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John Muir on the persistence of Giant Sequoia (1878)
“The thirsty mountaineer knows well that in every sequoia grove he will 

find running water, but it is a very complete mistake to suppose that 
the water is the cause of the grove being there; for, on the contrary, 
the grove is the cause of the water being there. Indeed, every fallen 
rootlet, … clasping root and prostrate trunk, is a dam, hoarding the 

bounty of storm clouds, and dispensing it in blessings all through the 
summer, instead of allowing it to go headlong in short-lived floods.”

Cle Elum River Restoration
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Incision is the lowering of a channel 
bed driven by an increase shear stress
Causal Mechanisms 

1. a change in baselevel
2. increase in gradient
3. reduction in sediment supply
4. Increase in frequency/magnitude 

of peak flows 
5. Loss of hydraulic roughness
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• Decrease in residence time of water in 
a channel network

• Decreased floodplain frequency 
inundation

• Loss of spawning gravels 
• Increased probability of egg mortality 
• Increase in wood mobility
• Simplification of in-stream habitat 

(e.g., loss of hydraulic refugia)

Why should we care 
about channel incision?
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Additional reasons why we should care…
Woodward Creek, WA

• Compromised infrastructure (pipes, bridges, levees)
• Increase in downstream peak flows
• Lowering of water table and loss of water storage
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Collapsed bridge pier

Driving home the point
Mashel River, WA

Catastrophic is an understatement 

Bed coarsening - loss of 
salmon spawning

Bedrock exposure – loss of 
alluvial groundwater channel 

Disconnected floodplain

Drop of water table (~6 ft)
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Surface flow

Sub-Surface flow

“stage 0”
alluvial two channel system
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Surface 
flow

“stage 1” 
incised single channel system
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Incision sets up negative cascading effects
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General scour follows same pattern as shear stress
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Bed mobilization gone from 64 hrs to 717 hrs

Bed mobilization prior to incision

Bed mobilization in incised channel
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Duration of sediment mobilizing events is important, take 
this example of bank erosion along the Skagit River

Bank erosion threshold for 
Skagit River u/s of 
Rockport is ~21,000 cfs
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“A close study of conditions shows that in every instance the current 
was first deflected by an accumulation of drift, the huge timber of this 
section serving readily in its formation. … Gravel, sand, and silt 
collect in the dead water, behind the drift piles, strengthening them 
and preventing the river from returning to its original bed.  

- Wolff, H.H.  (1916) (describing the White River draining Mt Rainier, WA)

The Role of Wood
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Sediment transport 
capacity is an 
inverse function of 
in-stream wood 
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The Role of Wood:  Stress Partitioning 
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reduce channel 
slope, reduce basal 
shear stress

τLWD = ρ CDA (H/2L) U2

CDA = drag coefficient = CD/(1-B)2

B     = blockage coefficient = H/h
H     = diameter of LWD
L      = spacing of LWD

τ0 = ρw g R S

Sullivan Creek, Pend Oreille Co.

Eagle Creek, Chelan Co.

Increase wood:
CDA & H increase, L decreases
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Thurra River, SE Australia

What does wood loading look like in a system 
that hasn’t been disturbed in 16000 years?

Brooks and Brierley 2001

Wood occupies 32% of the sand 
bed (by volume), some dating to 
13,200 years bp
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Brooks et al (2003) explain how the Cann River in 
Australia experienced little change for 27,000 yrs. 
After European settlement things changed:

• 360% increase in depth
• 240% increase in slope
• 700% increase in capacity
• 150-fold increase in rate of channel 

migration

changes entirely attributed to removal of 
wood and riparian vegetation
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with 
logjams

no 
logjams units

logjams/ 
no 
logjams

no 
logjams/ 
logjams

Qim 35 25 l/s

Frequency of Qim 1.7 4.7times/yr 36% 3

Duration of Qim 2 10hours/event 20% 5

Duration of Qim 3.4 47hours/yr 7% 14

D50 mobilized 9.7 12.5mm 78% 29%

D90 mobilized 32 66mm 48% 106%
Qim = Q at initiation of bed load motion 
(~50% of marked pebbles in motion)

Assani and Petit 1995 study of wood influence on bed mobility
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Pacific Northwest 
streams often 
have only a thin 
layer of alluvium. 
In many situations, 
wood is all that 
retains the 
alluvium.

Tributary to Middle 
Nemah River, Willapa Hills
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Surface water flow (Manning’s equation):

𝑈𝑈 =
(𝑅𝑅2/3 𝑆𝑆1/2)

𝒏𝒏
U   = flow velocity, m/s
R    = hydraulic radius, m
S    = hydraulic gradient
n = Manning’s coefficient (smooth~0.035, rough~0.09)

Sub-Surface Flow (Darcy’s equation):

𝑈𝑈 = 𝑲𝑲
𝑝𝑝
∆ℎ
∆𝐿𝐿

K = hydraulic conductivity, m/s
p    = porosity of the material
∆h/∆L = hydraulic gradient (S)
∆h   = hydraulic head, m
∆L   = horizontal distance of flow path
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Flow Condition Routing time 
(over 10 km)

hours

Surface water through incised 
channel (no wood)

0.4

Surface water through natural 
channel (w/ wood)

3.2

Subsurface water through 
alluvium*

14,854

Routing times vary by orders of magnitude
(example: 10 km alluvial stream with a 3% gradient)

Water residence time (storage) in a 
channel depends on what it flows through
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Incision of a large river:  South Fork Nooksack River 
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2005

2018

Incision of a large river: South Fork Nooksack

Incision Driver Occurrence
Upstream Dams
Channel straightening
Increase in peak flows

