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Mission Statements

The mission of the Department of the Interior is to protect and provide access
to our Nation’s natural and cultural heritage and honor our trust
responsibilities to Indian Tribes and our commitments to island communities.

The mission of the Bureau of Reclamation is to manage, develop, and protect
water and related resources in an environmentally and economically sound
manner in the interest of the American public.

The assessment teams overarching hypothesis on ecosystem
processes are:

The proposed potential habitat actions presented in this reach assessment
will provide a cumulative benefit that will improve ecosystem resilience
at the reach scale; and the processes that naturally create and sustain
habitat upon which the species of concern will be maintained or improved
resulting in a net increase in abundance, productivity, spatial diversity and
structure of the populations.

Cover Photograph — Fall Chinook salmon spawning in the Upper White Pine reach

1Z-12. Upper White Pine Reach; Subreach UWP 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau
of Reclamation Photograph by R. McAffee; August 28, 2008.
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EXECUTIVE SUMMARY

Nason Creek is a tributary to the Wenatchee River which flows into the Columbia River in
Chelan County, Washington (Figure 1). As part of the Columbia River Basin, Nason Creek
contains salmon and steelhead habitat of the Columbia River fish species. Limiting factors
identified in this report and in previous reports include riparian condition, streambank
condition, channel function, flood plain connectivity, water quality, habitat diversity, and
large woody debris (Andonaegui 2001; UCSRB 2007; UCRTT 2007). The species of concern
found in Nason Creek include Upper Columbia River spring Chinook salmon (Oncorhynchus
tshawysha), Upper Columbia River steelhead (Oncorhynchus mykiss), and Columbia River
bull trout (Salvelinus confluentus) which are included in the Threatened and Endangered list
under the Endangered Species Act (UCSRB 2007).

The Bureau of Reclamation produced this reach assessment to assist in meeting tributary
habitat commitments contained in the 2008 Federal Columbia River Power System Biological
Opinion (NMFS 2008). This report provides scientific information to Tribal, State, and local
partners for identifying, prioritizing, and implementing sustainable field projects that improve
survival and lead to the recovery of salmon and steelhead listed under the Endangered Species
Act (NMFS 2008). Three reach assessments on Lower Nason Creek are being completed
based on the 2008 field surveys and evaluations. These reach assessments evaluate condition
of each reach, the impacts from human activities, and the sustainability of fish habitat within
the reach.

Many authors have documented strategies that emphasize restoring processes that form,
connect, and sustain habitats (Beechie et al. 1996; Kauffman et al. 1997; Beechie and Bolton
1999; Montgomery and Bolton 2003; UCRTT 2007). Habitat actions of this nature often
occur at the site or reach scale. Roni et al. (2002) introduced a hierarchical implementation
strategy that places site-specific actions within a watershed context. The Reclamation reach
assessment and the previously mentioned objectives purposely feed into this strategy by
further telescoping options through Roni’s strategy as well as three additional filters of
geomorphic potential, river conditions, and specific habitat actions in the Upper Columbia
Salmon Recovery Plan (UCSRB 2007) at the reach scale. Geomorphic potential and synthesis
of the results of the Reach-based Ecosystem Indicators (REI) serve as filters to identify
potential habitat actions by subreach unit. In turn, several other layers of information are used
to prioritize potential habitat actions within a geomorphic reach context based on results by
beginning with protection and transitioning through several forms of active rehabilitation
(Figure 2). This so-called stratified strategy is used throughout the Subreach Unit Profile
section of the report to assist with the project selection process.

The Upper White Pine reach is located between river miles (RM) 12.0 and 14.25 on Nason
Creek, a 6th field Hydrologic Unit Code (HUC) watershed (Figure 1). In its natural state,
Lower Nason Creek maintained dynamic equilibrium by actively migrating laterally across its
floodplain within the Upper White Pine reach. Typically, unconfined geomorphic reaches
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Executive Summary Upper White Pine Reach Assessment

have flatter slopes and a complex network of channels that result in a high degree of
interaction between the active channel and the floodplain. This lateral channel migration
helps the stream maintain a flatter channel profile as sediment is stored on the floodplain
before being eroded and transported downstream. The natural ecosystem processes of the
riparian, hydrologic, and geomorphic regimes create a healthy stream characterized by a
dynamic cycle of conversion from stream to floodplain and vice versa, producing a constant
renewal of fish habitat. If the interaction between these regimes is altered, it impacts the
availability of fish habitat and threatens the continuation of the species within the basin.

Ecosystem processes in the Upper White Pine reach are in a degraded state as a result of
human-constructed constraints. The multiple functions associated with the three regimes have
been impacted by the dissection of the floodplain by the Burlington Northern Railroad grade
and Highway 2 and the hardening of the banks with riprap. These features have reduced the
overall width of the available floodplain and length of the stream channel.

Where restoration is the ultimate aim in many instances, it is realized that a more measured
approach is sometimes necessary due to multiple human constraints, including the Burlington
Northern Railroad and Washington State Highway 2. Rehabilitation provides an approach
that is consistent with restoration objectives to return critical stream ecosystem function to the
best possible condition. In addition, rehabilitation is incremental and iterative in nature to
accommodate the notion that complete restoration may not be possible due to anthropogenic
structures and/or disturbance regimes. Key rehabilitation strategies include a combination of
floodplain reconnection and riparian rehabilitation for promoting a return of natural
ecosystem processes. Restoration strategies identified by the Upper Columbia Salmon
Recovery Board (UCSRB), consisting of both potential protection and rehabilitation actions,
are recommended to prevent further degradation of the stream ecosystem (UCSRB 2007).

Field surveys and evaluations were conducted in the Upper White Pine reach during the
summer and fall of 2008 to determine the condition of the riparian, hydrologic, and
geomorphic regimes. The three reaches were delineated at the valley segment scale from the
refinement of data from the tributary assessment in which two reaches were identified
(Reclamation 2008). The three reaches were characterized into two general geomorphic reach
types, confined and unconfined, based on natural channel constraints. The confined and
unconfined reaches were ranked based on their coarse-scale geomorphic potential.
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Upper White Pine Reach Assessment Executive Summary

Figure 1 - Location map for the Upper White Pine reach assessment demonstrating the nested geographic
relationship of the Wenatchee watershed, Nason Creek tributary assessment area at the valley-segment
scale and the Upper White Pine reach assessment study area.
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Upper White Pine Reach Assessment Executive Summary

Purpose of the assessment: Refine understanding of geomorphic potential within the Upper
White Pine reach and establish environmental baseline conditions to assist in the local
selection, implementation, and monitoring of potential habitat actions that will address the
limiting factors through the rehabilitation of habitat-forming processes.

Goal of the assessment: Provide sound integrative river science that will assist the local
watershed action group in the development of an implementation strategy and aid in project
selection. The reach assessment had these objectives:

1) Determine the functional arrangement of physical and biological components of
the reach.

2) Establish an understanding of the predominant physical processes.
3) Interpret and document the problems.
4) Propose potential solutions.

5) Develop a recommended prioritization of the subreaches to be utilized by local
watershed action groups when developing an implementation strategy and the
selection of projects.

This reach assessment establishes environmental baseline conditions in Upper White Pine
reach by examining fluvial geomorphic forms and processes (i.e., those landforms and
processes that are related to the movement of flowing water) and assessing their influences on
forming and maintaining fish habitat at the reach scale. A reach is comprised of smaller scale
components that include the active main channel, the floodplain, and off-channel areas which
are called subreaches. Subreaches are delineated by lateral and vertical controls with respect
to the presence or absence of inner or outer zones (Figure 2). An inner zone (IZ) is an area
where ground-disturbing flows take place, such as the active main channel or related side
channels (USFS 2008). An outer zone (OZ) is an area that may become inundated at higher
flows, but does not experience a ground-disturbing flow. The outer zone, also known as the
floodprone width, is typically a terrace that is generally coincidental with the historic channel
migration zone except where the channel has been modified or incised, cutting the creek off
from the historic floodplain.

The river condition describes the current state of fluvial processes and their relationship to
habitat-forming processes. Human features can be analyzed to establish their impacts to the
current river condition. Subsequently, the river condition provides a baseline for comparisons
in future references. In the instance of the Upper White Pine reach, the habitat-forming
processes have been unfavorably impacted, with over 93 percent of the river condition
indicators in a degraded condition (i.e., over one-quarter of the indicators are at unacceptable
risk and another two-thirds at risk, as shown in Table 1). With the exception of habitat
access, all other pathways have at least one river condition indicator functioning in an at-risk
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Executive Summary Upper White Pine Reach Assessment

or unacceptable-risk condition. This is indicative of impaired habitat-forming processes.
Three indicators in particular, large woody debris, pool quality, and floodplain connectivity,
are symptomatic of the larger issue of lost geomorphic potential. Reclamation defines
geomorphic potential as the capability of adjustment or change in process/structural
components of an ecosystem through the combined interaction of hydrologic, riparian, and
geomorphic regimes to form, connect, and sustain fish habitat over time.

The geomorphic potential has been altered through the dissection of the floodplain by the
railroad and Highway 2 and the hardening of the banks with riprap. The result is a diminished
capacity to dissipate stream power; a reduced ability to migrate in subreaches DIZ-1, DOZ-1,
DOZ-2, DOZ-3, DOZ-4, DOZ-5, DOZ-6, 1Z-1, and 1Z-3; and very little off-channel habitat
for fish rearing (Figure 3). At low flow, only about 1 percent of the habitat area consists of
side channels and off-channel habitat. The inability to decrease stream power promotes
incision of the channel bed; reduces heterogeneity of channel units; decreases large woody
debris recruitment and retention; decreases deposition of spawning gravel; and reduces
nutrient supply and storage in the connected inner zones. Impaired channel migration and the
disconnection of the floodplain reduce the ability of the stream to rejuvenate ecosystem
functions, such as riparian vegetation and substrate throughout the current main channel of the
reach.

Almost one-third of the Upper White Pine reach has been disconnected from the active
channel and does not contribute to habitat-forming processes through the interaction of
hydrologic, riparian, and geomorphic regimes. Figure 3 shows a prioritization of each
subreach unit for the Upper White Pine reach. A dual focus approach would concentrate on
both protection and rehabilitation goals necessary for reestablishment of geomorphic potential
and healthy stream conditions (Table 1). The rehabilitation goals would address two types of
subreaches. The first type of subreaches addressed by rehabilitation actions are those
subreaches that are currently disconnected by the railroad grade, the highway, or other human
features. Subreaches of particular interest include DIZ-1, along with historic outer zone areas
of DOZ-1, DOZ-2, DOZ-4, and DOZ-5. The second type of subreach addressed by
rehabilitation actions are the inner zones that have impacted habitat units and include
subreaches 1Z-1, IZ-3, and [Z-4. This cooperative effort could be executed in conjunction
with the protection goals that will complement reconnection of the disconnected subreaches
and the connected subreaches that lack habitat. Subreaches that are candidates for protection
include OZ-1, OZ-2, and OZ-3, all of which already offer form and connectivity. Potential
habitat actions are identified and prioritized based on several key parameters established in
the reach assessment.

A dual focus approach is expected to run in parallel with a measured difference in timing for
implementation. The rehabilitation goals covering the disconnected subreaches is a long-term
enterprise requiring engagement and full cooperation of two large landowners, the Burlington
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Upper White Pine Reach Assessment Executive Summary

Northern Railroad and the State of Washington Department of Transportation, as well as local
landowners. Protection goals are a series of potential habitat actions that will both
complement the reconnection of the disconnected subreaches. Potential protection actions
necessary in the short term include land acquisition or lease and stream bank and wetland
protection. Potential rehabilitation actions should be considered as components of a
comprehensive strategy to reinitiate habitat-forming processes and include relocation or
modification of the highway and railroad with bridges and/or culverts; unimproved road
relocations or removals; small bridge placements; culvert removals, modifications, or
replacements; riparian plantings and noxious week eradication; and instream structures.

Table 1 - Reach-based ecosystem indicators (REI) for the Upper White Pine reach. Each indicator was
interpreted to be in one of three conditions: adequate, at risk, or unacceptable risk.*

Pathway Reach-based Indicator (REI) Condition
Water Quality Temperature Unacceptable Risk
Turbidity At Risk
Chemical Contaminants/Nutrients At Risk
Habitat Access Physical Barriers Adequate
Habitat Quality Substrate At Risk
LWD Unacceptable Risk
Pool Frequency and Quality At Risk
Connectivity w/ Main Channel At Risk
Channel Condition Floodplain connectivity At Risk
?)r;iamics Bank Stability/Channel Migration At Risk
Vertical Channel Stability At Risk
Riparian Vegetation Structure At Risk
Disturbance Unacceptable Risk
Canopy Cover Unacceptable Risk

*Existing conditions are defined based on criteria defined in the REI (Appendix A).
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OVERVIEW

Assessments are hierarchically nested to address the spatial and chronological scales of an
ecosystem (see Figure 4). Assessments telescope from the largest scale called a basin to a
smaller scale called a reach from which habitat actions are implemented. This is called a top-
down approach. After implementation of a habitat action, monitoring of the physical and
biological variables telescope in reverse, from the reach to the basin, called a bottom-up
approach from which intervention analysis or monitoring may be conducted on the status of
the species of concern. This nesting approach enables development of an overall
understanding of the ecosystem’s current and historic conditions and how the species of
concern and stream processes such as the creation and maintenance of aquatic habitat have
been affected.

Figure 4. Idealized model showing how assessments and monitoring are hierarchically nested and related.
Clockwise from the top, Compiled from Hillman (2006), UCSRP (2007), and Stewart-Oaten and Bence
(2001).
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Overview Upper White Pine Reach Assessment

Tributary assessments can be conducted to further analyze impaired stream processes and
their effects and to provide a prioritized list of geomorphic reaches based on floodplain or
valley confinement (i.e., confined, moderately confined, and unconfined). Not all reaches
require a reach assessment. For example, naturally confined reaches that are not severely
degraded and pose little risk to property and infrastructure may not need a reach assessment.
Reach assessments are generally recommended for moderately to unconfined geomorphic
reaches where complex processes have been degraded and where the implementation of
habitat actions may pose risks to property and infrastructure. Even in instances where a reach
assessment is not conducted, some baseline data should be collected prior to implementing
any habitat action so that the action can be monitored for effectiveness.

The purpose of a reach assessment is to refine understanding of the geomorphic potential
within a reach and establish environmental baseline conditions at the reach-scale. The reach
assessment evaluates the current condition of a group of indicators. The physical variables,
which are quantifiable and have geospatial reference, are organized in a reach-based
ecosystem indicator matrix (REI). Incorporating quantifiable biological variables into the
REI are currently being done by the Bureau of Reclamation (Reclamation). The variables
measured in the REI record the baseline environmental conditions and are hierarchical in
nature in that they are used as information about the condition of higher-level indicators
called pathways. The REI identifies deficiencies in the vegetation, geomorphic, and
hydrologic regimes upon which habitat actions can be implemented using a cost effectiveness
approach.

Following implementation of a habitat action or series of actions, the action is documented by
including what was done, where it was done, and why it was done (i.e., compliance
monitoring). After several habitat actions have been implemented in a reach, an impact
assessment can be completed using a subset of the physical variables from the REI based on
the overall intent of the actions (i.e., reconnect isolated habitats).

Status assessments that document changes to physical and biological variables can be used to
evaluate how the ecosystem and the species of concern are responding to the habitat actions.
This is known as an intervention analysis to determine if the overall response is positive. If
the response is positive, then the actions were effective and there is no need for adjustments.
If the response is flat or negative, the habitat actions may need to be adjusted within an
adaptive management framework. These checks and balances are intended to improve the
habitat of the species of concern depend and ultimately contribute to their recovery.
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Upper White Pine Reach Assessment Purpose and Location

PURPOSE AND LOCATION

Reclamation produced this report to help meet tributary habitat commitments contained in the
2008 Federal Columbia River Power System Biological Opinion (NMFS 2008). This report
provides scientific information to help identify, prioritize, and implement sustainable field
projects in collaboration with Tribal, State, and local partners that improve survival and lead
to the recovery of salmon and steelhead listed under the Endangered Species Act (NMFS
2008).

The goal of a reach assessment is to set up local stakeholder processes for project selection
based on sound integrative river science, through the following objectives:

= Determining the functional arrangement of physical and biological components of the
response reach. Establish the geomorphic potential of the river reach through a spatial
framework and relevant scaling relationships for the assessment area. This is done
through scaling down the response reach to individual subreaches and
channel/geomorphic units, which are smaller scale structural components of the reach.
Subreach units are comprised of the active main channel, floodplain, and off-channel
areas. A local geomorphic regime has inherent constraints and capabilities for
forming, connecting, and sustaining aquatic river habitat.

= Establishing an understanding of the predominant physical processes. Identify
linkages between physical processes and anthropogenic impacts based on the
understanding of the key physical processes operating in the reach or within and
among the context of subreach units; and identify how these processes have been
impacted by past and present human activities.

= Interpreting and documenting the problems. Diagnose river conditions at the reach-
scale based on integrating physical, biological, and habitat information into an REI.
The REI is a diagnostic tool for measuring baseline environmental baseline conditions
and identifying deficiencies in three regimes: geomorphic, vegetation, and hydrologic.

= Proposing potential solutions. Identify and prioritize potential habitat actions at the
subreach scale that support the greatest cumulative biological benefit based on a
refined understanding of the geomorphic potential and environmental baseline
conditions.

= Developing a recommended prioritization. Develop a recommended prioritization of
the subreaches based on refined understanding of geomorphic potential and ecosystem
conditions to be utilized by local watershed action groups when developing an
implementation strategy and the selection of projects.

