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1. GEOTECHNICAL ENGINEERING SUMMARY 

1.1  Dimensions and Volumes Determination 

Top of levee elevations and profiles were obtained from the Seattle District National Levee Database 
(NLD) levee centerline data, surveyed by Woolpert in 2010 and provided to USACE. Typical levee 
sections, dimensions, widths, and slopes were obtained in part from sections surveyed by Woolpert as 
part of the same task, but were primarily obtained from the NWS Survey of Levee Profiles and Sections 
2009.04 (see attachments below). This NWS Survey effort was conducted for the Skagit River General 
Investigation project.  

Typical sections for the levee raise are attached, as well as a summary of material quantities and detailed 
calculations from all design flows considered. Water surface elevations (WSE, attached) were compared 
against existing levee top elevations to determine the height of levee raise required section-by-section.  

Preliminary estimates of material quantities for the two bypass alternatives, as well as their corresponding 
maps, are also attached.  

1.2  Levee Risk and Reliability 

Levee Risk and Reliability analysis was performed by Shannon & Wilson for USACE, as part of the 
Skagit River GI project, with completed reports submitted January 31, 2011. This information helped to 
determine 15% and 85% Probable Non-Failure Points (PNP) and Probable Failure Points (PFP), 
respectively, for the levees along the Skagit River at various locations. Eight such locations were 
analyzed, as determined by each Skagit County Dike District. The 15% and 85% points were provided in 
the form of a water surface elevation below top of levee that corresponds to 15% and 85% likelihood of 
failure. The 15% point corresponds to a very low likelihood of failure (non-failure), while the 85% point 
corresponds to a likely failure, when the river reaches that elevation at that section. The locations of the 
analyzed sections appear in the Shannon & Wilson Risk and Reliability Report (attached).  

Because only eight (8) sections were analyzed, these conditions were extrapolated and applied throughout 
the levee systems on the Skagit River. Due to this strategy, preliminary estimates may result in more 
severe conditions than truly exist throughout the levee systems.  

1.3  Subsurface Conditions 

Historically, hundreds of soil borings have been performed along the Skagit River levee system. Recently, 
both Shannon & Wilson and Golder Associates performed additional borings in support of their 
respective analyses. Newer borings reflected similar conditions to those performed in the past decades. A 
combination of this soil boring information can be utilized. Boring logs prepared by Shannon & Wilson 
are present in the attached report. No other subsurface information is attached to this appendix.  
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2. ATTACHMENTS 

 Typical Section – Levee Raise configuration, Figure 8-6 EM 1110-2-1913 

 Typical Section – Levee Raise features, dimensions, and detail 

 Comprehensive Urban Levee Improvement Alternative Map 2014.01.10 

 Levee Raise Dimensions and Quantities – Summary of 75-, 100-, and 250-year 

 Levee Raise Dimensions and Quantities – 75-year 

 Levee Raise Dimensions and Quantities – 100-year 

 Levee Raise Dimensions and Quantities – 250-year 

 Levee Raise Dimensions and Quantities – Assumptions  

 NWS Survey of Levee Profiles and Sections 2009.04 

 Water Surface Elevations for 75-, 100-, and 250-year Flows 

 Water Surface Elevations Graph of 75-, 100-, and 250-year Profiles 

 Joe Leary Slough Bypass Alternative Map 2014.01.10 

 Joe Leary Slough Bypass Dimensions and Quantities Preliminary 100-year 

 Swinomish Bypass Alternative Map 2014.01.10 

 Swinomish Bypass Dimensions and Quantities Preliminary 100-year 

 Mount Vernon Downtown Flood Protection Floodwall Design Drawings 2009.01.30 

 Shannon & Wilson Levee Risk and Reliability Report 2011.01.31 
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Updated: 11-Sep-13

75-year Value Summary 100-year Value Summary 250-year Value Summary
LEVEE RAISES ONLY LEVEE RAISES ONLY LEVEE RAISES ONLY
ITEM VALUE UNIT ITEM VALUE UNIT ITEM VALUE UNIT
Length of Levee Raise 9.2 Miles Length of Levee Raise 9.2 Miles Length of Levee Raise 9.2 Miles
Total Volume of Soil (Raise) 379,629 YD3 Total Volume of Soil (Raise) 480,824 YD3 Total Volume of Soil (Raise) 632,058 YD3

Total Volume of Soil (seepage berm) 315,024 YD3 Total Volume of Soil (Seepage) 294,769 YD3 Total Volume of Soil (Seepage) 264,419 YD3

Total Volume of Gravel 15,619 YD3 Total Volume of Gravel 15,619 YD3 Total Volume of Gravel 15,619 YD3

Total Land Area Required for Raise 74.1 Acres Total Land Area Required for Raise 75.6 Acres Total Land Area Required for Raise 77.5 Acres
Average Raise Amount 2.0 Feet Average Raise Amount 2.4 Feet Average Raise Amount 2.8 Feet
Average Final Height 11.0 Feet Average Final Height 11.4 Feet Average Final Height 11.8 Feet
Average Width Increase (excl. berm) 16.0 Feet Average Width Increase (excl. berm) 18.6 Feet Average Width Increase (excl. berm) 21.9 Feet

BURLINGTON HILL CROSS LEVEE BURLINGTON HILL CROSS LEVEE BURLINGTON HILL CROSS LEVEE
ITEM VALUE UNIT ITEM VALUE UNIT ITEM VALUE UNIT
Length of New Levee 1.9 Miles Length of New Levee 1.9 Miles Length of New Levee 1.9 Miles
Total Volume of Soil 65,000 YD3 Total Volume of Soil 81,767 YD3 Total Volume of Soil 106,088 YD3

Total Volume of Gravel 2,245 YD3 Total Volume of Gravel 2,245 YD3 Total Volume of Gravel 2,245 YD3

Total Land Area Required 16.7 Acres Total Land Area Required 18.0 Acres Total Land Area Required 19.8 Acres

RIVERBEND CUTOFF LEVEE RIVERBEND CUTOFF LEVEE RIVERBEND CUTOFF LEVEE
ITEM VALUE UNIT ITEM VALUE UNIT ITEM VALUE UNIT
Length of New Levee 1.0 Miles Length of New Levee 1.0 Miles Length of New Levee 1.0 Miles
Total Volume of Soil 188,444 YD3 Total Volume of Soil 199,192 YD3 Total Volume of Soil 212,477 YD3

Total Volume of Gravel 1,178 YD3 Total Volume of Gravel 1,178 YD3 Total Volume of Gravel 1,178 YD3

Total Land Area Required 16.8 Acres Total Land Area Required 17.2 Acres Total Land Area Required 17.6 Acres

This sheet provides summary information from the Comprehensive Urban Levee Improvement Alternative under three design flows: 75-, 100- and 250-year



LEGEND 75-year Flood Frequency Levee Modifications and Dimensions
Orange = Raised Levees yd3 27 ft3

Pink = New Levees acre 43,560 ft2

Light Brown = AVERAGE or SUM Total
White = Existing - No Actions

LOCATION AND INFORMATION EXISTING DIMENSIONS RAISE DIMENSIONS WIDTHS VOLUMES

Dike 
District

River 
Bank

Design 
Feature 
Name Location

River Mile 
(approx)

Section 
Length 
(feet)

Section 
# Source

Riverward 
Slope 

(riprap) 
xH:1V

Riverward 
Slope 
(grass) 
xH:1V

Landward 
Slope 

(existing) 
xH:1V

Landward 
Slope 

(raised) 
xH:1V

Crown 
Width

Riverward 
Bench 
Width 

(existing)
Height 

(existing)
Levee 
Raise

Height 
(final)

WSE 100-
year

WSE 75-
year

WSE 250-
year

Raise 
Width 

Increase

Seepage 
Berm 
Width

Seepage 
Berm 

Thickness

Veg 
Free 
Zone

Existing 
Levee 
Width

Final 
Width 

(all 
variables)

Volume of 
Soil Raise 

(yd3)

Volume of 
Soil Seepage 
Berm (yd3)

Area for 
Raise

(acres)

Gravel 
Top 

Course 
(6") (yd3)

12 Right Upstream end of DD12 (Strawberry Point) 20.9 7000 12-1 Woolpert NLD Section 2 3 5 5 20 0 13 2.61 15.61 49.71 48.9 50.97 20.88 39.12 5 15 290 365 90,971 50,711 12.1 2,593
12 Right S Gardner Road, setback, woods at toe 19.48 5000 12-2 Woolpert NLD Section 2 2 2 3 15 600 8 2.5 10.5 49.16 48.28 50.43 12.5 47.5 5 15 55 130 28,356 43,981 8.6 1,389
12 Right S Skagit St Boat Dock 18.57 3000 12-3 Woolpert NLD Section 2 3 5 5 37 20 11 2.96 13.96 48.91 48.01 50.18 23.68 36.32 5 15 200 275 45,005 20,178 5.2 2,056
12 Right BNSF Embankment - !Riverward! 17.9 1600 12-BNSF LiDAR & Golder Report 2 1 2 3 40 500 10 4.41 14.41 48.67 47.73 49.93 38.46 0 0 15 140 193.46 32,842 0 2.0 1,185
12 Right Immediately d/s of BNSF Bridge 17.53 6200 12-4 Woolpert NLD Section 2 2.7 2.7 3 12 30 9 2.06 11.06 46.56 45.99 47.43 11.742 48.258 5 15 130 205 32,720 55,407 10.7 1,378
12 Right Immediately d/s of I5 Bridge 16.6 100 12-5 Woolpert NLD Section 2 3 2 3 12 0 12 2.28 14.28 44.6 44.14 45.19 13.68 46.32 5 15 130 205 767 858 0.2 22

