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Baker River ProjectBaker River Project



 

Upper Baker Dam is a 297-foot-high, 
“High” hazard concrete gravity dam, with 
a 285,500 acre-foot reservoir.  Located in 
northwestern WA near Canada.



 

West Pass Dike is a 115-foot-high earth 
and rockfill saddle dam located near the 
right abutment.



 

Owned by Puget Sound Energy (PSE)
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Virtual Tour of Baker River BasinVirtual Tour of Baker River Basin 
Click to startClick to start
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Upper Baker 
Development
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Upper Baker DamUpper Baker Dam



66

West Pass DikeWest Pass Dike
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West Pass Dike
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Plan View of WPDPlan View of WPD
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West Pass Dike Soil PropertiesWest Pass Dike Soil Properties
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West Pass Dike West Pass Dike -- Rolled RockfillRolled Rockfill

 There is no clear description or There is no clear description or 
measured soil gradations of the measured soil gradations of the 
rolled rockfillrolled rockfill

 Based on visual observation it Based on visual observation it 
consists of sandy gravel with cobbles consists of sandy gravel with cobbles 
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2008 Probable Maximum Flood 2008 Probable Maximum Flood 
Study ResultsStudy Results
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Overtopping IssuesOvertopping Issues



 

Upper Baker Dam overtops by 3.42 feet during Upper Baker Dam overtops by 3.42 feet during 
the PMF.  However, a statethe PMF.  However, a state--ofof--thethe--art stability art stability 
analysis determined that it would not fail under analysis determined that it would not fail under 
these overtopping loads.these overtopping loads.



 

PSE completed an extreme flood frequency PSE completed an extreme flood frequency 
analysis in 2009 preparing for a possible risk analysis in 2009 preparing for a possible risk 
analysis for Upper Baker Dam.  This was analysis for Upper Baker Dam.  This was 
determined to be unnecessary because of the determined to be unnecessary because of the 
revised structural analysis. revised structural analysis. 



 

West Pass Dike, an embankment dam, nominally West Pass Dike, an embankment dam, nominally 
overtops by 1.42 feet and is assumed to fail overtops by 1.42 feet and is assumed to fail 
during the PMF.during the PMF.
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Where Do We Go Next?Where Do We Go Next?



 

The 2008 Inflow Design Flood (IDF) Study showed that there The 2008 Inflow Design Flood (IDF) Study showed that there 
are homes in the inundation area from a failure of West Pass are homes in the inundation area from a failure of West Pass 
Dike during the PMF.Dike during the PMF.



 

The December 7, 2009 Dambreak Study of West Pass Dike The December 7, 2009 Dambreak Study of West Pass Dike 
quantified the inundation zone.quantified the inundation zone.



 

PSE is scheduled to provide a plan and schedule very soon to PSE is scheduled to provide a plan and schedule very soon to 
respond to the overtopping and potential failure of West Pass respond to the overtopping and potential failure of West Pass 
Dike issue in accordance with current FERC guidelines.Dike issue in accordance with current FERC guidelines.



 

The flood frequency analysis shows that the overtopping of The flood frequency analysis shows that the overtopping of 
West Pass Dike is a 1.5 X 10West Pass Dike is a 1.5 X 10--77 year event, while the PMF is a 1 year event, while the PMF is a 1 
X 10X 10--8 8 year eventyear event. . 
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Frequency of Maximum Reservoir Frequency of Maximum Reservoir 
LevelLevel
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Reason For Risk AnalysisReason For Risk Analysis


 

Should we remediate, i.e., add to the top of the Should we remediate, i.e., add to the top of the 
dam, for an event that is very remote, i.e., 6 X dam, for an event that is very remote, i.e., 6 X 
1010--77 year event?year event?



 

However, simply using the extremeness of the However, simply using the extremeness of the 
loading event neglects the actual Potential Failure loading event neglects the actual Potential Failure 
Modes (PFMs) and neglects the consequences, Modes (PFMs) and neglects the consequences, 
i.e., how many people are at risk of dying from i.e., how many people are at risk of dying from 
that PFM.that PFM.