Urbanization
Forest clearing

Wood removal

No
No

No
Yes
Yes
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Restoration of an incised river: South Fork Nooksack

Engineered wood 
placemnts raise 

channel 4-5 ft 

2019
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Restoration of an incised river: South Fork Nooksack

2017

Estimated increase in 
water storage = 30 ac-ft 
(102 ac-ft/mile)
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Restoration of an incised river: Toppenish Creek

Pre-project conditions
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TOPPENISH CREEK

27

Restoration of an incised river: Toppenish Creek

Estimated increase in water 
storage = 20 ac-ft (76 ac-ft/mile)



Washington Salmon Recovery Conference 2019 28

5

6

7

8

9

10

11

12

13

14

3.8 4.0 4.2 4.4 4.6 4.8 5.0
River mile

El
ev

at
io

ns
 (m

)

No logjams (A) Channel bottom
Historic logjams (B1) Historic logjams (B2)
One logjam (C1) One logjam (C2)
One logjam (D1) One logjam (D2)
Two logjams (E1) Two logjams (E2)

C

D

EB

Ozette River Model Results:  Base Flow

Brummer, Abbe, et al. 2006

After logjam removal from the Ozette River, 
Lake Ozette dropped about 4 ft

Lost storage  = 30,000 ac-ft
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Base flow WSEs

		



&L&"Times New Roman,Regular"&8&F &A &D

Notes:  Locations of logjams indicated with lettering. Thin lines (1) are results from the multiple block method that obstructs 67% of the bankfull channel width. Thick lines (2) are results from the multiple block method that obstructs 80% of the bankfull channel width. Lake Ozette's outlet is at approximately river mile 5.0.
Source:  Ozette River HEC-RAS Model Output

Ozette River     
 Water Surface Elevations at Summer Base Flow (4.42 cms)

f i g u r e
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Qbf flow WSEs
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1.3217073171

1.3211585366

1.317347561

1.3158841463

1.312804878

1.3082621951

1.3065853659

1.3011890244

1.2956707317

1.2919512195

1.2791768293

1.2701219512

1.2690243902

1.2603353659

1.2647865854

1.2592073171

1.2614634146

1.2543292683

1.2541463415

1.2536890244

1.2572865854

1.2541768293

1.2585060976

1.2438719512

1.2517073171

1.2642682927

1.2489329268

1.2518597561

1.2610670732

1.2590243902

1.2470121951

1.2567682927

1.2441158537

1.2482926829

1.2444512195

1.2528353659

1.2472256098

1.2567378049

1.2532317073

1.2513109756

1.2506402439

1.2581097561

1.2509146341

1.2538414634

1.2525

1.2507926829

1.2567682927

1.2503353659

1.2483231707

1.2518597561

1.2538109756

1.2472865854

1.2430487805

1.2479878049

1.2319817073

1.2233231707

1.2355182927

1.2241768293

1.2229878049

1.2239634146

1.2193597561

1.2249695122

1.2207926829

1.2188414634

1.2187804878

1.2186585366

1.2170731707

1.2125304878

1.2198780488

1.2135670732

1.2212804878

1.2075304878

1.2144817073

1.2134756098

1.232652439

1.2216463415

1.2119817073

1.2163719512

1.219695122

1.2227134146

1.2094512195

1.2176219512

1.2235060976

1.2219817073

1.2192378049

1.2255182927

1.2293597561

1.2296036585

1.2129268293

1.2254878049

1.2200609756

1.2188109756

1.2177439024

1.222347561

1.2162804878

1.2199085366

1.2204573171

1.2160670732

1.2136890244

1.2184146341

1.2165853659

1.2127439024

1.2229878049

1.2220731707

1.2155792683

1.220945122

1.2131402439

1.2274085366

1.2207317073

1.2300609756

1.234695122

1.2270426829

1.2325609756

1.2277743902

1.2383841463

1.2383231707

1.2343597561

1.2352743902

1.2415243902

1.246097561

1.2432926829

1.2390243902

1.2442378049

1.2489939024

1.2458231707

1.2543597561

1.2472560976

1.2757317073

1.2797865854

1.2774695122

1.2800304878

1.2778963415

1.280152439

1.2764939024

1.2803658537

1.2804573171

1.2860365854

1.2846646341

1.280945122

1.2843597561

1.2882621951

1.2928963415

1.2894207317

1.290945122

1.293902439

1.2993597561

1.2938719512

1.2896036585

1.3045731707

1.296097561

1.2919207317

1.2930182927

1.2966463415

1.3025914634

1.3066768293

1.3046036585

1.2999695122

1.3030487805

1.3051219512

1.3068902439

1.3117378049

1.311554878

1.3118292683

1.3107926829

1.3132926829

1.3145426829

1.3156097561

1.3086585366

1.3112804878

1.310945122

1.3164329268

1.320304878

1.3153963415

1.3138414634

1.3157317073

1.3168292683

1.3157926829

1.317804878

1.3164329268

1.3155792683

1.3181097561

1.3187804878

1.3225609756

1.3216768293

1.3246036585

1.318902439

1.3248170732

1.3232317073

1.3278658537

1.3261280488

1.3240243902

1.3225609756

1.322804878

1.3245426829

1.3258841463

1.3285670732

1.3271646341

1.3227439024

1.325304878

1.3238719512

1.323597561

1.3207926829

1.3280487805

1.3201219512

1.3282926829

1.323597561

1.3256097561

1.3218597561

1.3245731707

1.3253353659

1.3267987805

1.3285670732

1.3218292683

1.3302439024

1.3259146341

1.3303353659

1.3226829268

1.3247256098

1.3304878049

1.2921341463

1.2975

1.2931707317

1.2933841463

1.2956707317

1.2976219512

1.2984756098

1.2988719512

1.2973170732

1.2988109756

1.2927743902

1.3013414634

1.3032926829

1.3007012195

1.3003353659

&L&"Times New Roman,Regular"&8&F &A &D

Notes:  Locations of logjams indicated with lettering. Thin lines (1) are results from the multiple block method that obstructs 67% of the bankfull channel width. Thick lines (2) are results from the multiple block method that obstructs 80% of the bankfull channel width. Lake Ozette's outlet is at approximately river mile 5.0.
Source:  Ozette River HEC-RAS Model Output

