A SR O e e g7 P L N o
5 Dams, sediment, and channel

Changes .and wh y you shou/d care:

/" . "
Y e
: SaF
f " J - - 5
-’ - & l‘
® ‘l N“t’ ‘.' Y .
r “r. "o l'.
hi - r “ AT & :‘: ! .: 3 .0‘ "~
. ‘|: W ) . ‘
0N . ‘" —r
- ~e X -, »
> e

Gordon E. Grant

‘=" USDA Forest Service

wo_ PNW Research Station
: Corvallis, Oregon




Dam effects on river regimes
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Dam effects on river regimes

SEDIMENT
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INSTANTANEOQUS DISCHARGE, IN CUBIC METERS PER SECOND

Discharge record 1920-2000, Colorado River below Glen Canyon Dam
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Pre- and post- dam discharge record for Deschutes River, Oregon



Dams trap sediment

Cougar Reservoir drawdown 2002, SF McKenzie River, Oregon



If we understand how dams change flow
and sediment regimes, can we predict
downstream channel response?
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Principle of River Equilibrium

A graded stream responds to a change in
conditions in accordance with Le
Chatelier's general law.—"If a stress Is
brought to bear on a system in equilibrium,
a reaction occurs, displacing the
equilibrium in a direction that tends to
absorb the effect of the stress."

J. Hoover Mackin, 1948. The concept of the graded river. GSA Bulletin; v. 59; no.
5; p. 463-512; DOI: 10.1130/0016-7606(1948)59[463:COTGR]2.0.CO;2



Using Lane’s Balance to predict
downstream changes
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FIGURE 2-1. Schematic of the Lane relationship
quolitative analysis. jAfter Lane, 1955

y M r‘ Lane’s Balance

( Sediment LOAD ) x ( Sediment SIZE ) C><<  ( Stream SLOPE ) x ( Stream DISCHARGE )

Applied River Morphology, Dave Rosgen, 1996
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A. Dam traps sediment, no change to flow
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Textural coarsening
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Incision / bed degradation
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Large decrease in eddy sand bars




IN METERS
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Post-dam bed degradation

.
Missouri River, South Dakota
8.4 kilometers downstream
from Gavins Point Dam
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Missouri River, North Dakota
32 kilometers downstream
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Chattahoochee River, Georgia
0.5 kilocmeter downstream
from Buford Dam
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Missouri River, Montana
16.5 kilometers downstream
from Fort Peck Dam
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Caolorado River, Arizona
8.1 kilometers downstream
from Hoover Dam
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Colorado River, Arizona
95 kilometers downstiream
from Parker Dam
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North Canadian River, Oklahoma
3.1 kilomsters downstream
from Canton Dam
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Red River, Oklahoma-Texas
8.4 kilometers downstream
from Denison Dam
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North Canadian River, Oklahoma
14.5 kilometers downstream
from Canton Dam
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Smoky Hill River, Kansz
0.8 kilometer downs
from Kanopolis Dam

2 =0.92
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Colorado River, Arizona

1.7 kilometers downstream
from Davis Dam
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Wolf Creek, Oklahoma
0.3 kilometer downsiream
from Fort Supply Dam
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YEARS AFTER DAM CLOSURE
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ARBITRARY ELEVATION, IN METERS
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Green River, Utah; Grams and Schmidt, unpublished data
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Framework for downstream channel

response

channel and
floodplain
aggradation

banl;
erosion

braiding
mncision
2 aper =
‘5 Equilibrium Point supply > capacity
E_:;. supply | capacity
o
g -l
& ——
éz supply < capacity ¥ —
- i

Sediment Supply -

Y




How do we bring hydrologic and sediment
transport effects together?