= Presenting the results to the local group for project selection. Use the proposed
implementation strategy along with other local factors provided by local stakeholders
and partners to discuss a synthesis of all available information and ultimately, an
implementation time line.
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Purpose and Location Upper White Pine Reach Assessment

Nason Creek is a tributary to the Wenatchee River, Chelan County, Washington (Figure 5). A
total of three reach assessments on Lower Nason Creek are being completed sequentially
based on summer and fall of 2008 field surveys and evaluations. Collectively, the three reach
assessments will provide a foundation for a holistic, comprehensive strategy for rehabilitation
and protection at the scale of the valley segment (Figure 6).

The Upper White Pine reach is located between river miles (RM) 12.00 and 14.25 on Nason
Creek, a 6th field Hydrologic Unit Code (HUC 170100100104) watershed within the Eastern
Cascade Section of the Cascade Province (Hillman 2006). The species of concern found in
Nason Creek include Upper Columbia River (UCR) spring Chinook salmon (Oncorhynchus
tshawysha), UCR steelhead (Oncorhynchus mykiss), and Columbia River bull trout
(Salvelinus confluentus) (UCSRB 2007).

Limiting factors at the watershed scale that are the result of various anthropogenic impacts
include riparian condition, streambank condition, channel function, floodplain connectivity,
water quality, habitat diversity, and large woody debris (Andonaegui 2001; UCSRB 2007;
UCRTT 2007).

The Upper Columbia Spring Chinook Salmon, Steelhead, and Bull Trout Recovery Plan
identified potential restoration strategies based on a combination of available data, aquatic
ecosystem modeling, and professional judgment of a panel of scientists (UCSRB 2007).
Further technical evaluation was recommended to refine the level of detail needed to
implement projects and determine if the recommendations are sustainable and compatible
with the geomorphic conditions of the river. Regarding physical processes, the Upper
Columbia Salmon Recovery Board (UCSRB) recommends conducting additional research to
identify priority locations for protection and rehabilitation and examining fluvial geomorphic
processes to assess how these processes affect habitat creation and maintenance. This reach
assessment is intended to address those recommendations.
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Upper White Pine Reach Assessment Purpose and Location

Figure 5 - Location map of Nason Creek within the Wenatchee subbasin. The section in red notes the
valley segment that was examined in the tributary assessment.
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Purpose and Location Upper White Pine Reach Assessment

Figure 6 - Location map with river miles for the three response reaches identified in the Nason Creek
Tributary Assessment, Chelan County, WA.
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Upper White Pine Reach Assessment Tributary Assessment

TRIBUTARY ASSESSMENT

Previously identified watershed-scale limiting factors are typically the result of various
anthropogenic impacts and include riparian condition, streambank condition, channel
function, floodplain connectivity, water quality, habitat diversity, and large woody debris
(Andonaegui 2001; UCSRB 2007; UCRTT 2007). The Upper Columbia Spring Chinook
Salmon, Steelhead, and Bull Trout Recovery Plan (UCSRB 2007) has identified potential
restoration strategies based on a combination of available data, aquatic ecosystem modeling,
and the professional judgment of a panel of scientists. The Plan recommends refinement of
existing data and/or the collection data at the appropriate scale that will allow habitat actions
to be implemented.

The Nason Creek Tributary Assessment, Chelan County, Washington (Tributary Assessment)
was completed by a multidisciplinary team of hydraulic engineers, geologists, hydrologists,
biologists, and botanists (Reclamation 2008). The focus of the Tributary Assessment was to
complete a comprehensive geomorphic analysis of the fluvial system along about 10 miles of
Nason Creek located in the Wenatchee subbasin in Chelan County, Washington (Figure 5).

The objectives of the Tributary Assessment were to (1) delineate and characterize channel
reaches on the basis of their geomorphic characteristics and biological opportunities and
develop potential rehabilitation strategies organized on a reach-based approach; (2) provide
technical ranking of the geomorphic reaches that can be used to prioritize the potential habitat
protection and improvement areas within the assessment area based on linkage to primary
limiting factors for salmon recovery; (3) identify the recurrence intervals of natural and
human-induced disturbances and how they affect channel processes within the assessment
area; and (4) evaluate the habitat-forming physical processes and disturbance regimes
working at the subbasin and reach scales from both historical and contemporary context
(Reclamation 2008).

At the tributary scale, three reaches were delineated and characterized into two general
geomorphic reach types based on natural channel constraints, referred to as confined and
unconfined geomorphic reaches (a third geomorphic reach type, moderately confined, was not
encountered; see Table 2). The unconfined and confined reaches were ranked based on their
geomorphic potential. The confined reach identified as Reach 2 in the Tributary Assessment
was not assessed. The White Pine reach had the higher geomorphic potential and the largest
impact from anthropogenic features within the low surface (i.e., more departed from a natural
condition).

The White Pine reach was initially identified as geomorphic reach 3 in the Tributary
Assessment. Refined mapping and analysis performed for this reach assessment further
delineated this area into two response reaches, the Upper and Upper White Pine, that are
separated by a confined reach (reach 4) located at river miles 11.55 to 12.0 (Table 2).
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Table 2 - Geomorphic Reach and response reach location by river mile, reach type, and floodplain area
for Upper Nason Creek between RM 4.5 and RM 14.3 (Reclamation 2008).

- Total Floodplain
Geomorphic Reach
. . Reach Assessment : : Area
Designation River Miles Reach Type .
. Name (Approximate
(Reclamation 2008)
Acres)
Reach 1 Kahler 45-8.9 Unconfined about 335
Reach 2 Reach 2 8.9-9.42 Confined about 14
Lower White Pine 9.42 -11.55 Unconfined about 229
Reach 3 Reach 4 11.55-12.0 Confined
Upper White Pine 12.0-14.25 Unconfined about 135

Within the Upper White Pine reach, there has been no large-scale change to the balance
between incoming water and sediment loads that would indicate a potential for incision or
aggradation (Reclamation 2008); however, several sections of the river within the reach have
been artificially straightened and confined by bank hardening. The Burlington Northern
Railroad grade and Highway 2 disconnect Nason Creek from its tributaries. The absence of
sediment that would have been provided indicates a potential for increased sediment transport
capacity and possible incision.

The largest impact to physical processes and habitat is from the construction of the railroad
grade in the 1890s and the Highway 2 realignment and widening in the 1960s. The impacts of
these features include channel straightening and relocation, reduced channel migration,
reduced floodplain connectivity, altered sediment and large woody debris delivery and
retention, and disconnected tributaries and groundwater sources from the main channel.
Bridges, small levees, and the powerline corridor also impact physical processes, but to a
more localized degree.

The Upper White Pine reach assessment provides the recommended technical evaluation to
refine the level of detail necessary for selecting and implementing potential habitat actions.
The reach assessment establishes environmental baseline conditions tied into a geospatial
reference. This is done through an in-field evaluation of fluvial geomorphic form and
processes. In turn, this reach-based baseline can be used to assess the influence and feedback
on habitat formation and maintenance over time.
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REACH CHARACTERIZATION

The Upper White Pine reach encompasses about 135 acres of floodplain and active channel of
Nason Creek within an alluvial valley from RM 12.0 to 14.25. The current channel and active
floodplain are located between Highway 2 to the north and the railroad grade to the south
(Figure 7). These two features disconnect sections of one inner and several outer zones from
the active channel and floodplain that total about 31 percent of the total reach area. Table 3
summarizes the number of acres in the inner and outer zones.

The valley bottom is classified as a U-shaped trough with a valley bottom gradient less than 3
percent and an unconstrained, moderately sinuous channel (Naiman et al. 1992). The stream
type is B to C type (Rosgen 1996) showing evidence of slight to moderate incision with
predominantly riffle and run bedform (Montgomery and Buffington 1993) and gravel as the
dominant substrate. Landforms typically include alluvial and glacial deposits comprising
terraces and alluvial fans (Hillman 2006). Alluvial fan deposits provide lateral and vertical
channel controls.

Figure 7 - Refined reach delineation and boundary conditions of the Upper White Pine Reach.
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Table 3 - Acres by zone type on the Upper White Pine reach, Nason Creek, Wenatchee Subbasin,
Washington.

Inner Zone | Connected Outer Zone Disconnected Disconnected Inner Zone
Outer Zone
29 Acres 64 Acres 35 acres 7 Acres

The reach is comprised of the active main channel, floodplain and off-channel areas. The
reach was further broken down into two types of morphologically distinct areas or subreach
unit types to denote greater local control and variability. Called inner and outer zones, these
subreach unit types essentially represent areas of existing and potential habitat formation and
maintenance within the response reach. Subreaches are delineated by lateral and vertical
controls based on the presence/absence of inner or outer zones processes (Figure 8). An inner
zone (I1Z) is characterized by the presence of primary and secondary side channels, a
repetitious sequence of channel units, and relatively uniform physical attributes indicative of
localized transport, transition, and deposition; generally associated with ground-disturbing
flows with sufficient frequency that mature conifers are rare and a distinct hardwood zone is
identifiable (USFS 2008). In the instance of the active main channel, it was further
subdivided into six inner zones based on the mapping of channel units (Figure 9 and Figure
10).

In contrast, an outer zone (OZ) also known as the floodprone width, is typically a terrace tread
and generally coincidental with the historic channel migration zone unless the channel has
been modified or incised leading to the abandonment of the floodplain. This zone includes
overflow channels, wetlands, and other off-channel habitat and is usually predominated by
riparian vegetation and hillslope processes. An outer zone is further distinguished from an
inner zone by the presence of flood deposits, a change in vegetation, and bounding geologic
landforms such as an older terrace, bedrock or valley wall, alluvial fan, colluvium, or glacial
deposits.

10 March 2009



Figure 8 - Image showing
Inner and Outer Zones of
the Upper White Pine
Reach, Nason Creek,
Wenatchee Subbasin,
Washington.
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Figure 9 - Channel unit mapping of the upper portion of the Upper White Pine Reach including subreach
unit boundary conditions.

Figure 10 - Channel unit mapping of the lower portion of the Upper White Pine Reach including subreach
unit boundary conditions.
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RIVER REACH CONDITION

The river reach condition is a combination of all information available at the time of the
investigation. The REI matrix is a compilation of the information and data collection from
multidisciplinary analyses that were conducted prior to or during this investigation (Appendix
A). Specific data collected and documented within separate disciplinary analyses are the
Initial Site Evaluations (Appendix B), Level 2 Habitat Assessment (Appendix C), and 2-
Dimensional Hydraulics and Sediment Analysis (Appendix H, Reclamation 2008). The
biological ranking of the subreaches was performed by the Upper Columbia Regional
Technical Team (RTT) subcommittee (Appendix G).

River condition limiting factors are determined by measuring and synthesizing results from
indicators within five pathways: water quality, habitat access, habitat quality, channel
dynamics, and riparian vegetation. The indicators measured in the REI record baseline
environmental conditions which are indicative of the condition of higher-level indicators such
as pathways. The synthesis of the collected information provides a “snapshot” understanding
of the combined condition of the geomorphic, riparian vegetation, and hydrologic regimes. In
turn, this information is used to develop an overall interpretation of reach-based river
condition with respect to the primary limiting factors.

Based on the best available information and measurements from the field evaluation, each
indicator was determined as functioning at one of three conditions: adequate, at risk, or
unacceptable risk, based on criteria contained in the REI. Table 4 shows the results of the
REI.
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Table 4 - Summary results of the reach-based ecosystem indicators (REI) for the Upper White Pine reach.
Each indicator was interpreted to be in one of three conditions: adequate, at risk, or unacceptable risk.

Pathway Reach-based Indicator (REI) Condition

Water Quality Temperature Unacceptable Risk
Turbidity At Risk
Chemical Contaminants/Nutrients At Risk

Habitat Access Physical Barriers Adequate

Habitat Quality Substrate At Risk
LWD Unacceptable Risk
Pool Frequency and Quality At Risk
Connectivity w/ main channel At Risk

Channel Condition and | Floodplain connectivity At Risk

Dynamics Bank Stability/Channel Migration At Risk
Vertical Channel Stability At Risk

Riparian Vegetation Structure At Risk
Disturbance Unacceptable Risk
Canopy Cover Unacceptable Risk

The following are summary results of reach-based conditions:
= 4 of the 14 indicators are at unacceptable risk.
= 9 ofthe 14 indicators are at risk.
= | of the 14 indicators is adequate.

Limiting factor indicators should be monitored to gauge the response of the creek to the
implemented actions. The assessment team suggests that monitoring these indicators may
provide pro-active opportunities to maintain or improve the overall ecosystem resiliency of
the Upper White Pine response reach.

Following implementation of a habitat action or series of actions, the action is documented
and includes what was done, where it was done, and why it was done (i.e., compliance
monitoring). After several habitat actions have been implemented in a river reach, an impact
assessment can be completed using a subset of the physical variables from the REI based on
the overall intent of the actions such as reconnection of isolated habitats.
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At the reach scale, the ability to assess both the physical and biological effects of the actions
is considered high (Hillman 2006). Improvements made to physical variables coupled with
the biological variables (i.e., status and trend) can be used to evaluate the ecosystem’s
response and whether the species of concern are responding. If the response is positive, the
actions were effective and there is no need for adjustment. If the response is flat or negative,
adaptive management may be needed for implementation of additional habitat actions to
achieve the desired effect. These checks and balances are intended to improve fish habitat
upon which the species of concern depend and ultimately their recovery.

Water Quality

The condition of the water quality pathway throughout the reach is at risk based on indicators
of temperature, turbidity, and chemical contaminants. Temperature is at unacceptable risk,
due to the replacement of bank vegetation with riprap within the reach and the sensitivity of
the system (Thomas 2007). Temperature surveys indicated the stream fluctuates from 18.4° C
to 14.8° C upstream of the Upper White Pine reach (Watershed Sciences 2003). Cooling was
noted around the area of White Pine campground, but temperatures increased steadily
downstream to the Wenatchee River (Watershed Sciences 2003). Turbidity issues stem from
increased timber harvest roads, development (UCSRB 2007), and sensitivity of the system
(Thomas 2007). The indicator of chemical contaminants and nutrients is interpreted to be at
risk due to current water use or withdrawals upstream and the volatility of the system.

Although the water quality pathway and the associated indicators are an issue at the watershed
scale, impacts to the indicators can be attributed to acute problems observed at subreach scale
within the Upper White Pine reach. For example, by drawing a 10-meter buffer zone along
the banks of the channel, the condition of canopy cover for shading can be quantified by
looking at the seral stage and composition of the riparian vegetation. Subreaches DOZ-1,
DIZ-1, and OZ-2 all have less than 15 percent large (greater than 12-inch-diameter at breast
height) coniferous, deciduous or mixed riparian vegetation. Given the overall young seral
stage, those subreaches likely contribute to the at-unacceptable-risk condition of temperature
to varying degrees. Subreaches DIZ-1, DOZ-1, and DOZ-4 impound runoff and groundwater
behind the railroad grade or highway. That impounded water will likely increase in
temperature before it enters the main channel if inadequate shading exists along the perimeter
of the wetlands. Upon entering the main channel, the impounded water contributes to the
temperature condition of the reach.

Habitat Access

The condition of the habitat access pathway is adequate given that there are no barriers on the
mainstem.
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Habitat Quality

The habitat quality pathway is at risk due to the following conditions: (1) lack of large woody
debris in the channel; (2) pool quality; and (3) culverts placed through the highway and
railroad embankments to drain runoff water and base flow. The culverts do not provide
adequate fish passage to isolated pockets of habitat.

Multiple subreaches contribute to an at-risk condition for habitat quality through the indicator
of large woody debris in the channel. The connected inner zones 1Z-1, 1Z-3, and 1Z-4
contribute through a low large wood count. Subreach inner zone IZ-2 was noted to have
higher large woody debris counts, but it was concentrated in two complexes at RM 12.9 and
13.1 (Appendix C). Two of the connected outer zone subreaches, OZ-2 and OZ-3, have less
than 50 percent of large diameter trees available for recruitment from within the 30-meter
buffer zone. Disconnected subreaches DOZ-1, DIZ-1, DOZ-2, DOZ-3, DOZ-4, DOZ-5, and
DOZ-6 cannot contribute large woody debris to the system. Low in-channel wood counts and
diminished availability of large wood available for recruitment from the subreaches listed
above contribute directly to an at-risk pool frequency and quality condition within the inner
zones. The indicator of connectivity with the main channel is impacted in the disconnected
subreaches DOZ-1, DIZ-1, DOZ-2, DOZ-3, DOZ-4, DOZ-5, and DOZ-6 where
anthropogenic features including the highway and railroad disconnect existing habitat from
the current channel and/or where culverts do not allow access to off-channel habitat at base
flow.

Channel Dynamics

The channel condition and dynamics pathways are at risk. The impacts on floodplain
connectivity of Highway 2 and the railroad have been well documented (Andonaegui 2001;
UCSRB 2007; UCRTT 2007). Bank stability and channel migration are also affected by the
railroad grade and Highway 2, but are also impacted by bank hardening with riprap, clearing
of riparian vegetation, and the channelization of the active channel.

The current channel and floodplain are located between Highway 2 to the north and the
railroad grade to the south. These two human features disconnect fluvial processes in one
inner and multiple outer zones of the active channel and floodplain that total over one-third of
the reach. The disconnection of fluvial processes results in a reduction of lateral channel
migration and floodplain connectivity. Subreaches that contribute to the at-risk condition of
the floodplain connectivity indicator are the disconnected subreaches DOZ-1, DIZ-1, DOZ-2,
DOZ-3, DOZ-4, DOZ-5, and DOZ-6. Subreach inner zones IZ-1 and 1Z-3 contribute to an at-
risk condition for the bank stability and channel migration indicators. Where the active
channel is channelized, or banks of the inner zone are hardened with riprap, no lateral
migration occurs. This increases the potential of vertical migration. Observations were made
of accelerated channel migration at locations where riprap is not present and riparian
vegetation is removed along banks.
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Riparian Vegetation

The riparian vegetation pathway is at risk. The indicator of riparian structure is at
unacceptable risk. Although the riparian composition at the floodplain width may have a high
percentage of native species, the available large wood is only about 38 percent for the entire
reach. The riparian disturbance indicator is at risk given that about 22 percent of floodplain
vegetation has been disturbed by way of clearing and/or modification to some degree. The
percentage of mature or late seral stage vegetation in the 30-meter buffer is acceptable only in
one outer zone, thus large wood recruitment potential is impaired (USFS 2008).

