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past — river “restoration”




civilization and rivers

Mesopotamia - Tigris and
Euphrates

India - Ganges and Indus

China — Yangtze and Yellow
Europe — Rhine and Danule
Sacramento — Sacramento River




goods and services of rivers

Rivers — transport water and materials across a landscape

water (agricultural,
domestic, drnking)

navigation

POWeEr

transportation ofi goods
recreation




disturbances and rivers

fleoding

landslides and’ debris
flows

erosion and
meandering




10 optimize services previded by rivers and to
limit disturbances, historical rver

engineering attempted to control rvers

b ) Channel regulation on
he Rhine upstream of Mannheim

Source: Yalin 1985




definitions

RIVEr enaineering

(Yalin 1985)— Stabilization
and moedification ofi rver
course, flood protection

(Yang 1996) — “concerns
itselfi with the transport
of more or less large
water masses through a
landscape which It feeds
oI drains™

Viay 15, 2006

July 17, 2000




river ‘reclamation’” then and now

“the reclaiming of desert, marshy, or submerged

areas or other wasteland for cultivation or other use”
(circa 1936)

“when water is detained, infiltrated and transpired near to the
where it falls, flood peaks are lowered ... high concrete walls in
which they were confined can be replaced by vegetated
embankments. Water quality is improved and wildlife returns
to the river.” (circa 2007)




10 Improve the integratead
ecological, econemic,

physical, and social
conditions of a river

Image: canadian wildlife federation 2007




more definitions

Restoration, Rehabilitation, Reconfiguration,
Reconstruction

an attempt to return an ecosystem to Iits Aistoric,
predegradation trajectory (Society for Ecological
Restoration 2002)

return of a degraded stream ecosystem to a close
approximation of its remaining natural potential
(USEPA 2000)

Implications - In $$? In recovery?




present - river restoration







current approaches to restoration

p cnvirenmentalt iiows
p ChannEINreconiiguiEiien
» dam/barrier removal




restoration 1n california

Total Cost (millions USD)
0 500 1000

Water Quality Management
Ripanan Management -

Bank Stabilization A
Aesthefics’Recreation/E ducation -
In-stream Habitat Improvement -
Other A

Fish Paszage

Stornmwater Management A
Floodplai cfion -
Flow Modification

In-stream Specie

Land Acquisition -

0 500 1000
Number of Projects
figure: NRRSS (2005) — see for detailed report




environmental flows




definitions

Envirenmental (instream, experimental) flows

Reoperation of water infrastructure to provide the
“acceptable balance between a desired ecosystem

condition and other social and economic needs for water”
(IUCN 2003) Water for everyone!?

In practice
transports and resorts sediment, resets habitats, filters exotics

requires the integration of engineering, law, ecology, economy,
hydrology, political science and communication.

requires negotiations between stakeholders over competing water
uses

tends to frame river within context of watershed




prescription development -
past, present, and future?

Conflicts between
recommendations?

Goal of hon-
degradation ofi all
Instream resources
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Image: Jowett (1997)




Upper Willamette River, Oregon -
past, present, and future

Chineok populatiens

past (1900) —300,000
present (2005) —50,000
future 272

Steelhead
populations

past (1900) —200,000
present (2005) —5,000
future 277




The Mimrt
Camer vancy !

' Sustainable Rivers Project |

Current Sites US Army Corps

of Engineers »

t | " _ Ashuelot River
Willamefte River : ; { ] 4\‘
f West River ' |-+

Green River |

Yy e " 73 £~y Roanoke River
Bill Williams River \

\White/ Black/
Little Red Rivers ,j‘

e h Savannah River
Big Cypress Creek ;

TNC/USACE —
Sustainable Rivers

developed and tested
a process for
identifying and
refining
environmental flow
objectives (Richter
et. al. 2006)

Implementing
recommendations as
possible

project could result
IN reoperation of up
to 13 dams




Observed Flow at Middle Fork Willamette River at Jasper, OR
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Image: Gregory et al. (2007)




Cutthroat Trout (Oncorhynchus clarkii clarkii) Adfluvial
Largescale Sucker (Catostomus macrocheilus)

Smallmouth (Micropterus dolomieui) and Largemouth (M. salmoides) Bass
Willamette River at Springfield, 1971-1994

Nest-building & spawning
Temperature determined

Hatching in 1 week
Fry in nest up to 1 month

Spawning

Egas & fry in gravel

Eggs hatch (6 - T whs)
Fry move to stream edge

uveniles in intermittent |Fr'_||r migrate k‘
Downstream fry tream refugia
migration ends

with 3.3°C water pawnming [discharge,
temperature influence)
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Image: Gregory et al. (2007)




flow: prescriptions

low flows (seasonal,
annual and extreme low

fl OWS) 'Flood Control Requirements

Full Pool 0%

high flow pulses (up to |
bankfull discharge)

40%

small floods (overbank —
flows, approximately 2-

to 10-year return
period)

