49

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shoreline 
above high 
water

0 n/a 50-60 8,180 110 90 1 2 1 8 Y Trees 0.12 509 0 HHM H H 2 large slides: 50-60H x 40-60W 
x 3-5D

Shore above 
high water

1,169 Y 3-10 Undercut 90 2-4 2-3 5 9 Y Trees 0.13 541 0 HHM M/H H 1 slide, 15H x 30L x 3 D

Shore above 
high water

181 Y 3-15 110-
Undercut

80 2-3 Y Trees 0.01 101 0 HML M/H H

Shore above 
high water

66 Y 10-15 90 30 4 2 3 Y 0.01 75 0 HMM L/H H

Shore above 
high water

591 small 
areas

a-b 5
c 15-20

Varies - cliffs 
to undercut

Varies - 
cliffs

Trees 0.04 99 0 LML L/M L

Shore above 
high water

345 Y 10-15 Undercut-
110

40 1 2-4.5 Trees; Big 
game trail

Big game trail 0.04 399 0 MMH M/H H

Shore above 
high water

1,388 Y a 5-10
b 20
c 40

10,450 60-80-
Undercut

40 2 4 1 28 Y 80% of site 
stabilized due 
to vegetation 
cover

Trees 0.16 2,570 0 HMH H M (H in a 
few 

spots)

Shore above 
high water

1,318 Y 40-50 16,080 110-
Undercut

30 1-3 2-3 9 111 60% of site 
stable due to 
tree/veg cover 
and cobbles/ 
boulders at 
base

Trees, 
bank 
swallows

Bank swallow 
nest site

0.30 10,983 0 HHH H H

Shore above 
high water

1,184 Y a-d 15-20
e 40

f-g 30
g 40

i 80-100

15,420 110-
Undercut

60 1-2 2-3 21 34 Approx. 50% 
of site 
stabilized by 
trees/veg.  Not 
as armored at 
base

Trees 0.27 10,963 0 HHH H H
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Original 
Site ID* 
(link to 

field 
notes)

50

51

52

53

100

101

102

103

104

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shore above 
high water

352 Y a 40
b 20

65-95-
Undercut

65 4-buried 4 29 Trees; Big 
game trail

Knapweed? Big game trail 0.08 1,304 0 HHH M/H H Possible knapweed at this 
site???

Shore above 
high water

0 n/a 10-15 14,610 110-
Undercut

70-80 1-2 3 1 2 Trees 0.34 3,382 0 HHL M/H H

Shore above 
high water

106 Y 15 90 80 Half of length 
stable due to 
vegetation at 
base

Trees; 
riparian

Riparian (Sitka 
alder)

0.01 88 0 LMM M/H M Old road fill

Shore above 
high water

90 Y 5-10 100 60 2 2 Half of length 
stable due to 
vegetation 

Brush 0.01 38 0 LMM L/M L

Shore above 
high water

235 partial 5-10 2,780 75-80 65 2 1 2 Trees 0.02 98 0 HLH M L

Shore above 
high water

1,807 Y 5-10 110-
Undercut

0 80% of site 
stable due to 
thick 
vegetation 
(grass)

Grass; Big 
game trail

Big game trail 0.12 753 0 LHH M/H L

Shore above 
high water

2,866 Y 10-15 0 2 2 90% of site 
stable due to 
thick 
vegetation

Trees, 
riparian, 
Boundary 
Wildlife 
Preserve

Boundary Wildlife 
Preserve; 
Riparian 
(snowberry, 
cottowood, 
aspen, dogwood)

0.20 1,990 0 MHH H M

Shore above 
high water

4,441 Y 15 90-100 2 2 Y Parts of site 
stable from 
vegetation - 
other parts 
active

Trees, 
riparian,ba
nk swallow 
nests, 
eagle nest 
tree,  
Boundary 
Wildlife 
Preserve

Boundary Wildlife 
Preserve; 
Riparian 
(snowberry, 
cottowood, 
aspen, dogwood), 
Bank Swallow 
nest sites (2), 
Former eagle 
nest site

0.31 3,701 0 HHH H M (H in a 
few 

spots)

Shore above 
high water

1,454 Y 10 90 Flat on top 
of bar

1 0.10 808 0 MHH H M
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Original 
Site ID* 
(link to 

field 
notes)

105

106

107

108

109

110

111

112

113

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shore above 
high water

503 Y 15-20 95-110 60-70 8 Parts of site 
stable from 
vegetation

Trees 0.03 489 0 MHH M/H L

Shore above 
high water

0 n/a 100 37,570 110 90 30 Parts of site 
stable from 
vegetation

Trees 0.86 13,915 696 MHL H M

Shore above 
high water

6,530 partial 15-20 9,630 110 90 10 8 Approx. 50% 
of site 
stabilized by 
trees/veg.  

Trees Kingfisher nests 
noted in 2008

0.45 6,349 0 HHH H M

Shore above 
high water

956 Y 100 4,200 90 90 Many 
(too 
many to 
count)

Parts of site 
stable from 
vegetation

Trees 0.11 8,852 0 MHM M/H M

Shore above 
high water

886 Y 15-40 90 90 1-2 Trees House 0.06 1,329 0 MHH M/H M

Shore above 
high water

331 Y 15-40 3,220 Undercut 9 2-3 5 Trees House 0.07 1,610 0 HHH M/H H Largest slide is 40H x 40W x 
20D

Shore above 
high water

197 partial 5-10 90 90 2 Parts of site 
stable from 
vegetation

Trees Houses 0.01 82 0 MMH M L

Shore above 
high water

185 Y 10-15 Undercut Flat Riparian Roads, pipe Riparian 
(snowberry, paper 
birch, 
cottonwood; trees 
upland)

0.04 428 0 LMH M/H M Exposed pipe

Shore above 
high water

128 Y 5-15 Flat Parts of site 
stable from 
vegetation

Riparian Riparian 
(snowberry, paper 
birch, 
cottonwood; trees 
upland)

0.01 119 0 LMH M/H L
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Original 
Site ID* 
(link to 

field 
notes)

114

115

116

117

118

119

120

121

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shore above 
high water

640 partial 30-40 6,940 90 90 Riparian Riparian 
(dogwood, paper 
birch)

0.16 2,570 0 LMM M/H L (H in a 
few 

spots)

Bare soil in rills; 90% cover 
between

Shore above 
high water

1,291 Y 10-15 90-Undercut 90 10 Parts of site 
stable from 
vegetation

Trees, 
riparian

Riparian 
(dogwood, paper 
birch)

0.09 897 0 MMH H L 4 leaning trees

Shore above 
high water

0 n/a 100 17,860 90-110 90 50 Trees 0.41 6,615 0 HHH H M Many leaning trees

Shore above 
high water

2,921 Y 5 Undercut Flat Grass, 
riparian 
along bank

Riparian (Sitka 
alder, 
cottonwood); 
Goose nest site

1.68 6,762 0 LMH M/H L

Shore above 
high water

4,662 partial 10-15 Undercut 65-flat 1-2 Y Grass, 
riparian

Park/boat 
ramp

Metaline 
Waterfront Park/ 
Boat Ramp; 
Riparian (Sitka 
alder, 
cottonwood)

0.54 5,396 0 HMH H M (H in a 
few 

spots)

Shore above 
high water

1,479 Y 10-30 45-110 n/a Riparian Riparian 
(cottonwood)

0.17 2,054 0 LHM H H Slump 50L x 30W x 30D

Shore above 
high water

0 n/a 200 92,460 90 110 50 Road 
improvements

Trees Road 2.12 34,244 0 MHM H L

Shore above 
high water

1,364 Y 15-20 110-
Undercut

95 1 Trees 0.09 1,326 0 MMH H L
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Original 
Site ID* 
(link to 

field 
notes)

