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Presentation Notes
Discussing some aspects of the 2014 slide
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Presenter
Presentation Notes
Slide occurred on March 22nd, 2014 at ~ 10:37 AM on the northside of the North Fork of the Stillaguamish River
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Presentation Notes
The slide initiated within a 650-ft-high terrace, comprised of unconsolidated glacial and older landslide deposits, and had an estimated initiating volume of around 10 million cubic yards. 
As you can see this is area has a long history of slides


Pre-Landslide Topography




Post-Landslide Topography
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Presentation Notes
About half of the initiating volume of the landslide rapidly ran-out across the valley and up onto the south valley wall (more than 3000 feet away), pushing a wave of water, sediment, trees, and debris in front of it. 
Upwards of 60 feet of deposition in some locations
The debris completely inundated the small residential community of Steelhead Haven located on the south side of the river , claiming the lives of 43 people.





March 24t 2014

Washington State
Department of Transportation



Presenter
Presentation Notes
River dammed for ~24 hours


April 1%, 2014




April 14th, 2014
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Berm constructed for rescue and recovery efforts.


May 1%, 2014
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July 1%, 2014
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Roadway under construcution
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Amphibious excavator
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Presenter
Presentation Notes
Over a half-mile length of State Route 530 was buried in up to 20 feet of landslide debris, severing the primary access route for the up-valley community of Darrington.
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Presenter
Presentation Notes
Very collaborative process between several local, state and federal agencies.
Concern for rescue and recovery worker safety, downstream and upstream flooding
Needed hydraulic model and ability to forecast
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Presenter
Presentation Notes
LiDAR and aerials were flown multiple times.
With over 15 feet of water upstream, was a need to collect bathy.
2013 LiDAR was used 


Current Merged Bathymetry and LiDAR




BCI Markup of excavation plan
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Presentation Notes
In addition to LiDAR, there was a collaboration between the hydraulic modelers and the contractor to relay excavation plans.
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Original Effective FIS


Approximate Difference in Ground and Water Surface Elevation
(Based on FEMA Preliminary Model)

NFStillaguamish Plan: 1) DEM2013XSs 4/19/2014 2) New Topo_ck 4/19/2014
NFStillag uamish NFStillag uamish
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Existing Potential Flow Paths
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Concern river could migrate or flow towards SR 530


Q = 5000 cfs — Water Surface Elevation

PRELIMINARY - For Discussion Purposes Only
SRH-2D Analysis'Q = 5,000 cfs
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Presentation Notes
Thanks to Scott and Martin


Q = 5000 cfs - Velocity

Vel _Mag_ft_p_s
PRELIMINARY - For Discussion Purposes Only
|SRH-2D Analysis'Q = 5,000 cfs




Q = 5000 cfs - Velocity




Q = 20,000 cfs (~2-YR)— Water Surface Elevation

PRELIMINARY - For Discussion Purposes Only
SRH-2DAnalysis Q = 20,000 cfs




Q = 20,000 cfs (~2-YR)-

Water_Depth_ft
15.0

PRELIMINARY - For Discussion Purposes Only
[SRH-2DAnalys’s Q = 20,000 ofs|
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Limiting factor


Q = 20,000 cfs (~2-YR) - Velocity

Vel_Mag_ft_p_s

PRELIMINARY - For Discussion Purposes Only
SRH-2DAnalysis Q = 20,000 cfs|




Q = 20,000 cfs (~2-YR) - Velocity
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Q = 26,000 cfs (~¥10-YR) — Water Surface Elevation

PRELIMINARY - For Discussion Purposes Only
[SRA-2DIAnGlySis Q = 26,000 ¢f8|




Q = 26,000 cfs (~10-YR)— Depth

Water_Depth_ft
15.0
13.5
12.0
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Water_Depth_ft
20.0
18.0
16.0