22,900 2.1 2.3 2.7 3.2 20.0 146.0 10.9 3.0 13.9 18.3 24.2 15.0 159.2 216.7 230,662      171,135      39               8,622      
SUM

1 Right Begin Levee Raise… 1000 1-3 GI Study Sections 1.7 5 4.6 4.6 12 26 3.9 1.46 5.36 14.016 30 5 15 126 185.016 3,052 5,556 1.4 222
1 Right 14 1000 1-4 GI Study Sections 1.2 2.8 2 3 12 23 8.8 1.5 10.3 39.84 39.51 40.22 8.7 30 5 15 100 153.7 3,744 5,556 1.2 222
1 Right 1000 1-5 GI Study Sections 1.4 3 2 3 14 27 8.5 1.5 10 9 30 5 15 107 161 3,861 5,556 1.2 259
1 Right 13.8 1000 1-6 GI Study Sections 1 5.2 1.8 3 14 20 8.2 1.55 9.75 38.78 38.48 39.1 12.71 30 5 15 109 166.71 5,029 5,556 1.3 259
1 Right 1000 1-7 GI Study Sections 1.6 3.4 2.3 3 14 30 8.8 1.55 10.35 9.92 30 5 15 124 178.92 4,322 5,556 1.3 259
1 Right 1000 1-8 GI Study Sections 1.6 2.7 2.5 3 14 40 7.5 2.05 9.55 11.685 30 5 15 123 179.685 4,752 5,556 1.3 259
1 Right Setback along Dunbar Rd and N Barker St, woods at t 13.1 1000 1-9 GI Study Sections 1 4.4 2.3 3 15 0 10 2.05 12.05 38.33 38.03 38.67 15.17 30 5 15 108 168.17 7,333 5,556 1.4 278
1 Right Setback along S Ball St, woods at toe 13.05 1000 1-10 GI Study Sections 1 5 2 3 12 50 9.1 2.05 11.15 38.26 37.96 38.6 16.4 30 5 15 132 193.4 7,061 5,556 1.4 222
1 Right U/S Division Street Bridge, woods at toe 12.96 1000 1-11 GI Study Sections 1.8 1.3 2 3 12 398 8 2.13 10.13 36.82 36.58 37.11 9.159 30 5 15 468 522.159 4,022 5,556 1.2 222
1 Right Setback at S Baker St, playfield at toe 1000 1-12 GI Study Sections 4 5.6 3 3 22 100 10.1 2.13 12.23 18.318 30 5 15 171 234.318 9,310 5,556 1.5 407
1 Right Setback at Maple Lane, woods at toe 12.4 1000 1-13 GI Study Sections 1 4 2 3 17 0 9.3 0.68 9.98 35.62 35.41 35.86 4.76 30 5 15 86 135.76 2,128 5,556 1.1 315
1 Right Setback, woods at toe 1000 1-14 GI Study Sections 1 3.6 1.7 3 17 0 12.8 0.71 13.51 4.686 30 5 15 87 136.686 2,730 5,556 1.1 315
1 Right End Levee Raise… setback, woods at toe 11.7 100 1-15 GI Study Sections 1 3.6 2.4 3 22 0 10.7 0.73 11.43 34.27 34.09 34.46 4.818 30 5 15 99 148.818 257 556 0.1 41

12,100 1.5 3.8 2.4 3.1 15.2 54.9 8.9 1.5 10.4 10.7 30.0 15.0 141.5 197.3 57,601        67,222        16               3,282      
SUM

17 Left Immediately d/s of BNSF Bridge 17.53 500 17-1 GI Study Sections 2 2.5 7 7 14 24 8.5 1.06 9.56 46.56 45.99 47.43 10.07 30 5 15 150 205.07 1,959 2,778 0.6 130
17 Left 1000 17-2 GI Study Sections 3.2 2.5 4.2 4.2 22 11 8.5 1.06 9.56 7.102 30 5 15 108 160.102 3,239 5,556 1.2 407
17 Left Immediately u/s of Riverside Bridge 17.07 1000 17-3 GI Study Sections 0.6 2.5 2.2 3 22 43 10.2 1.13 11.33 45.84 45.3 46.61 6.215 30 5 15 114 165.215 3,399 5,556 1.2 407
17 Left Between Riverside and I5 Bridges 16.82 1000 17-4 GI Study Sections 1 2.5 2.3 3 12 30 6.8 1.21 8.01 45.17 44.68 45.85 6.655 30 5 15 92.5 144.155 2,363 5,556 1.2 222
17 Left Immediately d/s of I5 Bridge 16.79 1000 17-5 GI Study Sections 2.5 4.6 2.2 3 12 20 9.6 1.23 10.83 45.03 44.55 45.68 9.348 30 5 15 122 176.348 4,083 5,556 1.2 222
17 Left RV Park on Stewart Road 16.78 1000 17-6 GI Study Sections 1 3.3 2 3 12 20 9.7 1.24 10.94 44.98 44.5 45.68 7.812 30 5 15 106 158.812 3,537 5,556 1.2 222
17 Left 16.6 100 17-7 GI Study Sections 1 4 2.1 3 12 23.5 11.4 1.28 12.68 44.6 44.14 45.62 8.96 30 5 15 121.5 175.46 456 556 0.1 22
17 Left Blade Chevrolet - setback from channel 1000 17-22 GI Study Sections 2 3.3 1.5 3 15 90 9.4 1.55 10.95 9.765 30 5 15 178 232.765 4,541 5,556 1.3 278
17 Left Riverbend Rd and Freeway Drive - End of DD17 100 17-23 GI Study Sections 1.8 6.8 1.5 3 32 0 8 1.55 9.55 15.19 30 5 15 90.9 151.09 677 556 0.1 59

6,700    1.7 3.6 2.8 3.6 17.0 29.1 9.1 1.3 10.4 9.0 30.0 15.0 120.3 174.3 24,255        37,222        8.2              1,971      
SUM

3 Left Immediately d/s of MVWWTP 11.7 500 3-1 GI Study Sections 1.8 4 4.5 4.5 12 335 6.2 2.23 8.43 34.27 34.09 34.46 18.955 30 5 15 415 478.955 3,063 2,778 0.7 111
3 Left 1000 3-2 GI Study Sections 1 4 3 3 12 705 7.3 2.23 9.53 15.61 30 5 15 797.1 857.71 5,856 5,556 1.4 222
3 Left 500 3-3 GI Study Sections 1.5 4.8 3 3 12 121 5.5 2.25 7.75 17.55 30 5 15 574 636.55 2,653 2,778 0.7 111
3 Left 11.2 1000 3-4 GI Study Sections 1 6 3 3 12 117 6.1 2.25 8.35 33.19 33.02 33.37 20.25 30 5 15 192 257.25 6,419 5,556 1.5 222
3 Left 1000 3-5 GI Study Sections 4 6 3 3 12 266 6.1 2.25 8.35 20.25 30 5 15 303 368.25 6,419 5,556 1.5 222
3 Left 10.6 1000 3-6 GI Study Sections 1 4 1.8 3 15 190 7.8 2.28 10.08 31.8 31.65 31.96 15.96 30 5 15 265 325.96 6,551 5,556 1.4 278
3 Left 10.39 1000 3-7 GI Study Sections 1 22 3.1 3.1 15 135 7.9 2.29 10.19 31.18 31.04 31.33 57.479 30 5 15 435 537.479 20,528 5,556 2.4 278
3 Left 10.31 1000 3-8 GI Study Sections 1 13.7 3 3 15 290 8 2.3 10.3 30.81 30.68 30.95 38.41 30 5 15 430 513.41 14,295 5,556 1.9 278
3 Left Approx end of urban raise MV 10.1 100 3-9 GI Study Sections 2.5 10 2.5 3 12 606 9.8 2.32 12.12 29.95 29.83 30.08 30.16 30 5 15 768 843.16 1,327 556 0.2 22

7,100    1.6 8.3 3.0 3.2 13.0 307.2 7.2 2.3 9.5 26.1 30.0 15.0 464.3 535.4 67,111        39,444        12               1,745      
SUM

Burlington Right U/s end of DD12 to Hwy 20, closure structure 20.9 1,400 BN-1 H&H 3 3 12 14 49.71 48.9 50.97 15 96 126 39,200 4.0 311
Hwy 20 to Burlington Hill 20.9 4,500 BN-2 H&H 3 3 12 4 15 36 66 16,000 6.8 1,000
Burlington Hill to I5 20.9 4,200 BN-3 H&H 3 3 12 3 15 30 60 9,800 5.8 933

10,100 3 3 12 7 15 54 84 65,000 16.7 2,245
SUM

Riverbend Left Riverbend Cut  Cutoff Levee along City Limits 16.6-13.3 5,300 RC-1 H&H 3 3 12 16 44.6 - 38.7844.14-38.2 45.19-38.9 15 108 138 188,444 17 1,178
5,300 3 3 12 16 15 108 138 188,444 17 1,178
SUM
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LEGEND 100-year Flood Frequency Levee Modifications and Dimensions
Orange = Raised Levees yd3 27 ft3