122

123

124

125

126

127

128

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shore above 
high water

935 Y 100 95 95 50 Trees, 
beaver 
lodge

Road Beaver lodge in 
snags from slide 
(positive effect)

0.11 8,657 0 MHH M/H M Looks like uphill logging road 
may also have contributed based 
on aerial photograph

Shore above 
high water

3,502 partial 15-20 100-
Undercut

90 Y Trees House 0.24 3,405 0 HMH H M (H in a 
few 

spots)

Some roads down steep banks 
on private homesites - minor 
erosion

Shore above 
high water

6,847 partial 5-10 Undercut Flat 1 Y Grass; Big 
game trail

Big game trail 0.47 2,853 0 HMH M/H M (H in a 
few 

spots)

Shore above 
high water

1,983 Y 50 95 90 Road 0.14 5,508 0 LHM H M

Shore above 
high water

786 Y n/a 3,000 5-10 Y Potential 
mountain 
whitefish 
spawning 
down 
stream

Riparian 
(river bar)

Two roads 
adjacent to 
reservoir

Riparian on river 
bar (willow); 
potential 
mountain 
whitefish 
spawning habitat

0.00 0 0 HLH H M

Shore above 
high water

2,707 Y 20-40 90-100 90 Parts of site 
stable from 
vegetation

Potential 
mountain 
whitefish 
spawning 
down 
stream

Trees, 
riparian

Road 
upslope

Riparian in road 
fill (willow, 
dogwood);  
potential 
mountain 
whitefish 
spawning habitat

0.19 4,512 0 LMM H M (H in a 
few 

spots)

Shore above 
high water

2,061 Y 20-30 90 Y Potential 
mountain 
whitefish 
spawning 
down 
stream

Riparian Park/boat 
ramp

Road 
upslope

POCPUD 
Campbell Park/ 
boat ramp; 
Riparian in stable 
road rip rap 
(cottonwood, 
paper birch),  
potential 
mountain 
whitefish 
spawning habitat

0.14 2,863 0 HMM H M (H in a 
few 

spots)
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Original 
Site ID* 
(link to 

field 
notes)

129

BB 1

BB 2

BB 3

Shore Area 
Affected

Length 
(ft)

Full 
length

?

Bank 
Height 

(ft)

Distance 
from 

Shore (ft)
Area (sq 

ft)

Disturbed 
Slope 

Gradient 
(%)

Un-
disturbed 

Slope 
Gradient 

(%)
Exposed 
Roots (ft)

Exposed 
Stump 

Depth (ft)

Tree 
fall 

(fresh)

Tree 
fall 

(old)

Tree 
fall 

(very 
old)

Fresh 
soil?

Stabilized 
site? 

(Rationale)
Aquatic 
Habitat

Terres-trial 
Habitat

Rec-
reation

Roads/ 
Devel.

Noxious 
Weeds

High Value 
Resources

Estimated 
Past 

Horizontal 
Shoreline 
Loss (ft)

Estimated 
Past 

Shoreline 
Area Loss 

(acres)

Estimated 
Past Volume 
Lost (cu yd)

Future 
Erosion 

Rate 
Scale

Relative 
Size

Overall 
future 

erosion 
rating Comments

Dimension of Eroding Area Potential Resource Effects (field notes and post-field analysis)

Shore above 
high water

0 n/a 360,000 0-20 n/a Trees, 
riparian

Knapweed? Riparian in 
disturbed Box 
Canyon Project 
area (cottonwood)

0.01 28 0 LLM H M

Shore above 
high water

587 Y 10-20 110-vert 65 Potential 
mountain 
whitefish 
spawning 
down 
stream

Trees Potential 
mountain 
whitefish 
spawning habitat

0.04 245 0 LMH M/H M

Shore above 
high water

191 Y 10-15 Undercut 20 1-2.5 4 3 Y Potential 
mountain 
whitefish 
spawning 
down 
stream

Trees Boat launch Potential 
mountain 
whitefish 
spawning habitat

0.01 133 0 HMH M/H H

Shore above 
high water

762 Y 20-30 Flat 0-2.5 3 Potential 
mountain 
whitefish 
spawning 
down 
stream

Trees Potential 
mountain 
whitefish 
spawning habitat

0.05 1,058 0 MHH M/H M (H in a 
few 

spots)
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FINAL REPORT

Reservoir Bank Profiles

STUDY NO. 1 – EROSION STUDY

Sites 3, 11, 33, 35, 41, 43, 103, 117, and 118 were surveyed during field inventory. Sites 1, 6, 12, 20, 34, and 41 are based on profiles generated by GIS from LiDAR and bathymetry data sets.  
 All elevations are approximate (based on WSEL at time of survey)
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Appendix 3:  Particle Grain Size Distribution Results 
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Road Map 
Number Road Name Segment

Start 
Station (ft)

End 
Station 

(ft)

Drainage 
Point 

Station
Delivery to 

Stream
Drainage 

Point Type
Ditch 

Width (ft)
Ditch Veg or 

Rocked
Ditch 

Eroding
Two 

Ditches?
Ditch 
Depth

Ditch 
Issues

Tread 
Gradient 

(%)
Full Tread 
Width (ft)

Travel 
Width (ft)

Road 
Configuration

Tread 
Configuratio

n Surfacing
Paving 
Stripe? Road Shape Drivability

Cutslope 
Cover 

Density

Cutslope 
Average 

Height (ft)
1 West-Side Access Road 1 0 235 114 Direct Culvert 0 No ditch 1 25 25 Thru fill Half Asphalt Sta 204 Crowned Drivable No cutslope

1 West-Side Access Road 2 235 423 235 1-100 ft Culvert 10 Yes No 1-2 ft 1 25 25 Partial bench Asphalt Yes Crowned Drivable 90-100% 10
1 West-Side Access Road 3 423 502 428 None Culvert 5 Yes No 1-2 ft 0 25 25 Thru fill Half Asphalt Yes Crowned Drivable 70-90% 5
1 West-Side Access Road 4 502 662 560 None Culvert 10 Yes No 1-2 ft 2 25 25 Thru fill Full Asphalt Yes Crowned Drivable 70-90% 5

1 West-Side Access Road 5 662 2426 Various None Culvert 18 Yes No Yes 1-2 ft 9 25 25 Thru cut Full Asphalt Yes Crowned Drivable 10-30% 200
1 West-Side Access Road 6 2426 2841 2841 1-100 ft Culvert 10 Yes No 1-2 ft 8 25 25 Thru fill; partial benHalf Asphalt Yes Crowned Drivable 70-90% 10
1 West-Side Access Road 7 2841 3617 3617 None Culvert 10 Yes No 1-2 ft 8 25 25 Partial bench Half Asphalt Yes Crowned Drivable 70-90% 25
1 West-Side Access Road 8 3617 4255 4255 None Culvert 5 Yes No 1-2 ft 8 25 25 Partial bench Full Asphalt Yes Insloped Drivable 50-70% 50

1 West-Side Access Road 9 4255 5565 5565 101-200 ft Culvert 8 Yes No 1-2 ft

Ditch 
partially 
blocked 8 25 25 Partial bench Full Asphalt Yes Crowned Drivable 90-100% 25

1 West-Side Access Road 10 5565 5874 5874 Direct Culvert 5 Yes No 1-2 ft 6 25 25 Partial bench Half Asphalt Yes Crowned Drivable 90-100% 5

1 West-Side Access Road 11 5874 7412 7412 Direct Culvert 8 Yes No 1-2 ft 5 25 25 Partial bench None Asphalt Yes Outsloped Drivable 70-90% 25

