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1.0 Introduction

The Bureau of Reclamation’s (Reclamation) Technical Service Center was tasked with
generating restoration design concepts to complement the Lower Chewuch Reach Assessment
(LCRA). The LCRA was largely written by Methow Salmon Recovery Foundation (MSRF).
However, Reclamation also supported MSRF by providing hydraulic modeling of the Chewuch
River and hydraulic and geomorphic analyses along the river (Byrne and Hurst 2025). The
restoration design concepts discussed within this report are the product of discussions with
MSREF and other project partners. As discussed within the LCRA and below, the overall goal of
the restoration concepts is to improve habitat and assist in the recovery of Bull Trout, Upper
Columbia Spring Chinook, and Upper Columbia Summer Steelhead through the enhancement of
several river factors that influence the life stages of these species.

1.1  Lower Chewuch River Geomorphic Setting

The Lower Chewuch River is considered here to be the most downstream twenty miles of river
from Winthrop upstream to Twentymile Creek (figure 1). The Chewuch River basin at its
confluence with the Methow River has a contributing drainage area of 524 square miles and a
mean basin elevation of 5290 feet (ft), which drives a predominantly snowmelt driven
hydrograph (U.S. Geological Survey 2019). The Chewuch River between River Mile (RM) 20
and 0 can be characterized by stretches of pool-riffle morphology interspersed with stretches of
more uniform width and depth. Those river morphologies are created due to the contributing
hydrologic and geologic characteristics. River slope often drives changes in river morphology
along the Chewuch River. The average slope of the lower 20 miles is 0.0056, but tributaries
drive slope breaks and the lower 9 miles have reaches with ranging from 0.004 to 0.018. Valley
confinement can also provide geological control on river form with valley walls and tributary
fans being common along the Chewuch River. Finally, grain sizes along the river are
predominantly in the large gravel to moderately sized cobbles, but downstream from tributaries
and in higher stream power locations large cobbles and boulders are present as well.
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river miles increase in the upstream direction.
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1.2 Lower Chewuch River Concept Locations

Restoration design concepts included within this report focus on two sections of river between
river mile (RM) 9.5 and RM 1, which is located a mile upstream of the Chewuch River
confluence with the Methow River. Above RM 9.5, previous large wood-focused concepts were
already developed (Byrne et al. 2024). The two sections of river this report focuses on are from
RM 9.5 to 7.5 and RM 5.5 to 1. The section of river between RM 7.5 and 5.5 was understood to
already have a restoration effort underway, so concepts were not developed along that stretch of
river. The concepts were organized into restoration project areas based on the prioritization
reaches defined in the broader LCRA. Prioritization reaches are used within the LCRA to
describe two assessment units, Chewuch-Pearrygin and Chewuch-Doe, which are components of
the Habitat Action Prioritization within the Upper Columbia River Basin (UCRTT 2021a;
UCRTT 2021Db). Figure 2 shows the location of the project areas and the concept maps included
in appendices A and B. The project areas are delineated by RM and generally correspond to
different prioritization reaches within the Pearrygin assessment unit:

e RM 9.5-8.5: Pearrygin 8
e RM 8.5-7.5: Pearrygin 7
e RM 5.5-4: Pearrygin 4

e RM 4-.5: Pearrygin 3

e RM 2.5-1: Pearrygin 2
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Figure 2.—Concept locations between Chewuch RM 9.5 and 1 developed for the Lower

Chewuch Reach Assessment. See appendices A and B for maps and concept details within each
polygon.
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1.3 Lower Chewuch River Hydrology

Hydrologic analysis for the hydraulic modeling and geomorphic assessment that supported the
LCRA documented ecologically relevant flows at the Chewuch River gage (U.S. Geological
Survey [USGS] gage 12448000) (Byrne and Hurst 2025; LCRA 2025). The Chewuch River gage
is located at approximately RM 0 at the confluence of the Chewuch River with the Methow
River in Winthrop, WA. As part of the hydraulic modeling of the reach, the gage flow was
partitioned into contributing area-weighted flows at the major tributary locations. The
proportioned flows represented estimates of the contributions of the largest, ungauged tributaries
in the basin.

The restoration concepts developed between RM 0 and 9.5 include two of these large Chewuch
River tributaries: Boulder Creek and Cub Creek. Boulder Creek is located at approximately
RM 9.5 and provides the upper boundary of the concept development. Cub Creek flows into the
Chewuch River at approximately RM 7 and was the last large tributary included in the area-
weighted proportioning of flows. Therefore, the restoration concepts developed from RM 9.5 to
7.5 were informed using the hydrology between Boulder Creek and Cub Creek, while the
concepts from RM 5.5 and 1 were informed with the flow totals downstream from Cub Creek,
which are also equal to those at the Chewuch River gage (table 1).
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Table 1.—Hydrology of reaches of interest in restoration concept development (adapted from Byrne
and Hurst 2025)

Estimated Flow Between Boulder Estimated Flow Downstream from Cub
Flow Creek and Cub Creek Creek at Chewuch Gage
Description (cubic feet per second [ft3/s]) (ft3/s)
Mean annual low 43 47
September mean 72 79
August mean 114 126
March mean 129 142
July mean 373 412
April mean 540 596
1.01-yr event 625 689
1.05-yr event 1208 1333
1.11-yr event 1597 1762
1.25-yr event 2159 2382
1.5-yr event 2798 3087
2-yr event 3605 3977
2023 peak 5385 5940
5-yr event 5562 6136
10-yr event 6569 7247
25-yr event 7807 8612
50-yr event 9282 10240
100-yr event 10669 11770

1.4 Lower Chewuch River Hydraulic Modeling

The modeling conducted for the LCRA geomorphology and hydraulics report was used to inform
restoration concept development (Byrne and Hurst 2025). The modeling terrain was developed
from a combination of 2022 topobathymetric and 2018 topographic lidar datasets. Several direct
products of the hydraulic modeling were used to inform concept development including depth,
velocity, inundation extent, and water surface elevation. Secondary products created using
hydraulic model outputs and used in concept development included unit stream power and
relative elevation maps. All hydraulic model outputs will be included with a geodatabase

supplementary to the full LCRA.



Technical Report No. ENV-2025-076
Chewuch River Design Concepts — River Miles 9.5 to 1

The restoration concept maps included in appendices A and B display two of the products that
informed concept development: the September mean flow depth and the relative elevation of the
ground surface to the July mean water surface elevation. The September mean flow was chosen
as an indicator of the lowest average monthly flow. For the RM 0 to 9 reaches, large wood and
rock structures were placed to always interact with flow throughout the year. Higher flow depths
and velocities were also used to understand different scenarios, while bankfull unit stream power
was used to best understand transport capacity throughout the project areas. Finally, higher flow
inundation extents and the relative elevation mapping was used to understand floodplain surface
elevations in relation to side channel activation and potential enhancement.

The concepts were developed with river conditions defined by the latest lidar flight in 2022 and
hydraulic modeling and geomorphic analysis based on the lidar dataset (Byrne and Hurst 2025).
Because of the dynamic nature of rivers, topography along the river may have shifted since the
lidar flight. Additionally, in at least one location, construction of an altered diversion-canal
system was not included in the 2022 terrain.

1.5 Large Wood Risk Assessment

A large wood risk assessment was also completed for the LCRA geomorphology and hydraulics
report (Byrne and Hurst 2025). The large wood risk assessment quantified risk potential based on
Reclamation’s Property Damage Risk Matrix (Reclamation 2014). Hydraulic modeling results
including depth and velocity, as well as river characteristics like slope, longitudinal distance, and
lateral distance, were used calculate a risk score for property damage. The results of the risk
analysis are shown in figure 3 (Byrne and Hurst 2025).

As is indicated by the red shading in figure 3, the two most upstream restoration sites have the
greatest risk found in the lower 20 miles of the Chewuch River. The high risk between RM 9.5
and 7.5 is due to both high stream power and infrastructure along the river, which elevate the
stream response risk and property risk, respectively. The property risk remains relatively high for
the entirety of the RM 0 to 9 reach, which is to be expected as the river approaches the more
populated portions of the Chewuch River valley near Winthrop, WA. Decreases in property risk
between RM 5.5 and 2.5 indicate good locations for broader floodplain restoration due to a lack
of infrastructure, but risk to infrastructure further downstream should still be considered.
Because of these risk factors, restoration concept development for the project areas considered
only engineered large wood structures rather than self-ballasted loose large wood placement.
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Figure 3.—Components of risk computation and overall risk score calculated at each 1/8-mile segment.
The top plot shows the individual risk scores for lateral and downstream property risk as well as stream
response risk. The bottom plot shows property risk and stream response risk, which are combined to
estimate total risk. Darker shades of red represent more risk. (from Byrne and Hurst 2025).

2.0 Chewuch River Restoration Framework

The restoration concepts were developed in supplement to the LCRA, which provides the full
framework for restoration needs and objectives within RM 0 to 9.5. However, a summarized
approach to restoration needs and objectives is presented below. In addition, this report
documents the specific actions within the restoration design concept maps to help interpret how
each restoration action is addressing the needs and objectives.

2.1 Restoration Needs

The LCRA developed revised limiting factors for each of the reaches in the lower 20 miles of the
Chewuch River including those that are the focus of these conceptual restoration designs:
Pearrygin 2, Pearrygin 3, Pearrygin 4, Pearrygin 7, and Pearrygin 8 (table 2). Restoration needs
are largely defined by the target species of interest, which include Bull Trout (Salvelinus
confluentus), Upper Columbia Spring Chinook (Oncorhynchus tshawytscha), and Upper
Columbia Summer Steelhead(Oncorhynchus mykiss). Based on the LCRA’s analysis of current
Chewuch River conditions and the development of reach-based ecosystem indicators, limiting
factors were developed for each prioritization reach.



Technical Report No. ENV-2025-076
Chewuch River Design Concepts — River Miles 9.5 to 1

The rating given to each Pearrygin and Doe reach for each limiting factor are shown in table 2.
All the reaches with design concepts presented here were rated unacceptable regarding summer
base flow and rearing temperature conditions. Most of the reaches of interest are also rated
unacceptable for pool quantity and quality and wood cover conditions. Other largely at-risk
limiting factors for these reaches include floodplain connectivity, the riparian condition, and
riparian canopy cover. Pearrygin 2, 3, 7, and 8 were also rated as either unacceptable or at risk
for bed conditions including grain embeddedness and the quantity of fines in a reach. For fish
spawning, reaches would not have too coarse or too fine material, but have a large percentage of
gravels or small cobbles.

Table 2.—Limiting factors for the Pearrygin and Doe reaches as defined in the LCRA
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2.2 Restoration Objectives

The goals of the restoration design concepts are to improve river conditions for the benefit of the
salmonid species of interest and address the limiting factors considered for each reach. However,
individual restoration actions can also address specific restoration objectives common to a
process-based understanding of river corridors and the characteristics that are symptomatic of
beneficial fish habitat. Those process-based habitat characteristics include the hydraulic,
geomorphic, biological, and water temperature conditions of the river. The restoration objectives
for each of these characteristics are described below.

2.2.1 Hydraulic and Geomorphic Objectives

A main objective of the design concepts was to create more dynamic and heterogeneous
hydraulic flow conditions within the Chewuch River main and side channels. Specific restoration
actions that can greatly impact river hydraulics include the addition of large wood structures or
boulders. In addition, a new or more frequent connection to a side channel can also drive
hydraulic complexity in those locations. For large wood or boulders, the addition of structure and
roughness within the main channel will decrease flow conveyance at that location but increase
conveyance adjacent to the structures. This will drive differences in flow depths and velocities
across a river cross-section to provide a wider distribution of flow environments within a
channel. Increasing flow through side channels will redistribute flow conditions at the flow split
at the channel entrance but also increase flow through more complex off-channel habitats.
However, the amount of flow diverted off the main channel should be considered during periods
of lower discharge in the river.