Pink = New Levees acre 43,560 ft2

Light Brown = AVERAGE or SUM Total
White = No Actions Taken

LOCATION AND INFORMATION EXISTING DIMENSIONS RAISE DIMENSIONS WIDTHS VOLUMES

Dike 
District

River 
Bank

Design 
Feature 
Name Location

River Mile 
(approx)

Section 
Length 
(feet)

Section 
# Source

Riverward 
Slope 

(riprap) 
xH:1V

Riverward 
Slope 
(grass) 
xH:1V

Landward 
Slope 

(existing) 
xH:1V

Landward 
Slope 

(raised) 
xH:1V

Crown 
Width

Riverward 
Bench 
Width 

(existing)
Height 

(existing)
Levee 
Raise

Height 
(final)

WSE 100-
year

WSE 75-
year

WSE 250-
year

Raise 
Width 

Increase

Seepage 
Berm 
Width

Seepage 
Berm 

Thickness

Veg 
Free 
Zone

Existing 
Levee 
Width

Final 
Width 

(all 
variables)

Volume of 
Soil Raise 

(yd3)

Volume of 
Soil Seepage 
Berm (yd3)

Area for 
Raise

(acres)

Gravel 
Top 

Course 
(6") (yd3)

12 Right Upstream end of DD12 (Strawberry Point) 20.9 7000 12-1 Woolpert NLD Section 2 3 5 5 20 0 13 3.42 16.42 49.71 48.9 50.97 27.36 32.64 5 15 290 365 122,076 42,311 12.1 2,593
12 Right S Gardner Road, setback, woods at toe 19.48 5000 12-2 Woolpert NLD Section 2 2 2 3 15 600 8 3.38 11.38 49.16 48.28 50.43 16.9 43.1 5 15 55 130 39,715 39,907 8.6 1,389
12 Right S Skagit St Boat Dock 18.57 3000 12-3 Woolpert NLD Section 2 3 5 5 37 20 11 3.86 14.86 48.91 48.01 50.18 30.88 29.12 5 15 200 275 60,233 16,178 5.2 2,056
12 Right BNSF Embankment - !Riverward! 17.9 1600 12-BNSF LiDAR & Golder Report 2 1 2 3 40 500 10 5.35 15.35 48.67 47.73 49.93 44.1 0 0 15 140 199.1 40,115 0 2.2 1,185
12 Right Immediately d/s of BNSF Bridge 17.53 6200 12-4 Woolpert NLD Section 2 2.7 2.7 3 12 30 9 2.63 11.63 46.56 45.99 47.43 14.991 45.009 5 15 130 205 42,755 51,677 10.7 1,378
12 Right Immediately d/s of I5 Bridge 16.6 100 12-5 Woolpert NLD Section 2 3 2 3 12 0 12 2.74 14.74 44.6 44.14 45.19 16.44 43.56 5 15 130 205 936 807 0.2 22

22,900 2.1 2.3 2.7 3.2 20.0 146.0 10.9 3.5 14.4 21.6 21.5 15.0 159.2 217.3 305,830      150,880      39               8,622      
SUM

1 Right Begin Levee Raise… 1000 1-3 GI Study Sections 1.7 5 4.6 4.6 12 26 3.9 1.81 5.71 17.376 30 5 15 126 188.376 3,897 5,556 1.4 222
1 Right 14 1000 1-4 GI Study Sections 1.2 2.8 2 3 12 23 8.8 1.83 10.63 39.84 39.51 40.22 10.614 30 5 15 100 155.614 4,632 5,556 1.3 222
1 Right 1000 1-5 GI Study Sections 1.4 3 2 3 14 27 8.5 1.83 10.33 10.98 30 5 15 107 162.98 4,778 5,556 1.3 259
1 Right 13.8 1000 1-6 GI Study Sections 1 5.2 1.8 3 14 20 8.2 1.85 10.05 38.78 38.48 39.1 15.17 30 5 15 109 169.17 6,086 5,556 1.4 259
1 Right 1000 1-7 GI Study Sections 1.6 3.4 2.3 3 14 30 8.8 1.85 10.65 11.84 30 5 15 124 180.84 5,224 5,556 1.3 259
1 Right 1000 1-8 GI Study Sections 1.6 2.7 2.5 3 14 40 7.5 2.35 9.85 13.395 30 5 15 123 181.395 5,522 5,556 1.3 259
1 Right Setback along Dunbar Rd and N Barker St, woods at t 13.1 1000 1-9 GI Study Sections 1 4.4 2.3 3 15 0 10 2.35 12.35 38.33 38.03 38.67 17.39 30 5 15 108 170.39 8,503 5,556 1.4 278
1 Right Setback along S Ball St, woods at toe 13.05 1000 1-10 GI Study Sections 1 5 2 3 12 50 9.1 2.35 11.45 38.26 37.96 38.6 18.8 30 5 15 132 195.8 8,199 5,556 1.5 222
1 Right U/S Division Street Bridge, woods at toe 12.96 1000 1-11 GI Study Sections 1.8 1.3 2 3 12 398 8 2.37 10.37 36.82 36.58 37.11 10.191 30 5 15 468 523.191 4,520 5,556 1.3 222
1 Right Setback at S Baker St, playfield at toe 1000 1-12 GI Study Sections 4 5.6 3 3 22 100 10.1 2.37 12.47 20.382 30 5 15 171 236.382 10,450 5,556 1.5 407
1 Right Setback at Maple Lane, woods at toe 12.4 1000 1-13 GI Study Sections 1 4 2 3 17 0 9.3 0.89 10.19 35.62 35.41 35.86 6.23 30 5 15 86 137.23 2,809 5,556 1.2 315
1 Right Setback, woods at toe 1000 1-14 GI Study Sections 1 3.6 1.7 3 17 0 12.8 0.9 13.7 5.94 30 5 15 87 137.94 3,482 5,556 1.2 315
1 Right End Levee Raise… setback, woods at toe 11.7 100 1-15 GI Study Sections 1 3.6 2.4 3 22 0 10.7 0.91 11.61 34.27 34.09 34.46 6.006 30 5 15 99 150.006 322 556 0.1 41

12,100 1.5 3.8 2.4 3.1 15.2 54.9 8.9 1.8 10.7 12.6 30.0 15.0 141.5 199.2 68,424        67,222        16               3,282      
SUM

17 Left Immediately d/s of BNSF Bridge 17.53 500 17-1 GI Study Sections 2 2.5 7 7 14 24 8.5 1.63 10.13 46.56 45.99 47.43 15.485 30 5 15 150 210.485 3,094 2,778 0.7 130
17 Left 1000 17-2 GI Study Sections 3.2 2.5 4.2 4.2 22 11 8.5 1.63 10.13 10.921 30 5 15 108 163.921 5,096 5,556 1.3 407
17 Left Immediately u/s of Riverside Bridge 17.07 1000 17-3 GI Study Sections 0.6 2.5 2.2 3 22 43 10.2 1.67 11.87 45.84 45.3 46.61 9.185 30 5 15 114 168.185 5,115 5,556 1.2 407
17 Left Between Riverside and I5 Bridges 16.82 1000 17-4 GI Study Sections 1 2.5 2.3 3 12 30 6.8 1.7 8.5 45.17 44.68 45.85 9.35 30 5 15 92.5 146.85 3,405 5,556 1.2 222
17 Left Immediately d/s of I5 Bridge 16.79 1000 17-5 GI Study Sections 2.5 4.6 2.2 3 12 20 9.6 1.71 11.31 45.03 44.55 45.68 12.996 30 5 15 122 179.996 5,792 5,556 1.3 222
17 Left RV Park on Stewart Road 16.78 1000 17-6 GI Study Sections 1 3.3 2 3 12 20 9.7 1.72 11.42 44.98 44.5 45.68 10.836 30 5 15 106 161.836 5,003 5,556 1.3 222
17 Left 16.6 100 17-7 GI Study Sections 1 4 2.1 3 12 23.5 11.4 1.74 13.14 44.6 44.14 45.62 12.18 30 5 15 121.5 178.68 631 556 0.1 22
17 Left Blade Chevrolet - setback from channel 1000 17-22 GI Study Sections 2 3.3 1.5 3 15 90 9.4 1.85 11.25 11.655 30 5 15 178 234.655 5,485 5,556 1.3 278
17 Left Riverbend Rd and Freeway Drive - End of DD17 100 17-23 GI Study Sections 1.8 6.8 1.5 3 32 0 8 1.85 9.85 18.13 30 5 15 90.9 154.03 819 556 0.1 59

6,700   1.7 3.6 2.8 3.6 17.0 29.1 9.1 1.7 10.8 12.3 30.0 15.0 120.3 177.6 34,438        37,222        8.7              1,971      
SUM