Ozette River     
Water Surface Elevations at Bankfull Flow (9.5 cms)



Qbf flow WSEs

		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576

		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273

		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455

		4.7709545455		4.7709545455		4.7709545455		4.7709545455		4.7709545455		4.7709545455		4.7715757576		4.7715757576		4.7715757576		4.7715757576

		4.7423787879		4.7423787879		4.7423787879		4.7423787879		4.7423787879		4.7423787879		4.7709545455		4.7709545455		4.7709545455		4.7709545455

		4.6193787879		4.6193787879		4.6193787879		4.6193787879		4.6193787879		4.6193787879		4.7703333333		4.7703333333		4.7703333333		4.7703333333

		4.5280606061		4.5280606061		4.5280606061		4.5280606061		4.5280606061		4.5280606061		4.7423787879		4.7423787879		4.743		4.743

		4.5249545455		4.5249545455		4.5255757576		4.5255757576		4.5255757576		4.5255757576		4.6193787879		4.6193787879		4.7423787879		4.7423787879

		4.5218484848		4.5218484848		4.5249545455		4.5249545455		4.5249545455		4.5249545455		4.5280606061		4.5280606061		4.7417575758		4.7417575758

		4.3448030303		4.3448030303		4.5243333333		4.5243333333		4.5243333333		4.5243333333		4.5249545455		4.5249545455		4.6193787879		4.6193787879

		4.2218030303		4.2218030303		4.5218484848		4.5218484848		4.5218484848		4.5218484848		4.5218484848		4.5218484848		4.5280606061		4.5280606061

		3.9900909091		3.9900909091		4.3454242424		4.3454242424		4.3448030303		4.3448030303		4.3448030303		4.3448030303		4.5249545455		4.5249545455

		3.8006212121		3.8006212121		4.3448030303		4.3448030303		4.2218030303		4.2218030303		4.2218030303		4.2218030303		4.5218484848		4.5218484848

						4.3441818182		4.3441818182		3.9900909091		3.9900909091		3.9900909091		3.9900909091		4.3448030303		4.3448030303

						4.2224242424		4.2224242424		3.8006212121		3.8006212121		3.8006212121		3.8006212121		4.2218030303		4.2218030303

						4.2218030303		4.2218030303										3.9900909091		3.9900909091

						4.2211818182		4.2211818182										3.8006212121		3.8006212121

						3.9907121212		3.9907121212

						3.9900909091		3.9900909091

						3.989469697		3.989469697

						3.8012424242		3.8012424242

						3.8006212121		3.8006212121

						3.8		3.8



B

C

D

E

No logjams (A)

Channel bottom

Historic logjams (B1)

Historic logjams (B2)

One logjam (C1)

One logjam (C2)

One logjam (D1)

One logjam (D2)

Two logjams (E1)

Two logjams (E2)

River mile

Elevations (m)

10.396

8.166

11.176

11.386

10.436

10.496

10.746

10.966

11.426

11.926

10.386

9.066

11.166

11.376

10.426

10.496

10.726

10.956

11.416

11.916

10.296

8.726

11.146

11.366

10.346

10.426

10.696

10.936

11.406

11.906

10.086

8.806

11.136

11.356

10.176

10.296

10.416

10.726

11.326

11.866

10.006

8.516

11.116

11.336

10.106

10.246

10.366

10.576

11.326

11.846

9.636

8.206

11.096

11.326

9.896

10.106

10.306

10.366

11.316

11.836

9.416

7.986

11.096

11.316

9.796

10.056

10.006

10.006

10.536

10.676

9.406

7.976

11.096

11.306

9.696

10.016

9.636

9.636

10.486

10.616

9.396

7.976

11.096

11.306

9.566

9.986

9.416

9.416

10.436

10.506

9.146

7.496

11.096

11.296

9.396

9.356

9.406

9.406

9.636

9.636

9.016

7.236

11.096

11.286

9.396

9.396

9.396

9.396

9.416

9.416

8.416

7.126

11.056

11.266

9.146

9.146

9.146

9.146

9.406

9.406

7.866

6.386

11.056

11.266

9.016

9.016

9.016

9.016

9.396

9.396

11.056

11.266

8.416

8.416

8.416

8.416

9.146

9.146

10.886

11.096

7.866

7.866

7.866

7.866

9.016

9.016

10.886

11.096

8.416

8.416

10.876

11.096

7.866

7.866

10.336

10.566

10.336

10.566

10.336

10.566

9.916

10.156

9.916

10.156

9.906

10.146



Peak flow WSEs

		



Surveyed

&L&"Times New Roman,Regular"&8&F &A &D

Notes:  Locations of logjams indicated with lettering. Thin lines (1) are results from the multiple block method that obstructs 67% of the bankfull channel width. Thick lines (2) are results from the multiple block method that obstructs 80% of the bankfull channel width. Lake Ozette's outlet is at approximately river mile 5.0.
Source:  Ozette River HEC-RAS Model Output

