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Integrated Restoration & Design

Design a stream system that would naturally form and be self-sustaining over time
and allows dynamic evolution to optimize ecological functional uplift

Biology
Biology

R ‘ol .
R _Y b = &
FROSION RESISTANCE ‘

Hydrology Geol

Hydrology

Castro and Thorne 2019




What Does this Mean? o, gD b
* Project Purpose oY ONE
: Drivers NSO S0 ©
= Project Goals and Water Quality ® ~0y ©
Objectives Biology | e [0

Stability
Others

= Stakeholder Interests

= Landscape Position
= Valley Type o  TSiies, ke i o

= Stream System Type T ———
= Watershed Condition

= Reach Level Condition

= Constraints/Stressors

= Restoration Potential

Harman et al 2012




Design Approach Selection

Focus on selecting restoration techniques rather than selecting a design approach.

Meets project goals

Addresses stressors and
impairments

Optimizing ecological
uplift

Minimizes impacts




Integrated Design

Combination of design approaches and techniques can result in greater dynamic and resilient systems.

Combined NCD /VR
= Natural Channel Design MRS LY R e

*{“.

= Beaver Analog
Valley Restoration
Legacy Sediment Removal

Regenerative Storm
Conveyance




Fundamental Principle of Natural Channel Design

Design a stream system that will be self-sustaining over time, given existing and
likely future conditions of the watershed, floodplain, and stream.

Piedmont Unconfined Valley NCD/LCR




THANK YOU

Richard Starr

Ecosystem Planning and Restoration
Rstarr@EPRusa.net

Learn more by visiting our website:
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The Urban Toolbox

Outfalls, Gullies, and Defining Success
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Joe Arrowsmith, PE

Director, Ecosystem Restoration
jarrowsmith@straughanenvironmental.com
Straughan Environmental, Inc.




Defining the urban headwater problem

Many urban headwaters have been lost permanently.

2. Remaining sites have been converted to stormwater conveyance
(outfalls and gullies).

3. Urban valleys now regularly receive peak flows above and beyond
any historical reference flood.

By nearly any metric they offer poor aquatic habitat (if any!).
5. They are a tremendous burden on downstream waters.
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What does successful intervention look like?

1. Introduce vertical stability
2. Improve the extent of water on the landscape
3. Provide “floodplain functions”

4. Create a vegetation gradient



The Toolbox

examples




Step Pool
Stormwater
Conveyance (SPSC)

Nature-based retrofit practice in
degraded gullies

Alternating sequence of riffles
and/or cascades

Steep slopes (close to 50%
riffle/pool)

Fill-based practice, including
clean sand filter layer

Grade control sized to safely
pass 100-year event




RSC

e Solution to “What can | do when
my floodplain no longer has
adequate width under modern
hydrology?”

* Fill practice, reconnecting
stream inundate floodplain fill
terrace

 Series of large, broad (up to
valley width) riffles, to
consolidate energy, while
sheltering areas behind them
promoting floodplain functions

e Strong overlap with beaver dam
analogs

<- Beaver have colonized this riffle!




Zero Order/Valley
Restoration

* Excavate floodplain at
groundwater level.

* At the headwaters, even a
little goes a long way.
* Reconnect to legacy gravels.
e (Or import a gravel lens)

* Rely on wetlands for grade
control.



“Roughened
Channels”

* Create highly accessible
floodplain/channel combination 0% My " S
(high W/D). o TN e T

2 W
* Spread flows across evenly b ri;ﬁ:??ﬁﬁ* =
sloped surface with max possible R o et At
roughness. o S o wh

* Rely on large wood, vegetation,
and rock to contribute to
roughness and support diversity
in form.




Urban Headwater Restoration

 Headwater sites are adaptive to a variety of techniques- choose the
right approach.

* Elements of these approaches are inherently compatible and scalable.

* Local success is best measured by improvements to stability, areal
extent of water and wetlands, diversity of habitat, and flood
resilience.

* While this work is very far removed from a project with fishery goals,

 We must emphasize the VALUE of converting a site that cannot support
aquatic life to one that can!