3 Left Immediately d/s of MVWWTP 11.7 500 3-1 GI Study Sections 1.8 4 4.5 4.5 12 335 6.2 2.41 8.61 34.27 34.09 34.46 20.485 30 5 15 415 480.485 3,345 2,778 0.8 111
3 Left 1000 3-2 GI Study Sections 1 4 3 3 12 705 7.3 2.41 9.71 16.87 30 5 15 797.1 858.97 6,385 5,556 1.4 222
3 Left 500 3-3 GI Study Sections 1.5 4.8 3 3 12 121 5.5 2.42 7.92 18.876 30 5 15 574 637.876 2,883 2,778 0.7 111
3 Left 11.2 1000 3-4 GI Study Sections 1 6 3 3 12 117 6.1 2.42 8.52 33.19 33.02 33.37 21.78 30 5 15 192 258.78 6,972 5,556 1.5 222
3 Left 1000 3-5 GI Study Sections 4 6 3 3 12 266 6.1 2.42 8.52 21.78 30 5 15 303 369.78 6,972 5,556 1.5 222
3 Left 10.6 1000 3-6 GI Study Sections 1 4 1.8 3 15 190 7.8 2.43 10.23 31.8 31.65 31.96 17.01 30 5 15 265 327.01 7,029 5,556 1.4 278
3 Left 10.39 1000 3-7 GI Study Sections 1 22 3.1 3.1 15 135 7.9 2.43 10.33 31.18 31.04 31.33 60.993 30 5 15 435 540.993 21,941 5,556 2.4 278
3 Left 10.31 1000 3-8 GI Study Sections 1 13.7 3 3 15 290 8 2.43 10.43 30.81 30.68 30.95 40.581 30 5 15 430 515.581 15,200 5,556 2.0 278
3 Left Approx end of urban raise MV 10.1 100 3-9 GI Study Sections 2.5 10 2.5 3 12 606 9.8 2.44 12.24 29.95 29.83 30.08 31.72 30 5 15 768 844.72 1,403 556 0.2 22

7,100   1.6 8.3 3.0 3.2 13.0 307.2 7.2 2.4 9.6 27.8 30.0 15.0 464.3 537.1 72,131        39,444        12               1,745      
SUM

Burlington Right U/s end of DD12 to Hwy 20, closure structure 20.9 1,400 BN-1 H&H 3 3 12 15 49.71 48.9 50.97 15 102 132 44,333 4.2 311
Hwy 20 to Burlington Hill 20.9 4,500 BN-2 H&H 3 3 12 5 15 42 72 22,500 7.4 1,000
Burlington Hill to I5 20.9 4,200 BN-3 H&H 3 3 12 4 15 36 66 14,933 6.4 933

10,100 3 3 12 8 15 60 90 81,767 18.0 2,245
SUM

Riverbend Left Riverbend Cut  Cutoff Levee along City Limits 16.6-13.3 5,300 RC-1 H&H 3 3 12 16.5 44.6 - 38.7844.14-38.2545.19-38.9 15 111 141 199,192 17 1,178
5,300 3 3 12 16.5 15 111 141 199,192 17 1,178
SUM
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LEGEND 250-year Flood Frequency Levee Modifications and Dimensions
Orange = Raised Levees yd3 27 ft3

Pink = New Levees acre 43,560 ft2

Light Brown = AVERAGE or SUM Total
White = No Actions Taken

LOCATION AND INFORMATION EXISTING DIMENSIONS RAISE DIMENSIONS WIDTHS VOLUMES

Dike 
District

River 
Bank

Design 
Feature 
Name Location

River Mile 
(approx)

Section 
Length 
(feet)

Section 
# Source

Riverward 
Slope 

(riprap) 
xH:1V

Riverward 
Slope 
(grass) 
xH:1V

Landward 
Slope 

(existing) 
xH:1V

Landward 
Slope 

(raised) 
xH:1V

Crown 
Width

Riverward 
Bench 
Width 

(existing)
Height 

(existing)
Levee 
Raise

Height 
(final)

WSE 100-
year

WSE 75-
year

WSE 250-
year

Raise 
Width 

Increase

Seepage 
Berm 
Width

Seepage 
Berm 

Thickness

Veg 
Free 
Zone

Existing 
Levee 
Width

Final 
Width 

(all 
variables)

Volume of 
Soil Raise 

(yd3)

Volume of 
Soil Seepage 
Berm (yd3)

Area for 
Raise

(acres)

Gravel 
Top 

Course 
(6") (yd3)

12 Right Upstream end of DD12 (Strawberry Point) 20.9 7000 12-1 Woolpert NLD Section 2 3 5 5 20 0 13 4.68 17.68 49.71 48.9 50.97 37.44 22.56 5 15 290 365 173,167 29,244 12.1 2,593
12 Right S Gardner Road, setback, woods at toe 19.48 5000 12-2 Woolpert NLD Section 2 2 2 3 15 600 8 4.65 12.65 49.16 48.28 50.43 23.25 36.75 5 15 55 130 57,372 34,028 8.6 1,389
12 Right S Skagit St Boat Dock 18.57 3000 12-3 Woolpert NLD Section 2 3 5 5 37 20 11 5.13 16.13 48.91 48.01 50.18 41.04 18.96 5 15 200 275 82,946 10,533 5.2 2,056
12 Right BNSF Embankment - !Riverward! 17.9 1600 12-BNSF LiDAR & Golder Report 2 1 2 3 40 500 10 6.61 16.61 48.67 47.73 49.93 51.66 0 0 15 140 206.66 50,849 0 2.4 1,185
12 Right Immediately d/s of BNSF Bridge 17.53 6200 12-4 Woolpert NLD Section 2 2.7 2.7 3 12 30 9 3.5 12.5 46.56 45.99 47.43 19.95 40.05 5 15 130 205 58,891 45,983 10.7 1,378
12 Right Immediately d/s of I5 Bridge 16.6 100 12-5 Woolpert NLD Section 2 3 2 3 12 0 12 3.33 15.33 44.6 44.14 45.19 19.98 40.02 5 15 130 205 1,159 741 0.2 22

22,900 2.1 2.3 2.7 3.2 20.0 146.0 10.9 4.2 15.1 26.4 31.7 15.0 159.2 218.2 424,384      120,530      39               8,622      
SUM

1 Right Begin Levee Raise… 1000 1-3 GI Study Sections 1.7 5 4.6 4.6 12 26 3.9 2.21 6.11 21.216 30 5 15 126 192.216 4,915 5,556 1.5 222
1 Right 14 1000 1-4 GI Study Sections 1.2 2.8 2 3 12 23 8.8 2.21 11.01 39.84 39.51 40.22 12.818 30 5 15 100 157.818 5,685 5,556 1.3 222
1 Right 1000 1-5 GI Study Sections 1.4 3 2 3 14 27 8.5 2.15 10.65 12.9 30 5 15 107 164.9 5,690 5,556 1.3 259
1 Right 13.8 1000 1-6 GI Study Sections 1 5.2 1.8 3 14 20 8.2 2.17 10.37 38.78 38.48 39.1 17.794 30 5 15 109 171.794 7,244 5,556 1.4 259
1 Right 1000 1-7 GI Study Sections 1.6 3.4 2.3 3 14 30 8.8 2.17 10.97 13.888 30 5 15 124 182.888 6,210 5,556 1.4 259
1 Right 1000 1-8 GI Study Sections 1.6 2.7 2.5 3 14 40 7.5 2.69 10.19 15.333 30 5 15 123 183.333 6,418 5,556 1.4 259
1 Right Setback along Dunbar Rd and N Barker St, woods at t 13.1 1000 1-9 GI Study Sections 1 4.4 2.3 3 15 0 10 2.69 12.69 38.33 38.03 38.67 19.906 30 5 15 108 172.906 9,859 5,556 1.5 278
1 Right Setback along S Ball St, woods at toe 13.05 1000 1-10 GI Study Sections 1 5 2 3 12 50 9.1 2.69 11.79 38.26 37.96 38.6 21.52 30 5 15 132 198.52 9,521 5,556 1.5 222
1 Right U/S Division Street Bridge, woods at toe 12.96 1000 1-11 GI Study Sections 1.8 1.3 2 3 12 398 8 2.66 10.66 36.82 36.58 37.11 11.438 30 5 15 468 524.438 5,135 5,556 1.3 222
1 Right Setback at S Baker St, playfield at toe 1000 1-12 GI Study Sections 4 5.6 3 3 22 100 10.1 2.66 12.76 22.876 30 5 15 171 238.876 11,852 5,556 1.6 407
1 Right Setback at Maple Lane, woods at toe 12.4 1000 1-13 GI Study Sections 1 4 2 3 17 0 9.3 1.13 10.43 35.62 35.41 35.86 7.91 30 5 15 86 138.91 3,602 5,556 1.2 315
1 Right Setback, woods at toe 1000 1-14 GI Study Sections 1 3.6 1.7 3 17 0 12.8 1.12 13.92 7.392 30 5 15 87 139.392 4,363 5,556 1.2 315
1 Right End Levee Raise… setback, woods at toe 11.7 100 1-15 GI Study Sections 1 3.6 2.4 3 22 0 10.7 1.1 11.8 34.27 34.09 34.46 7.26 30 5 15 99 151.26 392 556 0.1 41

12,100 1.5 3.8 2.4 3.1 15.2 54.9 8.9 2.1 11.0 14.8 30.0 15.0 141.5 201.3 80,883        67,222        17               3,282      
SUM

