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Study Objectives
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_ " Project includes
Document reach-scale . /13 USAGE Das

geomorphic responses

Evaluate links between

" reservoir operations and
erosion

" downstream sediment
transport and deposition

Place responses within
context of geomorphic £ =
stability and historical |
geomorphic changes
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Presentation Overview

Key Findings
" Reservoir evolution
" Sediment monitoring
" Downstream geomorphic change

Framework for Streambed
Drawdown Responses at
Fall Creek WYs 2012-18

Considerations for Future Changes in Sediment
Erosion and Delivery Downstream
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Fall Creek Reservoir
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Fall Creek Reservoir




Patterns of Long-term B L ANaTION
Reservoir Sedimentation 1965.65 interpolation
e 2012 lidar

a n d Re Ce nt E ros i O n e 2016 structure-from-motion

Maximum Pool

== Fall Creek Dam

Big Fall Creek
Road Bridge

Minimum Pool

Fall Creek
gage | Streambed Drawdown
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Longitudinal Water-surface Profiles
through Fall Creek Reservoir

| |
15 16 17 18 19 20

River kilometer

Provisional data. Subject to revision. Longitudinal water-surface profiles from 1965 USACE
maps, 2012 lidar data, and 2016 structure-from-motion data collected for this study.




Reservoir Sediment
Transfer |

Maximum pool

Minimum pool

Upper reservoir

" Relatively more stable

_ " More bedrock, pre-dam banks bound channel
~ | Lower reservoir

® Main channels are interacting with highly
erodible sediments

. | ® Erosion primarily in main channel through
| _ incision and widening

" | f = Sedimentation regime at higher pool levels
=~ USGS Gy 9 gher p

Provisional data. Subject to revision. Longitudinal profiles from 1965 USACE maps,
2012 lidar data, and 2016 structure-from-motion data collected for this study.
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Sediment Gaging: Computed
Suspended Sediment Loads
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14 15 16
Woater Year

aUSGS
[~ .
s Data for Water Years 13-16 from Schenk and Bragg, 2014, 2015; NWIS database. Data for Water Years 17-18 provisional.
Subject to revision. Loads computed from turbidity-suspended sediment concentration relations spanning the streambed
drawdown. Data collected for partial water years. Average annual erosion from reservoir change detection analyses.
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Geomorphic Change
Downstream
of Fall Cree
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Geomorphic Change
Downstream
of Fall
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Sand and Siit

TR
e

Deposition

A %

Change, in meters
N < -1.6 (erosion)

0.0
16 (deposition)

M. Keith, USGS, March. 2016

Provisional data. Subject to revision. Finding
from clay-horizon markers, geomorphic change
. pr . 0 15 30 Meters
analyses, specific-gage analyses, geomorphic
] - " w
mapping, and particle-size measurements

5.2 km downstream
of Fall Creek Dam




EXPLANATION

Reach-scale Changes in Bar |G

La n dfo rm S % :::Zaceous

160,000
Fall Creek Dam to Little Fall Creek to

140,000 Little Fall Creek Middle Fork Confluence

120,000 Annual
Streambed
100,000 Drawdc?wns
Begin

80,000 l

60,000

Area, in square meters

40,000

20,000

0
2005 2011 2012 2014 2016 2005 2011 2012 2014 2016

E._]
é USGS Changes in Bare Sediment and Vegetated Provisional data. Subject to revision.
Bars within the Fall Creek Active Channel Repeat geomorphic mapping data

from aerial photographs.




EXPLANATION

Reach-scale Changes in Bar |G

La n dfo rm S % :::Zaceous

160,000
Fall Creek Dam to Little Fall Creek to

140,000 Little Fall Creek Middle Fork Confluence

120,000 Annual
Streambed
100,000 Drawdc?wns
Begin

80,000 l

60,000

Area, in square meters

40,000

20,000

1936 2005 2011 2012 2014 2016 1936 2005 2011 2012 2014 2016

Provisional data. Subject to revision.
Repeat geomorphic mapping data
from aerial photographs.




Profile

Lake levels drawn down
to streambed

(Go little Chinook!)

