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Twenty-year sequence illustrating two 
channel-spit cycles (USACE, 2000)

New bar channels dissect a submerged spit 
(A in lowest panel on left) creating a dynamic 
shoal (B) that migrates rapidly eastward to 
merge with other entrance shoals (C) near 
North Cove (D) in the 1945 panel. 









































Historical Shoreline Change Analysis

Type of Dataset Year Source

T-Sheet 1871 U.S. Coast & Geodetic Survey

T-Sheet 1911 US Coast Survey T-sheet

T-Sheet 1926 NOS T-sheet

Aerial Photo 1942 U.S. Army

Aerial Photo 1945 U.S. Army Corps of Engineers (USACE)

T-Sheet 1950 NOS T-sheet

Aerial Photo 1963 WADNR

Aerial Photo 1970 WADNR

Aerial Photo 1974 WADNR

Aerial Photo 1985 USACE

Aerial Photo 1990 Walker & Associates / USACE

Aerial Photo 1995 NOAA

Aerial Photo 1996 USACE

Aerial Photo 1997 USACE

Aerial Photo 1999 WADNR

Aerial Photo 2001 Spencer B. Gross

Aerial Photo 2006 National Agricultural Imagery Program

Aerial Photo 2009 National Agricultural Imagery Program

Aerial Photo 2011 National Agricultural Imagery Program

Aerial Photo 2013 National Agricultural Imagery Program



Cross-shore Transects



Historical Shoreline Change Rates at each Transect



Historical Shoreline Change Rates relative to Inflection Point



Shoreline Predictions



Shoreline Predictions



Shoreline Predictions



Total Water Level Model
(Ruggiero et al., OSU)









Summary

• The shoreline is expected to continue to erode in a similar 
pattern over the next few decades.

• The locus of highest erosion is projected to shift toward the 
northwest.

• The highest impact at present and over the long-term centers 
on an area in the vicinity of the Warrenton Cannery Road. 

• The Pleistocene geology in the vicinity of the SR105 groin is 
assumed to prevent significant channel migration locally.

• The entrance channel position and alignment may eventually 
start to stabilize (post 2060).



Multibeam and Coastal LiDAR at Empire Spit/Tokeland for Shoalwater Bay Flood and Coastal 
Storm Damage Reduction Project
9-16 Sept 2014

Elevation 
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NAVD88

First of five surveys:
Sept 2014
April 2015
Sept 2015
April 2016
Sept 2016

Monitoring Change in Coastal 
Topography and Nearshore
Bathymetry 



Boat-based 
topographic LiDAR

WA Dept of Ecology
26 Aug – 2 Sept 2015

Screenshots from Fledermaus

GPS topography







Shoalwater Bay Multibeam Survey
Washington Department of Ecology
26 Aug - 2 Sep 2015

Screenshot from Fledermaus
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Shoalwater Bay Multibeam Survey
Washington Department of Ecology
26 Aug - 2 Sep 2015

Screenshot from Fledermaus
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Shoalwater Bay Multibeam Survey
Washington Department of Ecology
26 Aug - 2 Sep 2015

Screenshot from Fledermaus

1-m DEM



Questions

• How has the entrance channel migrated since 2003?

• Has the channel deepened in the vicinity of the SR105 groin?

• How has the nearshore morphology changed since 2003?

• How much Pleistocene geology is exposed?

• Will the Pleistocene geology prevent further landward 
migration of the channel near the SR105 groin?

• Is the Pleistocene geology sufficiently resistant to erosion?

• Can SR105 be relocated along the base of the Pleistocene 
geology toward the north?

• Can the SR105 groin be modified to facilitate sediment 
transport and bypassing from west to east?
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