pp— —
A —

* Confederated Tribes of the-Uma.‘ﬁ




Confederated Tribes of the
Umatilla Indian Reservation
46411 Ti'mine Way,
(Mission) Pendleton, OR
97801

541-276-3165

Preferred Citation:

Confederated Tribes of the Umatilla Indian
Reservation (CTUIR). 2024. Upper Walla Walla
Watershed Action Plan. Oregon.

Copyright® 2024 by Confederated Tribes
of the Umatilla Indian Reservation.
All rights reserved.

Design, graphics and content layout:
Ecosystem Sciences, LLC
www.ecosystemsciences.com

All photographs are by Rio ASE, Mount Hood
Environmental and Ecosystem Sciences, LLC
unless specifically noted with alternate source.




Upper Walla Walla Assessment & Action Plan

Confederated Tribes of the
Umatilla Indian Reservation

The Confederated Tribes of the Umatilla Indian
Reservation (CTUIR) is a federally recognized
union of the Cayuse, Umatilla, and Walla Walla
Tribes established through the 1855 Treaty of
Walla Walla. At the signing of the treaty with the
United States, the Tribes ceded 6.4 million acres
of homeland located on the Columbia River
Plateau in what is now northeastern Oregon and
southeastern Washington. For thousands of years
the Tribal economy was based on subsistence
as people traveled throughout the homeland to
harvest and gather food. Tribal people maintain
a strong connection to the traditional culture of
fishing, hunting, and gathering foods important to
the tribal community, which is emphasized with
their adoption of the First Foods mission and
application of the Umatilla River Vision (Jones et.
al. 2008). The upper Walla Walla river, a tributary
to the Columbia River, flows from a watershed
that supports and provides these important First
Foods and is a priority area for protection and
enhancement of water and fisheries resources.
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The Upper Walla Walla Watershed is a physically diverse landscape containing
a variety of land forms and natural resources that support a wide range of
valuable land uses and fish and wildlife populations.

he CTUIR developed this
scientifically defensible floodplain-
based and strategic habitat
restoration plan. It is founded on a
watershed-scale geomorphic, hydrologic, and
biological assessment of historical, current,
and desired conditions in the upper Walla
Walla River. CTUIR and fellow co-managers
(ODFW and WDFW) worked with federal
and local agencies, and other stakeholders.
This project uses a scientifically robust,
efficient, and effective approach to assess
the watershed, identify target conditions
for restoration, and recommend a suite of
potential actions to achieve those targets.
The goal of restoration is to protect, enhance,
and restore functional streams, floodplains,
and uplands, which support and sustain
healthy aquatic habitat conditions and fish
populations.

The focal fish species of the assessment and
action plan consist of the following:

Middle Columbia River summer
steelhead (ESA-listed Threatened)
Columbia River bull trout
(ESA-listed Threatened)

+ Spring Chinook salmon

+ Pacific lamprey

This plan establishes a 20-year strategic
approach to process-based stream/floodplain
restoration and conservation based upon
watershed-specific data and associated
analyses with input from interested
stakeholders in the watershed to assist in the
recovery of the focal species. To prioritize
geographic areas and potential restoration
actions, the technical team assessed
geomorphic and biologic relationships
between land use, land cover, vegetation,
aquatic biotic communities, geomorphic and
hydrologic processes, and conditions.

The plan is primarily focused on the alluvial
channel and floodplain of the Walla Walla
River from the confluence with Dry Creek
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near Lowden, Washington, to the headwaters

of the North and South Forks of the Walla Walla
River in northeastern Oregon. The primary study
area includes approximately 70 miles of stream
and the associated floodplain of those stream
segments. Secondarily, a reconnaissance-level
assessment of the upland conditions of the study
area was completed using remote sensing data
and a geographic information system (GIS). The
secondary study area includes the catchment
area of the primary study area for analysis of
upland and tributary processes that influence
the primary study area and is approximately 885
square miles.

This was a collaborative process with the CTUIR
and several other stakeholders,with frequent and
open communications.

The Action Plan was developed from and
supported by a series of Technical Reports.
These reports are included in the appendices of

this plan for reference.

CTUIR River Vision and Touchstones

The CTUIR have a traditional and cultural
connection to the foods provided by the earth.
Specifically, people of the CTUIR rely on the
availability of First Foods (water, salmon, deer,
cous, and huckleberry, in the traditional serving
order) as a foundation for their culture, economy,
and religion (Karson 2006; Quaempts et al
2018). In 1996, the CTUIR Fisheries Department
initiated the Walla Walla River Fish Habitat
Enhancement Project to protect, enhance,

and restore functional floodplain, channel, and
watershed processes to provide sustainable
and healthy habitat for aquatic and riparian First
Foods species. Similarly, the CTUIR Department
of Natural Resources adopted a mission based
on First Foods with a vision to assess, manage,
restore, and monitor upland and riverine habitat
capable of providing First Foods that sustain the
continuity of the Tribe’s culture. The River Vision
(Jones et al 2008) and Upland Vision (Endress
et al 2019) identify multiple, intertwining physical
and biological touchstones that together form the
foundation for a healthy, dynamic and resilient
environment.




nutrients, minerals, and soil, supporting both
] vegetation that stabilizes and erosion that
destabilizes the surface. The shape of the
Function earth’s surface as expressed by the variability

: in water, vegetation, and soil is defined as
Soil the landscape pattern. The change in the
landscape pattern over time defines the
geomorphology of the area. Different plants
and animals have evolved to thrive in this
variable landscape taking advantage of
the connectivity between different habitats
and the transfer of nutrients, sediment,
energy, and organisms within them. The
interconnections between the upland and
river vision touchstones are central to the
proper function of the entire ecosystem.

Riparian
Pattern
Biotic Connectivity

Figure 2. The project will be based on the CTUIR River
Vision (Jones et al. 2008) and Upland Vision Touchstones
(Endress et al. 2019).

Upland Touchstones
sauolsyono] JaAly

Recognizing these interactions, and the focus
of this effort toward the Walla Walla River and
its floodplain, this Plan incorporates analysis
of watershed-scale upland touchstones and
reach-scale river touchstones. Additionally,
salmon are considered keystone and

The Upland Vision Touchstones include
Hydrologic Function, Soil Stability, Landscape
Pattern, and Biotic Integrity (Endress et al indicator species whose health can be used
2019). The River Vision Touchstones include to represent the overall ecological condition
water quantity and quality (hydrology), of a stream (Hyatt and Godbout 1999;

geomorphology, connectivity, riparian Cederholm et al 2000). It can therefore be
vegetation, and aquatic biota (Jones et al assumed that conditions supporting healthy
2008). Water in the form of rain and melting salmon (individuals and/or population) will

snow flows over the landscape picking up similarly support a healthy ecosystem overall.

River Vision Touchstones

Hydrology - Clean, cold water of adequate quantity is not only a First Food, but is required to support
Salmon and other native aquatic species.

Geomorphology - Channel and floodplain form are shaped as a balance between water flow and
sediment with influences from other physical characteristics, such as valley width and slope. Diverse
and complex floodplain forms provide the platform for functional floodplain processes and healthy
fish habitat.

Connectivity - A functional river and floodplain is supported by connectivity of surface water and
shallow groundwater. The movement of nutrients, sediment, and biota is dependent on connected
flowpaths in the surface and subsurface environments.

Riparian Vegetation - Native vegetation in the riparian area and floodplain influence system stability,
water quality and provide habitat in several ways. Live trees and shrubs that depend on water for
growth and nutrients can provide shade and stability to the channel. Large woody material can be an
important structural feature for habitat complexity and cover.

Aquatic Biota - The aquatic food web includes a range of biota from primary production organisms
to a variety of fish species at higher trophic levels. The health and persistence of biota respond to
the functionality of physical characteristics in the watershed and can be viewed as the result of the
riverine and floodplain conditions.




The mission of the CTUIR Fisheries Program is
to provide sustainable harvest opportunities for
salmon by protecting, conserving, and restoring
native aquatic populations and their habitats.

In support of this, the Habitat Program mission
is to protect, enhance, and restore functional
floodplain, channel, and watershed processes
to provide sustainable and healthy habitat for
aquatic First Food species.

Setting and Context

The forested headwaters, located along the
western face of the Blue Mountains, contain
timber resources along with complex wildlife
habitats. The lower and western portions of
the watershed consist of grasslands, upland
pasture, and moderately wide and fertile
floodplains along the Upper Walla Walla and
its tributaries that provide farming and ranching
opportunities.

The Walla Walla Watershed has been part

of the homeland for the three Tribes of the
Confederated Tribes of the Umatilla Indian
Reservation, Cayuse, Umatilla, and Walla
Walla, since time immemorial. The Tribes
moved across the Columbia Plateau in an
annual cycle of travel from areas of hunting,
fishing, and gathering to celebration and trading
camps. They would hunt, fish and gather roots
and berries in various areas and seasons
based on availability. This cycle would take
them to the lower watershed areas and along
the Columbia and Snake rivers in the winter and
spring and to the headwaters along the foothills
of the Blue Mountains and far beyond in the
summer and fall. The Walla Walla river provided
a conduit for travel, and the diverse resources
of the watershed were available for subsistence
hunting, fishing and gathering.

Beginning in the 1800’s, Euro-American
explorers and traders arrived in the Columbia
River Basin in search of the plentiful furs and
other natural resources. The Oregon Trail was
established through the Tribes’ homeland and
the United States government encouraged
settlers to move to the developing Oregon
Territory. By the 1850’s tension between
immigrants and Tribes had escalated to a level
that the government pursued the development
of a treaty.
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After much negotiation, the Treaty of June 9,
1855 was signed between the United States
and members of the Walla Walla, Cayuse,

and Umatilla Tribes and ratified in 1859. The
Umatilla Indian Reservation was created at that
time and 6.4 million acres of land were ceded to
the United States. The Confederated Tribes of
the Umatilla Indian Reservation was eventually
formed and rights were reserved for fishing,
hunting, gathering foods and medicine, and
grazing livestock in the ceded area.

European settlers continued to move into the
Walla Walla River Subbasin through the late
1800’s as they found the area to be productive
and accessible land for ranching and farming.
The area along the floodplain of the Walla Walla
river and its tributaries provided accessible and
fertile land for ranching and agriculture.

Purpose

Land management activities have taken

a toll on ecological conditions and natural
geomorphic processes. Over the past 150
years, activities such as grazing, timber
harvest, conversion of land to agricultural
production and floodplain and stream channel
manipulation have had detrimental effects on
habitat. Over the years reductions in habitat
quality and quantity have resulted in impacts
to key fish species, including the extirpation

of spring Chinook salmon (Oncorhynchus
tshawytscha) and coho salmon (O. kisutch).
To improve and restore habitat conditions,
activities have been planned and implemented
for decades, but generally in isolated and
opportunistic ways. The purpose of this Plan is
to leverage and tier off of existing recovery and
subbasin plans, providing improved data and
analysis as well as identifying and prioritizing
actions to improve and restore the functions
that create and maintain healthy aquatic habitat
and biota.

Limiting factors and treatments have been
generally defined in the Walla Walla Subbasin
Plan (NPCC 2004), the Middle Columbia
Steelhead Recovery Plan (NOAA 2009), the
Recovery Plan for the Coterminous United
States Population of Bull Trout (Salvelinus
confluentus; USFWS 2015), and several other
local planning documents.




Figure 3. Focal fish species of the assessment and action
plan include Chinook salmon, steelhead, bull trout and
pacific lamprey.

These planning documents have typically
focused on remediating specific limiting
factors through identifying often isolated
restoration measures with anticipation of
fish habitat uplift without an understanding
of larger scale watershed processes across
time and space and at multiple scales. A
comprehensive inventory and assessment
of the hydrologic, geomorphic, aquatic,

and riparian conditions of the watershed
including historic, present and future
conditions is needed to inform and develop
a process-based restoration approach that
addresses root causes of limiting factors
(ecological concerns) and results in long-
term improvements to watershed and fluvial
processes and sustainable ecological
processes.

This information is consolidated into this
single document that detailsthe strategic
approach to address root causes of
degradation within a watershed context,
specifically beneficial to focal fish species
and their aquatic habitat. The watershed
assessment, provided data resources,
prioritization strategy and adaptive
management plan generated from this effort
will be beneficial to stakeholders engaging
in implementation, both in communicating
with private landowners but also aligning
restoration approach and actions with the
watershed co-manager’s missions, recovery
plans, and conservation funding agencies.

Data and Resources

Technical analysis was completed using data and
content provided by CTUIR, Walla Walla Basin
Watershed Council, WDFW, ODFW, and other project
partners. No field data were collected by the project
team, who reviewed, analyzed, and synthesized

the previously collected and readily available data
represented in this report.

Co-Managers

The directives of relevant watershed co-manager’s
mission statements are presented below for
reference.

Confederated Tribes of the Umatilla Indian
Reservation (CTUIR) Department of Natural
Resources Program

To protect, restore, and enhance the first foods - water,
salmon, deer, cous, and huckleberry - for the perpetual
cultural, economic, and sovereign benefit of the CTUIR.
We will accomplish this utilizing traditional ecological
and cultural knowledge and science to inform:

1) population and habitat management goals and
actions; and

2) natural resource policies and regulatory mechanisms.

In support of the CTUIR Department of Natural
Resources mission statement, the Fisheries Habitat
Program goal and objectives:

1) To protect, enhance, and restore functional floodplain,
channel, and watershed processes to provide
sustainable and healthy habitat for aquatic species of
the First Foods order.

2) Develop comprehensive and scientifically defensible
restoration strategies based on the most recent and
best available scientific information (Includes prioritizing
actions and geographic areas).

3) Maintain and apply an updated knowledge of
floodplain, channel and watershed function as it relates
to healthy aquatic conditions and fish populations.

4) Build and maintain cooperative and coordinated
relationships with other key agencies and stakeholders
in order to maximize project efficiency, effectiveness and
success.

Oregon Department of Fish and Wildlife (ODFW)
To protect and enhance Oregon’s fish and wildlife and

their habitats for use and enjoyment by present and
future generations.




Washington Department of Fish and
Wildlife (WDFW)

To preserve, protect, and perpetuate fish,
wildlife, and ecosystems while providing
sustainable fish and wildlife recreational and
commercial opportunities.

Technical Team, Co-Managers,
Stakeholders and Collaboration

The project was performed in collaboration
with state co-managers, Federal and local
agencies, and other stakeholders. The state
co-managers include the ODFW and the
WDFW.

A communication plan was designed for this
project and used to facilitate the development
of the Assessment and Action Plan. The
communication plan aligns with and supports
the Vision, Goals and Obijectives established
for the project. The communication plan
helped the project team determine the
appropriate level of engagement and
communication, map appropriate strategies,
and share information.

Stakeholders were a key source of data and
the ultimate recipient of the communications
messaging. Stakeholder groups and their
respective roles are described below. Key
personnel per group was a vital part of
defining the collaboration process.

CTUIR - Project Lead and point of contact
with all stakeholder groups

Core Project Team - Lead for all project
technical assessments, managed products
and deliverables, lead internal meetings

and technical meetings in collaboration with
CTUIR Project Lead. The team of technical
scientists and habitat restoration specialists
included Rio ASE, LLC, Ecosystem Sciences,
LLC, and Mount Hood Environmental.

Co-Managers
CTUIR

« ODFW
WDFW
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Technical Advisors - The project developed
an efficient partitioning of technical groups to
avoid overlap, or involvement in areas without
technical expertise or oversight. Technical
input from advisory groups was an important
part of the Action Plan development.

Landowners / Public - CTUIR maintains

an outreach component to the public, local
landowners and other stakeholders to inform,
engage and solicit feedback on all projects.
Two public meetings were held in March,
2023 and August, 2024 to disseminate
information from the assessment and Plan
and to seek feedback prior to finalization.

Vision, Goals, Objectives

CTUIR, core project team and co-managers
were responsible for developing the Vision,
Goals, and Objectives (Figure 4). These
principals guide the project, communications,
and outcomes. The Vision, Goals and
Objective for this project are described on the
following pages.

A vision is a brief but powerful statement
that acts as a driving force for achievement
of a project. A good vision statement is
succinct, which makes it easy for leaders
to communicate and stakeholders to
understand.

Goals are the targets for the project, and are
needed to achieve and fulfill the vision. A
goal is a brief, clear statement of an outcome
to be reached. The primary difference
between visions and goals is action. A vision
provides direction for the goals. Goals are
action-oriented that produce results and drive
project success.

Objectives define the actions that must

be taken. Objectives are targets that

are realistic, specific, and measurable.
Objectives help achieve project goals over
time and work to ensure that the actions are
directed toward overall goals. Objectives
define the steps to take to achieve goals. By
fulfilling an objective, the project progresses
toward goals and ultimately, the vision.




“I wonder if the ground has anything to say? I wonder if the ground is
listening to what is said? I wonder if the ground would come alive and
what is on it? Though I hear what the ground says. The ground says, it is
the great spirit that placed me here. The great spirit tells me to take care
of the Indians, to feed them alright. The great spirit appointed the roots to
feed the Indians on. The water says the same thing. The great spirit directs
me, feed the Indians well. The ground, water and grass say, the great spirit
has given us our names. We have these names and hold these names. The
ground says, the great spirit has placed me here to produce all that grows
on me, trees and fruit. The same way the ground says, it was from me man
was made. The great spirit, in placing men on the earth, desired them to
take good care of the ground and to do each other no harm...”

;’a&:ﬁg-ﬁ;‘ ‘ Young Chief
- 1855 Treaty Council

m  Mainstem Upper Walla Walla River



Vision

TO ESTABLISH THE UPPER WALLA WALLA RIVER AS A HEALTHY AND

FUNCTIONAL ECOSYSTEM

An ecosystem that supports multiple
uses for cultural and nutritional
subsistence, species conservation,
agriculture, recreation, and public
safety such that the Walla Walla River
sustainably supports harvestable focal
species populations in balance with the
needs of the local community. These
values are expressed through the
CTUIR Upland Vision' and River Vision?
touchstones, and are complementary to
conservation and restoration strategies
supported by local and regional
stakeholders.

1. First Foods Upland Vision (Endress B. A., 2019).
2. River Touchstones (Jones K. L., 2008).

UPLAND VISION

Touchstones

S SO S

Upland Vision' touchstones ensure healthy, resilient
and dynamic upland ecosystems capable of
providing First Foods that sustain the continuity of
the Tribe’s culture.

RIVER VISION

Touchstones

R

River Vision? touchstones support a healthy,
dynamic river system that can sustain production
of First Foods, with an emphasis on Water and
Salmon.