Plan

— Flow




Fall Creek: Coupled Upstream-
Downstream Responses WY12-18

Profile

Reservoir sediment

Sediment transported mobilized
downstream

Provisional data. Subject to revision.



Profile

Sediment deposited in low
velocity zones while main
channel is cleared

New vegetation established//\/\/ e

Plan 4

) Flow




Profile
Subsequent drawdowns

mobilize smaller amounts of

Sediment deposited in new :
sediment

low velocity zones farther
downstream but transported

out of the main channel . . .,
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Profile
Subsequent drawdowns
Transport and deposition mobilize less sediment
patterns continue
Vegetation stand evolves b,
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Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Factors
Sediment yield
Reservoir morphology

Reservoir sediment deposit
magnitude, geometry, character

Reservoir Inflow
Downstream channel morphology

Precipitation and temperature during
drawdown operations

Dam infrastructure
Dam operations
" Duration
" Time of year
= Rate of pool change
" Regulated flows
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Provisional data. Subject to revision.



Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Factors
Sediment yield
Reservoir morphology

Reservoir sediment deposit
magnitude, geometry, character

Reservoir Inflow
Downstream channel morphology

Precipitation and temperature during
drawdown operations

Dam infrastructure
Dam operations
" Duration
" Time of year
= Rate of pool change
" Regulated flows

Potential Trends in Future

Reservoir Sediment Export
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Provisional data. Subject to revision.




Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Factors Example Considerations in
Reservoir Channel Adjustment

| Reservoir morphologD

Decreasing/similar sediment export
®  Continued incision
" Continued widening

®  Bed reaches historical channel
bottom or bedrock

Increasing sediment export
" Increased incision

" Increased widening

= Lateral migration

" Avulsion

&

USGS

Provisional data. Subject to revision.



WY 2017

=mbed Drawdowns

Example Considerations in
Reservoir Channel Adjustment

Decreasing/similar sediment export
= Continued incision
" Continued widening

®  Bed reaches historical channel
bottom or bedrock

Increasing sediment export
" Incision

" Widening

= Lateral migration

" Avulsion

Provisional data. Subject to revision.



Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Factors Example Considerations in
Streambed Drawdown Duration

Decreasing/similar sediment export
®  Shorter duration near streambed
" Move less sediment overall

" Move newly deposited sediment near
dam

Increasing sediment export

BErT 6 e " Longer duration near streambed
@ﬁ:ﬁb " |Increases travel time for coarse
sediment through the reservoir

" Increasing potential for other factors
to become important (flows, storms)
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Provisional data. Subject to revision.



Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Considerations in
Streambed Drawdown Duration

Decreasing/similar sediment export
®  Shorter duration near streambed

. " Move less sediment overall
Drawdown Length in Days , _
9 3 19 12 7 " Move newly deposited sediment near

dam

ic tons

in metr

Increasing sediment export
" Longer duration near streambed

® |ncreases travel time for coarse
Y WaterYear | | sediment through the reservoir

" Increasing potential for other factors
to become important (flows, storms)
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Data for Water Years 13-16 from Schenk and Bragg, 2014, 2015; NWIS database.
Data for Water Years 17-18 provisional. Subject to revision.



Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Factors Example Considerations in for
Downstream Morphologic Trends

Framework for Change WY12-18

= Off-channel areas evolve by fine
sediment accumulation

Downstream channel morphologD "  Accumulate until reaching a threshold
e " Vegetation helps stabilize deposits

Decadal Variability

" Reservoir sediment export >0

"  Most flows create depositional zones
= Accumulation of reach-scale changes
"=  Changes will reflect sediment export

Dam operations

" Regulated flows

2 USGS
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Provisional data. Subject to revision.



Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Considerations in for
Fall Creek Dam to Little Fall Creek to .
Little Fall Creek Middle Fork Confluence Downstream MOI'phO|OQIC Trends

Annual
Streambed

Drawdowns Framework for Change WY12-18

= Off-channel areas evolve by fine
sediment accumulation

" Accumulate until reaching a threshold
" Vegetation helps stabilize deposits
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Decadal Variability
" Reservoir sediment export >0
Eﬁt{gtﬂfﬂﬂﬂm "  Most flows create depositional zones
B Woody = Accumulation of reach-scale changes

% ::::aceous "=  Changes will reflect sediment export

&

USGS

Provisional data. Subject to revision.