Thank you!
Joe Arrowsmith, PE '2 STRAUGHAN

Director, Ecosystem Restoration
jarrowsmith@straughanenvironmental.com
Straughan Environmental, Inc.
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Floodplain Restoration Theory

MANY ACCEPTABLE METHODS IN MANY
PLACES

Floodplain Restoration is:
*  The restoration of a stable stream / wetland and
riparian complex on the native geologic base. h A L
*  Resilience-oriented Bt gt 4l b ST
«  Depositional environment " ' SR N
. Carbon sequestration = SAf
«  Typically on a basal gravel layer in mid-Atlantic Z“‘l’:?i’.‘.i‘f"e.' Mgd‘?giﬁ
*  Often seen with accompanying buried hydric soil layers, ‘ '
typically found above matrix-supported quartz gravel
*  Appropriate only where the geology supports its
presence.
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Floodplain Restoration Theory

WALTERS AND MERRITTS — MID ATLANTIC
PIEDMONT

* Legacy Sediment model

e Mill dams pervasive, accumulated sediment from poor ag _ =
practices behind them. ( &A

* Basal gravel layer /
* Hydric soil (wetland) layer

* Non-wetland terrace above abandoned wetland floodplain
layer.

* Science - Natural Streams and the Legacy of VWater-Powered
Mills (2008)

CREDIT FRANKLIN & MARSHALL

2023 23



Floodplain Restoration Theory

WALTERS AND MERRITTS -

MID ATLANTIC PIEDMONT

Legacy Sediment
model

Mill dams pervasive,

accumulated
sediment from

poor ag practices
behind them.

Basal gravel layer
Hydric soll
(wetland) layer

Non-wetland
terrace above

abandoned wetland

floodplain layer.

Natural Streams and the Legacy
of Water-Powered Mills

Robert C. Walter*t and Dorothy . Merritts™t

Gravel-bedded streams are thought to have a characteristic meandering form bordered by a self-
formed, fine-grained floodplain, This ideal guides a multibillion-dollar stream restoration industry.
We have mapped and dated many of the deposits along mid-Atiantic streams that formed the basis
for this widely accepted model. These data, as well as historical maps and records, show instead
that before European settlement, the streams were small anabranching channels within extensive
vegetated wetlands that accumulated fittle sediment but stored substantial organic carbon.
Subsequently, 1to 5 meters of slackwater sedimentation, behind tens of thousands of 17th- to
19th-century milldams, buried the presettiement wetlands with fine sediment. These findings show
that most floodplains along mid-Atlantic streams are actually fill terraces, and historically incised
channelks are not natural archetypes for meandering streams.

he meandering gravel-bodded stream bor-

dered by a elf-formed, fine-grained flood-

plain emerged as the chamacteristic niver
form based on pioncering sidies in mid-Afantic
and western streams of the United States (/-4),
Today, this ideal—of alemating pook and niffles
alng sinsous chanrels with gravel point bars
and fine-grained overbank floodplain deposits—
guides a multibillion-dollar stream restoration in-
dustry (5, 6). Many streams in the low-relief,
tectonically inactive mid-Atlante Piedmant of the
United States are doeply incised, with stoep erod-
ing hanks, and camy anomalously high amounts
of ;uspended sedment (7). Fine-grained depoats
bordering many eastem steams are thicker than
would be expected from just their recent flood
deposits (7, 3). These Holocene deposits typical-
Iy form broad surfaces, refemed to as the “valley

Depasiment df Exth and Emdronment, Franiiin and Marshal
Colege, Pat Office Box 3003, Lancasted PA 17604-3003,
U

“Thee authors corfibated equaly %o this work.

