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BATHYMETRY MEASUREMENT
AND ANALYSIS LOCATIONS

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 10
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SKAGIT RIVER
BATHYMETRY MEASUREMENTS

Skagit River Levee General Investigation
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SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 11
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NORTH FORK SKAGIT RIVER
BATHYMETRY MEASUREMENTS
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SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 12
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SOUTH FORK SKAGIT RIVER
BATHYMETRY MEASUREMENTS
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Geotechnical and Environmental Consultants FIG. 13
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SHANNON & WILSON, INC. FIG. 14

SKAGIT RIVER RATING CURVE AND 
HYDROGRAPHS

Geotechnical and Environmental Consultants

January 2011                           21-1-21199-003

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington

10

15

20

25

30

35

40

0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000

St
ag

e 
(ft

)

Discharge (cfs)

10

15

20

25

30

35

11/12/95 11/19/95 11/26/95 12/03/95 12/10/95 12/17/95

St
ag

e 
(ft

)

10

15

20

25

30

35

10/14/03 10/21/03 10/28/03 11/4/03 11/11/03 11/18/03

St
ag

e 
(ft

)

10

15

20

25

30

35

10/30/06 11/6/06 11/13/06 11/20/06 11/27/06 12/4/06

St
ag

e 
(ft

)



NOTE:
The conditional probabilities of underseepage failure at
analysis sections DD3-1L, DD17-2L, DD17-3L,
DD22-1R, and DD22-2L were near zero for all river stages
and are not included in this graph.

SHANNON & WILSON, INC. FIG. 15

DEPTH-NORMALIZED 
UNDERSEEPAGE FAILURE 

PROBABILITIES
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NOTE:
The conditional probabilities of static landside failure at
analysis sections DD1-1R and DD22-1R were near zero
for all river stages and are not included in this graph.

SHANNON & WILSON, INC. FIG. 16

DEPTH-NORMALIZED LANDSIDE 
STATIC FAILURE PROBABILITIES

Geotechnical and Environmental Consultants

January 2011                           21-1-21199-003

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington

0.0

0.2

0.4

0.6

0.8

1.0

05101520

C
on

di
tio

na
l P

ro
ba

bi
lit

y 
of

 F
ai

lu
re

Water Depth Below Crest (ft)

DD1-2R
DD3-1L
DD17-1L
DD17-2L
DD17-3L
DD22-2L



SHANNON & WILSON, INC. FIG. 17

DEPTH-NORMALIZED LANDSIDE 
SEISMIC FAILURE PROBABILITIES
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SHANNON & WILSON, INC. FIG. 18

DEPTH-NORMALIZED RIVERSIDE 
SEISMIC FAILURE PROBABILITIES
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SHANNON & WILSON, FIG. 19

SCOUR PROBABILITY
VS WATER DEPTH

SKAGIT RIVER

Geotechnical and Environmental 
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SHANNON & WILSON, FIG. 20

SCOUR PROBABILITY
VS WATER DEPTH
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LENGTH EFFECT ON CONDITIONAL 
PROBABILITY OF LEVEE FAILURE
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Project NWS Skagit River GI
Feature Analysis Section DD1-1R
Date 5/6/2010
Computed by MMY/OTH/HLE

13.1 21.7 30.2 34.5 36.8 37.8 38.8

pf 0.00 0.00 0.00 0.00 0.29 0.65 1.00
pnf 1.00 1.00 1.00 1.00 0.71 0.35 0.00
pf 0.00 0.00

pnf 1.00 1.00
pf 0.00 0.00 0.00 0.00 0.00

pnf 1.00 1.00 1.00 1.00 1.00
pf 0.00 0.00 0.00 0.00 0.00 0.00

pnf 1.00 1.00 1.00 1.00 1.00 1.00
pf 0.00 0.00 0.00 0.01 0.01 0.01 0.01

pnf 1.00 1.00 1.00 0.99 0.99 0.99 0.99
pf 0.01 0.01 0.01 0.01 0.00 0.00 0.01

pnf 0.99 0.99 0.99 0.99 1.00 1.00 0.99
pf 0.00 0.00 0.00 0.00 0.00 0.20 1.00

pnf 1.00 1.00 1.00 1.00 1.00 0.80 0.00
pf 0.01 0.01 0.01 0.01 0.30 0.72 1.00

pnf 0.99 0.99 0.99 0.99 0.70 0.28 0.00
source row 187 155 123 91 219 59
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FRAGILITY CURVE AND TABLE 
SECTION DD1-1R

Geotechnical and Environmental Consultants
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Skagit County, Washington



Project NWS Skagit River GI
Feature Analysis Section DD1-2R
Date 5/10/2010
Computed by MMY

