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War ni ngéVi ewer
advisedeéet he f ol
are quite graphic and may not
be suitable for aluncheon
experience



Should we be attempting
Stream restoration?
...Ssome demand we do
eot hers demand



The Mixed Messages: #1

n"Due;  -t-oc t:-hei ro. hiigh: |
do not yet know enough to provide
solutlilons to riv



Recommendation:

Understand river fundamentals &
Interrelationships of natural stable rivers and
apply such principles to restoration designs

MIi xed Message #1: We donot Kk



NRealizing the complexity and uncertainty, the
restorer is well advised to take lessons from the
stable rivereéeits di mensi
profileéand whose 1 ntric:
form interactions have yet to be totally defined by
any analytical model O
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AGGRADATION =

( Sediment LOAD ) x ( Sediment SIZE )
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( Stream SLOPE ) x ( Stream DISCHARGE )
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(Independent) Variables
A Driving Variables:

1 Streamflow & Sediment Regimes
A Boundary Conditions:

1 Valley TypeMaterials, Vegetation & Roughness Elements

Changes in Hydraulic
Sedimentologcal
Characteristics:
A Shear Stress
A Velocity
A Stream Power
A Specific (Unit) Strean
Power
A Relative Roughness
A Friction Factor
A Sediment Competenc
A Sediment Capacity

Form & Proces€onsequences:

Form Variable Changes
(Dependent Variables)
A Channel Dimensions:
T Width, Depth, AreaWw/d
Ratio
A Channel Profile:
1 Slope, Bed Feature Maximu

Process Changes:

A Streambank
Erosion

A Channel
Enlargement

A Channel Incision

A Degradation

Depths & Facet Slopes
A Channel Pattern:
1 Sinuosity, Stream Meander
Length, Radius of Curvature,
Belt Width, Arc length

A Aggradation

A Meander
Migration (down
valley & lateral
accretion)

Linkage
between Form
and Process &
conseguences
due to changes
iIn Controlling

A Avulsion
A Baselevel Shifts

Variables

A BankHeight Ratio
(degree of incision)
A Entrenchment Ratio

Q/ertical containment) / U W,

. /

A Land Loss

A Flood Risk Changes

A Increased Downstream Sediment Problems
A Change in Habitat

A Change in Connectivity

A Loss of Value & Function

\ 1 physical, ecological & aesthetic /




Relations between meander length vs.
channel width and radius of curvature

1000M

@ @ Meanders of rivers and in flumes.

T 4 Meanders of the Gulf Stream.

®  Meanders on glacier ice.
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Relation of Sinuosity to Slope for
natural rivers




Check dam depositi o
working and why




Check dam blowout




What Is the river telling us?
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The meandering tendency of rivers
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Ratio of Pool Spacing to Bankfull Width as
a function of Channel Slope

Channel Slope (S) vs. Pool to Pool Spacing to Bankfull Riffle Width (Ps/ W)

P, / Wy = 8.25135%-97%9
R*=0.9226
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Field evidence of
successional shifts
from
C4Y G4 Y F4Y C4
Stream type




Central Tendency
of Rivers:
Re-establish
stable form
following
disturbance




Successional stage shifts from E4Y G4Y F4




10 years later successional states F4Y C4Y E4

Note rip-rap on two right banks
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Width/Depth Ratio Decrease




Conseqguences of not understanding
linkage among:

1. Controlling variables (sediment & flow regime)

2. Boundary conditions (valley types)
3. Form (stream types)

4. Process (erosion, aggradation, degradation, etc.)



Benchmark Creek
NRestor a
following 1964
flood, Montana
(looking
downstream)




Benchmark Creek Gabions
(self-propelling, time-release bedload capsules)

N s S

W8




Benchmark Creek Restoration
10 years Iater (Iookmg upstream)
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Benchmark Creek 0 10 years later
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Constructed F4 stream type between
two B3 stream types




Natural B3 stream type above highway project




A T aaek, bio-engineeredostreambank

Minnesota




Laramie River Fish Habitat Project:
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The Mixed Messages: #2

t | S better t o |
em seek theilr O Wnh

e



Major disturbance
to river & riparian
systems creates a
major challenge Iin
restor at |
self-recovering
tendency over a
60 year
peri odean
In sight!







http://www.wnep.com/



The Big Thompson Flood, Colorado, 1976
(Should You Put It Back?)




