Restoring to Stage Zero, Recent Innovations in
Restoration Science: Reports From the Field

A Concurrent Session at the 36t Annual Salmonid Restoration Conference held
in Fortuna, California from April 11 — 14,2018.
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Session Overview

m Session
Coordinators:

m Brian Cluer, Ph.D.,
NOAA Fisheries

During the first decade of the new millennium, conventional thinking that
the single-thread, meandering channel represented the ‘natural’ course for
an alluvial stream, and that the return period for a flood large enough to
inundate the floodplain was between 1.5 and 3 years, was increasingly
questioned. During the second decade of the new millennium, river
restoration theory and practice has started to apply new thinking based on
the principles that, prior to human modification, most alluvial streams had
channels that were multi-threaded and that they overflowed on to their
floodplains several times a year. Recognizing this, the Stream Evolution
Model (SEM; Cluer and Thorne 2013) extended existing Channel Evolution
Models (Schumm et al. 1984, Simon and Hupp, 1986) to include multi-
thread channels, highly connected to their floodplains as precursor (Stage
0) and successor (Stage 8) forms, genetically related to the single-thread,
incised channels featured in Stages 1 to 7. This expanded continuum of
alluvial channel patterns was linked to published habitat and ecosystem
benefits using 26 common biological and hydro-physical attributes. The
analysis of the links between physical processes, stream form, and
ecosystem services revealed clear distinctions between streams that are
fully-connected with their floodplains (i.e., in Stages 0 and 8) and those that
have become disconnected due to channelization (Stage 2) and/or incision
(Stages 3 to 7), spotlighting the poor performance of >1 yr RI bankfull
channels. Insights gained by practitioners who have applied the SEM in the
contexts of stream problem assessment and restoration design hasled to a
number projects aimed at restoring multi-thread or anastomosed patterns
(i.e., Stage 0) instead of single-thread meandering channels (i.e., Stage 1)
in historic deposition zones.

This session will first set out the historic, geomorphic, and biotic basis for
restoring to Stage 0, and, second, will provide a platform for restoration
practitioners to share their first-hand experiences of Stage 0 projects, from
inception, through to design, construction, and effectiveness monitoring.
The sessions will feature consideration of the advantages and risks of
restoring to Stage 0, focusing particularly on concerns expressed by some
stakeholders and regulators, including issues such as fish passage,
stranding risks, and provision of deep pools.
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perspective

e Stream Evolution Model:

a way to relate physical and
biological processes that
puts into perspective the
history of streams and their
possible futures, allowing us
to guide effective
restoration.

e Stage O:

is the end member of the
SEM cycle - fully developed
depositional zone wetland-
stream complex that
delivers the greatest habitat
and ecosystem benefits.
Salmonids evolved with and
are adapted to thrive in
Stage O stream:s.



Process Domains and Stream Types

* DEPOSITION ZONES = Stage O

— Transport capacity limited.

— When mature, supply and capacity
may balance, with strong particle
exchange and sorting.

Sediment supply zone:

Weathering and erosion of steep slopes. Multiple tributaries
collect sediment and supply it to the mainstem. Forced
settings have single thread channels. Intermittent mountain
meadows and valleys have Stage 0-1 channels where

undisturbed.

Alluvial fan zone:
Depositional fans accumulate coarse
sediment, buffering transfers downstream.
Frequent avulsions in multiple Stage 0-1
channels, if undisturbed.

Deposition zone:
Fine sediment is naturally deposited
on floodplain/coastal plain or as a
delta. Domain of Stage 0-1 channels
if undisturbed.
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Transfer zone:
Main stream receives and exchanges coarse
sediment loads with floodplain, buffering
downstream transfer: Domain of Stage 0-1
channels if undisturbed,




SEM: biogeomorphic template
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Ecosystem overlay
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Land Case Map B-128, courtesy of The Bancroft Library
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Historical Ecology Studies by SFEI and partners
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Maps

BEBASTOPOL, SONOMA COUNTY, CAL., SATURDAY, APRIL 24, 1015
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AJMATTER OF GREAT LOCALGMTEREST

District to be Organized Under State Law to Drain the Laguna de

ding|

£ :‘f The property owners of the Laguna
scid- |

|district have formed a preliminary
® ¥€- | organization to take up and press to
4N lan  early completion the lomg-dis-
bout| cussed matter of draining the Laguna
&2: |de Santa Rosa and reclaiming a large
HTCh | gract of what is now practically use-
®Telless Jand that can be made highly
48| productive at small expense.

A. B. 8wain has been elected chair-

man; Hugh C. Ingle, vice chairman;

. P. Doyle, treasurer; William Ev-

C. Cnopius,

ing, | #uditor. A form of petition has been

erty owners in the proposed district.
When a majority of the land owners
ther meeting

2 Santa Ross, Bringing Under Cultivation
Sixteen Hunvred Acres B

resolved, that the preliminary in-
formation, ag compiled by J. E. Wil-|
liams, March 31, 1915, as embodied |
in the above, be ppToved and filed |
with the minutes. |
It was also resolved that the. fol-
lowing petition be appfoved and the
secretary authorized to circulate the
same for-signatures of property own-
s
That the unflersigned, owners of the
majority of the property on and
along the Laguna de Santa Rosa, in
the proposed drainage district as out-
linedon file, entitled, “Drainage Pro-
posal,” by J. E.. Williams, dated
March 31, 1915, having first careful-
Iy Tead the proposal, information,
obable <o o
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Thomas Doughty, ca. 1825 — 1830
View on the Brandywine River: Gilpin's Paper Mill
Brandywine River Museum
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Geographic/Historical Setting: CA Coastal Range

e Mediterranean climate; less wet, intermittent streamflow

e Not forested valleys: oak savannas, meadows

e Different land use history: later development



Source: Stanford et al. 2013
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Napa River
Napa County
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[ Broad Riparian Forest
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USDA 2009

Courtesy of National Agricultural Imagery Program
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Early 1800s