17 Left Immediately d/s of BNSF Bridge 17.53 500 17-1 GI Study Sections 2 2.5 7 7 14 24 8.5 2.5 11 46.56 45.99 47.43 23.75 30 5 15 150 218.75 4,936 2,778 0.8 130
17 Left 1000 17-2 GI Study Sections 3.2 2.5 4.2 4.2 22 11 8.5 2.5 11 16.75 30 5 15 108 169.75 8,086 5,556 1.4 407
17 Left Immediately u/s of Riverside Bridge 17.07 1000 17-3 GI Study Sections 0.6 2.5 2.2 3 22 43 10.2 2.44 12.64 45.84 45.3 46.61 13.42 30 5 15 114 172.42 7,664 5,556 1.3 407
17 Left Between Riverside and I5 Bridges 16.82 1000 17-4 GI Study Sections 1 2.5 2.3 3 12 30 6.8 2.38 9.18 45.17 44.68 45.85 13.09 30 5 15 92.5 150.59 4,931 5,556 1.3 222
17 Left Immediately d/s of I5 Bridge 16.79 1000 17-5 GI Study Sections 2.5 4.6 2.2 3 12 20 9.6 2.36 11.96 45.03 44.55 45.68 17.936 30 5 15 122 184.936 8,210 5,556 1.4 222
17 Left RV Park on Stewart Road 16.78 1000 17-6 GI Study Sections 1 3.3 2 3 12 20 9.7 2.36 12.06 44.98 44.5 45.68 14.868 30 5 15 106 165.868 7,040 5,556 1.4 222
17 Left 16.6 100 17-7 GI Study Sections 1 4 2.1 3 12 23.5 11.4 2.33 13.73 44.6 44.14 45.62 16.31 30 5 15 121.5 182.81 863 556 0.1 22
17 Left Blade Chevrolet - setback from channel 1000 17-22 GI Study Sections 2 3.3 1.5 3 15 90 9.4 2.17 11.57 13.671 30 5 15 178 236.671 6,514 5,556 1.3 278
17 Left Riverbend Rd and Freeway Drive - End of DD17 100 17-23 GI Study Sections 1.8 6.8 1.5 3 32 0 8 2.19 10.19 21.462 30 5 15 90.9 157.362 983 556 0.2 59

6,700   1.7 3.6 2.8 3.6 17.0 29.1 9.1 2.4 11.5 16.8 30.0 15.0 120.3 182.1 49,227        37,222        9.3              1,971      
SUM

3 Left Immediately d/s of MVWWTP 11.7 500 3-1 GI Study Sections 1.8 4 4.5 4.5 12 335 6.2 2.6 8.8 34.27 34.09 34.46 22.1 30 5 15 415 482.1 3,647 2,778 0.8 111
3 Left 1000 3-2 GI Study Sections 1 4 3 3 12 705 7.3 2.6 9.9 18.2 30 5 15 797.1 860.3 6,953 5,556 1.5 222
3 Left 500 3-3 GI Study Sections 1.5 4.8 3 3 12 121 5.5 2.6 8.1 20.28 30 5 15 574 639.28 3,132 2,778 0.7 111
3 Left 11.2 1000 3-4 GI Study Sections 1 6 3 3 12 117 6.1 2.6 8.7 33.19 33.02 33.37 23.4 30 5 15 192 260.4 7,569 5,556 1.6 222
3 Left 1000 3-5 GI Study Sections 4 6 3 3 12 266 6.1 2.6 8.7 23.4 30 5 15 303 371.4 7,569 5,556 1.6 222
3 Left 10.6 1000 3-6 GI Study Sections 1 4 1.8 3 15 190 7.8 2.59 10.39 31.8 31.65 31.96 18.13 30 5 15 265 328.13 7,546 5,556 1.4 278
3 Left 10.39 1000 3-7 GI Study Sections 1 22 3.1 3.1 15 135 7.9 2.58 10.48 31.18 31.04 31.33 64.758 30 5 15 435 544.758 23,475 5,556 2.5 278
3 Left 10.31 1000 3-8 GI Study Sections 1 13.7 3 3 15 290 8 2.57 10.57 30.81 30.68 30.95 42.919 30 5 15 430 517.919 16,187 5,556 2.0 278
3 Left Approx end of urban raise MV 10.1 100 3-9 GI Study Sections 2.5 10 2.5 3 12 606 9.8 2.57 12.37 29.95 29.83 30.08 33.41 30 5 15 768 846.41 1,486 556 0.2 22

7,100   1.6 8.3 3.0 3.2 13.0 307.2 7.2 2.6 9.8 29.6 30.0 15.0 464.3 539.0 77,563        39,444        12               1,745      
SUM

Burlington Right U/s end of DD12 to Hwy 20, closure structure 20.9 1,400 BN-1 H&H 3 3 12 16.26 49.71 48.9 50.97 15 109.56 139.56 51,244 4.5 311
Hwy 20 to Burlington Hill 20.9 4,500 BN-2 H&H 3 3 12 6.26 15 49.56 79.56 32,114 8.2 1,000
Burlington Hill to I5 20.9 4,200 BN-3 H&H 3 3 12 5.26 15 43.56 73.56 22,730 7.1 933

10,100 3 3 12 9.26 15 67.56 97.56 106,088 19.8 2,245
SUM

Riverbend Left Riverbend Cut  Cutoff Levee along City Limits 16.6-13.3 5,300 RC-1 H&H 3 3 12 17.1 44.6 - 38.7844.14-38.2545.19-38.9 15 114.6 144.6 212,477 18 1,178
5,300 3 3 12 17.1 15 114.6 144.6 212,477 18 1,178
SUM
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LEVEE RAISE ASSUMPTIONS
* All levee raises will be made in the landward direction wherever possible. There may be situations where riverward widening is necessary. This is 

NOT a movement of the riprap toe - widening would be placed on bench.
* SCDD 12 is already applying for permits to raise their levee by 4 feet, widening it by 60 feet, from Gardner Road to the upstream terminus at 

Lafayette Road. This action matches with our initial estimates of levee raise and widening + seepage berm. Rather than include a seepage berm, 
the raise + berm distance will be set to 60 feet for simplified effort. This was accomplished in the spreadsheet by making the Seepage Berm 
Width = 60 - Raised Width

* Where widening levees on the landward slope, a minimum slope angle of 3H:1V is assumed. For example, if the existing slope is 1.5H:1V, it will 
be graded to 3H:1V when raised. If the slope was already 3 or greater, it will be raised at the existing grade.

* A seepage berm of width 30 feet is included in some areas for underseepage control. A seepage cutoff trench is another option that would 
require less real estate. Driven sheetpile is another option that doesn't take real estate.

* Buffers drawn in GIS are based on the average condition for each Dike District, with the exception of DD12, which, due to its many irregularities, 
was split into 3 sections: 1) SCDD #12 Upstream; 2) SCDD #12 BNSF embankment; 3) SCDD #12 3-Bridge Corridor.

* The Levee Reliability Failure Points are based on an analysis by Shannon & Wilson, 2009. The predominant failure mode is underseepage through 
the sandy overbank layer. By raising levees, the design Water Surface Elevation will be higher than the existing condition that was used in the 
analysis. This will cause the driving head for seepage to increase, having the effect of increasing the seepage potential. Raising the levees also 
includes widening them, which will in turn help reduce the seepage potential. As an additional measure for this Alternative Phase, an additional 
30-foot seepage berm is assumed in most locations of levee raises to help mitigate the seepage concern. Seepage berms are not the only 
possible anti-seepage measure; cutoff walls can be constructed underground or sheetpiles driven into the foundation.



 
 
 
 
 
 
 
 

D
A

T
E

:

D
A

T
E

:

D
A

T
E

:

D
A

T
E

:

D
E

S
IG

N
 M

A
N

A
G

E
R

C
H

IE
F

, 
D

E
S

IG
N

 B
R

A
N

C
H

 
 
 
 
 
 
 

D
A

T
E

:
C

H
, 
T

E
C

H
 E

N
G

 A
N

D
 R

E
V

IE
W

 S
E

C

P
r
e
p
a
r
e
d
 b

y

S
u
b
m

it
te

d
 b

y
R

e
c
o

m
m

e
n

d
e
d

 b
y

D
a
te

A
p
p
r
o
v
e
d
 b

y
R

e
v
ie

w
e
d
 b

y

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

U
.S

.A
R

M
Y

 E
N

G
IN

E
E

R
 D

IS
T

R
IC

T
, 
S

E
A

T
T

L
E

S
E

A
T

T
L

E
, 

W
A

S
H

IN
G

T
O

N
 

C
O

R
P

S
 O

F
 E

N
G

IN
E

E
R

S

PROJECT

O R E G O N 

I
 D

 A
 H

 O

B R I T I S H   C O L U M B I A

BELLINGHAM

MT. VERNON

EVERETT

SEATTLE

OLYMPIA

ABERDEEN

CHEHALIS

VANCOUVER

PORTLAND

ELLENSBURG

YAKIMA

SPOKANE

TACOMA

VICINITY MAP
NOT TO SCALE

W A S H I N G T O N

5

5

410

90
90

12

12

WALLA WALLA

PENDLETON

UMATILLA ARMY DEPOT

G-001
1 

Seattle District

US Army Corps

of Engineers

M
A

M
IE

 S
. 
B

R
O

U
W

E
R

D
E

N
N

IS
 S

C
A

L
F

, 
P

.E
.

M
A

R
K

 A
. 

O
H

L
S

T
R

O
M

, 
P

.E
.

1
5
 A

P
R

 0
9

C
H

IE
F

, 
E

N
G

. 
A

N
D

 C
O

N
S

T
. 
D

IV

F
il

e
 #

E
-
5
6
-
5
-
5
6

D
A

T
E

:

A
p
p
r
o
v
e
d
 b

y

C
H

IE
F

, 
T

E
C

H
N

IC
A

L
 S

E
R

V
IC

E
S

 B
R

A
N

C
H

C
H

, 
H

Y
D

R
A

U
L

IC
S

 &
 H

Y
D

R
O

L
O

G
Y

 S
E

C

G
U

Y
 L

. 
G

R
E

E
N

, 
P

.E
.