1 West-Side Access Road 12 7412 9162 9162 Direct Box culvert 0-10 Yes No Varies

Ditch 
partially 
blocked, 
fully 
blocked 5 25 25 Partial bench Half Asphalt Yes Crowned Drivable 50-70% 100

1 West-Side Access Road 13 9162 11288 Various None
Ditchout, 
dispersed 0 No ditch 2-5 25 25 On grade Half Asphalt Yes Crowned Drivable No cutslope

2
Maintenance facility road 
network 1 0 200 None Dispersed 0 No ditch 2-3 12 12 On grade None Asphalt/gravel No Outsloped Drivable No cutslope

2
Maintenance facility road 
network 1 0 374 None Dispersed 0 No ditch 0-2 30 30 On grade None Asphalt No Flat Drivable No cutslope

2
Maintenance facility road 
network 2 374 1348 None Dispersed 0 No ditch 5 parking lot parking lot On grade None Gravel No Outsloped Drivable No cutslope

2
Maintenance facility road 
network 1 0 744 None Dispersed 0 No ditch 1-3 25 15 On grade None Native No Outsloped Drivable No cutslope

2
Maintenance facility road 
network 1 0 1583 None Dispersed 0 No ditch 1-2 20 20 On grade None Native/ gravel No Outsloped Drivable No cutslope

2
Maintenance facility road 
network 1 0 1486 None Dispersed 0 No ditch 0-10 15 20 Varies None Gravel No Outsloped Drivable No cutslope

2
Maintenance facility road 
network 1 0 1142 None Dispersed 0 No ditch 5-10 15 20 On grade None Native No Outsloped Drivable No cutslope

2
Maintenance facility road 
network 1 0 442 None Dispersed 0 No ditch 5 25 25 On grade None Gravel No Flat Not Drivable No cutslope

2
Maintenance facility road 
network 1 0 408 None Dispersed 0 No ditch 5 25 25 On grade None Gravel No Flat Not Drivable No cutslope

2
Maintenance facility road 
network 1 0 784 None Dispersed 0 No ditch 15 20 15 On grade Full Gravel No Flat Drivable 50-70% 5

2
Maintenance facility road 
network 2 784 1200 784 Direct Culvert 0 No ditch 25 20 10 On grade Full Gravel No Flat Drivable No cutslope

2
Maintenance facility road 
network 3 1200 1257 784 Direct Culvert 0 No ditch 2 20 10 On grade Full Gravel No Flat Drivable No cutslope

3
Road to SCL Forebay 
Recreation Area 1 0 1890 Direct Dispersed 0 No ditch 0-5 25 25 On grade Half Asphalt/gravel No Crowned Drivable No cutslope

4 BPA switchyard road 1 0 1087 None Dispersed 8 Yes No Yes 1-2 ft 0-2 35 25 On grade None Gravel No Crowned Drivable No cutslope

5
Spur off the BPA switchyard 
road 1 0 704 274 Direct Culvert 5 No Yes 1-2 ft 2 22 15 On grade Half Gravel No Crowned Drivable No cutslope
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Road Map 
Number Road Name Segment

Start 
Station (ft)

End 
Station 

(ft)

Drainage 
Point 

Station
Delivery to 

Stream
Drainage 

Point Type
Ditch 

Width (ft)
Ditch Veg or 

Rocked
Ditch 

Eroding
Two 

Ditches?
Ditch 
Depth

Ditch 
Issues

Tread 
Gradient 

(%)
Full Tread 
Width (ft)

Travel 
Width (ft)

Road 
Configuration

Tread 
Configuratio

n Surfacing
Paving 
Stripe? Road Shape Drivability

Cutslope 
Cover 

Density

Cutslope 
Average 

Height (ft)

5
Spur off the BPA switchyard 
road 2 704 2011 None Dispersed 0 No ditch 2-5 15 10 On grade None Native No Indeterminate Drivable No cutslope

6 South end of FR 6200-348 1 0 470 42 Direct Culvert 5 Yes No <1 ft
Stream in 
ditch 5-25 25 9 Partial bench Full Gravel No Flat Drivable 90-100% 2.5

6 South end of FR 6200-348 2 470 1413 None Dispersed 0 No ditch 5-15 20 10 Varies None Native No Indeterminate Drivable 90-100% 5

6 South end of FR 6200-348 3 1413 1736 1413 Direct Culvert 0 No ditch 5 20 10 Partial bench Full Native No Crowned Drivable 90-100% 5

6 South end of FR 6200-348 4 1736 2646 None Dispersed 0 No ditch 5-15 25 10 Varies None Native/grass No Outsloped

Drivable/ 
blocked at 
Sta 2646 90-100% 2.5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 1 0 104 29 Direct Culvert 0 No ditch 1 22 22 Thru fill Full Paved No Crowned Drivable No cutslope

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 2 104 832 Direct Dispersed 3 Yes No <1 ft

Ditch 
partially 
blocked 1 22 22 Partial bench Full Paved No Crowned Drivable 50-70% 25

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 3 832 1193 832 Direct Culvert 5 Yes No 1-2 ft

Ditch 
partially 
blocked 10 22 22 Partial bench Half Paved No Crowned Drivable 50-70% 25

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 4 1193 1669 1193 None Culvert 15 Yes No Yes 1-2 ft 10 22 22 Thru cut Full Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 5 1669 2248 1669 None Culvert 10 Yes No 1-2 ft 8 22 22 Partial bench Half Paved No Crowned Drivable 70-90% 10

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 6 2248 2721 2248 None Culvert 10 Yes No 1-2 ft

Ditch 
partially 
blocked 5 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 7 2721 3240 2721 None Culvert 10 Yes No

Yes - for 
half of 
length 1-2 ft 8 22 22 Thru cut/ Partial beHalf Paved No Crowned Drivable 90-100% 2.5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 8 3240 3922 3802 None Culvert 10 Yes No 1-2 ft 2 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 2.5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 9 3922 4218 None Dispersed 0 No ditch 2 22 22 Thru fill None Paved No Crowned Drivable No cutslope

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 10 4218 4879 4879 None Culvert 10 Yes No 1-2 ft 8 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 11 4879 5655 5655 None Culvert 10 Yes No 1-2 ft 3 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 12 5655 6386 6386 None Culvert 10 Yes No <1

Ditch 
partially 
blocked 8 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 13 6386 6747 6747 None Culvert 10 Yes No 1-2 ft

Ditch 
partially 
blocked 8 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 14 6747 7501 7501 Direct Culvert 10 Yes No <1

Ditch 
partially 
blocked 8 22 22 Partial bench Half Paved No Crowned Drivable 70-90% 10

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 15 7501 7776 7776 None Culvert 10 Yes No 1-2 ft 8 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 16 7776 8975 8719 None Culvert 10 Yes No

Yes for 
500 ft <1

Ditch 
partially 
blocked 10 22 22 Thru fill/ Partial benHalf Paved No Crowned Drivable 90-100% 5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 17 8975 9171 9021 None Culvert 10 Yes No 1-2 ft 2 22 22 Partial bench Half Paved No Crowned Drivable 50-70% 25

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 18 9171 9399 9278 None Culvert 12 Yes No 1-2 ft 2 22 22 Partial bench Half Paved No Crowned Drivable 30-50% 25
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STUDY NO. 1 – EROSION STUDY

Road Map 
Number Road Name Segment

Start 
Station (ft)

End 
Station 

(ft)

Drainage 
Point 

Station
Delivery to 

Stream
Drainage 

Point Type
Ditch 

Width (ft)
Ditch Veg or 

Rocked
Ditch 

Eroding
Two 

Ditches?
Ditch 
Depth

Ditch 
Issues

Tread 
Gradient 

(%)
Full Tread 
Width (ft)

Travel 
Width (ft)