Upper Walla Walla Action Plan \




Goals & Objectives

GOALS

Assess watershed
function and processes

Identify restoration and
conservation opportunities

Identify actions to
address impairment

Strategize
implementation

o]

OBIJECTIVES

Scientifically robust assessments of
watershed function

SHORT TERM

Prioritized areas for restoration and
conservation

Develop actions that support restoration
to achieve multi-species uplift

Design a 20-year strategic plan for

restoration implemetation

GOALS

Functional and
| resilient
watershed

Sustainable and
harvestable fish
populations

Cooperation and
collaboration

LONG TERM

OBIJECTIVES

Implement actions in priority areas
to restore function

Enable projects that achieve
multi-species uplift

Establish shared goals and understanding
of healthy watershed conditions

/ m  Figure 4. Vision, Goals, Objectives 1




Watershed

Assessment

Geology and Geomorphology, Soils, Land Cover and

Land Use, Sediment, Hydrology, Fish Use and Population,
Climate, Fish habitat Capacity

The Upper Walla Walla Watershed Assessment included approximately 1,111 square
kilometers of the watershed and 114 stream kilometers that were divided into 21 distinct
geomorphic reaches within the main stem, North Fork and South Fork Walla Walla River
upstream of the confluence with Dry Creek near the town of Lowden, Washington.

o

-m “Upper. WallaWallg
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his chapter summarizes multiple

watershed-scale attributes,

evaluating their existing conditions

and impacts affecting upland and
aquatic ecosystems. The combination of
these attributes defines the character of the
river system, influences its evolution and
resilience over time, and creates habitat
supporting the first foods necessary to
sustain CTUIR culture. These attributes
were also used to delineate individual
geomorphic reaches for more detailed
analysis and development of restoration
targets and treatments summarized later in
this document.

The Upper Walla Walla Watershed is diverse
both in its physical features and its historical
evolution. The South Fork and the North
Fork of the Walla Walla River originate on
the forested slopes of the Blue Mountains in
southeastern Washington and Northeastern
Oregon. The Blue mountains are comprised
primarily of basalt bedrock with relatively
shallow soils that contribute to flashy runoff
and high erosion rates on the surface, and
enable deep groundwater recharge through
the highly fractured bedrock. The narrow
canyons of the North Fork and South Fork
join forming the mainstem Walla Walla River.
Where the mainstem departs the confined
upper watershed the historical river was able
to spread out, branch into multiple channels,
dissipate energy, and deposit sediment. A
broad alluvial fan formed. The conifer forest
of the headwaters similarly transitions to
more and more deciduous trees and shrub/
scrub landcover on the broad alluvial fan

surface of the lower watershed. Likewise,
groundwater recharge from the upper
watershed contributes to gaining reaches of
the mainstem river in the lower watershed
where the basalt geology shifts to gravel
deposits of the broad alluvial valley.

The diverse physical character of the
watershed has been influenced by human
impacts of the years. Historical land use by
the Cayuse, Umatilla, and Walla Walla Tribes,
consisted primarily of annual cycles of travel
between the uplands of the Blue Mountains
in the summer and fall to the lower watershed
areas in the winter and spring following food
sources and preferable climate patterns.
Land use impacts were minimal.

Beginning in the 1880’s European settlers
moved into the area introducing large-scale
farming, ranching, timber harvesting, roads,
irrigation diversions, levees, and other
impacts associated with rural development.
These practices started relatively small, but
quickly grew to take over much of the lower
watershed. Floodplains provided available
flat ground upon which to raise crops, build
roads and infrastructure, and create new
communities. The river was mechanically
modified to accommodate this new
development, and large portions of the river
were straightened, channelized, leveed, and
riprapped.

On the following pages is a summary of
watershed-scale conditions within the Upper
Walla Walla. Below is an association of each
watershed scale condition accompanied by
the associated touchstone.

River Vision Touchstones and Associated Watershed-Scale Conditions

Riparian Vegetation - Land Use and Land Cover / Soils / Climate

Aquatic Biota - Fish Habitat Capacity / Climate / Fish Use, Population and Access /

Land Use and Land Cover

Connectivity - Land Use and Land Cover / Climate / Fish Use, Population and Access

Hydrology - Hydrology / Land Use and Land Cover / Climate

Geomorphology - Geomorphology and Geology / Sediment / Soils / Land Use and Land Cover /

Climate




Geomorphology and Geology

From the basalt cliffs of the uplands to the
fertile floodplains of the valley, the geology
and geomorphology of the Walla Walla River
Basin provide the foundation for landscape
processes that shape the integrated Upland
and River Vision Touchstones.

The watershed is primarily underlain by the
Columbia River Basalt Group (CRBG), which
formed between 17 and 6 million years ago
and consists of thick basalt layers stacked like
a "layer cake." The Grande Ronde Basalt is
the oldest and thickest of CRBG units in the
basin and consists of multiple, relatively thin
flows with low silica content and is known for
its dark, fine-grained texture. The Wanapum
Basalt, which overlies the Grande Ronde
Basalt, is composed of several flows, which
are less extensive and exposed primarily

in areas where erosion has removed the
overlying Saddle Mountains Basalt, revealing
a more varied topography with cliffs and rocky
outcrops. As a result, dense fractures in this
formation allow for significant groundwater
storage and flow. The Saddle Mountains
Basalt caps the basalt sequence and

consists of thinner flows with a more complex
composition, including more silica-rich basalts
and occasional interbedded sediments. It is
less widespread than the underlying basalts
but can be found in scattered outcrops and

is often associated with elevated topography
that serves as a protective layer, reducing
erosion of the softer underlying units. These
formations dominate the upper landscape,
creating steep hillsides and rugged cliffs,
especially in the headwaters of the South Fork
and North Fork Walla Walla River.

The geomorphology of the South Fork and
North Fork are characterized by steep, rugged
terrain shaped by a combination of tectonic
uplift, which has raised the land, and stream
erosion, which has carved the river valleys.

Upper Walla Walla Action Plan
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The elevations in these areas range from
approximately 457 meters to over 1,800
meters, with steep slopes frequently
exceeding gradients of 30%. The headwaters
are primarily covered with shallow, rocky soils
derived from volcanic ash and basalt. Basalt
outcrops are common on the steep hillsides,
where erosion has exposed the columnar
jointing and stratified layers of the basalt
flows. Faulting and tectonic uplift have also
influenced the course and incision of the river.
Fault zones, such as the Hite Fault, create
weaknesses in the rock, allowing the rivers to
cut deeply into the landscape. These geologic
and geomorphic characteristics of the upper
watershed influence both soil formation

and hydrology by providing channels for
groundwater flow through the fractures in the
rock that are important to aquifer recharge.
Faults and folds influence groundwater flow
and sediment transport, while the varying
topography and soil types determine the
suitability of land for different uses.

As the Walla Walla River descends from

the uplands into the lower elevations near
Milton-Freewater, the landscape transitions
into broad alluvial plains and gently sloping
terrain that contrasts sharply with the rugged
headwaters. In the valley bottoms and
floodplains, deposits of sand, gravel, and silt,
transported by the Walla Walla River and its
tributaries, overlay the basalt bedrock.

Overlying the basalt in some areas are
sedimentary deposits including those from
catastrophic, regional, glacial outburst floods
during the last ice age. These deposits are
more easily eroded than the underlying basalt,
but more resistant to erosion than other wind
and floodplain deposits. Wind-blown deposits,
which also originated ruing the last ice age,
can reach thicknesses of several meters

and, along with the floodplain sediments,
contribute to the thick and fertile soils in the
valley. These soils sustain a rich agricultural
landscape that has traditionally been used for
growing crops that are essential for sustaining
the First Foods.
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Soils

The soils of the Upper Walla Walla Watershed
are primarily a mix of volcanic ash, basalt-
derived materials, and sedimentary deposits,
leading to a range of soil types that vary in
texture, fertility, and drainage capabilities,
which are integral to the ecological health

and cultural values emphasized in the Upland
Vision Touchstone framework.

Following the general landscape patterns

in geology and topography, the uplands

and lowlands are composed of functionally
different soil characteristics. In the lower
watershed near Milton-Freewater, deep,
fertile soils classified as Mollisols are formed
from loess and alluvial deposits. These
soils have a high organic matter content,
neutral to slightly alkaline pH, and excellent
structure, allowing for extensive root growth
and high water retention. The soil thickness,
often several meters deep, supports robust
agricultural productivity for crops like wheat,
vineyards, and orchards. Mollisols’ ability to
retain moisture and nutrients makes them
highly effective for cultivation, but they are
also susceptible to erosion and compaction,
particularly on sloped fields or with improper
tillage practices. Effective management,
such as no-till farming and cover cropping,
is essential to preserve their structure and
prevent degradation.

In contrast, soils in the upper watershed are
classified as Andisols, which are shallow
soils developed from volcanic ash, pumice,
and basalt. These soils are light, porous,
and characterized by high water-holding
capacity due to the presence of clay minerals.
However, Andisols are typically less than

a meter deep and rest on fractured basalt
bedrock, which limits their ability to support
deep-rooted plants and results in rapid
surface runoff during precipitation events.
Their texture varies from sandy to gravelly
loams, with lower organic matter and nutrient
content compared to Mollisols.

Upper Walla Walla Watershed

These conditions create challenging
environments for vegetation, favoring drought-
resistant grasses, shrubs, and coniferous
forests such as Ponderosa pine and Douglas
fir. The steep slopes and thin soil layers
increase susceptibility to erosion, landslides,
and reduced water infiltration, particularly
during heavy rainfall or snowmelt.

Effective management of these contrasting
soil types is crucial for the overall health of the
watershed. Practices like controlled grazing,
reforestation, and erosion control in the
uplands not only help stabilize soils but also
enhance water retention and support the River
Vision’s goals by reducing sediment loads
and regulating the flow of clean water into
downstream areas. The interconnectedness of
upland and river systems highlights the need
for integrated management strategies that
balance agricultural productivity with habitat
restoration and conservation. By protecting
the soil health and ecological integrity of

both the fertile lowland Mollisols and the
fragile upland Andisols, the Upland and River
Vision Touchstones provide a comprehensive
framework to sustain the cultural and
ecological values of the CTUIR and ensure
the long-term resilience of the Walla Walla
Basin.




Land Cover and Land Use

The Upper Walla Walla Watershed is
characterized by a diverse range of natural
and human-influenced landscapes that reflect
its geographical, ecological, and socio-
economic characteristics.

Upstream of Milton-Freewater, the rugged
Blue Mountains shape the Upper Walla
Walla watershed with steep slopes, narrow
valleys, and complex geology dominated by
Columbia River Basalt. The shallow Andisols,
formed from volcanic ash and basalt, support
coniferous forests of Ponderosa pine, Douglas
fir, and grand fir, historically managed for
timber production and now increasingly
focused on recreation and wildlife habitat
conservation. Logging has been a significant
industry, but land use practices have

shifted towards sustainable management,
reforestation, and controlled grazing to
reduce erosion and maintain ecological
health. These upland areas, with their cool
climate and seasonal snowpack, play a
critical role in water retention and contribute
to the hydrological balance of the watershed,
aligning with the Upland Vision Touchstone’s
goals of protecting soil stability, water quality,
and ecosystem resilience.

As the watershed transitions downstream near
Milton-Freewater, the landscape opens into
gently rolling hills and broad floodplains, ideal
for extensive agricultural use. Fertile Mollisols
and alluvial soils, formed from loess and river
sediments, support dryland farming, irrigated
agriculture, and livestock grazing. This area is
renowned for producing wheat, barley, peas,
and, more recently, high-quality wines from
the expanding vineyards in the Walla Walla
Valley.

Upper Walla Walla Action Plan

Upper Walla Walla Watershed

The shift towards more intensive irrigated
agriculture has increased water demand,
impacting groundwater levels and surface
water flow. Balancing agricultural productivity
with the protection of riparian zones, which are
crucial for water quality and wildlife habitat,

is central to the River Vision Touchstone’s
focus on integrating sustainable agricultural
practices with ecological restoration.

Urban and residential development,
particularly around Walla Walla and Milton-
Freewater, has been gradually expanding,
driven by the growth of the wine industry

and tourism. This development increases
pressure on water resources and land
stability, highlighting the need for careful
planning to balance growth with conservation.
The watershed also provides numerous
recreational opportunities, such as hiking,
fishing, camping, and hunting, with the Blue
Mountains serving as a popular destination for
outdoor activities.

Conservation efforts are crucial throughout
the watershed, particularly in restoring critical
habitats for endangered fish species like
Chinook salmon, steelhead, and bull trout.
The Walla Walla River and its tributaries

are vital for sustaining aquatic First Foods,
including salmon and trout, which depend

on cool, clean water and complex stream
habitats. Habitat restoration projects aim to
enhance riparian zones and improve water
quality, supporting both ecological and cultural
values.
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River and Reach

Walla Walla

Hydrology

Surface water hydrology in the upper Walla
Walla River is dominated by snowmelt,

with the South Fork often contributing
nearly double the discharge of the North
Fork (Figure 9). The highly fractured basalt
geology overlain by alluvial gravels also
stores and contributes groundwater to the
system. Up to 2.0 cms (70cfs) of discharge
is gained from groundwater and springs
between RKM 13 on the South Fork (Reach
SF1) and the downstream project extent.
Irrigation withdrawals on the other hand
significantly reduce surface water flows,
especially downstream of Milton-Freewater
where the valley opens onto a broad alluvial
fan that has been converted from floodplain
to agriculture and rural development.
Channel straightening, confinement, and
levee construction have been used to
protect infrastructure on the floodplain. The
resulting channel confinement has increased
the erosive force of the river while reducing
floodplain storage and energy dissipation.
Several distributary channels were
historically used to divert water from the
Walla Walla and recharge the groundwater
(acting as an artificial floodplain), but
occasional floods periodically overwhelm the
system resulting in broad-scale flooding and
erosion.

wwi1
ww2
ww3
ww4
WWw5

Normalized unitless 10-day average flow

Upper Walla Walla Watershed

Because much of the water in the system
originates in the headwaters and most irrigation
withdrawals are in the lower valley, the upper
reaches of the project area are generally meeting
recommended ecological base flows required for
fish passage and habitat needs for key species
and life stages (Walla Walla River Bi-State Flow
Study 2019). Conversely, reaches lower in

the system (especially downstream of Milton-
Freewater) are functioning at generally less than
25% of their recommended ecological base
flows (Figure 10). Groundwater contributions
help offset irrigation losses in Reaches NF1 and
WWS5.
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m  Figure 9. Relative timing and magnitude of
streamflow at gage locations.
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Fish Use, Population Status and Access

Spring-run Chinook Salmon Extirpated in the
late 1950s, spring-run Chinook salmon historically
occupied the mainstem Upper Walla Walla River,
the North and South Fork Walla Walla River,

Mill Creek, and many Upper Walla Walla River
tributaries. Reintroduction of the species occurred
in the South Fork and Mill Creek in the early 2000s
and hatchery augmentation continues through the
?Imtwaha Fish Hatchery, established in 2021 on
the South Fork Walla Walla River. Today, Chinook
salmon can be found in the mainstem Upper
Walla Walla River, the South Fork Walla Walla
River, and Mill Creek. While reintroduction efforts
were successful in the watershed, contemporary
abundance estimates of Chinook salmon in the
Walla Walla River watershed continue to fall short
of conservation goals.

Middle Columbia River Summer Steelhead
Steelhead occupy much of their historic range

in the Upper Walla Walla River watershed but in
limited or depressed capacities and are currently
listed as threatened under the Endangered
Species Act (ESA). Agricultural, urban, and forestry
development in the early 1900’s significantly
impacted steelhead distributions and connectivity
in the watershed. Implementation of adult fish
passage infrastructure on several diversion dams in
the 1980’s improved steelhead connectivity in the
watershed but degraded habitat continues to inhibit
spawning and rearing throughout the watershed.
The contemporary steelhead abundance estimates
in the Upper Walla Walla River watershed is less
than historical abundances, and the 10-year
geometric mean (2011-2019) of upstream migrating
adults at the Nursery Bridge Dam suggests a
declining trend in abundances.

Columbia River Bull Trout Bull trout in the

Upper Walla Walla River watershed exhibit both
fluvial and resident life histories. Fluvial bull trout
exhibit substantial seasonal movement throughout
the Upper Walla Walla watershed (as well as into
the Columbia River) depending on rearing and
reproductive needs. Resident bull trout are often
confined by thermal conditions to headwater habitat
for most, or a portion, of their life.

22
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Historic bull trout abundances and spatial extents
are poorly documented, but it is assumed both
have been reduced and negatively impacted by
habitat degradation and anthropogenic impacts
in the watershed. Bull trout are currently listed

as threatened under ESA. Contemporary spatial
extents for bull trout in the Upper Walla Walla
River watershed consist of Mill Creek, North Fork
Walla Walla, South Fork Walla Walla, and the
mainstem Walla Walla. While contemporary bull
trout abundance estimates in upper portions of
the watershed suggest a stable population size,
it is believed the population has been reduced
compared to historical estimates.

Pacific Lamprey Pacific lamprey once occurred
throughout much of the Upper Walla Walla River
watershed, however they now appear to be
extirpated from their entire historic range. While
no quantitative data is available, tribal accounts
from the South and North Fork of the Upper
Walla Walla River and Skiphorton Creek suggest
lamprey were abundant in the watershed. The last
documented lamprey in the Upper Walla Walla
River watershed was in 1997. Reintroduction of
Pacific Lamprey is proposed for the Walla Walla
through supplementation efforts focused on larval
outplanting.

Limiting Factors Population productivity and
distribution of focal species in the Upper Walla
Walla River watershed has been impacted by
agriculture, irrigation and water management,
timber harvest, and urbanization. These land-
use practices have led to several interrelated
limiting factors for fish including degraded riparian
habitat, increased water temperatures, excess
sedimentation, simplified river morphology,
modified timing and magnitude of flows, loss of
North American beaver, degraded water quality,
and physical barriers to movement. These factors
adversely impact access to and the quality of
habitat and food sources for focal species. While
fish ladders have been installed to improve

fish passage, dams on the mainstem Walla

Walla River and Mill Creek have contributed to
limited distributions of focal species within the
watershed, and the extirpation of Chinook salmon
in the 1950s. Today, there are three diversion
structures within the watershed that can impede
fish movement at low flows.
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Climate

Warming temperatures associated with climate
change are expected to affect the watershed in a
variety of ways. A combination of moist maritime
and dry continental climates creating a climate
pattern with warm dry summers and cool damp
winters. Low elevation areas are particularly
susceptible to winter rain, rain-on-snow events,
and early spring thaw contributing to flood flows.
Due to orographic lift, the higher elevation areas
of the watershed receive significantly more
precipitation, primarily as snow in the winter.

The spring snowmelt-dominated hydrology is
likely to transition to a rain-and-snow hydrology
adding a secondary peak discharge associated
with rain in the fall. Additionally, lower snowline
elevations will result in more frequent rain-on-
snow events throughout the winter increasing
the likelihood of more frequent high- magnitude
floods. With generally less snow and warmer
temperatures, snowmelt and spring peak
discharge are anticipated to occur earlier in the
season, along with reduced low flows and higher
stream temperatures in the summer. Snowmelt
provides most of the streamflow in the Walla
Walla River during the dry, summer months.