4.4 11.2 14.6 15.8 18.0 23.8 24.8

pf 0.000 0.000 0.000 0.800 1.000 1.000 1.000
pnf 1.000 1.000 1.000 0.200 0.000 0.000 0.000
pf 0.000

pnf 1.000
pf 0.000 0.000 0.000 0.202 1.000 0.997 0.997

pnf 1.000 1.000 1.000 0.798 0.000 0.003 0.003
pf 0.000 0.000 0.000 0.000 0.000

pnf 1.000 1.000 1.000 1.000 1.000
pf 0.006 0.006 0.007 0.007 0.007 0.007 0.007

pnf 0.994 0.994 0.993 0.993 0.993 0.993 0.993
pf 0.003 0.006 0.006 0.006 0.006 0.006

pnf 0.997 0.994 0.994 0.994 0.994 0.994
pf 0.000 0.000 0.000 0.000 0.000 0.200 1.000

pnf 1.000 1.000 1.000 1.000 0.200 0.800 0.000
pf 0.009 0.012 0.013 0.841 1.000 1.000 1.000

pnf 0.991 0.988 0.987 0.159 0.000 0.000 0.000
source row 155 123 219 187 91 59
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FRAGILITY CURVE AND TABLE 
SECTION DD1-2R
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Project NWS Skagit River GI
Feature Analysis Section DD3-1L
Date 5/10/2010
Computed by MMY

10.5 16.5 22.5 26.2 27.2 28.5

pf 0.00 0.00
pnf 1.00 1.00
pf 0.00

pnf 1.00
pf 0.01 0.00 0.00 0.00 0.19 0.93

pnf 0.99 1.00 1.00 1.00 0.81 0.07
pf 0.00 0.00 0.00 0.00

pnf 1.00 1.00 1.00 1.00
pf 0.00 0.00 0.00 0.01

pnf 1.00 1.00 1.00 0.99
pf 0.00 0.00 0.00 0.00

pnf 1.00 1.00 1.00 1.00
pf 0.00 0.00 0.00 0.00 0.20 1.00

pnf 1.00 1.00 1.00 1.00 0.80 0.00
pf 0.01 0.00 0.00 0.00 0.35 1.00

pnf 0.99 1.00 1.00 1.00 0.65 0.00
source row 187 155 123 91 219 59
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FRAGILITY CURVE AND TABLE 
SECTION DD3-1L
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Project NWS Skagit River GI
Feature Analysis Section D17-1L
Date 5/10/2010
Computed by MMY

20.6 28.3 35.8 40.1 42.2 43.2

pf 0.000 0.281 0.768 1.000
pnf 1.000 0.719 0.232 0.000
pf 0.000

pnf 1.000
pf 0.000 0.000 0.013 0.681 1.000

pnf 1.000 1.000 0.987 0.319 0.000
pf 0.000 0.000 0.000 0.000 0.000 0.000

pnf 1.000 1.000 1.000 1.000 1.000 1.000
pf 0.000 0.000 0.007 0.007 0.007

pnf 1.000 1.000 0.993 0.993 0.993
pf 0.007 0.007 0.007 0.007 0.007 0.007

pnf 0.993 0.993 0.993 0.993 0.993 0.993
pf 0.000 0.000 0.000 0.000 0.200 1.000

pnf 1.000 1.000 1.000 1.000 0.800 0.000
pf 0.007 0.007 0.007 0.299 0.942 1.000

pnf 0.993 0.993 0.993 0.701 0.058 0.000
source row 187 155 123 91 59
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FRAGILITY CURVE AND TABLE 
SECTION DD17-1L
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Project NWS Skagit River GI
Feature Analysis Section DD17-2L
Date 5/10/10
Computed by MMY

13.1 23.3 31.8 36.0 38.3 39.3

pf 0.00 0.00 0.00 0.00 0.00
pnf 1.00 1.00 1.00 1.00 1.00
pf 0.00
pnf 1.00
pf 0.00 0.00 0.00 0.42 0.60
pnf 1.00 1.00 1.00 0.58 0.40
pf 0.00 0.00 0.00 0.00
pnf 1.00 1.00 1.00 1.00
pf 0.00 0.00 0.01 0.01 0.01
pnf 1.00 1.00 0.99 0.99 0.99
pf 0.00 0.01 0.01 0.01
pnf 1.00 0.99 0.99 0.99
pf 0.00 0.00 0.00 0.00 0.20 1.00
pnf 1.00 1.00 1.00 1.00 0.80 0.00
pf 0.00 0.01 0.01 0.01 0.54 1.00
pnf 1.00 0.99 0.99 0.99 0.46 0.00

source row 155 123 91 187 59
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Detail

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
Notes:

1. Horizontal equals vertical.                                
DD17-1 CROSS SECTION
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FIG. B-1

Complete Model
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FIG. B-2

Complete Model
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Notes:

1. Horizontal equals vertical.                                
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