Ozette River     
Water Surface Elevations at a Historic Peak Flow (42.5 cms)

f i g u r e



Peak flow WSEs

		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576		4.9704257576

		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273		4.9647727273

		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455		4.8939545455

		4.7709545455		4.7709545455		4.7709545455		4.7709545455		4.7709545455		4.7709545455		4.7715757576		4.7715757576		4.7715757576		4.7715757576

		4.7423787879		4.7423787879		4.7423787879		4.7423787879		4.7423787879		4.7423787879		4.7709545455		4.7709545455		4.7709545455		4.7709545455

		4.6193787879		4.6193787879		4.6193787879		4.6193787879		4.6193787879		4.6193787879		4.7703333333		4.7703333333		4.7703333333		4.7703333333

		4.5280606061		4.5280606061		4.5280606061		4.5280606061		4.5280606061		4.5280606061		4.7423787879		4.7423787879		4.743		4.743

		4.5249545455		4.5249545455		4.5255757576		4.5255757576		4.5255757576		4.5255757576		4.6193787879		4.6193787879		4.7423787879		4.7423787879

		4.5218484848		4.5218484848		4.5249545455		4.5249545455		4.5249545455		4.5249545455		4.5280606061		4.5280606061		4.7417575758		4.7417575758

		4.3448030303		4.3448030303		4.5243333333		4.5243333333		4.5243333333		4.5243333333		4.5249545455		4.5249545455		4.6193787879		4.6193787879

		4.2218030303		4.2218030303		4.5218484848		4.5218484848		4.5218484848		4.5218484848		4.5218484848		4.5218484848		4.5280606061		4.5280606061

		3.9900909091		3.9900909091		4.3454242424		4.3454242424		4.3448030303		4.3448030303		4.3448030303		4.3448030303		4.5249545455		4.5249545455

		3.8006212121		3.8006212121		4.3448030303		4.3448030303		4.2218030303		4.2218030303		4.2218030303		4.2218030303		4.5218484848		4.5218484848

						4.3441818182		4.3441818182		3.9900909091		3.9900909091		3.9900909091		3.9900909091		4.3448030303		4.3448030303

						4.2224242424		4.2224242424		3.8006212121		3.8006212121		3.8006212121		3.8006212121		4.2218030303		4.2218030303

						4.2218030303		4.2218030303										3.9900909091		3.9900909091

						4.2211818182		4.2211818182										3.8006212121		3.8006212121

						3.9907121212		3.9907121212

						3.9900909091		3.9900909091

						3.989469697		3.989469697

						3.8012424242		3.8012424242

						3.8006212121		3.8006212121

						3.8		3.8



C

D

E

B

No logjams (A)

Channel bottom

Historic logjams (B1)

Historic logjams (B2)

One logjam (C1)

One logjam (C2)

One logjam (D1)

One logjam (D2)

Two logjams (E1)

Two logjams (E2)

River mile

Elevations (m)

11.956

8.166

12.946

13.086

11.966

11.966

12.466

12.606

12.716

12.866

11.946

9.066

12.936

13.076

11.956

11.956

12.466

12.606

12.716

12.856

11.846

8.726

12.906

13.046

11.856

11.856

12.416

12.566

12.686

12.826

11.666

8.806

12.866

13.016

11.676

11.676

12.046

12.246

12.456

12.626

11.566

8.516

12.836

12.986

11.586

11.586

11.976

12.156

12.456

12.616

11.236

8.206

12.796

12.956

11.266

11.266

11.856

11.886

12.446

12.596

11.036

7.986

12.776

12.936

11.076

11.076

11.566

11.566

11.876

11.926

11.036

7.976

12.766

12.936

11.056

11.056

11.236

11.236

11.866

11.916

11.026

7.976

12.766

12.926

11.046

11.046

11.036

11.036

11.856

11.896

10.786

7.496

12.766

12.926

11.036

11.036

11.036

11.036

11.236

11.236

10.626

7.236

12.766

12.926

11.026

11.026

11.026

11.026

11.036

11.036

10.086

7.126

12.686

12.856

10.786

10.786

10.786

10.786

11.036

11.036

9.666

6.386

12.686

12.856

10.626

10.626

10.626

10.626

11.026

11.026

12.686

12.856

10.086

10.086

10.086

10.086

10.786

10.786

12.496

12.676

9.666

9.666

9.666

9.666

10.626

10.626

12.486

12.676

10.086

10.086

12.486

12.676

9.666

9.666

11.976

12.176

11.976

12.176

11.976

12.176

11.626

11.826

11.616

11.826

11.616

11.816



PlanA

								Adjustment:		86.594		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		8.166		9.966		10.396		11.956		1.1704257576		5.0

		Upper		100		114		1875		9.066		9.966		10.386		11.946		1.1647727273		5.0

		Upper		90		198		1761		8.726		9.876		10.296		11.846		1.0939545455		4.9

		Upper		80		46		1563		8.806		9.666		10.086		11.666		0.9709545455		4.8

		Upper		70		198		1517		8.516		9.576		10.006		11.566		0.9423787879		4.7

		Upper		60		147		1319		8.206		9.206		9.636		11.236		0.8193787879		4.6

		Upper		55		5		1172		7.986		8.956		9.416		11.036		0.7280606061		4.5

		Upper		50		5		1167		7.976		8.946		9.406		11.036		0.7249545455		4.5

		Upper		45		285		1162		7.976		8.936		9.396		11.026		0.7218484848		4.5

		Upper		40		198		877		7.496		8.686		9.146		10.786		0.5448030303		4.3

		Upper		30		373		679		7.236		8.566		9.016		10.626		0.4218030303		4.2

		Upper		20		305		306		7.126		7.996		8.416		10.086		0.1900909091		4.0

		Upper		10				1		6.386		7.396		7.866		9.666		0.0006212121		3.8

						1883.1





PlanA (m)

												Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		94.76		96.56		96.99		98.55		1.1704257576		5.0

		Upper		100		114		1875		95.66		96.56		96.98		98.54		1.1647727273		5.0

		Upper		90		198		1761		95.32		96.47		96.89		98.44		1.0939545455		4.9

		Upper		80		46		1563		95.4		96.26		96.68		98.26		0.9709545455		4.8

		Upper		70		198		1517		95.11		96.17		96.6		98.16		0.9423787879		4.7

		Upper		60		147		1319		94.8		95.8		96.23		97.83		0.8193787879		4.6

		Upper		55		5		1172		94.58		95.55		96.01		97.63		0.7280606061		4.5

		Upper		50		5		1167		94.57		95.54		96		97.63		0.7249545455		4.5

		Upper		45		285		1162		94.57		95.53		95.99		97.62		0.7218484848		4.5

		Upper		40		198		877		94.09		95.28		95.74		97.38		0.5448030303		4.3

		Upper		30		373		679		93.83		95.16		95.61		97.22		0.4218030303		4.2

		Upper		20		305		306		93.72		94.59		95.01		96.68		0.1900909091		4.0

		Upper		10				1		92.98		93.99		94.46		96.26		0.0006212121		3.8

						1883.1





PlanB

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		8.166		10.636		11.176		12.946		10.816		11.386		13.086		1.1704257576		5.0

		Upper		100		114		1875		9.066		10.626		11.166		12.936		10.816		11.376		13.076		1.1647727273		5.0

		Upper		90		198		1761		8.726		10.616		11.146		12.906		10.816		11.366		13.046		1.0939545455		4.9

		Upper		80		46		1563		8.806		10.606		11.136		12.866		10.806		11.356		13.016		0.9709545455		4.8

		Upper		70		198		1517		8.516		10.596		11.116		12.836		10.806		11.336		12.986		0.9423787879		4.7

		Upper		60		147		1319		8.206		10.596		11.096		12.796		10.806		11.326		12.956		0.8193787879		4.6

		Upper		55		4		1172		7.986		10.586		11.096		12.776		10.796		11.316		12.936		0.7280606061		4.5

		Upper		51		1		1168		8.016		10.586		11.096		12.766		10.796		11.306		12.936		0.7255757576		4.5

		Upper		50		1		1167		7.996		10.576		11.096		12.766		10.786		11.306		12.926		0.7249545455		4.5

		Upper		49		4		1166		8.016		10.576		11.096		12.766		10.786		11.296		12.926		0.7243333333		4.5

		Upper		45		284		1162		7.976		10.576		11.096		12.766		10.786		11.286		12.926		0.7218484848		4.5

		Upper		41		1		878		7.516		10.556		11.056		12.686		10.776		11.266		12.856		0.5454242424		4.3

		Upper		40		1		877		7.496		10.556		11.056		12.686		10.766		11.266		12.856		0.5448030303		4.3

		Upper		39		196		876		7.516		10.556		11.056		12.686		10.766		11.266		12.856		0.5441818182		4.3

		Upper		31		1		680		7.246		10.406		10.886		12.496		10.616		11.096		12.676		0.4224242424		4.2

		Upper		30		1		679		7.236		10.406		10.886		12.486		10.616		11.096		12.676		0.4218030303		4.2

		Upper		29		371		678		7.246		10.396		10.876		12.486		10.616		11.096		12.676		0.4211818182		4.2

		Upper		21		1		307		7.126		9.816		10.336		11.976		10.066		10.566		12.176		0.1907121212		4.0

		Upper		20		1		306		7.126		9.806		10.336		11.976		10.066		10.566		12.176		0.1900909091		4.0

		Upper		19		303		305		7.126		9.806		10.336		11.976		10.066		10.566		12.176		0.189469697		4.0

		Upper		11		1		2		6.396		9.336		9.916		11.626		9.606		10.156		11.826		0.0012424242		3.8

		Upper		10		1		1		6.396		9.336		9.916		11.616		9.606		10.156		11.826		0.0006212121		3.8

		Upper		9				0		6.396		9.336		9.906		11.616		9.606		10.146		11.816		0		3.8

						1884.1





PlanB (m)

												V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		94.76		97.23		97.77		99.54		97.41		97.98		99.68		1.1704257576		5.0

		Upper		100		114		1875		95.66		97.22		97.76		99.53		97.41		97.97		99.67		1.1647727273		5.0

		Upper		90		198		1761		95.32		97.21		97.74		99.5		97.41		97.96		99.64		1.0939545455		4.9

		Upper		80		46		1563		95.4		97.2		97.73		99.46		97.4		97.95		99.61		0.9709545455		4.8

		Upper		70		198		1517		95.11		97.19		97.71		99.43		97.4		97.93		99.58		0.9423787879		4.7

		Upper		60		147		1319		94.8		97.19		97.69		99.39		97.4		97.92		99.55		0.8193787879		4.6

		Upper		55		4		1172		94.58		97.18		97.69		99.37		97.39		97.91		99.53		0.7280606061		4.5

		Upper		51		1		1168		94.61		97.18		97.69		99.36		97.39		97.9		99.53		0.7255757576		4.5

		Upper		50		1		1167		94.59		97.17		97.69		99.36		97.38		97.9		99.52		0.7249545455		4.5