SFEI and Jen Natali



Channel Incision

SFEI and Jen Natali









Laguna de Santa Rosa

Sonoma County



Napa County
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1858 ca. 1840
“A lagoon and a stream with many pools of retained water

[una laguna y una arroyo con muchas posas de agua
retenida]” (Moraga 1810, September)

[\

“Great tulare lakes teaming with beaver [grandes lagunas
tulares, y abunda de castores]” (Vallejo 1833)

USDC 1858, Rancho El Molino (Bx492)
Courtesy of The Bancroft Libr

DC ca. 1840, Rancho Llano de Santa Rosa (B-128)
Courtesy of The Bancroft Library
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Historical Habitat
Types and Channels
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“Leave tules

of Laguna” 1859-60 Field

Surveys

“Middle channel “In Lagoon ash
of the Lagoon” and willow

timber”
“Leave tule”

“Willow tree
in the Laguna”

“Laguna swamp” “Enter swamp

and tule” —— Channel
—— Slough

Perennial Freshwater
B «e/Pond

TR . B Mixed Riparian Forest
Willow and ash timber Willow Forested

interspersed with tule” Wetland

Valley Freshwater
“Channel “Lagoon Marsh

about 3 water Wet Meadow

Oak Savanna/Vernal Sources: Tracy 1859,
feet deep” | shallow”

Pool Complex Eliason 1861,
P Millington 1865
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“Leave tules
of Laguna”

“Middle channel “In Lagoon ash
of the Lagoon” and willow

timber”
“Leave tule”

“Willow tree
in the Laguna”

’

“Laguna swamp” “Enter swamp

- and tule”

“Willow and ash timber
interspersed with tule”

“Channel “Lagoon
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Historical Habitat
Types and Channels
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—— Channel

Perennial Freshwater
L Lake/Pond

- Valley Freshwater
Marsh/Managed

Forested Wetland and
Riparian Forest/Scrub

Wet Meadow

Open Water/Aquatic
o Vegetation

Storage Pond

Open
Water/Agriculture

Modern Habitat
Types and Channels




NUTRIENT TRANSPORT AND ASSIMILATION (CONCEPTUAL)

Historical (ca. 1850)

wet meadow

valley freshwater marsh

forested wetland and
riparian forest/scrub

Source: Baumgarten et al. 2017



NUTRIENT TRANSPORT AND ASSIMILATION (CONCEPTUAL)
Historical (ca. 1850)

wet meadow

valley freshwater marsh

forested wetland and
riparian forest/scrub

Source: Baumgarten et al. 2017



NUTRIENT TRANSPORT AND ASSIMILATION (CONCEPTUAL)
Historical (ca. 1850) Future (potential)

wet meadow

valley freshwater marsh

forested wetland and
riparian forest/scrub

Source: Baumgarten et al. 2017



Pleasanton Marsh and Arroyo de la Laguna

Alameda County
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1 Willow Thicket




1860

La Croze 1860 (E-346)
Courtesy of The Bancroft Library



1880

Allardt 1880
Courtesy of The Bancroft Library



1880

“Tule swamp abounding
with copious living springs”

Allardt 1880
Courtesy of The Bancroft Library



“Many tulares and lakes” (Fages 1772) 1880

“Tule”
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Allardt 1880
Courtesy of The Bancroft Library
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= Intermittent Stream
= Perennial Stream

Slough/Overflow Channel

. Alkali Meadow

B Pond

Valley Freshwater Marsh
- Wet Meadow

[ Willow Thicket

1853: “Entered thicket on...
‘Arroyo de la Laguna’, of which

> We crossed several channels”

3

(Day 1853)

1851: “Thick willow swamp
along banks of creek” (Howe
1851)
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[ valley Freshwater Marsh
Wet Meadow
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...the channel of the Laguna Creek, less than 30 years
ago, followed a very indefinite course at a much higher
elevation than at present...Since the clearing of Laguna

channel the creek has worn its bed down at a rapid rate,

the erosion having lowered the bed of this creek...3

feet In 10 years...

(Williams 1912)
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Photo by Julie Beagle
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Historical Ecology Studies by SFEI and partners

Sacramento/San Joaquin Delta

Napa River
Laguna de Santa Rosa
Petaluma River
Novato Creek

Mark West Creek
Marsh Creek

Walnut Creek
Alameda Creek
Peninsula creeks
Penitencia Creek
Coyote Creek
Guadalupe River
Uvas Creek
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Stage 0 part of diversity of California stream types historically
Occupy particular low-gradient, high-groundwater settings
Ecological oases; rare perennial wetland-slough mosaics;
salmonid rearing, red-legged frog, neotropical migrants,

waterfowl

Many other ecosystem benefits: nutrient cycling, sediment
storage, flood attenuation, etc

Rapid conversion and homogenization to confined, single thread

Not generally recognized as stream restoration opportunity and
target



Thank You

seanb@sfel.org
www.sfel.org



Embracing Chaos Stage Zero Experience

from the Sierra Foothills Damion Ciotti and

Jared McKee



Audience Check-In

What’s your role in the restoration world?

— Permitter, Funder, Researcher, Land Manager, Restoration Practitioner?

Do the projects you are seeing meet the stated
goals?

Does the current pace and scale of restoration
match the needs!

Will resources for restoration go up or down
in the future?



Partners for Fish and Wildlife
Program

Mission Statement
"working with others to conserve, protect, and enhance fish, wildlife, and plants and their habitats
for the continuing benefit of the American People"

Sediment supply zone:

Weathering and erosion of meep shopes. Multiple tributaries
collect sediment and supply it to the mainstem. Forced
settings have single thread channels. Intermatbent madntain
readews and valeys have Stage 0-1 channels where
undisturbed

Alluvial fan zone:

Depesitional fans acoumulate coarse
sediment, buffering transfers downstream,
Frequant swulsions in multiple Seage 0-
channels. if undisturbed,

Main stream recefves and exchanges coarse
sediment loxds with Aoodplain, buffering
derwnstream transfer. Domain of Stage 9-
channipls if urdigpurbed,

Deposition zone:

Fine sediment is naturally deposited
on floodplén/ecastal plin or a5 &
deitz. Dismain ef Swge O-1 channels
if undismurbed,

Cluer, Thorne. 2012.