Sediment Export Variability and
Implications for Monitoring

Reservoir erosion and downstream geomorphic changes will vary
over time. Examples of key questions and approaches:

Question: Is sediment export changing over time?

Approach: Turbidity with suspended sediment monitoring
downstream

Frequency: Seasonal or full year observations overlapping
streambed drawdowns

Indicates: Changes in reservoir export but not underlying
mechanisms

y
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Sediment Export Variability and
Implications for Monitoring

Reservoir erosion and downstream geomorphic changes will vary
over time. Examples of key questions and approaches:

Question: How are downstream responses changing over time?
How do responses relate to potential concerns?

Approach: Repeat geomorphic mapping or lidar change analyses
along Fall Creek and the Middle Fork Willamette River

Frequency: Decadal-scale monitoring downstream of the dam

Indicates: Whether long-term impacts to channel morphology are
substantial but not if reservoir sediment export is changing

y
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Summary

Reservoir erosion during streambed drawdowns focused in lower
reservoir in thickest unconsolidated deposits

Downstream sediment monitoring has shown suspended loads have
generally decreased between WY12 and 18

Downstream geomorphic impacts locally can be large, but cumulative
impacts are not detectable yet at the reach scale

Multiple factors influence magnitude and type of geomorphic
responses to streambed drawdowns, both upstream and downstream
of Fall Creek Dam

Future changes in sediment export from the dam could be monitored
with a variety of approaches but each answer different questions at
different timescales

2 USGS



Contact Information

Fall Creek Geomorphology Study Fall Creek Sediment Monitoring Study
Mackenzie Keith Liam Schenk

Hydrologist, USGS Hydrologist, USGS

mkeith@usgs.gov Ischenk@usgs.gov
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EXPLANATION

Reach-scale Changes in Bar |G

La n dfo rm S % :::Zaceous

160,000
Fall Creek Dam to Little Fall Creek to

140,000 Little Fall Creek Middle Fork Confluence

120,000 Annual
Streambed
100,000 Drawdc?wns
Begin

80,000 l

60,000

Area, in square meters

40,000

20,000

1936 2005 2011 2012 2014 2016 1936 2005 2011 2012 2014 2016

Provisional data. Subject to revision.
Repeat geomorphic mapping data
from aerial photographs.




EXPLANATION

Reach-scale Changes in Bar [EEEtE
Landforms
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100,000

Fall Creek Confluence to

B . Downstream of Jasper
y

Annual
Streambed
Drawdowns

Begin

ZUSGS

1936 2005 2011 2012 2014 2016

Changes in Bare Sediment and Vegetated
Bars within the Middle Fork Active Channel

200,000

B Woody
|:| Herbaceous
[:| Bare

%
< s

—

— E Downstream of Jasper to

Coast Fork Confluence

1936 2005 2011 2012 2014 2016

Provisional data. Subject to revision.
Repeat geomorphic mapping data
from aerial photographs.




EXPLANATION

Reach-scale Changes in Bar |G

La n dfo rm S % :::Zaceous

600,000 Dexter Dam to Lookout Creek Lookout Creek to Fall Creek
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"é USGS Changes in Bare Sediment and Vegetated Provisional data. Subject to revision.
Bars within the Middle Fork Active Channel Repeat geomorphic mapping data

from aerial photographs.




EXPLANATION

Reach-scale Changes in

- Ponds

Secondary Water Features [l

B Alcoves

Fall Creek Dam to Little Fall Creek to
Little Fall Creek Middle Fork Confluence
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"é USGS Changes in Secondary Water Landforms Provisional data. Subject to revision.
Fall Creek within the Active Channel Repeat geomorphic mapping data

from aerial photographs.




EXPLANATION

Reach-scale Changes in

B Ponds
[ ] Other

Secondary Water Features [=gss

B Alcoves
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"é USGS Changes in Secondary Water Landforms Provisional data. Subject to revision.
within the Middle Fork Active Channel Repeat geomorphic mapping data

from aerial photographs.