Restored view T 35 years later, August, 2011
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Recommendation:

Understand the recovery potential
& cause of impairment

Mixed Message #2: Let the river be



Proper grazing management system below
fence line: FAY C4Y E4 stream type




Unstable F4 stream type, 110 years old







Weminuche
Creek
aggradation &
potential
avulsion due to
willow spraying



These helfers are saying, NWe di dno
bank erosion 0 It was the 2-4-D o




High sediment supply & associated
accelerated streambank erosion
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C4Y D4 stream type shift due to
iImported water below headgate and
POOr grazing practices




Accelerated streambank erosion due to
riparian vegetation removal
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Headcut gully system




Degradation (Muddy Creek, Montana)




Patching symptoms (Muddy Creek, Montana)
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Channel enlargement & aggradation




Lateral instability




Degradation




The Mixed Messages: #3



Recommendation:

U Understand the rates and natural variability
associated with erosional and depositional
processes In stable rivers

U Establish & document an acceptable
range of adjJustment
dimension, pattern & profile developed
from dimensionless relations of the

reference reach

u Utilize materials and methods compatible
with natural rivers

Mi xed Message #3: NRivers are s



Fall River following the 10,000 yr flood event

through C4 stream type
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Thurra River, SE Australia

A A meandering, riffle-pool, sand-bed stream
(C5) has maintained its dimension, pattern
and profile over recent time. The channel
position has been static for over 1,900

yearls.

(Brooks and Brierley, 2002, Earth Surface Processes
and Landforms)




C4 stream type ¢ reference reach
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Recommendation:

Quantify and understand bank erosion
rates, sediment competence &
capacity relations of reference reaches
compared to impaired conditions

MIi xed Message #3: NnRI ver s



1995 1996

Elevation above Toe Pin (ft)
O L N W M OO
|

3 4 5 6

=
N

Distance from Toe Pin (ft)

Install bank pins
& survey bank
profiles

e especially on
Reference
Reaches
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Demonstrate that stable alluvial
channels commonly mobilize the Dg,
of riffle bed material (as long as it can
be replaced based on upstream bar

sample)



Collect bar samples or




millimeters

Colorado Data: Power Trendline
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Power Trendline:
Leopold, Wolman & Miller (1964)
......................... -

Dia. (mm) = 77.966 T %42
R? = 0.9336

_ 01 02 .03.04 o5 1 2 3 ’4.5 1 2 3 45
¢ = CRITICAL SHEAR STRESS (Ibs/ft?)

Laboratory and field data on critical shear stress required to initiate
movement of grains (Leopold, Wolman, & Miller, 1964). The solid line is the
Shields curve of the threshold of motion; transposed from the © versus Rg
form into the present form, in which critical shear stress is plotted as a

function of grain diameter.

@ Leopold, Wolman & Miller (1964)
Colorado Data (Wildland Hydrology)

Calculate
sediment
competence &
entrainment
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Develop regional sediment relations

Regional Bedload Sediment Curve
Upper Colorado River Basin
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Consequences of not
understanding sediment
transport & competence:



Avoid armor plating entire riffle lengths
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Over-sized, high width/depth ratio channel in
urban area inducing sediment aggradation
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Aggradation of over-wide, three cell bridge







Structures Do Not substitute for the correct
dimension, pattern and profile




Recommendation:

Design channel and structures to match the
appropriate dimension, pattern and profile



Functioning floodplain drain culvert design




High flow performance




The Mixed Messages: #4

The double standards for Traditional
River Work vs. Natural Channel Design

Perception: failure and frequent
maintenance of hard control structures
(e.qg., gabions) Is Accepted vs. Unaccepted
channel adjustments following restoration
using natural channel design
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of Bank
Stabilization










If stream stabilization work allows
channel adjustment, it is called a failure;

I f 1t 1's too nhardo
nNfi xi ngo a strea



Consequences:

1. Overbuilding & oversizing channels
to be nNnconservat.i \



trapezoidal
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Consequences:

2.  Armor-plating banks & beds with rock
to avoi d nfailureo
and nonfunctioning designs



Hard control river works that
are NOT river restoration or
nNat ur al Channel



Traditional, over-wi de fngabi ono
channel requmnq annual sediment dredging




ver-widened, hardened & unnatural Spring
reek NRestorati onoée\




éeWoul d
Sering Clee!