Stream Temperature Stream temperature is a
critical component of the hydrology of the Upper
Walla Walla River watershed, directly affecting
the fish community and the connectivity of

their habitat. In the Pacific Northwest, summer
months are anticipated to become progressively
more stressful for cold-water species as

stream temperatures increase with warming

air temperatures, which is likely to shift and
reduce suitable habitat for many species. To
determine whether summer stream temperature
is a potential limiting factor for fish population
productivity within the Upper Walla Walla River
watershed, recent historic and future projected
summer stream temperature scenarios were
compared to life-stage specific temperature
thresholds for focal species.

Understanding potential stream temperature
limitations on habitat availability and suitability
can help prioritize restoration actions (e.g.,
riparian planting, improved grazing practices,
etc) to mitigate future impacts of a warming
climate.

Upper Walla Walla Watershed

Recent historic (2002-2011) and projected (2040
& 2080) August mean stream temperature
predictions (i.e., NorWest) were used in
combination with established life-stage specific
temperature thresholds for focal species to
evaluate potential habitat limitations within

the upper Walla Walla River watershed. To
accomplish this, the August mean stream
temperature predictions were used to quantify
the amount of stream habitat exceeding
optimum, maximum, and acute temperature
thresholds relative to focal species’ distributions
(i.e., StreamNet) within the Upper Walla Walla
watershed during summer months.

Under the recent historic stream temperature
scenario, significant amounts of each species
domains are outside of optimum thresholds with
smaller amounts of habitat exceeding maximum
thresholds, including the parr and spawning
life-stages for Chinook salmon (Table 1). A
small amount of Chinook salmon spawning and
bull trout habitat also exceed acute thresholds
under the recent historic scenario. As stream
temperatures increase through the 2040 and
2080 projected scenarios, greater amounts

of habitat exceed optimum, maximum and
acute thresholds for each species and life-
stage, reducing potential species’ distributions
to upper portions of the watershed. This
constrains available habitat further and could
create substantial thermal barriers downstream,
preventing species from reaching habitat with
suitable temperatures. A theoretical scenario
where current stream temperatures cool by

1°C suggests that restoration actions aimed at
mitigating climate change impacts, could provide
relatively moderate gains in suitable habitat for
each focal species.

Life Stage 2040 Projected 2080 Projected

Chinook salmon -3.8 -13.2
spawning

Chinook salmon parr | -18.4 -74
Steelhead parr -24.6 -42.8
Bull trout 19.3 29.9
Pacific lamprey 5.8 247

m Table 1. Cumulative Length (km) of Optimal Temp
Lost(-)/Gained(+)
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Habitat Capacity

Understanding life-stage specific bottlenecks for
salmon and steelhead populations is paramount in
developing restoration or rehabilitation strategies
that optimize benefits for specific species and life-
stages. To determine restoration actions that have
the greatest potential for recovery of Endangered
Species Act-listed salmonids in the Upper Walla
Walla River watershed, a novel approach for
estimating habitat carrying capacity for multiple life-
stages of Chinook salmon and steelhead relative to
adult escapement recovery goals was employed.
This quantitative approach identified population
bottlenecks, helping guide restoration actions to
alleviate limiting factors for specific species and life-
stages.

Habitat capacity deficits resulting from limitations
in habitat quantity and/or quality were assessed for
three life stages of Chinook salmon and steelhead:
1) spawning (redds), 2) juvenile summer rearing
(parr), and 3) juvenile winter rearing (presmolts).
First, the capacity required to meet adult abundance
escapement goals was estimated for each of the
life stages using a Generalized Capacity Model
framework. Next, the currently available habitat
capacity was estimated using a quantile random
forest (QRF) model approach applied at each life

stage.
Habitat Capacity: Optimal N
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Finally, capacity limitations were quantified by
subtracting required capacity from available
capacity, providing an estimate of (potential)
capacity deficit by species and life stage.

Results from the habitat capacity assessment
identified that sufficient juvenile rearing habitat,
during summer and winter months, is likely available
for Chinook salmon to support an escapement
recovery goal of 3,600 adults. However, there

does not appear to be sufficient Chinook salmon
spawning habitat available. It is estimated that the
watershed would need to support an estimated
1,242 redds to recover 3,600 adults; a 317%
increase from the estimated available capacity

of 298 redds. For steelhead, there is sufficient
juvenile rearing habitat, during winter months, to
support an escapement recovery goal of 3,400
adults. However, available spawning and summer
rearing habitat is insufficient. It is estimated that
habitat in the watershed would need to support an
estimated 2,017 redds to recover 3,400 adults; an
87% increase from the estimated available capacity
of 1,079 redds. It is estimated that 1,355,743 parr
would be required to achieve escapement recovery
goals; a 33% increase from the estimated available
capacity of 1,016,587 patrr.

Reference Appendix H for additional species and
life stage capacity modeling results.

Habitat Capacity: Actual R

g Factors

f

Available
Habitat

:

m  Figure 15: Schematics conceptualizing habitat capacity scenarios. The scenario on the left has no limiting factors, while the scenario on
the right has significant limiting factors resulting in reduced habitat capacity and production.
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Upper Walla Walla Watershed

The 114 stream kilometers evaluated within this assessment have been divided into 21
distinct geomorphic reaches. In each reach, assessments of hydrology and hydraulics,
geomorphology, riparian, and fish habitat suitability were conducted to gain a more
thorough understanding of the current conditions and potential restoration opportunities.

he conditions in a river change

from the headwaters downstream

to the lower watershed. In a

reach assessment, the channel
and associated floodplain are divided into
segments called “reaches” based on their
similar forms and functional characteristics
to facilitate an accurate and meaningful
evaluation of the river. In that way each reach
can be individually assessed for impacts and
restoration opportunities and all the reaches
can be collectively compared to characterize
the relative level of impairment, to identify
and separate different treatment strategies,
and to prioritize different action areas.

\d

S

Various changes to the form and function of
the upper Walla Walla River have occurred
over many decades. Some of these changes
have been natural, others were caused by
human activities. Some of the changes
have created benefits, others have caused
harm. A reach assessment is a tool by which
scientific data and analyses can help identify
and define the amount of change that has
occurred and quantify the level of benefit
versus impact, especially regarding sensitive
and/or endangered species.
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m  Figure 17. Tributary and Reach Breaks Map
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Tributaries and Reach Assessment

Upper Walla Walla Main, North Fork, and South Fork Walla Walla River

Salmon, steelhead, and bull trout are
sensitive and/or endangered species currently
occupying the upper Walla Walla River. These
fish are often considered keystone species
whose health and abundance are emblematic
of the environment they occupy. Evaluating
the physical characteristics of a reach and

the habitat and use by keystone species is an
informative tool for understanding impacts and
potential restoration needs within the river at a
reach scale.

The Upper Walla River Reach Assessment

is a critical piece of the overall action plan
serving as the basis for a 20-year strategic
approach to process-based stream and
floodplain restoration and conservation to
assist in the recovery of focal fish species.
The Reach Assessment specifically evaluates
hydraulic habitat suitability, areas of erosion

and deposition, flood inundation potential,
riparian shade, and many in-stream metrics
like pools, riffles, large woody material, and
floodplain extent to quantify current river
function relative to established benchmarks
to determine the level of impairment, target
conditions, and restoration opportunities. The
following pages summarize those results for
each reach within the three valley segments
evaluated (mainstem, North Fork, and South
Fork Walla Walla River).

Not all the data that was used or created

in the technical memos is illustrated in this
main document. The maps and information
illustrated are a representation of the full

suite of data, included in the appendices.
Detailed assessment methods, results, and
conclusions are included in the appendices of
this document.

Peis e e

m  Figure 20: Unconfined reach.
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Hydraulic Habitat Suitability

N
Modeling analysis, for a given river /N “‘“;\
reach and a given flow, a suitable =
habitat availability for target aquatic
species.
Erosion and Deposition ST

Pre-flood (2019) and post-flood (2021) =
LiDAR difference model illustrating
areas of physical change resulting
from the 2020 flood of record.

Flood Inundation

Various discharge predicted flood
depths derived from 2D hydraulic
modeling produced from detailed
topo/bathymetric LiDAR survey.

Riparian Shade

Lidar derived vegetation height and
solar routing model that calculates
potential and received solar radiation
at a stream’s surface and also provides
shade output as effective shade
metric.

Aerial Imagery

2021 high resolution aerial
imagery base.

Lidar Terrain

Highlights natural land
forms, uses land digital
elevation model (DEM) to
display the different regions,
elevation, and physiography.

Reach Map Data Layers

Reach assessments include several
geospatial data layers containing groups
of point, line, or area (polygon) features
representing a particular class or type

of real-world entities. The reach data
layers included in the following pages
illustrate the pertinent characteristics
that were assessed for the action

plan. This page describes each

data layer that is shown on the

I N following reach maps.




3000

Valley Width (m)

Ratio of Channel Constraint Length
to Reach Length

Walla Walla River Mainstem

38.5 KM Reach Length

RKM 44.1 to 82.6

Walla Walla Mainstem extends approximately 38.5 river kilometers (RKM) from the confluence with Dry
Creek near the town of Lowden Washington at RKM 44.1, upstream to the confluence of the North Fork
and South Fork at RKM 82.6. There are five geomorphic reaches along this distance, ranging in length from

4.1 kilometers (WW3) to 13.1 kilometers (WW1).

The river and floodplain conditions in the Walla Walla
mainstem have been highly altered as a result of rural
residential development along the valley bottom. The
historically broad floodplain has been disconnected by
levees, and the sinuous often multi-threaded channel
has been confined and straightened into a single thread.
These changes have resulted in long, uniform, riffles,
very few pools, and increased erosion and channel
incision. Grade controls, like the concrete structure at the
Eastside Road and multiple boulder weirs, have largely
arrested channel incision, but excess stream energy has
significantly widened banks such that the width-to-depth
ratio is 2 to 4x the desired target.

2500+ ]
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=
= o
0 — ——
Ww1 ww2 ww3 ww4 WWwW5
m Valley Width - Natural / Confined [J Confined [ Natural
25
Length of channel
20 constraints 2x reach
15
1.0
- '
0.0 l l l l ]
WWw1 | ww2 | ww3 | ww4 | WW5 |
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m Artificial Floodplain Disconnection Ratio

Upper Walla Walla Action Plan

Valley Bottom Inundation (% area)

% of Valley Area Inundated

Similarly, the amount of in-stream wood providing habitat
structure and cover is 2 to 7x below the desired target.
High in-stream velocity also reduces Chinook salmon
spawning suitability to only those reaches upstream of
the concrete grade control structure at Eastside Road in
Milton-Freewater. All reaches are within the deciduous
riparian vegetation zone.

There were negligible changes in reach-scale hydraulic
characteristics like channel depth, velocity, shear stress,
sediment transport, etc. following the 2020 flood of
record, but there were notable changes in bank erosion
and channel migration. In other words, the channel
moved during the 2020 flood, but the characteristics in
both the old and new location are very similar.
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13.1 KM Reach Length

RKM 57.2 to 44.1

0 05 1 Kilometers 2 N S
5

.0ld-Highway=12-—

bowden L gutilghwaysteat—me——e————— e

bt T

- Low Flow Inundation Extents

- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents
100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

i

| 1 t ,
Lowden { ___0ld Hi‘gl:nw_ay_#?_ s

2019-2021
Elevation change (ft)

- 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

e ——— i J 3 ..'\

Constraints

|:| Valley Bottom (natural)

oW

i

i
FiigNwayal2

Vegetation Height Effective Stream
(m) Shade

- 0 ‘? 0-20%
®  20-40%
0-1m ®  40-55%
1-10m O 50-75%

75-95%

I 10-2m
B os2om @

Thermal Load:
21,875 (Kcal/m)

Effective Shade 16%
System Potential 4%
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jon'Rd.

Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

HYDRAULIC HABITAT SUITABILITY

13.1 KM Reach Length

RKM 57.2 to 44.1




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.
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11.5 KM Reach Length RKM 68.7 to 57.2

é 8
- Low Flow Inundation Extents %
I 1.5-yr Flood Inundation Extents \
| 5yrFlood Inundation Extents iy
100-yr Flood Inundation Extents ’ \)
Geomorphic Reach Breaks ; ; /
Constraints / ' \

|:| Valley Bottom (natural)

--Br'g.S,a - . -
: <‘9 \_. _,_..__J N

2019-2021 SE:
Elevation change (ft)

- 5 (Deposition)

— /
-5 (Scour) _

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade
- 0 f 0-20%
®  20-40%
0-1m ©  40-55%
1-10m O 50-75%

75-95%

I 10-2m
B os2om @

Thermal Load:
14,927 (Kcal/m)

Effective Shade 28%
System Potential 5%
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@
e Hydraulic Modeling Inundation
Extents - Various discharge
R predicted flood depths derived
from 2D hydraulic modeling
/ produced from detailed topo/
= bathymetric LiDAR survey.
%

ar
A

4
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9

pussell Rd

S

: Channel Deposition and Erosion
\ Pre-flood (2019) and post-flood
b (2021) LiDAR difference model
illustrating areas of physical
\ change resulting from the 2020

flood of record.

914 1t

~ B

o
b

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.

914 ft
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. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

- Highly Suitability

Moderate Suitability

. Low Suitability

P Highly Suitability

Moderate Suitability

. Low Suitability

HYDRAULIC HABITAT SUITABILITY

11.5 KM Reach Length

RKM 68.7 to 57.2




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.
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4.1 KM Reach Length

RKM 72.8 to 68.7

Miles

Kilometers

- Low Flow Inundation Extents

I 1.5-yr Flood Inundation Extents

| 5yrFlood Inundation Extents
100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

- 5 (Deposition)

. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade
- 0 f 0-20%
®  20-40%
0-Tm ©  40-55%
1-10m O 50-75%

I 10-2m
75-95%
B os2om @

Thermal Load:
21,345 (Kcal/m)

Effective Shade 12%
System Potential 0%
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Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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Highly Suitability
Moderate Suitability

Low Suitability

Highly Suitability
Moderate Suitability

Low Suitability

Highly Suitability
Moderate Suitability

Low Suitability

Highly Suitability
Moderate Suitability

Low Suitability

Highly Suitability
Moderate Suitability

Low Suitability

HYDRAULIC HABITAT SUITABILITY

4.1 KM Reach Length

RKM 72.8 to 68.7




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.
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Reach WW4 5.1 KM Reach Length RKM 77.9 to 72.8

0.5

Kilometers

I Low Flow Inundation Extents gl | T T e
- 1.5-yr Flood Inundation Extents . ' ;
- 5-yr Flood Inundation Extents

\
.
.\Cﬂ.m_e__tq [0 —

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

| e

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks I By | LN NN

\
1y,
7

o,

"c"‘”".?.e_t_epkad | o,

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade o
o o 0-20% 25511
®  20-40%
0-1m ©  40-55%
1-10m O s0-75%
0 10-22m
75 - 95%

B os2om

Thermal Load:
15,249 (Kcal/m)

Effective Shade 31%
System Potential 4%
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Reach WW4

Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Couse Cregk

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar

derived vegetation height

and solar routing model that

calculates potential and received

solar radiation at a stream'’s

surface and also provides shade
output as effective shade metric.
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Reach WW4

HHS

Chinook Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

- Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

Bl Low Suitability

HHS
Steelhead Juvenile Composite, 2021

P Highly Suitability
Moderate Suitability

Bl Low suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability

HHS
Steelhead Winter Composite, 2021

[ | Highly Suitability

Moderate Suitability

- Low Suitability
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5.1 KM Reach Length

RKM 77.9 to 72.8




Reference Appendix | for details on the methods and results, including all species and life-stages modeled. R e a c h W W 4
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4.7 KM Reach Length

RKM 82.6 to 77.9

- Low Flow Inundation Extents
- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)

. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade
- 0 f 0-20%
®  20-40%
0-1m ©  40-55%
1-10m O 50-75%

W 10-2m
75-95%
B os2om

Thermal Load:
27,082 (Kcal/m)

Effective Shade 22%
System Potential 8%

Kilometers




Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/

/’;_— B 0 g N bathymetric LiDAR survey.

(1}

\\

alla-Walla-River~Rd=— -

______________________

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

\\

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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4.7 KM Reach Length

RKM 82.6 to 77.9
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Reference Appendix | for details on the methods and results, including all species and life-stages modeled.
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Ratio of Channel Constraint Length

Valley Width (m)

to Reach Length

North Fork Walla Walla River

27.9 KM Reach Length RKM 0.0 to 27.9

The North Fork (NF) of the Walla Walla River extends approximately 30.5 RKM from the confluence with
the South Fork to its headwaters in the National Forest. There are eight geomorphic reaches along this
distance, ranging in length from 2.6 kilometers (NF8) to 5.7 kilometers (NF1).