The indicator of canopy cover is also at risk. Less than 50 percent of the vegetation in the 10-
meter buffer zone (Hillman 2006) is large diameter. The common factor with all three
indicators is a low percent of large diameter trees, with large diameter being defined as the
mean diameter at breast height of 12 inches or greater (USFS 2008). All subreach indicators
contribute to the at-risk conditions of the riparian vegetation pathway’s structure, disturbance,
and canopy cover. Additionally, the disconnected outer zone subreaches DOZ-2, DOZ-3,
DOZ-4, DOZ-5, and DOZ-6 have disturbed vegetation that is greater than 20 percent of the
total area of the subreach.

DISCUSSION

The river condition describes a baseline or current condition of fluvial processes and their
relationship to habitat-forming processes. Human features can be placed within a context
when using current river condition to establish their impacts. In the instance of the Upper
White Pine reach, the diagnosis is not favorable with over 93 percent of the indicators in
either an at-risk or unacceptable-risk condition. With exception of habitat access, all other
pathways possess at least one indicator with observed degraded condition of at risk or
unacceptable risk. Three indicators in particular, large woody debris, pool quality, and
floodplain connectivity, are symptomatic of a larger issue of lost geomorphic potential or the
potential for geomorphic regime change. Geomorphic potential is essential in forming,
connecting, and sustaining fish habitat because of the combined influence of hydrologic,
riparian, and geomorphic regimes over time.

The multiple functions associated with all three regimes have been impacted through the
dissection of the floodplain by the railroad grade and Highway 2 and hardening of the banks
with riprap. These features have reduced the overall width of the available floodplain and
length of the stream channel. The result is a diminished capacity to dissipate stream power
and a reduced ability to migrate in subreaches DIZ-1, DOZ-1, DOZ-2, DOZ-3, DOZ-4, DOZ-
5,1Z-1, and 1Z-3. The outcome is that very little off-channel habitat exists for rearing fish.
At low flow, only about 1 percent of the habitat area consists of side channels and off-channel
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habitat. An increase in stream power promotes incision, reduces the diversity of channel
units, decreases large woody debris recruitment, decreases spawning gravel and large woody
debris retention, and reduces nutrient supply and storage in the connected inner zones.
Impaired channel migration and the disconnection of the floodplain reduce the ability of the
stream to rejuvenate ecosystem functions, such as riparian vegetation and substrate,
throughout the current main channel of the reach.

Typically, unconfined geomorphic river reaches have flatter slopes and a complex network of
channels and large woody debris that result in a high degree of interaction between the active
channel and the floodplain. Prior to human impacts, Lower Nason Creek maintained dynamic
equilibrium by actively migrating laterally across its floodplain within the Upper White Pine
reach. This lateral channel migration helped the river maintain a flatter channel profile as
sediment was stored on the floodplain before being eroded and transported down gradient.
The result was a dynamic cycle of conversion from river to floodplain and vice versa and with
it, continual renewal of fish habitat.

In a properly functioning system, the average channel bed elevations within the reach do not
change over time so that there is no net change in the total volume of sediment stored in the
reach beyond a natural range of fluctuation (Reclamation 2008). Lateral channel migration
and floodplain connectivity are especially critical in the Upper White Pine reach to maintain
the following at optimal levels that will create, maintain, and rejuvenate habitat:

= Riparian structure and composition

* Groundwater recharge

= Water temperature

= Stream power

= Large woody debris recruitment and retention
* Spawning gravel recruitment and retention

= Nutrient supply and storage

On Lower Nason Creek, impacts to the overall hydrologic regime have resulted in an increase
in stream power that gives rise to transport as the dominant process, over-all similarity of
channel units, and lack of channel complexity at the reach scale. At the subreach scale,
subreaches where transition-to-deposition is the dominant process alternate between longer
subreaches of transportation. Within the transport subreaches, the bed load is hypothesized to
become mobile when flows are increasing and deposited when flows are decreasing with the
ultimate result being plain-bed features. Conversely, it is hypothesized that the mobilized bed
load from the transport reaches deposits in the smaller subreaches where transition-to-
deposition is the dominant process during the increasing flows. As runoff flows decrease, the
newly deposited bed material is then incised, resulting in tall bars and only moderate change
of form.
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The loss of riparian function within all subreaches at the floodplain width and within the 30-
meter and 10-meter buffer zones has both direct and indirect impacts to multiple pathways.

At the floodplain width, an overall young seral stage indicates an overall risk to ecosystem
health. At the 30-meter buffer zone, high percentages of disturbed or removed vegetation and
limited existing large diameter trees create a decreased large woody debris recruitment
potential, thus a lack of large woody debris in the system. The same conditions within the 10-
meter buffer zone reduce shading potential which ultimately promote elevated water
temperatures. Another contributing factor to an increase in water temperature in the main
channel is due to the impounding of surface water behind the railroad grade and highway in
the subreaches DIZ-1, DOZ-1, and DOZ-4.

Overall, ecosystem processes in the Upper White Pine reach are in a degraded state as a result
of human impacts. Rehabilitation activities, consisting of both potential protection and
rehabilitation actions, are recommended to prevent further degradation of the river ecosystem.
Where restoration is the ultimate aim in many instances, a more measured approach is
sometimes necessary due to multiple natural and human-made constraints (Figure 11).
Rehabilitation provides an approach that is consistent with restoration objectives to return
critical river ecosystem function to a pristine condition (UCSRB 2007). In addition,
rehabilitation is incremental and iterative in nature to accommodate the notion that complete
restoration may not be possible due to structural limitations and disturbance regimes.
Potential protection and rehabilitation actions specific to this river reach should be prioritized
with the objectives listed in Figure 12.
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Figure 11 — Responses to Reach Assessment Actions. Through time, land development and management
activities lead to altering natural flows that sustain balance and ultimately, the condition of an ecosystem.
Healthy aquatic stream ecosystems by nature are resilient and able to cope with impacts through feedback
and adjustment. Rehabilitation offers the opportunity to resurrect balance and redirect stream aquatic
habitat on a resilient course once again.

22 March 2009



Upper White Pine Reach Assessment Discussion

High Priority/Long-term
1. Protection — protection of existing riparian habitat, channel migration processes, and floodplain
function are listed as a Tier 1 habitat action in the Biological Strategy (UCRRT, 2007). Protection
should, when possible, be combined with an active rehabilitation effort, to maximize the gain of the
action.

2. Floodplain Rehabilitation — a limiting factor that addresses four Viable Salmonid Population (VSP)
parameters: productivity, abundance, diversity, and structure. This habitat action is listed as a Tier 1
habitat action in the Biological Strategy (UCRRT, 2007). Multiple habitat actions can be used to
accomplish this goal.

a. The construction of Highway 2 and the railroad have reduced the overall acreage of available
floodplain by acting as levees both along the main channel and in the floodplain.

b. The culverts within the reach were observed to be functioning as run-off drains for the
floodplain area presently disconnected by the railroad and highway. Some were observed to
be undersized for fish passage, and others are elevated as to not provide access at base
flow.

c. Sections of artificially constrained channel within this reach promote the overall process of
incision and transport.

3. Water quality — a limiting factor that addresses four VSP parameters: productivity, abundance,
structure, and diversity.

a. Nason Creek is on the 303(d) list for water temperature. Water temperature in streams tends
to increase in the downstream direction, and during the 2003 temperature survey, an
increase from 15.3°C to 19.1°C occurred between RM 10.6 and 3.5 (ref). Higher
temperatures are noted, in part to be a result of the replacement of shading vegetation along
the streambank with riprap along the railroad grade in the upper reach and along the highway
in both reach (Thomas, 2007). In addition, the clearing of riparian vegetation on the
streambank and within the floodplain has reduced stream shading and large wood
recruitment potential.

4. Riparian Rehabilitation — a limiting factor that addresses two VSP parameters: productivity and
abundance, and addresses casual factors such as loss of bank stability, increased sediment input,
elevated temperatures, depressed invertebrate production, and loss of natural large wood recruitment.
This habitat action is listed as a Tier 2 action in the Biological Strategy (UCRRT, 2007).

a. Riparian condition for structure, disturbance, and canopy cover are interpreted to be at risk in
this reach due to the percent of acres disturbed. The clearing of vegetation for the
construction of Highway 2 and 207, the powerline right-of-way, and floodplain development
have reduced overall riparian condition.

Lower Priority/Short-term
1. Large Wood Rehabilitation — a limiting factor that address two VSP parameters: productivity and
abundance and causal factors such as loss of natural stream channel complexity, refugia and hiding
cover, loss of floodplain connectivity, loss of pool-riffle formation, and spawning gravel and natural
large wood recruitment, to name a few. Although this habitat action is listed as a Tier 1 action in the
Biological Strategy, this habitat action should be implemented in conjunction with riparian
Rehabilitation to achieve a long term holistic approach.

a. Inthe Upper White pine reach, the number of pools is at an adequate level. However, overall
the pools are functioning at an at-risk condition due to poor pool quality and lack of cover.
As transport is the dominant process, large wood is not recruited or retained in the channel.
Lack of complexity with plain-bed channel bottom is the result.

2. Use multiple habitat actions to address the specific indicators of Bank Stability/Channel Migration and
Vertical Channel Stability. Each of the habitat action classes addresses two VSP parameters:
productivity and abundance. Collectively the three have a long list of causal factors addressed.
However, some common causal factors are channel complexity, refugia and hiding cover, and loss of
natural LWD recruitment potential.

Figure 12 — Specific reach strategies adapted from Table 5.9 in the Upper Columbia Spring Chinook
Salmon, Steelhead, and Bull Trout Recovery Plan (UCSRB 2007).
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Many authors have documented strategies that emphasize restoring processes that form,
connect, and sustain habitats (Beechie et al. 1996; Kauffman et al. 1997; Beechie and Bolton
1999; Montgomery and Bolton 2003; UCRTT 2007). Habitat actions of this nature often
occur at the site or reach scale. Roni et al. (2002) introduced a hierarchical strategy that
places site-specific actions within a watershed context. The Reclamation reach assessment
and previous objectives purposely feed into this strategy by further telescoping options
through several additional filters or layers of consideration at the reach scale. This so-called
stratified strategy can be used to prioritize potential habitat actions within a geomorphic reach
context based on the Upper Columbia Spring Chinook Salmon, Steelhead, and Bull Trout
Recovery Plan (UCSRB 2007) objectives and reach assessment results by beginning with
protection and transitioning through several forms of active rehabilitation.

The hierarchical implementation strategy, which is illustrated in Figure 13, is tied to a
corresponding gradational color scheme (Table 5) and used throughout the Subreach Unit
Profile section to assist with correspondences throughout the project selection process. A
subreach unit is recommended for protection actions where visual field evidence shows that
80 percent or more of the indicators are functioning adequately. A subreach unit is
recommended for rehabilitation, where visual field evidence shows that less than 80 percent
of the indicators are functioning adequately (i.e., the indicators are either at risk or are at
unacceptable risk).

However, the stratified strategy does not consider landowner willingness, construction
feasibility, costs, and other local considerations. There are alternative methods that can be
used to sequence project selection (i.e., degree of departure, landowner willingness, and
construction costs) that can be factored in along with the results of reach assessment.
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Table 5 - Definitions for reach conditions, which are tied into the hierarchical implementation strategy in
Figure 12. The stratified strategy is used to filter results of the reach assessment to illustrate the
differential responses expected for potential habitat protection and rehabilitation actions. Note
corresponding gradational color scheme.

Protect/Maintain Processes: off-channel and riparian areas such as wetland,
channel network, side channel, and riparian buffers possessing “adequate”
ecological conditions and a present high or a potential high biological benefit.

Protect/Reconnect Isolated Habtats: off-channel and riparian areas possessing
“adequate” ecological condition, but are fagmented by anthropogenic
disturbances.

Reconnect Processes and Habitats: through the regaining of channel dynamics
and riparian interactions for areas possessing “at risk” ecological conditions that
have a moderate to low present or high potential biological benefit.

Reconnect Habitat Units (Short-Term): through in-channel replacement of wood
and rock habitat features or structures.

Geomorphic potential is essential for habitat-forming processes. Geomorphic potential is the
combined influence of water, sediment, and large woody debris in forming, connecting, and
sustaining fish habitat. Where almost one-third of the Upper White Pine reach does not
contribute to habitat-forming processes, a dual-track rehabilitation approach is necessary to
reestablish geomorphic potential and with it healthy river conditions (Table 6). Figure 14
offers a spatial representation of a prioritized rehabilitation strategy for the Upper White Pine
reach. The dual focus approach would concentrate on both protection and rehabilitation goals
necessary for reestablishment of geomorphic potential and healthy stream conditions (Table
1). Subreaches that are candidates for protection include OZ-1, OZ-2, and OZ-3, all of which
already offer form and connectivity. Rehabilitation goals would address two types of
subreaches: those subreaches that are currently disconnected by the railroad grade, highway,
or other human features. Subreaches of particular interest include DIZ-1, along with adjacent
historic outer zone areas of DOZ-1, DOZ-2, DOZ-4, and DOZ-5. The second type of
subreach addressed with rehabilitation goals is the reconnection of isolated habitat units
within impacted inner zones. Specific subreaches of particular interest include 1Z-1, 1Z-3, and
1Z-4. This cooperative effort could be executed in conjunction with the protection goals that
will complement reconnection of the disconnected subreaches and the connected subreaches
that lack habitat. Potential habitat actions are identified and prioritized based on several key
parameters established in the reach assessment.
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A dual focus approach is expected to run in parallel with a measured difference in timing for
implementation. Protection goals are a series of potential short-term habitat actions that will
complement the reconnection of the disconnected subreaches. Potential protection actions
necessary in the short term include land acquisitions or lease and stream bank and wetland
protection (UCRTT 2009). The rehabilitation goals covering the disconnected subreaches is a
long-term enterprise requiring full cooperation of two large landowners, the Burlington
Northern Railroad and the State of Washington Department of Transportation, as well as local
land owners. Potential rehabilitation actions should be considered as a component to a
comprehensive strategy to reinitiate habitat-forming processes and include removal,
relocation or modification of the highway and railroad with bridges and/or culverts;
unimproved road relocations or removals; small bridge placements; culvert removals,
modifications, or replacements; riparian plantings and noxious weed eradication; and instream
structures.

Figure 13 — Implementation strategy for prioritizing potential habitat actions from protection-to-
rehabilitation at the reach scale. Individual ovals indicate decisions and their interconnectivity correspond
to stratified interrelationships (adapted from Roni et al. 2005).
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SUBREACH UNIT PROFILES

Within this section, the anthropogenic features and resulting existing conditions of each
subreach are discussed. The subreaches are discussed in the sequential order of
implementation that is represented in Table 6.

UWP OZ-1

UWP OZ-1 is located in the mid-section of the Upper White Pine reach in the right floodplain
from RM 13.39 to 12.1 to 9.5 (Figure 15). There are no anthropogenic features that
disconnect the subreach from the active channel; however, impacts from anthropogenic
features are present. The subreach is considered to be functioning at greater than 80 percent
efficiency; therefore, the subreach is protection-oriented. Riparian rehabilitation actions can
be implemented in tandem with protection strategies to address the small amount of disturbed
vegetation.

The subreach is about 47 acres in size. Natural lateral controls for the subreach are alluvial
fan material and bedrock. Lengths of anthropogenic features in this subreach include about
2,363 feet of transmission line, 72 feet of riprap that protects the power line, and 320 feet of
unimproved road. Additional anthropogenic features include sheet-piling that protects the
power line. The total acres of disturbed vegetation associated with the anthropogenic features
listed above plus additional clearing for development are 2.5 acres or about 5 percent of the
total subreach.

The inundation potential of this subreach is 1 acre or 4 percent of the inundation potential for
the entire Upper White Pine reach. Rehabilitation options are listed in Table 7 and are
prioritized to maximize the geomorphic potential of the subreach through the reconnection
and re-establishment of both long-term and short-term processes at the subreach scale.
Rehabilitation actions in this subreach should be considered collectively with rehabilitation
actions recommended in other adjacent subreaches to achieve a holistic reconnection and
reestablishment of processes at the reach scale.
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Figure 15 - UWP OZ-7 and adjacent subreaches in the Upper White Pine reach.
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Table 7 - Rehabilitation options for UWP OZ-1.
Habitat VSP Geomorphic
Option | Action Prioritized Habitat Actions Parameters | Potential
Addressed
1 Protection + | Protect and maintain current levels of 4; High
Rehabilitation | geomorphic, hydrologic, and riparian Productivity,
function. Riparian Rehabilitation: Abundance,
Replant sections of riparian vegetation Diversity and
at 10-meter, 30-meter, and floodplain Structure
width to address the area impacted by
the transmission and power lines (about
0.5 acres) and to improve canopy
cover, large wood recruitment potential,
and riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.
2 Rehabilitation | Riparian Rehabilitation: Replant 2; Low
sections of riparian vegetation at 10- Productivity
meter, 30-meter, and floodplain width to | and
address the area impacted by the Abundance
transmission and power lines (about 0.5
acres) and to improve canopy cover,
large wood recruitment potential, and
riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.
UWP OZ-3

UWP OZ-3 is located in the downstream section of the Upper White Pine reach in the left
floodplain from RM 12.45 to 12.0 (Figure 16). There are no anthropogenic features within
the subreach that disconnect floodplain from riverine processes; however, impacts from
anthropogenic features are present in the form of disturbed vegetation. The subreach is
considered to be functioning at greater than 80 percent efficiency which makes the subreach
protection-oriented. Riparian rehabilitation actions can be implemented in tandem with
protection strategies to address the small amount of disturbed vegetation.

