same man.”

- Heraclitus
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Presentation Outline

= River restoration. Why do ite
» Economics of river restorafion

= RIVEr restordiion examples/How:
nave inings changed




WHY DO RIVER RESTORATION¢



IMPACTS TO RIVERS

What's wrong with our rivers that we should need 1o
consider fixing them?e

Major Cities
USGS subbasins
— Altered Altered Stream Miles: 41,204 (49.6%)
Natural Natural Stream Miles: 38,861 (46.8%)
——— Impounded Impounded Stream Miles: 2968 (3.6%)
No Definable Channel Total Stream Miles: 83,033

‘,,'J A 3 sl

Nisdgle
Eig Soux

oo
’f‘:uulﬂelcu |
e

d Watercourse Program
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e W e MPCA Alter



IMPACTS TO RIVERS

= [fS not just the streams, but the watersheds that
need help.

Percentage of Wetlands Acreage Lost, 1780's-1980's

!\“155““";:.———

/]_.-31 | \Zk
.I 1

Mitch and Gosselink, Wetlands, 2" Edition, VVan Norstrand Reinhold, 1993



IMPACTS TO RIVERS

= Common Impacts to river systems (Midwest)
= Ditching (straightening)
= Dams
= Urbanization (Increased runoii/polluiion)
/-\gric“ul"rur@ increased runoii/pellution)
esrr\/ increasead rurlorr/ PollUiion)
licial/hereiarmoenrived dna@ivankireaimenis
HooG PN encrodchmeEnit(fling): -
Cler ning/WoeeremoeVael |

|
Preceing




IMPACTS TO RIVERS

= These courses of action have resulted In:
= Frosion — sediment load problems
= Chemical pollution
= Nuirient pollution
= Hapiral degradation

ACHON FATES OX TNAl Of TEES VEITEnIales

/Setnverslisied as impaiiea o polluiced
WiTherewalssserexireme i ainVersiiun arny
nereaseaiiicoding SR e



WHY

DO RIVER RESTORATION®C

= The future of lite on earth depends on the
health of our natural systems
= RiVers are a major part of the warer cycle
= RIVErs iransport Whdtever we pul Info them
= We can reverse wndiiwe 've done

From www.iowacorn.com



WHY DO RIVER RESTORATIONZ

= Natural recovery processes are slow following
watershed restoration — we can speed it up




WHY DO RIVER RESTORATION®Z

= [I's Important 1o recognize what healthy versus
degraded rivers tell us indirectly:

= [ff our rivers are degraded, they.
offel & MIor INTe ouUK
mencgemeni of inellana), airanad
Walel (Canan/ininercoaimine)




THE ECONOMIC VALUE OF RIVERS

Annual economic value of the

Delaware Estuary Watershed™
$ MILLIONS

3,000
2,500
2,000
1,500
1,000
500

0

Recreation Fish/  Forests Public  Water Water Agriculture Navigation
Wildlife Parks  Supply Quality




THE ECONOMIC VALUE OF RIVERS - TOURISM

= Tourism is the 3@ [argest industry in WI ($13
Billion/yr) behind agriculiure and timber

= Jourism is largely associated directly with rivers




THE ECONOMIC VALUE OF RIVERS - LAND
= Soil loss = lost $$

= Nuifrient loss = lost $$

* |ncrease flooding = $$$%




THE ECONOMIC VALUE OF RIVERS - LAND

= Dam removal increases land values (UW study)
= Example — West Bend, WI Riverside Park

impoundment

boundary




THE ECOrloMIC VALY

A new era of accountability 2k

Water quality costs
Drinking water. andpublic he

- lol !
|||\|
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THE ECONOMIC VALUE OF RIVERS - JOBS

= Restoration jos provide a high rafio of jols
creafed Versus money. spent

= Massachusetts - $1 million of public investment
In clean waier and haitat restorafion creafes

12.5 TuUll ime oS




THE ECONOMIC VALUE OF RIVERS - JOBS

A Figure 1. Average number of jobs
i per 51 million of investment by select sector'
= Oregon sAdfmillien, of

publicanRVEesTmeniFereares
522450 1@e1es (Univaof
©OR)

= Oregon projects from 200 |

1i© 2010 and found the 1 K " H
ProjECTS gengrated an o Ll B 41 B Bk
estimated,483 jobs and

P eIV HeR s [leTaRCIoLCRINMMHE e 2 Restoration project fundssay local

economic oulpus around
L O

heystate’
$0.80 of every 51.00 50.90 of every 51.00

, O

stays within the COUNTY  spent stays within OREGON
where it was spent



THE ECONOMIC VALUE OF RIVERS - JOBS

Habitat restoration creates more jobs
(per $1 million spent)

Coastal Habitat Road Oiland Gas  Green
Restoration'?- 18 19. 20 Infrastructure  Sector®?>  Building
Projects?! Retrofits®®

Courtesy NOAA 2013 — US Estuary Program




THE ECONOMIC VALUE OF RIAERS = MIUN[E|ZAE

.