Geomorphic objectives and specific actions are often closely linked with changes in river
hydraulics. Creating more diversity in flow conditions is also likely to create greater amounts of
sediment sorting within the channel. Large wood and boulder additions will also have
geomorphic effects. Scour pools generally form around wood, providing increased depths that
also have the benefit of providing cover. Individual boulders, while unlikely to create a deep
scour pool, are a geomorphic feature themselves, which will alter flow velocities in the
surrounding area leading to local sediment sorting as well. Other restoration actions can also
impact the geomorphology of the riparian and floodplain areas. Large wood structures can help
build a floodplain, while infrastructure removal or benching of a channel bank can directly alter
the surfaces and provide increased connectivity within a river system. In addition, the placement
of structures within the channel can initiate more dynamic river processes and alter channel
banks or initiate indirect changes in river form. A more diverse and dynamic geomorphic river
corridor will likely produce a more diverse and dynamic biological system as well.

10
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2.2.2 Biological Objectives

As noted, the overall goal of the LCRA and these restoration design concepts is to promote
suitable habitat for and recovery of Bull Trout, Upper Columbia Spring Chinook, and Upper
Columbia Summer Steelhead. While it is the objective of the complete restoration concept
designs to propose enough improvement in river conditions to achieve that goal, individual
restoration actions are likely to be beneficial to specific species or life stages of the target
species. For example, a deep scour pool near a wood structure might be good habitat for adult
holding, while riparian and side channel connections are likely better for juvenile rearing. Each
of the restoration actions introduced above has a biological impact on the river corridor and will
promote increased beneficial habitat to the fish species.

2.2.3 Temperature Objectives

As shown in table 2, water temperature is a major limiting factor across all prioritization reaches
of the Chewuch River. The LCRA documents specific locations within the lower 20 miles of the
Chewuch River that provide cold water inputs. However, none of those cold-water input
locations occur within the design concept locations here. Therefore, no direct temperature
restoration actions, such as increased canopy or large wood cover at a cold-water input, are
introduced here. However, several of the restoration actions taken across the reaches discussed in
this report will impact river temperatures. In general, large wood should help to provide cover
and shade to the water column to prevent further warming. Wood structures that develop a
deeper scour pool will also produce colder water habitat in those locations. Increased riparian
and canopy cover can help provide cover and shade. Side channel grading may allow connection
to shaded cold-water patches as well.

2.3 Restoration Actions

The restoration design concepts developed within this report are focused on four types of
instream, riparian, and floodplain actions as defined in the LCRA: (1) instream habitat
complexity, (2) riparian restoration, (3) side channel and off-channel habitat restoration, and (4)
floodplain restoration and reconnection. Restoration actions identified within this report include
increasing instream habitat through the addition of large wood and boulders, creation of or
improving riparian habitat, and improving connectivity and side channel habitat through the
grading of the existing topography. Each of the proposed actions is discussed below with
descriptions of what the structure or treatment might include.

2.3.1 Large Wood

Different types of large wood structures are used throughout the restoration community. Within
this document, we have selected several engineered structure types that may serve as conceptual
placeholders for more specific project designs. The size and location of the structures within this

1



Technical Report No. ENV-2025-076
Chewuch River Design Concepts — River Miles 9.5 to 1

report is meant to represent a unique symbol on the design maps in the appendices. However, if a
design moves forward to a project scale, practitioners should perform project-scale analyses to
determine the most appropriate structure designs and specific locations. Several types of jams are
described below. All wood, apart from floodplain wood assumed to be added with side channel
enhancement, were placed to be in contact with river surface water at low flow. Under high flow
conditions, many of these structures are completely within the river flow or at least a substantial
amount of the structure interacts with the river.

Larger wood jams like apex, bar-development, and deflector jams will have substantial effects on
river hydraulics, especially at high flows when sediment is being transported. Therefore, those
structures also will likely influence not just hydraulics, but sediment sorting within the channel.
Smaller wood structures like those made for bank habitat or within side channels are likely to
have local scouring around individual logs but may not alter channel form to the same degree.

The large wood risk assessment introduced above considers the potential risk of large wood to
infrastructure based on stream power conditions but does not consider instream risk of large
wood to river recreators and boaters. While river users were discussed during concept
development, it was decided that the reaches were appropriate for large wood structures, but that
recreator and boater risk should be considered a project level constraint. Therefore, future project
development should further consider large wood structure risk to river users.

2.3.1.1 ApexJam

Apex jams are large structures at the apex of a mid-channel bar or other location where a goal is
to accentuate or create a flow split. Apex jams typically develop large scour pools at the
upstream extent of the jam as well as cover within this pool, especially if root wads are included
in the upstream facing portion of the jam. These jams can mimic natural wood racking that might
occur at a bar apex, but also once in place rack more wood to increase the size of the jam as well.
If a bar does not already exist at a location where an apex jam is constructed, a downstream wake
zone and eddy may lead to the creation of a bar behind the structure, with local flow acceleration
around the sides. Typically, apex jams were placed at the apex of an existing mid-channel bar or
on a point bar to encourage split flow around the jam. In addition, these structures were also at
times place immediately downstream from a side channel connection to help enhance
connectivity.

2.3.1.2 Bank Habitat Structure

Bank habitat structures are typically smaller structures embedded into the channel bank to create
scour pools and provide cover habitat. Bank habitat structures impact local hydraulics and
channel form but are likely not large enough to substantially alter the hydraulics and form of the
entire channel. Bank habitat structures are often important in systems with degraded riparian
connectivity and cover. Placement of these features often focused on locations with banks that
lacked cover, shade, or riparian complexity, especially locations with deeper water that could
provide more habitat.

12
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2.3.1.3 Bar-Development Jam

A bar-development jam is a relatively large jam that is constructed along a channel bank.
Typically, the structure would protrude into the main channel and push flow toward the opposite
bank while simultaneously creating lower velocities behind the jam, especially at high flows.
Either with excavated material placed behind the jam or by natural deposition in the downstream
shadow of the structure, a bar can develop, and a higher surface created. This type of feature can
therefore be used to constrict the channel and concentrate flow along the opposite bank. This
type of jam often takes up a significant portion of the original channel width so it can have large
effects on the river thalweg and channel shape. Placement of bar-development jams along the
Chewuch River focused on locations where the river is relatively straight and forcing water
toward the opposite bank may increase geomorphic processes.

2.3.1.4 Deflector Jam

Deflector jams are a moderately sized wood jam placed along one side of the river. The purpose
of such a jam is to deflect flow toward the opposite bank. These types of structures could be used
in tandem with other jams. For example, often in these concepts the jams are placed slightly
upstream of an apex jam to increase the amount of flow that is pushed against the apex jam. A
deflector jam could also be used to push water toward the opposite bank with bank habitat jams
or without any other wood to concentrate flow and create more hydraulic and geomorphic
heterogeneity throughout the reach. In addition, these jams can help side channel connectivity if
placed immediately downstream from the mouth of a side channel.

2.3.1.5 Floodplain Wood

Floodplain wood is typically smaller than main channel wood and added to existing or enhanced
side channels. The wood can provide hydraulic complexity and cover within side channels that is
beneficial to off-channel habitat. Often, this wood is not ballasted or secured as much as main
channel wood due to the lower flow depths and velocities. That means the wood can mobilize at
higher flow events but is likely to re-rack on nearby wood in complex side channel settings or
have little risk if transported further downstream. Floodplain wood was not shown specifically
on design concept maps, and placement would need to be a focus at the project-scale.

Low-tech restoration strategies could also be used in existing or enhanced side channels. Low-
tech restoration typically involves the introduction of pile assisted log structures or beaver dam
analogues. On a larger river like the Lower Chewuch River, these strategies are likely too small
for the main channel but could be used to mimic or enhance beaver activity along the floodplains
of the Chewuch River. Some beaver activity has been noted along the Chewuch River, though
limited in scale and impact. The beaver activity that does exist is often at the downstream end of
river meanders on the floodplain surface.

2.3.1.6 Representation of Large Wood Structures in Design Concept Maps

While most of the restoration concepts are depicted as lines or polygons on the maps, three types
of large wood structures were created using simplified, scaled large wood drawings. Pieces of
large wood in these structures were 40 ft long, 1.5 ft wide along the trunk, and 3 ft wide at the
root wad. This size was used to represent a realistic size log used in restoration projects. The

13
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three large wood structures with identifiable drawings were the apex, deflector, and bar-
development jams. Bank habitat wood was depicted as polygons as multiple structures could be
placed in these locations. An example of the shapes of the different wood structures is shown in
figure 4.

M Il corceptual Large Wood Structures [ ] Benching/Alcove
A =21 ank Habitat Large Waod Mourishment Bar
° 125 250 US Feet =~ Side Charinel Enhancement -1 Riparian Treatments

Figure 4.—Example of shapes used to represent the large wood structures depicted in the concept
maps.

2.3.2 Boulders

In addition to large wood, boulders are also commonly used in river design and restoration. In
these restoration concepts, boulders are not used in the context of riverbank stabilization like rip-
rap. Instead, boulders are used within these concepts to adjust river form or provide structural
impediments to flow that will alter flow hydraulics and geomorphic characteristics of the river
corridor. Boulders can also provide habitat benefits to both adults and juvenile fish. Often
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boulders in the design concepts were placed as clusters in sections of river along valley walls
where large wood may not be as common. Also, boulder piles were used in place of large wood
jams in the highest stream power areas where there may be too much risk to place wood jam.

2.3.3 Riparian Treatments

Riparian treatments include revegetation and riparian enhancement of the floodplain and along
channel banks. Often floodplain surfaces can be degraded due to logging, historical land use,
disconnection from the water table, fire, or various other reasons. If a previously forested reach
no longer has a canopy, that can lead to warming of the river and lack of large wood recruitment.
Revegetating the floodplain surface can help, in the long-term, reverse those trends. More
immediate effects to the riparian corridor can be achieved with the planting of willows or other
near-channel species that may become inundated annually and provide cover along river margins
or side channels for fish. Finally, riparian treatments may be included with side channel
enhancement to provide improved conditions on a newly excavated channel.

2.3.4 Channel and Floodplain Grading Strategies

2.3.4.1 Benching

Benching is a technique to lower a high channel bank to become inundated by river flows more
frequently. Because the surface will inundate more frequently and is closer to groundwater when
not inundated, the surface can be planted with riparian vegetation, if desired. Benching can
provide refugia for juvenile fish, which can be lacking in a system with high, infrequently
inundated banks without riparian vegetation. While used in limited amounts within these design
concepts, high baren riverbanks were the focus of benching locations.

2.3.4.2 Nourishment Bar Development

Nourishment bars are proposed in certain locations with native, excavated material from side
channels. The placement of the fill allows the sediment to become mobile at higher flows when
the sediment can be redistributed naturally by the river flow. If placed in locations with
complexity, whether in the form of large wood jams or other features to create a range of
hydraulic conditions, the river is likely to sort the sediment into size classes, some of which are
beneficial to fish spawning.

2.3.4.3 Side Channel Enhancement

Side channel enhancement in these restoration design concepts focused on existing side channel
locations that would provide the easiest opportunities for improved functionality. Side channels
were identified using hydraulic model outputs to determine the predicted frequency of
connection at higher flows. Enhancing these existing side channels may include excavation of
the channels to increase the frequency of inundation. Large wood or riparian planting along the
side channel may also be utilized to promote structure and cover along the side channel.
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2.4 Expected Effects of Restoration Actions

Each restoration action in the design concepts addresses a specific reach limiting factor and
affects the hydraulic, geomorphic, biological, and water temperature objectives. Table 3
identifies the limiting factor that can be altered by each restoration action. Restoration action
effects on the limiting factor might be immediate or due to geomorphic changes created by the
restoration action. For example, an apex jam will immediately provide wood cover, but the
structure will also alter river hydraulics and likely lead to changes in river substrate. Table 4 lists
the specific restoration actions and their potential effects on river hydraulics, geomorphology,
biology, and water temperature. All the restoration actions have multiple beneficial effects on the
process-based habitat characteristics.