		Upper		49		4		1166		94.61		97.17		97.69		99.36		97.38		97.89		99.52		0.7243333333		4.5

		Upper		45		284		1162		94.57		97.17		97.69		99.36		97.38		97.88		99.52		0.7218484848		4.5

		Upper		41		1		878		94.11		97.15		97.65		99.28		97.37		97.86		99.45		0.5454242424		4.3

		Upper		40		1		877		94.09		97.15		97.65		99.28		97.36		97.86		99.45		0.5448030303		4.3

		Upper		39		196		876		94.11		97.15		97.65		99.28		97.36		97.86		99.45		0.5441818182		4.3

		Upper		31		1		680		93.84		97		97.48		99.09		97.21		97.69		99.27		0.4224242424		4.2

		Upper		30		1		679		93.83		97		97.48		99.08		97.21		97.69		99.27		0.4218030303		4.2

		Upper		29		371		678		93.84		96.99		97.47		99.08		97.21		97.69		99.27		0.4211818182		4.2

		Upper		21		1		307		93.72		96.41		96.93		98.57		96.66		97.16		98.77		0.1907121212		4.0

		Upper		20		1		306		93.72		96.4		96.93		98.57		96.66		97.16		98.77		0.1900909091		4.0

		Upper		19		303		305		93.72		96.4		96.93		98.57		96.66		97.16		98.77		0.189469697		4.0

		Upper		11		1		2		92.99		95.93		96.51		98.22		96.2		96.75		98.42		0.0012424242		3.8

		Upper		10		1		1		92.99		95.93		96.51		98.21		96.2		96.75		98.42		0.0006212121		3.8

		Upper		9				0		92.99		95.93		96.5		98.21		96.2		96.74		98.41		0		3.8

						1884.1





PlanC

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		8.166		9.966		10.436		11.966		10.036		10.496		11.966		1.1704257576		5.0

		Upper		100		114		1875		9.066		9.966		10.426		11.956		10.036		10.496		11.956		1.1647727273		5.0

		Upper		90		198		1761		8.726		9.886		10.346		11.856		9.966		10.426		11.856		1.0939545455		4.9

		Upper		80		46		1563		8.806		9.676		10.176		11.676		9.856		10.296		11.676		0.9709545455		4.8

		Upper		70		198		1517		8.516		9.586		10.106		11.586		9.816		10.246		11.586		0.9423787879		4.7

		Upper		60		147		1319		8.206		9.326		9.896		11.266		9.726		10.106		11.266		0.8193787879		4.6

		Upper		55		4		1172		7.986		9.226		9.796		11.076		9.706		10.056		11.076		0.7280606061		4.5

		Upper		51		1		1168		8.016		9.146		9.696		11.056		9.626		10.016		11.056		0.7255757576		4.5

		Upper		50		1		1167		7.996		9.066		9.566		11.046		9.466		9.986		11.046		0.7249545455		4.5

		Upper		49		4		1166		8.016		8.946		9.396		11.036		8.926		9.356		11.036		0.7243333333		4.5

		Upper		45		285		1162		7.976		8.936		9.396		11.026		8.936		9.396		11.026		0.7218484848		4.5

		Upper		40		198		877		7.496		8.686		9.146		10.786		8.686		9.146		10.786		0.5448030303		4.3

		Upper		30		373		679		7.236		8.566		9.016		10.626		8.566		9.016		10.626		0.4218030303		4.2

		Upper		20		305		306		7.126		7.996		8.416		10.086		7.996		8.416		10.086		0.1900909091		4.0

		Upper		10				1		6.386		7.396		7.866		9.666		7.396		7.866		9.666		0.0006212121		3.8

						1883.1





PlanC (m)

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		94.76		96.56		97.03		98.56		96.63		97.09		98.56		1.1704257576		5.0

		Upper		100		114		1875		95.66		96.56		97.02		98.55		96.63		97.09		98.55		1.1647727273		5.0

		Upper		90		198		1761		95.32		96.48		96.94		98.45		96.56		97.02		98.45		1.0939545455		4.9

		Upper		80		46		1563		95.4		96.27		96.77		98.27		96.45		96.89		98.27		0.9709545455		4.8

		Upper		70		198		1517		95.11		96.18		96.7		98.18		96.41		96.84		98.18		0.9423787879		4.7

		Upper		60		147		1319		94.8		95.92		96.49		97.86		96.32		96.7		97.86		0.8193787879		4.6

		Upper		55		4		1172		94.58		95.82		96.39		97.67		96.3		96.65		97.67		0.7280606061		4.5

		Upper		51		1		1168		94.61		95.74		96.29		97.65		96.22		96.61		97.65		0.7255757576		4.5

		Upper		50		1		1167		94.59		95.66		96.16		97.64		96.06		96.58		97.64		0.7249545455		4.5

		Upper		49		4		1166		94.61		95.54		95.99		97.63		95.52		95.95		97.63		0.7243333333		4.5

		Upper		45		285		1162		94.57		95.53		95.99		97.62		95.53		95.99		97.62		0.7218484848		4.5

		Upper		40		198		877		94.09		95.28		95.74		97.38		95.28		95.74		97.38		0.5448030303		4.3

		Upper		30		373		679		93.83		95.16		95.61		97.22		95.16		95.61		97.22		0.4218030303		4.2

		Upper		20		305		306		93.72		94.59		95.01		96.68		94.59		95.01		96.68		0.1900909091		4.0

		Upper		10				1		92.98		93.99		94.46		96.26		93.99		94.46		96.26		0.0006212121		3.8