Since 1990 - 62,000 acres of voluntary wetland and wildlife
habitat restoration
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settings have simghe thread channeh. Intermittent meuntain
meadows and valleys have Stage 0-1 channels where
undisturbed.

Alluvial fan zone:
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I undisturbed,
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Doty Ravine

Flows into Coon Creek, eventually to the
Sacramento

Drainage Area - 22.9 sq miles
Mean Basin Elevation — 596’
Mean Annual Precipitation — 28.4”
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~ « Improve and increase instream habitat for native aquatic
fauna

e Improve and increase riparian habitat

* Increase stream length and complexity of channelized - ¥
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* Increase groundwater recharge
« Control invasive plant species

[  Integrate active livestock operation within restoration
plan

L¥ Lo
T

) 'H‘a T s




Restoration
Actions

* Wetland Mitigation
e Riparian Planting / Oak Planting

e Riparian Fencing and Off
Stream Water Structures



Stage Zero Pre Disturbance

Disturbance Pre Restoratio

(‘.ulot;lc earth
1 C

Post Initial Restoration

Wetland Mitigation

Fencing

Oak Restoration

Proposed Channel Reconstruction Design

Total = 500K

Google eart



Aerial Time Series 2003 - 2013

Were our goals realized?

Improve and increase instream
habitat for native aquatic fauna
Improve and increase riparian
habitat

Increase stream length and
complexity of channelized and
leveed Doty Ravine

Integrate active livestock
operation within restoration plan
Increase groundwater recharge
Control invasive plant species

Goog[_e earth




And then 2014 happened

e Cluer and Thorne - A Stream Evolution Model Integrating Habitat and
Ecosystem Benefits

e Pollack et al. - Using Beaver Dams to Restore Incised Stream Ecosystems



Plus what we were already
thinking about

Palmer 2005: “Standards”
1. A dynamic ecological endpoint is initially identified and used to guide the restoration.

2. The ecological conditions of the stream are measurably improved.
3. Through the use of natural fluvial and ecological processes, the restored stream must be

more self-sustaining and resilient to perturbations than pre-restoration conditions, so that
minimal maintenance is needed.

4. The implementation of the restoration does not inflict lasting harm.

5. Pre- and post-project assessments are completed and the data are made publically
available so that the restoration community as a whole can benefit from knowledge learned.

Beechie 2010: “Principles”
1. Restoration actions should address the root causes of degradation
2. Actions must be consistent with the physical and biological potential of the site
3. Actions should be at a scale commensurate with environmental problems

4. Actions should have clearly articulated outcomes for dynamics



Problem with Ecological Restoration standards

somewhat subjective
many designers funders and regulators don’t understand ecological science or how

to apply ecological science to on the ground management and design of fluvial

systems

Current standard is to apply engineering/construction criteria such
as deformability and stabilization, threshold channel design,
“Natural” Channel design

Limited guidance for integrating ecological science with design.
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i f)pen space for fluwal process
2. Use stream energy to do geomorphic work



Ecologically based design criteria for low gradient alluvial
stream and river systems

MAX SPACE Petformance based criteria (What is the project to achieve?):

1. Maximize space for fluvial energy (Does the action increase or decrease space for habitat forming energy to
operater)

2. Reconnect fluvial energy with open space (Channel migration space and source sediment and energy
connections)

ZERO ENERGY Max sTREAM ENERGY)

Prescriptive Based Criteria (How will
the project be undertaken?):

1. Maximize use of stream energy to do
geomorphic work

2. Minimize diesel energy inputs unless
modifying infrastructure

3. Use geomorphically appropriate
material to create hydraulic resistance




#1 Criteria SPACE

Design process that leads to actions that increase space for habitat forming energy to operate.

Delineate an area

Stream Evolution
Corridor (SEC)

Management unit where
you try to restore fluvial
energy and sediment
conveyance that will

Creates and maintains
habitat over the long
term



SEC 1s already in the literature.... ..

Design focused on removing infrastructure and management constraints to dynamic system is
in the literature
Erodible Corridor Concept, Process Zone, “Channel Migration Zone” River Styles, Restore Eco-
geomorphic Process (Pollock et al 2014)

Vs

“Natural” Channel Design focused on stabilizing system around arbitrary boundaries or old
infrastructure is most commonly used

Rosgen or common stream or river engineering practices

IMPORTANT to do it up front and have stakeholder agreement on it



Criteria 1l: Maximum Space

Ecological design is removing system constraints so fluvial energy can
expand, create, and maintain habitat

What is the natural extent of fluvial dynamic space?
What is the current extent of dynamic fluvial space?
What are the anthropogenic impacts to fluvial dynamics?

sl N

What modifications can be made to infrastructure and management to expand fluvial space
now or in the future?

Answering these questions gets at source problems and ecosystem scale restoration
instead of addressing site specific symptoms

Fundamental questions for stream design but rarely analyzed and presented to stakeholders



Criteria 2: ZERO ENERGY

Prescriptive Based
Tells practitioner HOW they have to implement project and ensures ecological

approach
1. “Net Zero Energy” Maximize use of stream energy for meeting form objective (aim

for C neutral) unless you are modifying infrastructure
2. Use geomorphically appropriate material (Pollock et al 2003, 2007, 2012; Manga and

Kirchner 2000)
This criteria is well established in Green
Architecture

Ecological Design is strongly rooted in
Architecture

Ecological design — “any form of design that
minimizes environmentally destructive impacts
by integrating itself with living processes”
Sim Van der Ryn
Architect/Ecologist



Z ERO ENERGY C I' it e I' i a. Borrowing from Eco Architectural Design

Eco Architecture

Focus on energy available (solar and wind) 1.
to meet heating, cooling and space

objectives over time

Design optimizes passive strategies

Situate house to maximize energy need 2.