Table 3.—Identifying the restoration actions that help address each of the limiting factors
Form
Large Wood Addition | Vegetation| Channel and Floodplain Grading
g E @ s
g 2| .|3 s | 8| E | &
= - -—
] b= 5 i é 7 § 8 &’ ;-; g 5
© v S - Id-) © E < S E
2| ®| a| 6| £ ] o S g o S o
s 2| e|T|8| 3 = > 2 E | G¢
& 5| 9| 2| = ] c £ 0 & v 8
<| 8| 3| %8 0 u = 2 ‘= T <
I 4 4 o = - - 3 T S
Prioritizati oo o S < n 3 @
rioritization ot : — o Q ©
.. < s L = m & Z
Limiting S| & & =
Factor
Bank stability X | X X
Coarse X x | x X X
substrate
Embeddedness
Fines
Fl lai
codplain X X X X
connectivity
Off/sid
/side X X X
channels
Pool qua.nt|ty x| x| x
and quality
Rlpar.laTn X X X X
condition
Riparian - X X X
canopy cover
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Form
Large Wood Addition | Vegetation| Channel and Floodplain Grading
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Table 4.—Restoration actions and corresponding hydraulic and geomorphic, biological, and temperature objective effects on river conditions

LCRA Restoration Actions

-Redistribute flood flow

-Increase flow complexity/heterogeneity
-Create and maintain scour pool

-Create low velocity (depositional) areas
downstream from structure

-Juvenile cover and feeding habitat
-Adult carcass racking/retainment

Engineered Wood
Structure Type Hydraulic and Geomorphic Effects Biological Effects Temperature Effects
Apex jam -Raise upstream water surface elevations -Adult holding and cover -Creates deep colder pool

-Possible location of hyporheic
exchange/expression

Bar-development
jam

-Create low velocity (depositional) areas
downstream from structure

-Promote deposition of finer grain substrates
downstream from structure

-Push water toward the opposite riverbank
-Create flow convergence within channel adjacent
to structure

-Increase flow complexity/heterogeneity

-Floodplain vegetation growth
-Juvenile flood refugia habitat
-Potential adult spawning habitat
development

-Possible location of hyporheic
exchange/expression

Bank habitat jam

-Dissipate velocities along bank

-Local scour around wood

-Bank stabilization

-Increase flow complexity/heterogeneity

-Juvenile cover and feeding habitat
-Adult holding and cover

-Wood structure provides shading
along river bank

Deflector jam

-Create decreased velocities behind the jam to a
lesser extent than a bar-development structure
-Create flow convergence adjacent to the jam,
which may scour the thalweg

-Increase stream bed heterogeneity

-Juvenile cover and feeding habitat
-Adult spawning habitat
development??

Floodplain wood

-Add structure to side channels and flow paths
-Increase variability of flow conditions within side
channels

-Floodplain vegetation growth
-Juvenile flood refugia habitat
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LCRA Restoration Actions

Other River Form Additions

Form Addition

Hydraulic and Geomorphic Effects

Biological Effects

Temperature Effects

Boulders -Add flow complexity/heterogeneity to channel -Adult holding and cover

-Dissipate hydraulic energy -Juvenile cover and feeding

-Create hydraulic scale deposition and erosion habitat, primarily steelhead

around boulder

-Push flow into accessible side channels in high

energy locations

Mechanical Adjustment of River and Floodplain Form

Adjustment type Hydraulic and Geomorphic Effects Biological Effects Temperature Effects
Infrastructure -Allow for more natural flow dynamics on -Increased habitat diversity and -Potential to increase floodplain
removal floodplain surface connectivity for all life stages connectivity and associated

-Remove infrastructure control of channel form recharge of shallow groundwater

-Increase/promote lateral migration and bank and returns to the river

erosion
Side channel -Increase frequency of inundation on higher -Increase juvenile habitat volume |-Enhance access to off-channel
grading surfaces adjacent to main channel and connectivity cold water patches

-Restore low(er) flow connections between

mainstem and side channels
Benching -Increase frequency of inundation along channel | -Enhance riparian/bank vegetation

margins
-Can be used to increase channel conveyance
adjacent to wood structure

(shade and cover at channel
margins)

-Flood flow refugia, primarily for
juveniles

Nourishment bars

-Provide native river material to reorganize, an
important process in sediment sorting

-Potential development of sorted
bed material used for spawning
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LCRA Restoration Actions

Riparian Treatments

revegetation

-Slow floodplain flow velocities

structure, and canopy cover

Type Hydraulic and Geomorphic Effects Biological Effects Temperature Effects
Willow baffles -Slow streambank velocities/increase bank -Juvenile cover and feeding habitat | -Localized shade
roughness
-Create undercut banks
Floodplain -Floodplain and streambank roughness -Increase riparian species diversity, |-Increase shade for stream

temperature moderation
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3.0 Restoration Concept Summary

Reach-scale restoration design concepts are detailed on maps in appendices A and B between
RM 9.5 and 0. The restoration concepts were developed using the restoration strategies described
above to most appropriately address the limiting factors within the prioritization reaches of
interest. The limiting factors of each reach are included in table 2 above and on each concept
map. The restoration strategies that address each limiting factor are also noted on the map. The
reach-based restoration design concept shapefiles as well as supporting modeling and relative
elevation mapping will be released as part of a geodatabase associated with the LCRA.

The Chewuch River exhibits considerably different characteristics in several of the project areas
of interest, and this leads to differences in concepts. Each project area is summarized below
according to its defining geomorphic and hydraulic characteristics:

e RM 9.5-8.5: Pearrygin 8 — A steep reach with high stream power. It has a large
floodplain but also contains infrastructure, and much of the floodplain surface is
protected by a boulder fill levee. A perennial side channel on the surface exists through a
diversion. Chewuch Dam defines the downstream end of this reach.

e RM 8.5-7.5: Pearrygin 7 — This reach has decreasing stream power from the upstream
reach, but stream power is still relatively high. Two side channels, which connect
annually or every other year, exist on a low floodplain surface. The downstream end of
the reach is constricted between a large alluvial or colluvial fan on the east and the
bedrock valley wall on the west, but a smaller floodplain surface exists between the two
geomorphic features.

e RM 5.5-4: Pearrygin 4 — A meandering portion of the Chewuch River that has a
substantial floodplain surface. However, the river is still partly confined, and the outer
bank of the channel is eroding into the valley wall for a length of the river. A large
number of side channels could provide opportunities for further floodplain connection.

e RM 4-2.5: Pearrygin 3 — The first mile of the reach is defined by an expansive floodplain
before a combination of riverbank armoring and valley wall confine the river down to a
smaller corridor. The upstream mile of the reach has ample opportunities for floodplain
connection or increased river channel complexity, while the downstream half mile is
likely limited to smaller pockets of restoration opportunities.

e RM 2.5-1: Pearrygin 2 — A confined reach of the Chewuch River, small pockets may
exist for wood or boulder enhancement of the channel. The downstream extent of the
reach ends at Fulton Dam, which provides a hydraulic control for about a quarter of a
mile upstream.

Because this document is in support of a reach assessment, the focus of the restoration concepts
is based on reach-scale hydraulic modeling and assessment. Further data collection and
inspection of project-specific sites is likely needed as specific projects move toward alternative
selection and final design.
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Figure A-1.—Design concepts for the Chewuch River within a portion of Pearrygin 8.
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Figure A-2.—Design concepts for the Chewuch River within a portion of Pearrygin 8.
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Figure A-3.—Design concepts for the Chewuch River within a portion of Pearrygin 8.
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Figure A-4.—Design concepts for the Chewuch River within a portion of Pearrygin 7.
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Figure A-5.—Design concepts for the Chewuch River within a portion of Pearrygin 7.
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Figure A-6.—Design concepts for the Chewuch River within a portion of Pearrygin 7.
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oppor‘tunity for side channel reconnection. \ - Embeddedness ® | BO,LW,N8
e - el Fines @ | Bo,LW,NB
Deflector and apex Floodplain Connectivity | © |BAIR.LW,SsC
jams positioned to Off/Side Channels ® | BALW,SC
push flow toward river L | Pool Quantity and Quality | ® w
left and existing side R\ Riparian Condition o |eammnse
channels. Riparian - Canopy Cover BA, RT, SC
Summer Base Flow ® | BO,LW,SC
Temperature - Rearing ® | ALLW,sC
Wood - Cover o w

® Acceptable © AtRisk ® Unacceptable

T

Infrastructure is
positioned on a terrace f
Imore than 15 feet

Apex jam to help split flow onto
low swale on the point bar.
Supplementary bank habitat
above the 2-yr flow structures can help provide
event water surface - complexity along river left
elevation. M - Achannel bank.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

/\  River Miles Il Conceptual Large Wood Structures [2°] Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;

i : BO - boulder;
£ " Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy LW - large wood:
ow —> : _ B 13 NB - nourishment bar;
‘ @ Engineered Wood [l Boulders Nourishment Bar o i RT - tiarian weatinent
Natural Wood J — G o Rina SC - side channel
0 250 500 US Feet O ra am Side Channel Enhancement . Riparian Treatments B st 10 Bkl Sotioms e i

I . | —— Contours (5-ft) B 0 within a given reach
Figure A-7.—Design concepts for the Chewuch River within a portion of Pearrygin 4.
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A-8

Pearrygin 4 - RM 5.5-4 - At approximately RM 5, a restoration project was NN 5 Wl pearrygin 4
previously constructed. Additional large woed could help support continued e : S Limiting Factors
long-term activation. Downstream continued side channel activation and - :

iti i * Bank Stability L RT, LW
additional large wood could add heterogeneity to the river sstem. St s s
Embeddedness L] BO, LW, NB
Currently two linear swales : = = Fines ® | BO,LW,NB
_ separated by higher ground. Tl Floodplain Connectivity | © [BAIR.LW,SC
Deflector jam to helpush more =1 The channels connect at 1.5-yr Qff/Side Ch‘annals : ® | Bawsc
water toward existing flow event. Potgntlal tq regrade Pool Quantity and Quality . LW
restoration project side channel these channels into a single Riparian Condition SU| kit
and wood structures. maore meandering side channel. Riparian- Canopy Cover | © | BARLSC
Summer Base Flow ® | BO,LW,SC
Temperature - Rearing ® | RILW,SC
=—_|Wood - Cover o w

table © AtRisk Unacceptable

Bank habitat jams

< |to add complexity
W |along relatively R

N uniform split flow

Deflector jam to help raise water
surface elevations and push Apex jams at depositional
water river left toward lower locations where large wood
surfaces. might naturally accrue. Jams can
help split flow, increase flow
complexity, and bed material
heterogeneity.

Bar development structure and
nourishment bars could encourage
split flow and also concentrate flow|
against the outside, riparian dense
bank in the existing channel.