						1883.1





PlanD

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		8.166		10.216		10.746		12.466		10.346		10.966		12.606		1.1704257576		5.0

		Upper		100		114		1875		9.066		10.196		10.726		12.466		10.346		10.956		12.606		1.1647727273		5.0

		Upper		90		197		1761		8.726		10.166		10.696		12.416		10.316		10.936		12.566		1.0939545455		4.9

		Upper		81		1		1564		8.816		9.946		10.416		12.046		10.146		10.726		12.246		0.9715757576		4.8

		Upper		80		1		1563		8.806		9.916		10.366		11.976		10.056		10.576		12.156		0.9709545455		4.8

		Upper		79		45		1562		8.816		9.876		10.306		11.856		9.946		10.366		11.886		0.9703333333		4.8

		Upper		70		198		1517		8.516		9.576		10.006		11.566		9.576		10.006		11.566		0.9423787879		4.7

		Upper		60		147		1319		8.206		9.206		9.636		11.236		9.206		9.636		11.236		0.8193787879		4.6

		Upper		55		5		1172		7.986		8.956		9.416		11.036		8.956		9.416		11.036		0.7280606061		4.5

		Upper		50		5		1167		7.976		8.946		9.406		11.036		8.946		9.406		11.036		0.7249545455		4.5

		Upper		45		285		1162		7.976		8.936		9.396		11.026		8.936		9.396		11.026		0.7218484848		4.5

		Upper		40		198		877		7.496		8.686		9.146		10.786		8.686		9.146		10.786		0.5448030303		4.3

		Upper		30		373		679		7.236		8.566		9.016		10.626		8.566		9.016		10.626		0.4218030303		4.2

		Upper		20		305		306		7.126		7.996		8.416		10.086		7.996		8.416		10.086		0.1900909091		4.0

		Upper		10				1		6.386		7.396		7.866		9.666		7.396		7.866		9.666		0.0006212121		3.8

						1883.1





PlanD (m)

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		94.76		96.81		97.34		99.06		96.94		97.56		99.2		1.1704257576		5.0

		Upper		100		114		1875		95.66		96.79		97.32		99.06		96.94		97.55		99.2		1.1647727273		5.0

		Upper		90		197		1761		95.32		96.76		97.29		99.01		96.91		97.53		99.16		1.0939545455		4.9

		Upper		81		1		1564		95.41		96.54		97.01		98.64		96.74		97.32		98.84		0.9715757576		4.8

		Upper		80		1		1563		95.4		96.51		96.96		98.57		96.65		97.17		98.75		0.9709545455		4.8

		Upper		79		45		1562		95.41		96.47		96.9		98.45		96.54		96.96		98.48		0.9703333333		4.8

		Upper		70		198		1517		95.11		96.17		96.6		98.16		96.17		96.6		98.16		0.9423787879		4.7

		Upper		60		147		1319		94.8		95.8		96.23		97.83		95.8		96.23		97.83		0.8193787879		4.6

		Upper		55		5		1172		94.58		95.55		96.01		97.63		95.55		96.01		97.63		0.7280606061		4.5

		Upper		50		5		1167		94.57		95.54		96		97.63		95.54		96		97.63		0.7249545455		4.5

		Upper		45		285		1162		94.57		95.53		95.99		97.62		95.53		95.99		97.62		0.7218484848		4.5

		Upper		40		198		877		94.09		95.28		95.74		97.38		95.28		95.74		97.38		0.5448030303		4.3

		Upper		30		373		679		93.83		95.16		95.61		97.22		95.16		95.61		97.22		0.4218030303		4.2

		Upper		20		305		306		93.72		94.59		95.01		96.68		94.59		95.01		96.68		0.1900909091		4.0

		Upper		10				1		92.98		93.99		94.46		96.26		93.99		94.46		96.26		0.0006212121		3.8

						1883.1





PlanE

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		8.166		10.716		11.426		12.716		11.356		11.926		12.866		1.1704257576		5.0

		Upper		100		114		1875		9.066		10.706		11.416		12.716		11.346		11.916		12.856		1.1647727273		5.0

		Upper		90		197		1761		8.726		10.696		11.406		12.686		11.346		11.906		12.826		1.0939545455		4.9

		Upper		81		1		1564		8.836		10.636		11.326		12.456		11.326		11.866		12.626		0.9715757576		4.8

		Upper		80		1		1563		8.806		10.636		11.326		12.456		11.316		11.846		12.616		0.9709545455		4.8

		Upper		79		44		1562		8.836		10.636		11.316		12.446		11.296		11.836		12.596		0.9703333333		4.8

		Upper		71		1		1518		8.526		10.086		10.536		11.876		10.416		10.676		11.926		0.943		4.7

		Upper		70		1		1517		8.526		10.036		10.486		11.866		10.326		10.616		11.916		0.9423787879		4.7

		Upper		69		197		1516		8.526		9.986		10.436		11.856		10.116		10.506		11.896		0.9417575758		4.7

		Upper		60		147		1319		8.206		9.206		9.636		11.236		9.206		9.636		11.236		0.8193787879		4.6

		Upper		55		5		1172		7.986		8.956		9.416		11.036		8.956		9.416		11.036		0.7280606061		4.5

		Upper		50		5		1167		7.976		8.946		9.406		11.036		8.946		9.406		11.036		0.7249545455		4.5

		Upper		45		285		1162		7.976		8.936		9.396		11.026		8.936		9.396		11.026		0.7218484848		4.5

		Upper		40		198		877		7.496		8.686		9.146		10.786		8.686		9.146		10.786		0.5448030303		4.3

		Upper		30		373		679		7.236		8.566		9.016		10.626		8.566		9.016		10.626		0.4218030303		4.2