Eco stream design

Focus on Stream energy hillslope/channel
gradients, discharge and sediment supply
to meet form and habitat objectives over
time

Design should optimize passive strategies
Modity infrastructure to maximize stream
energy need

Concept models on Energy Flow

Home vs SEC



Do we want anthropogenic habitat or
naturally formed habitat?

If we construct in this space we take away space for Natural process formation and again we lower
the return on our investment and risk further degrading to natural processes.

“Rosgen” channel Vs Stage Zero channel

Hint — Embrace the Chaos






R e T

Criteria #2 Maximize Stream Energy Minimize Fossil Fuel Input

- When working in the stream channel this prescriptive criteria places bounds on how the
practitioner can work and requires them to:

Exhaust all stream energy before using diesel energy

~ « Doesn'’t apply to infrastructure modification

* Reduces habitat disturbance

e Requires practitioner to build habitat using prevailing sediment and energy

* Very low risk of constructing forms that are overwhelmed or non compatible with
system dynamic or scale




1. Opening
dynamic fluvial
space is low risk

2. Using stream
energy to meet
form objective
is low risk

Reduce Risk using

Maximum Space
Zero Energy
Design Criteria
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Restoration Actions

* Beaver Peace Treaty
 Levee Removal
e Beaver Dam Support and Beaver Dam Analogues

e Constriction Dam — Tree Blaster — Complex Small
Wood Jams






Action (levee Breach)
Opens SEC space

Levee breaching will be about 40K Action (stop beaver depredation)
Redo fencing 20K Reconnects SEC space with
BDAs 5K

s9 stream energy



Beaver Dam
Support







Beaver Dam
Analogue




C OnStIiCtion D am Accelerate Process —widening and tree recruitment

using stream energy



Gauging system recovery to stage zero

A 4

Habitat Creation _ _
Habitat Restoration

3,200 cy sediment
deposition on floodplain

Beaver
dam Beaver reactivate
5 000 0.2 acre failure Lateral 25 acre floodplain
D mitigation channel Channel avulsion
1,800 -+ pond migration and formation
1,600 constructed Levee Breach
1,400 at beaver dam
25
1,200 flojcj:)Tain Levee
1,000 tree planting geave; N removal Levee
800 C(S:srsda 1on and BDA removal
600 and BDAs
400
200 v l
0

Aug-10 Feb-11 Sep-11 Apr-12 Oct-12 May-13 Nov-13 Jun-14 Dec-14 Jul-15 Jan-16 Aug-16 Mar-17 Sep-17 Apr-18



data

		StreamStats Output Report

		State/Region ID		CA

		Workspace ID		CA20180323205919842000

		Latitude		38.93808

		Longitude		-121.29271

		Time		3/23/18		 1:59:35 PM

		Basin Characteristics

		Parameter Code		Parameter Description		Value		Unit

		DRNAREA		Area that drains to a point on a stream		22.9		square miles

		ELEV		Mean Basin Elevation		596		feet

		PRECIP		Mean Annual Precipitation		28.4		inches

		Peak-Flow Statistics Parameters		100 Percent 2012 5113 Region 3 Sierra Nevada

		Parameter Code		Parameter Name		Value		Units		Min Limit		Max Limit

		DRNAREA		Drainage Area		22.9		square miles		0.07		2000

		ELEV		Mean Basin Elevation		596		feet		90		11000

		PRECIP		Mean Annual Precipitation		28.4		inches		15		100

		Peak-Flow Statistics Flow Report		100 Percent 2012 5113 Region 3 Sierra Nevada

		PIl: Prediction Interval- Lower, PIu: Prediction Interval- Upper, SEp: Standard Error of Prediction, SE: Standard Error (other-- see report)

		Statistic		Value		Unit		PIl		PIu		SEp

		2 Year Peak Flood		697		ft^3/s		232		2100		74.4

		5 Year Peak Flood		1580		ft^3/s		674		3690		54.4

		10 Year Peak Flood		2200		ft^3/s		983		4940		51.5

		25 Year Peak Flood		2940		ft^3/s		1310		6620		52.3

		50 Year Peak Flood		3520		ft^3/s		1510		8200		54.6

		100 Year Peak Flood		4080		ft^3/s		1670		9940		58

		200 Year Peak Flood		4610		ft^3/s		1810		11800		61.5

		500 Year Peak Flood		5310		ft^3/s		1930		14600		67.3






Aerial Time Series 2014 - 2018

Google earth






Before / After







Stage Zero Area



2017



Gauging Evolution to Stage Zero

vabiataubutes | oo | 018 | o ncrease |
Sveamength (fee) | 2383 | doazs | aa0 |
oo |4 [ w | s |
conuerces o] | 3 | 1 | as |

|Stage Zero Area channels,
sheet flow, pond area
(acres) . 22 8800

. W f




Stage Zero Pre Disturbapee

\

=C3ladding:Rad

Post Restoration

Wetland
Mitigation
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Project Goals

Foundational Goal — Restore fluvial processes that create
and maintain dynamic, complex, high quality habitat

Improve and increase instream habitat for native e

aquatic fauna
Improve and increase riparian habitat

Increase stream length and complexity of
channelized and leveed Doty Ravine

Increase groundwater recharge
Control invasive plant species

Integrate active livestock operation within
restoration plan



Habitat Use
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Stage 0 Restoration Approach, Design and

Construction
Paul Powers-Deschutes National Forest







Typical Valley Profile of Meadow Headcut

Headcut advances to here

!