The subreach is about 15 acres in size and contains one-third of an acre of wetlands. Natural
lateral controls for the subreach are alluvial fan material and bedrock. Lengths of
anthropogenic features in this subreach include about 284 feet of transmission line. The acres
of disturbed vegetation associated with the transmission line are about one-third of an acre or
about 2 percent of the total subreach.
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The potential to increase the area of inundation is low. When comparing 5,000 cubic feet per
second (cfs) stream flow for existing conditions versus potential conditions (i.e., with
anthropogenic features removed), the two-dimensional (2D)-hydraulic model results only
show an inundation increase of 0.2 acres. Most of the subreach is inundated at both modeled
flows. Rehabilitation options are listed in Table 8 and are prioritized to maximize the
geomorphic potential of the subreach through the reconnection and re-establishment of both
long-term and short-term processes at the subreach scale. Rehabilitation actions in this
subreach should be considered collectively with rehabilitation actions recommended in other
adjacent subreaches to achieve a holistic reconnection and reestablishment of processes at the
reach scale.

Figure 16 - UWP OZ-3 and adjacent subreaches in the Upper White Pine reach.
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Table 8 - Rehabilitation options for UWP OZ-3.

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
1 Rehabilitation | Protect and maintain current levels of 4; High
+ Protection geomorphic, hydrologic, and riparian Productivity,

function. Riparian Rehabilitation: Abundance,

Replant sections of riparian vegetation Diversity and

at 10-meter, 30-meter, and floodplain Structure

width to address the area impacted by
the transmission and power lines (about
0.3 acres) and to improve canopy covetr,
large woodt debris recruitment potential,
and riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.

2 Rehabilitation | Riparian Rehabilitation: Replant 2; Low
sections of riparian vegetation at 10- Productivity
meter, 30-meter, and floodplain width to | and
address the area impacted by the Abundance

transmission and power lines (about 0.5
acres) and to improve canopy cover,
large woody debris recruitment potential,
and riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.

UWP 1Z-2

The subreach is a section of the current active channel and bars from RM 13.45 to 12.79 in
the Upper White Pine reach (Figure 17). The dominant process is transition-to-deposition, as
noted by the increase in sinuosity, gravel substrate, and increase in diversity of channel units.
The subreach composition is 55 percent runs, 26 percent pools, and 19 percent riffles. Due to
the existing functioning conditions of this subreach, it is protection-oriented.

The subreach area is just less than 10 acres in size. Anthropogenic features in the subreach
include riprap-hardened banks, a small section of sheet piling, two rock spurs, and three
cabled logs. The largest anthropogenic impact comes from the riprap which protects
Highway 2 along the left bank at RM 13.0 and 12.8, toward the downstream end of the
subreach. Two additional sections of riprap protect the railroad grade at the top of the
subreach at RM 13.4 and the transmission line at RM 13.35. The total length of riprap in the
subreach is 725 linear feet. Other impacts include two transmission line crossings in the
upstream section of the reach.
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Natural lateral control for the subreach is an alluvial fan and bedrock. Although riprap exists
within this subreach, existing conditions include increased lateral migration. The result is an
increase in diversity of channel units and instream habitat complexity. The amount of large
woody debris is still low which hinders the creation of complexity at higher flows. It is
hypothesized that material begins to drop out near the maximum of increasing flows. As the
amount of sediment decreases in the system as a whole, the material may be eroded through to
leave slightly taller gravel bars. The result is a slight change in form within the inner zone.

Rehabilitation options are listed in Table 9. Options are prioritized to maximize geomorphic
potential of the subreach through the reconnection and reestablishment of both long-term and
short-term processes at the subreach scale. Rehabilitation actions in this subreach should be
considered collectively with rehabilitation actions recommended in other subreaches to
achieve a holistic reconnection and reestablishment of processes at the reach scale.

Figure 17 - UWP 1Z-2 and adjacent subreaches in the Upper White Pine reach.
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Table 9 - Rehabilitation options for UWP 1Z-2.

Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

1 Protection +
Rehabilitation

Protect and maintain current levels of
geomorphic, hydrologic, and riparian
function. Riparian Rehabilitation: Replant
sections of riparian vegetation at 10-meter,
30-meter, and floodplain width to address
the area impacted by the transmission and
power lines (about 0.5 acres) and to
improve canopy cover, large woody debris
recruitment potential, and riparian
composition within the floodplain. Address
noxious weeds through planting and
education/prevention programs.
Reconnect Habitat Unit: Modify riprap and
sheet piling with and/or construct large
woody debris complexes to improve
habitat-forming processes by increasing
retention of incorporated large woody
debris and sediment retainment. Short-
term benefits include improvement of
channel complexity, cover, and biomass.
Existing In-stream structures should be
evaluated and potentially modified to
improve the functionality of refugia and
hiding cover, sorting and retention of
spawning gravel, and large woody debris
retention. This is listed as a Tier 1 habitat
action in the Biological Strategy (UCRTT
2007).

4,
Productivity,
Abundance,
Diversity and
Structure

High

2 Rehabilitation

Riparian Rehabilitation: Replant sections
of riparian vegetation at 10-meter, 30-
meter, and floodplain width to address the
area impacted by the transmission and
power lines (about 0.5 acres) and to
improve canopy cover, large woody debris
recruitment potential, and riparian
composition within the floodplain. Address
noxious weeds through planting and
education/prevention programs.

2;
Productivity
and
Abundance

Low
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
3 Rehabilitation | Reconnect Habitat Unit: Modify riprap and | 2; Low
sheet piling and/or construct large woody Productivity
debris complexes to improve habitat- and

forming processes by increasing retention | Abundance
of incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover, and biomass. Existing
In-stream structures should be evaluated
and potentially modified to improve the
functionality of refugia and hiding cover,
sorting and retention of spawning gravel,
and large woody debris retention. This is
listed as a Tier 1 habitat action in the
Biological Strategy (UCRTT 2007).

UWP OZ-2

UWP OZ-2 is located in the upstream section of the Upper White Pine reach in the left
floodplain from RM 13.2 to 13.05 (Figure 18). There are no anthropogenic features that
disconnect the subreach from the active channel. Historic roads were observed but the
vegetation has grown over them. Currently, there are no disturbances to vegetation within
this subreach. The subreach is considered to be functioning at greater than 80 percent;
therefore, the subreach is protection-oriented.

The subreach is about 1 acre in size. Natural lateral controls for the subreach are alluvial fan
material.

The potential to increase the area of inundation is low. When comparing 5,000 cfs stream
flow for existing conditions versus potential conditions (i.e., with anthropogenic features
removed), the 2D-hydraulic model results show little change in area of inundation. Most of
the subreach is inundated at both modeled flows. Rehabilitation options are listed in Table 10
and are prioritized to maximize the geomorphic potential of the subreach through the
reconnection and re-establishment of both long-term and short-term processes at the subreach
scale. Rehabilitation actions in this subreach should be considered collectively with
rehabilitation actions recommended in other adjacent subreaches to achieve a holistic
reconnection and reestablishment of processes at the reach scale.
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Figure 18 - UWP OZ-2 and adjacent subreaches in the Upper White Pine reach.

Table 10 - Rehabilitation options for UWP OZ-2.

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters | Potential
Addressed
1 Protection Protect and maintain current levels of 4; High
geomorphic, hydrologic, and riparian Productivity,
function. Abundance,
Diversity and
Structure
UWP DOZ-1

UWP DOZ-1 is located in the upstream section of the Upper White Pine reach in the left
floodplain from RM 13.8 to 13.3. (Figure 19). This subreach is rehabilitation-oriented due to
the disconnection from the riverine system by a hardened levee.

The subreach is about 20 acres in size and contains 5 acres of wetlands. Anthropogenic
features include 1,515 feet of transmission line and 1,037 feet of unimproved road. The
largest impact comes from 2,044 feet of hardened levee that disconnects the subreach from
the active channel. Natural lateral controls are alluvial fans and colluvium; however, the
levee prevents lateral migration of the active channel into the subreach. Impacts to vegetation
from anthropogenic features total 2 acres or about 10 percent of the subreach.
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The inundation potential of this subreach is just less than 4 acres or 13 percent of the
inundation potential for the entire Upper White Pine reach. Rehabilitation options are listed
in Table 11. Options are prioritized to maximize geomorphic potential of the subreach
through the reconnection and reestablishment of both long-term and short-term processes at
the subreach scale. Rehabilitation actions in this subreach should be considered collectively
with rehabilitation actions recommended in other subreaches to achieve a holistic
reconnection and reestablishment of processes at the reach scale.

Figure 19 - UWP DOZ-1 and adjacent subreaches in the Upper White Pine reach.
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Table 11 - Rehabilitation options for UWP DOZ-1.
Habitat VSP Geomorphic
Option | Action Prioritized Habitat Actions Parameters | Potential
Addressed
1 Rehabilitation | Reconnect Isolated Habitat: Remove or | 4; High
+ Protection modify levee, in combination with re- Productivity,
sloping of the left bank to reconnect Abundance,
existing wetlands and floodplain and Diversity,
reinitiate habitat-forming processes. and
Combine with riparian rehabilitation at Structure
10-meter, 30-meter, and floodplain width
to provide adequate composition, canopy
cover, and large woody debris
recruitment potential within the
rehabilitated floodplain. Protect and
maintain resulting levels of rehabilitated
geomorphic, hydrologic, and riparian
function.
2 Rehabilitation Breech or modify | 4; High
+ Protection levee where appropriate, or improve Productivity,
existing culverts to reconnect floodplain Abundance,
and provide access to off-channel Diversity,
habitat. Combine with riparian and
rehabilitation at 10-meter, 30-meter, and | Structure
floodplain width to provide adequate
composition, canopy cover, and large
woody debris recruitment potential within
the rehabilitated floodplain. Protect and
maintain resulting levels of rehabilitated
geomorphic, hydrologic, and riparian
function.
3 Rehabilitation | Reconnect Isolated Habitat: Remove or | 4; Medium
+ Protection modify levee, in combination with re- Productivity,
sloping of the left bank to reconnect Abundance,
existing wetlands and floodplain and Diversity,
reinitiate habitat-forming processes. and
Protect and maintain resulting levels of Structure
rehabilitated geomorphic, hydrologic
function, and maintain current level of
riparian function.
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Habitat VSP Geomorphic
Option | Action Prioritized Habitat Actions Parameters | Potential
Addressed
4 Rehabilitation Breech or modify | 4; Medium
+ Protection levee where appropriate, or improve Productivity,
existing culverts to reconnect floodplain Abundance,
and provide access to off-channel Diversity,
habitat. Protect and maintain resulting and
levels of rehabilitated geomorphic, Structure
hydrologic, and riparian function.
5 Rehabilitation | Riparian Rehabilitation: Restore sections | 4; Medium
+ Protection of riparian vegetation impacted by the Productivity,
railroad grade (about 2 acres) by planting | Abundance,
trees and shrubs to increase large woody | Diversity,
debris recruitment potential within the and
current floodplain and reduce the amount | Structure
of altered vegetation. Address noxious
weeds through planting and
education/prevention programs. Protect
and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.
6 Rehabilitation | Reconnect Isolated Habitat: Remove or | 2; Medium
modify levee, in combination with re- Productivity
sloping of the left bank to reconnect and
existing wetlands and floodplain and Abundance
reinitiate habitat-forming processes.
Riparian Rehabilitation: Restore sections
of riparian vegetation impacted by the
railroad grade (about 2 acres) by planting
trees and shrubs to increase large woody
debris recruitment potential within the
current floodplain and reduce the amount
of altered vegetation. Address noxious
weeds through planting and
education/prevention programs.
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Habitat VSP Geomorphic
Option | Action Prioritized Habitat Actions Parameters | Potential
Addressed

7 Rehabilitation Breech or modify | 2; Medium
levee where appropriate, or improve Productivity
existing culverts to reconnect floodplain and
and provide access to off-channel Abundance
habitat. Riparian Rehabilitation: Restore
sections of riparian vegetation impacted
by the railroad grade (about 2 acres) by
planting trees and shrubs to increase
large woody debris recruitment potential
within the current floodplain and reduce
the amount of altered vegetation.

Address noxious weeds through planting
and education/prevention programs.

8 Rehabilitation | Reconnect Isolated Habitat: Remove or 4, Low
modify levee, in combination with re- Productivity,
sloping of the left bank to reconnect Abundance,
existing wetlands and floodplain and Diversity,
reinitiate habitat-forming processes. and

Structure

9 Rehabilitation Breech or modify | 2; Low
levee where appropriate, or improve Productivity
existing culverts to reconnect floodplain and
and provide access to off-channel Abundance
habitat.

10 Rehabilitation | Riparian Rehabilitation: Restore sections | 2; Low
of riparian vegetation impacted by the Productivity
railroad grade (about 2 acres) by planting | and
trees and shrubs to increase large woody | Abundance
debris recruitment potential within the
current floodplain and reduce the amount
of altered vegetation. Address noxious
weeds through planting and
education/prevention programs.

11 Protection Protect existing wetlands and maintain 4; Maintain
current levels of hydrologic, riparian, and | Productivity,
geomorphic function. Abundance,

Diversity,
and
Structure
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UWP DIZ-1

The subreach is located in the upstream section of the Upper White Pine reach from RM 14.1
to 13.4 (Figure 20). The subreach is the historic channel located to the south of the
Burlington Northern railroad grade and the current active channel. The impacts of
anthropogenic features make this subreach rehabilitation-oriented.

The subreach is about 7 acres in size. Anthropogenic features in this subreach include 550
feet of unimproved road and 225 feet of road embankments or berms across historic channel
in three locations. The largest anthropogenic impact is the complete disconnection of the
historic channel from the current active channel at the upstream and downstream ends by the
Burlington Northern Railroad grade. There are two culverts in the subreach, one that goes
through a road embankment and one that goes through the railroad grade at the downstream
end. The culvert running through the railroad grade does not provide fish passage at base
flow which results in the subreach acting as a catchment pond for runoff and ground water.

The inundation potential of this subreach is slightly less than 7 acres or 25 percent of the
inundation potential for the entire Upper White Pine reach. Rehabilitation options are listed
in Table 12. Options are prioritized to maximize geomorphic potential of the subreach
through the reconnection and reestablishment of both long-term and short-term processes at
the subreach scale. Rehabilitation actions in this subreach should be considered collectively
with rehabilitation actions recommended in other subreaches to achieve a holistic
reconnection and reestablishment of processes at the reach scale.

Figure 20 - UWP DIZ-1 and adjacent subreaches in the Upper White Pine reach.
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Table 12 - Rehabilitation options for UWP DIZ-1.

Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

Rehabilitation
+ Protection

Reconnect Isolated Habitat: Remove or
modify railroad grade with bridges where
appropriate to reconnect historic channel
and reinitiate habitat-forming processes.
Combine with riparian rehabilitation at 10-
meter, 30-meter, and floodplain width to
provide adequate composition, canopy
cover, and large woody debris recruitment
potential within the rehabilitated
floodplain. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.

4;
Productivity,
Abundance,
Diversity, and
Structure

High

Rehabilitation
+ Protection

Remove or modify
railroad grade with culverts where
appropriate, or improve existing culverts
to reconnect floodplain and provide
access to off-channel habitat. Combine
with riparian rehabilitation at 10-meter,
30-meter, and floodplain width to provide
adequate composition, canopy cover, and
large woody debris recruitment potential
within the rehabilitated floodplain. Protect
and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

2;
Productivity
and
Abundance

High

Rehabilitation
+ Protection

Riparian Rehabilitation: Restore sections
of riparian vegetation impacted by the
railroad grade and transmission line
(about 3 acres) by planting trees and
shrubs to increase large woody debris
recruitment potential within the current
floodplain and reduce the amount of
altered vegetation. Address noxious
weeds through planting and
education/prevention programs. Protect
and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

2;
Productivity
and
Abundance

Medium
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Habitat VSP Geomorphic
Option | Action Prioritized Habitat Actions Parameters | Potential
Addressed
4 Rehabilitation | Reconnect Isolated Habitat: Remove or 4, Medium
modify railroad grade with bridges where Productivity,
appropriate to reconnect floodplain and Abundance,
reinitiate habitat-forming processes. Diversity, and
Combine with riparian rehabilitation at 10- | Structure
meter, 30-meter, and floodplain width to
provide adequate composition, canopy
cover, and large woody debris recruitment
potential within the rehabilitated
floodplain.
5 Rehabilitation Remove or modify | 2; Medium
railroad grade with culverts where Productivity,
appropriate, or improve existing culverts Abundance
to reconnect floodplain and provide
access to off-channel habitat. Combine
with riparian rehabilitation at 10-meter,
30-meter, and floodplain width to provide
adequate composition, canopy cover, and
large woody debris recruitment potential
within the rehabilitated floodplain.
6 Rehabilitation | Reconnect Isolated Habitat: Remove or 4, Low
modify railroad grade with bridges where Productivity,
appropriate to reconnect floodplain and Abundance,
reinitiate habitat-forming processes. Diversity, and
Structure
7 Rehabilitation Remove or modify | 2; Low
railroad grade with culverts where Productivity
appropriate, or improve existing culverts and
to reconnect floodplain and provide Abundance
access to off-channel habitat.
8 Rehabilitation | Riparian Rehabilitation: Restore sections | 2; Low
of riparian vegetation impacted by the Productivity
railroad grade and transmission line and
(about 3 acres) by planting trees and Abundance
shrubs to increase large woody debris
recruitment potential within the current
floodplain and reduce the amount of
altered vegetation. Address noxious
weeds through planting and
education/prevention programs.
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Habitat VSP Geomorphic
Option | Action Prioritized Habitat Actions Parameters | Potential
Addressed
9 Protection Protect existing wetlands (5 Acres) and 4, Maintain
maintain current levels of hydrologic, Productivity,
riparian, and geomorphic function. Abundance,
Diversity, and
Structure
UWP DOZ-4

UWP DOZ-4 is located in the downstream section of the Upper White Pine reach in the left
floodplain at RM 12.4 (Figure 21). This subreach is rehabilitation-oriented due to the
disconnection from the floodplain and riverine system.