Road 
Configuration

Tread 
Configuratio

n Surfacing
Paving 
Stripe? Road Shape Drivability

Cutslope 
Cover 

Density

Cutslope 
Average 

Height (ft)

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 19 9399 9633 9518 Direct Culvert 10 Yes No 1-2 ft 2 22 22 Partial bench Half Paved No Crowned Drivable 50-70% 25

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 20 9633 10247 10247 None Culvert 5 Yes No 1-2 ft 5 22 22 Partial bench Half Paved No Crowned Drivable 70-90% 25

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 21 10247 10595 10247 None Culvert 10 Yes No Yes 1-2 ft 2 22 22 Thru cut Full Paved No Crowned Drivable 90-100% 2.5

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 22 10595 11110 10595 None Culvert 10 Yes No 1-2 ft 2 22 22 Partial bench Half Paved No Crowned Drivable 90-100% 2.5

8 FR 3165-350 1 0 284 284 None
Other 
segment 0 No ditch 15 20 15 Partial bench Full Gravel No Insloped Drivable 90-100% 10

8 FR 3165-350 2 284 730 730 None
Culvert, 
ditchout 10 Yes No 1-2 ft 15-20 20 18 Partial bench Full Gravel No Insloped Drivable 90-100% 25

8 FR 3165-350 3 730 1695 Direct Sag point 0 No ditch 20 25 20 Partial bench Full Gravel No Flat Drivable 70-90% 10
8 FR 3165-350 4 1695 2540 Direct Dispersed No ditch 0 Road across dam Full Concrete No Flat Drivable No cutslope

9
Tailrace boat lanuch road 
(west side) 1 0 1200 1200 Direct Sag point 0 No ditch 5-10 20 10 Partial bench Half Gravel No Outsloped Drivable 70-90% 25

10 FR 3165-200 1 0 1482 1482 None Sag point 0 No ditch
Ditch fully 
blocked 8 15 10 Partial bench Full Native No Outsloped Drivable 70-90% 10

10
unnamed spur off of FR 3165-
200 1 0 2713 2713 None

Dispersed, 
Water bar, 
Sag point 0 No ditch 9 18 10 Partial bench Full Native/grass No Indeterminate Drivable 70-90% 10

10
unnamed spur off of FR 3165-
200 2 2713 5034 None

Dispersed, 
Sag point 0 No ditch 1 18-25 10 Partial bench None Native/grass No Flat Drivable 90-100% 5

11 FR 3165-340 1 0 697 697 None
Water bar, 
dispersed 0 No ditch 12 18 10 Partial bench None Native/grass No Indeterminate

Overgrown 
(grass), 
Drivable 90-100% 2.5

11 FR 3165-340 1 0 395 395 None Ditchout 0 No ditch 5 15 9 On grade Full Native/grass No Flat

Overgrown 
(grass), 
Drivable No cutslope

11 FR 3165-340 2 395 1700 1700 None

Natural 
swale, sag 
point, 
dispersed 0 No ditch 15 15-20 8 Partial bench Full Native/grass No Insloped

Overgrown 
(grass), 
Drivable 50-70% 10

11 FR 3165-340 3 1700 1920 1920 Direct Culvert 5 Yes No <1 ft
Stream in 
ditch 10 20 10 Partial bench Native/grass No

Overgrown 
(grass), 
Drivable 90-100% 10

11 FR 3165-340 4 1920 1981 1981 Direct Ditchout 0 No ditch

Stream in 
ditch, ditch 
fully 
blocked 7 20 n/a Partial bench Native/grass No Outsloped

Overgrown 
(grass), 
blocked 
(washout), 
not drivable 50-70% 25

11 FR 3165-340 5 1981 3063 101-200 Dispersed 0 No ditch 10 25 n/a Partial bench Native/grass No Outsloped

Overgrown 
(grass), 
blocked 
(washout), 
not drivable 70-90% 10

BWP BWP road 1 0 1131 None Dispersed 0 No ditch 2-3 10 7 On grade None Native/grass No Flat

Drivable but 
need high 
clearance to 
cross railroad 
tracks No cutslope
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Road Map 
Number Road Name Segment

Start 
Station (ft)

End 
Station 

(ft)

Drainage 
Point 

Station
Delivery to 

Stream
Drainage 

Point Type
Ditch 

Width (ft)
Ditch Veg or 

Rocked
Ditch 

Eroding
Two 

Ditches?
Ditch 
Depth

Ditch 
Issues

Tread 
Gradient 

(%)
Full Tread 
Width (ft)

Travel 
Width (ft)

Road 
Configuration

Tread 
Configuratio

n Surfacing
Paving 
Stripe? Road Shape Drivability

Cutslope 
Cover 

Density

Cutslope 
Average 

Height (ft)

BWP BWP road 2 1131 1304 None Dispersed 0 No ditch 5 10 7.5 On grade None Native No Flat

Drivable but 
need high 
clearance to 
cross railroad 
tracks No cutslope

BWP BWP road 3 1304 1710 1710 None Sag point 5 No No <1 ft 12 12 7.5 Partial bench Native No Crowned

Drivable but 
need high 
clearance to 
cross railroad 
tracks 90-100% 10

BWP BWP road 4 1710 1930 1759 None Sag point 5 No No <1 ft 4 10 7.5 Partial bench Full Native No Outsloped

Drivable but 
need high 
clearance to 
cross railroad 
tracks 90-100% 5

BWP BWP road 5 1930 2376 None Dispersed 0 No ditch 4 15 7.5 Partial bench None Native No Outsloped

Drivable but 
need high 
clearance to 
cross railroad 
tracks 90-100% 10

BWP BWP road 6 2376 3207 3207 101-200 Dispersed 0 No ditch 8 15 7.5 Partial bench Full Native No Outsloped

Drivable but 
need high 
clearance to 
cross railroad 
tracks 70-90% 25

BWP BWP road 7 3207 3804 None Dispersed 0 No ditch 2-3 n/a 7.5 On grade Full Native/grass No Flat Not Drivable No cutslope
SCR Sand Creek Road 1 0 282 0 None Sag point 0 No ditch 7 15 7.5 On grade Full Native No Flat Drivable No cutslope

SCR Sand Creek Road 2 282 2335 282 None
Sag point, 
ditchouts 5 Yes No <1 10 15 9 Partial bench Full Native No Indeterminate Drivable 90-100% 5

SCR Sand Creek Road 3 2335 3280 2335 None Dispersed 0 No ditch 10 15 10 Partial bench Full Gravel No Outsloped Drivable 50-70% 10

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Cutslope 
Angle 

(Degrees) Cutslope Issues Road Issues Fillslope Issues
Warning Sign and 

side
Warnig Sign 

Station Regulatory Sign 
Reg. Sign 

Station Gate Station

Debris 
Disposal 
Station Pit Station Photos Surveyor Date Weather Comments

Yield L 180 K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank
Security 
Checkpoint, R 286 K. Dubé 9/5/2007 Sunny Sta 423 Jct Spur on left

<45 Stable cut bank Steep Hill, R 502 K. Dubé 9/5/2007 Sunny
45-50 Stable cut bank K. Dubé 9/5/2007 Sunny Sta 583 Jct. heliport road 

45-70

Raveling large, raveling 
fines on right Sta 1129-
17473, on left Sta 1308-
1900 Speed 35 R 2110 K. Dubé 9/11/2007 Sunny

Sta 2067  Jct. old road; Sta 2426 drain; Sta 688-2010 (rt) and 
Sta 688-2220 (left) - jersey barrier to contain cutslope erosion

45-50 Raveling fines Curb K. Dubé 9/11/2007 Sunny
45-50 Raveling fines K. Dubé 9/11/2007 Sunny
45-50 Raveling fines K. Dubé 9/11/2007 Sunny Jersey barrier on left to Sta. 4255