EXPLANATION

Reach-scale Changes in

Ponds

]
Secondary Water Features E -

Alcoves

140,000

Dexter Dam to Lookout Creek

120,000} Annual : l
Streambed
Drawdowns
100,000t Begin -
Lookout Creek to Fall Creek
80,000 ' Confluence

60,000

40,000 i
20,000 ¢ i

1936 2005 2011 2012 2014 2016 1936 2005 2011 2012 2014 2016

E._]
"‘-/4 USGS Changes in Secondary Water Landforms Provisional data. Subject to revision.
within the Middle Fork Active Channel Repeat geomorphic mapping data

from aerial photographs.

w
T
@D
il
=L}
=
=t}
| =
1"
—]
=
7]
=
]
@D
T
=T




(=2
AN
»
-
o
>
)
Z
[<2)
>
[*]
2
©
-’
[«})
2
=
c
9
=)
©
>
2
L

Patterns of Long-term B L ANaTION
Reservoir Sedimentation 1965.65 interpolation

and Recent Erosion

e 2012 lidar
ee 2016 structure-from-motion

Fall Creek
gage

== Fall Creek Dam

Maximum Pool

Big Fall Creek
Road Bridge

Minimum Pool

wbed Drawdown
Longitudinal Water-surface Profiles

through Fall Creek Reservoir

15 16 17 18 19 20
River kilometer

Provisional data. Subject to revision. Longitudinal water-surface profiles from 1965 USACE
maps, 2012 lidar data, and 2016 structure-from-motion data collected for this study.




Jones Fire, 2017

EXPLANATION

Sediment Retention Basins
ey AP, *."- YCreel +  Bagin Ouflet
i ! : Fire Perimeter
L ]
. e iy Basin
Probahility

; 0-20%
ek : 20-40%

o B A0-60%

ey - 80-80% Projection is WESES

- 80-100% Wah Marcator

Likelinood of a debris flow in
response to the design rainstomn with a
peak 15-minute rainfall intensity of 24 mmih

Map from preliminary hazard assessment of the Jones Fire (Willamette
National Forest, OR) generated by the USGS Landslides Hazard Program.
https.//landslides.usgs.gov/hazards/postfire _debrisflow/detail.php?objectid=123




Bed-material
Flux

Bed-material size
Coarse Fine

Transport
Capacity

Channel slope
Flat Steep

<>

Lane-

Borland

Balance

Bed- e
material * oA Incision
volume

Flow

Aggradation
volume

Lane, 1955
Borland, 1960




Bed-material Transport
Capacity

Lane-
Borland

Balance

Aggradation

Bed-
material
volume

Lane, 1955
Borland, 1960




Bed-material Transport
Capacity

Lane- _
Borland =S /) slope

material L5 8
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Flow
volume
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Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns

Example Factors Example Considerations in
Reservoir Inflow and Through-
flow

Decreasing/similar sediment export
Reservoir Inflow = Lower flows

" Move less sediment

" Move much less coarse sediment

Increasing sediment export
= Higher flows

"  Move more sediment

" Move more coarse sediment

" Regulated flows

2 USGS
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Provisional data. Subject to revision.



Multiple Factors Influence Geomorphic
Responses to Streambed Drawdowns
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Cumulative suspended sediment load,

Provisional data. Subject to revision.



Turbidity, in FNU

Suspended sedimentload, in meftric tons

R

Maximum detection level

Shaded area is streambed

—_
o
=
[=]

T

drawdown period

Drawdown Lenqgth in Days

8 19 12

Water Year

uence Geomorphic

mbed Drawdowns

Example Considerations in
Streambed Drawdown Duration

Decreasing/similar sediment export
®  Shorter duration near streambed
Move less sediment overall

Move newly deposited sediment near
dam

Increasing sediment export
Longer duration near streambed

Increases travel time for coarse
sediment through the reservoir

Increasing potential for other factors
to become important (flows, storms)

ZUSGS

Provisional data. S ubjec t to revision. science for a changing world




Drawdown Operations

Drawdown operations (RO location, pool
levels relative to RO, inflows, timing and length
of drawdown)