Aggradation

Textural shifts at confluences
Island and bar construction
Vegetation enchroachment

A Sediment Channel aggradation

Supply

Degradation

Bed scour

Armored channel

Bar and island erosion

Channel degradation, narrowing

0.9 1.0 1.1 High (>1)

A Transport Capacity




A Sediment

Supply

Rio Grande p)
River ) k
Deschutes River

pre-Pelton

(160 km)

Deschutes River
predam

(160 km) Green River

Colargsd ﬁr:)wer Yangtze River (464 km)

(673 km)
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7

0.1 0.8 0.9 ; 1.1

A Transport Capacity




< Although dams change water and sediment
regimes, the nature and direction of those
changes depends on the dam itself and
how It's operated

< Trajectories of downstream change are
semi-predictable using simple analytical
models

<+ Changing flow and sediment regimes
translate to changes in channel form and
aguatic habitat



- please |5|t'us at:
WWW. st orst.edu/wpg



Sandy River "w

B Other examples
of channel
response




Loss of secondary channels
(simplification)

1938 1993

Colorado River



Grams and Schmidt,
2002
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How do we bring hydrologic and sediment
transport effects together?

Ve B Climate )
Geology
» Rock properties Precipitation type,
(erodibility) intensity and duration
* Deformation and »
structure > Basin
» Processes
/ Topography Scale
* Relief
- Drainage Density
Suppl J
o Hydrologic
Sediment Transport Regime
Regime
‘i\—*’w
= Channel
Geologically-controlled
and reach
landforms and events
. Channel and valley scale

(“history™) floor morphology



Transport capacity

Fraction of time threshold for sediment
transport is exceeded (grain size dependent)



Change In transport capacity
due to dam

Ratio of post-dam to pre-dam
fractional transport time



Change in sediment supply due to
dam

Ratio of below dam to above dam
sediment supply



Colorado River
at Lees Ferry

Paria River

Little Colorado River

Colorado River
near Grand Canyon

Pre-dam

Colorado River
at Lees Ferry

/'y dam
Paria Rive\ /j

/

‘ ' QOolorado River

Colorado River
near Grand Canyon

Post-dam




Downstream Changes in Flow and
Sediment Flux, Green River Utah

100% decrease Red Creek*
(-3.3 x 10° Mg)

Greendale Gage Vermillion Creek

Flaming Gorge Dam
Change in mean
57% decrease annual sediment

Changein ~ flux

~

§
mean annual - §
flood m‘\

b3

Wpa River*

“no change in
Jensen Gage tributary sediment
57% decrease supply

(-3.7 x 108 Mg)




S¥, ratio of sediment
supply below dam to
supply above dam

Aggradation

Reach 3:
Initial narrowing (10%o)
now aggrading

Reach 2
narrowing (13%o)
degrading?
Reach 1
narrowing (13%)
Green River\ degrading (0.7m)
(464 km) Degradation

0.8 0.9 1.0 . High (>1)

T*, fractional change in frequency of
sediment-transporting flows




Colorado River
at Lees Ferry

Paria River

Little Colorado River

Colorado River
near Grand Canyon

Colorado River
at Lees Ferry

Paria River

¥

Little Colorado River

Colorado River
near Grand Canyon

Pre-dam loads were 35-40% sand
(Topping et al., 2000)

Glen Canyon Dam
Colorado River



S*. ratio of sediment
supply below dam to
supply above dam

Aggradation
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Colorado River
. (135 km)

0.8 0.9 1.0

T*, fractional change in frequency of

sediment-transporting flows

Distance Downstream (km)

Degradation
High (>1)




Deschutes River, Oregon

Aggradation

A

S*_ratio of sediment
supply below dam to Deschutes River

supply above dam pre-Pelton
2.0 (160 km)

L Deschutes River
1957-1998 0.1 m Incision pre-dam

in 40 years (160 km)

N
N
N

Degradation

0.8 0.9 1.0 | High (>1)

T*, fractional change in frequency of
sediment-transporting flows

Elevation above sea level (m)







S¥, ratio of sediment
supply below dam to
supply above dam

Aggradation

Rio Grande
River

Yangze River“
(673 km)

0.8 0.9 1.0

T*, fractional change in frequency of
sediment-transporting flows

Degradation

High (>1)




Evaluating altered sediment
regimes

< Pre-dam as reference point
* Reservoir sedimentation rates

< Magnitude/frequency of sediment transport

< Ratio of above dam to below dam sediment
supply
* Volume
« Timing/mechanisms of supply
o Caliber



Linking hydrograph changes to
geomorphic response

_____ — — — Peak discharge

............................................ Armor breakup (Phase 1)

............................................. Initiation of motion (Phase I)
Active bars inundated

Secondary channels inundated

Time