		Upper		20		305		306		7.126		7.996		8.416		10.086		7.996		8.416		10.086		0.1900909091		4.0

		Upper		10				1		6.386		7.396		7.866		9.666		7.396		7.866		9.666		0.0006212121		3.8

						1883.1





PlanE (m)

								Adjustment:		86.594		V1						V2

												Base		Qbf		Peak		Base		Qbf		Peak

		Reach		River Sta		Length Chnl		Total Channel Length		Min Ch El		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev		W.S. Elev

						(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		(m)		miles		RM

		Upper		110		9.1		1884.1		94.76		97.31		98.02		99.31		97.95		98.52		99.46		1.1704257576		5.0

		Upper		100		114		1875		95.66		97.3		98.01		99.31		97.94		98.51		99.45		1.1647727273		5.0

		Upper		90		197		1761		95.32		97.29		98		99.28		97.94		98.5		99.42		1.0939545455		4.9

		Upper		81		1		1564		95.43		97.23		97.92		99.05		97.92		98.46		99.22		0.9715757576		4.8

		Upper		80		1		1563		95.4		97.23		97.92		99.05		97.91		98.44		99.21		0.9709545455		4.8

		Upper		79		44		1562		95.43		97.23		97.91		99.04		97.89		98.43		99.19		0.9703333333		4.8

		Upper		71		1		1518		95.12		96.68		97.13		98.47		97.01		97.27		98.52		0.943		4.7

		Upper		70		1		1517		95.12		96.63		97.08		98.46		96.92		97.21		98.51		0.9423787879		4.7

		Upper		69		197		1516		95.12		96.58		97.03		98.45		96.71		97.1		98.49		0.9417575758		4.7

		Upper		60		147		1319		94.8		95.8		96.23		97.83		95.8		96.23		97.83		0.8193787879		4.6

		Upper		55		5		1172		94.58		95.55		96.01		97.63		95.55		96.01		97.63		0.7280606061		4.5

		Upper		50		5		1167		94.57		95.54		96		97.63		95.54		96		97.63		0.7249545455		4.5

		Upper		45		285		1162		94.57		95.53		95.99		97.62		95.53		95.99		97.62		0.7218484848		4.5

		Upper		40		198		877		94.09		95.28		95.74		97.38		95.28		95.74		97.38		0.5448030303		4.3

		Upper		30		373		679		93.83		95.16		95.61		97.22		95.16		95.61		97.22		0.4218030303		4.2

		Upper		20		305		306		93.72		94.59		95.01		96.68		94.59		95.01		96.68		0.1900909091		4.0

		Upper		10				1		92.98		93.99		94.46		96.26		93.99		94.46		96.26		0.0006212121		3.8

						1883.1





Sheet1

		2.8		4.1		98.338				3.33		4.63				1.1		2.1		96.852				1.6		2.6				1.1		2.1				1.35		2.35

		4.43		5.73		98.338				4.96		6.26				2.6		3.6		96.852				3.1		4.1				2.35		3.35				2.6		3.6

		6.06		7.36		98.338				6.59		7.89				4.1		5.1		96.852				4.6		5.6				3.6		4.6				3.85		4.85

		7.69		8.99		98.338				8.22		9.52				5.6		6.6		96.852				6.1		7.1				4.85		5.85				5.1		6.1

		9.32		10.62		98.338				9.85		11.15				7.1		8.1		96.852				7.6		8.6				6.1		7.1				6.35		7.35

		10.95		12.25		98.338				11.48		12.78				8.6		9.6		96.852				9.1		10.1				7.35		8.35				7.6		8.6

		12.58		13.88		98.338				13.11		14.41				10.1		11.1		96.852				10.6		11.6				8.6		9.6				8.85		9.85

		14.21		15.51		98.338				14.74		16.04				11.6		12.6		96.852				12.1		13.1				9.85		10.85				10.1		11.1

		15.84		17.14		98.338				16.37		17.67				13.1		14.1		96.852				13.6		14.6				11.1		12.1				11.35		12.35

		17.47		18.77		98.338				18		19.3				14.6		15.6		96.852				15.1		16.1				12.35		13.35				12.6		13.6

		19.1		20.4		98.338				19.63		20.93				16.1		17.1		96.852				16.6		17.6				13.6		14.6				13.85		14.85

		20.73		22.03		98.338				21.26		22.56				17.6		18.6		96.852				18.1		19.1				14.85		15.85				15.1		16.1

		22.36		23.66		98.338				22.89		24.19				19.1		20.1		96.852				19.6		20.6				16.1		17.1				16.35		17.35

		23.99		25.29		98.338				24.52		25.82				20.6		21.6		96.852				21.1		22.1

		25.62		26.92		98.338				26.15		27.45

		27.25		28.55		98.338				27.78		29.08

		28.88		30.18		98.338				29.41		30.71

		30.51		31.81		98.338				31.04		32.34

		32.14		33.44		98.338				32.67		33.97

		33.77		35.07		98.338				34.3		35.6













Washington Salmon Recovery Conference 2019 

"So great is the retention of water in many portions of the main belt that bogs and 
meadows are created…  a single trunk falling across a stream often forms a dam 

200 feet long and ten to thirty feet high, giving rise to a pond  … sediments 
gradually accumulate…  a chain of small bogs rise above one another on a hill-

side, which are gradually merged into one another, ..”  John Muir 1878

8 ft

Carbon River, WA



Washington Salmon Recovery Conference 2019 

Washington lost water storage =
1.5 to 18 million ac-ft

Summary – this is the beginning …
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