The lower NF Walla Walla is a primarily single-thread of road construction upstream to RKM 14.1. The small
channel with low sinuosity, a moderate gradient, and is size and steep gradients of the NF Walla Walla are such
partially confined naturally by basalt valley walls in the that it is generally only suitable for steelhead spawning
upper reaches (NF3-NF8) and artificially by a discontinuous  while supporting rearing for both Chinook salmon and
series of levees, revetments, and road embankments steelhead. Riparian vegetation transitions from deciduous
within Reaches NF1 and NF2. Within Reach NF1, less than to mixed, to conifer upstream of NF4. Following the 2020
15% of the natural valley bottom remains connected flood of record, there were negligible changes to the

to the active floodplain. These channel and floodplain reach-wide hydraulic characteristics of the channel like
alterations have simplified the channel character, reduced channel depth, velocity, shear stress, sediment transport,
the frequency of pools, and concentrated flood flows etc., but there were significant changes in channel

within the banks increasing the frequency and magnitude  location and alignment associated with large-scale

of erosion and channel incision, especially in Reach NF1. erosion and deposition, primarily in Reaches NF1 and NF2.
Upstream of Reach NF1, the channel becomes increasingly ~ Portions of the river were completely abandoned and new
steep and confined by basalt valley walls. Relatively channel segments were formed.

few human impacts have directly altered channel form
and process in Reaches NF3-NF8 with the exception
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m Large Wood Material Key Piece Frequency

>20 Desirable

<10 Undesirable

NF2 | NF3 | NF4 | NF5 | NF6 | NF7 | NF8

B LM per 100 m

>30 Desirable

<20 Undesirable

NF1 | NF2 | NE3 | NFa | NEs | NFe | NF7 | NFs

E LWM Volume (m3)per 100 m

>3 Desirable

<1 Undesirable

NF1 | NF2 | NF3 | NP4 |

E Key LWM per 100 m
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45,000,000
40,000,000
35,000,000
30,000,000
25,000,000
20,000,000

15,000,000

Thermal Load (Kcal/Day)

10,000,000

5,000,000

0 r

7,000

6,000

5,000

4,000

3,000

2,000

1,000

NF1

NF2 NF3

NF4

Length (m)
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m  North Fork Walla Walla Reaches 1-8
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Channel Width (m)
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- Low Flow Inundation Extents

- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents
100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream

(m) Shade
- 0 fA 0-20%
®  20-40%
0-Tm ®  40-55%
1-10m O 50-75%

75-95%

0 10-22m
B os2om Q

Thermal Load:
6,699 (Kcal/m)

Effective Shade 48%
System Potential 7%
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5.7 KM Reach Length

RKM 0 to 5.7

Bl IEMOE




Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

4 N.‘_E‘réﬁ'gffg‘_.wgﬁ?fFilver—Rﬂ .
—_—

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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HYDRAULIC HABITAT SUITABILITY 5.7 KM Reach Length RKM 0 to 5.7

HHS

Chinook Juvenile Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

B Low suitability

HHS
Steelhead Juvenile Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS
Steelhead Spawning Composite, 202

P Highly Suitability

Moderate Suitability

- Low Suitability

HHS
Steelhead Winter Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability
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Reference Appendix | for details on the methods and results, including all species and life-stages modeled.
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3.5 KM Reach Length RKM 5.7 to 9.2

- Low Flow Inundation Extents

- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents
100-yr Flood Inundation Extents

Geomorphic Reach Breaks

________________________________

Constraints

|:| Valley Bottom (natural)

Kilometers
7

505

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

____________________________________

Vegetation Height Effective Stream
(m) Shade
o 0-20%
- o
d 20- 40%
. 0-1m @  40-55%
1-10m Q\ 50-75%
I 10-2m
0 5
B os2om

Thermal Load:
8,616 (Kcal/m)

Effective Shade 33%
System Potential 3%
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Hydraulic Modeling Inundation

Various discharge predicted
flood depths derived from 2D
hydraulic modeling produced
from detailed topo/bathymetric
LiDAR survey.

Channel Deposition and Erosion

Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis

Lidar derived vegetation height
and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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HHS

Chinook Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

Bl Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

Bl Low Suitability

HHS

Steelhead Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

Bl Low Suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS
Steelhead Winter Composite, 2021

— Highly Suitability
Moderate Suitability

B Low Suitability
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HYDRAULIC HABITAT SUITABILITY

3.5 KM Reach Length

RKM 5.7 to 9.2

R




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.

Inset

Steelhead ' Winter'Composite, 2021




4.9 KM Reach Length RKM 9.2 to 14.1

- Low Flow Inundation Extents

- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream

(m) Shade
- 0 “;@ 0-20%
,b\ 20 - 40%
. 0-Im @  40-55%
1-10m /O\ 50-75%
I 10-2m .
@
B os2om

Thermal Load:
5,004 (Kcal/m)

Effective Shade 52%
System Potential 0%

64




‘Halla Walla Riverpg,,

Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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- Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

. Highly Suitability

Moderate Suitability

. Low Suitability

P Highly suitability

Moderate Suitability

. Low Suitability

P Highly Suitability

Moderate Suitability

. Low Suitability

HYDRAULIC HABITAT SUITABILITY

4.9 KM Reach Length

RKM 9.2 to 14.1




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.

Composite, 2021




Reach NF4 4.2 KM Reach Length RKM 14.1 to 18.3

- Low Flow Inundation Extents
- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream

(m) Shade
4 0-20%

o
®  20-40%
0-Tm ®  40-55%
1-10m O s0-75%

0 10-22m
75-95%
B os2om

Thermal Load:
3,172 (Kcal/m)

Effective Shade 62%
System Potential 4%
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Reach NF4

Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.

69
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Reach NF4

HHS

Chinook Juvenile Composite, 2021

HYDRAULIC HABITAT SUITABILITY 4.2 KM Reach Length RKM 14.1 to 18.3

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS AR e (R TR - AR R o R -,

Chinook Winter Composite, 2021 SRR | o (e T T T ot it 1A - 1 ¥ el )

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS

Steelhead Juvenile Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

B Low suitability

HHS
Steelhead Winter Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability




Reference Appendix | for details on the methods and results, including all species and life-stages modeled. R e a c h N F 4




South Fork Walla Walla River

44.6 KM Reach Length RKM 0.0 to 44.6

The South Fork (SF) of the Walla Walla River extends approximately 44.6 RKM from the confluence with
the North Fork to its headwaters in the National Forest. There are eight geomorphic reaches along this
distance, ranging in length from 1.4 kilometers (SF8) to 13.3 kilometers (SF1).

The SF Walla Walla can be divided into two segments: Relatively few human impacts have directly altered
Reach SF1 which has been highly altered by human channel form and process upstream of Reach SF1 with
development, and all other reaches upstream, which have the exception of road construction upstream to RKM 14.2.
been minimally impacted. While Reach SF1 is naturally Velocity and depth within the SF are generally suitable
partially confined by basalt valley walls, the floodplain has  for Chinook salmon and steelhead spawning with only
been further disconnected by a series of levees, roads, moderate to poor rearing suitability. Riparian vegetation
bridges, and bank revetments. Channel straightening transitions from deciduous to mixed within NF1 and again
and confinement in Reach SF1 has converted a once to conifer in NF2 and all reaches upstream. Following the
multi-thread channel with numerous pools and large 2020 flood of record, there were negligible changes to the
woody debris, into a primarily single-thread channel with reach-wide hydraulic characteristics of the channel like
relatively uniform bed character lacking habitat diversity. depth, velocity, shear stress, sediment transport, etc., but
Less than 8% of the natural valley bottom remains there were significant changes in channel form including
connected to the active floodplain in Reach SF1. As with large-scale erosion, sediment deposition, and channel
the Mainstem and SF Walla Walla, valley confinement and relocation. The area near the confluence of the NF and SF
channel straightening have focused the stream’s energy experienced an especially high degree of change (both in
largely within the banks increasing the frequency and the NF and the SF). New channels and flood paths formed
magnitude of channel incision and bank erosion. during the flood were largely filled and mechanically
recontoured, forcing the river back to its confined, pre-
flood path.
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- Low Flow Inundation Extents

- 1.5-yr Flood Inundation Extents
| 5-yrFlood Inundation Extents

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream

(m) Shade

- 0 @ 0-20%
A 20 - 40%

. 0-1m @ 40-55%

1-10m @ 50-75%
I 10-2m / \
o2, O

75-95%

Thermal Load:
12,842 (Kcal/m)
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|

13.3 KM Reach Length RKM 0.0 to 13.3

MW allgorya e R

Effective Shade 46% .-‘dﬁ




Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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HHS

Chinook Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

- Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

Bl Lov sitability

HHS
Steelhead Juvenile Composite, 2021

P Highly Suitability
Moderate Suitability

B Lo suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability

HHS
Steelhead Winter Composite, 2021

[ | Highly Suitability

Moderate Suitability

- Low Suitability

76

HYDRAULIC HABITAT SUITABILITY

13.3 KM Reach Length

RKM 0.0 to 13.3




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.
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78

- Low Flow Inundation Extents
I 1.5-yr Flood Inundation Extents
| 5-yrFlood Inundation Extents

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade

o 0-20%
o

d 20- 40%
. 0-1m @  40-55%

1-10m O 50-75%
ad

I 10-2m
75-95%
B os2om Q

Thermal Load:
14,344 (Kcal/m)

Effective Shade 45%
System Potential 11%

7.5 KM Reach Length RKM 13.3 to 20.8

Miles

Kibomeleds ’ F f 7 : o ’




Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

it

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.
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HHS

Chinook Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

- Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

Bl Low Suitability

HHS
Steelhead Juvenile Composite, 2021

P Highly Suitability
Moderate Suitability

Bl Low suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability

HHS
Steelhead Winter Composite, 2021

— Highly Suitability

Moderate Suitability

- Low Suitability
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HYDRAULIC HABITAT SUITABILITY

7.5 KM Reach Length

RKM 13.3 to 20.8




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.




- Low Flow Inundation Extents

- 1.5-yr Flood Inundation Extents
- 5-yr Flood Inundation Extents
100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade
o 0-20%
- o
®  20-40%
0-1m ©  40-55%
1-10m O s0-75%

0 10-22m
75-95%
B os2om

Thermal Load:
12,318 (Kcal/m)

Effective Shade 41%
System Potential 5%

82

3.8 KM Reach Length

RKM 20.8 to 24.6




Hydraulic Modeling Inundation
Extents - Various discharge
predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

N

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

=
" I

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.

I3 g

s




HYDRAULIC HABITAT SUITABILITY 3.8 KM Reach Length RKM 20.8 to 24.6

HHS

Chinook Juvenile Composite, 2021

P Highly Suitability

Moderate Suitability

- Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

Bl Low Suitability

HHS
Steelhead Juvenile Composite, 2021
P Highly Suitability

Moderate Suitability

B Low suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS
Steelhead Winter Composite, 2021

P Highly Suitability
Moderate Suitability

- Low Suitability




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.




Reach SF4

- Low Flow Inundation Extents
I 1.5-yr Flood Inundation Extents
| 5-yrFlood Inundation Extents

100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade
o 0-20%
- o
®  20-40%
0-1m ©  40-55%
1-10m O s0-75%
0 10-22m
75-95%
B os2om
Thermal Load:
9,856 (Kcal/m)
Effective Shade 47%

System Potential 9%

86

3.9 KM Reach Length

RKM 24.6 to 28.5




Reach SF4

| Hydraulic Modeling Inundation
| Extents - Various discharge

| predicted flood depths derived
from 2D hydraulic modeling
produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
(2021) LiDAR difference model
illustrating areas of physical
change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
derived vegetation height

and solar routing model that
calculates potential and received
solar radiation at a stream'’s
surface and also provides shade
output as effective shade metric.

A A &
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Reach SF4

HHS

Chinook Juvenile Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS
Chinook Winter Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS

Steelhead Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

B Low Suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

B Low suitability

HHS
Steelhead Winter Composite, 2021

P Highly Suitability
Moderate Suitability

B ow Suitability
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HYDRAULIC HABITAT SUITABILITY

3.9 KM Reach Length

RKM 24.6 to 28.5




Reference Appendix | for details on the methods and results, including all species and life-stages modeled. R e a C h S F 4
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4.3 KM Reach Length RKM 28.5 to 32.8

- Low Flow Inundation Extents

I 1.5-yr Flood Inundation Extents

| 5-yrFlood Inundation Extents
100-yr Flood Inundation Extents

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

2019-2021
Elevation change (ft)

. 5 (Deposition)
. -5 (Scour)

Geomorphic Reach Breaks

Constraints

|:| Valley Bottom (natural)

Vegetation Height Effective Stream
(m) Shade
- 0 f 0-20%
®  20-40%
. 0-1m @  40-55%
- © 50-75%
1-10m “ \
I 10-2m
75-95%

B os2om

Thermal Load:
4,881 (Kcal/m)

Effective Shade 62%

System Potential 4%
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Hydraulic Modeling Inundation
Extents - Various discharge

.| predicted flood depths derived
% from 2D hydraulic modeling
| produced from detailed topo/
bathymetric LiDAR survey.

Channel Deposition and Erosion
Pre-flood (2019) and post-flood
.~ | (2021) LiDAR difference model

illustrating areas of physical
| change resulting from the 2020
flood of record.

Riparian Shade Analysis - Lidar
y derived vegetation height

and solar routing model that
.| calculates potential and received
: solar radiation at a stream'’s

| surface and also provides shade

| output as effective shade metric.

S = . .
il 2 o = ¥4
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HYDRAULIC HABITAT SUITABILITY 4.3 KM Reach Length RKM 28.5 to 32.8

HHS

Chinook Juvenile Composite, 2021
P Highly Suitability
Moderate Suitability

Bl Low Suitability

HHS
Chinook Winter Composite, 2021
P Highly Suitability

Moderate Suitability

Bl Low Suitability

HHS
Steelhead Juvenile Composite, 2021
P Highly Suitability

Moderate Suitability

Bl Low Suitability

HHS
Steelhead Spawning Composite, 2021

P Highly Suitability

Moderate Suitability

B Low Suitability

HHS
Steelhead Winter Composite, 2021
— Highly Suitability

Moderate Suitability

B Low Suitability




Reference Appendix | for details on the methods and results, including all species and life-stages modeled.







The Functional Assessment approach is based on evaluating functions in the five River
Vision Touchstone categories: Hydrology, Geomorphology, Connectivity, Riparian

Vegetation, and Aquatic Biota.

he approach is based on evaluating
functions in the five River Vision
Touchstone categories (Jones et al.,
2008): Hydrology, Geomorphology,
Connectivity, Riparian Vegetation, and
Aquatic Biota (Table 2). These functional
categories represent the primary watershed-
and reach-scale processes responsible for

determining the health of stream ecosystems.

Each category is comprised of one or

more functional parameters that are used
to quantify or describe the status of each
category. The parameters are evaluated
through the use of functional metrics (Table
2 and Table 3) that are calculated from all
of the relevant available data, measured

Touchstone Functional
Category

Base flow

Functional Parameter

in accessible reaches, or modeled at the
watershed and reach scales. The metrics are
quantifiable attributes that are associated
with one or more parameters and can be
used to directly or indirectly evaluate the
status and trend of stream function.

Functional assessments of the geomorphic
reaches are used to determine aquatic
habitat conditions and restoration
opportunities within the upper Walla Walla
River watershed. Information from the
Watershed and Reach Assessments is
used to score the Functional Metrics on a
scale from 0.0 (absent/non-functional) to 1.0
(abundant/fully functional).

Functional Metric

Ecological Flow Attainment (%)

Hydrology

Water Quality

Mean August Stream Temperature

Channel Structure

Residual Pool Depth
Riffle Width:Depth Ratio

Channel Complexity

Pool Frequency

Channel Unit Frequency

Geomorphology

LWD Transport and Storage

LWM Piece Frequency

LWM Key Piece Frequency

LWM Volume Frequency

Bed Material Characterization

Riffle Area Organics and Sand (%)
Riffle Area Gravel (%)

Connectivity

Floodplain Connectivity

Inundated Area Ratios (% of Valley Bottom)

Artificial Floodplain Disconnection (% of Reach Length)

Longitudinal Connectivity

Instream Barrier Burden

Plant Community Type

Vegetative Height Potential Attainment

Riparian Vegetation
Shade

System Effective Shade Potential Attainment

Aquatic Biota

Habitat Availability

Multispecies Habitat Suitability Index

m Table 2. Reach-based functional assessment categories and metrics for the CTUIR River Vision Touchstones.
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The data were evaluated relative to
performance standards based on regional
benchmarks, properly functioning conditions
defined for salmon recovery planning in the
Columbia River Basin, or literature values.
For many environmental attributes in general,
performance standards are nonexistent,
ambiguous, and not applicable to the spatial

This approach helps identify the fundamental
drivers of overall reach functionality and
fosters comparability of functionality among
reaches (Langhans et al., 2013).

Within each geomorphic reach of the project
area, the Functional Metrics are scored on
a scale from 0% (absent/non-functional) to

scale of interest; therefore, literature values
and professional judgment are commonly used
to score the relative functionality of stream
conditions. Functional Parameter values

are calculated as the average Functional
Metric scores, Functional Category values

are calculated as the average Functional
Parameter scores, and overall reach
functionality is estimated as the average of
Functional Category scores.

100% (abundant/fully functional) based on
benchmark values.

+ Metrics with continuous values (e.g.,
% of a reach meeting ecological flow targets)
use the calculated value as the metric score.
For example, a reach with 80% of its length
meeting the ecological flow target is scored
as 0.80.

Functional Metric Functional Metric Description

Ecological Flow Attainment (%)

% of reach length meeting ecological flow target (WDOE, 2021; Stillwater Sciences, 2013);
based on Rio ASE hydrology analysis

Mean August Stream Temperature

% of reach length (mean of species/life stage) below the optimum temperature threshold;
based on MHE analysis of NORWEST recent historic temperature scenario

Residual Pool Depth

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

Riffle Width:Depth Ratio

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

Pool Frequency

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

Channel Unit Frequency

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

LWM Piece Frequency

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

LWM Key Piece Frequency

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

LWM Volume Frequency

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

Riffle Area Organics and Sand (%)

Reach-averaged values; based on WWBW(C stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

Riffle Area Gravel (%)

Reach-averaged values; based on WWBWC stream survey data; benchmarks from ODFW
(2017), Foster et al. (2001)

Inundated Area Ratios (% of Valley
Bottom)

Ratio of 1% annual chance flood area to the valley bottom area; based on Rio ASE modeling
and analysis

Artificial Floodplain Disconnection
(% of Reach Length)

Ratio of the length of artificial confinement features to the reach length; based on Rio ASE
analysis

Instream Barrier Burden

Cumulative fish passage barrier burden; based on CTUIR analysis

Vegetative Height Potential
Attainment

% of the analysis area within a reach meeting the vegetative height potential (ODEQ, 2005);
based on Ecosystem Sciences analysis

System Effective Shade Potential
Attainment

% of the analysis area within a reach meeting the effective shade potential (ODEQ, 2005);
based on Ecosystem Sciences analysis

Multispecies Habitat Suitability
Index

Mean hydraulic habitat suitability index value for species/life stage in the reach; based on
modeling and analysis by Rio ASE and MHE

m Table 3. Reach-based functional metric descriptions.
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High 100% ,

% of Fully Functional

Low o0% Y

+ Metrics based on discrete data (e.g.,
stream survey data using the ODFW (2017)
protocol) are scored based on benchmarks
for these data (Foster et al. 2001) that are
adapted to the scale 0.0 to 1.0. The scale is
divided into quartiles (0.0-0.25, 0.26-0.50,
0.51-0.75, 0.76-1.0) and the midpoint value
of each quartile is used as the score for
that metric value falling within that range.
For example, a reach with an average
Width:Depth ratio <=10 is scored as 0.88 (the
mid-point of the upper quartile).

90%

80%

70%

60%

50%

40%

30%

Missing Data Handling

All of the available and relevant data are being
used to quantify the metrics. However, some of the
reaches have no available data because, 1) stream
surveys by WWBWC were not completed in all
reaches, and 2) the Lidar data acquisition did not
include the upper reaches of the North Fork and
South Fork.

The reaches with missing data were included in
the functional assessment and reach prioritization.
For reaches with no WWBWC survey data, the
lowest value from adjacent reaches (upstream or
downstream) was used, and for reaches with no
Lidar data the value from the adjacent downstream
reach was used.
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Targets

Targets include desirable physical conditions to
improve reach-scale geomorphic function and

habitat. Measured existing vs. desirable (target) and
undesirable benchmark conditions are quantified for
each valley segment in the Reach Assessment section
of this document (Main Stem p. 32-33; North Fork p.
54-55; South Fork p. 72-72).