60%

Minimum
Pool 100% s

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
-I:I d -I:I O d I ai n The storage reservation diagram is one of the tools operators use to assure there is adequate
a. r g e O O S O p fiood confrol space in each reservoir. The diagram shown here specifies the amount of
1 fI sforage required fo protect against a range of runoff forecasts, from a dry fo a wet year.
maintenance tlows, >

approximately 10-year
return period)




environmental flows —
Oowen’'s River

“probably the most significant river
restoration project in at least the
Western United States, Iff not the

entire country.“*

65 miles ofi multi-purpose, river
restoration — _
allow some habitats to regenerate Photo: Daniel Mayer

seasonal water surges will push
seeds beyond riverbanks

relieve tensions with Owen’s valley

Owen’s lake - “pessibly the
greatest or most intense human-
disturbed dust source on Earth.”
(USGS)

*Nahai, Department of Water and Power
Photo: Don Kelsen




“experimental™ flows —
Coloradoe River

1996 controlled flood experiment (patten et al. 2001)

to test the hypothesis that controlled floods can improve sediment
deposition patterns and alter important ecological attributes of the river
ecosystem without negatively affecting other canyon resources

learn more about river processes, both biotic and abiotic, during a flood
event.

Flood discharge

Power-plant capacity

flood magnitude - < 1.25-
No action yr recurrence, and only
10% of the predam spring
snowmelt floods

19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10
March April

(Schmidt et al. 2001)




experimental flood —

Colorado River

the lasting effect of this flood varied B e ]
among different small-scale fluvial T e s Y
environments. (schmidt et al. 2001)

Beneficial results:
reworking fine but not coarse deposits

Scoured return-current channels -
Important nursery habitats for the native
fishery when baseflows are low

Temporarily increased number and area of
backwaters

Fluvial marshes scoured
Temporary inundation of riparian shrubs

Image: USGS (2005)




Issues In flow recommendations

Beecher (1990) stated that instream flow management
should have clear, measurable goals, and that failure to do
this would lead to controversy and achieve vague results.

tendency to ignore natural complexity of hydrograph for
prescriptive, operational, and simplified “rules” to address
pressing river management issues (Arthington et al. 2006)

prioritization of protected resource —
which resources and at what level?
who decides resource and level?
how is measurement of resource recovery operationalized?




performance evaluation of
flow recommendations

educated trial and erroer — large
environmental experiments

long term effects difficult to predict

confounding| effects of multiple releases




channel reconfiguration




Channel reconfiguration




channel reconfiguration
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channel reconfiguration
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natural channel design —
the right direction

generally fecus on
returning| channels to
more natural, “stable”
morphoelogicall condition

as Indicated by reference
reaches or historical
sediment and hydrology.

dependent on design
methodology and
stakeholder interests




INFILTRATION EVAPOTRANSPIRATION

SURFACE  _
WATER TABLE RUNOFF

INTERFLOW :" “ “

SATURATED

GROUND WATER
FLOW

Figure adapted from Evans (2000)
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towards a more “stable” condition —
past, present, and future

historical

current reference
changing landscape and climate?

operationally, where the water, habitat, and biota
are exposed to the lowest level of anthropogenic
stressors (Stoddard et al. 2006).

future condition

wide margins of ‘error’ for adaptability in extreme
and uncertain atmospheric and regulatory climates

“passive” restoration

with integrative, watershed management, patience
IS a virtue




performance evaluation

only 10% of projects reporting moenitering
(Bernhardt et al. 2005)

missed opportunities - large environmental
experiments

pio-monitoring Is difficult, expensive

“Stable™ pattern, profile, and dimension
enougn?




dami removal




why dam removal?

Federal Energy Resource Commission (FERC)
relicensing hydropower projects at expiration
of 30,50 year licenses

85%0 of dams In the US will reach the end of

thelr working life by the 2020 (FEMA 1999)

(Heinz Center 2002)
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bonytail

chub, thicktail (EXTINCT)

goby, tidewater.

pupfish, Cottonball Marsh

pupfish, desert

pupfish, owens

pupfish, tecopa (EXTINCT)

salmon, chinook - California coastal ESU*
salmon, spring-run chinook

salmon, winter-run chinook

salmon, coho - Central California ESU*
salmon, coho - So. Oregon/No. California ESU*
sculpin, rough

smelt, delta

splittail, Sacramento

sguawfish, Colerado (=Colerados pikeminnow)
steelhead - Northern California ESU*
steelhead - Central California Coast ESU*
steelhead - South/Central California Coast ESU*
steelhead - Southern California ESU*
steelhead - Central Valley ESU*
stickleback, unarmored threespine
sucker, Lost River

sucker, Modoc

sucker, razorback

sucker, santa Ana

sucker, shortnose

trout, Bull

trout, Lahontan cutthroat

trout, Little Kern golden

trout, Paiute cutthroat

tui chub, Cowhead Lake

tui chub, Mohave

tui chub, Owens

source: California Dept. of Fish and Game (2006)

why dam removal?