-t :"' U - ‘
Werare learning newinow 1o ’ru,mJ| city affention ‘
leoward-the river again= =~

= E.g. Milwaukee parks, Dé'wnﬁ'*own vitality

= E.9. Racine — Once empty lake front beaches are
now packed thanks to river and stormwater

restoration (90 days per year closed dropped.fo just
4 days in 5 years) %

st US Cliiesienginaied C; rivers and
dependedion iver fraffic for commerce, buf
INAiineuUsIi/ nAswanead: ,M

|
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HOW MUCH DO WE SPEND ON RIVER RESTORATION?

Annual Spending

700,000,000,000

600,000,000,000

500,000,000,000




HOW MUCH DO WE SPEND ON RIVER RESTORATION?
Annual Spending

140,000,000,000 -

120,000,000,000

100,000,000,000




HOW MUCH DO WE SPEND ON RIVER RESTORATION?

Annual Spending

3,000,000,000 -

2,500,000,000

e



HOW MUCH DO WE SPEND ON RIVER RESTORATION?

Annual Spending

35,000,000 -~

30,000,000

25,000,000




WHERE IS RIVER RESTORATION PRACTICED?

‘ Upper Midwest Chesapeake Bay

Pacific Northwest

Central U.S. large rivers F

Southeast

. . <0.25
Califomia Southwest 0.25—-075 P 5-15

0.75-15 M 15-75
1.5-3 Bl 75 - 150
3-5 Hl -150

Project density (no. of projects per 1000 river km) from national
coverage databases only versus in-depth regional project
record summaries (all data sources) [table $1(77) part h].

From Bernhardt et al 2005 — Synthesizing US River Restoration Efforts — Science Vol 308



WHAT DRIVES RIVER RESTORATION®@

= The most commonly stated goals or drivers in
fthe NRRSS daftabase:

Enhance water gualii
2. Managge lparnan zones
5. Impreve: In-siream naeiial

'_.Jf“" '\ N (il ‘ ~
4. EISAeEsSage.

BERKST@PliZEien



HOW LONG DO PROJECTS TAKE FROM
ASSESSMENT TO COMPLETION®

= Bank Stabilization
= 6 - 9 moniths wWith permiriing

= Siream Restoration

= [L51- Slyears on average Wit permifiing.
= [Dam Removal,

=5 = A yeadns Wil Permining

iS5 Wel e nlelplele Uiyl el elej2nie % elplel Spsure
cor eluelliry = Mel<e ejrelplfs plelf reelyife



HOW MUCH DO PROJECTS COST@e

Infer-Fluve Ballpark Numbers

= Stream relocation ($50 - $500 per LF)
Bank stabilization ($40 - $200 per LF)
Small Dam Removal ($120K - $600K)
= [arge Dam (Z 1011 kRemoval > SV

= nierFFuVe S averdge design Coninaci over ine: past
(00! prejecis s $60,000/ Ul rangea Upiie: $400K:

= Designrcosisiwerne: 20 =205 Ol CONsiUCIOnN COSIS:

=R @onsinveciionicosisiaveraged $iic0/ 000 uiengead
TEMISSOK U@ $SIME



HOW MUCH DO PROJECTS COSTe

NRRSS Database (roughly 20,000 projects
with associated funding data)

Project Type Average Cost
Land acquisition $812,000
Floodplain reconnection $207,000

Channel restoration $120,000

Dam removal $80,000
n stream habitat $20,000
Riparian management $15,000



RIVER RESTORATION PROGRAME



ESSENTIALS IN A STATE RIVER RESTORATION PROGRAM

Summary from stairf ar successtul programs - Mass.
DER, MDDNR, OR/WA, American Rivers

|. Dedicaied management siafi with goals
2. Adeguaie fundlng ofl the progrdm

IN
&_
~

Waiershed groupiiniiciion adnae assisiance:
> [ecnnical GuUidenee em ine Sicie
ERencedpIS DA SAiciy Laws

L OV musiinlseser elplel Slinler reaellf of fenneYe

U

(O
@

(OF
®
=
-
)

L OWrigrs elfe prielele elWelre af gl asaniell liclolliry
7. Qluclliilgel elesiejplers



OTHER ELEMENTS IDENTIFIED:

= Combined watershed/stream approach
= Start with uplands/wetlands In headwarters

= STart upsiream and Work your wWay.
dewnsiream

WAEISnEQ rEsionaiion ana siream
Esioraiion dnaideKEs voin Simulidneous!y.
JUlglipl< olle)




HOW. HAS RIVER RESTORATION




RIVER RESTORATION SCIENCE IS STILL YOUNG

—"Hydrology"