River right bank is high with
limited canopy.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
[number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

/\  River Miles I Conceptual Large Wood Structures |

-\ Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;

BO - boulder;

" Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy LW - large wood:
< ‘ ow —> : _ B 13 NB - nourishment bar;
® cengineered Wood [l Boulders Nourishment Bar B oS RT - riparian treatment;
Natural Wood J — G o Rina SC - side channel
(I) 250 5t|:-c:- US Feet O ra am Side Channel Enhancement Riparian Treatments g 545 10 Fokl sctons ave Gkl
. —— Contours (5-ft) B 0 within a given reach

Figure A-8.—Design concepts for the Chewuch River within a portion of Pearrygin 4.
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Pearrygin4 “RM 5.5-4 - The partly-confined meandering river corridor Faw = o m ¥ __ 'p;a,wgind
Hcontinues as the river abuts up to a high terrace at and upstream of RM 4.5.1_ _ g\ = /777 Limiting Factors

Continued opportunities for side channel enhancement and large wood o
loading will further help to split flow, interact with riparian habitat, and Bank abiliy e
create a heterogeneous river environment. SuRte SubIlals 9 |HGis
4 Embeddedness L] BO, LW, NB
I ' Fines ® BO, LW, NB
Floodplain Connectivity o |BA, IR, LW, 5C
Off/Side Channels ® | BALW,SC
Pool Quantity and Quality | ® w
|Bank habitat jams to add Riparian Condition o |BamRT.SC
complexity to bank, which is Riparian-Canopy Cover | © | BARLSC
currently lacking. Summer Base Flow ® | BO,LW,SC
Temperature - Rearing ® | RILW,SC
Wood - Cover P w
® Acceptable © AtRisk ® Unacceptable

Apex jam on depositional
surface to continue to add
complexity to river channel
and encourage connectivity
of high flow channels or
potential lowered channels.

e

Bar development jams can
help to push water to the
other side of the channel to
increase engagement with
the opposite dense riparian
bank and side channels.
Nourishment bars to
promote sediment transport
through the reach.

Apex jam to increase complexity
on depositicnal surface. Split
flow already occurs at low
discharges and creates grain
size heterogeneity but the bar
lacks wood and structure.

Side channel currently connects
at the 5-yr flow event, but likely
could be connected to
upstream side channels through
the removal of a high surface
between the low surfaces.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel

enhancement is likely to include the addition of floodplain wood. » .
/\  River Miles Il Conceptual Large Wood Structures "] Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
BO - boulder;
‘ " Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy LW - large wood:
ow —> : _ B 13 NB - nourishment bar;
7 @ Engineered Wood [l Boulders Nourishment Bar i = RT - tiarian weatinent
N | — G Foorsl Rinari SC - side channel
(I) 250 5t|:-c:- UsFeet O Natural Wood Jam Side Channel Enhancement Riparian Treatments g 545 10 Bkl Sotioms e i
. —— Contours (5-ft) B 0 within a given reach

Figure A-9.—Design concepts for the Chewuch River within a portion of Pearrygin 4.
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HPearrygin 3 - RM 5.5-4 - Immediately upstream of RM 4, the river ;:.plits.
Most recently, the lowest flows switched from the eastern split flow
meandering channel to the western chute cutoff. Ample opportunities for

X
= Pearrygin 3
: iLimiTing‘ Factors
|

; : ; : : | Bank Stability o RT. LW
restoration can be found on the expansive floodplains and river corridor Coarse Substrate 2 | Soiie
within the reach. A previous restoration design was considered within this | : —
: A : s i . Embeddedness BO, LW, NB
reach prior to the avulsion of the river into the chute channel, which should ~ = T
likely be considered in the context of future projects as well. . - = ; s
N A TR e = — furt s : " | Floodplain Connectivity ©  |BAIR,LW,SC
S earrygin 4]0 Pearrygin 3 ' Long side channel currently connects at the 5-yr flow Off/Side Channels | BaLw,sC
S _ i) |event. The mainstem channel remains on the west Pool Quantity and Quality | © w
~ = R i|side of the valley for approximately 1 mile. This side | Riparian Condition ©  |BAR.RT5C
: -...-..h'::--—-——" ’ , . 4 " = =
e e channel is a high flow path for the entire length. In R.paﬂan_canopy Cover » | BaArsc
pexiam Ot - some locations, the channel contains water. The | Summer Base Flow ® | Bo.w.sc
complement existing source of the water should be considered in future Tempe,.am,e_nea,ing ® | RT.W.sC
projects along the reach. I Wood - Cover 5 W
! < |® Acceptable © AtRisk ® Unacceptable

should help to further
increase complexity
bland ideally keep split
flow between two 4 ;
channels. 7 a0 \ Bank habitat jams to increase
& = structure in relatively open
and unifoarm channels.

Bar development jams and
hourishment bars to push flow
toward the river left, eastern
floodplain to encourage lateral
river migration processes. These
jams would also likely enhance
point bar riparian vegetation.

Side channel inlet and outlet
currently connect at the 1.5-yr
flow event and the entire

Ichannel by the 2-yr flow event.

-

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

/\  River Miles I Conceptual Large Wood Structures [ Bendling;’AIcave Sept. Mean Depth (ft) BA - benching/alcove;
Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy Eu?f_- :Jaor;:i\ir;od;
z < Flow _’ @ Engineered Wood - Boulders Nourishment Bar : ::Z E‘F . n?;:rrii:: E::ttn?:rr':t
? 0 0 s O Natural Wood Jam == Side Channel Enhancement Riparian Treatments  gmm 550 10 g‘;,;:“:i‘:i;;i“;f i
—— Contours (5-ft) B 0 within a given reach

Figure A-10.—Design concepts for the Chewuch River within a portion of Pearrygin 3.

A-10



Technical Report No. ENV-2025-076
Chewuch River Design Concepts — River Miles 9.5 to 1 - Appendix A

R ;Pearr in3
Hstraight and more aligned with the western portion of the valley bottom. =2 . i Limiﬁi Eartor

Much of the large wood and conceptual restoration strategies in this reach | : : '
encourage pushing flow toward the outer banks and bar growth on the »
inner bank to increase river meander and associated dynamic processes on

a floodplain relatively void of any infrastructure.

Pearrygin 3 - RM 4-2.5 - The stretch of river surrounding RM 3.5 is relatively =

|Bank Stability ® RT, LW
|Coarse Substrate ® | BO,LW,NB
|Embeddedness | Bo,uw,nB
= ; | Fines o | eo.iw.nB
o : N — - . | Floodplain Connectivity ©  |BA.IR,LW,sSC
. Long side channel currently ' | Off/Side Channels © | BALWsC
“|connects at the 5-yr flow event. Poel Quantity and Quality |~ Lw
The mainstem channel remains Riparian Condition o |ea,m,RT,5C
on the west side of the valley Ripafian-CanopyCc\fer ® | manTsc
for approximately 1 mile. This | Summer Base Flow ® | BO,LW,SC
side channel is a high flow path | Temperature - Rearing ® | AT.LW SC
for the entire length. Wood - Cover ° LW

Bar development jams and nourishment
bars to push flow toward the river left,
eastern floodplain and encourage lateral
river migration processes as well as
bench inundation. The jam would also
likely enhance bar riparian vegetation
behind the structure.

Deflector and apex jams to
complement existing large
wood jam. Additional wood
loading of channel should
help to further increase
complexity and ideally keep
split flow between two

Long stretch of open
floodplain and uniform
embankment with minimal
structure or canopy. Benching
and riparian restoration
suggested to add improved
riparian conditions to straight
section of river.

Side channel inlet and outlet [~ > -

.
currently connect at the 1.5-yr Side channel currently connects
at the 2-yr flow event.

flow event and the entire

: =Ichannel by the 2-yr flow event.
All large wood placement is conceptual. Future site specific projects B b ~
should think about and adapt large woed structure locations, the &
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

/\  River Miles I Conceptual Large Wood Structures Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;

: BO - boulder;
& " Existing Large Wood ~ [©ZX] Bank Habitat Large Wood Infrastructure Removal Sk LW - large wood:
ow —> : _ Bl i3 NB - nourishment bar;
‘ ® cengineered Wood [l Boulders Nourishment Bar B oS RT - riparian treatment;
Natural Wood J — G o Rina SC - side channel
(I) 250 5t|:-c:- US Feet O ra am Side Channel Enhancement . Riparian Treatments B st 10 Bkl Sotioms e i
. —— Contours (5-ft) B 0 within a given reach

Figure A-11.—Design concepts for the Chewuch River within a portion of Pearrygin 3.
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Pearrygin 3 - RM 4-2.5 - At approximately RM 3, the river encounters a rip-rapped

bank that protects downstream infrastructure. This causes a sharp meander and a
defining upstream depaositional area. Large wood can be used throughout this
reach to enhance heterogeneity around flow splits and increase cover in exposed
channels.

===
e -

b

All large wood placement is conceptual. Future site specific projects

Bank currently has a lot of
~ |exposed roots and
_ |overhanging riparian plants.

Side channel currently connects at the
5-yr flow event. Apex structure could
help channel inundate sooner, but
lowering likely needed for frequent
inundation.

Apex jam located immediately
upstream of steep riffle.

Large bar development jams to
split flows and create more
heterogeneity of flow
conditions in current wide,
unvegetated bar system.

Bank habitat structure to
provide structure and create
more depth variability.

Long side channel currently connects
at the 5-yr flow event. At the
downstream end of the channel,
ground water keeps the channel and a
ponded area inundated. The pond
likely exists due to beaver activity,
which could be considered throughout
floodplain enhancement.

Apex and bank habitat jams to
supplement existing wood in
braided flow path location to

provide more structure and

variability in hydraulic conditions. N
The area is highly dynamic and .
unlikely to have the same flow

paths from year to year.

Side channel currently connects

at the 1.5-yr flow event.

should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

=

]
[

/N River Miles

Existing Large Wood  [£XX] Bank Habitat Large Wood

Flow —p»

250 500 US Feet
1 |

@ engineered Wood [l Boulders
Natural Wood Jam === Sjde Channel Enhancement
—— Contours (5-ft)

Figure A-12.—Design concepts for the Chewuch River within a portion of Pearrygin 3.
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TEE

Bl Conceptual Large Wood Structures Benching/Alcove
Infrastructure Removal
Nourishment Bar

< Riparian Treatments

Bank Stability ® RT, LW

Coarse Substrate ® | BO,LW,NB
Embeddedness : BO, LW, NB
Fines : BO, LW, NB
Floodplain Connectivity ©  |BA/IR,LW,SC
Oft/Side Channels g BA, LW, 5C
Pool Quantity and Quality | Lw
Riparian Condition * | BA,IR.RT.SC
Riparian - Canopy Cover ) BA, RT,SC
Summer Base Flow ® | BO.LW,SC
Temperature - Rearing ® | RTLWSC
Wood - Cover ® w

® Acceptable © AtRisk ® Unacceptable

Riprap along bank protects
homes on floodplain and
prevents migration. The sharp
bend in the river promotes
deposition upstream of the
bend at high flows and a
braided flow path at low flows.
The braided flow path
generally lacks cover and
structure but does have
heterogeneity in grain sizes.

Sept. Mean Depth (ft) BA - benching/alcove;

wd BO - boulder;
LW - large wood;
B 1to3 NB - nourishment bar;
RT - riparian treatment;
B 35 SC - size channel
B 510 Bold actions are used
[ IR within a given reach
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Pearrygin 3 - RM 4-2.5 - The downstream end of Pearrygin 3 is defined by a v . i :pearwgin 3
large river meander. The east side of the river flows against an erodible By i
valley wall, while the inside floodplain surface contains a large number of

Limiting Factors

i - u [Bank Stability ® | ruw
[lhouses and other infrastructure. The river then becomes more confined as ! o P
it flows into Pearrygin 2 \ |Coarse Substrate LW, N
f : > - Bt g |Embeddedness | Bo,Lw.nB

=

Fines @ | BO,LW,.NB
i 1, Floodplain Connectivity © |BA/IR,LW,SC
__|Off/Side Channels © | BA.LW.SC

| Pool Quantity and Quality | Lw

——In the more confined stretches of the river,
boulder clusters could provide a more
appropriate method for hydraulic variability
| within the riverscape.

| Riparian Condition o |samnrsc
|Riparian - Canopy Cover | © | BART,SC
\ t Summer Base Flow ® | Bo.Lw,sC
. |Temperature - Rearing ® | RT.LW.SC
Wood - Cover ® LW

® Acceptable © AtRisk ® Unacceptable

_’5?*'" Confinement increases for the lower 2.5
=miles of the Chewuch River before the
confluence with the Methow River. Contours
show the narrowing of the available

floodplain surface.

e

A large amount of infrastructure is on the final
large floodplain surface on the Chewuch River,
which makes the surface high risk and low

|potential for restoration projects.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the _
number of structures, structure type, and structure size. Side channel & \
enhancement is likely to include the addition of floodplain wood.