High water temperature

(primarily from May — October) affects
fish directly and affects fish indirectly
by reducing dissolved oxygen content.
High temperatures have been known to
preclude fish movement/migration.

Category

priority).

Description

Areas with the upper Walla Walla watershed that exceed
optimum temperatures are predicted to increase from 21%
of the species domain currently to 33% and 38% under
projected 2040 and 2080 climate scenarios, respectively

The Chinook salmon spawning life stage is predicted to be
the most negatively impacted by warming scenarios

Additional information regarding assessment
methods, results, and conclusions can also be
found in Appendices B and E. The restoration
targets are intended to address habitat

limiting factors that have been identified in the
watershed as summarized below (organized by

Target

Chinook spawning: 7.2-14.5°C
Chinook summer parr: 10-16°C
Steelhead summer parr: 10-18°C
Bull trout (all): 10.2-16°C
Pacific lamprey (all): 10-17°C

Altered River Morphology

Lack of slow-water off-channel habitat and floodplain
connectivity (especially important for juvenile rearing and
high-flow refugia)

Valley area inundated by 100yr flow:
WW1:>79%
WW2-5:>91%
NF1-2 and SF1-4: >68%
NF3-8 and SF5-8: >75%

Lack of pools, especially deep pools with cover

Pool frequency per km: >20

Other barriers to movement (culverts, diversions, grade
control structures, levees)

No barriers to movement longitudinally or
laterally

Altered Water Flows

Irrigation withdrawals reduce available water limiting fish
access to tributaries and proximal off-channel habitat while
also increasing in-stream temperature

Reach WW5 minimum flow requirements*
August - 76 cfs
January - 97 cfs

Lack of Riparian Habitat

Deciduous zone below target tree height and density

22m tall trees with 80% density across
floodplain

Mixed zone below target tree height and density

25m tall trees with 80% density across
floodplain

Conifer zone below target tree height and density

24m tall trees with 80% density across
floodplain

Sedimentation

Resulting in substrate embeddedness effecting spawning
and egg incubation

Riffle area % gravel: >35%

Lack of Large Woody Material

Affecting cover and habitat-forming hydraulic structure

>20 pieces per 100m

Chemical Water Pollution

Chlorinated pesticides, polychlorinated biphenyls (PCBs)
and low levels of lead and mercury; also high pH

No 303(d) listings or TMDL exceedance

Unscreened Surface Water

Diversions

Unscreened surface water diversions (and screed
diversions not meeting state criteria); primarily on
tributaries to the upper Walla Walla (not included in this
assessment)

All surface water diversions screed and
meeting state criteria

m Table 4. Habitat Limiting Factors and Targets

*Note - From the Walla Walla River Bi-State Flow Study, 2019 Flow Study Update; Monthly minimum flow targets are identified in Table 2 of Appendix 1-A.

Species Limiting Factors Per Life Stage Target
Redds are most limiting 1,242 redds
Chinook There is more available summer and winter juvenile rearing capacity than required to
Salmon meet existing adult escapement goals (3,600 Chinook salmon) representing healthy and Meeting target
harvestable abundance levels.
. . . . s 2,017 redds
Redds and summer juvenile rearing capacity are both limiting 486,712 winter juveniles
Steelhead - - - - - - - - —
Available winter juvenile rearing capacity exceeds required capacity to meet existing Meeting taraet
escapement goals (3,400 steelhead) representing healthy and harvestable abundance levels gtarg

m Table 5. Habitat Capacity Deficits

*Note - Although physical habitat may be suitable for certain species and life-stages, other factors may
preclude fish use (i.e. temperature, barriers, or other limiting factors). Just because there is available
habitat capacity does not mean that capacity is being fully utilized. See Appendix H for more details.
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All process-based and form-based restoration should be designed to work with and
restore river and floodplain processes to ensure long-term project success.

Treatments

The overall restoration goal for the Walla
Walla River is to improve channel and
floodplain form and function by restoring
natural processes that can create and
maintain diverse, dynamic, and complex
physical habitat suitable for freshwater life
stages of Middle Columbia River summer
steelhead, Columbia River bull trout, Spring
Chinook salmon, Pacific lamprey, and other
native aquatic and riparian species.

Restoration can be accomplished using
process-based and form-based restoration
techniques. Process-based restoration
techniques generally rely on removing
impediments to natural channel process
and/or installing features that will restore
or augment natural channel processes,
but generally allows the river to “do the
work” as much as possible. With form-
based restoration on the other hand,
habitat is directly and immediately created
via excavation, structure placement,

and/or other mechanical means. Form-
based restoration often results in greater
initial impact (i.e. more construction) but
also produces results more quickly. Any
restoration, form-based or process-based,
should be completed such that the final
project will work with existing natural
processes in the future. Process-based
restoration is commonly used to change the
trajectory of the channel in a more positive
direction and typically results in forms and
features early in their evolution requiring
time to mature. For example, removing a
levee and allowing the channel to migrate
and reactivate relict floodplain may take
many years to fully restore pre-disturbance
conditions. Form-based restoration on the
other hand is commonly used to completely
reset the channel, and in some cases also
the floodplain. Form-based restoration
targets form features late in their evolution,
while restoring processes previously
unavailable to the system due to past
impacts.
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m Figure 23. Meander beltwidth determined by 2x the maximum meander amplitude




For example, a channel that has been
historically straightened and confined may

be reconstructed in a more sinuous planform
with excavated side channels and floodplain.
Although this is a form-based restoration
approach, the resulting product will be able to
evolve following a new trajectory according to
the natural processes that were restored.

Process-Based Restoration Examples Suitable to the
Upper Walla Walla

Remove levees, revetments, culverts,
bridges, irrigation diversions, and other
restraints artificially confining the channel and/or
floodplain where feasible

Within primary channels: Add large woody
material jams (bank and apex jams) within the
channel and floodplain to initiate a hydraulic
response by 1) obstructing and distributing
flow laterally to promote channel migration and
creation of flow splits, and 2) by roughening
the channel to dissipate stream energy and
encourage sediment deposition at riffles,
improving floodplain connection over time.

Within existing or proposed secondary
channels: Allow for and/or reintroduce beaver
where allowable. Where beavers are not
present or to expedite restoration, add beaver
dam analogues, post-assisted log structures,
woody material, boulders, and other natural
(or emulating natural) channel obstructions
to initiate a hydraulic response by increasing
roughness, dissipating flow energy, and
promoting sediment deposition to encourage
lateral channel movement and/or distribution.

+  On the banks and floodplain: Plant riparian
vegetation to promote bank and floodplain

soil structure, hydraulic roughness, shade and
nutrient cycling as well as long-term large woody
material recruitment. Increased plant and woody
material density provides roughness that may
prevent undesirable avulsions (new-channel
paths).

Form-Based Restoration Examples Suitable to the
Upper Walla Walla

Channel realignment and construction
to recreate more appropriate channel forms
(sinuosity and multi-thread channels).

Riffle construction for grade control including
raising the channel bed to overcome prior
incision and reconnect the floodplain.

+ Floodplain grading — It is always
preferable to reconnect relict floodplains
by removing confining structures and/

or by raising the streambed. Where it

is infeasible to raise the channel bed
sufficiently to reconnect the floodplain, or
where infrastructure or other constraints
preclude reactivation of the floodplain, an
inset floodplain may be excavated such
that the prior floodplain is abandoned as an
upland terrace. The size of the floodplain
(inset or otherwise) should be sufficient
to enable the full meander beltwidth of
the channel defined by 2x the maximum
meander amplitude (Figure 23).

Specific actions to address spawning and
rearing habitat capacity deficits:

+ Implement rehabilitation actions within
lower-quality habitats to increase available
capacity (i.e. increased quality)

+  Spawning habitat — Treatments
should aim to increase stream
complexity, cover, and riffle-pool
interfaces with fine to coarse gravels.
Proximity to pool is important for adult
cover.

+  Summer rearing habitat — create
deeper pools and runs, increase
channel unit frequency (i.e. channel
complexity) increase cover (i.e. large
woody material), and include a variety
of substrate sizes (sediment sorting
associated with channel and hydraulic
complexity). Increasing overall channel
complexity by incorporating side
channels, off-channel areas, and island
complexes can increase the frequency
and scale of target characteristics.

« Fry and early parr life stages —
improved connectivity to and availability
of slow-water, off-channel habitat

(side channels, beaver complexes,
floodplains).

+ Improve connectivity to the available
stream network in tributaries, headwaters,
and off-channel areas by removing access
barriers (i.e. increased quantity).
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Specific Treatment Recommendations

For all reaches, consider road decommissioning

and range/forest management to reduce grazing

impacts and fire severity in upland areas (outside
of the floodplain).

Nearly all the treatment recommendations
address multiple functional categories,
parameters, and/or metrics. Most also indirectly
address the Aquatic Biota functional category.

WW1 and WW2

+ Addresses Geomorphology functional
category and Floodplain Connectivity functional
parameter: Establish an appropriate meander
beltwidth (approximately 300m) where stream/
floodplain function and riparian vegetation will be
allowed, while agricultural and rural development
land uses will occur outside the beltwidth.

+ Addresses LWM, Vegetation Height, and
Shade functional metrics: Improve temperature
and reduce fine sediment production by planting
native riparian vegetation along banks and
floodplain within the defined meander beltwidth.

« Addresses Connectivity functional
parameters: Remove levees, bank revetments,
and other impediments to channel migration,
floodplain activation, and side channel formation.

« Addresses Geomorphology functional
categories: Add woody material jams within
the channel, along the bank, and in the active
floodplain to obstruct and bifurcate flow
increasing hydraulic and habitat complexity,
reducing velocity, scouring pools, and sorting
sediment.

WW3 and WW4

« Addresses Geomorphology functional
categories and Connectivity functional
parameters: Where feasible, restoration should
focus on removing or setting back levees to
reestablish an appropriate meander beltwidth
and floodplain. Due to the extreme constraints
within these reaches, it is anticipated that levee
removal or setback may not be immediately
feasible. Therefore, in the interim, restoration
should focus on creating a suitable migration
corridor for fish while providing shade and areas
of isolated habitat where feasible.

Addresses channel structure, channel
complexity, and bed material functional
parameters: Work with the US Army Corps of
Engineers and local sponsors to develop a
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study and implementation plan for ecosystem
restoration to address poor habitat connectivity,
excess stream power, low geomorphic function,
poor habitat suitability, and high in-stream
temperatures. Channel and floodplain function is
poorest in the upper half of WW3 (immediately
below the concrete grade control structure

at Eastside Road) where incision is most
pronounced. The lower half of WW3 and WW4
have developed a modest inset floodplain with
slightly improved geomorphic, riparian ,and
aquatic biota function.

» Addresses LWM, Vegetation Height, and
Shade functional metrics: While planting riparian
vegetation may not be permissible on the levees
themselves, planting riparian vegetation within the
levees on the inset floodplain where present will
provide shade and woody material recruitment
while also creating a roughened channel margin
versus the hydraulically smooth levee surface.

- Addresses Geomorphology functional
categories: Install woody material jams and/or
boulder clusters where feasible along the margins
of the channel to promote hydraulic diversity,
provide roughness, and reduce in-stream velocity.

WWS5, NF1, and SF1

- Addresses Geomorphology functional
category and Floodplain Connectivity functional
parameter: Establish an appropriate meander
beltwidth (approximately 175m [WWS5]; 75m [NF1];
120m [SF1]) where stream/floodplain function

and riparian vegetation will be allowed, while
agricultural and rural development land uses will
occur outside the beltwidth. The area of 2020
flood impact (scour and deposition) defines the

m Figure 24. Treatment: Large Wood Material (LWM) Habitat Structure




active floodplain and represents the area in which
future impacts are most likely to occur.

» Addresses LWM, Vegetation Height, and
Shade functional metrics: Improve temperature
and reduce fine sediment production by planting
native riparian vegetation along banks and
floodplain within the defined meander beltwidth.

» Addresses Connectivity functional parameters:
Remove levees, bank revetments, and other
impediments to channel migration, floodplain
activation, and side channel formation.

« Addresses Geomorphology functional
categories: Add woody material jams within the
channel (Figure 24), along the bank, and in the
active floodplain to obstruct and bifurcate flow
increasing hydraulic and habitat complexity,
reducing velocity, scouring pools, and sorting
sediment.

+ Addresses Geomorphology functional
categories and Connectivity functional parameters:
Excavate new side channels and/or connect
abandoned side channels (especially those
abandoned by or temporarily activated by the
2020 flood) to increase off-channel habitat.

NF2 and SF2

These reaches are already relatively dynamic and
complex and lack the majority of infrastructure
impacting the channel and constraining restoration
when compared to downstream reaches.
Restoration actions should seek to reestablish an
active floodplain across the entire valley width.

Addresses Geomorphology functional
categories: Within the primary channel, add
woody material jams within the channel, along
the bank, and in the active floodplain to obstruct
and bifurcate flow increasing hydraulic and habitat
complexity, reducing velocity, scouring pools, and
sorting sediment.

« Addresses Geomorphology functional
categories: Within secondary channels, add
beaver dam analogues (Figure 25), post-assisted
log structures, woody material, boulders, and

m Figure 25. Treatment: Floodplain spanning structure designed to

emulate a relic beaver dam

other natural (or emulating natural) channel
obstructions to increase roughness, dissipate
flow energy, promote sediment deposition,
and encourage lateral channel movement
and/or distribution.

e Addresses channel structure, channel
complexity, and bed material functional
parameters: Where road access permits and
the valley is narrow (e.g. NF2 RKM 7.8 and
RKM 9.2), consider emulating debris flows,
avalanches, and/or rock fall by constructing a
robust riffle and valley-spanning grade control
to create a new, dynamic, response reach,
active floodplain, and beaver complex.

e Addresses LWM, Vegetation Height, and
Shade functional metrics: Within the mixed
deciduous-conifer riparian vegetation zone,
promoting sediment deposition and bar
formation will encourage natural recruitment
of deciduous riparian vegetation.

NF3-8 and SF3-8

These reaches are already dynamic and
complex and completely upstream of any
direct impacts associated with human
infrastructure. Restoration actions should
seek to add roughness and complexity to the
system in the form of woody material, rock,
and beaver. Helicopter placement of wood
and rock is recommended.

- Addresses Geomorphology functional
categories: Within naturally confined reaches
(or subreaches), robust structure will be
required to overcome concentrated stream
forces. Objectives in these areas are to
roughen the bed and banks, reduce in-stream
velocity, promote sediment deposition where
possible, and maintain fish passage.

« Addresses Geomorphology, functional
categories and Floodplain Connectivity
functional parameters: Within unconfined
reaches (or subreaches), structure should be
placed to bifurcate and laterally distribute flow
promoting more complex and diverse habitat
types. Promote beaver colonization within
these reaches.

Treatment Type References

Included in Appendix K of this Action Plan is
a suite of representative treatment types and
applications.







River Vision Touchstones

reatments identified for each
reach can be prioritized based on
metrics derived primarily from the
CTUIR River Vision Touchstones:
Hydrology, Geomorphology, Connectivity,
Riparian Vegetation, and Aquatic Biota.
These five touchstones plus the addition of
a Social category (requested to be added
by the co-managers) were divided into 13
prioritization criteria, also largely based on
the definition of each Touchstone from the

Prioritization Category (River

Prioritization Criteria

River Vision, and then 20 prioritization
metrics coinciding with the data available
from each project reach (Table 6). All of
the assessment results were considered in
this process and recommended treatment
are discussed in the previously section.
The prioritization matrix is an objective
approach without additional interpretation.
Treatment applications and descriptions
have also been described in the previous
sections.

Prioritization Metric

Vision Touchstones)

Hydrology (Water)

Baseflow

Ecological Flow Attainment

Mean August Stream Temperature (% of reach below

threshold)

Proportion of Life Stages Over Max 2040 Modeled
August Stream Temp

Geomorphology

Channel Structure

Residual Pool Depth

Riffle Width:Depth Ratio

Entrainment Potential 2-yr Q

Channel Complexity

Pool Frequency

Channel Unit Frequency

LWM Transport and Storage

LWM Piece Frequency

LWM Key Piece Frequency

LWM Volume Frequency

Bed Material Characterization

Riffle Area Organics and Sand (%)

Riffle Area Gravel (%)

Connectivity

Floodplain Connectivity

Valley Inundated Area % (100-y:Valley Bottom)

Artificial Floodplain Disconnection (% of Reach
Length)

Longitudinal Connectivity

Instream Barriers Burden

Riparian Vegetation

Plant Community Type

Vegetative Height Potential Attainment

Shade

System Effective Shade Potential Attainment

Aquatic Biota

Habitat Suitability

Multispecies Habitat Suitability Index

Habitat Capacity

Multispecies Habitat Capacity Deficits

Social

Site Access Constraints

Parcel Density

m Table 6. Prioritization Criteria and Metrics Table
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Hydrology

Water quality and quantity as well as
hydrologic processes (hydraulics) must

be adequate to support the sustainable
production of First Foods. Base flows
occurring primarily in the summer and early
fall months are commonly the most impactful
to fish and riparian/upland vegetation
collectively comprising all of the First Foods.
Baseflow hydrology has been evaluated
based on the percentage of each reach
attaining recommended minimum flows

(i.e. Ecological Flow Attainment) (Stillwater
Sciences 2013). Additionally, baseflow (i.e.
summer) water quality has been evaluated
based on stream temperature thresholds
for key aquatic species. This evaluation was
conducted using modern temperature data
and modeled water temperature for the year
2040 based on climate change scenarios
(see Appendix J).

« Hydrology - Prioritize high-functioning
reaches to ensure restoration occurs first
where flow and in-stream temperature are
suitable for target species.

Geomorphology

The shape of the river and how it changes
over time creates and maintains habitat for
aquatic and riparian organisms including
macroinvertebrate insects, salmon, willow
shrubs, and cottonwood trees. Typically,
the more complex and diverse the shapes
and structure of the channel and floodplain,
the higher quality and quantity habitat.
Channel structure and complexity have
been evaluated based on pool depth, pool
frequency, channel width-to-depth ratio,
sediment transport potential, and overall
channel unit frequency (e.g. variability
between different channel types like pools,
riffles, runs, and glides). Additionally, large
woody material (LWM) within a river corridor
often contributes to the formation and
maintenance of habitat diversity (e.g. scour
pools, split flows, islands, undercut banks,
and cover), therefore the frequency of LWM
pieces and key pieces (those over 60cm
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diameter and over 10m long) has also been
evaluated. Finally, the percentage of riffle
organics and sand versus gravel has been
evaluated as a key metric impacting salmon
spawning.

« Geomorphology - Prioritize low-
functioning reaches to focus restoration
efforts on those areas with the greatest
potential uplift.