D
A

N
IE

L
 M

. 
K

A
T

Z
, 
P

.E
.

R
O

N
A

L
D

 M
. 
B

U
S

H
, 
P

.E
.

SKAGIT COUNTY, WASHINGTON

SKAGIT COUNTY

G I  STUDY

T
IT

L
E

 
A

N
D

 V
IN

IC
IT

Y
 M

A
P

 

U
.S

.A
R

M
Y

 E
N

G
IN

E
E

R
 D

IS
T

R
IC

T
,S

E
A

T
T

L
E

P
r
e
p

a
r
e
d

 b
y

:

D
r
a
w

n
 b

y
:

S
E

A
T

T
L

E
, 

W
A

S
H

IN
G

T
O

N
 

D
e
s
ig

n
e
d
 b

y
:

C
h

e
c
k

e
d

 b
y

:

D
a
te

:

S
y

m
b

o
l

S
y

m
b

o
l

F
il

e
 #

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R
e
v
.

Seattle District

US Army Corps

of Engineers

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sheet     of    

D
e
s
c
r
ip

ti
o
n

D
a
te

D
e
s
c
r
ip

ti
o
n

A
p

p
r.

A

B

C

D

C
O

R
P

S
 O

F
 E

N
G

IN
E

E
R

S

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
/
 
/
 

1 2 3 4 5

D
A

T
E

 A
N

D
 T

I
M

E
 P

L
O

T
T

E
D

:
4

/
9

/
2

0
0

9
8
:1

8
:3

6
 A

M
D

E
S

I
G

N
 F

I
L

E
:

I
:
\
m

i
s
c
\
c
i
v

\
S

k
a
g

i
t
 C

o
u

n
t
y

 G
I
 S

t
u

d
y

\
g

e
n

e
r
a
l
\
S

C
G

I
G

-
0

0
1

C
V

R
.d

g
n

Plate

number:

X

X

S
K

A
G

IT
 C

O
U

N
T

Y
 G

I 
  
S

T
U

D
Y

S
K

A
G

I
T

 C
O

U
N

T
Y

  
  
  
  
  
 W

A
S

H
I
N

G
T

O
N

1
  

A
P

R
 2

0
0

9
J
. 

B
A

R
R

E
T

T

J
. 
S

K
R

IN
D

E

43



 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

G-002
2

DRAWING INDEX

SHEET
NO.

PLATE
NO.

TITLE

GENERAL

1

2

3

5

6

7

9

G-001

G-002

G-003

8

4

10

DRAWING INDEX

TITLE AND VICINITY MAP

 D
R

A
W

IN
G

 I
N

D
E

X

DIKING DISTRICT #1

DIKING DISTRICT #1 SITE LOCATIONS & PROFILE DIFFERENTIAL1G-1

DIKING DISTRICT #1 SITE LOCATIONS & PROFILE DIFFERENTIAL

DIKING DISTRICT #1 SITE LOCATIONS & PROFILE DIFFERENTIAL

1G-2

1G-3

CROSS SECTIONS 1-1 THRU 1-4

CROSS SECTIONS 1-5 THRU 1-8

CROSS SECTIONS 1-9 THRU 1-15

CROSS SECTIONS 1-16 THRU 1-20

11

12 CROSS SECTIONS 1-29 THRU 1-32

13

14 CROSS SECTIONS 1-39 THRU 1-42

CROSS SECTIONS 1-21 THRU 1-28

CROSS SECTIONS 1-33 THRU 1-38

15 CROSS SECTIONS 1-43 THRU 1-451C-9

1C-1

1C-2

1C-3

1C-4

1C-5

1C-6

1C-7

1C-8

17

18

19

21

20

16

22

DIKING DISTRICT #3

DIKING DISTRICT #3 SITE LOCATIONS & PROFILE DIFFERENTIAL3G-1

DIKING DISTRICT #3 SITE LOCATIONS & PROFILE DIFFERENTIAL

DIKING DISTRICT #3 SITE LOCATIONS & PROFILE DIFFERENTIAL

3G-2

3G-3
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NOTE:
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SCALE: 8"=1’-0"
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SECTION 3-10
SCALE: 8"=1’-0"
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NOTE:
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Water Surface Elevations used for Levee Raise Profiles

75-yr Up+Low Baker Levee Raise 100-yr Up+Low Baker Levee Raise 250-yr Up+Low Baker Levee Raise
River Reach RM Ch Dist Max WS-W.S. Elev River Reach RM Ch Dist Max WS-W.S. Elev River Reach RM Ch Dist Max WS-W.S. Elev