>70 Solid rock, raveling large Curb
Stop Ahead R, 
Curves L 4077, 5071 K. Dubé 9/11/2007 Sunny End guard rail Sta. 4718

45-50 Stable cut bank Stop Ahead R 5682 K. Dubé 9/11/2007 Sunny Sta 5595 - Jct. Road 324

50-70
Raveling large Sta 7000-
7400 Boundary Dam, R 6073 Speed 25 R/L 6206, 6223 6323, 6415 K. Dubé 9/11/2007 Sunny Sta 5989 - Jct Rec road; Sta 6436 Jct. Dam road

>70
Raveling large, raveling 
fines Sta 8153-5360

Shoulder slope failure 
(small, 10x10x3 ft) Rocks R/L 7733, 8410 K. Dubé 9/11/2007 Sunny Rock barrier fence Sta. 8153-8370; Sta. 9006 Jct cutoff road

Rockfall blockage fence 
installed at tunnel portal 
(end of road) to protect 
visitors; minor ravel

Oversteepened fill 
Sta 10027-end

Speed 25 L; Bus 
parking R 10606 ,10726 K. Dubé 9/11/2007 Sunny End of road - parking lot, tunnel.  

K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny Sta 164 Jct road; Sta 744 USGS gage box

K. Dubé 9/11/2007 Sunny
295-480, 614-
950 K. Dubé 9/11/2007 Sunny

Rutted>2" Danger R 39 330 K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny

50-70 Raveling fines
Swale with no 
culvert at at Sta 383 K. Dubé 9/11/2007 Sunny

Rutted>2" K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny

Stop L, 
Speed 20 R 
No Parking 
R, One Way 
R Do Not 
Enter both 
sides, Yield 
R, Do not 
enter both 
sides

50, 188, 375, 730, 
1235, 1810, 1810 K. Dubé 9/11/2007 Sunny Parking lot Sta 486, Boat launch Sta 1270

K. Dubé 9/11/2007 Sunny

K. Dubé 9/11/2007 Sunny

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Cutslope 
Angle 

(Degrees) Cutslope Issues Road Issues Fillslope Issues
Warning Sign and 

side
Warnig Sign 

Station Regulatory Sign 
Reg. Sign 

Station Gate Station

Debris 
Disposal 
Station Pit Station Photos Surveyor Date Weather Comments

Rutted>2" K. Dubé 9/11/2007 Sunny

<45 Stable cut bank Rutted>2" Road 384 R 53 K. Dubé 9/11/2007 Sunny

45-50 Stable cut bank Rutted>2" K. Dubé 9/11/2007 Sunny

45-50 Stable cut bank K. Dubé 9/11/2007 Sunny

45-50
Seepage from bank Sta 
2248

Water running 
across road Sta 
2248 K. Dubé 9/11/2007 Sunny

Two short spurs:  348A (154 ft long, 20-25% grade, rutted); 
348B (343 ft to tree blocking road 0-5% grade)

Minor tread sagging 
at culvert Colville NF R 104 Stop L 16 K. Dubé 9/5/2007 Sunny Station 0 = junction with Highway 31

>70
Solid rock, raveling large, 
raveling fines

Sidecast erosion due 
to recreational use 
(trails to lake), 
Potential to deliver

Stop ahead L, 
Curves R 150, 484 Speed 25 R 137 K. Dubé 9/5/2007 Sunny Sta 752 Jct Road 305

45-50
Raveling large, raveling 
fines

Sidecast cracking, 
minor tread sagging 
Sta 832-895 K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank N. For. Camp R 1578 K. Dubé 9/5/2007 Sunny Sta 1558 Jct Road 310

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny Culvert buried; couldn't find.  Sta 2304 Jct Road 320

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

K. Dubé 9/5/2007 Sunny Sta 4056 Jct. driveway on right

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny Sta 5087 Jct. Road 330; Sta 5138 Jct. Road 325

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

45-50
Seepage from bank, 
raveling fines (minor) K. Dubé 9/5/2007 Sunny

<45 Stable cut bank K. Dubé 9/5/2007 Sunny

45-50 Stable cut bank Stop ahead R 8895 K. Dubé 9/5/2007 Sunny Sta 7987 Jct. Road 340; Sta 8398 Jct. old road on right

50-70 Raveling fines K. Dubé 9/5/2007 Sunny

50-70
Raveling large, raveling 
fines

One Lane Road R, 
Notice…R 9377, 9395 9399 K. Dubé 9/5/2007 Sunny

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Cutslope 
Angle 

(Degrees) Cutslope Issues Road Issues Fillslope Issues
Warning Sign and 

side
Warnig Sign 

Station Regulatory Sign 
Reg. Sign 

Station Gate Station

Debris 
Disposal 
Station Pit Station Photos Surveyor Date Weather Comments

45-50
Raveling large, raveling 
fines K. Dubé 9/5/2007 Sunny

<45 Raveling fines
Sag in road - old 
slide??

Caution R/L, 
Caution R/L 9730, 9910 K. Dubé 9/5/2007 Sunny

Sta 9837 - monitoring well; road 18' wide between signs - 
likely old slide, but looks stable now.

45-50 Stable cut bank K. Dubé 9/5/2007 Sunny

<45 Stable cut bank
Vista House - 
middle 10938 K. Dubé 9/5/2007 Sunny

Sta 10722 Jct. Road 350; Sta 10854 Parking lot, Sta 10900 
Jct Road 200

45-50 Stable cut bank
Authorized 
personnel L 20 20 K. Dubé 9/5/2007 Sunny Start at Junction with USFS Road 3165 = Station 0

50-70 Raveling fines 440 22 K. Dubé 9/5/2007 Sunny Guard rail Sta 561-656.  Very steep road; gets washboarded

Raveling fines Rills in tread

Oversteepened fill, 
Sidecast erosion at 
Sta 730 culvert

Authorized 
personnel L 1695 1695 1358 23-26 K. Dubé 9/5/2007 Sunny

Fillslope fix (gabion wall, new culvert); it likely was eroding 
previously.  Very steep road; gets rutted, washboarded.  

K. Dubé 9/5/2007 Sunny Road across dam.

45-70 Raveling large

Oversteepend fill 
piles on outside 
shoulder ; Potential to 
deliver Danger L 75 60 K. Dubé 9/11/2007 Sunny

50-70 Raveling fines Rutted>2" Oversteepend fill 
Danger L, Caution 
L 62, 140 2 K. Dubé 9/5/2007 Sunny Sta 1482 Jct. Project Road (201)

50-40
Seepage from bank, Sta 
1604, 2048, 2356

Water running 
across road, 
Saturated road bed 
Sta 1604-1709, 
2048-2356 Overstepened fill K. Dubé 9/5/2007 Sunny Sta 888 Jct. old road, Sta 1486 Jct old road

45-50
Seepage from bank, stable 
cutslope

Water running 
across road Sta 
3300, 4164, 4660, 
4754-4919

Washout at end of 
road Danger L/mid 4428, 4879 K. Dubé 9/5/2007 Sunny

50-70 Stable cut bank K. Dubé 9/5/2007 Sunny Sta 697 Jct. 340-spur 1 Road

K. Dubé 9/11/2007 Sunny

45-50

Seepage from bank Sta 
690-726, raveling large, 
raveling fines Sta 720-848 Sidecast berm

Fill, cutslope debris 
piled on fillslope sta 
720-848 1012 K. Dubé 9/11/2007 Sunny

45-50
Seepage from bank Sta 
1804-1920 K. Dubé 9/11/2007 Sunny

50-70
Seepage from bank, 
slumping

Debris on road, 
water running 
across road, 
saturated road bed, 
washout (Sta 1920)