Q = 30,000 cfs (~25-YR) — Depth

PRELIMINARY - FOR DISCUSSION PURPOSES ONLY
5/6/2014 SRH 2D Analysis

25-YR Event - Q = 30,000 cfs




Q = 30,000 cfs (~25-YR) - Velocity

Vel_Mag_ft_p_s
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:ijﬂ PRELIMINARY - FOR DISCUSSION PURPOSES ONLY
. 5612014 SRH 2D Anaysi
10.0
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Q = 32,000 cfs (~50-YR)
Existing Depth
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159 PRELIMINARY - FOR DISCUSSION PURPOSES ONLY

9/5(2014 SRH 2D Analys's

50°YR Event - Q = 32,000 cfs




Q = 32,000 cfs (~50-YR)
Existing Velocity
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Q = 34,000 cfs (~100-YR)
Existing Depth
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5/2/12014 SRH 2D Analysis
100-YR Event - Q = 34,000 cfs |




Q = 34,000 cfs (~100-YR)
Existing Velocity
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Use historic “Rowan” slide to inform what may happen through new slide
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Presenter
Presentation Notes
In addition to the existing model there was a need to better understand the potential long term morphology of the river.  
Rowan slide just downstream was used as a reference to understand what the river may look like at equilibrium.


Potential Future Water Surface Elevation

Sensitivity Analysis
(Analysis Conducted by Corps, based on FEMA Preliminary Model)

North Alignment - 1% Flood Event”

Short Term Measures Runs for Pilot Channel Excavation

Long Term Measure Runs for Modifications to Existing (North

Pre-Slide Post-Slide by 1 May Alignment) Channel
Base Width of | Base Width of | Base Width of | Base Width of
FEMA 150 Feet, 2:1 125 Feet, 2:1 | 100 Feet, 2:1 75 Feet, 2:1
1% Flood Event Hydraulic Side Slopes, and |Side Slopes, and|Side Slopes, and| Side Slopes,
(100-year: 34,103 Model with | Baseline: Using |Extend Excavation of| Extend Pilot and Extend Pilot, Elevation Elevation Elevation and Elevation
cfs) 2013 LiDAR | Observed Data |20' Base Width Pilot| Increase Base |Increase Width to| (variable) Equal |(variable) Equal |(variable) Equal|(variable) Equal
and no on/around Channel U/S Width to 40' 40' and Invert to to PreSlide to PreSlide to PreSlide to PreSlide
Bathymetry 4/23/2014 |Through Debris Field|] Throughout |270' Throughout*| Conditions** Conditions Conditions Conditions
(EToRs E 285.7 300.8 300.8 300.3 300.3 287.9 289.0 290.7 293.4
Upstream End of
Slide Reach WSE
(Pool /Pilot
Transition Zone) 279.6 300.7 300.7 300.3 300.2 282.9 286.5 290.0 293.1
Midway Through
Slide Reach WSE 269.3 285.1 285.1 285.1 285.1 2735 275.6 278.0 280.7
Downstream End
of Slide Reach
WSE 265.5 266.5 266.5 266.5 266.5 265.3 265.5 265.8 266.0
Cut Volume to Match Existing Channel to Specified Geometry (Cu. Yd) 600000 463000 331000 210000

A
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Washington State
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Note ~ 7 feet of drop in WSE on east end if channel widens to 75 feet.



5/1/14 Channel Widths
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Natural Channel Widening

USGS 12166150 NF STILLAGUAMISH NR SWEDE HEAVEN, WA

USGS 12166185 NF STILLAGUAMISH POOL AREA AT C POST BRNR 0SO, WA

3088
E g, 284.8
g 20088 ‘g‘%
] fg 282,08
‘E \ a% 280.0
'E 1086 %%
g g 278.8
.;3 -::'U;'I: 276.8
588
Apr Apr Apr Apr Apr Hay Hay Hay Hay Apr Apr Apr Apr Apr Hay Hay Hay Hay
21 23 a5 a7 29 a1 a3 a5 a7 21 23 25 27 29 a1 a3 a5 a7
2814 2814 2814 2814 2814 20814 2814 2814 2814 2814 20814 2814 2814 2814 2814 2814 20814 20814
==== Provizional Data Sub_ject to Revision =—--- ==== Prowisional Data Sub_ject to Revision =--=-
4/28/14 — Flow = ~1130 cfs WSE =~ 278.4 ft
Excavation stopped on 4/30/14
5/1/14 -Flow ="~1100cfs WSE =~276.7 ft
5/7/14 - Flow =~1400 cfs WSE =~276.1 ft
T Washington State
\/ Department of Transportation
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~293