——"River restoration" OR "stream restoration"
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RIVER RESTORATION SCIENCE IS STILL YOUNG

—"Hydrology"

——"River restoration" OR "stream restoration"
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TRADITIONAL APPROACHES

= We've come a long way. in our understanding of

rvers, ecosystems and connectivity. Rivers were seen
as simply conduits for floodwater. That's changing.
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Before

Restoratfion failures result from:

= Knowledge of biology, but
lack of engineering
= Applying blanker fixes
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RIVER RESTORATION POSSIBILITIES

EXAMPLES OF RIVER AND: STREAM
RESTORATION FROM OTHER: STATES
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= Each branch of science lends objectivity 1o an

= Right brain (arf) — infuitive, creative and subjective
= [ eff brain (science) — objective, logical and

= Science provides geologic, hydraulic, ecological

\.,

‘0-*( -

i, '_'- ;"’.'.;, ,“: s . /

otherwise subjective process.

analytical

and other guidelines/constraints that keep us on the
right track.

>,.,,




BANK STABILIZATION

= Example — Bioengineering isn't new, buft it has evolved
slowly since the 1900s.

. "v;i\.;:mé}‘ ;

TR )




BANK STABILIZATION

= Example — There are many ways of stabilizing using bioengineering
concepfts. Here, stacked cells create an immobile bank for stabilizing
INn steep areas where no migration is allowed
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Buttressed rock for

tree protection
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NATIVE VEGETATION

= Example — Riparian vegetation buffers are now seen as
a way of transitioning from the built to the natural




Modern Considerations

Plantings have become
more diverse

Community succession



HABITAT RECOVERY

= Example — Creation of pools and riffles in a cattle
damaged creek following exclusion of caftle from the
sfream banks and bed




NURSERY HABITAT CREATION

= Example — Reconstruction of a headwarter valley and
sfream system







INCORPORATING WOOD

= Example — Dual purpose treatrment - Log placement for
habitat and bank stabilization




Channel defining elements




Vegetation
Limit

Woody Material

—
Q
)
O
C
@)

O
0]
@)

T

X
C
@®

om

o

@)
@®
=
—
)

Yy—
Qo

(]

RE-A S Al B JAY
Rerget 11 rl\.;:&J




BANK RECONSTRUCTION

= Example — Encapsulated solls used 1o build new banks
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NATURAL CHANNEL RESTORATION

= Example — We are moving toward synthesis of
knowledge, and incorporafing more complexity.
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DOT CHANNEL RELOCATION

= Example — Channel relocation can now be used to
mitigate for road construction, possibly Improving




URBAN CHANNEL RECLAMATION

= Example — Removal of concrete and creation of a
floodplain and stable, naturalized channel




INCISED CHANNEL RECLAMATION

= Example — Elevation of an incised channel to allow
flood energy to dissipate on the former floodplain

Seattle, WA
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INCISED CHANNEL RECLAMATION

= Example — Channel elevation can include in-line
Infilfration underneath the stream
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N
= = As flood s’roroge becomes more imporfant,

floodplom recovery: grows in populorl’ry

= Alternative when chonnel elevo’non IS not -
fecmble A e B P s R
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URBAN WETLAND STREAM RECLAMATION

= Example — Urban river corridors are increasingly being
seen as connectors for both wildlife and people




WETLAND CHANNEL RECLAMATION

= Example — Wetland stream restoration was historically
imited by equipment available
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FISH PASSAGE

= Example — Fish bypass channels can be designed to
function as natural channels for a wide variety of
SPECIES.




CULVERT FISH PASSAGE

= Example — Aquatic Organism Passage or Stream
Simulatfion requirements are improving connectivity




DAM REMOVAL

= Example — 75,000 small dams, getting older every day




BLUFF EROSION

= Example — Bluffs are now implicated as a major
source of sediment inputs on Midwestern streams




GULLY EROSION

= Example — Gullies are right behind bluftfs in ferms of
sediment inputs. Urbanizafion and Ag impact them.




Balancing risk and other goals

= Positive changes are

nappening

= Healthy understanding -
of risk

= PUBlIc sarety:

= |piasinveiune.
ECOlogIcalldamaege
MGREVSIPEN]]
rEPUICIICn/PEEEPIion
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Due diligence in design

Design concept

Hydrology +
basic geomorph

’/\\ \

Hydraulic intuition At-a-station 1-D; 2-ID or other:
(eyeba” It nydraulics or hydraulic model
analegdesign. - entify
Constraints
Viementiorce
CONSIGERAIONS
BIISSTUlLY Hope forthe best, —
UaWaleroiitie maybe albit nervous Fitthe r)rJJe Lo/ the
AaNGENS JED rnorrm CISEWING)




The umbrella of due diligence

Design coRre

Hydraulic intuition
(eyeballit)

Blissiully. !
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AaNGENS PHICSENGy
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