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* In place from pre-1400 until 1873 A.D.

* Removal resulted in 15 ft of channel incision, sediment
transport capacity increased by a factor of six
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Historical Context of Large Wood Removal

River Improvements

e Initially focused on removing instream wood via

Forest Cover snagging to improve boat transportation

and Wood

Loading e Expanded the work to include other activities:
¢ Blasting of rock obstructions

Steamboats * Dredging

* Bank stabilization

 Levee construction

e Canal construction

e Channelization via cutting off bends
¢ Flow regulation

Timber Rafting

River
Improvements

Implications
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Implications

¢ Increase in flow energy and sediment transport

Forest Cover
e o ¢ Single-thread channel with reduced sinuosity

Loading ¢ Channel incision

* Decrease in channel/floodplain connectivity

Steamboats
¢ Decrease in and degradation of aquatic and

it i riparian habitat

River
Improvements

Implications
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Geomorphic Effects of Large Wood

Flow Hydraulics and

Boundary Roughness
* Flow Resistance

* Hydraulic Diversity
*Bed Scour
*Bank Scour

Channel Morphology

Channel Responses

and Adjustments

From Abbe et al., National Large Wood Manual 2016
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Flow Hydraulics and
Boundary Roughness

Channel Morphology
» Bar Deposition and

Sediment Storage
» Sediment Sorting

e Irregular Bed and
Bank Topography

* Frequency of Pools
and Bar Deposits

» Channel Width
» Channel Sinuosity

Channel Responses
and Adjustments

Geomorphic Effects of Large Wood

Flow Hydraulics and
Boundary Roughness

Channel Morphology Channels with Low Wood Loading
» Bar Deposition and -
Sediment Storage

» Sediment Sorting

* Irregular Bed and
Bank Topography
* Frequency of Pools

Foal Posl =

and Bar Deposits
» Channel Width
» Channel Sinuosity

Upper Skunk Creek: A LWD-poor Pool-riffle Channel
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» Sediment Sorting
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* Frequency of Pools
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* Channel Width

» Channel Sinuosity

Channel Responses
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ic Effects of Large Wood

Channels with Low High Loading
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Geomorphic Effec

Flow Hydraulics and
Boundary Roughness

Channel Morphology

» Bar Deposition and
Sediment Storage

» Sediment Sorting

* Irregular Bed and
Bank Topography

* Frequency of Pools
and Bar Deposits

» Channel Width
» Channel Sinuosity

Channel Responses
and Adjustments

ts of Large Wood

Mean pool spacing (bankfull widths/pool)

0 ¢

S Rockies (7)
Olympics (10)
Willapa Hills (3)
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SE Alaska (4,6,10)
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Central Cascades (3,12)
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1 1

0.01 0.1

Wood frequency (pieces/m)

From Buffington and others 2003

* The spacing between pools and bars decreases
as the frequency of wood pieces increases

* Pool spacing is variable reflecting the influence
regional and site-specific factors

Geomorphic Effects of Large Wood

Flow Hydraulics and
Boundary Roughness

Channel Morphology
* Bar Deposition and
Sediment Storage

» Sediment Sorting

* Irregular Bed and
Bank Topography

* Frequency of Pools
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» Channel Width

» Channel Sinuosity

Channel Responses
and Adjustments
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From Montgomery and other 2003
Wood loading influences the variability or range

of channel widths along the channel
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Flow Hydraulics and
Boundary Roughness
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Channel Responses
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From Abbe 2000

» Channels with high wood loading have a more
sinuous channel planform pattern and tighter
channel bends compared to channels with low
wood loading

1. Diversity of stable
main and perennial
secondary channel
habitats

2. Abundant, high-quality
edge habitat

3. Large trees entrained
by river at eroding banks

4. Stable jams at flow
splits and secondary
channel inlets

5. Deep scour pools
associated with stable
jams

6. Forest age and species
patch diversity, including
mature conifer patches
on stable “hard points”

High Wood Loading

Higher Aquatic Diversity

Higher Channel Complexity

Wood

1. Braided, unstable main
channel and shifting,

| ephemeral secondary

1| channels

il 2. Low quality of edge
habitat

3. Riparian forest
recruitment limited to
small wood

4. Unstable pieces and
accumulations of fluvial
wood

5. Fewer pools that are
shallow

6. Low forest patch age
and species diversity,
dominantly ephemeral,
young stands of pioneer
tree species

-

Low Wood Loading

Lower Channel Complexity
From Collins and)

Lower Aquatic Diversity ;02012
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Flow Hydraulics and
Boundary Roughness

deposition
Channel Morphology e nss s Se————————m = -
hill- )
Channel Responses slope Large Woody Debris
and Adjustments hollow|\ largely immobile: mobile: il
» Channel Type traps sediment acts as sediment
* Channel Evolution colluvial