Potential Energy is high
with large elevation change

Wetland Drying/ Wetland(
Vegetation Transition ‘1’ Floodplam B

Kinetic Energy spilling
Over the headcut high
Resulting in a “transport” segment




e sE-LY D

.'.vli&“... :







Traditional Treatment of Typical Meadow Headcut
Construct a rock/log vane structure (step-pools) at headcut in an attempt to prevent cutting of soils/bed

Headcut advances to here

Structures are labor intensive and the ’
potential energy remains relatively high

Wetland Drying/‘ _ Wetland(
Vegetation Transition ‘l, Floodplam

Terrace

Kinetic Energy spilling
Over the structure remains high
Resulting in a “transport” segmen



Lost Cr — The Nature Conservancy
Pre-Construction
Pre- 2012

Meadow converted to dry
upland by headcuts

Wet meadow not yet
drained by headcuts

v




Contemporary Technique for Meadow Headcut
Fill in the incised channel to restore shallow groundwater elevation and
Remove the hydraulic jump and potential energy.

* Potential Energy Is low
* Hydraulic Jump has been eliminated with backwater
effect from fill

Wetland/
Floodplain

Recovered ﬂoodplain/wetland

——-—-—
-

2 B

}
Kinetic Energy spilling over the head cut is low
Resulting in a'|l “depositional” segment

Shallow Groundwater Elevation

7

-~

Fill allows for maintenance/recovery of shallow groundwater
Leading to recovery of riparian vegetation (sedges)
Allows for headcut stabilization.

Implementing for the same price point as rock vane installation




Lost Cr- During Construction
View of the Upper Meadow
(HC#6)

October 2012




Fall of 2012 Summer 2013



Historic Floodplain Condition in Depositional Environments

* Vegetation diversity * High water table

e Elevational diversity * Beaver dams

 Multiple flow paths * Frequent floodplain wetting
* Downed wood * Maximum patch complexity

Future wood supply




Changed Condition in Depositional Environments

* Road building Leads to:

* Conifer harvest * Single incised channel

* Diking and channelization e Loss of water

* Blocking or filling side channels table/wetlands

* Grazing and farming * Altered vegetation types

* Minimal large wood

Altered Stream Power —> change from depositional valley
to a transport channel

N

Stream Evolution Model, Stages 2-5
Cluer and Thorne, 2013



Restoration History:

Stream Power Per Unit Width



Historic Floodplain Condition in Depositional Environments

Stream Power Per Unit Width - Low
* Flow distributed throughout a roughened surface
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Relative Elevation Map Built Around the Geomorphic Grade Line

YT L

o

Light Blue matches GGL
Dark Blue = Below GGL

Pink =up to2 m Below GGL

" Green = 0.3 m Above GGL






















Photo credit Johan Hogervorst






Pollok et al, 2014









Photo credit Johan Hogervorst






Photo credit: Kate Meyer
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Fivemile-Bell Restoration Project: A
Stage 0 Restoration Case Study in Coastal
Oregon

Paul Burns

Fisheries Biologist

Siuslaw National Forest
United States Forest Service
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* Fivemile Creek is the largest tributary to
Tahkenitch Lake on the Central Oregon
Coast.












~.1941 channel in blue

2010 channel in red

&



Leads to:
* Single incised channel
* Loss of water table/wetlands
* Altered vegetation types
* Minimal large wood
* Altered Stream Power —> change from deposition to
transport — even in extremely low gradient valleys

Water table

Channel Evolution Model, Stages 2-4
Cluer and Thorne, 2013






Watershed Processes to Restore

* Valley Bottom: Floodplain Function

— Native Plant Species Re-introduction
* Approximately 100 acres

— Floodplain Interaction
 Removal of Levees (2 miles)
e Regrading of floodplain
e Stream Channel construction (4 miles)
e Decommission Roads (2 miles)
* Enhance Passage at stream/road intersections
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Lower Fivemile
Regrade

Lower Fivemile
Levee Removal

Middle
Fivemile
Regrade

Upper Bell
Regrade




Phase | —2013/2014

Phase Il —2014/2015

Phase Ill — 2016/2017
Phase IV —-2018
Phase V - 2020



Fivemile-Bell Landscape Project
Valley Bottom Restoration - Phase 1

b4
-+ Partial Fill Channel
" B Regrading
" I Levee Removal




Fivemile-Bell Landscape Project

Valley Bottom Restoratlon Phase 2 -

- L —

- == Partial Fm Channel N2 o "

— New Channel ‘ T
— Complete Fill Channel & =~ .
mu Regrading ’ e

- i Levee Removal
' Filling



Fivemile-Bell Landscape Project
Valley Bottom Restoration

—

- Phase 3 T

~—

= |

= 2NN - Partial Fill Channel

— Complete Fi

= Bm Regrading
& ' Levee Removal
—IFilling
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Return to Stage O

Reduction of Stream Power Per Unit Width
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» 30,000 lamprey
ammocetes

» 15,000 sculpin sp
» 14,000 Western

Pearlshell

mussels

» 14,000 3 spine

sticklebac
» 10,000 co

'¢

no juveniles

» Plus 10 ot

ner species




Fivemile/ Bell Groundwater Wells

Groundw ater Wells

Existing Channel

Recontructed Channel

Harry Creek
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Fivemile/ Bell Groundwater Wells

KL ;

=] Groundw ater Wells

Existing Channel

— Recontructed Channel

Harry Creek




P3A2
Groundwater vs Channel Elevation

Work completed

2013 2014 2015 2016 2017 2018







Main Funders:

USFS: Appropriated S and Stewardship
Retained Receipts

Oregon Watershed Enhancement Board

Pacific Coast Salmon Recovery Funds
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Session: Restoring to Stage Zero, Recent Innovations in Restoration Science: Reports from the Field

Design and Implementation of Secondary Channels
in Dry Creek, Sonoma County, California

Purpose of Presentation
Share what we've learned about creating
perennial secondary channels
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Session: Restoring to Stage Zero, Recent Innovations in Restoration Science: Reports from the Field

Design and implementation of secondary channels
in Dry Creek, Sonoma County, California

Background Implementation

Adaptation




Project Location and Setting

Background

Located in Sonoma County near
Healdsburg, California.