Potential to deliver, 
oversteepened fill, 
sidecast erosion 365 K. Dubé 9/11/2007 Sunny Future failure potential also (see Mass Wasting site)

50-70
Raveling large, raveling 
fines, slumping

Sidecast berm, 
water running 
across road (Sta 
2845), washout (Sta 
2115)

Potential to deliver, 
oversteepened fill, 
soft fill on shoulder, 
sidecast erosion; 
sediment on fillslope 
Sta 2115 and 2430 K. Dubé 9/11/2007 Sunny

Blocked with trees, fillslope failed into reservoir Sta 2948-
3063; road ends at reservoir

K. Dubé 9/11/2007 Sunny Stationing starts at railroad tracks.  Sta 347 Jct with old road

Boundary Hydroelectric Project
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FINAL REPORT

Boundary Dam 2007 Road Inventory Data

STUDY NO. 1 – EROSION STUDY

Cutslope 
Angle 

(Degrees) Cutslope Issues Road Issues Fillslope Issues
Warning Sign and 

side
Warnig Sign 

Station Regulatory Sign 
Reg. Sign 

Station Gate Station

Debris 
Disposal 
Station Pit Station Photos Surveyor Date Weather Comments

K. Dubé 9/11/2007 Sunny

45-50 Stable cut bank Rutted>2" 350 K. Dubé 9/11/2007 Sunny

45-50 Stable cut bank 351 K. Dubé 9/11/2007 Sunny

45-50

Mostly stable except for 
Raveling large, raveling 
fines Sta 2211-2376

Oversteepened fill 
Sta 2211 K. Dubé 9/11/2007 Sunny

45-50 Raveling fines Rutted>2"
Oversteepened fill, 
shoulder sagging 357 K. Dubé 9/11/2007 Sunny

No tresspassing R 3804 3317 360 K. Dubé 9/11/2007 Sunny
Sta 5535, Jct. with tracks into middle of Boundary Wildlife 
Preserve

Rutted>2" K. Dubé 9/11/2007 Sunny Stationing starts at railroad tracks.  

45-50

Stable cut bank, minor 
slumping and raveling fines 
Sta 1300-1600 Rutted>2"

Oversteepened fill, 
grading berm 361 K. Dubé 9/11/2007 Sunny Sta 282 Jct. with road

50-70
Raveling fines, minor 
slumping Sta 3000-3200 362 K. Dubé 9/11/2007 Sunny Morning Star Mountain Road Sta 3280 (end survey)
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FINAL REPORT

Boundary Dam 2007 Road Culvert/Bridge Inventory Data

STUDY NO. 1 – EROSION STUDY  

Road Map 
Number Road Name

Crossing 
Number

Station 
(ft)

Length 
(ft)

Culvert 
Diameter 

(in) 
Skew 

(degrees) Purpose
Inlet 

Condition
Outfall 
Drop

Culvert 
Type

Inlet 
Features

Outlet 
Features

Future Plug 
Potential

Inlet 
Blockage

Outlet 
Blockage

Prescription 
Urgency

Culvert 
Condition 

Issues

Culvert 
Function 

Issues Prescription Photo Surveyor Date Comments

1 West-Side Access Road 1 114 150 60
Stream 
crossing OK 2-5 ft CMP Medium None None None Intake damaged None None K. Dubé 9/5/2007

1 West-Side Access Road 2 235 60 24 Relief OK <1 ft CMP Wingwall Low None None None No problems None None K. Dubé 9/5/2007
1 West-Side Access Road 3 428 60 24 Relief OK <1 ft CMP Wingwall Low None None None No problems None None K. Dubé 9/5/2007
1 West-Side Access Road 4 560 60 24 Relief OK <1 ft CMP Wingwall Low None None None No problems None None K. Dubé 9/5/2007

1 West-Side Access Road 5 2010 ? Long 24 45 Relief ? 1-2 ft CMP Drop inlet Armored Medium None None None No problems None None K. Dubé 9/11/2007
This culvert is part of slide fix - many culverts connect 
together and to drains underground

1 West-Side Access Road 6 2220 ? Long ? Large ? Relief <1 ft CMP Drop inlet Armored Medium ?? ?? ?? No problems None K. Dubé 9/11/2007
Part of drain/culvert/slide fix.  Not exposed, likely 
intersed underground

1 West-Side Access Road 7 2426 ? Long ? Large ? Relief <1 ft CMP Drop inlet Armored Medium ?? ?? ?? No problems None K. Dubé 9/11/2007
Part of drain/culvert/slide fix.  Not exposed, likely 
intersed underground

1 West-Side Access Road 8 2841 ? Long 24 0
Stream 
crossing OK ?? CMP Wingwall Low 0-25% 0-25% None No problems None None K. Dubé 9/11/2007

1 West-Side Access Road 9 3617 50 32 0 Relief OK 1-2 ft CMP
Drop inlet, 
wingwall High 0-25% None Low No problems

CB too 
deep/sump

Rebuild CB (bigger or 
keep clean) K. Dubé 9/11/2007

1 West-Side Access Road 10 4255 45 24 0 Relief OK 1-2 ft CMP
Trash rack, 
drop inlet Armored High 75-100% None High No problems

CB full of 
sediment Remove blockage K. Dubé 9/11/2007

1 West-Side Access Road 11 5565 60 32 0
Stream 
crossing OK <1 ft CMP Medium None None None No problems None None K. Dubé 9/11/2007

1 West-Side Access Road 12 5874 ? Long 32 0
Stream 
crossing OK ?? CMP High 0-25% ?? Medium No problems None Remove blockage K. Dubé 9/11/2007

1 West-Side Access Road 13 7412 60 24 60
Stream 
crossing OK <1 ft CMP

Trash rack, 
drop inlet Medium 24-50% 0-25% Medium No problems None Remove blockage K. Dubé 9/11/2007

1 West-Side Access Road 14 9162 30 48 30
Stream 
crossing OK <1 ft

Concrete 
box Armored High None None None No problems None None K. Dubé 9/11/2007

1 West-Side Access Road 15 9922 50 48 45
Stream 
crossing OK <1 ft

Concrete, 
HDPE

Trash rack, 
concrete drop 
inlet

Armored, 
concrete box 
drop Medium None None None No problems None None K. Dubé 9/11/2007

2
Maintenance facility road 
network 1 784 50 48 45

Stream 
crossing OK <1 ft CMP Medium 0-25% None Low No problems None Remove blockage K. Dubé 9/11/2007

5
Spur off the BPA switchyard 
road 1 274 40 12 20

Stream 
crossing OK <1 ft CMP Medium None 0-25% Medium No problems

Too small 
(??) Remove blockage K. Dubé 9/11/2007

6 South end of FR 6200-348 1 42 20 18 0
Stream 
crossing OK <1 ft CMP High 0-25% None None No problems None None K. Dubé 9/11/2007

6 South end of FR 6200-348 2 1413 30 18 0
Stream 
crossing OK 1-2 ft CMP Medium 0-25% None Low No problems None Remove blockage K. Dubé 9/11/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 1 29 60 24 0 Relief OK <1 ft CMP Low None None Low No problems

CB full of 
sediment Remove blockage K. Dubé 9/5/2007 Log or rock in middle of culvert; about 50% blocked.