The subreach is about 3 acres in size and contains 0.4 acres of wetlands. Natural lateral
controls are alluvial fans and bedrock. Anthropogenic features include 775 feet of U.S.
Highway 2 and a culvert. Highway 2 disconnects the subreach from the adjacent active
floodplain and prevents lateral migration of the active channel into the subreach. Impacts of
Highway 2 to vegetation total about 1 acre or about 33 percent of the subreach.

The inundation potential of this subreach is 3 acres or 11 percent of the inundation potential
for the entire Upper White Pine reach. Rehabilitation options are listed in Table 13. Options
are prioritized to maximize geomorphic potential of the subreach through the reconnection
and reestablishment of both long-term and short-term processes at the subreach scale.
Rehabilitation actions in this subreach should be considered collectively with rehabilitation
actions recommended in other subreaches to achieve a holistic reconnection and
reestablishment of processes at the reach scale.
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Figure 21 - UWP DOZ-4 and adjacent subreaches in the Upper White Pine reach.

Table 13 - Rehabilitation options for UWP DOZ-4.

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
1 Rehabilitation | Reconnect Isolated Habitat: Remove | 4; High
+ Protection or modify Highway 2 with bridges Productivity,
where appropriate to reconnect Abundance,
floodplain and existing wetlands and Diversity, and
reinitiate habitat-forming processes. Structure

Combine with riparian rehabilitation at
10-meter, 30-meter, and floodplain
width to provide adequate
composition, canopy cover and large
woody debris recruitment potential
within the rehabilitated floodplain.
Protect and maintain resulting levels
of rehabilitated geomorphic,
hydrologic, and riparian function.
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Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

Rehabilitation
+ Protection

Modify
Highway 2 with culverts where
appropriate to reconnect existing
wetland area to riverine system;
Combine with riparian rehabilitation of
sections of riparian vegetation at 10-
meter, 30-meter, and floodplain width
to address the area impacted by the
highway (about 2 acres) and to
improve canopy cover, large woody
debris recruitment potential, and
riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.
Protect and maintain resulting levels
of rehabilitated geomorphic,
hydrologic, and riparian function.

4,
Productivity,
Abundance,
Diversity, and
Structure

High

Rehabilitation

Reconnect Isolated Habitat: Remove
or modify Highway 2 with bridges
where appropriate to reconnect
floodplain and existing wetlands and
reinitiate habitat-forming processes.
Combine with riparian rehabilitation of
sections of riparian vegetation at 10-
meter, 30-meter, and floodplain width
to address the area impacted by the
highway (about 2 acres) and to
improve canopy cover, large woody
debris recruitment potential, and
riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.

4,
Productivity,
Abundance,
Diversity, and
Structure

Medium
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
4 Rehabilitation Modify 2; Medium
Highway 2 with culverts where Productivity
appropriate to reconnect existing and
wetland area to riverine system. Abundance
Combine with riparian rehabilitation of
sections of riparian vegetation at 10-
meter, 30-meter, and floodplain width
to address the area impacted by the
highway (about 2 acres) and to
improve canopy cover, large woody
debris recruitment potential, and
riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.
5 Rehabilitation | Reconnect Isolated Habitat: Remove | 2; Low
or modify Highway 2 with bridges Productivity
where appropriate to reconnect and
floodplain and reinitiate habitat- Abundance
forming processes.
6 Rehabilitation Modify 2; Low
Highway 2 with culverts where Productivity,
appropriate to reconnect existing and
wetland area to riverine system. Abundance
7 Rehabilitation | Riparian Rehabilitation: Replant 2; Low
sections of riparian vegetation at 10- Productivity
meter, 30-meter, and floodplain width | and
to address the area impacted by the Abundance
transmission line (about 2 acres) and
to improve canopy cover, large woody
debris recruitment potential, and
riparian composition within the
floodplain. Address noxious weeds
through planting and
education/prevention programs.
8 Protection Protect and maintain current levels of | 4; Maintain
hydrologic, riparian, and geomorphic Productivity,
function (1 acre). Abundance,
Diversity, and
Structure
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UWP DOZ-5

UWP DOZ-5 is located in the downstream section of the Upper White Pine reach in the right
floodplain, to the south of the Burlington Northern railroad grade at RM 12.2 (Figure 22).
This subreach is rehabilitation-oriented due to the disconnection from the floodplain and
riverine system.

The subreach is about 9 acres in size with alluvial fans forming natural lateral controls.
Anthropogenic features include 848 feet of unimproved road and 671 feet of power line. The
largest impact comes from 1,531 feet of railroad grade which prevent lateral migration of the
active channel into the subreach. The railroad grade disconnects the subreach from the
adjacent active floodplain. There are culverts through the railroad grade and road, but they
appear to be designed to drain runoff water to the river. Impacts from the anthropogenic
features to the vegetation total about 5 acres or about 55 percent of the subreach.

The inundation potential of this subreach is 7 acres or 25 percent of the inundation potential
for the entire Upper White Pine reach. Rehabilitation options are listed in Table 14. Options
are prioritized to maximize geomorphic potential of the subreach through the reconnection
and reestablishment of both long-term and short-term processes at the subreach scale.
Rehabilitation actions in this subreach should be considered collectively with rehabilitation
actions recommended in other subreaches to achieve a holistic reconnection and
reestablishment of processes at the reach scale.

Figure 22 - UWP DOZ-5 and adjacent subreaches in the Upper White Pine reach.
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Table 14 - Rehabilitation options for UWP DOZ-5.

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
1 Rehabilitation Modify railroad | 4; High
+ Protection grade with ridges or culverts where Productivity,
appropriate to reconnect floodplain area | Abundance,
to riverine system Combine with riparian | Diversity, and
rehabilitation at 10-meter, 30-meter, Structure
and floodplain width to provide
adequate composition, canopy cover
and large woody debris recruitment
potential within the rehabilitated
floodplain. Address noxious weeds
through planting and
education/prevention programs. Protect
and maintain resulting levels of
rehabilitated geomorphic, hydrologic,
and riparian function.
2 Rehabilitation Modify railroad | 4; Medium
+ Protection grade with culverts where appropriate to | Productivity,
reconnect existing wetland area to Abundance,
riverine system. Protect and maintain Diversity, and
resulting levels of rehabilitated Structure
geomorphic, hydrologic, and riparian
function. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.
3 Rehabilitation | Riparian Rehabilitation: Replant 4, Medium
sections of riparian vegetation at 10- Productivity,
meter, 30-meter, and floodplain width to | Abundance,
address disturbed areas and to improve | Diversity, and
canopy cover, large woody debris Structure
recruitment potential, and riparian
composition within the floodplain.
Address noxious weeds through
planting and education/prevention
programs. Protect and maintain
resulting levels of rehabilitated
geomorphic, hydrologic, and riparian
function.
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
4 Rehabilitation | Riparian Rehabilitation: Replant 2; Medium
sections of riparian vegetation at 10- Productivity
meter, 30-meter, and floodplain width to | and
address disturbed areas and to improve | Abundance
canopy cover, large woody debris
recruitment potential, and riparian
composition within the floodplain.
Address noxious weeds through
planting and education/prevention
programs.
5 Rehabilitation Modify railroad | 2; Low
grade with ridges or culverts where Productivity
appropriate to reconnect floodplain area | and
to riverine system. Abundance
6 Rehabilitation | Riparian Rehabilitation: Replant 2; Low
sections of riparian vegetation at 10- Productivity,
meter, 30-meter, and floodplain width to | and
address disturbed areas and to improve | Abundance
canopy cover, large woody debris
recruitment potential, and riparian
composition within the floodplain.
Address noxious weeds through
planting and education/prevention
programs.
7 Protection Protect and maintain current levels of 4, Maintain
hydrologic, riparian, and geomorphic Productivity,
function (1 acre). Abundance,
Diversity, and
Structure
UWP 1Z-4

The subreach is a section of the current active channel from RM 12.5 to 12.0 in the Upper
White Pine reach (Figure 23). The dominant process is transition-to-deposition, as noted by
the increase in sinuosity, gravel substrate, and increase in diversity of channel units. The
subreach composition is 57 percent runs, 25 percent riffles, and 18 percent pools. Due to the
existing functioning conditions of this subreach, it is rehabilitation-oriented.

The subreach is just less than 7 acres in size. Anthropogenic features included one cabled log,
one boulder cluster, and riprap. The largest anthropogenic impact comes from two sections of
riprap totaling 390 linear feet along the left bank at the top and bottom of the reach. Other
anthropogenic impacts include two transmission line crossings in the downstream end of the

reach.
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With the effort to reconnect processes, various activities from multiple habitat action classes
may be implemented. For example, the habitat action of reconnecting wetlands and creating
diverse channel patterns are listed under the habitat action class Floodplain Rehabilitation.
The habitat action of slowing water velocities is listed under the habitat action class of
Instream Structures. The habitat action of adding large woody debris and engineered log jams
is listed under the action class of Large Woody Debris Rehabilitation. Floodplain
Rehabilitation addresses all four Viable Salmonid Populations (VSP) parameters while Large
Woody Debris Rehabilitation and Instream Structures address two. The number of VSP
parameters addressed in respect to reconnecting processes will depend on the action that is
implemented.

Rehabilitation options are listed in Table 15. Options are prioritized to maximize geomorphic
potential of the subreach through the reconnection and reestablishment of both long-term and
short-term processes at the subreach scale. Rehabilitation actions in this subreach should be
considered collectively with rehabilitation actions recommended in other subreaches to
achieve a holistic reconnection and reestablishment of processes at the reach scale.

Figure 23 - UWP 1Z-4 and adjacent subreaches in the Upper White Pine reach.
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Table 15 - Rehabilitation options for UWP 1Z-4

Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

1

Rehabilitation
+ Protection

through the use of
various habitat actions from multiple habitat
action classes including in-stream
structures, floodplain Rehabilitation and
large woody debris Rehabilitation that will
result in an increase in the current bed
elevation. This will in turn allow fluvial
processes to work within adjacent outer
zones more frequently. Combine with
Riparian rehabilitation: Apply efforts for a
long-term approach that will result in
increased large woody debris recruitment
potential, increased sinuosity, sorting and
retention of spawning gravels, increased

number of complex pools, and water quality.

Protect and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

4,
Productivity,
Abundance,
Diversity, and
Structure

High

Rehabilitation
+ Protection

through the use of
various habitat actions from multiple habitat
action classes including in-stream
structures, floodplain Rehabilitation and
large woody debris Rehabilitation that will
result in an increase in the current bed
elevation. Combine with Riparian
rehabilitation: Apply efforts for a long-term
approach that will result in increased large
woody debris recruitment potential,
increased sinuosity, sorting and retention of
spawning gravels, increased number of
complex pools, and water quality.

4;
Productivity,
Abundance,
Diversity, and
Structure

Medium

Rehabilitation
+ Protection

through the use of
various habitat actions from multiple habitat
action classes including in-stream
structures, floodplain Rehabilitation and
large woody debris Rehabilitation that will
result in an increase in the current bed
elevation. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.

4;
Productivity,
Abundance,
Diversity, and
Structure

Medium
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
4 Rehabilitation | Riparian rehabilitation: Apply efforts for a 4, Medium
+ Protection long-term approach that will result in Productivity,
increased large woody debris recruitment Abundance,
potential, increased sinuosity, sorting and Diversity, and
retention of spawning gravels, increased Structure
number of complex pools, and water quality.
Protect and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.
5 Rehabilitation through the use of Ranges from Low
various habitat actions from multiple habitat | 2 up to 4
action classes including in-stream depending on
structures, floodplain Rehabilitation and action and
large woody debris Rehabilitation that will action class
result in an increase in the current bed
elevation.
6 Rehabilitation | Riparian rehabilitation: Apply efforts for a 2; Low
long-term approach that will result in Productivity,
increased large woody debris recruitment and
potential, increased sinuosity, sorting and Abundance
retention of spawning gravels, increased
number of complex pools, and water quality.
7 Protection Protect and maintain current levels of 4; Maintain
geomorphic, hydrologic, and riparian Productivity,
function. Abundance,
Diversity, and
Structure
UWP DOZ-2

UWP DOZ-2 is located in the upstream section of the Upper White Pine reach in the right
floodplain, to the south of the Burlington Northern railroad grade (Figure 24). This subreach
is rehabilitation-oriented due to the disconnection from the floodplain and riverine system.

The subreach is about 2 acres in size. Natural lateral controls are alluvial fans, colluvium, and
bedrock. Anthropogenic features include a very small section of unimproved road and 2,442
feet of railroad grade. The railroad grade disconnects the subreach from the adjacent active
floodplain and prevents lateral migration of the active channel into the subreach. Impacts of
the railroad to vegetation total about 1 acre or about 50 percent of the subreach

54

March 2009




Upper White Pine Reach Assessment Subreach Unit Profiles

The potential to increase the area of inundation is low. When comparing 5,000 cfs stream
flow for existing conditions versus potential conditions (i.e., with anthropogenic features
removed), the 2D-hydraulic model results only show similar acres of inundation. Most of the
subreach is inundated at both modeled flows. Rehabilitation options are listed in Table 16.
Options are prioritized to maximize geomorphic potential of the subreach through the
reconnection and reestablishment of both long-term and short-term processes at the subreach
scale. Rehabilitation actions in this subreach should be considered collectively with
rehabilitation actions recommended in other subreaches to achieve a holistic reconnection and
reestablishment of processes at the reach scale.

Figure 24 - UWP DOZ-2 and adjacent subreaches in the Upper White Pine reach.
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Table 16 - Rehabilitation options for UWP DOZ-2.

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
1 Rehabilitation Modify railroad 4; High
+ Protection with ridges or culverts where appropriate Productivity,
to reconnect floodplain area to riverine Abundance,
system Combine with riparian Diversity,
rehabilitation at 10-meter, 30-meter, and and
floodplain width to provide adequate Structure
composition, canopy cover and large
woody debris recruitment potential within
the rehabilitated floodplain. Address
noxious weeds through planting and
education/prevention programs. Protect
and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.
2 Rehabilitation Modify railroad 4, Medium
+ Protection with culverts where appropriate to Productivity,
reconnect existing wetland area to riverine | Abundance,
system. Protect and maintain resulting Diversity,
levels of rehabilitated geomorphic, and
hydrologic, and riparian function. Protect Structure
and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.
3 Rehabilitation | Riparian Rehabilitation: Replant sections 4, Medium
of riparian vegetation at 10-meter, 30- Productivity,
meter, and floodplain width to address Abundance,
disturbed areas and to improve canopy Diversity,
cover, large woody debris recruitment and
potential, and riparian composition within Structure
the floodplain. Address noxious weeds
through planting and education/prevention
programs. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.
4 Rehabilitation | Riparian Rehabilitation: Replant sections 2; Medium
of riparian vegetation at 10-meter, 30- Productivity
meter, and floodplain width to address and
disturbed areas and to improve canopy Abundance
cover, large woody debris recruitment
potential, and riparian composition within
the floodplain. Address noxious weeds
through planting and education/prevention
programs.
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
5 Rehabilitation Modify railroad 2; Low
with ridges or culverts where appropriate Productivity
to reconnect floodplain area to riverine and
system. Abundance
6 Rehabilitation | Riparian Rehabilitation: Replant sections 2; Low
of riparian vegetation at 10-meter, 30- Productivity,
meter, and floodplain width to address and
disturbed areas and to improve canopy Abundance
cover, large woody debris recruitment
potential, and riparian composition within
the floodplain. Address noxious weeds
through planting and education/prevention
programs.
7 Protection Protect and maintain current levels of 4, Maintain
hydrologic, riparian, and geomorphic Productivity,
function (1 acre). Abundance,
Diversity,
and
Structure
UWP DOZ-6

UWP DOZ-6 is located in the downstream section of the Upper White Pine reach in the left
floodplain at RM 12.0 (Figure 25). This subreach is rehabilitation-oriented due to the
disconnection from the floodplain and riverine system.

The subreach is about 1 acre in size with alluvial fans forming natural lateral controls.
Anthropogenic features are limited to 365 feet of Highway 2. Highway 2 disconnects the
subreach from the adjacent active floodplain and prevents lateral migration of the active
channel into the subreach. Impacts of Highway 2 to the vegetation total about one-half of an
acre or about 50 percent of the subreach

The potential to increase the area of inundation is low. When comparing 5,000 cfs stream
flow for existing conditions versus potential conditions (i.e., with anthropogenic features
removed), the 2D-hydraulic model results only show an inundation increase of 0.1 acres.
Most of the subreach is inundated at both modeled flows. Rehabilitation options are listed in
Table 17. Options are prioritized to maximize geomorphic potential of the subreach through
the reconnection and reestablishment of both long-term and short-term processes at the

subreach scale. Rehabilitation actions in this subreach should be considered collectively with
rehabilitation actions recommended in other subreaches to achieve a holistic reconnection and
reestablishment of processes at the reach scale.
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Figure 25 - UWP DOZ-6 and adjacent subreaches in the Upper White Pine reach.