Dry Creek is the largest tributary to the
Russian River

- Total watershed area of 217 square miles

« Upper 130 square miles dammed by Warm
Springs Dam

« Lower 87 square miles undammed

, ! Vince's Croek Canyon Road Crook . p—
[ (' Dutcher Creex 2

Naprated wity medticsions, wom Intact bivs, 2012

Graphic source: Inter-fluve (2010; 2011)




Evolution of Dry Creek:

Pre-1850’s:
Undisturbed Alluvial VaIIeyE> Stage 07?

Harvey and Schumm (1985)

Background
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Evolution of Dry Creek:
1850’s-1900’s:
Cattle grazing E> Increased runoff E>Degredation

Background

Harvey and Schumm (1985)
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Evolution of Dry Creek:
1900's-1980’s:

Gravel mining E> Base level lowering E>
Degradation & widening vy o Serm (1558

oy, — — —

Background
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1984 - Warm Springs Dam Built
Change in hydrology E>Vegetation Background

600
a 4~ Pre-Dam (1960-1983)
\
- Y ~#—Post-Dam (1984-2008)
£
f \
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Reprinted from Inter-Fluve, 2010

Comparison of Monthly Median Discharges for Pre- and Post-dam Periods
at Yoakim Bridge (USGS No. 11465200)

Dry Creek Post-Dam
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Dry Creek 1981 (image source: USACE, 1981) Dry Creek Present (image source: Google Earth)



Evolution of Dry Creek:

1984-Present Day:
Vegetation establishment E> Aggradation

Background

Range 38
Station 15,981

Anastemesing Anastomosing
Wet Woodland Grassed Watland
N,

100 4
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Stream Evolution Model: Clugr and Thorne (2013)



Evolution of Dry Creek:

Present Day Conditions:
Aggradation stabilized by vegetation E> Stage 6

Background

* Poorly connected
STAGE 6 off-channel habitat

Quasi Equilibrium
“ @ * Channel is long,
uniform glides
* Lacks bedform and

Koy to percentage of benefits hydraUIICF
100 complexity

/’:"\\ e Less than ideal

@ habitat conditions

for rearing Coho
Stream Evolution Model: Cluer and Thorne (2013) and Steelhead




Dry Creek Habitat Enhancement Project

Background

Important to the recovery of Coho salmon
and Steelhead in the region

Lacks riffle-pool habitat

Enhancement more cost effective than water BIOLOGICAL OPINION
supply pipeline :

Enhance lower Dry Creek for summer rearing
juvenile Coho salmon and Steelh_eavd trout

|
<«
.
‘\6‘

I’ncre.asé pqol-rifﬂe habitat that meéts ‘near-ideal’

conditions for Coho satm(&n and Steelhiead, _n";-
- "

-

¢..";§."«

(Photo courtesy of SCWA)



BO and AMP “Near |Ideal” Coho Rearing Conditions Ny

Habitat Conditions
— Depth 0.5 — 4 feet
— Velocity 0 — 0.5 feet/sec Rosenfeld et al. (2008)

50

ol

3.0

— Adequate shelter/cover
— Good water quality (DO & Temp)

20

Density (number - rri’)

Habitat Type -
~ Pool to riffle ratio 1:2 to 2:1 . = m
Stream-type Ephemeral Intermittent Pond
— Off'Chan nel Off-channel habitat type
>SU mmer prefe rence 3 Rosenfeld and Raeburn (2009)

Stream type habitat
Flowing inlet

Daily growth (%)

» Secondary Channel

il i

Inlet Pond Outlet



Dry Creek Habitat Potential

. . Background
— Multiple channels, known as anabranching, were once common -

in Dry Creek

— Dense vegetation limits natural disturbance and geomorphic
processes that form secondary channels

Dry Creek Present (image source: Google Earth)



Dry Creek Evolution:
Enhancement Concept E>Jump Start from Stage 6 ¢ :teene

Cluer an d Thorne (2013)



Dry Creek Evolution:
Enhancement Concept E> to Stage 8 Background

\ \ W, / Varmped minenid
A S N . / .
~ - P> sharepod

-— o - sggreded anend
atera)

Stream Evolution Model: Cluer and Thorne (2013)




Geomorphic Design Approach

* Unlock geomorphic processes by actively removing dense vegetation and
carving new secondary channels

« Secondary channels designed to provide dynamic and complex riffle-pool
habitat that meets project objectives through diverse hydraulic conditions

« Secondary channels designed using an approach that applies geomorphic
processes at various scales




Watershed Scale: Sediment Supply

Process: High sediment supply from undammed watershed

> Application: Create dynamic features that route and utilize sediment
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Segment Scale: Anabranching

Process: Lower segment of Dry
Creek falls within the anabranching
threshold

» Approach: Use available
space to create multi-
threaded channels

8
10°}
o Hey & Thome, 1986
(Type | & Il channels)
Andrews, 1984
(“thin” riparian vegetation)
] anabranching channels (B)
107}
Horss Creek _,»‘ o o
. near Daniel, WY A -
£ 1S
£ R
®
10-3 .
* Burge, 2005
+ Leopold & Wolman, 1957
+ Kellerhals et al., 1972
brai';g channels (C)
A
107%F A 1
=
3 4 a
E A
%]

BC. Eaton et al | Geomorphology 120 (2010) 353-364

single-thread channels (A)

10° 10* 10° 10°
Dimensionless formative discharge (Q*)

Horse Creek near Daniel, WY

Snake River near Wilsen, WY

Eaton et al. (2010)



Process: Secondary channels form through avulsion into abandoned channels

» Approach: Align through existing abandoned channels and low lying areas

Pri rT.'rge and Lapointe (2005)

Existing Channel



Reach Scale: Secondary Channel

Process: Secondary channels adjust until sediment transport energy equilibrates

» Approach: Match sediment transport energy between branches for high flows

(1-year through 100-year)