253 Skagit River    BakertoConcrete 23.2 78670.65 52.62 253 Skagit River    BakertoConcrete 23.2 78670.65 53.34 253 Skagit River    BakertoConcrete 23.2 78670.65 55.8
254 Skagit River    BakertoConcrete 22.5 75350.65 51.88 254 Skagit River    BakertoConcrete 22.5 75350.65 52.61 254 Skagit River    BakertoConcrete 22.5 75350.65 55.1
255 Skagit River    BakertoConcrete 22.4 74750.65 50.9 255 Skagit River    BakertoConcrete 22.4 74750.65 51.59 255 Skagit River    BakertoConcrete 22.4 74750.65 54.08
256 Skagit River    BakertoConcrete 22.39 74690.65 50.85 256 Skagit River    BakertoConcrete 22.39 74690.65 51.54 256 Skagit River    BakertoConcrete 22.39 74690.65 54.02
257 Skagit River    BakertoConcrete 22.38 74668.65 49.38 257 Skagit River    BakertoConcrete 22.38 74668.65 50.2 257 Skagit River    BakertoConcrete 22.38 74668.65 51.46
258 Skagit River    BakertoConcrete 22.3 74528.65 49.7 258 Skagit River    BakertoConcrete 22.3 74528.65 50.5 258 Skagit River    BakertoConcrete 22.3 74528.65 51.94
259 Skagit River    BakertoConcrete 22.29 74468.65 49.67 259 Skagit River    BakertoConcrete 22.29 74468.65 50.47 259 Skagit River    BakertoConcrete 22.29 74468.65 51.89
260 Skagit River    BakertoConcrete 22.28 74433.65 49.63 260 Skagit River    BakertoConcrete 22.28 74433.65 50.43 260 Skagit River    BakertoConcrete 22.28 74433.65 51.83
261 Skagit River    BakertoConcrete 22.27 74383.65 49.6 261 Skagit River    BakertoConcrete 22.27 74383.65 50.4 261 Skagit River    BakertoConcrete 22.27 74383.65 51.79
262 Skagit River    BakertoConcrete 22.2 71122.07 49.34 262 Skagit River    BakertoConcrete 22.2 71122.07 50.12 262 Skagit River    BakertoConcrete 22.2 71122.07 51.4
263 Skagit River    BakertoConcrete 22 68287.19 49.25 263 Skagit River    BakertoConcrete 22 68287.19 50.04 263 Skagit River    BakertoConcrete 22 68287.19 51.3
264 Skagit River    BakertoConcrete 21.93 66109.87 49.22 264 Skagit River    BakertoConcrete 21.93 66109.87 50 264 Skagit River    BakertoConcrete 21.93 66109.87 51.26
265 Skagit River    BakertoConcrete 21.6 63459.87 49.16 265 Skagit River    BakertoConcrete 21.6 63459.87 49.94 265 Skagit River    BakertoConcrete 21.6 63459.87 51.19
266 Skagit River    BakertoConcrete 20.9 60161.23 48.9 266 Skagit River    BakertoConcrete 20.9 60161.23 49.71 266 Skagit River    BakertoConcrete 20.9 60161.23 50.97
267 Skagit River    BakertoConcrete 20 55448.43 48.42 267 Skagit River    BakertoConcrete 20 55448.43 49.28 267 Skagit River    BakertoConcrete 20 55448.43 50.55
268 Skagit River    BakertoConcrete 19.48 53117.05 48.28 268 Skagit River    BakertoConcrete 19.48 53117.05 49.16 268 Skagit River    BakertoConcrete 19.48 53117.05 50.43
269 Skagit River    BakertoConcrete 18.57 48709.38 48.01 269 Skagit River    BakertoConcrete 18.57 48709.38 48.91 269 Skagit River    BakertoConcrete 18.57 48709.38 50.18
270 Skagit River    BakertoConcrete 17.9 45815 47.73 270 Skagit River    BakertoConcrete 17.9 45815 48.67 270 Skagit River    BakertoConcrete 17.9 45815 49.93
271 Skagit River    BakertoConcrete 17.56 43388.49 47.15 271 Skagit River    BakertoConcrete 17.56 43388.49 48.11 271 Skagit River    BakertoConcrete 17.56 43388.49 49.32
272 Skagit River    BakertoConcrete 17.55 43253.76 46.16 272 Skagit River    BakertoConcrete 17.55 43253.76 46.77 272 Skagit River    BakertoConcrete 17.55 43253.76 48.09
273 Skagit River    BakertoConcrete 17.53 43197.78 45.99 273 Skagit River    BakertoConcrete 17.53 43197.78 46.56 273 Skagit River    BakertoConcrete 17.53 43197.78 47.43
274 Skagit River    BakertoConcrete 17.52 43066.49 45.99 274 Skagit River    BakertoConcrete 17.52 43066.49 46.57 274 Skagit River    BakertoConcrete 17.52 43066.49 47.43
275 Skagit River    BakertoConcrete 17.08 40745.13 45.33 275 Skagit River    BakertoConcrete 17.08 40745.13 45.87 275 Skagit River    BakertoConcrete 17.08 40745.13 46.64
276 Skagit River    BakertoConcrete 17.07 40656.31 45.3 276 Skagit River    BakertoConcrete 17.07 40656.31 45.84 276 Skagit River    BakertoConcrete 17.07 40656.31 46.61
277 Skagit River    BakertoConcrete 17.05 40555.92 45.2 277 Skagit River    BakertoConcrete 17.05 40555.92 45.73 277 Skagit River    BakertoConcrete 17.05 40555.92 46.48
278 Skagit River    BakertoConcrete 17.04 40295.65 45.08 278 Skagit River    BakertoConcrete 17.04 40295.65 45.6 278 Skagit River    BakertoConcrete 17.04 40295.65 46.34
279 Skagit River    BakertoConcrete 16.82 39443.78 44.68 279 Skagit River    BakertoConcrete 16.82 39443.78 45.17 279 Skagit River    BakertoConcrete 16.82 39443.78 45.85
280 Skagit River    BakertoConcrete 16.81 39295.62 44.63 280 Skagit River    BakertoConcrete 16.81 39295.62 45.12 280 Skagit River    BakertoConcrete 16.81 39295.62 45.79
281 Skagit River    BakertoConcrete 16.79 39221.33 44.55 281 Skagit River    BakertoConcrete 16.79 39221.33 45.03 281 Skagit River    BakertoConcrete 16.79 39221.33 45.68
282 Skagit River    BakertoConcrete 16.78 39082.17 44.5 282 Skagit River    BakertoConcrete 16.78 39082.17 44.98 282 Skagit River    BakertoConcrete 16.78 39082.17 45.62
283 Skagit River    BakertoConcrete 16.6 37687.63 44.14 283 Skagit River    BakertoConcrete 16.6 37687.63 44.6 283 Skagit River    BakertoConcrete 16.6 37687.63 45.19
284 Skagit River    BakertoConcrete 16.3 36005.3 43.77 284 Skagit River    BakertoConcrete 16.3 36005.3 44.21 284 Skagit River    BakertoConcrete 16.3 36005.3 44.74
285 Skagit River    BakertoConcrete 15.9 34064.28 42.75 285 Skagit River    BakertoConcrete 15.9 34064.28 43.11 285 Skagit River    BakertoConcrete 15.9 34064.28 43.52
286 Skagit River    BakertoConcrete 15.1 30227.87 41.36 286 Skagit River    BakertoConcrete 15.1 30227.87 41.69 286 Skagit River    BakertoConcrete 15.1 30227.87 42.04
287 Skagit River    BakertoConcrete 14.6 28627.57 40.97 287 Skagit River    BakertoConcrete 14.6 28627.57 41.32 287 Skagit River    BakertoConcrete 14.6 28627.57 41.72
288 Skagit River    BakertoConcrete 14 25634.75 39.51 288 Skagit River    BakertoConcrete 14 25634.75 39.84 288 Skagit River    BakertoConcrete 14 25634.75 40.22
289 Skagit River    BakertoConcrete 13.8 23448.09 38.48 289 Skagit River    BakertoConcrete 13.8 23448.09 38.78 289 Skagit River    BakertoConcrete 13.8 23448.09 39.1
290 Skagit River    BakertoConcrete 13.1 19253.37 38.03 290 Skagit River    BakertoConcrete 13.1 19253.37 38.33 290 Skagit River    BakertoConcrete 13.1 19253.37 38.67
291 Skagit River    BakertoConcrete 13.05 18903.37 37.96 291 Skagit River    BakertoConcrete 13.05 18903.37 38.26 291 Skagit River    BakertoConcrete 13.05 18903.37 38.6
292 Skagit River    BakertoConcrete 13 17985.61 37.02 292 Skagit River    BakertoConcrete 13 17985.61 37.29 292 Skagit River    BakertoConcrete 13 17985.61 37.6
293 Skagit River    BakertoConcrete 12.96 17407.21 36.58 293 Skagit River    BakertoConcrete 12.96 17407.21 36.82 293 Skagit River    BakertoConcrete 12.96 17407.21 37.11
294 Skagit River    BakertoConcrete 12.95 17379.24 36.56 294 Skagit River    BakertoConcrete 12.95 17379.24 36.81 294 Skagit River    BakertoConcrete 12.95 17379.24 37.09
295 Skagit River    BakertoConcrete 12.93 17346.46 36.23 295 Skagit River    BakertoConcrete 12.93 17346.46 36.46 295 Skagit River    BakertoConcrete 12.93 17346.46 36.72
296 Skagit River    BakertoConcrete 12.92 17308.49 36.2 296 Skagit River    BakertoConcrete 12.92 17308.49 36.43 296 Skagit River    BakertoConcrete 12.92 17308.49 36.69
297 Skagit River    BakertoConcrete 12.4 15062.2 35.41 297 Skagit River    BakertoConcrete 12.4 15062.2 35.62 297 Skagit River    BakertoConcrete 12.4 15062.2 35.86
298 Skagit River    BakertoConcrete 11.7 11545.08 34.09 298 Skagit River    BakertoConcrete 11.7 11545.08 34.27 298 Skagit River    BakertoConcrete 11.7 11545.08 34.46
299 Skagit River    BakertoConcrete 11.2 8790.98 33.02 299 Skagit River    BakertoConcrete 11.2 8790.98 33.19 299 Skagit River    BakertoConcrete 11.2 8790.98 33.37
300 Skagit River    BakertoConcrete 10.6 6829.8 31.65 300 Skagit River    BakertoConcrete 10.6 6829.8 31.8 300 Skagit River    BakertoConcrete 10.6 6829.8 31.96
301 Skagit River    BakertoConcrete 10.55 6476.38 31.58 301 Skagit River    BakertoConcrete 10.55 6476.38 31.73 301 Skagit River    BakertoConcrete 10.55 6476.38 31.89
302 Skagit River    BakertoConcrete 10.51 6192.5 31.16 302 Skagit River    BakertoConcrete 10.51 6192.5 31.3 302 Skagit River    BakertoConcrete 10.51 6192.5 31.45
303 Skagit River    BakertoConcrete 10.45 5737.76 31.02 303 Skagit River    BakertoConcrete 10.45 5737.76 31.15 303 Skagit River    BakertoConcrete 10.45 5737.76 31.3
304 Skagit River    BakertoConcrete 10.39 5327.84 31.04 304 Skagit River    BakertoConcrete 10.39 5327.84 31.18 304 Skagit River    BakertoConcrete 10.39 5327.84 31.33
305 Skagit River    BakertoConcrete 10.35 5002.42 30.82 305 Skagit River    BakertoConcrete 10.35 5002.42 30.96 305 Skagit River    BakertoConcrete 10.35 5002.42 31.1
306 Skagit River    BakertoConcrete 10.31 4725.64 30.68 306 Skagit River    BakertoConcrete 10.31 4725.64 30.81 306 Skagit River    BakertoConcrete 10.31 4725.64 30.95
307 Skagit River    BakertoConcrete 10.28 4499.12 30.56 307 Skagit River    BakertoConcrete 10.28 4499.12 30.69 307 Skagit River    BakertoConcrete 10.28 4499.12 30.83
308 Skagit River    BakertoConcrete 10.23 4167.81 30.25 308 Skagit River    BakertoConcrete 10.23 4167.81 30.37 308 Skagit River    BakertoConcrete 10.23 4167.81 30.51
309 Skagit River    BakertoConcrete 10.18 3776.37 30.19 309 Skagit River    BakertoConcrete 10.18 3776.37 30.31 309 Skagit River    BakertoConcrete 10.18 3776.37 30.45
310 Skagit River    BakertoConcrete 10.14 3532.63 29.95 310 Skagit River    BakertoConcrete 10.14 3532.63 30.07 310 Skagit River    BakertoConcrete 10.14 3532.63 30.2
311 Skagit River    BakertoConcrete 10.1 3237.03 29.83 311 Skagit River    BakertoConcrete 10.1 3237.03 29.95 311 Skagit River    BakertoConcrete 10.1 3237.03 30.08
312 Skagit River    BakertoConcrete 10.06 3042 29.82 312 Skagit River    BakertoConcrete 10.06 3042 29.94 312 Skagit River    BakertoConcrete 10.06 3042 30.07
313 Skagit River    BakertoConcrete 10.02 2805.52 29.89 313 Skagit River    BakertoConcrete 10.02 2805.52 30.01 313 Skagit River    BakertoConcrete 10.02 2805.52 30.14
314 Skagit River    BakertoConcrete 9.97 2555.77 29.98 314 Skagit River    BakertoConcrete 9.97 2555.77 30.11 314 Skagit River    BakertoConcrete 9.97 2555.77 30.24
315 Skagit River    BakertoConcrete 9.9 2161.04 29.79 315 Skagit River    BakertoConcrete 9.9 2161.04 29.91 315 Skagit River    BakertoConcrete 9.9 2161.04 30.04
316 Skagit River    BakertoConcrete 9.76 1425.73 29.63 316 Skagit River    BakertoConcrete 9.76 1425.73 29.75 316 Skagit River    BakertoConcrete 9.76 1425.73 29.88
317 Skagit River    BakertoConcrete 9.62 731.26 29.5 317 Skagit River    BakertoConcrete 9.62 731.26 29.62 317 Skagit River    BakertoConcrete 9.62 731.26 29.75
318 Skagit River    BakertoConcrete 9.56 370.98 29.41 318 Skagit River    BakertoConcrete 9.56 370.98 29.53 318 Skagit River    BakertoConcrete 9.56 370.98 29.65
319 Skagit River    BakertoConcrete 9.49 20 29.31 319 Skagit River    BakertoConcrete 9.49 20 29.43 319 Skagit River    BakertoConcrete 9.49 20 29.55
320 Skagit River    BakertoConcrete 9.48 0 29.3 320 Skagit River    BakertoConcrete 9.48 0 29.42 320 Skagit River    BakertoConcrete 9.48 0 29.55

These three water surface profiles incorporate additional upper and Lower Baker flood storage and the urban levee raises.  They also combine the "with debris" elevations upstream of the BNSF Bridge, with "no debris" 
elevations downstream of the bridge.