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 2 832 65 24 0 Relief OK 2-5 ft CMP High

75-100% 
(sediment) None Medium No problems

CB full of 
sediment, 
shotgunned Remove blockage K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 3 1193 50 24 0 Relief OK <1 ft CMP Low 0-25% 0-25% Low No problems None Remove blockage K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 4 1669 50 24 0 Relief OK <1 ft CMP Low 0-25% 0-25% Low No problems None Remove blockage K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 5 2248 ?? ?? ?? Relief OK <1 ft ?? Medium

75-100% 
(sediment)

75-100% 
(sediment) High

CB full of 
sediment Remove blockage K. Dubé 9/5/2007 Could not find outlet - inlet 90% plugged

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 6 2721 40 24 20 Relief OK <1 ft CMP Medium

50-75% 
(sediment) 0-25% Medium No problems None Remove blockage K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 7 3802 50 24 0 Relief OK <1 ft CMP Medium 0-25% 0-25% Low No problems None Remove blockage K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 8 4879 55 24 10 Relief OK <1 ft CMP Low None None None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 9 5655 50 24 0 Relief OK <1 ft CMP Low None None None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 10 6386 60 32 0 Relief OK 1-2 ft CMP Low None None None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 11 6747 40 24 0 Relief OK <1 ft CMP Low None None None No problems None None K. Dubé 9/5/2007
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FINAL REPORT

Boundary Dam 2007 Road Culvert/Bridge Inventory Data

STUDY NO. 1 – EROSION STUDY  

Road Map 
Number Road Name

Crossing 
Number

Station 
(ft)

Length 
(ft)

Culvert 
Diameter 

(in) 
Skew 

(degrees) Purpose
Inlet 

Condition
Outfall 
Drop

Culvert 
Type

Inlet 
Features

Outlet 
Features

Future Plug 
Potential

Inlet 
Blockage

Outlet 
Blockage

Prescription 
Urgency

Culvert 
Condition 

Issues

Culvert 
Function 

Issues Prescription Photo Surveyor Date Comments

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 12 7501 40 32 0

Stream 
crossing OK CMP Medium None None None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 13 7776 40 24 0 Relief OK 2-5 ft CMP Low None None None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 14 8719 50 32 20 Relief OK <1 ft CMP Low None None None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 15 9021 45 24 0 Relief OK 1-2 ft CMP High None None Medium

Belly, inlet 
damage None

Remove blockage, 
flush, repair K. Dubé 9/5/2007 Internal blockage approx 50% (sediment) due to belly

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 16 9278 40 24 0 Relief OK <1 ft CMP Medium 0-25% 0-25% Low Belly Too short Flush K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 17 9518 90 32 0

Stream 
crossing OK 1-2 ft CMP High

50-75% 
(sediment)

24-50% 
(sediment) Medium Belly (at end)

CB full of 
sediment Flush K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 18 10247 40 24 0 Relief OK <1 ft CMP Medium 0-25% 0-25% None No problems None None K. Dubé 9/5/2007

7

POC 3990/FR 3165-000 
Boundary Dam/Crescent 
Lake 19 10595 35 24 0 Relief OK 1-2 ft CMP Low None 24-50% Low No problems None Remove blockage K. Dubé 9/5/2007

8 FR 3165-350 1 125 40 24 45 Relief OK <1 ft CMP High 24-50% 24-50% Medium Belly None Remove blockage K. Dubé 9/5/2007
8 FR 3165-350 2 730 40 18 0 Relief OK 1-2 ft CMP Medium 0-25% None Low No problems None Remove blockage K. Dubé 9/5/2007

8 FR 3165-350 3 1358 80 24 0 Relief OK 1-2 ft CMP High
24-50% 
(sediment) None Medium Intake damaged None Remove blockage K. Dubé 9/5/2007

8 FR 3165-350 4 1631 40 24 0 Relief OK >5 ft HDPE Low None None None No problems None None K. Dubé 9/5/2007 New HDPE in gabion wall by dam

9
Tailrace boat lanuch road 
(west side) 1 595 80 48 45

Stream 
crossing OK 2-5 ft HDPE Box inlet Medium None None None No problems None None K. Dubé 9/11/2007

10 FR 3165-200 1 672 40 18 45 Relief OK 1-2 ft CMP Medium 0-25% None Low No problems None Remove blockage K. Dubé 9/5/2007

10
unnamed spur off of FR 3165-
200 1 2330 ?? 12 0 Seepage OK 1-2 ft CMP High

75-700% 
(sediment) None Medium No problems Too short

Replace with drivable 
dip K. Dubé 9/5/2007

10
unnamed spur off of FR 3165-
200 2 4879 ?? 12 0 Seepage ?? n/a CMP Downspout High

75-700% 
(sediment) None Low No problems None Remove K. Dubé 9/5/2007 No longer needed

11 FR 3165-340 1 1920 30 12 0
Stream 
crossing OK ?? CMP High None None High Intake damaged

CB full of 
sediment, 
Flow 
under/around, 
Too short, 
Too small

Repair failure and/or 
remove culvert 327-328 K. Dubé 9/11/2007

Needs bigger culvert.  Slide at site has covered road. 
Culvert too small for amount of water; stream has cut 
through fill.  Blocked road.
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FINAL REPORT

Boundary Dam 2007 Road Mass Movement Inventory Data

STUDY NO. – EROSION STUDY

Map ID 
Number

Road 
Map 

Number Road Name Station (ft)
Length 

(ft)

Width/ 
Soil 

depth 
(ft)

Scarp 
Height 

(ft)

Delivery 
to 

Stream 
(%)

Est. Past 
Failure 
Volume 
(cu yd)

Est. 
Future 
Failure 
Volume 
(cu yd) Type Activity Features

Future Failure 
Potential

Factors 
Influencing 

Erosion
Potential 

Treatment
Treatment 
Urgency Photo Surveyor Date Landowner Comments

HC1
1

West-Side Access 
Road

1129-1743 614 3-5 up to 100' 0 11,400 same Shallow translational slide, 
ravel Active High

Steep road cut 
through erodible 
material

Already treated Low 371-373 K. Dubé 9/11/2007 SCL, USFS Barriers help contain and channel 
sediment and runoff

HC1
1

West-Side Access 
Road

1308-1900 592 3-5 up to 100' 0 10,900 same Shallow translational slide, 
ravel Active High

Steep road cut 
through erodible 
material

Already treated Low 371-373 K. Dubé 9/11/2007 SCL, USFS Barriers help contain and channel 
sediment and runoff

3165-1
7

POC 3990/FR 3165-
000 Boundary 
Dam/Crescent Lake

9747-9927 180 5-10
stablized

and 
vegetated

100 937,500 same Slab failure (GeoEngineers 
1999) Stablized Low Seeps, Gorge Fault Already treated Low K. Dubé 7/23/2008 USFS Horizontal drains installed to reduce 

pore pressure

200-1 10 FR 3165-200 947 ?? Re-
vegetated 20 10 0 600 0 Shallow translational slide Inactive Low Oversteepened road 

fill None Low 1 K. Dubé 9/5/2007 USFS Revegetated/old slide

340-1

11 FR 3165-340

1920 25 5 40 100 190 520 Shallow translational slide, 
debris torrent in stream

Active, 
potential

Scarps, 
Sagging, Holes 
on road; toe of 
slide unstable

High/Medium Wet slope/seepage, 
culvert failed

Fix drainage, 
pull back fill High/ medium 327-328 K. Dubé 9/11/2007 USFS

Future failure potential also at a site 
approx. 50 feet down road; saturated 
road fill.  Plus landslide debris on road 
prism at stream crossing

340-2

11 FR 3165-340

2115 50 3 30 40 300 300 Shallow translational slide Active, 
potential

Wet vegetation, 
leaning trees High

Wet slope, 
oversteepend 
fillslope and steep 
cutslope

Pull back fill Medium 366 K. Dubé 9/11/2007 USFS

BWP-1 BWP Boundary Wildlife 
Preserve road 2211-2331 120 3-5 30-50 0 900 300 Shallow translational slide Inactive but 

raveling Medium
Steep road cut 
through erodible 
material

Retaining 
wall/butress; 
Revegetate

Low 352-356 K. Dubé 9/11/2007 SCL 
ATV tracks on cutslope; cover approx 
40% herb and shrub; possible future 
slide could continue to station 2376

BWP-2 BWP Not on road n/a 100 5 100 0-10 50,000 25,000 Shallow translational slide Inactive but 
raveling Medium

Steep, unstable soil; 
possible old road at 
top??