Debris Flows

initiation

scour

B i

pool-riffle

C.E.F regime
Is>20} 3055500010555 03] 03>s5>00 | 025500 | s<00
diffusion ||debris flow] g ]ﬂ 'all ~
dominated]| dominated Liuvia g -
Source | Transport Response

From Montgomery & Buffington, 1993

Geomorphic Effects of Large Wood

HIGH ENERGY

Flow Hydraulics and
Boundary Roughness

Channel Morphology

Channel Responses
and Adjustments
» Channel Type

MEDIUM ENER
Braided

* Channel Evolution

LOW ENERGY

Confined coarse-textured
floodplain
©>1000 W m2

®=50-300 Wm?2

Confined vertical-accretion
sandy floodplain
®=300-1000 W m?

channels

GY
river floodplain

Lateral migration,
scrolled floodplain

Confined Channels
¢ Transport Reaches
o step-pool, cascade
channels
¢ High energy
 Straight, high gradient

* Minimal floodplain
development

* Channel migration low

o Slope interactions hig

Unconfined Channels

h

®=10-60 Wm?

* Sinuous

Anastomosing river,
inorganic floodplain
®<10Wm?2

high

* Response Reaches
o plane bed, pool-riffle
channels
* Low to medium energy
, low gradient
channels
» Well-developed floodplain
« Lateral channel migration

« Slope interactions low

From Knighton, 1998
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Geomorphic Effects of Large Wood

Flow Hydraulics and

Boundary Roughness . .
Potential Channel Change to Disturbance

width, depth, lateral migration, gradient)
Channel Morphology ( P J J )
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hill-
Channgl Responses e 1 v Woody Déels
and Adjustments I
holl & 1. P
* Channel Type T Ny b

* Channel Evolution

colluvial
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From Montgomery & Buffington, 1993
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Flow Hydraulics and
Boundary Roughness

Channel Morphology

Channel Responses

and Adjustments
» Channel Type

» Channel Evolution

Geomorphic Effects of Large Wood

Flow Hydraulics and Transport Reach, Step-Pool (A) channel
Boundary Roughness | . >

Channel Morphology

Channel Responses

and Adjustments
» Channel Type

» Channel Evolution
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Flow Hydraulics and
Boundary Roughness

Transport Reach,
Channel Morphology Cascade (A) channel

Channel Responses

and Adjustments
» Channel Type

» Channel Evolution

Geomorphic Effects of Large Wood
Source Reach,

Flow Hydraulics and Colluvial \() channel

Boundary Roughness

Channel Morphology

Channel Responses
and Adjustments s
» Channel Type 3 s 3 Sa] | vpet | e

» Channel Evolution
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Flow Hydraulics and
Boundary Roughness

Channel Morphology Frequency of
Typical Typical | effective
Dominant  Pool spacing sediment transport bedload
Typeof | Typicalbed ~ Typical  roughness  (channel = Typical  Typicalreach  supply  capacityof  transport
C h ann e| ReS [2 nses channel ‘material slope elements widths)  Confine-ment type conditions stream  (mobile bed)
- nonallusial
and Adjustments —colluvial variable >020  grains,LWD  variable | confined souree high high infrequent
» Channel Type .
~bedrock bedrock  variable  notapplicable  variable  confined  tmnsport low high  notapplicable
» Channel Evolution i
~cascade boulder 01010030 | grains,banks <1 confined | tansport low high infrequent
-step-pool cobble,  003100.10  bedforms, ltod confined  tmnsport low high infrequent
boulder grains, LWD,
~plane bed 1 cobble 00110003  grains,banks  none varinble | tmnsport low high infrequent
-plane bed 2 gravel 00110003  grains,banks  none varable | responss  moderate | moderate  frequent
-poolriffle] | cobble  001t0004  bedforms, Sto7 variable  tmnsport low high infrequent
grains, LWD,
poolrifle2  gravel 000110002  bedforms, 5to7  unconfined | responss  moderate | moderate  frequent
grains, LWD,
sinuosity,
-dune-ripple sand <0.001 sinuosity, Sto7 unconfined | response high low very frequent
bedforms

Geomorphic Effects of Large Wood

Flow Hydraulics and
Boundary Roughness .
Channel Adjustments and Responses

Channel Morphology

Channel Responses Sediment Stream
and Adjustments (LOAD) X (SIZE) @ (SLOPE) X (DISCHARGE)

» Channel Type pr _—
’—1 S —
* Channel Evolution

sediment size

coarse

Qs+ Dsp o Qu S
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Flow Hydraulics and
Boundary Roughness

Channel Morphology

Channel Responses

and Adjustments
» Channel Type

» Channel Evolution

Class I Sinuous, Premodified
h<hc

B+ gn

Re=citical bark heiatfrom FISRWG, 1998

= direction of bank or
ed movement

Class II. Channelized

[Class 11l. Degradation

J<Tass V. Degradation and Widening]
h>he

terrace

h<he

floodplain
! !
: |

slumped faterial

slumped g
material gf
aggraded material -

Class V1. Quasi Equilibrium

terrace

&

aggraded material

llIll;llllllllllllllllllllll.