/\  River Miles Il Conceptual Large Wood Structures [2°] Benching/Alcove

Perryg'in 2k
=y
[ = =~

Sept. Mean Depth (ft) BA- benchingfalove:

i : BO - boulder;
" Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy LW - large wood:
ow —’ ] . B 1to3 NB - nourishment bar;
z 4 @ Engineered Wood [l Boulders Nourishment Bar o i RT - tiarian weatinent
MNatural Wood J — G Pl Dincari SC - side channel
? 250 5t|:-c:- usFeet O ra am Side Channel Enhancement . Riparian Treatments g 5t 10 Bold actions are tsed
. —— Contours (5-ft) B 0 within a given reach

Figure A-13.—Design concepts for the Chewuch River within a portion of Pearrygin 3.

A-13



Technical Report No. ENV-2025-076
Chewuch River Design Concepts — River Miles 9.5 to 1 - Appendix A

A-14

Pearrygin 2 - RM 4-2.5 - Although more confined than upstream reaches, | Jf . g ; : - :.Ipea"yg"n 2
the upstream portion of Pearrygin 2 does include two short side channels |2/ S jE . Limiting Factors
and small floodplain surfaces that could be the focus of restoration efforts. / ' = n

s : . |Bank Stabili ° ;
[|In addition, boulder clusters could help to create hydraulic and geomorphic o
Lheterogeneity in wider, shallower portions of the river / ) p jjCoarse Substrate Bt
= : - - - —— i : : = [Embeddedness ® | BoO,LwW,NB
e % 1A : < ? Fines ® | BoLw. N8
Pearrygin 3 Pearrygin 2 | [ A 5 . |Floodplain Connectivity | ® [BAIR.LW.SC
- ' —> | 7.k : . |off/side Channels ® | ealwsc
v : - . " Pool Quantity and Quality| ® W
J Riparian Condition ® |Bam AT SC
= : : : |Riparian - Canopy Cover | ® | Banrtsc
Small tributary enters here creating a low - -
S . . Summer Base Flow ® | BO.LW.SC
riparian area. The river begins to backwater | : P
Jinto the tributary at the 2-yr flow event 7/ cmperature - Rearing it
= : | Wood - Cover L ] Lw
i |® Acceptable © AtRisk @ Unacceptable

3 _l{ ‘;4' »r
Y
Y,

v

In the more confined stretches of the river,
boulder clusters could provide a more
appropriate method for hydraulic variability
within the riverscape.

._l'-‘

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

/\  River Miles I Conceptual Large Wood Structures [2°] Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
BO - boulder;
y " Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy LW - large wood:
—b . Bl 1tz NB - ishment bar;
. ow @ Engineered Wood - Boulders Nourishment Bar ——— RT - ,?;:rri:’n rg::tm:'rm
N | — Cj P s SC - side channel
? 250 5t|:-c:- UsFeet O Natural Wood Jam Side Channel Enhancement Riparian Treatments g 545 10 Bold actlon: are tised
. —— Contours (5-ft) B 0 within a given reach

Figure A-14.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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Pearrygin 2 - RM 2.5-1 - As the river becomes more confined, even low | & " = " pearrygin 2
flows inundate much of the active channel width. If access is possible within}— : . LSS | imiting Factors

the reach, deeper portions of the river could be the focus of additicnal e e
ihabitat structures to provide cover in a relatively homogeneous reach. ® | 8o, ,_'..,‘NB
— / = L] BO, LW, NB
|Fines ® | Bo,LwW.NB
| Floodplain Connectivity | ® |BAIR.1W,sc
|Off/Side Channels e | Bawwsc
|Pool Quantity and Quality | ® W
| Riparian Condition ® |[BamnATsc
| Riparian~Canopy Cover | ® | BARTSC
| Summer Base Flow ® | BO.1W.SC
Tem perature - Rearing @ RT.LW,SC
], Wood - Cover ® Lw

[® Acceptable © AtRisk ® Unacceptable

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel . !
enhancement is likely to include the addition of floodplain wood. b

/\  River Miles I Conceptual Large Wood Structures [2°] Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
BO - boulder;
" Existing Large Wood ~ [©ZX] Bank Habitat Large Wood Infrastructure Removal Sk LW - large wood:
2 ow —b . B ito3 NB - nourishment bar;
( @ Engineered Wood [l Boulders Nourishment Bar emtong RT - flpatlan wegment
Natural Wood J — G C— SC - side channel
? 250 5t|:-c:- US Feet O ra am Side Channel Enhancement Riparian Treatments g 545 10 Bold actions are tsed
. —— Contours (5-ft) B 0 within a given reach

Figure A-15.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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A-16

—————_——

Pearrygin 2 - RM 2.5-1 - The river continues to be confined as it enters - Pearrygin 2
areas with higher densities of infrastructure on surrounding surfaces. Just
after the meander bend that begins at RM 1.5, hydraulic impacts from the
downstream Fulton Dam begin.

Limiting Factors

AT, LW
BO, LW, NB
BO, LW, NB
BO, LW, NB
BA IR, LW, 5C
BA, LW, SC
LW
BA, IR, AT, SC
BA, RT,5C
BO,LW,SC
RT, LW, SC
| LW
o Acceptable © AtRisk @ Unacceptable

y! o ‘.-

,,,,, ™

4T _.‘!r.
All large wood placement is conceptual.Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel

enhancement is likely to include the addition of floodplain wood. . )
/\  River Miles Il Conceptual Large Wood Structures [2°] Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;

} : BO - boulder;
< Flow Existing Large Wood m Bank Habitat Large Wood - Infrastructure Removal = :; ; H: - large vI:ood;t ;
" = nourishment Dar;
‘ . @ Engineered Wood [l Boulders Nourishment Bar emtong RT - flpatlan wegment
Natural Wood J — G et SC - side channel
tl:- 250 5t|:-c:- usreet O ra am Side Channel Enhancement Riparian Treatments g 545 10 Bold sctivne ave il
. —— Contours (5-ft) B 0 within a given reach

Figure A-16.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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Pearrygin 2/1 - RM 2.5-1 - Fulton Dam is the defining feature at the —/ ’ = ) § Pearrygin 2
downstream end of Pearrygin 2. The dam currently has fish passage, sois & R ) - M. |Limiting Factors
artlal bamer within the main channel ; : ' 4

AT, LW
BO, LW, NB
BO, LW, NB
BO, LW, N8B

BA, IR, LW, SC
BA, LW, SC
Lw
BA, IR, RT, SC
BA, RT, 5C
BO. LW.5C
RT, LW, SC
Lw

Coarse Substrate
Embeddedness

! Floodplain Connectivity
Off/Side Channels
Pool Quantity and Quality

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

/\  River Miles [ Conc:eplual Lange Wood Structures m Bendnng;’Almve Sept. Mean Depth (ft) BA- bisveliliaalcans:

BO - boulder;
= " Existing Large Wood  [£XX] Bank Habitat Large Wood Infrastructure Removal oy LW - large wood:
ow —’ : _ Bl i3 NB - nourishment bar;
‘ @ Engineered Wood [l Boulders Nourishment Bar o i RT - tiarian weatinent
Natural Wood J . PR SC - side channel
0 250 500 US Feet O ra aM === Sjde Channel Enhancement . Riparian Treatments g 5110 B il dre e

I . | —— Contours (5-ft) B 0 within a given reach
Figure A-17.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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Restoration Design Concepts with Relative Elevation
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Pearrygin 8 - RM 9.5-8.5 - Boulder Creek flows into the e - : S pearrygin 8
Chewuch River at approximately river mile 9.5. Downstream [ S8 : f Limiting Factors

of the confluence, the Chewuch River steepens leading to Bank Stability ® RT, LW
high stream power over the next 1.5 miles. Coatse Subetrate ® | soLw.ne
’ ‘ : ; : . e ‘ ‘ |Emheddedness @ | BO,LW.NB
- ) : - B Fines & BO, LW, NB
Emy_qn':g :_:8 i“ T *|Floodplain Connectivity ~ |BAIR. LW, SC
¢ : < ; : : Off/Side Channels o | BALwsc
. " arEs R 25 {lPool Quantity and Quality | * Lw
. = . |Riparian Condition ® |BAIRRT.SC
e Riparian - Canopy Cover f BA, RT, SC
. J Summer Base Flow ® | BO,LW,SC
o a Ir k . > Temperature - Rearing ® | RT.LW.5C
Boulder piles could help to connect ' Wood - Cover o Lw
{side channels and may be more @ Acceptable © AtRisk ® Unacceptable

appropriate and stable than large
wood in a boulder dominated system.

T G W

Infrastructure in ditch nd connection
to inundated side channel has recently
been altered since lidar was flown.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood. ™ e

Relative Elevation /\ River Miles [ oneptual Large Wood Structures || Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
= “' Flow —Jp to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood Infrastructure Removal ~ <* tw- E:;:amod;

. 5 ® engncercavood [ Boukders NourshmentBar 1 KT - iperaraeio e
CIJ 1?5 ET‘O UE: Feet s O Natural Wood Jam === Sjde Channel Enhancement - Riparian Treatments g st 10 g‘;;:i‘;i;:i“:s i

Contours (5-ft) BN - w0 within a given reach
Figure B-1.—Design concepts for the Chewuch River within a portion of Pearrygin 8.
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Pearrygin 8 - RM 9.5-8.5 - Downstream of S = = ) SN : ~|Pearrygin 8
Boulder Creek, the main channel is defined : \ = 3 : Limiting Factors

Although this channel only

by high stream power. Restoration concepts : =IMuch of the ﬂooplain surface S Bank Stability ® RT, LW
here focus on connection gf floodplam flow munda‘_ces at the ‘]OD-yr event, burned in recent wildfires. This may Coarse Substrate ® | Bo,Lw N
paths and off—channel habitat. Main channel the major restnc_tlon to present an opportunity to restore Embaddidnass ® | Bo,LW.NB
large wood jams could be added to channel inundation appears o riparian areas throughout this reach. |8 |Fines ® | sowne
Eocatloqs with iowgr prgdlcted stream power = |be the inlet sill elevatlo. — Floodplain Connectivity | © |8 1R.LW,SC
{depending on project risk assessment. : == ~ Off/Side Channels = | eaw,sc
. - [Pool Quantity and Quality | © LW
{JBoulder piles could help to connect Riparian Condition ® |BA IR RT.SC
o/ ¢'|side channels and may be more |Riparian-Can0py Cover | © | BARTSC
f appropnate and stable than large R Summer Base Flow ® | BO.LW.SC
L Y wood in a boulder domlnated system. 8 [Temperature - Rearing ® | mr.w.sc

- i C= 0 % R\ X - w
Slde channel currently connects A S - NG ood - Cover . ;
at the 5-yr flow event, A R A . N Acceable 8 Rll-: ® Unacceptablel|

’ o .l'i.- --'i o,
Side channel currently connectsf
|at the 2-yr ﬂow event

Levee currently protects
= |infrastructure on floodplam If

the major restrictic:-n to
hannel inundation appears to

All large wood placement is conceptual. Future site specific projects
should think about and adapt large wood structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

Relative Elevation /\  River Miles I Conceptual Large Wood Structures [ 51 Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove:
= ‘ Flow ——» to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood Infrastructure Removal “t L\.(rfr . E::;:a?\irood,
W 5 ® cngineered viood [ Bouiders NourshmentBar >’ B] -ttt asmens
e PT O Natural Wood Jam === Side Channel Enhancement %ot - L T
Contours (5-ft) B - within a given reach

Figure B-2.—Design concepts for the Chewuch River within a portion of Pearrygin 8.
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Pearrygin 8/7 - RM9.5-85 - Pearrygin 8~ [ = ) ) Pearrygin 8
transitions to Pearrygin 7 at Chewuch Dam. Bz == 72 i Limiting Factors

The dam does have fish passage but provides Bank Stability ® RT, LW
4a geomorphic influence on the river channel. E Coarse Substrate ® | Bo,Lw,NB
Floodplain flows from the western floodplain 2 |[Embeddedness ® | Bo.Lw.n8
return to the main channel in two side Fines ® | Bo.lW.NB
channels with infrastructure between them. [ = _ S ~|Floodplain Connectivity o |Ba R LW, 5C
= 5,' = e s =7 Off/Side Channels © | Balw,sc
- : £ Pool Quantity and Quality | Lw
= = :_:7 Riparian Condition @ |BA IR RT.SC
o - "/ Riparian - Canopy Cover ~ | BARTSC
: el g : Summer Base Flow ® | BO,LW.SC
Chewuch Dam location includes concrete and Temperature - Rearing ® | RT.w.sc
roughened channel structure. While unlikely to be Wioa - Covsr ° w
removed in the near future, potential removal or

® Acceptable © AtRisk ® Unacceptable|

Bridge crossing. [

nature-based adaptation of the structure could be
possible depending on river management needs.