{To whom correpondance shauld be addressed. E-mail
bedt walty @ladm edu (RCWY dorcthy.mer s landm,
oo (DIM)

wwwsciencemag.org SCIENCE VOL 319

flat”" that were interpreted as floodplains formed
by a combination of migrating, meandering stream
channels and overbank deposition of sis and
clays (1, 3, 8). The geametry of single-chamel
meandering streams has been viewed as the result
of self-adjusting hydrulic variables in reponse
© charging dscharge and sedment load, and
agriculture and wbanzation have been cited
widely as the cawses of rocent aggradation and
degradation (1, 3, 4, 8-10). This pattem of stream
development and marphology has been con-
sidered as typical of streams and rivers in stable

We observe that crests of breached, historic
milldams merge with vallkey-flat surfaces and
that most modem streams are incised deeply
below this surface. This observation led us to
hypothesize that a rapid, regional trsnsformation
of stream valleys had occurred in eastem North
America, from widespread aggradation as a re-
sult of damming (base-level rise) © subsequent
incision and hank erosion due to dam breaching
(base-level fall). We propose that valkey sedimen-
tation not only resulted from accelerted hillslope
erosion caused by deforegation and agricultural

development (8, 1) but also was coupled with
widespread valleybotiom damming fior water
power, after European setflement, from the late
17th century through the carly 20th century.
Damming was esential © the extensive trapping
of sediment in broad valley flats that comespond
B resenoir surfaces.

We test this hypotheds by examining the fol-
lowing lines of evidence: (i) historical accounts
of widespread, intensive water-powered milling
that impacted most fire- to thind-order streams
in the mid-Atlantic region; (ii) historical maps
showing multipke dams and ponds, and our ob-
servations in the field and flom light detection
and ranging (LIDAR) data of aggradation in
these ponds that caused sedimentation upstream
into wributanies and swales; (iii) hisorical, geo-
logical, and geochemical data showing rapid
sedimentation in valley botioms during the pe-
niod of early land clearing; (iv) field observations
and remotesensing data including LIDAR,
showing that downstream-thickening wedges of
sediment grade to milldam heights and, hence,
that dams produced temporary, higher base
levels; and (v) ficld observations and bboratory
dats showing that fe morphologies and func-
tions of presctiement streams were substantially
different from those of modem streams. We re-
visited the sune streams and specific reaches
used in carly studes that pioneered modem flu-
vial eamorphalogy, including fundamental ideas
regarding meander migration, floodplain forma-
tion, hydraulic geometry, and fluvial response to
land clearing These streams include the Brandy-
wine River (in Pennsylvania and Delaware) and
Seneca Creek, Watts Branch, and Westem Run
{in Maryland) (/-4, 8, 9, I1), all of which lie
within the Piedmont physiographic province
of the mid-Atlantic region. In all, we sudied
Piedmont streams in 20 watrsheds throughout
Pennsylvania and Maryland (dminage areas
fiom 11 to 1230 km®, fig. SI).

Milldam history. Dam building for water
power in the castem United States began in the

18 JANUARY 2008

Buried Holocene-
wetland

Elevation (m)

e 1850 AD (219PD)

7

300--10,000 yrs BP (14C)

200
Distance (m)
Fig. 3. Streams throughout the mid-Atlantic region (see also figs. S1 and S2) have similar charac-
teristics: vertical to nearwertical banks consisting of 1 to 5 m of laminated to massive fine-grained
sediment overlying a Holocene hydric soil and a basal gravel overlying bedrock. (A) Western Run,
Maryland. (B) Big Spring Run, Pennsyivania. Scale bars in (A) and (B) are marked in 0.5-m increments;
the banks in (A) and (B) are ~2.2 and ~1.4 m high, respectively. (C) Conceptual model based on composite
stratigraphy from multiple sites, including stream-bank exposures, trenches, and cores.

CREDIT WALTERS AND MERRITTS, SCIENCE
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Floodplain Restoration Theory
Mid-Atlantic Pledmont g ass v i Lags  S0mET . o

SOIL / STRATA ORIGINS

* Periglacial Gravel / Matrix

* Periglacial - relating to or denoting an area
adjacent to a glacier or ice sheet or otherwise
subject to repeated freezing and thawing.

* Wiatershed Sediment & Organic Matter

* Mineral / Ag soils from landscape
accumulated behind dam

* Fluvial, Colluvial, Periglacial Mechanisms
* Indigenous activities?