Class |

Class Il .
priman
NICkPOINt cyant 1y

toy
precirss; 7 0 bank

nickpoint

oversteepened reach
e

direction of flow

secondary
nickpoint

Class v
Class VI

Restoring Channel
Function Based on
Altered Channel
Conditions

* Channel
Evolution
Model

* Stream
Evolution
Model

aggradation zone

aggraded material
<O O T

Flow Hydraulics and
Boundary Roughness

Channel Morphology

Channel Responses

and Adjustments
» Channel Type

* Channel Evolution

2023

N Name Fluvial
I Premodified

on outside bends;
deposition on inside

bends.
—

Sediment transport - mild
aggradation; basal erosion

Geomorphic Effects of Large Wood

Dominant Processes

Characteristic Forms

Stable, alternate channel bars;
convex top-bank
line high relative to top bank;

channel straight or meandering.

Geobotanical
Evidence

Vegetated banks to

shape; flow flow line.

Il Constructed

Trapezoidal cross section; linear
bank surfaces; flow line lower
relative to top bank.

Removal of vegetation.

development of
meandering thalweg;
initial deposition of

of failed material on
lower banks.

development of
meandering thalweg;
further deposition of

alternate bars; reworking

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEs
U™ T Restabilization | Aggradation; further ow-angle Stable, alternate channel bars; | Reestablishing

convex-short vertical face on
top bank; flattening of bank
angles; development of new
alternate bars; reworking
of failed material; some
basal erosion on outside
bends deposition of flood-
plain and bank surfaces.

Wl | Degradation | Degradation; basal Pop-out Heightening and ingof || Riparian
erosion on banks. failures. banks; alternate bars eroded; high relative to flow
flow line lower relative to top line and may lean
bank. toward channel.
IV | Threshold Degradation; basal Slab, Large scallops and bank retreat; = Riparian vegetation
erosion on banks. rotational and  vertical face and upper-bank high relative to flow
pop-out surfaces; failure blocks on line and may lean
failures. upper bank; some reduction in toward channel.
bank angles; flow line very low
relative to top bank.
V' "Aggradation ' Aggradation; . Slab, ' Largescallopsand bank retreat; ' Tilted ana tallen

rotational and
pop-out
failures; low-
angle slides of
previously
aile
material.
axmans

floodplain.

slides; some
pop-out
failures near

flow line. floodplain; flow

vertical face, upper bank, and
slough line; flattening of bank
angles; flow line low relative to
top bank; development of new

relative to top bank.

riparian vegetation;
reestablishing
vegetation on slough
line; deposition of
material above root
collars of slough line

vegetation.
anmssnannnnnsd

vegetation extends up
slough line and upper
bank; deposition of
material above root
collars of slough-line
and upper-bank
vegetation; some
vegetation
establishing on bars.

line high

from FISRWG, 1998
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Flow Hydraulics and
Boundary Roughness

Channel Morphology

Channel Responses

and Adjustments
» Channel Type

» Channel Evolution

(a) Healthy Forest River Corridors

Anastomosing Systems:
Y, multiple narrow channels with low width to depth ratios

A. Multiple channels within a riparian forest valley bottom; high
channel complexity because of numerous large wood structures

(b) Degraded Forest River Corridors
Channelized and Braided Systems:
single wide, shallow channel with high width to depth ratio

$

B. A degraded channel with less complexity because of the
removal of large wood from channel and harvesting of the

riparian area
From Abbe 2000

Flow Hydraulics and

Boundary Roughness

Channel Morphology

Channel Responses

and Adjustments
» Channel Type

* Channel Evolution

2023

Geomorphic Effects of Large Wood
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Flow Hydraulics and Before After
simple channel complex channel result-
Boundary Roughness resulting from  ing from strategic place-
poor landuse ment of roughness ele-
practice .g.

Channel Morphology

Channel Responses
and Adjustments
» Channel Type

» Channel Evolution

Conceptual illustration of
using wood to increase
boundary roughness,
channel complexity, and
wetted perimeter.

Key

. 10 cm

- 20 cm

. 30 ¢cm

. 40 cm

- 50 ¢cm

. 60 cm
(| Concept: T.A. 3/20/01v 4 ey
From Abbe et al., National Large Wood Manual 201

Thank You!
Q_UESTIONS?
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