 

Would conducting a simplified risk analysis Would conducting a simplified risk analysis 
provide a different answer than our Engineering provide a different answer than our Engineering 
Guidelines? Guidelines? 
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Potential Failure ModePotential Failure Mode

•• PMF occurs and flood begins to overtop PMF occurs and flood begins to overtop 
West Pass Dike.West Pass Dike.
•• At some ? overtopping elevationAt some ? overtopping elevation

West Pass Dike begins to erode.West Pass Dike begins to erode.
•• Erosion continues as floodErosion continues as flood

continues and breach develops.continues and breach develops.
•• Breach erodes West PassBreach erodes West Pass

Dike to the near the foundation.Dike to the near the foundation.
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Erodibility of SoilErodibility of Soil 
From BOR Best PracticesFrom BOR Best Practices
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West Pass DikeWest Pass Dike
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Population At RiskPopulation At Risk
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FERC Screening Level Consequence Tool*FERC Screening Level Consequence Tool*

Low Flood Severity
Medium Flood 

Severity High Flood Severity

(No buildings washed 
off foundation, less 
that 10-foot depth of 
flooding) DV < 50

(Homes destroyed but 
trees or mangled 

homes remain, greater 
than 10-foot depth of 

flooding) DV > 50

(Instantaneous dam 
failure, inundation area 

swept clean of 
structures, deep flood 
depth reached very 

quickly)

No Warning
(Excess response time 
less than 15 minutes)

0.01 0.15 0.75

Some Warning
(Excess response time 

15 to 60 minutes)
0.005 0.03 0.4

More Warning
(Excess response time 

Greater than 60 
minutes)

0.0003 0.02 0.2

* From Wayne Graham’s Simplified Procedure for Estimating Loss of Life
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FERC Screening Level Consequence Tool*FERC Screening Level Consequence Tool*

Distance  Time to   Rspnse

 

Excess       PAR Description     PAR         Q (cfs)       Topwidth     DV   Seve-

 

Adjust-

 

PLL 
impact   Time-RT   RT  (min)                                                  (ft)                      rity

 

ment
(min)       (min)

 

Factor

0 to 3 12 -120 132 Campground 
closed

0 251700 1600 157 HIGH 0.2 0

3 to 9 30 0 No inhabitants 0 241000 500 482 HIGH 0.02 0

9 to 12 40 -120 160 Concrete 55 299400 5280 56 MEDIU

 

M
0.02 1.1

12 to 29 120 -160 280 Hamilton 84 303500 10000 30 LOW 0.0003 0.03

29 to 42 240 -160 400 Sedro Woolley 99 302500 10000 30 LOW 0.0003 0.03

Total 
= 1.2

* From Wayne Graham’s Simplified Procedure for Estimating Loss of Life
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PLL Parameters DiscussionPLL Parameters Discussion
PAR


 

Based on worst case (i.e. all residents are still in 
their homes)

DamBreak


 

Based on WPD breach flood depths – conservative 
parameters

Flood Severity


 

Based on Depth Velocity (DV) calculation – 
Flow/topwidth in feet 

Warning Time
– A flood of this magnitude will be forecast days in 

advance
– The only areas flooded are on the margins of the already 

flooded areas
– Most access roads are already flooded so those 

inhabitants should have evacuated, but some may not
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PLLPLL

PLL  as follows
- Kulshan Campground 0
– Concrete 1
– Down through Hamilton

Mile 12 to 29 – 0
– Down through Sedro Woolley

Mile 29 to 42 - 0
– Down past Mt Vernon – Mile 42 + - * 

64
– Total 1

*Flow less than 1 ft/s about 1 ft high
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Simplified Risk AnalysisSimplified Risk Analysis

• Simplified version of a risk analysis

• Simplified in every way to 
demonstrate the process

•• Small group to evaluate one PFMSmall group to evaluate one PFM

•• Overtopping of West Pass Dike during Overtopping of West Pass Dike during 
an extreme floodan extreme flood



3636

ReferencesReferences



3737

ReferencesReferences



3838

FINEFINE
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Potential Failure ModePotential Failure Mode

•• PMF occurs and flood begins to overtop PMF occurs and flood begins to overtop 
West Pass Dike.West Pass Dike.
•• At some ? overtopping elevationAt some ? overtopping elevation

West Pass Dike begins to erode.West Pass Dike begins to erode.
•• Erosion continues as floodErosion continues as flood

continues and breach develops.continues and breach develops.
•• Breach erodes West PassBreach erodes West Pass

Dike to the near the foundation.Dike to the near the foundation.
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West Pass DikeWest Pass Dike
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Frequency of Maximum Reservoir Frequency of Maximum Reservoir 
LevelLevel
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