Retum flow channels from existing
diversion and side channel flows.
Excavation likely not needed, but could
potentially be enhanced with wood.

= 1 L

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

‘ Relative Elevation /\  River Miles I Conceptual Large Wood Structures |21 Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
® Flow ——Jp to July Mean WSE (ft) Existing Large Wood B3] Bank Habitat Large Wood Infrastructure Removal ~ <* W~ :Jaar::i::;od;
W 5 ® cngineered vioos [ Bouiders NourshmentBar  — >*? W] -t
? 1?5 2?0 = - -15 O Natural Wood Jam === Sjde Channel Enhancement Riparian Treatments g st 10 g‘;;:i‘:is;i“:g _—
Contours (5-ft) Bl -0 within a given reach

Figure B-3.—Design concepts for the Chewuch River within a portion of Pearrygin 8.
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5 Peagin 7 -RM 8.5-7.5 - From river -3 '_ " R / b Pearrygin 7
mile 8.5 to 8, the Chewuch River is . - _ e W, Limiting Factors
{relatively confined by infrastructure and | i - ' d

Jincludes a bridge crossing and flows

adjacent to a road embankment. At

approximately river mile 8.1, the

floodplain becomes wider and less

constricted, which leads to river

l restoration oppartunities.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

Bank Stability RT, LW
Coarse Substrate 2 B0, LW, NB

| |Embeddedness © | Bo,Lw,NB
Fines ® | BO.LW,NB
Floodplain Connectivity ® |BA IR LW, SC

. |Off/Side Channels @ BA LW, SC
Pool Quantity and Quality | ® Lw
Riparian Condition @ |BAIR.RT.SC
Riparian—Canopy Cover | ® | BART.SC
Summer Base Flaw ® | BO.LW.5C
Temperature - Rearing ® RT, LW, SC
Wood - Cover = Lw

= ® Acceptable © AtRisk ® Unacceptable

3

Relative Elevation /\  River Miles I Conceptual Large Wood Structures |21 Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
Z A Flow —Jp to July Mean WSE (ft) Existing Large Wood XX Bank Habitat Large Wood Infrastructure Removal 3 Ex.?w: Eor;?\ir;od;
N 5 ®  Enaneered vood [ Bouders NourshmentBar  — >*? B] - Hparar mpehar
? 1?5 2?0 R Bt O Natural Wood Jam === Side Channel Enhancement - Riparian Treatments g st 10 g‘;;:i‘:is;i“:g —_
Contours (5-ft) Bl -0 within a given reach

Figure B-4.—Design concepts for the Chewuch River within a portion of Pearrygin 7.
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Pearrygin 7 - RM 8.5-7.5 - As the floodplain : Pearrygin 7

expands at RM 8.1, multiple high flow side Limiting Factors

channels activate at 1- to 2-year return periods. Bank Stability RT, LW
Excavating these side channels may provide an Coarse Substrate B0, LW, NB

opportunity for more frequent or perennial off- : =
4 4 . P Side channel currently connects Embeddedness © | BO,LW,NB
at the 1.5-yr flow event. Fines ® | so.w,NB
r ® [BA IR LW, 5C

channel riparian habitat.
Floodplain Connectivity

Side channel currently connects Off/Side Channels ~ | maw,sc
\_|Side channel currently connects : S Pool Quantity and Quality| ® w
J|at the 1.05-yr flow event. vt R == = Riparian Condition = [eam.rrsc
- ' Riparian—Canopy Cover | ® | BARTSC
% ! g Summer Base Flow ® | co.wsc
/P i Temperature - Rearing ® RT, LW, SC
[Remove historical fill levee. | Wood - Cover 2 W
. (™ ® Acceptable © AtRisk ® Unacceptable

] T p—— g

Nourishment bars behind
structures can help supplement
river with mobile grain sizes and

|provide locations to place side- &

Sy W e

Bank habitat jams to help
increase structure and create
1hydraulic and geomorphic
variability in relatively uniform
reach.

P Apex and deflector jams placed
g0 force water toward the river
left, eastern floodplain surface
g to increase connectivity of side
channels.

PG ot -
All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel

enhancement is likely to include the addition of floodplain wood. U R L 8 gy .,
Relative Elevation /\  River Miles - Conceptual Large W T Stmrﬁ @ Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
-«;,“ Flow ——Jp to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood Infrastructure Removal t E».?.r: Eﬁ;:‘iﬁod;
N 5 ®  Enaneered vood [ Bouders NourshmentBar  — >*? B] - Hparar mpehar
? 1?5 2?0 e | BE O Natural Wood Jam === Sjde Channel Enhancement - Riparian Treatments g st 10 g‘;;:i‘:is;i“:g _—
Contours (5-ft) Bl -0 within a given reach

Figure B-5.—Design concepts for the Chewuch River within a portion of Pearrygin 7.
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HPearrygin 7 - RM 8.5-7.5 - At the downstream end of the reach,

: } : g Pearrygin 7
the river becomes relatively confined between a large fan on the Pearrygin 7 Pearrygin 6 Limiting Factors
east and a bedrock wall on the west. The reach ends as the river <& Bank Stability e
flows into a broader valley of the next several reaches. e o |:w =
. . BO, LW, NB

; Embeddedness

|Fines

® BO, LW, NB

Agricultural use of this adjacent Bank is currently riprap, bank

habitat jams could increase
structure in the scour pool

high surface has removed any
natural riparian vegetation.

created by hydraulic interaction

with the fan surface.

Side channel currently

Floodplain Connectivity ® |BA IR LW, SC
Off/Side Channels BA LW, SC
~ |Pool Quantity and Quality | @ Lw
|Riparian Condition © | BaR BT, SC
- |Riparian-Canopy Cover ® | BARTSC
- |Summer Base Flow ® | BO.LW.5C
ﬂ Temperature - Rearing ® | RT,LW.SC
_|Wood - Cover L] W

~|® Acceptable

connects at the 5-yr

© AtRisk
flow event. ;

Side channel currently
connects at the 1.5-yr

Apex and deflector jams
placed to force water

® Unacceptable

toward the river left,
eastern floodplain surface 1 : A -
to increase connectivity of BS S — # ; .y T Pearrygmﬁ

Cub Creek confluence at
the downstream end of

side channels. ““
')

Pearrygm 6 includes a
large amount of existing
infrastructure.

Bank habitat jams could
enhance a uniform bank and
*Icreate more hydraulic variability
in the channel.

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

- Cmceptuai Large Wood Sinichures X Bencmngmlcove Sept. Mean Depth (ft) BA -

o

Relative Elevation /\ River Miles benching/alcove;
= ‘ Flow ——p» to July Mean WSE (ft) Existing Large Wood ] Bank Habitat Large Wood Infrastructure Removal t u?u anr::a?\irood
N 5 ®  Enaneered vood [ Bouders NourshmentBar  — >*? B] - Hparar mpehar
'i’ 1?5 27‘0 UE: Feat s O  Natural Wood Jam === Sjide Channel Enhancement . Riparian Treatments  mmm st 10 gil;lsiiig:?:i —_
Contours (5-ft) Bl -0 within a given reach

Figure B-6.—Design concepts for the Chewuch River within a portion of Pearrygin 7.
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T e .
Pearrygin 4 - RM 5.5-4 - Design concepts begin at 4 =
approximately RM 5.25 within a meandering, _ g Facto :
partly-confined river corridor. Each meander " iy * ' Bank Stability @ AT, LW
creates a relatively low surface with the S \ N Coarse Substrate ® | Bo,LW,NB
|opportunity for side channel reconnection. - WQ' - . Embeddedness ® | BO,LW,NB
‘T‘QQ‘.‘N \ Y N R o - Fines ® | Bo,LwW,NB
: g Deflector and apex ﬁ 5 N Floodplain Connectivity o |ea R L, sC
jams positioned to » =P \ » Off/Side Channels ® | BALW,SC
push flow toward river Rl ;’ 3 C o Pool Quantity and Quality | ® W
left and existing side . _ L T Riparian Condition = |eam.Arsc
channels. ' ) Riparian- Canopy Cover | * B#, AT, SC
' P : = - Summer Base Flow @ | BO,LW,SC
| \ Side channels currently inundate at : Temperature - Rearing ® | Aniwsc
‘ \ the 1.5-yr flow event. Ve od - Coarier » W
A - : Acceptable © AtRisk ® Unacceptable

et [

Infrastructure is I ~Apex jam to help split flow onto
positioned on a terrace| 88 ' low swale on the point bar.
|more than 15 feet Supplementary bank habitat
above the 2-yr flow structures can help provide
Sjevent water surface : - complexity along river left

- elevation. . 3 Zichannel bank.

All large wood placement is conceptual. Future site specific projects ") o
should think about and adapt large woed structure locations, the ™ N
number of structures, structure type, and structure size. Side channel Maar,
enhancement is likely to include the addition of floodplain wood.

& Relative Elevation /\  River Miles [ Cceptuai Large Wood Structures [~ ] Benching/Alcove Sept. Mean Depth (ft) g,g - :eor:lclgzmrgxalcwe;
Flow ——p» to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood Infrastructure Removal < LW - large wood:
N 5 ®  Enaneered vood [ Bouders NourshmentBar  — >*? B] - Hparar mpehar
? 1?5 2?0 R Bt O Natural Wood Jam === Side Channel Enhancement - Riparian Treatments  pmmm st 10 gil;ls:i':is;i“:rf —_
Contours (5-ft) Bl -0 within a given reach

Figure B-7.—Design concepts for the Chewuch River within a portion of Pearrygin 4.
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Pearrygin 4 - RM 5.5-4 - At approximately RM 5, a restoration project was
previously constructed. Additional large wood could help support continued
long-term activation. Downstream continued side channel activation and

m Pearrygin 4

I} Limiting Factors

iti | i 1Bank Stability L] AT, LW
additional large wood could add heterogeneity to the river system. :
2 2 > = Coarse Substrate L BO, LW, NB
: - : : Embeddedness ® | BO,LW,NB
Currently two linear swales = Fines ® | BO,LW,NB
- ; — ; separated by higher ground. S Floodplain Connectivity B4, IR, LW, SC
i e A —— . Off/Side Channel ® | salwsc
Deflector jam to help push more : The channels connect at 1.5-yr : ide Channels
<ti s flow event. Potential to regrade Pool Quantity and Quality | ® W
water toward existing = : ks i _ . ‘ >
restoration project side channel ese channels into a single —4 Riparian Condition AT,
mare meandering side channel. . : Riparian - Canopy Cover : BA,RT,SC
Summer Base Flow ® | BO,LW,SC
Temperature - Rearing ® | RLLW,SC
=—_|Wood - Cover w

: Ll § =
Side channels currently

connects at the 2-yr
flow event.