Table 17 - Rehabilitation options for UWP DOZ-6.

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
1 Rehabilitation Modify Highway 2 | 4; High
+ Protection with culverts or bridges where appropriate | Productivity,
to reconnect existing floodplain area to Abundance,
riverine system; Combine with riparian Diversity,
rehabilitation of sections of riparian and
vegetation at 10-meter, 30-meter, and Structure
floodplain width to address the disturbed
area and to improve canopy cover, large
woody debris recruitment potential, and
riparian composition within the floodplain.
Address noxious weeds through planting
and education/prevention programs.
Protect and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
2 Rehabilitation Modify Highway 2 | 4; Medium
+ Protection with culverts or bridges where appropriate | Productivity,
to reconnect existing floodplain area to Abundance,
riverine system. Protect and maintain Diversity,
resulting levels of rehabilitated and
geomorphic, hydrologic, and riparian Structure
function.
3 Rehabilitation | Riparian Rehabilitation: Replant sections 4, Medium
of riparian vegetation at 10-meter, 30- Productivity,
meter, and floodplain width to address the | Abundance,
disturbed area and to improve canopy Diversity,
cover, large woody debris recruitment and
potential, and riparian composition within Structure
the floodplain. Address noxious weeds
through planting and education/prevention
programs. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.
4 Rehabilitation Modify Highway 2 | 2; Medium
with culverts or bridges where appropriate | Productivity
to reconnect existing floodplain area to and
riverine system. Abundance
5 Rehabilitation | Riparian Rehabilitation: Replant sections 2; Low
of riparian vegetation at 10-meter, 30- Productivity
meter, and floodplain width to address the | and
disturbed area and to improve canopy Abundance
cover, large woody debris recruitment
potential, and riparian composition within
the floodplain. Address noxious weeds
through planting and education/prevention
programs.
6 Protection Protect and maintain current levels of 4, Maintain
hydrologic, riparian, and geomorphic Productivity,
function (1 acre). Abundance,
Diversity,
and
Structure
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UWP DOZ-3

UWP DOZ-3 is located in the mid-section section of the Upper White Pine reach in the left
floodplain at RM 12.5 (Figure 26). This subreach is rehabilitation-oriented due to the
disconnection from the floodplain and riverine system.

The subreach is about one-half acre in size. It is disconnected from the active floodplain by
245 feet of Highway 2 which also prevents lateral migration of the active channel into the
subreach. Impacts of Highway 2 to the vegetation total about one-third of an acre or about 60
percent of the subreach. Natural lateral controls are alluvial fans and bedrock.

The potential to increase the area of inundation is low. When comparing 5,000 cfs stream
flow for existing conditions versus potential conditions (i.e., with anthropogenic features
removed), the 2D-hydraulic model results only show an inundation increase of 0.3 acres.
Rehabilitation options are listed in Table 18. Options are prioritized to maximize geomorphic
potential of the subreach through the reconnection and reestablishment of both long-term and
short-term processes at the subreach scale. Rehabilitation actions in this subreach should be
considered collectively with rehabilitation actions recommended in other subreaches to
achieve a holistic reconnection and reestablishment of processes at the reach scale.

Figure 26 - UWP DOZ-3 and adjacent subreaches in the Upper White Pine reach.
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Table 18 - Rehabilitation options for UWP DOZ-3.
Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
1 Rehabilitation Modify Highway 2 | 4; High
+ Protection with bridges or culverts where appropriate | Productivity,
to reconnect existing floodplain to riverine | Abundance,
system and reinitiate habitat-forming Diversity,
processes. Combine with riparian and
rehabilitation at 10-meter, 30-meter, and Structure
floodplain width to provide adequate
composition, canopy cover and large
woody debris recruitment potential within
the rehabilitated floodplain. Protect and
maintain resulting levels of rehabilitated
geomorphic, hydrologic, and riparian
function.
2 Rehabilitation Modify Highway 2 | 4; Medium
+ Protection with bridges or culverts where appropriate | Productivity,
to reconnect existing floodplain to riverine | Abundance,
system. Protect and maintain resulting Diversity,
levels of rehabilitated geomorphic, and
hydrologic, and riparian function. Structure
3 Rehabilitation | Riparian Rehabilitation: Replant sections 4; Medium
of riparian vegetation at 10-meter, 30- Productivity,
meter, and floodplain width to address Abundance,
disturbed and to improve canopy cover, Diversity,
large woody debris recruitment potential, and
and riparian composition within the Structure
floodplain. Address noxious weeds
through planting and education/prevention
programs. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.
4 Rehabilitation Modify Highway 2 | 2; Medium
with culverts where appropriate to Productivity
reconnect existing wetland area to riverine | and
system. Combine with riparian Abundance
rehabilitation of sections of riparian
vegetation at 10-meter, 30-meter, and
floodplain width to address the area
impacted by the highway (about 2 acres)
and to improve canopy cover, large woody
debris recruitment potential, and riparian
composition within the floodplain. Address
noxious weeds through planting and
education/prevention programs.
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
5 Rehabilitation Modify Highway 2 | 2; Low
with culverts where appropriate to Productivity,
reconnect existing wetland area to riverine | and
system. Abundance
6 Rehabilitation | Riparian Rehabilitation: Replant sections 2; Low
of riparian vegetation at 10-meter, 30- Productivity
meter, and floodplain width to address and
disturbed and to improve canopy cover, Abundance
large woody debris recruitment potential,
and riparian composition within the
floodplain. Address noxious weeds
through planting and education/prevention
programs.
7 Protection Protect and maintain current levels of 4, Maintain
hydrologic, riparian, and geomorphic Productivity,
function (1 acre). Abundance,
Diversity,
and
Structure
UWP 1Z-1

The subreach area is a section of the current active channel from RM 14.25 to 13.45 in the
Upper White Pine reach (Figure 27). Due to the artificial (engineered) nature of the channel
in this subreach and the dominant process being transport, there is much less diversity of
channel units than the downstream inner zone subreaches. The channel unit composition
within the subreach is 53 percent runs, 31 percent rapids, and 15 percent pools. Due to the
straightened nature and simplification of the system, this subreach rehabilitation-oriented.

The subreach is just over 9 acres in size. The largest anthropogenic impact comes from
riprap. The riprap in this subreach protects the railroad grade on the right bank and totals
about 3,533 linear feet. Riprap also exists along the left bank as a hardened levee. That
feature is addressed further in the UWP DOZ-1 profile. Other impacts include a transmission
line crossing at the upstream section of the reach.

Natural lateral control for the subreach is an alluvial fan; however, artificial lateral control
from the railroad grade imposes greater influence due to the relocation of the channel to the
north side of the railroad grade. Within this subreach, existing conditions include reduced
lateral migration and increased stream power, similarity of channel units, and decreased
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instream habitat complexity. Vertical channel migration would increase but the
predominantly boulder substrate prevents it. Large woody debris is very scarce which
prevents the creation of complexity at higher flows. It is hypothesized that material passes
through the subreach at most flows. The result is a rapid-and-riffle step bedform.

Within the stratified strategy, reconnecting habitat units through in-channel structures is the
lowest priority. This is in agreement with the revised biological objective which states adding
complexity with in-stream structures is the lowest priority of potential actions (UCRTT 2009).
It is recognized that instream structures provide immediate complexity, but the goal of
recommending instream structures in this report is to reinitiate habitat-forming processes by
retaining sediment. This will lead to an over-all increase in bed elevation that will in turn
promote habitat-forming processes, specifically through riverine floodplain interaction.
Rehabilitation options are listed in Table 19. Options are prioritized to maximize geomorphic
potential of the subreach through the reconnection and reestablishment of both long-term and
short-term processes at the subreach scale. Rehabilitation actions in this subreach should be
considered collectively with rehabilitation actions recommended in other subreaches to
achieve a holistic reconnection and reestablishment of processes at the reach scale.

Figure 27 - UWP 1Z-1 and adjacent subreaches in the Upper White Pine reach.
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Table 19 - Rehabilitation options for UWP 1Z-1.

Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

1

Rehabilitation
+ Protection

Riparian rehabilitation: Apply efforts for a
long-term approach that will result in
increased large woody debris recruitment
potential, increased sinuosity, sorting and
retention of spawning gravels, increased
number of complex pools, and water
quality. This habitat action should be
implemented in conjunction with
Reconnect Habitat Unit: Modify riprap
and/or construct large woody debris
complexes to improve habitat-forming
processes by increasing retention of
incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover and biomass. Existing
instream structures should be evaluated
and potentially modified to improve the
functionality of refugia and hiding cover,
sorting and retention of spawning gravel,
and large woody debris retention. This is
listed as a Tier 1 habitat action in the
Biological Strategy (UCRTT 2007).
Protect and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

4,
Productivity,
Abundance,
Diversity,
and
Structure

High

Riparian rehabilitation: Implement efforts
for a long-term approach that results in
increased large woody debris recruitment
potential, increased sinuosity, sorting and
retention of spawning gravels, increased
number of complex pools, and water
quality. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.
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Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed
3 Rehabilitation | Reconnect Habitat Unit: Modify riprap Medium

+ Protection and/or construct large woody debris
complexes to improve habitat-forming
processes by increasing retention of
incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover and biomass. Existing
instream structures should be evaluated
and potentially modified to improve the
functionality of refugia and hiding cover,
sorting and retention of spawning gravel,
and large woody debris retention. This is
listed as a Tier 1 habitat action in the
Biological Strategy (UCRTT 2007).
Protect and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

4 Rehabilitation | Reconnect Habitat Unit: Modify riprap Low
with and/or construct large woody debris
complexes to increase retention of
incorporated large woody debris, improve
channel complexity, and provide cover

and biomass.
5 Rehabilitation | Riparian rehabilitation: Apply efforts for a | 2; Low
long-term approach that results in Productivity,

increased large woody debris recruitment | and
potential, increased sinuosity, sorting and | Abundance
retention of spawning gravels, increased
number of complex pools, and water
quality. Existing instream structures
should be evaluated and potentially
modified to improve the functionality of
refugia and hiding cover, sorting and
retention of spawning gravel, and large
woody debris retention. This is listed as
a Tier 1 habitat action in the Biological
Strategy (UCRTT 2007).

6 Protection Protect and maintain current levels of 4, Maintain
geomorphic, hydrologic, and riparian Productivity,
function. Abundance,
Diversity,
and
Structure
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UWP 1Z-3

The subreach area is a section of the current active channel from RM 12.75 to 12.5 in the
Upper White Pine reach (Figure 28). The dominant substrate is gravel and the dominant
process in this subreach is transport due to the slightly confined nature of the channel within
this subreach. The result is less diversity of channel units than in adjacent upstream and
downstream inner zone subreaches. The channel unit composition within the subreach is 72
percent runs, 15 percent riffles, and 13 percent pools. Due to the straightened nature and
simplification of the system, this subreach is rehabilitation-oriented.

The subreach is just less than 4 acres in size. The largest anthropogenic impact comes from
riprap. The riprap in this subreach totals about 1,430 linear feet and protects the highway
along the left bank. Other impacts include a transmission line crossing at the upstream
section of the reach.

Natural lateral control for the subreach is alluvial fan material and bedrock. With the
dominant process being transport, there is an increase in stream power, similarity of channel
units, and decreased instream habitat complexity. Large woody debris is very scarce which
prevents the creation of complexity at higher flows. It is hypothesized that material is
mobilized with increasing flows and deposited in decreasing flows, resulting in a plane-bed
form.

Within the stratified strategy, reconnecting habitat units through in-channel structures is the
lowest priority. This in agreement with the revised biological objectives which states adding
complexity with in-stream structures is the lowest priority of potential actions (UCRTT 2009).
It is recognized that in-stream structures provide immediate complexity, but the goal of
recommending in-stream structures in this report is to reinitiate habitat forming processes by
retaining sediment. This will lead to an over-all increase in bed elevation that will in turn
promote habitat forming processes, specifically through riverine floodplain interaction.
Rehabilitation options are listed in Table 20. Options are prioritized to maximize geomorphic
potential of the subreach through the reconnection and reestablishment of both long-term and
short-term processes at the subreach scale. Rehabilitation actions in this subreach should be
considered collectively with rehabilitation actions recommended in other subreaches to
achieve a holistic reconnection and reestablishment of processes at the reach scale.
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Figure 28 - UWP 1Z-3 and adjacent subreaches in the Upper White Pine reach.
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Table 20 - Rehabilitation options for UWP 1Z-3.

Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

1

Rehabilitation
+ Protection

Reconnect Habitat Unit: : Modify riprap
and/or construct large woody debris
complexes to improve habitat-forming
processes by increasing retention of
incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover and biomass. EXxisting
in-stream structures should be evaluated
and potentially modified to improve the
functionality of refugia and hiding cover,
sorting and retention of spawning gravel,
and large woody debris retention. This is
listed as a Tier 1 habitat action in the
Biological Strategy (UCRTT 2007). This
habitat action should be implemented in
conjunction with Riparian rehabilitation:
Apply efforts for a long-term approach
that will result in increased large woody
debris recruitment potential, increased
sinuosity, sorting and retention of
spawning gravels, increased number of
complex pools, and water quality. Protect
and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

4,
Productivity,
Abundance,
Diversity, and
Structure

High

Rehabilitation
+ Protection

Riparian rehabilitation: Implement efforts
for a long-term approach that results in
increased large woody debris recruitment
potential, increased sinuosity, sorting and
retention of spawning gravels, increased
number of complex pools, and water
quality. Protect and maintain resulting
levels of rehabilitated geomorphic,
hydrologic, and riparian function.

4,
Productivity,
Abundance,
Diversity, and
Structure

Medium
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Option

Habitat
Action

Prioritized Habitat Actions

VSP
Parameters
Addressed

Geomorphic
Potential

3 Rehabilitation
+ Protection

Reconnect Habitat Unit: : Modify riprap
and/or construct large woody debris
complexes to improve habitat-forming
processes by increasing retention of
incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover and biomass. Existing
in-stream structures should be evaluated
and potentially modified to improve the
functionality of refugia and hiding cover,
sorting and retention of spawning gravel,
and large woody debris retention. This is
listed as a Tier 1 habitat action in the
Biological Strategy (UCRTT 2007).
Protect and maintain resulting levels of
rehabilitated geomorphic, hydrologic, and
riparian function.

4,
Productivity,
Abundance,
Diversity, and
Structure

Medium

4 Rehabilitation

Reconnect Habitat Unit: : Modify riprap
and/or construct large woody debris
complexes to improve habitat-forming
processes by increasing retention of
incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover and biomass. Existing
in-stream structures should be evaluated
and potentially modified to improve the
functionality of refugia and hiding cover,
sorting and retention of spawning gravel,
and large woody debris retention. This is
listed as a Tier 1 habitat action in the
Biological Strategy (UCRTT 2007). This
habitat action should be implemented in
conjunction with Riparian rehabilitation:
Apply efforts for a long-term approach
that will result in increased large woody
debris recruitment potential, increased
sinuosity, sorting and retention of
spawning gravels, increased number of
complex pools, and water quality.

2;
Productivity,
and
Abundance

Low

March 2009

69




Subreach Unit Profiles

Upper White Pine Reach Assessment

Habitat VSP Geomorphic
Option Action Prioritized Habitat Actions Parameters Potential
Addressed

5 Rehabilitation | Reconnect Habitat Unit: : Modify riprap | 2; Low
and/or construct large woody debris Productivity,
complexes to improve habitat-forming and
processes by increasing retention of Abundance
incorporated large woody debris and
sediment retainment. Short-term benefits
include improvement of channel
complexity, cover and biomass.

6 Rehabilitation | Riparian rehabilitation: Apply efforts fora | 2; Low
long-term approach that results in Productivity,
increased large woody debris recruitment | and
potential, increased sinuosity, sorting and | Abundance
retention of spawning gravels, increased
number of complex pools, and water
quality. Existing in-stream structures
should be evaluated and potentially
modified to improve the functionality of
refugia and hiding cover, sorting and
retention of spawning gravel, and large
woody debris retention. This is listed as
a Tier 1 habitat action in the Biological
Strategy (UCRTT 2007).

7 Protection Protect and maintain resulting levels of 4; Maintain
rehabilitated geomorphic, hydrologic, and | Productivity,
riparian function. Abundance,

Diversity, and
Structure
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GLOSSARY

Some terms in this glossary appear in this Tributary Assessment.

2D-hydraulic
analysis

adaptive
management

alluvial fan

alluvium

anadromous (fish)

anthropogenic
bedload

bed-material

bedrock

DEFINITION

Information derived from a two-dimensional computer model that
calculates the water surface profiles and features or processes (i.c.,
sediment, water velocity) that may affect stream flows.

A management process that applies the concept of experimentation to
design and implementation of natural resource plans and policies.

A low, outspread, relatively flat to gently sloping mass of loose rock
material, shaped like an open fan or a segment of a cone, deposited by a
stream at the place where it issues from a narrow mountain valley upon a
plain or broad valley, or where a tributary stream is near or at its junction
with the main stream, or wherever a constriction in a valley abruptly ceases
or the gradient of the stream suddenly decreases; it is steepest near the
mouth of the valley where its apex points upstream, and it slopes gently and
convexly outward with a gradually decreasing gradient (Neuendorf et al.
2005).

A general term for clay, silt, sand, gravel, or similar unconsolidated detrital
material, deposited during comparatively recent geologic time by a stream,
as a sorted or semi-sorted sediment on the river bed and floodplain
(Neuendorf et al. 2005).