Environmental gevernance
changes - restoring
continuums and reconnecting
threatened and endangered
fish to habitats upstream




dam removal as restoration

restoration ISs:

» reconnecting
habitats anad
materiall transport

» releasing 18 M yds3 g%
off sediment? '




Uuncertainty about dam removal

JEOMOrPhIC Processes

biological responses

SOCIO-economic I1ssues




uncertainty in sediment effects

\When willl the sediment be eroded
downstream?

Where will it go and hoew deep will It
be?

To what extent do fine sediment
iIntrude interstitial gravels
(spawning habitat) doewnstream?

How does deposition affect
flooding?

IHow' does the river channel change
OVver space and time?




Lncertainty In phaysical-biolegical links

» When and hew many more fish?

» short-term vs. long| term effects of
sediment and barrier?

» food web Interactions?




Lncertainty’ In SocIo-economics




reducing uncertainty —
small dam removal




reducing uncertainty —
effects of “intervention”

» it

‘T o

field and moedeling studies

onI Coall Creek dam
Height: 27°
Constructed: 1950s
Removed: 2007
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future — river restoration




the future of rnver management

1. Beyond band-aids
2. Learning fromi environmental experiments

3. Embracing an uncertain climate

Image: WWF (2007)




(1) beyond band-aids

Are restoration activities pateching symptoms
OIf addressing| sources?

Are patches the silver bullet to ecological
[ECoVery?




band-aids for...

reacnes with:
distinct and clear Impact seurces
few other factors limiting recovery.
Aumerous benefits and stakeholders

hypothesis testing at shoert time and spatial
scales

public participation and engagement




may need a full boedy: cast...

watershed-ecosystem restoration of:

hydrology

Magnitude

F_requency Urban lag time

Timing

Duration

rate of change

predictability of flow events
materials

Sediment

Wood

Organisms

Nutrients, metals, hydrocarbons

Organic matter

rban Flow
“\'Preurban lag time
L
"freurban Flow

Discharge [I'I'I]fﬂl
Precipitation (cm)

figure: www.uwsp.edu




watershed-reach interactions

e




(2) Learning from envirenmental
experiments

Advantages
broadi scale trend development
validation of conceptual and numerical models
identification of deminant processes and scales
real-worlad examples and olservations

Disadvantages
uncontroelled — challenges in hypothesis testing

spatial and time frames for expectations and recovery are
unpredictable

risk — of wasting money, damaging Infrastructure, being
Wrong...




large scale experiments

<+— Upstream am  Downstream

N‘

REMOVAL

Incision by Transient adjustment
migrating headcut to increased sediment

or knickpoint load and re-establishment
of natural flow regime

Bank failure in
incised channels

Development of
floodplains (?)

Time Scale (yrs)

v

NEW QUASI-EQUILIBRIUM CHANNEL

Hart et al. (2002)



(3) embracing an uncertain climate




future ofi river mgmit?

WGI — sumimary, for: policy, Imakers

“the likely amount of temperature and sea
level rise

of human activity during
the next century”




future ofi river mgmit?

WGII - Impacts, Adaptation ana Vulneraoiity

Eresh water resources and their management

Dreught-affected areas will likely increase in
extent.

IHeavy precipitation events, which are very likely
to Increase In freguency, will augment floed risk




climate, energy, and water —
California (pop=36M)

by 2020, CA will' experience water shortages of 2.4 million acre-
feet

“Climate change has the potential of affecting ... water supply,
hydroelectric power, sea level rise, more intense precipitation
events, water use, and a number of miscellaneous items which
Include water temperature changes.”*

*Maurice Roos, California’s state hydrologist - NRDC (2007)




2030 SWE

April'SWE: 95% N F | | Aprif'SWE: 8% N r
(of 19953005 avg) ¥ _ . — .

Source: Knowles and Cayan (2002)

Schwarzenegger pushes 2008 ballot
measure for $4.5B in bonds for new

water storage in California
(NY times, 04.04.07)




history repeating Itself?

» HISTORY, n. an account mostly
false, of events mostly
unimportant, which are brought
about by rulers mostly knaves,
and soldiers mostly fools.
(Ambrose Bierce)

» No problem can be solved from
the same level of consciousness
that created it. (Albert Einstein)




closing theughts




the rver why

With So muchi uncertainty In river restoration...
complex network interactions

large enviroenmentall experiments
future climate conditions

Why not conservation?




conservation of river ecosystems

Images: wikipedia




water quantity’ conservation

www.texasep.org/index. html




the “do noething™ option —
no lenger an option

source: USGS 2004




visions of future rivers

put conservation first.

put Integrated watershed management: first.

put sustainable, educational, and
Informative restoration; first.




demonstrated success —
Yolo Bypass

Integrated flood
management:

Flood control

Habitat for native fish
and migratory birds

Agricultural
production




"Thousands have lived without love,
not one without water."
-- W. H. Auden

Photograph: Russell Lee (1941)

Oregon State University