* Beaver activity and soil building

* Other colonial floodplain disturbances

* Risk of contaminated sediments in any area
with industrial history

2023 25
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Floodplain Properties

PROPERTIES

* Biology-dominated system

* Beaver were part of the equation as dam or
lodge builders, burrowed into banks,
managing vegetation

* Oirigins following last ice age, limited
vegetation

* Hydric soils developed later, with watershed
sediments and organic matter

* Mixed trees, shrubs, emergent vegetation
* Stream Evolution Triangle (Castro et al. 2019)

EROSION RESISTANCE

Hydrology

2023 27



Floodplain Design

MULTIPLE ACCEPTABLE
TECHNIQUES AND METHODS

* Modeling (2D, 1D)
» Reference Conditions
* Design based off geology

* Design based of properties of
target / historical species present
(site potential)

* Specialized consideration for
urban systems

2023 28



Questions
and
thank you!

Jim Morris

imorris@jmt.com

www.,mt.com


mailto:jmorris@jmt.com

Ecolog As Partof tt

]

Restoratlon., ToolboXm

- . - .\\‘

. Bob Siegfried

Proud sponsor & exhibitor

Find us at booth #A25




Pre-2010 — The Lack of Ecology in Stream Restoration

Pre 1990s Fisheries Focused Structures 1990s- 2000s Channel Evolution Model

STAGEV STAGE IV STAGE In STAGEN STAGE
F-60 F.50 F-3040 F40.70

Wuuuu

Alt‘rnat. Iln Ommmd

Nldtpodnn

—— \//

A Direction of Flow

Period when Hydrology/Hydraulics and Sediment
Dominated the Discussions of Channel Formation
* Natural Channel Design

* Process Based Approaches

Biology Was Outcome And Not A Driving
Force In Channel Formation

ores s



Post—2010 - Ecology Outcomes in Stream Restoration

Stream Evolution Model (Cluer & Thorne 2014) Stage Zero Design Approaches

o) [
Y B
e

-

Degradation

é\

SEM Added Habitat and Ecosystem Services Baseflow or No Channel within Active Floodplain
as Outcomes of Stream Evolution

ores 52



Post—2020 - Ecology DRIVEN Stream Restoration

Biology Recognized as DRIVING Factor in Stream Evolution Engagement with Entire Valley

Retention of Materials — Water,
Sediment, Wood, Carbon, etc!

Biology

Retention Creates Dynamic
Mosaics of Habitats In Channel
and Floodplain

Heterogeneity Drives Species
Diversity and Ecosystem
Services

A" ¥§
Y
JaA ¥

£ Low EROSION RESISTANCE High F'N
Hydrology Geology

ores



Post—2020 - Ecology DRIVEN Stream Restoration

ores

Keystone Biotic Drivers of Stream Formation
and Dynamic Alluvial Valley Health

* Vegetation

* Beavers

* Freshwater Mussels
 Gravel Spawning Fish

* Net Spinning Caddisflies

LOW-TECH PROCESS-BASED A
RESTORATION OF RIVERSCAPES A UtahState

Trl~_University

DESIGN MANUAL, RESOURCES, WORKSHOPS RESTORATION CONSORTIUM

BEAVER DAM ANALOGUES (BDAS)




ores

Post—2020 - Ecology DRIVEN Stream Restoration

& W R 3 e - R B e < sl
Messy Rlvers are Healthy Rlvers

The Role of Physical Complexity * Engage Entire Valley
in Sustaining River Ecosystems

How Do We Build Messy Rivers?

Retention instead of Transport

Reward Heterogeneity

Ellen Wohl Colorado State Umversnty

Flexible Success Criteria

Avoid Static Monitoring

Accept Beaver Activity

The Restoration Profession Has to Educate
Agencies, the Public, Landowners that Messy
Rivers are Healthy Rivers

35



Contact Us

Bob Siegfried
Sr. Project Manager

bsiegfried@res.us

Q)res
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