Basin geology (controls on sediment production
and transport; influence of land use and fires

Typical and historical dam operation (timing and relative .to sedlmgqt; grain sizes input to the
locations for min/max pool relative to streambed, reservoir, pre-existing morphology)
previous drawdown history, pool levels relative to
incoming flow)

Downstream morphology (historical pre-dam flow
and sed regime; dam-era flow sed regime;
vegetation, land use )

i, . / :
e o Reservoir morphology (size, shape, slope, and
tributary controls sediment erosion during
drawdowns and long-term deposition)

Downstream Concerns (habitat Operational Concerns Reservoir Concerns (fish
alteration, invasive aquatics, redds, (flood control, hydropower, passage, invasives, HABs,

drinking water, turbidity, dissolved temperature, recreation) sediment management,
oxygen, balance sediment and flows) contaminants)

ZUSGS




Reservoir Landform Mapping

Minimum pool

Feature
[ ]Bar
I Bcdrock (feature)
[ ] channel bank
[ 1 cutFil
I Drawdown features
B Landslide
- Littoral reservoir floor
[ Pelagic reservoir floor

I Reservoir hillslope
Provisional data. Subject to revision. Landform and substrate [ Tributary channel
mapping primarily based on 2016 structure-from-motion data y

collected for this study and supplemented with 2012 lidar data. [ Wetted channel
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Reservoir Substrate Mapping

Provisional data. Subject
to revision. Landform and
substrate mapping
primarily based on 2016
structure-from-motion data
collected for this study
and supplemented with
2012 lidar data.

ZUSGS
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[C———"1500 meters

Minimum pool

‘Substrate
I Concrete/asphalt

I Bedrock

Gravel

I Hillslope/Pre-dam
[ ] Sand/gravel

[ ] Sand/mud

[ ] Variable/unknown




Reservoir Erosion Mechanisms

Headward erosion in Channel incision through
tributaries and qullies reservoir sand and silt

Bedrock /

N

a4 .
A SN — Slumping of
] 10 meters B~ over-steepened banks

=

)
s [ 1500 meters Provisional data. Subject to revision. Landform and substrate

mapping primarily based on 2016 structure-from-motion data
collected for this study and supplemented with 2012 lidar data




Reservoir
Erosion

Change, in meters
B -5
-

[ ]-09--05

[ J-04-0

1 Meters

Provisional data. Subject to
revision. Change analyses from
comparison of 2016 structure-
from-motion data collected for
this study with 2012 lidar data.




Sediment Gaging: Computed
Suspended Sediment Loads

Comparison with reservoir erosion

Average annual erosion
between end of
drawdown WY12 and
end of drawdown WY17
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aUSGS
[~ .
s Data for Water Years 13-16 from Schenk and Bragg, 2014, 2015; NWIS database. Data for Water Years 17-18 provisional.
Subject to revision. Loads computed from turbidity-suspended sediment concentration relations spanning the streambed
drawdown. Data collected for partial water years. Average annual erosion from reservoir change detection analyses.
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Historical Context
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2 USGS

Provisional data. Subject to revision. Data from historical USGS Plan and Profile
maps (1926), topographic lidar (2012), and topo-bathymetric lidar (2015).



Fall Creek Lake Storage Curves

130Minimum pool elevation
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Provisional data. Subject to revision.




Specific Gage Analysis-Fall Creek
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Provisional data. Subject to revision. Rating and stream data from NWIS.



Specific Gage Analysis-Dexter
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Provisional data. Subject to revision. Rating and stream data from NWIS.
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Sand and Silt
Deposition

Provisional data. Subject to revision. Finding
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Sand and Siit

' eith, USGS, March. 2016
Provisional data. Subject to revision. Finding
% USG from clay-horizon markers, geomorphic change . 5.2 km downstream
analyses, specific-gage analyses, geomorphic Yoot of Fall Creek Dam

mapping, and particle-size measurements



Sand and Silt
Deposition
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Provisional data. Subject to revision. Finding from clay-horizon
markers, geomorphic change analyses, specific-gage analyses,
geomorphic mapping, and particle-size measurements
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Photo credit: M. Keith, USGS, March. 2016
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