: Deflector jam to help raise water
s ___|surface elevations and push
e R8I m T i g

water river left toward lower
surfaces.

.
Bar development structure and
nourishment bars could encourage
split flow and also concentrate flow
against the outside, riparian dense
bank in the existing channel.

Apex jams at depositional
locations where large wood
might naturally accrue. Jams can
= lhelp split flow, increase flow
complexity, and bed material
heterogeneity.

“|River right bank is high with
limited canopy.

| Il : AR f -
All large wood placement is conceptual. Future site specific projects
should think about and adapt large wood structure locations, the
[number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

' = ® Acceptable © AtRisk ® Unacceptable

Junifarm split flow
Ychannels. '

AN Masar, Miciosoft

A

SR

Bank aitatjarns
to add complexity
along relatively

Relative Flevation /\  River Miles I Conceptual Large Wood Structures (2] Benching/Alcove
“ '( Flow ——» to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood Infrastructure Removal “i
: W ite3
N 15 @ Engineered Wood [l Boulders Nourishment Bar - :ms
? 1f5 2?0 US Feet - s Q  Natural Wood Jam === Side Channel Enhancement - Riparian Treatments  mmm 5t 10

Contours (5-ft) -0
Figure B-8.—Design concepts for the Chewuch River within a portion of Pearrygin 4.

Sept. Mean Depth (ft) BA - benching/alcove:
B

QO - boulder;
LW - large wood;
MB - nourishment bar;
RT - riparian treatment;
SC - side channel
Bold actions are used
within a given reach
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Pearrygin 4 - RM 5.5-4 - The partly-confined meandering river corridor
continues as the river abuts up to a high terrace at and upstream of RM 4.5,
Continued opportunities for side channel enhancement and large wood

Ll =

o . . 2 3 ilj [ ] RT, LW
loading will further help to split flow, interact with riparian habitat, and 2Z:Tssetgzlligrate s e
create a heterogeneous river environment. R S [Enia
Side channels currently connect 4 s ® [k
= at the 1.05-yr flow event. Floodplain Connectivity | = |BAIR.LW,SC
OffiSide Channels ® | BALW,SC
; Pool Quantity and Quality | ® LW
Bank habitat jams to add Ly W E Riparian Condition o |BaA,IR,RT,SC
S complexity to bank, which is P ' Riparian - Canopy Cover | © | BART.SC
o currently lacking. - Summer Base Flow ® | BO,LW,SC
¥, \ 2 Temperature - Rearing ® | AILW,SC
_ ‘s 1 : - : Wood - Cover 8 w
e i . & j ; ® Acceptable © AtRisk ® Unacceptable
< g ) A |Side channel currently connects V
at the 1.5-yr flow event.
A ; ¢ Apex jam on depositional
N \ : . surface to continue to add
a8 complexity to river channel
L= o & : and encourage connectivity
Side channels currently connect T N of high flow channels or
at the 2-yr flow event. _ - é:://"’ / potential lowered channels.
SRS vy | s
' - Bar development jams can
s help to push water to the
other side of the channel to
| ) increase engagement with
. g the opposite dense riparian
Deflector jam to help push more ; bank and side channels.
water toward high flow channel. . " .  |Nourishment bars to
: - ] i promote sediment transport
, . ' : - |through the reach.
01 v : - Y p‘:’ | l""\ . : o L :
P e S8 B Neoae= ‘ - m— = e / |Apexjam to increase complexity
/ = : - e Side channel currently connects v depositional surface. Split
' : > lat the 5-yr flow event, but likely £ ﬂF’W already occurs at low .
. : : _ could be connected to discharges and creates grain
All large wood placement is conceptual. Future site specific projects ; size heterogeneity but the bar
; : upstream side channels through | g y
should think about and adapt large wood structure locations, the the removal of a high surface lacks wood and structure.
[number of structures, structure type, and structure size. Side channel ~
e : ol : between the low surfaces.
enhancement is likely to include the addition of floodplain wood. a2 p

A Relative Elevation /\  River Miles I Conceptual Large Wood Structures [~ 51 Benching/Alcove Sept. Mean Depth (ft) gg - Ii";r:lclg‘ier:?alcwe:
Z Flow —Jp to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood Infrastructure Removal e LW - large wood:
. 5 ® cEngincerca oo [ Boukders Nourshmentgar BT - e et
'i’ 1f5 2?0 UE Feat B s O Natural Wood Jam === Sjde Channel Enhancement | Riparian Treatments g st 10 gii;lsiiig:?:i il
Contours (5-ft) B - within a given reach

Figure B-9.—Design concepts for the Chewuch River within a portion of Pearrygin 4.
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dPearrygin 3 - RM 5.5-4 - Immediately upstream of RM 4, the river splits.
Most recently, the lowest flows switched from the eastern split flow
meandering channel to the western chute cutoff. Ample opportunities for
restoration can be found on the expansive floodplains and river corridor
within the reach. A previous restoration design was considered within this
reach prior to the avulsion of the river into the chute channel, which should
likely be considered in the context of future projects as well.

—* anygin4 > ean}fgin 3]

should help to further
increase complexity
and ideally keep split
flow between two e
dchannels. Bank habitat jams to increase
= structure in relatively open
and uniform channels.

I Side channel currently connects "
at the 1.5-yr flow event.

",,, . %

All large wood placement is conceptual. Future site specific projects
should think about and adapt large wood structure locations, the

[number of structures, structure type, and structure size. Side channel > o
enhancement is likely to include the addition of floodplain wood. A
Relative Elevation /\ River Miles
& ‘ Flow ——p to July Mean WSE (ft) Existing Large Wood Bank Habitat Large Wood
T 15 @ Engineered Wood [l Boulders
o 125 250 US Feet O Natural Wood Jam === Sjde Channel Enhancement
L I | B
Contours (5-ft)

Figure B-10.—Design concepts for the Chewuch River within a portion of Pearrygin 3.

L R A
[Long side channel currently connects at the 5-yr flow
event. The mainstem channel remains on the west 2

—{channel is a high flow path for the entire length. In ;
some locations, the channel contains water. The .
source of the water should be considered in future
projects along the reach.

side of the valley for approximately 1 mile. This side b
u

I Conceptual Large Wood Structures [~ 51 Benching/Alcove

= Pearrygin 3
=| Limiting Factors

) == Bank Stability ® AT, LW
Coarse Substrate ® | BO,LW,NB
~ |[Embeddedness : BO,LW,NB
Fines BO, LW, NB
£ |Floodplain Connectivity ©  |BAIR,LW,.SC
Off/Side Channels 2 BA, LW, 5C
Pool Quantity and Quality | ~ Lw
|Riparian Condition © | BA,IR,RT.SC
Riparian - Canopy Cover : BA, RT,5C
A Summer Base Flow ® | BO.LW,SC
Temperature - Rearing ® | RTLW.SC
% Wood - Caver ® w

%

® Acceptable

© AtRisk ® Unacceptable

_& ) [
Bar development jams and
nourishment bars to push flow

floodplain to encourage lateral
|river migration processes. These
|jams would also likely enhance
~ |point bar riparian vegetation.

Infrastructure Removal
Nourishment Bar

toward the river left, eastern \

'

Sid channel inlet and outlet

Sept. Mean Depth (ft) B
B

<1

I 1te3

Bl ztos
Riparian Treatments g st 10

I -0

currently connect at the 1.5-yr
flow event and the entire
|channel by the 2-yr flow event.

A - benching/alcove;
QO - boulder;

LW - large wood;

MB - nourishment bar;

RT - riparian treatment;
SC - side channel

Bold actions are used
within a given reach
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o

Pearrygin 3 - RM 4-2.5 - The stretch of river surrounding RM 3.5 is relatwely
straight and more aligned with the western portion of the valley bottom.
Much of the large wood and conceptual restoration strategies in this reach |
encourage pushing flow toward the outer banks and bar growth on the :
inner bank to increase river meander and associated dynamic processes on
2 floodplain relatwely void of any mfrastructure

B Pearrygin 3
Limiting Factors

|Bank Stability RT, LW
|Coarse Substrate ® | BO,LW.NB
S Embeddedness BO, LW, NB
Fines : BO, LW, NB
(| Floodplain Connectivity " |BAIR, LW, SC
Oft/Side Channels g BA, LW, 5C
Pool Quantity and Quality - Lw
Riparian Condition " | BA,IR.RT.SC
~ |Riparian - Canopy Cover BA, RT,SC
Summer Base Flow ® | BO.LW,SC
Temperature - Rearing ® | RTLWSC
Wood - Cover ® w

® Acceptable © AtRisk ® Unacceptable
_ P
Bar development jams and nourishment
L2 |bars to push flow toward the river left,

: ﬁ eastern floodplain and encourage lateral
|river migration processes as well as
bench inundaticn. The jam would also
_|likely enhance bar riparian vegetation
‘|behind the structure.

,[Long side channel currently
connects at the 5-yr flow event.
The mainstem channel remains
on the west side of the valley
for approximately 1 mile. This
side channel is a high flow path
for the entire length.

Deflector and apex jams to
complement existing large
wood jam. Additional wood
loading of channel should
|help to further increase
|complexity and ideally keep
split flow between two

Long stretch of open
floodplain and uniform
embankment with minimal
|structure or canopy. Benching
and riparian restoration
suggested to add improved
riparian conditions to straight |,
section of river.

?’. N

Side channel inlet and outlet

& currently connect at the 1.5-yr
{flow event and the entire

~ zlchannel by the 2-yr flow event.

[Side channel currently connects
at the 2-yr flow event

el
All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
[number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

% Relative Elevation /\  River Miles - Conceptual Large Wood Structures @ Benching/Alcove Sept. Mean Depth (ft) Bg ?er:lclgg:gfaicove
‘ Flow _» to July Mean WSE (ft) Existing Large Wood m Bank Habitat Large Wood Infrastructure Removal i LW - large wood;
. @  Engineered Wood [l Bouiders Nourishment Bar : ;22 RT- I?;:r?:: i
"i‘ 1f5 27‘0 Uz Fest s O Natural Wood Jam === Sjde Channel Enhancement . Riparian Treatments g st 10 g‘;;:i‘ii;:i“:rﬂ —_
Contours (5-ft) BN - w0 within a given reach

Figure B-11.—Design concepts for the Chewuch River within a portion of Pearrygin 3.
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Pearrygin 3 - RM 4-2.5 - At approximately RM 3, the river encounters a rip-rapped
bank that protects downstream infrastructure. This causes a sharp meander and a
defining upstream depaositional area. Large wood can be used throughout this
reach to enhance heterogeneity around flow splits and increase cover in exposed
channels.

e Side channel currently connects at the
o 5-yr flow event. Apex structure could

' help channel inundate sooner, but
lowering likely needed for frequent
inundation.

§ ) Apex jam located immediately

Large bar devefgpmentjams to
split flows and create more
heterogeneity of flow
conditions in current wide,

upstream of steep riffle.

unvegetated bar system.

— T
2 NN

Long side channel currently connects

at the 5-yr flow event. At the
downstream end of the channel,

ground water keeps the channel and a

ponded area inundated. The pond
likely exists due to beaver activity,

which could be considered throughout

floodplain enhancement.

Bank habitat structure to
provide structure and create
more depth variability.