A fish, such as the Pacific salmon, that spawns and spends its early life in
freshwater but moves into the ocean where it attains sexual maturity and
spends most of its life span (Owen & Chiras 1995).

Caused by human activities.

The sediment that is transported intermittently along the bed of the river
channel by creeping, rolling, sliding, or bouncing along the bed. Typically
includes sizes of sediment ranging between coarse sand to boulders (the
larger or heavier sediment).

Sediment that is preserved along the channel bottom and in adjacent bars; it
may originally have been material in the suspended load or in the bed load.

A general term for the rock, usually solid, that underlies soil or other
unconsolidated, superficial material (Neuendorf et al. 2005). The
bedrock is generally resistant to fluvial erosion over a span of several
decades, but may erode over longer time periods.
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canopy cover (of a Vegetation projecting over a stream, including crown cover (generally more
stream) than 1 meter (3.3 feet) above the water surface) and overhang cover (less

than 1 meter (3.3 feet) above the water).
cfs Cubic feet per second; a measure of water flows

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

channel planform Characteristics of the river channel that determine its two-dimensional
pattern as viewed on the ground surface, aerial photograph, or map.

channel sinuosity The ratio of length of the channel or thalweg to down-valley distance.
Channels with a sinuosity value of 1.5 or more are typically referenced as
meandering channels (Neuendorf et al. 2005).

channel stability The ability of a stream, over time and under the present climatic conditions,
to transport the sediment and flows produced by its watershed in such a
manner that the stream maintains its dimension, pattern, and profile without
either raising or lowering the level of the streambed.

channelization The straightening and deepening of a stream channel to permit the water to
move faster, to reduce flooding, or to drain wetlands.

constructed features Human-made features that are constructed in the river and/or floodplain
areas (e.g., levees, bridges, riprap). These features are referred to as human
features in the Map Atlas.

controls A feature that is highly resistant to erosion by flowing water and limits the
ability of a river or stream to migrate across a valley in either the lateral
(horizontal) or vertical direction or both. Geologica controls are naturally
occuring features such as bedrock outcrops, landslides, or alluvial fans that
erode slowly over long periods of time. Human-constructed features such
as highways, railroads, bridge abutments, or riprap may also act as controls
and limit the ability of a river to migrate.

degradation Wearing down of the land surface through the processes of erosion and/or
weathering

depositional areas Local zones within a stream where the energy of flowing water is reduced

(stream) and sediment settles out, accumulating on the streambed.

diversity All the genetic and phenotypic (life history traits, behavior, and
morphology) variation within a population.

ecosystem A unit in ecology consisting of the environment with its living elements,
plus the non-living factors, that exist in and affect it (Neuendorf et al.
2005).
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floodplain The surface or strip of relatively smooth land adjacent to a river channel
constructed by the present river in its existing regimen and covered with
water when the river overflows its banks. It is built on alluvium, carried by
the river during floods and deposited in the sluggish water beyond the
influence of the swiftest current. A river has one floodplain and may have
one or more terraces representing abandoned floodplains (Neuendorf et al.

2005).
flow regime The quantity, frequency, and seasonal nature of water flow.
fluvial process Those processes 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 The capability of adjustment or change in structural/process components of
potential an ecosystem through the combined action of hydrologic, riparian, and
geomorphic regimes to form, connect, and sustain fish habitat over time.
geomorphic A large area comprised of similar land forms that exhibit comparable
province hydrologic, erosional, and tectonic processes (Montgomery and Bolton

2003); any large area or region considered as a whole, all parts of which are
characterized by similar features or by a history differing significantly from
that of adjacent areas (Neuendorf et al 2005); also referred to as a basin.

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 through driving variables
of flow and sediment. A geomorphic reach is comprised of a relatively
consistent floodplain type and degree of valley confinement. Geomorphic
reaches may vary in length from 100 meters in small, headwater streams to
several miles in larger systems (Frissell et al. 1986).

geomorphology The study of the classification, description, nature, origin, and development
of present landforms and their relationships to underlying structures, and of
the history of geologic changes caused by the actions of flowing water.

GIS Geographical information system. An organized collection of computer
hardware, software, and geographic data designed to capture, store, update,
manipulate, analyze, and display all forms of geographically referenced
information.
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habitat action

habitat connectivity
(stream)

habitat unit

indicator

inner zone (1Z2)

intevention analysis

large woody debris
(LWD)

limiting factor

low-flow channel

mass wasting

DEFINITION

Proposed restoration or protection strategy to improve the potential for
sustainable habitat upon which endangered species act (ESA) listed
salmonids depend on. Examples of habitat actions include the removal or
alteration of project features to restore floodplain connectivity to the
channel, reconnection of historic side channels, placement of large woody
debris, reforestation of the low surface, or implementation of management
techniques.

Suitable stream conditions that allow fish and other aquatic organisms to
access habitat areas needed to fulfill all life stages.

A morphologically distinct area within a geomorphic reach comprised of
floodplain and channel areas; typically less than several channel widths in
length (Montgomery and Bolton 2003). They generally correspond to
different habitat types for aquatic species. Basic channel units may include
pools, riffles, bars, steps, cascades, rapids, floodplain features, and
transitional zones characterized by relatively homogeneous substrate, water
depth, and cross-sectional averaged velocities. Also known as channel or
geomorphic units.

A variable used to forecast the value or change in the value of another
variable; for example, using temperature, turbidity, and chemical
contaminents or nutrients to measure water quality.

Area where ground-disturbing flows take place; characterized by the
presence of primary (perennial) and secondary (ephemeral) side channels, a
repetitious sequence of channel units, and relatively uniform physical
attributes indicative of localized transport, transition, and deposition.

Consists of computer models and methods based on samples collected at an
impact site before and after an intervention, such as a habitat action, so that
effects of the intervention may be determined.

Large downed trees that are transported 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, or human-induced activities. Generally refers to the woody material in
the river channel and floodplain whose smallest diameter is at least 12
inches and has a length greater than 35 feet in eastern Cascade streams.

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

A channel that carries streamflow during base flow conditions.

General term for the dislodgement and downslope transport of soil and rock
under the influence of gravitational stress (mass movement). Often
referred to as shallow-rapid landslide, deep-seated failure, or debris flow.
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overflow channel

outer zone (0Z)

pathways

peak flow

planform

reach-based
ecosystem indicators
(REI)

Reclamation

response reach

riparian area

riprap

river mile (RM)

side channel

DEFINITION

A channel that is expressed by no or little vegetation through a vegetated
area. There is no evidence for water at low stream discharges. The channel
appears to have carried water recently during a flood event. The upstream
and/or downstream ends of the overflow channel usually connect to the
main channel.

Area that may become inundated at higher flows but does not experience a
ground-disturbing flow; generally coincidental with the historic channel
migration zone unless the channel has been modified or incised leading to
the abandonment of the floodplain. (also knows as the floodprone zone)

Interpretation of one or more indicators (i.e., water quality) that is used to
define or refine potential environmental deficiencies caused by natural or
anthropogenic impacts that negatively affect a life stage(s) of the species of
concern (i.e., limiting factor). Pathways are typically analyzed at the reach,
valley segment, watershed, and basin scales.

Greatest stream discharge recorded over a specified period of time, usually
a year, but often a season.

The shape of a feature, such as a channel alignment, as seen in two
dimensions, horizontally, as on an aerial photograph or map.

Measure of physical variables that are quantifiable and have geospatial
reference.

U.S. Department of the Interior, Bureau of Reclamation

A reach that is more responsive to change and often characterized by
unconfined and moderately confined alluvial plains/channels that lack
geologic controls which often define confined channels. A response reach
can be further broken down to individual subreach units that comprise finer
morphologically distinct areas providing geomorphic control and
transitional habitat and biological potential.

An area with distinctive soils and vegetation community/composition
adjacent to a stream, wetland, or other body of water.

Large angular rocks that are placed along a river bank to prevent or slow
erosion.

Miles from the mouth of a river or for upstream tributaries; miles from the
point where the tributary joins the main river.

A channel that is not part of the main channel, but appears to have water
during low-flow conditions and has evidence for recent higher flow (e.g.,
may include unvegetated areas (bars) adjacent to the channel). At least the
upstream end of the channel connects to, or nearly connects to, the main
channel. The downstream end may connect to the main channel or to an
overflow channel. Can also be referred to as a secondary channel.

March 2009

81



Glossary

Upper White Pine Reach Assessment

spawning and
rearing habitat

subbasin

subreach units

terrace

tributary

UCSRB
UCRTT

valley segment

vertical migration

viable salmonid
population

DEFINITION

Stream reaches and the associated watershed areas that provide all habitat
components necessary for adult spawning and juvenile rearing for a local
salmonid population. Spawning and rearing habitat generally supports
multiple year classes of juveniles of resident and migratory fish, and may
also support subadults and adults from local populations.

A subbasin represents the drainage area upslope of any point along a
channel network (Montgomery & Bolton 2003). Downstream boundaries
of subbasins are typically defined in this assessment at the location of a
confluence between a tributary and mainstem channel. An example would
be the Twisp River Subbasin.

Distinct areas are comprised of the floodplain and off-channel and active-
channel areas. They are delineated by lateral and vertical controls with
respect to position and elevation based on the presence/absence of inner or
outer riparian zones.

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

A stream feeding, joining, or flowing into a larger stream or lake
(Neuendorf et al. 2005).

Upper Columbia Salmon Recovery Board
Upper Columbia Regional Technical Team

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.

Movement of a stream channel in a vertical direction; the filling and raising
or the removal or erosion of streambed material that changes the level of the
stream channel.

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.
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watershed The area of land from which rainfall (and/or snow melt) drains into a stream
or other water body. Watersheds are also sometimes referred to as drainage
basins. Ridges of higher ground form the boundaries between watersheds.
At these boundaries, rain falling on one side flows toward the low point of
one watershed, while rain falling on the other side of the boundary flows
toward the low point of a different watershed.

March 2009 &3



Glossary Upper White Pine Reach Assessment

&4 March 2009



Upper White Pine Reach Assessment Appendix A

APPENDIX A

Reach-based Ecosystem Indicators

March 2009 &5






"SoIu/saIw
¥ 7< AIsudp peoy " SoIu/SaIu " SoIu/SaIu
1'C-1 ANISudp peoy [> AyIsudp peoy
puy
puy puy
'S0URQINISIP PAsned Ajsud(q
uewny M pajeoLIod "SOoUBQIMISIP PAsned "Q0UBRQIMISIP Pasned | AJISud( peoy | PrOY PAYSINEM
13u9[ [Quueyd uewiny Yirm paje[orrod uewiny Yirm poje[orIod IOMIDIN pue JIOMION
QAT)OR UT 9SBAIOUT YISUQ[ [oUUBYD JANOR UL YISUQ[ [oUUBYD JANOR UI o3eure1q o3eureiq uonipuo)
Qlelapoull uey] Jajealn) 9sBaIdUIl djeIapoll 01 MOT SOSeaJoUl Wnwiuita 10 0137/ Ul 9sealdu] QANI_IH paysiaze \\
uonIpuod s101B21pU| s101e21pu|
MsIY 9jgeidaddeun uonRIpuoD sty 1Iv uonipuo) arenbapy a14198dg EIENELS) Aemyied

(8661) SMASN £q padooAap a10M BLISILID SUIMO[O] O, relaUID

(ALISNIA AVOd) YHOMLIN IOVNIVEA IAILDI443 ANV ALISNIA AVOH AIHSHILVYM HOLVIIANI

NOILIANOD A3HSHILVM ‘AVMHLVd

"9[qe[IBAR SOW0J9q BIEP Sk ulseqqns onbrun yoed 03 pajsnipe 9q p[noys pue 9)n[osqe Jou e 210y pajuasald BLIOILIO JO

SOZURI Y], "MIIAJI QINJBINI] PUL ‘(OO ‘UONBWE[INY) JUBWISSASSY A1einqld | Y Ul pauILIuod ejep JUSWSSISSE [OBAI SIY) 10J PIJOJ[[0D
e1ep mou Juneidaur AqQ $s9001d SATIBION U Sk JUOP SeM JOJBIIPUL o Jo Suney (Uerdruydd ], ISI30[01g SOLIAYSI] IJTAIDS 1SAI0]

'S ) ‘suydoy aAae( pue (UBIOIUYII [, SOLIAYSI IIAIIS IS0, "S'(]) SANOrY Apur)) ‘(10JeUIPIO0)) AJIANDY UOIIBWE[IIY ) dIn3en
ppol ‘(is13ojoydiowoan) uonewedy) ‘A11d AonT {(I23uI3ud S1neIpAy uonewe[dNY) ‘q'd ‘Anunog IJruud( ‘(3S130[093 UOIIEWR[OY)
QP VIIN qOY “(35130[093 uonewR[INY) ‘O “If ‘UOAT A\ PIeMPH JO pIsLIdwod sem wed) JUdWSSISSL OBdL duld YA\ Joddn oy,

T'T UoISIaA (134) s101e21puU| WBISAS00] paseq-yoeay
NOLONIHSVYM ‘(02T — SZ'+T INY) MIFHD NOSVYN ‘LNIINSSISSY HOVIH INId ILIHM d3ddN




771 INY Jo weansdn 10J Sy 1V, pPue 7'Z1 Y JO weansumop sry 9[qerdasoeun), je

9q p[nom AJISudp peol Jo I03edIpul o1J10ads Ay} BIep SIS U0 paseq (LOOT ‘Sewoy]) ,uonipuo)) Jsry 9[qeidasorun), ue je oq 03 pajou
ST OIYM “S[I0MIQU dFRUIRIP QAI}O)JO ) PO10d)Je A[OSIOAPE Sey UOSBN JOMOT dY) Ul UOIBIO0] W00q AJ[[eA UI A[[e10adsa ‘speol jJo
uonBd0] pue AJISUIP PLOI Ul ASBAIOU] ‘Judunjuequid AemysIy 10 9peid peol[Iel a3} AQ pa1oduuodsIp Apuasaid are sadeurelp oy Jo Auew
1 Y 01 0 JAY UI “JoAdMOH Y31y 9q ued speol pased-uou wolj AIQAI[OP JUSWIPIS ‘Sweal)s 0} speol Jo Ajwrxold oY) pue sweans

oy [o[1eIed JRY) [RLIDJEW UBJ [RIAN[[B PUE [SEMINO [BIOB[S SOPN[OUI JeY)} [BLIdJEW JI130[033 Y} USALL) “IOALL OU} O} PAISAI[IP JUSWIPIS
QUIJ 9SBAIOUI PUB SYIOMIOU dFeUTRIP IO)[B UBD AJISUSP peol YSIY YIIm Seate Sa1edIpul (9661 ‘SASN) Hoday sisA[euy paysiojepy SASN

(9661 ‘SASN) UOISOId PUE JJOUNI 9JBJINS UI 9SLAIOUL PUE 9)BI UOHBI[IJUI UL 9SBII0P ‘Ure[dpoo} 9y} JO UONILISUOD PUB UONJOLI)SAT
apnjour sjoedwr paje[dr peos dwos (9661 ‘SASN) JUSWIA[OAIP UL ISBIIOUTL AY) J93[J21 Jer]) speol orqnd pue djearrd ur aseardour

UB pUB SPBOI SS9008/3UI330] PISBIIOUL JO J[NSAI B SB GRG] PUB GG USaMIdQ A[ISOW ‘PISBAIOUI JABY SONISUIP PeOY SOpeid peoi[iel
pue speoi 9jeArid ‘speot our] Jomod ‘speox Sur330[ [[B IPN[OUI JOU SIOP 31 JOUIS dN[BA WNWIUIW € SJudsAIdar ejep oy ‘I9AIMOY ‘SPrOlI
wonoq A9[rea pue ados-[[1y opn[our SASN Aq (S[D) waisAs uonewojur [eorydei3093 e ur Surddew peoy (8007 SASN) (s1018MPpEIY
-2 YD) a1D uoseN 1oddp) ayy 1oy Tw/Iw ['] pue (Z'Z1-0 JATY) JW/TW 88°¢ Tk 231D UOSEN JOMOT Ul SONISUS(] Peoy "poysiojem
(2090T1100T0LT P99 DNH SOSN) DNH ,9 B ST UOSEN 10M0T pue (¢ DH) 2Poo 11un 130[0IpAY PIaY G © ST POYSIdNEM 1) UOSEN

:aAIeLIRN
uonipuo)) ysry 9qeidoocoeun NI0MIdU dFeurel(J dANIFH
uonIpuo)) ysry drqerdadsoeun uoned0]
uonIpuoy) ysny 1v Joyed1pu] Aysud(g peoy
uonipuod -uonipuoy paysiarepn
:uonelaadisiu|

A/ g s11eMpedy-7' 71 INA 921D uoseN 1oddn

/I 8¢ TTI-0 A 9317 UOSEN JoMO]

AlIsuaq pa109)43 S|l JaAIY :AlIsus@ peoy

(9800 “SASN) ®1ep (SID) w)sAs uonewniojur eoryders SN paysijqndun ysnoIy) paurelqo sem ereq :ejed




*08®.)s A19A0001 [BUOISSAIONS A[IBS U UL 9B SQOURQINISIP POIBIIUIIUO0D II[IBD Y} JO AUt ‘IOAIMOH (9661 SASN)

PaYysIojem YOI UOSEN Y} Ul PIPIOIAI AIdM POO[J ()66 Y3 WO SMO[J SLIGIP YIm pajeroosse surodar oewrep 931s 1noj AY1 (€002

SOJBIO0SSY PUB J3POD) 9661 SASN (100 ‘TNSIBUOPUY JUOPIAD QIOW dWEIAQ UOISOId SSBUW ‘PaseaIoul AJANOE 1S9AIRY Joqul) SB ‘7661
pue G861 UdaMIdg “(L00T ‘Sewoy],) STedk ()G ISe[ AU} IS8 JB JOAO PIJONISU0D U] dARY Jey} speot 3ur330] pue sndred|do djdnmu