Natural Channel Widening

a USGS

USGS 12166150 NF STILLAGUAMISH NR SWEDE HEAVEN, WA

2888

16088

W

Discharge, cubic feet per second

USGS 12166185 NF STILLAGUAMISH POOL AREA AT C POST BR NR 0SO, WA

276.88

275.58

275.08

274,58

274,88

273,98

Lake or reservoir water surface
elevation above HAVD 1983, feet

==-=-= Provisional Data Subject to Revision ---- ==== Frovizional Data Subject to Revision ——--
5/1/14 -Flow =~1100 cfs WSE =~276.7 ft
5/7/14 - Flow =~1400 cfs WSE ="~276.1 ft
5/24/14 — Flow = ~1100 cfs WSE = ~275.3 ft
6/29/14 — Flow = ~1100 cfs WSE = ~275.4 ft
A

T Washington State
Department of Transportation
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Water Surface Elevations and
Potential Roadway Profiles
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Legend 4-22-2014 Results Legend 5-5-2014 Results
Flow West Side East Side Flow West Side East Side
Event Line Length | West Elev. | East Elev. Length Elev. Event Line Length | West Elev. | East Elev. Length | West Elev. | East Elev.
2-Year [-------- 2405 ft 262.0 ft 294.0 ft 4614 ft 297.6 ft 2-Year |- - N/A N/A N/A 3019 ft 291.8 ft 291.9 ft
10-Year | -------- 2455 ft 262.2 ft 296.3 ft 5166 ft 299.5 ft 10-Year | — N/A N/A N/A 4018 ft 294.7 ft 294.8 ft
25-Year 2496 ft 263.0 ft 297.0 ft 5362 ft 300.5 ft 25-Year N/A N/A N/A 4364 ft 296.7 ft 296.7 ft
100-Year| -------- 2542 ft 263.9 ft 297.3 ft 5492 ft 301.3 ft 50-Year | ——— 2437 ft 262.5 ft 2946 ft 4589 ft 297.4 ft 297.5 ft
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Potential Alternatives and Associated
Benefits and Risks




Potential Channel Migration Risk
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Potential for new channel to form from overland flow and headcut
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Historic Channel Migration

2013 Tulaip LIDAR Channel Migration History
0 3,000 6,000 1933 River Channel & = 1992 River Channel Oso Slide Area
Feet i 4 Active Channel 2013 5 °> 2000 River Channel
)& <% 1966 River Channel

F
Washington State
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Presentation Notes
Historic channel migration was mapped, however the landscaped completely changed both in materials and elevations.
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Potential Channel Migration or Remobilization Risk
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Potential Channel Migration/Avulsion Risk




Potential Channel Migration/Avulsion Risk
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Potential Channel Migration/Avulsion Risk
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Potential Channel Migration/Avulsion Risk
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Potential Channel Migration/Avulsion Risk

7=
7
PP i, — =
T

—
—l
—

L

1+

130 1300 1250 1200 1150 oo 1050

160 %0 %0  Ase  so0 TS

88+50

0 3 00 20 20 150 100




.

Monitoring Downstream Bridges — Downstream Aggradation and Potential Effects on

Downstream Infrastructure
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Presentation Notes
In addition to analysis at site, our maintenance crews are collecting groundlines through time to measure aggradation over time. 
This data will be used for a sediment trasnsport analysis which is currently underway.
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