Connectivity

Target fish species are migratory and
require habitat connectivity to fulfill their
various freshwater life stages. Connectivity
is evaluated longitudinally based on known
barriers to up/down stream movement (e.g.
dams, vertical drops, excessive velocity,
etc.) and laterally based on known barriers
between the stream and surrounding
floodplain (e.g. levees, obstructed side
channels, etc).

«  Connectivity - Prioritized reaches
with the greatest amount of disconnected
habitat and therefore the greatest uplift
potential.

Riparian Vegetation

Vegetation growing within the riparian area
provides structure and nutrients for the
stream and floodplain as well as shade to
limit high stream temperatures during warm
summer months. Taller vegetation implies
more mature riparian habitat, greater canopy
cover, and increased large woody material
recruitment potential. Actual vegetation
height derived from LiDAR topography

was compared against targets for riparian
vegetation height as summarized in Appendix
E. Similarly, the effective shade from the
existing riparian vegetation was calculated
from LiDAR vegetation models to identify
areas with the most and the least percent
shade cover, which were consolidated into
reach-averaged values.

« Riparian Vegetation - Prioritize
reaches with the lowest amount of
riparian vegetation (height and shade)
to focus restoration in areas with the
greatest uplift potential.




Aquatic Biota

Target aquatic species including Chinook
salmon, steelhead, and bull trout have

been used as indicator species for the sake
of evaluating aquatic biota. It has been
assumed that where conditions for these
indicator species are high quality, so too

is the quality for the other aquatic biota
associated with them. Physical conditions
for the key species were evaluated based

on habitat suitability modeling and habitat
capacity modeling. Habitat suitability
compares known stream depth and velocity
preferences per species and life-stage
against hydraulic modeling results of depth
and velocity predicted (per reach) at the
time of year associated with occupancy of

a given species and life-stage. Likewise,
habitat capacity modeling uses thousands
of data points from hundreds of stream

sites over many years to predict which suite
of conditions provides the most habitat
capacity for different species and life-stages.
Measurements of these specific conditions
can then be used to accurately predict
habitat capacity potential within a given area.
Appendix H summarizes the methods and
results of the habitat suitability and capacity
modeling. Results from both models have
been averaged per reach and converted to a
percentage.

« Aquatic Biota - Prioritize reaches with
the lowest habitat suitability and capacity
to focus restoration in the areas with the
greatest uplift potential.

Social

In addition to the technical metrics described
above, prioritizing stream and floodplain
restoration is also dependent on social
constraints such as site access and
landowner willingness. Site access was
evaluated based on perceived constraints

or limitations to stream and floodplain
restoration primarily associated with existing,
certified levees protecting very large amounts
of infrastructure. Landowner willingness

was evaluated based on the density of
parcels within a given reach, assuming

more parcels means more landowners, and
more landowners reduces the potential for
agreement and cooperation between all.
Stream and habitat restoration is voluntary,
so agreement among stakeholders is
essential.

« Social - Prioritize reaches with

the fewest social constraints to focus
restoration in the areas with the greatest
potential for a project to advance
successfully through design and
implementation.

The scoring of each metric described above
was conducted based on reach-averaged
results. Scoring was divided between 0%
(absent/dysfunctional) and 100% (abundant/
fully functional) as summarized in Table 7.

Where data were missing or unavailable for
a specific metric within a given reach, the
lowest value from adjacent upstream and
downstream reaches was used for metrics
derived from habitat surveys and the actual
value from the adjacent downstream reach
was used for topographic LiDAR derived
metrics.

The percentage scores were then converted
to values of 1 (low = 0-50%), 2 (moderate =
50-90%) and 3 (high = 90-100%). The sum
of each metric score was then tabulated

for each criterion, and the sum of each
criterion score tabulated to generate the final
score per each of the six total prioritization
categories. The total prioritization score is
summarized per category and overall in
Figure 26.
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Functional Metric

Metrics are scored on a continuous scale from 0% to 100%, using the performance standards as guide.

absent/dysfunctional
0-25%

26-50%

51-75%

abundant/fully functional

76-100%

Ecological Flow Attainment (% of reach
length)

calculated %

calculated %

calculated %

calculated %

Mean August Stream Temperature (% of
reach BELOW threshold)

calculated %

calculated %

calculated %

calculated %

Proportion (%) of Life Stages Over Max
2040 Modeled August Stream Temp

calculated %

calculated %

calculated %

calculated %

Residual pool depth1

< 50% desirable value

50 - 75% desirable value

76 - 100% desirable
value

>= desirable value

Width to depth ratio’

>= undesirable value (30)

20to 30

10to 20

<= desirable value (10)

Entrainment Potential 2-yr Q?

calculated %

calculated %

calculated %

calculated %

Pool frequency (channel widths between
pools)1

>20or <5

14 to 20

8to 14

5t08

Channel unit frequency (number of
geomorphic units per km)'

0 - 25% of fully functional

26 - 50% of fully
functional

51-75% of fully
functional

100%-76% of target:
Channel width : units/km
<3 m:48-220
3-5m:70-120

5-6 m: 60-80

6-8 m:48-70

8-15m: 28-60

15-23 m: 6-16

23-30 m: 4-28

>30 m: 4-22

LWM piece frequency (per 100 m)’

<10

10to 15

15t0 20

>=20

Key LWM piece frequency (per 100 m)’

<1

1to2

2to3

>3

LWM volume frequency (m3 per 100 m)1

<20

20to 25

25t0 30

>=30

Riffle area (%) organics and sand'

>= undesirable value (15 or 25)

18to 15,0or 11to 15

12to18,0r8to 11

<= desirable value (12 or 8)

Riffle area (%) gravel1 <= undesirable value (15) 15to 25 25to 35 >= desirable value (35)
Valley Inundated Area % (100-y:Valley WW unconfined: < 18 18 to0 49 49to 79 >79
Bottom)? WW partly confined: < 37 37 to 64 64 to 91 >91
NF/SF partly confined: < 9 9to 39 39to 68 > 68
NF/SF confined: < 36 36to 56 56to 75 >75
Artificial Floodplain Disconnection >.50 .20to0 .50 .20to0.10 <.10
(Length ratio of reach)?
Instream Barriers Burden <=0.99 >0.99

Vegetative Height Potential Attainment?

calculated %

calculated %

calculated %

calculated %

System Effective Shade Potential
Attainment?

calculated %

calculated %

calculated %

calculated %

Multispecies Habitat Suitability Index?

calculated %

calculated %

calculated %

calculated %

Habitat Capacity

calculated %

calculated %

calculated %

calculated %

m Table 7. Metrics Scoring Table

Notes:

1. Metrics derived from habitat surveys (ODFW 2017)
2. Metrics derived from LiDAR or LiDAR developed hydraulic modeling
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Glossary

Term Definition
Proposed activities to improve selected physical and ecological processes that may be limiting the
productivity, abundance, spatial structure or diversity of the focal species. Examples include removing
Action or modifying passage barriers to reconnect isolated habitat, planting appropriate vegetation to

reestablish or improve the riparian corridor along a stream that reconnects channel-floodplain
processes, placement of large wood to improve habitat complexity, cover and increase biomass.

Active channel

The portion of an alluvial stream considered a short-term geomorphic feature subject to change

by prevailing discharges; its upper limit is defined by a break in the relatively steep bank slope of

the active channel to a more gently sloping surface beyond the channel edge. The break in slope
normally coincides with lower limit of perennial vegetation so that the two features, individually or in
combination, define the active-channel reference level.

Aggradation

The raising or elevating of a bottomland surface through the process of alluvial deposition;
conceptually it is the vertical component of accretion and is most frequently applied to sediment
deposition on a channel bed, bar or other near-channel surfaces, flood plain, or, less often, low-lying
alluvial terrace.

Alluvial deposit

alluvium

Alluvium

A general term for detrital deposits made by streams on river beds, floodplains, and alluvial fans; esp. a
deposit of silt or silty clay laid down during time of flood. The term applies to stream deposits of recent
time.

Anthropogenic

Caused by human activities.

Armoring

The winnowing of fine particles from the uppermost bed sediment of a stream channel, resulting in
a bed-surface layer of generally gravel to boulder sizes that are resistant to scour; because armoring
occurs at specific flow rates, the armor layer may be susceptible to removal by higher flow and
sedimentation during lower flow.

Avulsion

A rapid change in the course or position of a stream channel, especially by incision (erosion) of lowland
alluvium, to bypass a meander and thereby shorten channel length and increase channel gradient;
avulsion commonly occurs during floods but also can occur by normal processes of lateral migration of
a stream channel during non-flood discharges.

Bank

A sloping margin of a natural, stream-formed, alluvial channel that confines discharge during non-
flood flow; within the earth sciences, designation of a right or left bank is done when looking in the
downstream direction.

Bankfull discharge

The flow rate when the stage (height) of a stream is coincident with the uppermost level of the banks
-- the water level at channel capacity, or bankfull stage. Thus, the concept of bankfull discharge,

which often approximates the mean annual flood for perennial streams, includes the flood plain as a
unique, identifiable geomorphic surface, all higher surfaces of alluvial bottomlands being terraces, and
acknowledgement that bankfull discharge occurs only when stream stage is at flood-plain level.

Bank material

The sediment of which the mostly sloping sides, or banks, of a stream channel are formed; like bed
material, it is generally reflective of the size range of the total sediment load of the stream, may be
partly residual, but for regime channels is mostly indicative of the suspended-load transported by
streams during non-flood periods.

Bar

In-channel sediment of relatively coarse bed material, typically coarse sand through cobbles in size,
that is generally deposited during the recession of a high flow and is mostly exposed during periods of
low flow.
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Term Definition

Bed The bottom surface of a water course, generally of a stream channel, upon which water and sediment
move during periods of discharge.

Bed load The sediment that is moved by saltation, rolling, or sliding on or near the stream bed, essentially in
continuous contact with it. Also considered as the sediment discharged as bed load.
The sediment of which the mostly horizontal bed of a stream channel is formed; it is generally reflective

Bed material of the size range of the total sediment load of the stream, in many cases may be partly residual, but is
mostly indicative of the bed-load sizes transported by the stream.

Bedrock The solid rock that underlies gravel, soil or other superficial material and is generally resistant to fluvial

erosion over a span of several decades, but may erode over longer time periods.

Benthos diversity

A measure of the diversity and production of the benthic macroinvertebrate community; also used to
describe the diversity of the physical structure along a streambed (i.e., benthos habitat diversity).

Cfs

Cubic feet per second; a measure of water flows

Channel forming flow

Sometimes referred to as the effective flow or ordinary high water flow and often as the bankfull flow
or discharge. For most streams, the channel forming flow is the flow that has a recurrence interval of
approximately 1.5 years in the annual flood series. Most channel forming discharges range between
1.0 and 1.8 years. In some areas it could be lower or higher than this range. It is the flow that transports
the most sediment for the least amount of energy, mobilizes and redistributes the annually transient
bedload, and maintains long-term channel form.

Channel morphology

The physical dimension, shape, form, pattern, profile and structure of a stream channel.

Channel planform

The two-dimensional longitudinal pattern of a river channel as viewed on the ground surface, aerial
photograph or map.

Channel units

Morphologically distinct areas within a channel segment that are on the order of at least one to many
channel widths in length and are defined by distinct hydraulic and geomorphic conditions within

the channel (i.e. pools, riffles, and runs). Channel unit locations and overall geometry are somewhat
stage dependent as well as transient over time, and observers may yield inconsistent classifications. To
minimize the inconsistencies, channel units are interpreted in the field based on the fluvial processes
that created them during channel forming flows, then mapped in a geographic information system
(GIS) to provide geospatial reference.

Control

A natural or human feature that restrains a streams ability to move laterally and/or vertically.

Critical shear stress

The lowest required value of shear stress applied by flowing water to initiate motion of individual
particles of specified size (diameter) along the bed of a stream.

Degradation

The lowering of a bottomland surface through the process of erosion; conceptually it is the opposite
of the vertical component of aggradation and is most frequently applied to sediment removed from a
channel bed or other low-lying parts of a stream channel.

Discharge

The movement downstream per unit length of channel of a volume of water; water discharge is given
in volume per unit time, typically cubic meters per second. As a sedimentology term, discharge is the
movement of a mass of sediment per unit length of channel in a specified time interval; technically it
is expressed in watts per meter, but informally it is viewed as mass per unit time. Owing to theoretical
considerations, the term sediment-transport rate is preferred to that of sediment discharge.

Diversity

Genetic and phenotypic (life history traits, behavior, and morphology) variation within a population.
Also refers to the relative abundance and connectivity of different types of physical conditions or
habitat.

Ecosystem

An ecologic system, composed of organisms and their environment. It is the result of interaction
between biological, geochemical and geophysical systems.

Extirpation

The loss of a local or regional population, with the species continuing to survive elsewhere.

Fine sediment

Sand, silt and organic material that have a grain size of 2.0 mm or less.

Flood

Any climatically controlled, relatively high streamflow that overtops the natural or artificial banks in any
reach of a stream, thereby being of geomorphic significance; where a flood plain exists, a flood is any
flow that spreads over or inundates the floodplain.
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Term

Definition

Floodplain

The portion of relatively smooth land bordering a stream, built of sediment carried by the stream
and deposited in slackwater beyond the influence of the swift current of the channel; the level of the
floodplain is generally about the stage of the mean annual flood, and therefore one and only one
floodplain level can occur in a limited reach of valley bottom land.

Fluvial

Pertains to the action of a river or stream; included are stream processes (fluvial processes), fluvial
landforms, such as fluvial islands and bars, and biota living in and near stream channels. Common
usage is often extended by geomorphologists to hydrologic processes on hillslopes.

Fluvial process

A process related to the movement of flowing water that shape the surface of the earth through the
erosion, transport, and deposition of sediment, soil particles, and organic debris.

Geomorphic reach

An area containing the active channel and its floodplain bounded by vertical and/or lateral geologic
controls, such as alluvial fans or bedrock outcrops, and frequently separated from other reaches by
abrupt changes in channel slope and valley confinement. Within a geomorphic reach, similar fluvial
processes govern channel planform and geometry resulting from streamflow and sediment transport.

Geomorphology

A composite science in the study of landforms, including investigations into the processes that cause
and alter the landforms.

Geographical information system. An organized collection of computer hardware, software, and

GIS geographic data designed to capture, store, update, manipulate, analyze, and display all forms of
geographically referenced information.

Gradient The rate of elevation change between two specified sites of horizontal distance measured along the
thalweg of the channel; it is generally expressed as a non-dimensional number.

Hvdrolo The cycle of water movement from the atmosphere to land, surface-water, and ground-water bodies,

y 9y including movement among land and water bodies, before returning to the atmosphere.

Indicator A variable used to forecast the value or change in the value of another variable; for example, using
temperature, turbidity, and chemical contaminants or nutrients to measure water quality.
As a descriptor of geomorphic processes and landforms, refers to a condition of imbalance between
inflows and outflows of matter through or over a landscape feature. As a geomorphic concept,

Instability instability is often expressed as some state of dynamic- or quasi-equilibrium, signifying that

geomorphic processes and landforms are almost always in a condition of dis-equilibrium and are
almost always adjusting to regain relative stability; an objective if applying the term is to determine the
degree to which a process or landform deviates from stability or equilibrium.

Large woody material (LWM)

Large downed trees or parts of trees that are transported and deposited by the river during high flows
and are often deposited on gravel bars or at the heads of side channels as flow velocity decreases.
The trees can be downed through river erosion, wind, fire, landslides, debris flows, or human-induced
activities. Synonymous with large woody debris (LWD).

Limiting factor

Any factor in the environment that limits a population from achieving complete viability with respect
to any Viable Salmonid Population (VSP) parameter.

Loess Wind-blown deposit often of glacial origin consisting of primarily silt and fine sediment.
One of a series of regular, sharp, freely developing, and sinuous curves, bends, loops, turns, or windings

Meander in the course of a stream; the process of stream meandering is a means of channel-gradient adjustment
through sorting of stored sediment by erosion at the outside of a bend and deposition, as a point bar,
at the inside of the bend.

Pool A relatively deep, low velocity reach of quiescent flow between upstream and downstream riffles, or

rapids, at which the flows are ordinarily more rapid and turbulent.

Pool-riffle sequence

A succession of one or more combinations of pools and riffles along the channel in the downstream
direction; during flood the normally low water velocities in pools and higher water velocities at riffles
are reversed, causing scour and removal of accumulated sediment from pooled reaches and deposition
of bed sediment on riffles.

Reach

An uninterrupted part of a stream channel between two points; generally the two points are where
readily recognizable tributary inflows occur, but can also include features such as meander bends,
gorges, or a significant change in geology.

Restoration

The attempt to recreate the adjusted physical and biological conditions that were present prior to
alteration by human activity; a goal of restoration, therefore, is to minimize and eliminate the effects of
human-induced alterations, thus promoting stable landforms, bioproductivity, and species diversity.

Riffle

A short, relatively shallow and coarse-bedded length over which the stream flows at ordinarily higher
velocity and greater turbulence than it does through upstream and downstream pooled reaches where
cross-sectional areas of the channel are greater, bed material is smaller, and velocities and turbulence
are less.
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Term

Definition

Riparian area

An ecological term referring to that part of the fluvial landscape inundated or saturated by flood flows;
it consists of all surfaces of active fluvial landforms up through the flood plain including channel, bars,
shelves, and related riverine features such as oxbow lakes, oxbow depressions, and natural levees.
Particularly in arid and semiarid (water-deficient) environments, the riparian zone may support plants
and other biota not present on adjacent, drier uplands.

Riverine

That characteristic by which a feature or process pertains to or is formed by a river.

River mile (RM)

Miles measured in the upstream direction beginning from the mouth of a river or its confluence with
the next downstream river.

Salmonid Fish belonging to the family Salmonidae, including steelhead trout and salmon.
. The process by which sediment, generally of sand size and coarser, bounces along the stream bed by
Saltation . . )
the impact of the flow of water or of other moving particles.
Detached fragmental material that originates from either chemical or physical weathering of rocks and
Sediment minerals and is transported by, suspended in, or deposited by water or air or is accumulated in beds by

other natural agencies.

Sediment yield

Sediment-transport rate per unit area, generally from watersheds or drainage basins larger than the
field scale; erosion studies, however, may consider sediment yield from smaller areas of the hillslope or
plot scale.

Shear

A strain, or change in shape or volume of a body resulting from stress; as applied to fluvial processes
and sediment transport, it typically refers to the stress that is exerted on sediment particles by a
moving fluid - air, water, and ice.

Shear stress

That portion of stress acting tangentially as a tearing action (as opposed to that portion that acts as a
normal stress) to a plane or surface; thus, a sediment particle resting on a channel bed is affected by
the shear stress created by water moving on the bed.

Side channel

A distinct channel with its own defined banks that is not part of the main channel, but appears to
convey water perennially or seasonally/ephemerally. May also be referred to as a secondary channel.

