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Rethinking stability and equilibrium
in stream restoration
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Introduction to the special issue on discontinuity of fluvial systems
Denise Burchsted *¥, Melinda Daniels °, Ellen E. Wohl ©

 Keene Stre Calge 220 Main St Kecne, New Hanysiire 1345
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Years

aabie oaine 10 Apeil 2003 ‘Fluvial systems include natural and human-created barriers that modify iocal base Ievel; 2 such, these dis-
continuities alter the Iongitudinal fiu: of water and sediment by storing. releasing, o changing the flow
pith of those materiaks. Even in the absence of distinct barmers. fluvial systems are typically discontinuous
and patchy. The size of uvial discontinuities ranges across scales from 10° m, such as rifies, to 10° m,
such 25 lava dams or majar Landslides. The (requENcY of GccuTence appears 1o be inversely related (o size.
with creation and failure of the small features, such as beaver dams, occurring on a time scale of 10° 10
10" yoars and 3 frequency of occurrence at scales as Jow as 10" m, In contrast, larger scale discontinuities,
such as lava dams, can last for time scales up to 10° years and have a frequency of eccurrence of approxi-
mately 104 m. The heterogeneity generated by features s an essential part ofsiver networks and should be
considered as part of river mansgement. Therelore, we suggest that “natural” dams are a useful analo for

human dams when evaluating optians for river restoration. This collection of papers on the studies of natural
dams includes bedrock bariers. log jams and beaver dams. The coilection also addresses the discontinuity
generated by a floodplain — in the absence of an obvious barrier in the channel — and tools for evaluation

of riverbed heterageneity. It is completed with a study of impact of human dams on flacdplain sedimenta-
tion. These papers will help geomarphologists and river managers understand the factors that contral river
heterogeneity across scales and around the warld.

02013 Elsevier BV, Al rights reserved.
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Natural Equilibrium Paradigm
Powerful heuristic
Understanding stability
Assessing function

Doing restoration

A convenient relat/onsh/p




Natural Equilibrium Paradigm

il

Stability

1. Thou shalt transport the streamflows and sgdiment of thy watershed.
2. Thou shalt maintain thy dimgnsion, pattern, and profilg.
3. Thou shalt not aggrade nor degrade. (per Rosgen 1996)
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--Thou-shalt-transport the streamfltows-and-sgdiment-of-thy-watershed:




Balance Resilience

- Fhou-shalt-transport the-streamftows-and-sgdiment-of thy-watershed:-
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Natural Equilibrium Paradigm

Assessment
“Higher” functions

BIOLOGY »
Biodiversity and the life histories of aquatic and riparian life

PHYSICOCHEMICAL »
T & and oxygen reg

ing of rganic matter and nutrients

GEOMORPHOLOGY »
Transportof wood and sediment to create diverse hed forms and dynamic equilibrium

HYDRAULIC »
Transport of watar in the channal, on the floodplain, and through sediments
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Natural Equilibrium Paradigm

“Higher” functions

BIOLOGY »
Biodiversity and the life histories of aquatic and riparian life

PHYSICOCHEMICAL »
T & and oxygen regulati ing of organic matter and nutrignts

GEOMORPHOLOGY »
Transportof wood and sediment to create diverse hed forms and dynamic equilibrium

HYDRAULIC »
Transport of watar in the channal, on the floodplain, and through sediments
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Functions

GET ouUT! You xNOw How To X LOIS, IS5 THIS SOME
FLY, SO...GO FLY A KITE! | JOKEP WHAT YOU'RE Pollock et al (2014)
GET LOST ! T CAN'T STAND | SAYING ISN'T TRUE S
L‘ SIGHT OF YOu /

Natural uilibrium




All channel design is based on the premise that “natural” channels tend toward equilibrium
between channel form and sediment and hydrologic inputs (Leopold and Maddock 1953).

'

Natural Equilibrium

)

Natural Channel Design

The application of fluvial geomorphology to
create stable channels that do not aggrade or
degrade and that maximize stream functions
given site constraints (Harman and Starr 2011)

1. Thou shalt transport the streamflows and sediment of thy wategrshed.
2. Thou shalt maintain thy dimgnsion, pattern, and profilg.
3. Thou shalt not aggradg nor deggrade.




analytical
method

Continuity equations,
roughness equations,
hydraulic models,
sediment functions...

Goal =
stable equilibrium channel

QwS X QsDg

analog
method

Reference reach
(presumed
stable
equilibrium)




How it usually goes...

1. Thou shalt transport the streamflows and sediment of thy wategrshed.
2. Thou shalt maintain thy dimgnsion, pattern, and profilg.
3. Thou shalt not aggradg nor deggrade.




How it usually goes...
T Standards for ecologically
successful river restoration

(Palmer et al 2005)

Guiding image of dynamic state
Ecosystems are improved
Resilience is increased

No lasting harm

Ecological assessment

‘M NCD Goal = stable equilibrium channel

Ecological Goal = dynamic natural system -
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Restoration

Goal: Natural
processes/functions

" Y
4 )
Enhancement
Goal: Specific function

or habitat type

\_
4 )
Control/

Containment
Goal: Stabilization

o J

Standards for ecologically

successful river restoration
(Palmer et al 2005)

Guiding image of dynamic state
Ecosystems are improved
Resilience is increased

No lasting harm

Ecological assessment

Ecological Goal = dynamic natural system > = =
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Static channel form
and equilibrium are
not universal criteria

~ for stability

Stream functions are
not just the product
of stable equilibrium

Restoration is not just
creating stable
equilibrium channels
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GET OUT! YOU KNOW HOW TO
FLY. SO...GO LY A KiTE *
GET LOST? I CAN'T STAND
[\, 7#& SIGHT &F Yous

2 REARTBREAK OVERWH
THE GIRL REPORTER AT THiS
CROWNING BLOW.,.
SPURNED.. .
BY THE MAN I...I LOVE! OUR
FRIENDSHIP |G BROKEN... .
FOREVER... {08!}
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To be continued...




