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 Achieve zero outflow from Baker System during 
24 hours of Skagit Flood Peak 
 

 Reduce 100-year flood peak by 13,000 – 18,000 
cfs (about 1.5 feet of Skagit River depth) 
 

 Storage needed:  140,000 acre-feet 
 Same as “reservoir target elevations” outlined in 

license (see reservoir schematics following) 
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Goals of Advance Reservoir Drawdown 
in the Baker System 
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Upper Baker Dam 
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Lower Baker Dam 



How will advance drawdown 
work? 

 Long range forecast indicates flood-producing 
storm is 5-7 days out 

 Skagit County consults with emergency 
managers and Baker Aquatic Resource Group 
 Review reservoir levels, seriousness of possible storm, 

salmon spawning activity 
 Most times, precedent conditions will not immediately 

indicate drawdown is necessary  
 Initial decision to increase outflow can be changed  

based on updated forecast 
 Review and adapt outflow every 12-24 hours   
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How often and how long? 

 How often:   
 2-3 times per decade 

 
 How long:   

 5 days  
 Total of maybe 15 days per decade 
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Puget Sound Salmon Recovery Plan,  
Skagit Annex, p. 182 

      
 

      The greatest impact on egg-to-fry survival is flooding 
during egg incubation.  Severe floods (15-20 year 
events) reduce survival by 75-80% when compared to 1 
year flooding events.  Ten year events reduce survival 
by 33%.  In the Skagit, flood events are increasing in 
frequency and magnitude, which has serious impacts on 
survival.  Flood events are especially severe in the Lower 
Skagit where the full brunt of a flood must be absorbed. 
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The Promise of Advance Reservoir 
Drawdown for Increased Fish Survival  

On the front side of the flood, advance reservoir drawdown 
has a minor negative impact on spawning fish: 
 Higher artificial water level may fool fish into spawning in 

areas that may later be dewatered 
 Therefore, dessiccation of redds will be higher during the 5 

days of advance drawdown (example assumes 100% mortality, 
although actual mortality would be expected to be much less) 

 Spawning periods are about 60 days  
 

On the back side of the flood, reservoir drawdown has a 
major positive impact on spawning fish: 
 Reduced peak flow dislodges fewer redds, significantly 

increasing egg-to-migrant survival 
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Egg-to-Migrant Survival   (Kinsel et al, 2008) 
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How Egg-to-Migrant Survival Increases 
with Imminent Flood Drawdown Protocol 

For this example:  
 

 1,200 spawning females* 
 5,500 eggs per female** 
 Spawning period is 60 days*** 
 At peak Skagit 24-hour flow of 135,000 cfs, egg-to-migrant 

survival is 3.5%**** 
 At peak Skagit 24-hour flow of 120,000 cfs, egg-to-migrant 

survival is 5.0%**** 
  
      *Email communication with Wendy Cole and Brett Barkdull, WDFW, 7 November 2011, 2:34 p.m.   
    **2007 Skagit River Annual Salmon Production Evaluation, Annual Report., Table 14, page 28.   Washington 

Department of Fish and Wildlife, December 2008 . 
  ***Puget Sound Salmon Recovery Plan.  Shared Strategy for Puget Sound.  Figure 2.4, page 42.  January 19, 

2007. 
**** 2007 Skagit River Annual Salmon Production Evaluation, Annual Report.   Figure 13, page 44.   Washington 

Department of Fish and Wildlife, December 2008 . 
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How Egg-to-Migrant Survival Increases 
with Imminent Flood Drawdown Protocol 

Condition with no advance drawdown:  
 1,200 spawning females at 5,500 eggs/female = 6,600,000 eggs 
 Baker reservoirs are filled, so system passes inflow of 15,000 cfs at Skagit flood peak 
 With peak 1-day flow of 135,000 cfs, egg-to-migrant survival = 3.5%, resulting in 

(.035)(6,600,000) = 231,000 outmigrants 
 

Condition with advance drawdown:  
 6,600,000 eggs reduced by 5 spawning days over a 60-day spawning period, 