Sinuosity

A non-dimensional ratio, generally expressed in meters per meter or kilometers per kilometer, of the
length of the channel thalweg to the length of the stream valley, measured between the same points.

Slope

Any inclined surface of the earth. As a geomorphic measurement, slope is the inclination, generally
measured in degrees departure from horizontal or expressed as a non-dimensional number (meters
per meter), of any surface of the earth’s landscape (including sub-aqueous surfaces); for application to
models of hillslope soil loss, steepness is often used synonymously with slope.

Stability

A condition of approximate balance between inflows and outflows of matter through or over a
landscape feature. As a geomorphic concept, stability generally is regarded as being an integration of
processes affecting a system and thus has time-independence; the term often is used synonymously
with (dynamic or quasi) equilibrium.

Subwatershed

A subwatershed (or sub-watershed) represents the drainage area within a larger defined watershed;
synonymous with sub-basin.

Terrace

A relatively stable, planar surface formed when the river abandons its floodplain. It often parallels the
river channel, but is high enough above the channel that it rarely, if ever, is covered by over-bank river
water and sediment. The deposits underlying the terrace surface are primarily alluvial, either channel
or overbank deposits, or both. Because a terrace represents a former floodplain, it may be used to
interpret the history of the river.

Thalweg

The line within a stream channel connecting the lowest points at all locations along the channel.

Tributary

A stream feeding, joining, or flowing into a larger stream or lake.

Valley segment

An area of river within a watershed sometimes referred to as a subwatershed that is comprised of
smaller geomorphic reaches. Within a valley segment, multiple floodplain types exist and may range
between wide, highly complex floodplains with frequently accessed side channels to narrow and
minimally complex floodplains with no side channels. Typical scales of a valley segment are on the
order of a few to tens of miles in longitudinal length.

Viable salmonid population

An independent population of Pacific salmon or steelhead trout that has a negligible risk of extinction
over a 100-year time frame. Viability at the independent population scale is evaluated based on the
parameters of abundance, productivity, spatial structure, and diversity.

Watershed

A drainage divide or a “water parting’, but common usage of the term has been altered to signify a
drainage-basin area contributing water to a network of stream channels, a lake, or other topographic
lows where water can collect.
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1.0 INTRODUCTION

The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) is developing a
scientifically defensible aquatic-based and strategic habitat restoration plan founded on a
watershed-scale geomorphic, hydrologic, and biological assessment of historical, current, and
desired conditions in the upper Walla Walla River. The restoration plan is being developed in
collaboration with state co-managers, federal and local agencies, and other stakeholders. This
plan is based on using a scientifically robust, efficient, and effective approach to assess the
watershed, identify target conditions for restoration, and recommend a suite of potential actions
to achieve those targets. The goal of restoration is to protect, enhance, and restore functional
streams, floodplains, and uplands, which support and sustain healthy aquatic habitat conditions
and fish populations. The focal fish species of the assessment and action plan consist of the
following:

1. Middle Columbia River summer steelhead (ESA-listed Threatened)
2. Columbia River bull trout (ESA-listed Threatened)

3. Spring Chinook salmon

4. Pacific lamprey

The final restoration action plan establishes a 20-year strategic approach to process-based
stream/floodplain restoration and conservation based upon watershed-specific data and
associated analyses with input from interested stakeholders in the watershed to assist in the
recovery of the focal species. To prioritize geographic areas and potential restoration actions,
the project team has assessed geomorphic and biologic relationships between land use, land
cover, vegetation, aquatic biotic communities, geomorphic and hydrologic processes and
conditions.

This Appendix provides an overview of landscape characteristics and upland touchstones that
support the maintenance of ecosystems, species, and associated ecological processes and
interactions within the Upper Walla Walla Assessment watershed. Landscape Patterns and
Soils Stability are focal upland touchstones considered within this Appendix, which is structured
by general summaries of the following characteristics at the watershed scale: Geology and
Geomorphology, Soils and Sediment, Climate and Hydrology, and Land Use and Land Cover.
Interactions among these landscape-scale processes and upland touchstones support
continued natural production of First Foods for utilization by the CTUIR community.

The Walla Walla Basin is a sub-basin of the Columbia River and is bisected by the
Oregon/Washington state line. The Walla Walla River originates on the western slope of the
Blue Mountains in the southeastern part of the basin. The North and South Forks of the Walla
Walla River converge upstream of the town of Milton-Freewater and flow generally westward
across alluvial deposits confined by steep basalt valleys. Downstream of Milton-Freewater, the
Walla Walla River flows north and west through farms and pastures and rural development. The
lower portion of the basin is characterized as a wide alluvial fan of distributary channels, where
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spring creeks emerge and provide cool stream flow to the river in the summer. The downstream
project extent is defined by the confluence with Dry Creek near Lowden, Washington. The Walla
Walla River confluence with the Columbia River is just downstream from where the Snake River
and Yakima Rivers enter the Columbia River.
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2.0 METHODS AND DATA SOURCES

The Upper Walla Walla basin consists of a total of fifteen 12-digit Hydrologic Unit Code (HUC)
subwatersheds (Table 2-1; Figure 2-1). Landscape patterns associated with Upland Vision
touchstones are summarized at the HUC 12 scale. Above Milton-Freewater, The South Fork
Walla Walla (SFWW) River and North Fork Walla Walla (NFWW) River are main the source
waters contributing the Walla Walla (WW) River (Figure 2-2)

Table 2-1: HUC12 Level Subwatersheds in the Walla Walla Watershed

HUC12 Code HUC 12 Name Area (Km?)
170701020704 | Cash Hollow-Walla Walla River 21
170701020203 | Blue Creek 51
170701020105 | Couse Creek 64
170701020103 | Lower South Fork Walla Walla River 69
170701020101 | Upper South Fork Walla Walla River 71
170701020102 | Middle South Fork Walla Walla River 72
170701020702 | Cottonwood Creek 73
170701020204 | Lower Mill Creek 74
170701020202 | Middle Mill Creek 83
170701020201 | Upper Mill Creek 87
170701020703 | Birch Creek 90
170701020701 | Russell Creek 96
170701020704 | Garrison Creek-Walla Walla River 96
170701021102 | Mud Creek-Walla Walla River 108
170701020104 | North Fork Walla Walla River 116

Spatial data sets were obtained from various public sources and analyzed in ESRI's ArcPro GIS
software using the NAD 1983 UTM Zone 11N projected coordinate system. Geologic
information and spatial data were obtained from the Oregon Department of Geology and Mineral
Industries (DOGAMI) and the Washington State Department of Natural Resources (WADNR) as
well as published maps from the US Geological Survey. Soils data were obtained from the
SSURGO (Soil Survey Geographic Database), managed by the Natural Resources
Conservation Service (NRCS). Precipitation data were obtained from the PRISM Climate Group,
Oregon State University. Land Use and Land Cover were obtained from the USGS, National
Land Cover Database (NLCD) Data Set.
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Figure 2-1: Overview Map of HUC12 Level Sub watersheds in the Walla Walla Watershed
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Figure 2-2: Drainage area contributions along the length of study area streams. Two main
tributaries —- SFWW River and NFWW River — contribute to the Walla Walla (WW) River above
Milton-Freewater.
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3.0 GEOLOGY AND GEOMORPHOLOGY

The geology and geomorphology of the Upper Walla Walla watershed play a pivotal role in
shaping its ecological functions, habitat distribution, and resource availability, which are central
to the Upland and River Visions touchstones. This section delves into the geological history and
geomorphic processes that define the watershed's landscape, critical for understanding water
resources, soil stability, and ecosystem dynamics, as well as for informing sustainable land use
and conservation strategies.

The region's landscape is underpinned by a dynamic interplay of volcanic activity, tectonic
forces, erosion, and climatic influences over time. The Columbia River Basalt Group (CRBG),
comprising multiple thick basalt flows, forms the foundational geology, creating steep hillsides
and rugged canyons in the upper watershed. Above these basalt formations, wind-blown loess
and alluvial sediments blanket the lower elevations, contributing to the fertile soils that are vital
for the area’s agricultural productivity. Tectonic activities, such as faulting and uplift, have
significantly sculpted the topography, producing distinct features like deep river valleys and
prominent basalt outcrops. This section provides a comprehensive overview of these geologic
and geomorphic processes, offering insight into the controls on landscape patterns, soil stability,
and their implications for the sustainable management of the watershed.

3.1 GeoLoGICc HISTORY AND BEDROCK LITHOLOGY

The geology of the Upper Walla Walla Watershed contains bedrock formations that include
sedimentary, volcanic, and metamorphic rocks that can be generally categorized into two
distinct lithologies: Miocene basalt members of the CRBG, which underlie approximately
65% of the watershed and Quaternary alluvium and fine-grained surficial deposits,
which mainly occur in the lower 35% or the of watershed (Figure 3-1; Table 3-1).

Table 3-1: Distribution of lithology

Watershed Watershed
Lithology Area (%) Geologic Unit Area (%)

Pleistocene outburst flood deposits 10.7%

Unconsolidated o
Deposits 33.6% Quaternary alluvium 14.7%
Quaternary eolian deposits, loess 8.2%
Sedimentary 1.7% Quaternary-Tertiary sedimentary rocks and deposits 1.6%

. o
Rocks Miocene sedimentary rocks 0.1%
Saddle Mountain Basalt 2.1%

Columbia River o
Basalt Group 64.7% Wanapum Basalt 13.4%
Grande Ronde Basalt 49.2%
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Figure 3-1: Geologic Map of Upper Walla Walla study basin

The CRBG originated from multiple volcanic eruptions during the Miocene (17 and 6 million
years ago), which produced extensive lava flows that covered the region. These flows created
distinct geophysical formations that resemble layers in a cake, eventually filling the Walla Walla
area with up to 3.2 kilometers (2 miles) of Columbia River basalts (Orr and Orr, 2006; Barry et
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al., 2013). These flows are highly resistant to erosion and form the bedrock in many areas,
particularly in the Blue Mountains (Tolan et al., 2019). Three major basalt formations—Saddle
Mountains, Wanapum, and Grande Ronde—are present, with the Grande Ronde flows
accounting for over 85% of the Columbia River Basalt Group (Newcomb, 1965; Tolan et al.,
2019). Basalt flow thicknesses range from 5 to 150 feet, and sedimentary deposits, or
paleosols, are found between some layers, indicating soil formation during periods between
volcanic activity (Tolan et al., 1989).

The Grande Ronde Basalt is the most voluminous and extensive unit of the CRBG in the Walla
Walla region, accounting for over 85% of the total volume of the CRBG. This formation consists
of multiple thin, fine-grained flows with low silica content, and is characterized by its dark, dense
texture. In the Milton-Freewater area, the Grande Ronde Basalt forms the primary bedrock and
significantly influences the topography, providing a foundation for overlying geologic formations.
Its layers are highly fractured, making it an essential component of the region’s groundwater
system by facilitating the movement and storage of water in the aquifer.

Overlying the Grande Ronde Basalt is the Wanapum Basalt, which includes several members
such as the Priest Rapids, Roza, and Frenchman Springs flows. While less voluminous than the
Grande Ronde Basalt, these flows are crucial in shaping the local landscape, often forming cliffs
and rocky outcrops where erosion has exposed them. The fractured nature of the Wanapum
Basalt also contributes to groundwater recharge and flow, making it an important aquifer.

The youngest unit, the Saddle Mountains Basalt, caps the basalt sequence in the region and
consists of thinner, more compositionally diverse flows. This formation, although less extensive,
is significant for its role in protecting underlying units from erosion and contributing to the area's
elevated topography.

Above these basalt layers, sedimentary deposits, including sandstones, siltstones, and
conglomerates, are prominent in valleys and lower elevations. These deposits, often reworked
by fluvial processes, are more easily eroded, contributing to sediment production in the
watershed. Wind-blown loess and alluvial sediments, deposited during the Pleistocene, form
deep, fertile soils that are crucial for agriculture, particularly in the lower elevations near Milton-
Freewater. These sediments support a diverse agricultural landscape and play a vital role in
groundwater recharge

3.2 REGIONAL TECTONICS AND STRUCTURAL GEOLOGY

Tectonic forces have profoundly influenced the topography and geomorphology of the Walla
Walla subbasin. Movements of continental plates have caused folding, faulting, and uplifting,
creating the southern portion of the subbasin and forming the uplifted basalt plateau that ranges
from 915 to 1,800 meters in elevation and dips westward (Newcomb, 1965; Bryce and Omernik,
1997). In the lowlands, gentle slopes result from the gradual subsidence of the Earth’s crust due
to the weight of these thick basalt flows. Over these basalts, wind-blown sediments deposited
during the Pleistocene glacial periods create fertile soils that, while similar to the Palouse Hills,
feature distinct terraced foothills (Tolan, et al., 2009).
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Key tectonic structures, including the Walla Walla Syncline, Hite Fault, and Wallula Fault Zone,
define regional deformation patterns (Figure 3-1). These structures—comprising thrust, normal,
and strike-slip faults—influence topography, sediment transport, and geological stability. The
Hite Fault, a major structural feature, has shaped the drainage patterns of the North and South
Forks of the Walla Walla River, promoting the development of steep, incised valleys. This thrust
fault has experienced significant vertical displacement, contributing to the uplift of the Blue
Mountains and displaying evidence of recent tectonic activity during the more recent, late
Quaternary period.

The Wallula Fault Zone, southwest of the Upper Walla Walla watershed, affects the broader
structural framework and topography, playing a crucial role in shaping the area’s landscape.
This fault zone, potentially active and capable of generating moderate to strong earthquakes
(magnitudes 5.0-7.0), continues to influence the region through ongoing deformation and
possible fault reactivation. The Wallula Fault Zone and associated structures create aligned
ridges and valleys, guiding surface water flow and affecting groundwater movement, which is
crucial for sustaining springs and baseflows in the region’s rivers and streams.

The Walla Walla Syncline, a broad fold trending northwest-southeast, is composed of layered
basalt flows from the CRBG. This syncline directs surface water flow along its axis and
influences the distribution of sedimentary deposits, forming extensive alluvial fans and terraces
in the lower watershed near Milton-Freewater and Walla Walla. These tectonic features also
impact groundwater flow and the alignment of river channels, often directing streams along fault
lines or creating barriers that alter drainage patterns. These faults and folds control sediment
delivery and accumulation, contributing to the formation of steep valleys in the upper watershed
and broad alluvial plains at lower elevations.

Glacial activity and catastrophic flooding during the last ice age further shaped the subbasin’s
topography. Massive floods, caused by the periodic breaching of an ice dam on the Clark Fork
River in Montana, stripped away surface soils and deposited distinct layers of silt, sand, and
gravel, such as those seen in the Touchet Beds of the lower Walla Walla Valley (Orr and Orr,
1996; O’Connor et al., 2021). Observations of Touchet Beds exposed in the lower Walla Walla
River suggest it is relatively erosion-resistant compared with other alluvial sediments throughout
the lower valley. The interplay of tectonic and geomorphic processes continues to influence the
hydrology, soil stability, and resource distribution across the Walla Walla subbasin, affecting
both natural ecosystems and human land use.

3.3 GEOMORPHOLOGY

The Walla Walla subbasin features diverse topography, from low-relief plateaus and rolling hills,
to steep, high-relief breaks and deeply entrenched valleys with narrow streams (Nesser, 1997).
These landforms were shaped by a series of high-magnitude geologic events, including
catastrophic prehistoric flooding, volcanic activity, and tectonic movements.

The geomorphology of the headwaters is also shaped by faulting and tectonic uplift, which have
influenced the course and incision of the river. Fault zones, such as the Hite Fault, create
weaknesses in the rock, allowing the rivers to cut deeply into the landscape. The steep valleys
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and canyons of the South Fork and North Fork have been shaped by a combination of tectonic
uplift, which has raised the land, and fluvial erosion, which has carved the river valleys. These
canyons can be as much as 450 meters deep, with narrow, V-shaped profiles that reflect the
power of the rivers to transport material and erode the landscape.

Basalt outcrops on these steep slopes are exposed where the overlying soils have been
stripped away by erosion or where the slope has been cut by streams and rivers. These
outcrops are characterized by their columnar jointing and stratified appearance, which results
from the cooling and contraction of the basalt. The outcrops contribute to the ruggedness of the
terrain and create areas of high relief with minimal soil cover, supporting only sparse vegetation.
The presence of these outcrops can also influence local hydrology, as water percolates through
fractures and joints, providing baseflow to streams and springs. The basaltic bedrock generally
influences the pattern of stream erosion and sediment transport. Within the river corridor,
basalts in the upper reaches contribute gravel and coarser sediments to the river corridor,
whereas more recent surficial deposits that dominate the lower relief topography provide a
source of mainly silt and finer material.

3.4 HYDROGEOLOGY

As described above, multiple fault systems, including the Hite Fault, Wallula Fault Zone, and
others associated with the structural deformation of the CRBG, have shaped the landscape
patterns of the Walla Walla. These faults can act as both barriers and conduits for groundwater
movement, depending on their orientation, nature, and the types of rock they cut through. In
some areas, faults create vertical pathways that allow water to move between otherwise
isolated aquifer layers, enhancing the overall recharge and flow dynamics of the basin. In
contrast, fault zones that are sealed or impermeable can isolate aquifers, leading to variations in
groundwater quality and availability.

In the Walla Walla Basin, many faults cut through the basalt layers of the CRBG, creating
discontinuities that can reduce the connectivity between aquifers. For example, the Wallula
Fault Zone is a complex system of faults that can compartmentalize the aquifers within the
basalt flows, leading to significant differences in groundwater levels on either side of the fault.

Conversely, faults can enhance groundwater flow when they create zones of increased
permeability. This occurs when faulting fractures the rock, creating pathways for water to move
more easily through the otherwise low-permeability basalt. The Hite Fault, for instance, has
been identified as a significant structural feature that influences groundwater movement in the
northern part of the basin. Where the fault intersects the basalt flows, it can channel
groundwater from higher elevations in the Blue Mountains toward the lower valley areas. This
fault-controlled flow can contribute to localized areas of higher recharge and increased
groundwater availability.

3.5 SuMMARY

The geology and geomorphology of the Upper Walla Walla watershed are critical to its
ecological health and resource management, as highlighted by the Upland and River Vision
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Touchstones. The region's landscape is dominated by the CRBG, consisting of extensive
Miocene basalt flows that form the foundational bedrock and create the steep, rugged
topography of the upper watershed. This bedrock influences surface water and groundwater
dynamics, with faults such as the Hite Fault and Wallula Fault Zone playing key roles in shaping
drainage patterns and groundwater flow. Overlying these basalts, wind-blown loess and alluvial
deposits in the lower elevations contribute to fertile soils, essential for agriculture. The region's
tectonic activity has led to the formation of deep valleys and complex structural features that
impact soil stability and hydrology. Effective management of these geological and geomorphic
processes is essential for maintaining soil integrity, water quality, and ecosystem resilience,
ensuring the sustainability of both upland and riparian areas in line with the Upland and River
Vision Touchstones.
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4.0 SOILS AND SEDIMENT

The Upland Vision Touchstone emphasizes the importance of fertile soils in sustaining the
health of upland ecosystems, which in turn nourish the First Foods that are central to CTUIR
cultural traditions. This section provides a watershed-scale discussion of the geological history
and geomorphic processes in the Upper Walla Walla, which is essential for assessing the
region's water resources, soil stability, and ecosystem dynamics, as well as for guiding
sustainable land use and conservation efforts.