New Channel

Existing Channel
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Morphologic Unit Scale: Bifurcation

Process: Bifurcations experience

deposition upstream of the flow split I — - D ——

Hardy et al. (2011) Bertoldi and Tubino {2007) Burge (2006)

» Approach: Create expansive
bifurcation at main channel riffle
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Morphologic Unit Scale: Confluence

Process: Confluences cause

scour with deposition downstream
Best (1986)

» Approach: Return
secondary channel into
main channel at a pool just
upstream of riffle




Morphologic Unit Scale: Pool

10 20m

Process: Pools are maintained U”"’*’amR
where channel narrows through N MacWiliams et al. (2006)
flow convergence

Downstream Riffle
—

Point Bar

» Approach: Constrict
channel width at pools

Wu and Yeh (2005)
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Morphologic Unit Scale: Riffle

Process: Riffles are

maintained where channel
widens relative to pools Caamano et al. (2009)
through flow divergence Bp

» Approach: Widen
channels at riffles
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Morphologic Unit Scale: Meander Bend

Process: Meandering creates
helical flow cells that route
sediment away from pools and
deposits on riffles.

» Approach: Meander
channel in synch with riffles
and pools
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Hydraulic Unit Scale: Large Wood

Process: Large Wood creates
scour through turbulence I

and constriction

Woodsmith and Hassan (2005)

» Approach: Place large
wood in pools




Enhancement Final Design
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Adds complex pool-riffle habitat IZ> diverse hydraulicsE>
‘near-ideal’ conditions for Coho salmon and Steelhead



Implementation

Dry Creek Sites 2C & 2D

Constructed Perennial Secondary Channels
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Dry Creek Site 2C 2016

Before and After Construction
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Dry Creek
Site 2D

Before and After
Construction




Dry Creek
Slte 2D Implementation




Dry Creek Site 2C

WET winter following construction of first site Adaptation
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Post-construction.




Dry Creek Site 2C

Response to first high flow event Adaptation

December Hl@hﬂFIow Event (4000 cfs ~1 5 year)
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e

Wet Winter 2017 Adaptation

70 inches in rain resulted in a 9-week sustained release 1- to 1.5-year event

Flood Pool Release
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Adaptation
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Winter 2017 resulted in 41% of work over past 10 years
Yearly Total Channel Work For >Q1 for the Past 25 Years
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Response to Wet Winter 2017 Adaptation
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Response and Hypothesis

« Monitoring: Secondary channel filled with 2-4 feet of gravel Adaptation
» Depositional pattern as expected
« High flow field observations:
» Flows “bypassing” secondary channel
> Low velocities in secondary channel during high flows
* Modeling:
» Q10-Q100 balance in sediment transport energy
» Q1 shows an imbalance
« Hypothesis: Inlet and mid-channel bar was not large enough to spilit off sufficient
flow and energy during 9 weeks of Q1-Q1.5
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Dry Creek Site 2
Adaptations
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TOE ] SURFACE ELEVATION.
( DEPTH APPROX. 0 FT
A~ M ) TO 2 FT (NOTE 9)

Adaptation

Vegetation removed and grading expanded
Mid-channel island more in center of flow




Dry Creek Site 2C

Adaptations Adaptation

Apex jam enlarged




Expanded inlet
grading and

placed island in
middle of flow

»
~
IR . €







Dry Creek Site 2D

Response to ity
Winter 2018 high flow event
(1500 cfs, ~1-year)

Morphodynamics
Bertoldi and Tubino {2007)

Topo Survey
Burge (2006)

Darker shacing danctes higher elvason
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What did we learn?

* Inlet needed to be more expansive
Mid-channel bar needed to be in center of flow
Needed more equal balancing of energy during lower flow events (1- to 10-year)
Needed to consider flow management anomalies

Low margin of error for perennial habitat in a dynamic setting

Maintenance may be necessary to sustain perennial conditions

Be careful to no overly prescribe objectives
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Session: Restoring to Stage Zero, Recent Innovations in Restoration Science: Reports from the Field r ESA

Design and Implementation of Secondary Channels 4
in Dry Creek, Sonoma County, California
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Watershed :
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Assessment,
Site ldentification
& Initial Design Work
2010 -2014
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Figure 1. Lagunitas Creek Watershed

Lagunitas Creek Winter Habitat Enhancement Sites
Sites 1 - 8 and the Tocaloma Floodplain site.




Goals & Objectives

e Goadl - Increase the winter carrying capacity for
coho and steelhead =>more and larger smolts.

e Godal - improve water quality in accordance
with the Lagunitas Creek sediment TMDL.

e Reconnect Lagunitas Creek to the floodplain.




Lagunitas Creek Channel Geomorphology
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Lagunitas Creek Channel Geomorphology

Lagunitas Creek Cross-Section

Path

90 Lagunitas

Creek Floodplain
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Plans & Specifications, Permitting, and
Construction
2015-2018
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Sites 3 - 6: Bar Apex Jams & Log Debris
Retention Jams for Floodplain Inundation
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Sites 3 - 6: Bar Apex Jams & Log Debiris
Retention Jams for Floodplain Inundation

ite 5 Site 4  Site 3
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{_ RETENTION JAM (LDRJ) WITH TOP
ELEVATION OF 70.25' PER DETAIL ON

TEMPORARY WORK PLATFORM

(N) ENHANCED HIGH FLOW PATH. CLEAR (SE IEET C16)

-Silf NO. 4, INSTALL (N) LOG DEB

VEGETATION AND RACK MATERIAL FROM B HIGH FLOW CHANNEL SIR FRANCIS DRAKE BLVD. NTION JAM (LDRJ) WITH TOI
(E) DOWNSTREAM HIGH FLOW CHANNEL [€) LOG uA 7025' VATION OF 70.94' PER DETAUMJON
ALONG IMPROVED HIGH FLOW PATHWAY.

MATERIAL IN TEMPORARY CONSTRUCTION IEET C12.