Low 35-36 K. Dubé 9/11/2007 SCL 
Approx. 100 feet from road on steep 
bank.  20 year old conifers and grass 
on slide.
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Appendix 5:  Photographs of Erosion Sites 
 



 



1

Boundary Dam

Study 1.  Erosion Study

Reservoir, Road, and Project Area 
Erosion Inventory Photos

September 5-11, 2007

Pend Oreille River between  
Boundary Dam and US-Canada 
Border



2

Pend Oreille River from Boundary Dam to US-Canada Border

Erosion Site BB1



3

Erosion Site BB1

Erosion Site BB2



4

Erosion Site BB2

Erosion Site BB2



5

Erosion Site BB3

Erosion Site BB3



6

Erosion Site BB3

Reservoir downstream of 
Metaline Falls

(counter-clockwise starting at dam)



7

Erosion Site 1

Erosion Site 1



8

Forebay Boat Launch

Forebay Boat Launch 



9

Erosion Site 2 

Erosion Site 3 



10

Erosion Site  3

Erosion Site 3



11

Erosion Site  3

Erosion Site 3 



12

Erosion Site 4

Erosion Site 4/5



13

Erosion Site 5 

Pewee Falls



14

Erosion Site  6

Erosion Site 6 



15

Erosion Site 6 

Erosion Site 7 



16

Erosion Site 8 

Limestone Bedrock
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Erosion Site 8 

Erosion Site 8 



18

Erosion Site  9

Erosion Site 10



19

Erosion Site 11 

Erosion Site 11 



20

Erosion Site 12 

Erosion Site 12 



21

Erosion Site 12

Erosion Site 12 



22

Erosion Site 13

Erosion Site 13



23

Erosion Site 14

Erosion Site 14



24

Erosion Site 15

Erosion Site 15 



25

Erosion Site 16

Erosion Site 17



26

Erosion Site 18

Erosion Site 19



27

Erosion Site 20 

Erosion Site 21



28

Erosion Site 22

Erosion Site 23 



29

Erosion Site 23 

Erosion Site 24 



30

Erosion Site 25

Ledbetter Slate Cliff 



31

Beaver 
Creek 
Waterfall in 
Ledbetter 
Slate 

Erosion Site 26 



32

Erosion Site 26 

Erosion Site 27 



33

Erosion Site 28 

Erosion Site 29 



34

Erosion Site 30 

Erosion Site 30 



35

Erosion Site 30 

Erosion Site 31 



36

Erosion Site 31A (narrow talus cones in ravines) 

Erosion Site 32 



37

Erosion Site 33 

Erosion Site 33



38

Erosion Site 33
Mine-related 
Sediment above
bluff 

Erosion Site 33 top of bluff 



39

Erosion Site 33, rills from industrial runoff 

Erosion Site 34 



40

Erosion Site 34

Erosion Site 35 



41

Erosion Site 36 

Erosion Site 37



42

Erosion Site 38 

Erosion Site 39 



43

Erosion Site 39

Erosion Site 40 



44

Contact of Metaline Limestone (top light color) with Ledbetter Slate (bottom black)

Stable Bedrock 
with Seep 



45

Erosion Site 41 

Erosion Site 41 



46

Erosion Site 42 

Erosion Site 42 (Slate Creek) 



47

Erosion Site 42 

Erosion Site 43



48

Erosion Site 43 

Metaline
Limestone
Cliffs 



49

Metaline Limestone Cliffs 

Erosion Site 44 



50

Erosion Site 45 

Erosion Site 46 



51

Erosion Site 46

Erosion Site 47 



52

Erosion Site 47 

Erosion Site 47 



53

Erosion Site 48 

Erosion Site 48



54

Erosion Site 49

Erosion Site 49



55

Erosion Site 49 

Erosion Site 50



56

Erosion Site 50 

Folding in Metaline Limestone



57

Vertical beds in
Metaline Limestone 

Folding and 
deformation in 
Metaline Limestone 
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Erosion Site 51 

Erosion Site 51 



59

Erosion Site 51 

Erosion Site 51 



60

Erosion Site 52 

Erosion Site 53 



61

Reservoir between Box Canyon 
Dam and Metaline Falls

(counter-clockwise starting at dam)

Erosion Site 100 
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Erosion Site 101

Erosion Site 102 
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Erosion Site 102 

Erosion Site 102 
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Erosion Site 103

Erosion Site 103
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Erosion Site 103

Erosion Site 103



66

Erosion Site 103 in slough

Erosion Site 103
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Erosion Site 103

Erosion Site 103



68

Erosion Site 103

Erosion Site 103
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Erosion Site 103

Erosion Site 103



70

Erosion Site 103

Erosion Site 103 (from Highway)
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Erosion Site 103 (from Highway)

Erosion Site 103 (from Highway)
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Erosion Site 103 (from Highway)

Erosion Site 104



73

Erosion Site 105

Erosion Site 106 
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Erosion Site 106 

Erosion Site 107
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Erosion Site 108 

Erosion Site 108 
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Erosion Site 108

Erosion Site 109



77

Erosion Site 110 

Erosion Site 110
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Erosion Site 111

Erosion Site 112



79

Erosion Site 113 

Erosion Site 114 



80

Erosion Site 115 

Erosion Site 116 
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Erosion Site 116 

Erosion Site 117 



82

Erosion Site 118 

Erosion Site 118 



83

Erosion Site 118 

Erosion Site 118 



84

Erosion Site 118 

Erosion Site 118 



85

Erosion Site 118 

Erosion Site 118 



86

Erosion Site 119 

Erosion Site 119 



87

Erosion Site 119 

Erosion Site 120



88

Erosion Site 121

Erosion Site 122



89

Erosion Site 123

Erosion Site 123
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Erosion Site 123 

Erosion Site 124
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Erosion Site 125 

Erosion Site 126 
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Erosion Site 127

Erosion Site 127



93

Erosion Site 127

Erosion Site 127 
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Erosion Site 127 

Erosion Site 128 
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Erosion Site 128 

Erosion Site 129



96

Erosion Site 129

Erosion Site 129
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Project Roads and Facilities

Main Boundary Dam Access Road  Station 1000-2000
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Main Boundary Dam Access Road  Station 1000-2000

Main Boundary Dam Access Road  Station 1000-2000
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Main Boundary Dam 
Access Road
Sediment control 
barriers

Main Boundary Dam 
Access Road
Sediment control 
barriers



100

Main Boundary Dam 
Access Road
Sediment control 
barriers

USFS Road  200



101

USFS Road 200 Station 947  

Road 201 



102

Road 201

Road  201



103

USFS Road  350

USFS Road  350



104

USFS Road  350

USFS Road  350



105

USFS Road  350

Boundary Wildlife Preserve Road  
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Boundary Wildlife Preserve Road  

Boundary Wildlife Preserve Road  Station 2211-2331



107

Boundary Wildlife Preserve Road  

Boundary Wildlife Preserve Mass Wasting Site BWP-2 



108

Boundary Wildlife Preserve Road  

331000 Sand Creek Road  



109

331000 Sand Creek Road  

USFS Road 340 Spur 1
Station 1920, Mass Wasting Site 340-1



110

USFS Road 340 Spur 1 Station 2115, Mass Wasting Site 340-2

USFS Road 340 Spur 1 Station 2115, Mass Wasting Site 340-2



111

Vista House Trail 

Vista House –
informal trail 
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Appendix 7:  Aerial Photographs of Sullivan Creek Site 
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