Water Surface Elevation Profile Graph for Levee Raise
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Skagit GI:  Joe Leary Slough 
Bypass Alternative

2:  United General Hospital Floodwall

10:  SCDD #17 South Riverbend Road

6:  JLS Bypass Levees

Levee Existing

1:  Sedro Woolley Waste Water 
     Treatment Plant Floodwall

7:  SCDD #17 3-Bridge Corridor
8&9:  Riverbend Cutoff Levee & Crossing

11:  Lions Park Connector
12:  SCDD #3 Mount Vernon Floodwall

3:  JLS Bypass Intake Embankment
4:  JLS Bypass Inlet Structure
5:  JLS Bypass Outlet Structure

13&14:  SCDD #1 West Mount Vernon 
                & Floodgate

Reference Miles
City Limits

Skagit River
Creek or Slough



Joe Leary Slough Bypass
Date Modified:
5/20/2013

Segment 1 ‐ U/S Inlet from Skagit River Segment 2 ‐ midway in bypass channel Segment 3  ‐ D/S Outlet to Bay TOTAL VOLUME**

Length 
Total 
(miles)

Length 
(miles)

Length 
(feet)

Height 
(average, 
feet)

Slope 
(xH:1V)

*Volume 
(FT3)

*Volume 
(YD3)

Length 
(miles)

Length 
(feet)

Height 
(average, 
feet)

Slope 
(xH:1V)

*Volume 
(FT3)

*Volume 
(YD3)

Length 
(miles)

Height 
(average, 
feet)

Total 
Volume 
(FT3)

Total 
Volume 
(YD3)

Total 
Volume 
Gravel 
(YD3)

Total Area 
(acres)

Wide 10.4 3.6 19,008 10 3 15,966,720 591,360 5.2 27456 17 3 58,810,752 2,178,176 1.6 0 74,777,472 2,769,536 20651 270.5455

*Note: Volumes doubled to account for both left and right banks of the bypass
Only "wide" configuration analysed as prelim ballpark quantity.

**This does NOT include additional levee raise materials as required
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1:  Sedro Woolley Waste Water 
     Treatment Plant Floodwall

12:  Swinomish Bypass Sea Dikes

Skagit GI:  Swinomish 
Bypass Alternative

2:  United General Hospital Floodwall

Levee Existing

10:  Swinomish Bypass Levees

Skagit River
Creek or Slough

Reference Miles
City Limits

5:  SCDD #12 Upstream
6:  SCDD #12 BNSF Embank. & RR Gate
7:  SCDD #17 3-Bridge Corridor
8:  Swinomish Bypass Intake Structure
9:  Swinomish Bypass Outlet Structure

13:  SCDD #17 South Riverbend Road
14:  Lions Park Connector
15:  SCDD #3 Mount Vernon Floodwall

11:  Proposed Puget Sound Nearshore
        Project Restoration Area

3&4:  Burlington Hill Cross Levee, Crossing, 
           Floodgate & RR Gate



Swinomish Bypass
Date Modified:
5/20/2013 Outlet

Segment 1 Segment 2 Segment 3 ‐ NO LEVEE TOTAL VOLUME**

Length 
Total 
(miles)

Length 
(miles)

Length 
(feet)

Height 
(average, 
feet)

Slope 
(xH:1V)

*Volume 
(FT3)

*Volume 
(YD3)

Length 
(miles)

Length 
(feet)

Height 
(average, 
feet)

Slope 
(xH:1V)

*Volume 
(FT3)

*Volume 
(YD3)

Length 
(miles)

Height 
(average, 
feet)

Total 
Volume 
(FT3)

Total 
Volume 
(YD3)

Total 
Volume 
Gravel 
(YD3)

Total Area 
(acres)

1 Narrow 9 5.8 30,624 21 3 96,465,600 3,572,800 1.2 6336 10 3 5,322,240 197,120 2 0 101,787,840 3,769,920 16427 265.8909
2 Wide 9 5.8 30,624 18 3 72,762,624 2,694,912 1.2 6336 10 3 5,322,240 197,120 2 0 78,084,864 2,892,032 16427 240.5818

*Note: Volumes doubled to account for both left and right banks of the bypass
Wide channel configuration was chosen by PDT as preferred variant.

**This does NOT include additional levee raise materials as required
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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
Levee Risk and Reliability Analysis

Skagit County, Washington

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 11
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NORTH FORK SKAGIT RIVER
BATHYMETRY MEASUREMENTS

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG. 12
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SOUTH FORK SKAGIT RIVER
BATHYMETRY MEASUREMENTS

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington

SHANNON & WILSON, INC.
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
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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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

Geotechnical and Environmental Consultants
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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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
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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SHANNON & WILSON, INC. FIG. 17

DEPTH-NORMALIZED LANDSIDE 
SEISMIC FAILURE PROBABILITIES

Geotechnical and Environmental Consultants
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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SHANNON & WILSON, INC. FIG. 18

DEPTH-NORMALIZED RIVERSIDE 
SEISMIC FAILURE PROBABILITIES

Geotechnical and Environmental Consultants
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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SHANNON & WILSON, FIG. 19

SCOUR PROBABILITY
VS WATER DEPTH

SKAGIT RIVER

Geotechnical and Environmental 
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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SHANNON & WILSON, FIG. 20

SCOUR PROBABILITY
VS WATER DEPTH

NORTH ANDSOUTH FORK

Geotechnical and Environmental 
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Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington
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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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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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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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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

Conditional Probability of Failure Analysis

Underseepage

Drawdown

Landside Static 
Stability

Riverside Static 
Stability

Judgement

Combined

Landside Seismic 
Stability

Riverside Seismic 
Stability

River Stage (feet)

0.0

0.2

0.4

0.6

0.8

1.0

25 30 35 40 45

P
ro

b
ab

ili
ty

 o
f 

F
ai

lu
re

River Stage (feet)

Underseepage Drawdown

Landside Static Stability Riverside Static Stability

Landside Seismic Stability Riverside Seismic Stability

Judgement Combined

SHANNON & WILSON, INC. FIG. 26

FRAGILITY CURVE AND TABLE 
SECTION DD17-1L

Geotechnical and Environmental Consultants

January 2011                          21-1-21199-003

Skagit River Levee General Investigation
Levee Risk and Reliability Analysis

Skagit County, Washington



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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Project NWS Skagit River GI
Feature Analysis Section DD17-3L
Date 5/10/2010
Computed by MMY

13.8 23.1 31.1 35.3 38.1 39.1

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

pnf 1.00
pf 0.00 0.16 0.78 1.00

pnf 1.00 0.84 0.22 0.00
pf 0.00 0.00 0.00 0.00 0.00

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

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

pnf 1.00 0.99 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 0.01 0.01 0.01 0.16 0.83 1.00

pnf 0.99 0.99 0.99 0.84 0.17 0.00
source row 155 123 91 186 59
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Project NWS Skagit River GI
Feature Analysis Sectin DD22-1R
Date 5/10/2010
Computed by MMY

5.1 12.0 18.0 23.0 24.0

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 0.00

pnf 1.00 1.00 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 0.01 0.01

pnf 1.00 1.00 0.99 0.99
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 0.20 1.00

pnf 1.00 1.00 1.00 0.80 0.00
pf 0.00 0.00 0.00 0.21 1.00

pnf 1.00 1.00 1.00 0.79 0.00
source row 187 155 123 91
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Project NWS Skagit River GI
Feature Analysis Section DD22-2L
Date 5/10/2010
Computed by MMY

7.4 11.5 16.3 18.5 20.0 21.0

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 0.03 0.02 0.57 0.83 1.00

pnf 0.97 0.98 0.43 0.17 0.00
pf 0.00 0.00 0.00 0.00 0.00

pnf 1.00 1.00 1.00 1.00 1.00
pf 0.01 0.01 0.00 0.01

pnf 0.99 0.99 1.00 0.99
pf 0.01 0.01 0.01 0.00 0.01

pnf 0.99 0.99 0.99 1.00 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 0.01 0.05 0.04 0.57 0.86 1.00

pnf 0.99 0.95 0.96 0.43 0.14 0.00
source row 155 123 91 186 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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BOUNDARY CONDITIONS
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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.                                
DD17-1 CROSS SECTION

LIMIT EQUILIBRIUM ANALYSIS
GEOMETRY AND SEARCH CRITERIA
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