ACCESS

USE MATERIAL IN (N) BAJ STRUCTURE.
"N

TEMPORARY WORK PLA M

Y
INSTALL TEMP. COFFER DAM D.S. OF SIT! \N

(SEE SHEET C16)
6 BAJ WITH CREST EL. = 68.0-FT TO PREVENT
BACKWATER INTO CONSTRUCTION ZONE <
SE DETAIL 5, SHEET C15) & (E)UT) POLE

REMOVE (E)

SIR FRANCIS DRAKE BLVD. WILLOWS

CONSTRUCTION l
ACCESS (N) ENHANCED HIGH

FLOWPATH
(E) UNDERGROUND
WATER MAIN CLEAR VEGETATION AND RACK MATERIAL K
PIPELINE FROM (E) HIGH FLOW CHANNEL ALONG
IMPROVED HIGH FLOW PATHWAYS, USE

APPROX. 0.42:-MI TO MATERIAL IN (N) BAJ STRUCTURES s (E) UNDERGROUND

BRIDGE CROSSING ATER MAH

TO SIR FRANCIS _ PIPELINE

DRAKE BLVD. CLEAR VEGETATION AND RACK MATERIAL

Wood Structures - BAJs & LDRIs B e
IMPROVED HIGH FLOW PATHWAYS. USE

_ (N) ENHANCED HIGH FLOW PA! MATERIAL IN (N) BAJ STRUCTURES.
VEGETATION AND RACK MATE

(E) DOWNSTREAM HIGH FLOW HIGH FLOW CHANNEL
R Moo i Lo > Impede Flow

USE MATERIAL IN (N) BAJ STRI

TEMPORARY
CONSTRUCTION
TEMPORARY ACCESS

coneTRLCToN > Raise Water Surface Elevation SR

JAM IN (N) BAJ2 STRUCTURE
CROSS-MARIN TRAIL

(E) UNDERGROUND

> Shunt Water Into Floodplain

S = v-‘/,\_\
MAINTAIN (€)~~— SITE NO.
7 . ACTIVEANDLOW/ 8/~ gay = SITE NO. 3
/ FLOW CHANNELS : B8AJ
A,,\ ( ~ @ ,"Q, (£)LOG J1 » “MAINTAIN (8)
b Z == JERI TEMPORARY . Ao N \ T e \:fgx%mmgg
\ ) e oy 5 S . ., s \
7
5 : TEMPORARY

PROTECT AND
ETAIN (E) LOG JAM

P\ WESA '
L SITE NO. 3, INSTALL (N) BAR APEX
JAM (BAJ) WITH TOP ELEV. 71.47'
PER DETAILS ON SHEETS C9 AND

WATER MAIN )
PIPELINE
DO NOT DISTURB AE T Tomami av PG T
® 106 A o Bl flomoro S @L"Mﬂ M%‘JE?J'ZQ&MIE? DieTl #epy,
e | LAGUNITAS CREEK SALMONID WINTER |\11 |25
iz i [erem v HABITAT ENHANCEMENT PROJECT P
i wiow¢ o e [ McISAAC PLAN UPSTREAM e
] SueD rox 0 [Con [ o | wx [ene S EEaETC W el
[ ] Revson [oaw | Gwo [ aeero | oar | evoweeeag soa CoRBTANT e




Sites 3 - 6: Bar Apex Jams & Log Debris
Retention Jams for Floodplain Inundation

Site 6 Site 5 Site 4  Site 3
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Bar Apex Jam (BAJ

SITE NO. 4, INSTALL (N) LOG DEBRIS
RETENTION JAM (LDRJ) WITH TOP
ELEVATION OF 70.94' PER DETAILS ON
TEMPORARY CONSTRUCTION SHEET C12.
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Log Debris Retention Jam (LDRJ)
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Tocaloma Floodplain Side Channel Excavati
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Tocaloma Floodplain Channel (rendering)
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Tocaloma Floodplain Side Channel

Excavated Channel; Rootballs; and transplanted willows




Objectives for Winter Habitat and
Floodplain Enhancement

» Reconnect Lagunitas Creek to its floodplain.

» Impede Mainstem Flow and Divert Water into
-loodplain Channels.

» Inundate Floodplain Channels at 100 — 300 cfs.

» Provide Flow Refuge for Juveniles and Adulfs -
Slower Water in Floodplain Channels.

» Provide Additional Rearing Habitat for Juveniles.
» Trap Fine Sediments - Spread Water Across Floodplain.

» Enhance Habitat for Salmonids — At Large Wood
Structures and in the Floodplain Channels.




Lagunitas Creek Stream Flows — Winter 2017/2018
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Projects are designed for floodplain inundation at between 100 cfs and 300 cfs




Lagunitas Creek Stream Flows — Winter 2017/2018

Discharge, cubic feet per second
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Floodplain Inundafion
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Floodplain Inundation (Flow ~ 300 cfs
Site 3 BAJ PRV, A
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Floodplain Inundation (Flow ~ 300 cfs

Site 5 LDRJ




Floodplain Inundation (Flow ~ 300 cfs
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Tocaloma Floodplain Channel Inundation




Tocaloma Floodplain Channel Inundation
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Tocaloma Floodplain Channel Inundation
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Floodplain Morphology and Habitat







and Habitat — Sediment Sorting




Floodplain Morphology and Habitat — Sediment Sorting




Floodplain Morphology and Habitat — Instream Enhancement

Wood
Recruitment




Floodplain Morphology and Habitat — Instream Enhancement
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Floodplain Morphology and Habitat — Instream Enhancement
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Floodplain Morphology and Habitat — Instream Enhancement

Gravel
Accumulation




Monitoring

> Water Level/Stage Data
Loggers.

> Time-Lapse Cameras.

Both Coupled with USGS
Stream Gages.

> As-Built Survey, including

Longitudinal Profile Survey.

» Salmonid Trends Surveys -

Juvenile, Adult, Smolt
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