On the slopes of the Blue Mountains, loess and residuum weathered from basalt are the chief
soil materials with limited organic layers. The soil is rocky and shallow to moderately deep.
Slope aspect has played an important role on soil development via interactions among solar
radiation, water retention, and vegetation. The soils that mantle the south-facing slopes in the
valleys of the Blue Mountains consist of weathered basalt and a small amount of loess and are
seldom more than 40-cm deep over solid basalt. North-facing slopes are generally mantled by a
larger percentage of loess than are the south slopes, and the soil is about a 30-cm deeper
(Figure 4-1). Regardless of aspect, well drained soils on steep slopes erode very rapidly once
the surface layer of duff is removed. As a result, the upper portions of the watershed have
limited soil development. Most soils covering the bottom lands and low terraces have formed
from material washed from adjacent uplands and deposited as alluvium on nearly level to gently
sloping stream bottoms and flood plains.

4.1 SolL CHARACTERISTICS AND LANDSCAPE PATTERNS

Volcanic soils, influenced by the CRBG, are dark, fertile, and well-drained, enhancing
agricultural potential. The soil pH is generally neutral to slightly alkaline, suitable for a wide
range of crops. However, steep slopes are prone to erosion, requiring effective land
management to maintain soil health and prevent topsoil loss. Overall, the region’s unique
geology and climate create productive soils for agriculture. The soils of the upper Walla Walla
watershed are a diverse mix of volcanic ash, basalt-derived materials, and sedimentary
deposits, resulting in varied textures, fertility, and drainage properties. Sandy loams, silt loams,
and clay loams dominate the upper watershed, known for their good drainage and moderate
water retention. Volcanic ash contributes to soil fertility by adding lightness and essential
nutrients, promoting healthy vegetation growth.
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Figure 4-1: Soil thickness (depth to bedrock), composition, and slope angles. The map on the left shows the minimum depth (cm) to
bedrock and the map on the right shows the distribution of steep and rocky hillslopes in the upper watershed. Taken together, these
two maps illustrate the landscape patterns that influence soil stability and sediment available for delivery to streams. Both maps also

highlight the distinct physiographic differences between the upper and lower portions of the Upper Walla Walla.
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Figure 4-2: Spatial distribution of soil orders

Mollisols dominate the lower and mid-elevation areas of the Walla Walla watershed, particularly
in valleys and alluvial plains, where their high organic matter content and deep, soft texture
make them highly fertile and suitable for agriculture, including crops such as wheat, vineyards,
and orchards. However, their intensive use increases susceptibility to erosion. Implementing
sustainable practices like cover cropping and reduced tillage is crucial for preserving soil
structure and fertility, aligning with the Upland Vision’s emphasis on sustainable land use and
soil health.

In the higher elevations, Andisols, derived from volcanic ash, have a porous structure with high
water-holding capacity, supporting native vegetation and traditional First Foods like camas.
Despite their fertility, these soils are often shallow and prone to erosion on steep slopes,
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particularly during heavy rainfall events. Conservation measures, such as reforestation and
vegetative buffers, are essential to maintaining soil stability and health, in accordance with the
Upland Vision’s focus on soil conservation and ecological sustainability. The volcanic ash
deposits, including those from eruptions of Mount Mazama and Mount St. Helens, contribute to
the region’s andic soil properties, characterized by high porosity, low bulk density, and
significant organic matter content, supporting coniferous forests with species such as
Ponderosa pine and Douglas fir.

The South Fork Walla Walla River watershed features steep, rugged terrain with elevations
ranging from 450 to 1,800 meters. Soils here, primarily loamy skeletal materials like sandy
loams and gravelly loams derived from volcanic ash and basalt, are typically shallow, well-
drained, and have a high erosion potential on steeper slopes. The combination of steep
topography and a dense road network exacerbates erosion and landslide risks, particularly in
areas affected by logging and road construction. Conservation practices, including road
decommissioning and reforestation, are critical to mitigating these impacts and maintaining soil
and watershed health.

In contrast, the North Fork Walla Walla River watershed has a more diverse topography, with a
mix of steep, forested slopes and gentler, rolling uplands. Soils here are deeper and more
developed than in the South Fork, with fertile alluvial deposits along the river and valley bottoms
that improve water retention and support a variety of vegetation, including riparian habitats. The
lower road density and less intensive logging in the North Fork result in relatively lower erosion
rates and better soil stability compared to the South Fork.

Balancing sustainable management practices across both upland and river systems is essential
for preserving the interconnected health and resilience of the entire watershed. While Mollisols
in the lowlands support high agricultural productivity, they are vulnerable to erosion without
proper management. Conversely, Andisols in the uplands are more susceptible to runoff and
require targeted strategies to maintain soil stability and hydrological function. This integrated
approach is vital for sustaining the ecological integrity and cultural resources of the Walla Walla
Basin.

4.2 SEDIMENT GENERATION AND SUPPLY

At the watershed scale, suspended sediment constitutes more than 90% of the Walla Walla
River total sediment load (Mapes, 1969). Adaptation of these quantified sediment yields, along
with measured incision volumes and aggradation rates from multiple literature sources, Beechie
et al. (2008) suggested that sediment loads are adequate to achieve aggradation rates of 0.03—
0.10 m per year and that with the support of beaver-related restoration, historically incised
channels could be reconnected to floodplains within 50 to 100 years (Beechie et al. 2008).

In the upper Walla Walla watershed, sediment supply is heavily influenced by the steep terrain
and varying soil stability. The headwaters, particularly the South Fork and North Fork areas, are
primary sediment sources due to their steep slopes, thin soils, and frequent basalt outcrops
(Figure 4-1). Erosion and landslides are common in these areas, especially during heavy rain or
snowmelt, as the shallow Andisols and fractured basalt bedrock provide limited stability (Figure
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4-1; Figure 4-2). These upper reaches contribute significant amounts of coarse sediment to the
river system, especially in the form of gravel and boulders.

In contrast, the lower watershed acts as a sediment sink. The gentler slopes and broad
floodplains allow for the deposition of finer sediments, such as silt and sand, transported from
upstream. Deep, fertile alluvial soils accumulate in these lower areas, supporting extensive
agricultural activities. Here, sediment deposition is essential for maintaining the productivity of
the farmland, while the flat terrain reduces the risk of erosion compared to the upper watershed.
Overall, the upper watershed serves as a primary sediment source, while the lower watershed
functions as a sediment sink, balancing the region's sediment dynamics.
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Figure 4-1: Soil Erosion Hazard
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4.3 SUMMARY

The geology and geomorphology of the Upper Walla Walla watershed significantly influence soll
characteristics, slope stability, and sediment delivery to streams, all of which are integral to the
ecological functions and cultural values emphasized by the Upland and River Vision
Touchstones. In the upper watershed, steep slopes and thin, rocky Andisols derived from
volcanic ash and basalt are highly susceptible to erosion and landslides, particularly during
intense rainfall or snowmelt. The unstable nature of these soils, combined with fractured
bedrock, makes these areas major sources of sediment, including gravel and boulders, which
are transported downstream. Tectonic activity, such as movement along the Hite Fault, can
trigger mass wasting events that further contribute to sediment loads in streams, impacting
water quality and aquatic habitat (Beechie et al., 2008; Tolan et al., 2009). These dynamics
underscore the need for effective land management practices in the uplands to maintain slope
stability and minimize sediment delivery to waterways.

In contrast, the lower watershed serves as a sediment sink, where gentler slopes and broad
floodplains promote the deposition of finer sediments such as silt and sand. These deep, fertile
Mollisols, formed from loess and alluvial deposits, support extensive agricultural activity but are
also vulnerable to erosion if not managed properly. The interplay between upland erosion and
downstream sediment deposition highlights the critical role of integrated watershed
management. Sustainable practices like reforestation, controlled grazing, and the establishment
of riparian buffers are essential to reduce erosion, stabilize soils, and manage sediment
transport effectively (Beechie et al., 2008; Reidel et al., 2002). Such strategies are vital for
protecting soil health, maintaining water quality, and supporting both agricultural productivity
and ecological resilience in the Walla Walla Basin, aligning with the broader goals of the Upland
and River Vision Touchstones.
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5.0 CLIMATE AND HYDROLOGY

In the Upland and River Vision Touchstones framework, climate and watershed hydrology play
a crucial role in sustaining the ecological health and availability of First Foods in the Upper
Walla Walla, as seasonal precipitation and snowmelt drive surface water and recharge
groundwater, supporting the interconnected upland and riparian ecosystems essential for
cultural and ecological resilience. This section provides a general summary of the hydrological
patterns and processes in the Upper Walla Walla and implications of climatic shifts and
agricultural demands on future water availability.

5.1 HisTORIC HYDROCLIMATE CONDITIONS

The Upper Walla Walla region experiences a semi-arid to temperate climate, with seasonal
variations driven by its location in the rain shadow of the Cascade Mountains. Winters are
typically cold and moderately wet, while summers are hot and dry (winter temperatures average
slightly above freezing, 0°C and summer temperatures average 23°C (Table 5.1)). Precipitation
is concentrated in the late fall, winter, and spring months, with winters bringing both rain and
snow, especially at higher elevations. Average annual precipitation is approximately 50 cm, with
much of it occurring during the winter months (Table 5.2).

Rainfall patterns in the Upper Walla Walla are heavily influenced by elevation and topography.
The lower elevations receive less precipitation, averaging around 40 cm annually, while the
higher elevations, such as the Blue Mountains, can receive significantly more, up to 100 cm per
year (Figure 5-1). Snowfall is a key contributor to the region’s water supply, particularly in the
upland areas where snowmelt feeds streams and rivers during the warmer and dryer months of
the year. Summer months are typically very dry, with less than 15% of annual precipitation
occurring from June to August.

Table 5.1: Historical Temperatures

Annual Winter Spring | Summer Fall
Time Avg. Avg. Avg. Avg. Avg.
Period Temp Temp Temp Temp Temp
(F) (F) (F) (F) (F)
1900-
1950 50.2 35.1 48.3 70.5 49
1951-
2000 50.8 35.5 49 71 49.5
2001-
2020 51.5 36 50.2 72.5 50
2021 52 36.3 50.5 73 50.5
resent
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Table 5.2: Historical Precipitation

Time Annual Percent Percent Winter Spring Summer Fall
Period Precipitation Rain (%) Snow | Precipitation | Precipitation | Precipitation | Precipitation
(cm) ° (%) (%) (%) (%) (%)
1900-
1950 47 60 40 40 25 10 25
1951-
2000 48 63 37 38 27 12 23
2001-
2020 50 65 35 35 30 12 23
2021- 51 67 33 36 29 13 22
Present
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Figure 5-1. Spatial Patterns of Precipitation
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5.2 GROUNDWATER WATER RESOURCES

Groundwater resources in the Upper Walla Walla watershed are vital for supporting both
ecological health and cultural values, as outlined in the Upland and River Vision Touchstones.
The region's groundwater is primarily stored in two types of aquifers: basalt aquifers associated
with the CRBG and highly productive alluvial aquifers in the valley bottoms. The CRBG aquifers
consist of multiple basalt flows, such as the Grande Ronde and Wanapum basalts, interspersed
with sedimentary interbeds that create distinct permeable zones, known as interflow zones,
which facilitate groundwater movement. These fractured and permeable layers provide
pathways for groundwater flow, particularly in the interbedded sedimentary deposits, which can
store significant volumes of water and sustain baseflows in the Walla Walla River and its
tributaries during dry periods (Burns et al., 2012; Tolan et al., 2009).

Groundwater recharge in the upper watershed is primarily driven by precipitation, snowmelt, and
stream infiltration. Recharge rates vary based on soil type and topography, ranging from 2 to 8
cm annually. In the upland areas, shallow Andisols and fractured basalt bedrock can limit
infiltration capacity, making these regions susceptible to surface runoff and erosion (Figure 4-;
Figure 5-2). Sustainable land management practices, such as reforestation, controlled grazing,
and maintaining vegetative cover, are crucial to enhancing groundwater recharge and
preventing erosion that could disrupt water quality and availability.

In the lower watershed, alluvial aquifers, composed of unconsolidated deposits of sand, gravel,
silt, and clay, play a significant role in supporting the region’s extensive irrigation and municipal
water needs. These aquifers are highly porous and permeable, with hydraulic conductivity often
exceeding 30 meters per day in coarser gravel and sand layers. This allows for rapid
groundwater movement and high well yields, with some wells producing between 500 and 1,000
gallons per minute, depending on location and depth (Washington State Department of Ecology,
2005). However, the high permeability of these aquifers also makes them vulnerable to
contamination from agricultural runoff, particularly from nitrates and pesticides. Nitrate levels
exceeding the U.S. EPA’s maximum contaminant level of 10 mg/L have been reported in
several monitoring wells in agricultural zones, posing risks to drinking water safety and long-
term aquifer health (Harter et al., 2002; Vaccaro et al., 2009).

Recent changes in water use, driven by agricultural expansion, urban growth, and climate
variability, have increased pressure on these groundwater resources (Figure 5-3). The region
has experienced more frequent and severe droughts, leading to reduced surface water
availability and increased reliance on groundwater for irrigation and municipal use. This has
resulted in declining groundwater levels, with some areas showing drops of 3 to 5 meters over
the past few decades (Washington State Department of Ecology, 2005). Changes in snowpack
levels in the Blue Mountains have also affected seasonal runoff patterns, reducing spring and
summer streamflows, which exacerbates water shortages during the growing season and
impacts the timing and quantity of water available for both irrigation and ecological needs (Burns
et al., 2012; Tolan et al., 2009).

To ensure the sustainability of groundwater resources, adaptive management strategies are
needed, including efficient irrigation practices, enhanced monitoring of water quality and

SEPTEMBER 2024 PAGE | 21



UPPER WALLA WALLA ASSESSMENT
LANDSCAPE PATTERN — TECHNICAL REPORT

quantity, and collaborative efforts among agricultural, urban, and environmental stakeholders.
These measures are crucial for maintaining the long-term viability of the region’s groundwater
systems, supporting both cultural and ecological values, and aligning with the goals of the
Upland and River Vision Touchstones.

Lower Mill Creek
g

-

Mud Creek-Walla —
Walla River - ~ :?, -

i TN
Garrison - —~ Russell.Creek
~

Creek-Wallg:
WaHa,{‘?iver

Birch Creek

Water Table Depth - Annual Minimum (cm)
[ Jo-26
B -1
Bl -
B :-102
B 103-128
P 129-153

Figure 5-2: Annual minimum depth from the surface to the water table. Alluvial sediments in valley
bottoms in the upper watershed allow for perennial groundwater storage and flow. In the lower
watershed, depth to the water table is greater because of deeper and more permeable soils (e.g.,
Figure 4-).
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Figure 5-3. Walla Walla alluvial aquifer and recharge vulnerability

5.3 SuMMARY

The climate and hydrology of the Upper Walla Walla watershed are critical to sustaining both
ecological health and cultural values, as emphasized in the Upland and River Vision
Touchstones. The region’s semi-arid to temperate climate, characterized by cold, wet winters
and hot, dry summers, influences water availability through seasonal precipitation and
snowmelt. These hydrological patterns are vital for recharging groundwater and supporting
interconnected upland and riparian ecosystems. However, shifts in climate, such as reduced
snowpack and altered precipitation patterns, pose significant challenges to water availability,
impacting both natural habitats and agricultural needs. Groundwater, primarily stored in basalt
and alluvial aquifers, is essential for maintaining baseflows in the Walla Walla River and its
tributaries, particularly during dry periods. Effective management practices that enhance
groundwater recharge and limit over-extraction are necessary to support these water resources.
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The watershed’s geological structure, with its complex fault systems, significantly influences
groundwater movement, recharge, and quality. The basalt aquifers, characterized by interflow
zones that facilitate groundwater flow, and the highly productive alluvial aquifers in the valley
bottoms, are key sources of water for agriculture and municipal use. However, declining
groundwater levels due to over-extraction, combined with contamination risks from agricultural
runoff, threaten the sustainability of these resources. To address these challenges, adaptive
management strategies that integrate sustainable irrigation practices, land use planning, and
water quality monitoring are essential. Collaborative efforts involving agricultural, urban, and
environmental stakeholders will be crucial for ensuring the long-term resilience and
sustainability of the Upper Walla Walla watershed’s water resources in the face of growing
demands and climate variability.
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6.0 LAND USE AND LAND COVER

6.1 HISTORIC PATTERNS

The Upper Walla Walla Watershed is characterized by a diverse range of natural and human-
influenced landscapes that reflect geographical, ecological, and socio-economic characteristics.
The watershed is primarily known for its agricultural activities, which include dryland farming,
irrigated agriculture, and livestock grazing (Table 6-1). The fertile soils and favorable climate
conditions make it ideal for producing wheat, barley, peas, and, more recently, vineyards,
particularly in the Walla Walla Valley.

Table 6-1: Land Use and Land Cover

Land Use/Land Describtion Percent of
Cover P watershed (%)

Agriculture Prlm.ar'lly dryland farming (wheat, peas) 45
and irrigated crops (grapes, orchards).
Grazing of livestock, particularly on

Rangeland grasslands and foothills. 25

Forested Areas _Domlnated by qonlferous forests, mostly 15
in higher elevations.
Small urban development around Walla

Urban Areas ) o 5
Walla and surrounding communities.

Wetlands/Riparian Riparian areas along rivers and streams, 3

Zones important for biodiversity and habitat.

Conservation Lands Lands_mgnaged for e(_:ologlcal restoration 5
and wildlife conservation.

Recreation Areas Public lands for h|k|ng,.c_amp|ng, and 2
other recreational activities.

The upper elevations of the watershed are dominated by forested areas, primarily managed for
timber production, recreation, and wildlife habitat conservation (Figure 6-1). These forests
include a mix of coniferous species, such as Ponderosa pine, Douglas fir, and Grand fir, with
logging being a historically significant industry. There are small urban and residential
developments within the watershed, with the city of Walla Walla being the most significant urban
center. These areas are expanding gradually, influenced by the growth of the local wine industry
and tourism.

The watershed provides numerous recreational opportunities, including hiking, fishing, camping,
and hunting. The Blue Mountains, which 