Apex and bank habitat jams to
Y supplement existing wood in
braided flow path location to
provide more structure and
variability in hydraulic conditions.
The area is highly dynamic and
unlikely to have the same flow
paths from year to year.

Bank currently has a lot of
~ |exposed roots and
overhanging riparian plants.

\ ’...

All large wood placement is conceptual. Future site specific projects

should think about and adapt large wood structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

& Relative Elevation

P 15
o] 125 250 US Feet
l | | - -15

/\ River Miles
Flow —Jp to July Mean WSE (ft) Existing Large Wood ~ |[EXX] Bank Habitat Large Wood
@ Engineered Wood [l Boulders
O Natural Wood Jam == Side Channel Enhancement
Contours (5-ft)

Figure B-12.—Design concepts for the Chewuch River within a portion of Pearrygin 3.
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Side channel currently connects
at the 1.5-yr flow event.

7

I Conceptual Large Wood Structures [~ 51 Benching/Alcove
Infrastructure Removal

Nourishment Bar

Bank Stability

® RT, LW

Coarse Substrate ® | BO,LW,NB
Embeddedness BO,LW,NB
Fines BO, LW, NB
Floodplain Connectivity BA, IR, LW, SC
Off/Side Channels BA, LW, 5C
Pool Quantity and Quality Lw
Riparian Condition BA, IR, RT, SC
Riparian - Canopy Cover BA, RT, SC
Summer Base Flow ® | BO.LW,SC
Temperature - Rearing ® | RTLW.SC
Wood - Caver ® w

® Acceptable At Risk ® Unacceptable

-

£ -

N L [Riprap along bank protects
' - |homes on floodplain and
prevents migration. The sharp

bend in the river promotes

_| Riparian Treatments

deposition upstream of the

bend at high flows and a
braided flow path at low flows.

The braided flow path

generally lacks cover and
structure but does have

heterogeneity in grain sizes.
3, R

Sept. Mean Depth (ft) BA - benching/alcove:
BO - boulder;

<1

LW - large wood;

I 1te3 NB - nourishment bar;
RT - riparian treatment;
3t 5
- SC - side channel
Bl sto 10 Bold actions are used
B -0 within a given reach
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Pearrygin 3 - RM 4-2.5 - The downstream end of Pearrygin 3 is defined by a o & :pearwgi" 3
large river meandler. The east side of the river flows against an erodible oy T

Limiting Factors

valley wall, while the inside floodplain surface contains a large number of [Bank Stability ® | RLW
[lhouses and other infrastructure. The river then becomes more confined as | ® | so.w.ne
it flows into Pearrygin 2.. | Coarse Substrate : LW,
f e Embeddedness © | BO,LW,.NB
| . e river, Fines . _ f 80, LW, NB
boulder clusters could provide a more g Flo0dplain Connectivity | © |[BA IR LW.SC
appropriate method for hydraulic variability OftfsideChannels: | @ | BhtW.3c
W\ within the riverscape. i ool Quantity and Quality | = Lw
| Riparian Condition @ |BA.IR.RT.5C
| Riparian - Canopy Cover | © | BARTSC
N Summer Base Flow ® | Bo.Lw,SC
Temperature - Rearing ® | RT.LW.SC
ood - Caver ® Lw
ceptable © AtRisk ® Unacceptable

fﬁ'"' Confinement increases for the lower 2.5
=miles of the Chewuch River before the
confluence with the Methow River. Contours
show the narrowing of the available

floodplain surface.

1 ~ [Alarge amount of infrastructure is on the final | > -4 Sﬂi angga cftlzrrently ctcmnects
large floodplain surface on the Chewuch River, == "¢ '~>7¥T fOW event.

- |which makes the surface high risk and low
~ |potential for restoration projects.

- S ——

RN\
a A SRR\

All large wood placement is conceptual. Future site specific projects

should think about and adapt large woed structure locations, the

|[number of structures, structure type, and structure size. Side channel

enhancement is likely to include the addition of floodplain wood.

¥ ., WA
= - \

Sept. Mean Depth (ft) BA- benhing!alcwe:
B

I Conceptual Large Wood Structures [~ %] Benching/Alcove

Relative Elevation /\ River Miles
4 o O - boulder;
# Flow —p 1o July Mean WSE (ft) Existing Large Wood 23X Bank Habitat Large Wood Infrastructure Removal ~ <* LW - large wood:
. = s N 1to3 NB - nourishment bar;
W 15 ® Engineered Wood [l Boulders Nourishment Bar s RT - riparian treatment;
0 125 250 US Feet Natural Wood J — o SC - side channel
I ' I - 15 o ural Wood Jam Side Channel Enhancement - Riparian Treatments  pmmm st 10 Baad sctiins sre i
Contours (5-ft) - 10 within a given reach

Figure B-13.—Design concepts for the Chewuch River within a portion of Pearrygin 3.
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Pearrygin 2 - RM 4-2.5 - Although more confined than upstream reaches, | [f — - g . : . :"peawg,-n 5
the upstream portion of Pearrygin 2 does include two short side channels |2/ . . o Limiting Factors

|and small floodplain surfaces that could be the focus of restoration efforts. |Bank Stabillty = =
[|In addition, boulder clusters could help to create hydraulic and geomorphic i -
Hheterogeneity in wider, shallower portions of the river - roes] | |Coarse Substrate ® | Bo:Lw e
e - - - - — _ ; : "= [Embeddedness ® | Bo,Lw. N8
¥ 1] ; r i Fines ® | Bo1w N8
Pearrygin 3 Pearrygin 2 | { e~ = |Floodplain Connectivity | ® [BAIR.LW.5C
_ ; : > [C 7aas : . |Off/Side Channels e | BaLlwsc
v _ - . " Pool Quantity and Quality| ® w
: J |Riparian Condition @ | BA IR AT, SC
= : : : |Riparian - Canopy Cover | ® | sanrrsc
Small tributary enters here creating a low - -
S . . Summer Base Flow ® | BO.LW.SC
riparian area. The river begins to backwater | -
Ai i | Temperature - Rearing @ RT.LW,SC
into the tributary at the 2-yr flow event. e
Wood - Cover ® LW

® Acceptable © ARisk [ ] Up

iy .

In the more confined stretches of the river,
boulder clusters could provide a more
appropriate method for hydraulic variability
|within the riverscape. ; e

A |
L &
="

!

i)

{

. e 4 4 1
All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
|[number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

Relative Elevation /\  River Miles [ Conceptul Large Wood Structures [~ 1 Benching/Alcove Sept. Mean Depth (ft) BA - benching/alcove;
y Flow ——Jp to July Mean WSE (ft) Existing Large Wood 3] Bank Habitat Large Wood Infrastructure Removal ~ <* W~ Eor:?::;od;
W 5 ® cngineered vioos [ Bouiders NourshmentBar  — >*? W] -t
? 1?5 2?0 = - -15 O Natural Wood Jam === Sjde Channel Enhancement Riparian Treatments g st 10 gi';l":i':is;i“:rf _—
Contours (5-ft) Bl -0 within a given reach

Figure B-14.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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Pearrygin 2 - RM 2.5-1 - As the river becomes more con] ned, even low
flows inundate much of the active channel width. If access is possible within}~
the reach, deeper portions of the river could be the focus of additional

' :Pearrygi'n 2
| Limiting Factors

| i i i i ¥ Bank Stability ® AT, LW
_. a |tat struu res to provn.:ie cover in a relatively homogeneous reach. Cuame i % [ivie
; |Embeddedness ® | BO,LW, N8

| Fines ® | Bo,LwW.NB
|Floodplain Connectivity | ® |8AIR.LW,SC
|Off/Side Channels e | Bawwsc
|Pool Quantity and Quality | ® w
| Riparian Condition ® |Bam AT sc
Riparian -CanopyCover | ® | BARTSC
| Summer Base Flow ® | BO.Lw.SC
Temperature - Rearing ® | AT.LW,SC
Wnod - Cover ® LW
. Acceptable © AtRisk ® Uaccet

= = ..r

All large woodplacement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel

enhancement is likely to include the addition of floodplain wood.

s—.. -

Relative Elevation /\  River Miles [ Conceptul rge Wood Struchures Benching/Alcove " . Mean Depth (ft) B -bnthglcwe:
“ '( Flow ——Jp to July Mean WSE (ft) Existing Large Wood 3] Bank Habitat Large Wood Infrastructure Removal ~ <* W~ Eor;f':féod;
W 5 ® cngineered vioos [ Bouiders NourshmentBar  — >*? W] -t
? 1?5 2?0 = - -15 O Natural Wood Jam === Sjde Channel Enhancement Riparian Treatments g st 10 g‘;;:i‘:is;i“:g _—
Contours (5-ft) Bl -0 within a given reach

Figure B-15.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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— ) 3 = = 7 ]
Pearrygin 2 - RM 2.5-1 - The river continues to be confined as it enters % g Pearrygin 2
areas with higher densities of infrastructure on surrounding surfaces. Just : i . Limiting Factors

gfter the meanc:er bend tII;at begins at RM 1.5, hydraulic impacts from the HlBank Stability ST
ownstream Fulton Dam begin. [Coarse Substrate qMETT
. Embeddedness ® | BO, LW NB
Fines ® | BO, LW, NB
| Floodplain Connectivity | ® |BAIR.LW.S¢
| Off/Side Channels ® | BALW.SC
' @ w
@ | BA IR RT,SC
L BA, RT, SC
[ ] BO.LW.5C
[ ] RT, LW, SC
® LW

g 5._-.‘ |

e
4

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

n Relative Elevation /\  River Miles I Conceptual Large Wood Structures [~ %] Benching/Alcove Sept. Mean Depth (ft) gg —_bbzraclz‘igr:g,’alcwe: |
Y Flow —p to July Mean WSE (ft) Existing Large Wood 53X Bank Habitat Large Wood Infrastructure Removal < LW - large wood:
W 5 ® cngineered vioos [ Bouiders 777 NourshmentBar W] -t
? 1?5 2?0 = - -15 O Natural Wood Jam === Sjde Channel Enhancement Riparian Treatments g st 10 g‘;;:i‘iis;i“:g _—
Contours (5-ft) Bl -0 within a given reach

Figure B-16.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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Pearrygin 2/1 - RM 2.5-1 - Fulton Dam is the defining feature at the
downstream end of Pearrygin 2. The dam currently has fish passage, so is
onl artlalbamer within the ma|n channel

EPearrygi'n 2
\‘I."‘q,\ |Limiting Factors
4 Bank Stability
\Coarse Substrate BO, LW, NE
. Embeddedness BO, LW, NB

1 __|Fines BO, LW, NB
{Fulton Dam creates a backwater at low flows and a , , 1 . |Floodplain Connectivity 84, IR, LW, SC

forced hydraulic control at higher flows that : N\ Off/Side Channels BA LW, SC

|Pool Quantity and Quality
| Riparian Condition

| Riparian - Canopy Cover

| Summer Base Flow
Temperature - Rearing

All large wood placement is conceptual. Future site specific projects
should think about and adapt large woed structure locations, the
number of structures, structure type, and structure size. Side channel
enhancement is likely to include the addition of floodplain wood.

N Relative Elevation /\  River Miles [ ConceptualLarge Wood Structures [ Benmmgmlcme Sept. e Deplh {ﬁ:) Bf) gzr:lclgggfalce.
* Flow ——Jp to July Mean WSE (ft) Existing Large Wood B Bank Habitat Large Wood Infrastructure Removal ~ <* LW - large wood:
W 5 ® cngineered vioos [ Bouiders NourshmentBar  — >*? W] -t
? 1?5 2?0 = - -15 O Natural Wood Jam === Sjde Channel Enhancement Riparian Treatments g st 10 gi';l":i':is;i“:rf _—
Contours (5-ft) Bl -0 within a given reach

Figure B-17.—Design concepts for the Chewuch River within a portion of Pearrygin 2.
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