(55/60)(6,600,000) = 6,050,000 eggs (assuming 5 days continuous drawdown) 
 Baker reservoirs have enough capacity to absorb all Baker inflow for 24 hours surrounding the 

Skagit flood peak, resulting in 15,000 cfs reduction in Skagit peak one-day flow 
 In this case, egg-to-migrant survival is increased to 5% (based on 15,000 cfs peak flow 

reduction), resulting in (.05)(6,050,000) = 302,500 outmigrants 
 

Result:  Increase of 71,500 outmigrants 
 31% increase  
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Power Generation is Improved*  
  

 POWER = (Density of Water) X (Height) X 
(Flow Rate) X (Gravity Constant) X (Efficiency) 
 

 If, for Lower Baker Dam only, imminent flood 
drawdown protocols enable an average 
reservoir elevation 10 feet higher, then power 
generation could increase by 3.9%** 
 

*Estimate for Lower Baker only.  Similar power increases may be possible for Upper Baker. 
**Assume average LB reservoir elevation increases to 438 feet from 428 feet.  Hydraulic head increases from 258’ to 268’ (438’-

170’(powerhouse elevation)), or 81.68 meters from 78.63 meters.  Full pool elevation of LB is 442.35’ NAVD. 
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Questions / Discussion 
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Further Discussion / Background / Issues 

1. Research assumes one-day flows, not peak flows.  Therefore, to be effective, the shutdown 
would need to be for 24 hours. 
 Answer:  Yes 

2. Is 140,000 acre-feet enough to absorb 24 hours of Baker inflow? 
 Will depend.  However, this is what was agreed to in the relicensing negotiations 

3. Example assumes 13,000 – 18,000 cfs savings, but that is for a 100-year event and the Kinsel 
chart only goes to 1-day flows of 162,000 cfs 
 Answer:   

1. 1)  COE 1-day, 100-year regulated flow = 178,000 cfs at Concrete* 
2. 2)  COE 1-day, 50-year regulated flow = 153,000 cfs at Concrete* 
3. 3)  PI Engineering 1 day, 100-year regulated flow = 151,000 cfs at Concrete** 
4. 4)  PI Engineering 1 day, 50-year regulated flow = 133,000 cfs at Concrete** 
5. Baker hydrology is independent of Skagit basin hydrology.  140,000 cfs still needed in “smaller” Skagit events (i.e., 50-

year floods) to ensure Baker can be shut down for 24 hours, due to variability in main storm energy, even in smaller-than-
100-year Skagit flood 

4. Answer above begs question:  would it be appropriate for Puget to always operate system 
to shut down outflow in the 24 hours, even for relatively small Skagit flood event? 
 Answer:  we believe the science indicates Yes. 

5. “Flood events are natural processes that also form and maintain rearing habitats important to 
salmon capacity and productivity. Actions that seek to eliminate flood events only would likely 
also have adverse impacts to juvenile rearing life stages of salmon.”*** 
 Answer:  there may be methods to analyze this assertion.  We are skeptical that peak flow reduction in the range 

discussed would reduce habitat-forming processes to the point that the positive benefit of increased egg-to-migrant 
survival would be supplanted by the negative impact of “not as much” habitat-forming process. 

  *COE Hydrology Summary, 1 May 2008, Table 22.  Regulated peak flows reduced by 1.179 

  **PI Engineering Hydrology Summary, October 2008, Table 9 
***Beamer, et al., “Linking Watershed Conditions to Egg-to-Fry Survival of Skagit Chinook Salmon, An Appendix to the Skagit River System 

Cooperative Chinook Recovery Plan.”  Draft Version 2.0, November 2005, p. 6.    
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Puget Sound Salmon Recovery Plan, Figure 2.9, p. 49. 
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Puget Sound Salmon Recovery Plan, Figure 2.8, p. 48. 
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Puget Sound Salmon Recovery Plan, Figure 2.4, p. 42. 
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