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Glines Canyon Dam 
64 m, 1927 

Elwha Dam 
32 m, 1913 
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Glines Canyon Dam 
Elwha River, Washington 
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How	
  do	
  ecosystems	
  respond?	
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Marine-­‐derived	
  nutrients!	
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Terrestrial	
  linkages	
  
Marine-­‐derived	
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  American	
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Elwha	
  River	
  Ecosystem	
  and	
  Fisheries	
  RestoraNon	
  Act	
  

102nd	
  Congress	
  of	
  the	
  U.S.A.	
  
January	
  3,	
  1992	
  	
  

“…for	
  the	
  removal	
  of	
  the	
  dams	
  and	
  full	
  
restoraNon	
  of	
  the	
  Elwha	
  River	
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  and	
  
naNve	
  anadromous	
  fisheries.”	
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From Warrick et al. (2015) 

21 Million Tonnes of Trapped Sediment 
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Dam notching chronology 
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February 2012 August 
2012 
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  at	
  Glines	
  Canyon	
  Dam	
  

John Gussman 



Flow	
  



Reservoir Delta Evolution 

From Randle et al. (2015) 
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Drawdown 129 feet 

03 December 2012 
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45 10 March 2015 

Drawdown 165 feet after peak flow of 17,100 ft3/s 

5 Oct 2016 





Science	
  and	
  Monitoring	
  Questions:	
  
	
  
(a) What	
  will	
  happen	
  to	
  the	
  /ish?	
  
(b) What	
  will	
  happen	
  to	
  the	
  ecosystems?	
  
(c) What	
  will	
  happen	
  to	
  the	
  sediment?	
  

Conceptual	
  Model:	
  



SSC	
  bins	
  by	
  week	
  





from Magirl et al. (2015) 

Comparative Turbidity 



from East et al. (2015) 

from Lisle (2008) 

Sediment	
  Wave	
  
Dynamics	
  



Before Dam Removal 
Riverbed 

Before Dam Removal 
Water Stage 

52 



Near Peak Riverbed 
Riverbed (Spring 2013) 

Near Peak Sediment 
Impacted Water Stage 
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After removal riverbed 
(November 2014) 

After removal 
water stage 
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Middle River 

10 May 2011 
Before dam removal 

14 Nov 2013 
After sediment release 
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Sept 
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from Warrick et al. (2015) 



Boston Charley channel 1997 Boston Charley channel 2013 
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Floodplain	
  channels	
  filled:	
  March	
  2013,	
  Rkm	
  5.5	
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Fall 2012; Photo courtesy Tom Roorda 



Cumulative Sediment Reaching Coast 

Information courtesy of Jon Warrick, USGS, Santa Cruz, CA 



Elwha	
  River	
  mouth,	
  estuary,	
  &	
  nearshore	
  	
  
2011	
  to	
  2016	
  

LiDAR	
  slide	
  &	
  work	
  courtesy	
  of	
  Jon	
  Warrick,	
  USGS	
  



Sediment	
  dynamics	
  -­‐	
  Nearshore	
  

Photo: Tom Rooda 

Mouth	
  of	
  the	
  Elwha	
  River	
  -­‐	
  April	
  2014	
  

Pre 
2012 

2013 
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Mouth	
  of	
  the	
  Elwha	
  River	
  -­‐	
  Nearshore	
  Biota	
  

2011	
  

2009	
   2012	
  

S.	
  Rubin,	
  N.	
  Elder,	
  et	
  al.	
  	
  

2012	
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Elwha	
  River	
  sediment	
  budget	
  

Sediment	
  budget,	
  Sept.	
  2011	
  to	
  Jan.	
  2016,	
  
modified	
  from	
  Warrick	
  et	
  al.,	
  2015	
  

§  Over	
  first	
  2	
  years,	
  10.5	
  million	
  
tons	
  of	
  reservoir	
  sediment	
  
eroded	
  (~1/3	
  of	
  stored	
  
amount)	
  	
  

§  Now,	
  at	
  4.5	
  years,	
  18	
  million	
  
tons	
  eroded,	
  62%	
  of	
  stored	
  
amount	
  

§  90%	
  made	
  it	
  to	
  river	
  mouth	
  
§  Rivers	
  can	
  efficiently	
  export	
  

sediment	
  even	
  without	
  floods	
  
§  By	
  5th	
  winter,	
  sediment	
  load	
  

dominated	
  by	
  upper	
  
watershed	
  flux:	
  dam-­‐removal	
  
signal	
  fading!	
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Elwha	
  sediment	
  budget	
  details	
  



Elwha	
  sediment	
  pulse	
  comparable	
  to	
  May	
  1980	
  Mount	
  
St.	
  Helens	
  erupNon	
  

USGS	
  photo,	
  1980	
  



Size	
  of	
  sediment	
  pulse	
  

Plot	
  from	
  Pierson	
  and	
  Major,	
  
2014	
  

Modified by East from Pierson and Major (2014) 

Elwha 



Provisional Analysis by Reclamation 
Subject to Change •  About 40% mobilized years 0-2 

•  About 60% mobilized years 0-4 



74 
USGS Provisional Data; Subject to Change 

Actual Sediment Evacuation vs. Predictions 



Elwha	
  River	
  fish	
  recolonizaNon	
  

Juveniles	
  have	
  also	
  
colonized	
  new	
  areas	
  
between	
  the	
  dam	
  sites	
  
where	
  adults	
  have	
  not	
  
spawned	
  yet	
  

NOAA	
  data	
  (courtesy	
  of	
  George	
  Pess)	
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Salmon	
  can	
  successfully	
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  Bay	
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Analysis by George Pess, 
NOAA 
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2015; Photo courtesy John Gussman 

Key	
  Conclusions	
  aJer	
  5	
  Years:	
  
	
  •  ~8 million tonnes sediment evacuated in years 1-5 

•  ~60% of total trapped volume 
•  Most (90%+) of the sediment delivered to Puget Sound (22 km) 
•  Represents major sediment disturbance experiment 
•  More sediment and faster than expected 
•  Salmon are returning, trees are growing, ecosystem responding 
•  The Elwha is trending back toward a natural functioning river. 



Thank	
  you	
  
Tim	
  Randle,	
  Jennifer	
  Bountry	
  	
  
(USBR)	
  

Andy	
  Ritchie	
  and	
  crew	
  	
  
(Olympic	
  National	
  Park)	
  

Matt	
  Beirne	
  and	
  
the	
  Lower	
  Elwha	
  
Klallam	
  Tribe	
  

Jeff	
  Duda	
  (USGS)	
  

Amy	
  East	
  	
  
(USGS)	
  

Melissa	
  Foley	
  (USGS)	
  

Guy	
  Gelfenbaum	
  and	
  crew	
  
(USGS)	
  

Chris	
  Curran	
  and	
  crew	
  
(USGS)	
  

Ian	
  Miller	
  	
  
(WA	
  Sea	
  Grant)	
  

George	
  Pess	
  and	
  
crew	
  	
  
(NOAA)	
  

Andrea	
  Ogston	
  and	
  Emily	
  Eidam	
  
(UW)	
  