0} oNp UONIPUOD) YSIY 1Y/, UL J& SUILONOUny 9q 0} PAJOU ST UOSEN 10MO0T o) UT AI0JSIT 2dUBQINSIP d[dS (PAYSINEM) DNH S oY) IV

“9ANeIIeN
uonIpuo)) ysny 1y 991D UOSEN JoMO]
uonIpuo) “awilBay aoueqaMsig
:uonelaadiasiu|

*d[qeIsun

a1k $9s59001d [RINJEN
"Sjouueyd 9pIs 10 sjood

Jo oy oy ur AJrxa1dwod
o1neIpAy o1y urpraoxd
‘payyryduwurs st [auueyd

oY, "poysiorem oY)

Jo 11ed Jolew € Jnoy3noiy)
s1s1%9 2113 orydomseyed jo
Ayiqeqoad ySiy 10 ‘Sjudrio)
SLIQAP ‘SIUQAD INOJS

"9JeIdpowt
ST SQOUBQIN}SIP
[EIUSWIUOIIAUD

WOIJ I9A00I

0} Je}IqeY JO AOUDI[ISOY

"PaysIAEM I}
Jo syred Jourw [BIOADS
Ur IN000 JBY) SJUIAD

"9Iqels
aIe $9$59001d [RINJBN] “SULIOJ
K10181y-931] 91dnnwt 10 sa3e)s

1] [T® J0¥ doeds 3urrear pue
o3nyax Surpraoid Lrxadwod

paysidem pue jeiqey

‘SMOIJ 91qelorpardun pue PIZ1[Bd0] dIB SAILY Ayrenb y3ry ‘ydei3oipAy pasne)
o1qenrea A3y Suronpoid | orgydonseed 10 ‘SjudLIo] 91qe1dIpaId {PaAI] 1I0YS uewiny QWISNY uonIpuo))
1y3noip 10 pooyy juonbarg SLIQAP ‘SIUOAD INOJS | SI 9OUBQIMISIP [JUSWUOIIAUT] /leImeN | QoueqIISIq poysIoze p\
uonipuod sJo0yedipuj sJo0yedipuj
MS1Y 9|ge1daddeun uonRIpuoD sty v uonipuo) arenbapy a1j198ds EBENEL) Aemyred

(8661) SMASN WO} PIIPOUI SI9M BLIOILID SUIMO[[Of YL BLISIID

(@3asNvd NVINNH/IVENLYN) 3NI93Y JONVEHNLSIA :dOLVOIANI




"(LOOT ‘sewoy 1) 9reds (paysidzem) DNH S U 18 NSIY 1V, PAIOPISUOD pue paId)[e
9q 0} pawnsse SI AF0[0IPAY oY} oI UOSEN WISUIBW JO UOHBZI[OUURYD PUE SJUdUDUBqUI AeMUSIY pue peol[iel 0} onp so3eurelp
Areynqui yirm wWoISurew Jo AJIAIUU0d pAdNpal pue sado[s[Iy uo seare JnoIed[do d5Ie] pojou U0 Paseq ‘SMO[J JJo-uni Jo Jurun )
03 30edwr ue ur Sunnsar AemysIy 10 opei3 PeOI[ILI Y} JO ISNBIAQ WISUTBW A} WOIJ PIJOIUUOISIP I8 SILIBINGLI) [BIJAS ‘TOAIMOH
"SMO[J JO Aouanbaiy pue ‘uoneinp ‘Furwn ‘Opmrugews Ay} Joje ey} uiseq deurelp JI9I)) UOSEN Y} UIYIIM SWEpP Ou dJe I |,

‘(NOLLV.LID AAdN) [BAISIUI 90ULINIAI JBIA ()0 PUB (S ‘ST ‘01 ‘S ‘7 ® 10} ] YSnoay} | JAY Yoea e paje[no[ed a1om sa3Ieydsi(q

‘Aydeidoo3
pue A30]033 “9z1S Je[IWIs
JO paysiojem pagimisipun

Ue JO SUOIIpuod
[eInjeu 03 SANB[I SMO[J

OAIledIeN
uonIpuo)) sy 1 PAYSIAIBAN YOI UOSBN
uonipuo)d :MO[JWeals
.uoljelal dasu|
‘Aydei30o3

pue A30[033 ‘az1s
Je[IWIS JO Paysiojem
pagamsipun ue

JO suonIpuod [ernjeu
0] JANB[QI SMO[J
yead jo Kouanbay

‘Ayder3093 pue
£301093 “azIS Je[IuuIs Jo
paysiojem paqinisipun
Ue JO SuonIpuod [eInjeu
0] QAIB[QI PAId)[E

10U I8 POYSIdIEM

yead jo Aouonbaiy 10/pue | J0/pue uoneInp urwi | B UIyIMm Smopj yead jo SMO[]
uonenp ‘Surwn ‘Opnrugewt ‘Opmyiugew paIdje | Aouonbaiy pue uonemp aseq/Medd K3010IpAH
ul SOFUBYO POOUNOUOI] JO 90USPIAQ QWOS ‘Surwuny ‘opmude ur oduey)H mopjweans /MOTq
uonipuod sJ0yedipu| SJ1031edIpu|
MSIY 9|ge1daddeun uonIpuoD sty 1y uonipuo) ayenbapy J14108ds EIENELS) Aemyred

(8661) SMASN £q ado[oAdP 219M BLIOILIO SUIMO[[0F AYL BLIalID

(MOT14 ASVE/MVad NI IONVHDI) MO T4INVIHLS :HOLVOIANI

ADOTOHAAH/MO1d :AVMHLVd




2, S 1< AQ POPaIX? splepuels
doueuiodd XeNAVJ-L

10

DS T PA9Xd AJen3ar uoneisu
Surumeds [eo0[ o3 SuLmp synpe
Aq pasn seare ur sarnjerodwa I,

Do01< 10 D> :Surumeds
DoST< Suneay

%S 1>
AQq PIpaIX? Spiepue)s
doueuropdd XeNAQVA-L

10

"DoS T PAOOXI SAWNAWOS
uonerdiu urumeds

[e20] ay3 SuLmp synpe Aq
pasn seare ur sarnjerddwa |,

D01 10 Dot> :Sutumedg
DoST-€1 10 Dop> :Surreay
D69 10 D,7> uoneqnouf

D66’ L1 ATuo uoneidru
pue SuLeal pruow|es
Do§°L1 uoneIsiu pue

Surrear ‘Furumeds pruowes
D91 eiqey

pruouIyes ISWwns 9100
Do€1 Surumeds uowes
:SpIepue)s doueunojrod

XeNAVA-L
10

DoST :BuIp[oy )npy
DoS1 UONRISIN
DoS1 :Bulleay

DoC1 ABN-1dog

DS 1 1dog-oung
:Sutumedg

‘peay[ealS pue uou[es

Do6-1 :Surumedg

069< 10 Do [> :uonEqnOU| :so8e1S Y01+ :SuLreay XeAdVd-L
's93e)S A10ISTY JI] SUIMO[0] K101y 9J1] UIMO][O] Do§-T :uoneqnou] JLNAN Arend
oy} Surmp yoear ur LINMIN | 2ys Sulmp yoear ul JINMIN Jnoay [ng JIANM W dwa], e
slo1edlpul | sa01edlpul
uonIpuod siy a|geirdasdeun uonipuoD siy vy uonipuo) ayenbapy J14108ds [EIENEL) Aemyred

"(8002) HOAM Pue “(8661) SMASN (Z007) 181010 pue uew[[IH Aq PdO[AID I9M BLIOILID SUIMO[[O] Y], :BlISHAD

ALITVNO Y3LVM AVMHLVYd

(xewava-Z/LNAW/LNMIN) 34N1LvEIdANTL :HOLVYOIANI




uonipuo)) sy o[qerdoocoeun

ATuo uoreIdiu pue JuLedI Pruowes

uonipuo)) ysry ojqerdoooeun

uoneIgIw pue 3unedl ‘Surumeds pruow|es

uonIpuo)) sy d[qeidasoeuny

1e)1qeY PIUOW[ES JJWWNS d10))

uonIpuo)) ysry d[qerdadoeuny

Surumeds uowes

UuonIpuod

:aanjeqadwe |

JUAWISSASSE [orval ay) I0J

uonIpuod dnjerdduwd) 19)em ) SUIULIAIIP 0} PAsn 1M sI0jedIpur Aifenb 191em A30[007 Jo juduntedd uojurysepy :uollelasdislu|

Do9°L1 Dol'Ll 6661 SASN I2UIOD) S9[07) TeIN
Do8°0C Do£'61 000T SASN JouI07) SAJ07) TeaN
Dol 61 Dol 61 100C SASN JUIOT) SI[07) JBIN
Dol 81 DoS'LI 6661 SASN Jinowr Jeau uoseN
DoV 1T D09°0C 0002 SASN ynour Jeau UOSEN
Dot CC BJep ON 100C SASN {INOUW Jeall UOSBN
Do0°0C Dot'61 00T SASN £'0 INY UoseN
D961 o681 ¢00¢C SASN 8¢ INY UOSEN
oL 61 D06'81 00T HOAM 8°0 N UoseN
Do8°CC Do0°CC £00¢ HOAM B[YeD SA0qQY
DoL 61 D06'81 €00C HOAM orlg Jepa)
D061 DoV 81 £00¢ HOAM A1) 1D SA0qQY
Do0°CC DoV 1C £00¢ HOAM J2UIO) SI[07)
Do8'81 D00'81 €00T HOAM TeyeN 9A0QY
o681 Dot 81 £00¢ HOdAM Ayoe,f urg
Dot 81 Do6'L1 €00¢ HOAM ourdeyym 2a0qy
aanyeaadwsal | "dwsl Ajrep "xew J9laweed
Ajrep wnuwixen JO uesw Aep-; Jea A\ Aousby uoIeI0T] aanyedadwsa |

‘WY QWOYAII/A0Z BM AD mmm//:dNY ejep 911SqoM FOAM (S00Z “HOAM) ApmiS peoT A[le WNWIXBA [€10 ], dinjerddwd [, JOATY
291U A\ PUB (98007 ‘SASN) BIep paysiqndun S,{S JO MIIAII 2INJLIAI] B YSNOIY} PauIe}qo sem uonewIojur Suimoj[oy oy, :ayeq




“(Juy oWOoYAd9/A03 M A0 mmm//:d)Y “d1sqam FOA) D 09 0 Suryoeoadde st aunjerodwa) aroym

Inow 9y} pue JOUIO)) SI[0)) Je sjududINseaw drnjeroduwd) uo paseq uonpuo)) sy d[qerdesoeun, ue e Juruonouny st ()°Z1 03 0°0
INY) UOseN I10M0T (L0 ‘Sewloy[) WeanSumMop s0udnbasuod SNOLIdS dABY P[Nod JudW3s A[[eA SIY) ul dseasoul drnjerddwa) 1y3iys
Aue osneoaq pue sauropms A103en3a1 OS[e Pue ‘SMEBIPYIIM/SUOISIDAIP 99BJINS PUB WINJAI Idjemaisem Jurpnjour syoedur oruosodoryue
0] aNp ,UONIPUO)) ST 1V, Ue Je Suruonouny st 71 JAY 2A0qe dainjerddwd ], “Aemysiy oy 3uofe syueq jo Surdderdir pue uonejd3aa jo
3urreayo oy AQ paoNpaI uddq sey JuIpeys wedl)s AIYM JIAI)) UOSeN 03 paje[dr st wajqord armjerodwo) oy S[9I) UOSEBN Ul PAINSLIW
ainjesadwd) oy} MO[dq AI9M SALIBINGLI A UT S2INJeIddwo) papIodal Jey) USALD) (€007 ‘SOOUIIDS PAYSINBAL) S'€ PUB 90 INY
U22M19q PLINOO0 FUNLAY [eUIPNIISUO PAUTEISNS JSOUI O} YIIM [OLAI A} D[S DN H ,S oY IV "(LOOT ‘SEWOYL) G661 U POPIOdAI sem
d oL 0L Jo dameraduid) I19jem WNWIXLW € ‘MO[J-mo[ 0} 1ed 18318 Ul pajnqLiie 9q ued [ Ul pajou sarnjeradwd) 19jem y3iy ysnoyyy

“(UIY QWOYAII/A0Z BM A0 MMM //:dNY)

ooe[d ur uefd [onuod uonn[jod 10 TJALL OU SI 919y} pue ‘syueinjjod 9I10W IO SUO JOJ PAJB[OIA UdQ JARY SPIBPUE)S

Kyipenb 191em 9t 1) Surmoys eiep sey (HOAM) £30[094 Jo judunaedd(q uoj3urysepy jey) Suruedw wedrs ¢ A1032e)) & SI 1)
UOSEN ‘[[9M SB Y SSB[D PAISPISUOD SI II “TOATY 99YJBUI AN oY) JO uoniod vy oy} 03 SOZIBYOSIP YOI UOSEN 9sneddg ‘(AIeurpIoenxa)
V'V SSB[D) PAIOPISUOD SI S191eMPRAY S) 03 (L7 INY) A1BpUnoq 1910, [BUOLIEN] 99UOJBUI AN U} WOIJ JIOATY 9YIJBUIA YL

OAIJeLIeN



10 PAAIISQO WNWIULIA
G'¢ POAIISQO WNWIXBIA
NLN :Apigang

‘(€661 ‘ADDD)

punoi3dwe)) 991 UoseN Jeau pajedo] 4] UOLE]S, J8 UdYE) 219M SJUSUWIINSBIW AIpIqin} AJuam) ‘€6/82/6 03 61/9/01 Ueamidg :eyeq

(002-V10Z-€L1 —

d0dM) NIN 0§ uey) d1ow
S1 A31p1gan) punoigyoeq Ay}
udyM AJIPIqan} ur 9SeaIdul
ud010d ()] ® 10 (SS9 10 N IN
0S ST punoi3xoeq Ay} uoym
punoIdyoeq 1940 N IN S
:Po99X2 j0U [[eys AIpIqiny,

10

Q0UBPAAIXA %G T> "TD %S6
o} Je S[OAJ] QUI[Oseq [eInjeu

P929%2 j0U p[noys ANpIqing,
:SpIBpUR)S SAY) PIIIXD
A[[eInjeu jet)} SWeans 1o

NLN 06> dtuoIyn
NIN 0L> Moy
"9OUBPIAIXI % ()G< "90ULBPAIIXD 940G ‘pIrepuelS 90UBULIONIDJ Aypigang, Aprqang, | Lipend) I93e A\
uonipuo) S101B21pU| S101B21pU|
MSIY 9|ge1daddeun uonIpuoD sty 1y uonipuo) arenbapy a1j108dg EBENEL) Aemyred

"(Z007) 131010 pue UBWI[IH WOJJ SI J0JEJIPUI SIY} JOJ pIepue)s ddueuliojdd oyl :elaslld)

Alldligdny ‘dO0LVvOIAdNI




‘uoneyudwdduwr 300(o1d ySnoxy) pa3oduuodar are sados[Iy pue sarrenqLy

Se popasu dqAew FULIO}UOW dIMn,{ * UOHIPUO)) YSIY 1Y, Ue Je Juruonouny oq 0} pajaidioyut st oeos DNH ,9 oY & Apiqing, *(L00T
‘SBWOY |) [eLIdJBW PBO[ PIpPUIdsns 9Jnol pue 310s 0} AJI[Iqe SIOALL Y} PUe JoFpnq JUSWIPIS PAIS)[E UL OJUI SAJB[SULI) YOIYM WIISKS

Y3 Jo AN[IE[OA By} UO Paseq d[eds DNH ,,§ AU} J& UONIPUOD) JSIY IV, Uk Je SUIonouny aq 0} PAJou dIe JUSWIpas pue ANpIqun,

OAINeLIeN

uonIpuo)) JSry v Y9I UoSseN
uoipuoD :Aupigany
“CO_HSEQ‘_BC_




01l

18w 96 1/3W 04T SPI[OS PIA[OSSI( [B10],

SUQWIRISN [°6] SUQWIAISN ()']Y KyAr3onpuo))

LE9 €1'L Hd

/5w '8 /30 LG USAX(Q) PIA[OSSI

PaA13sqO WNWIUIA| PaA1asqO wnwixXen -19)8Wweded
(€661

‘D)D) punoiddwe)) Y9210 UOSEN Jeau Pajedo] 6] UONE]S, J8 UdYE) I19M SIUSWAINSBIW AJUdM) ‘€6/87/6 03 16/9/01 Udamidg :eyeq

00C-VIOC-ELT —
spaepuels A30[007
Jo juouneda(q
J1e1S UOISUIYSB AN

10
"JoraI PIeu3ISIp SoyoBAI
pPe0e VMO Pa1eUSISOp PEOE
QU0 Uel]) dIoW YoraIl | YA\D OU ‘sjudrnnu
‘SJUALINNU SSIOXI | PAJRUSBISIP PEOE VD QAISSIOXD
JO SJOA[ Y31y QUO ‘SJUALIINU SSAIXI OU ‘S92INnos
‘$90IN0S asNpue| | JWOS ‘SIVINOS ISnNpue| asnpue| wouj snoioydsoyq
WwoJJ UOT)RUIWIRIU0D W01 UoNeUIBIu0d UoneUIIRIUOD ‘udgonIN
[eoruayo [eorwIayo [eorwdyd | ‘0 ‘Hd ‘swueinjjog SjudLINN ArenQ)
JO s[oA9] Y31 JO S[9AQ] 91BISPOIN JO S[AQ] MO /STeIdN JUOTBUTIR)UO)) [BOTWAY)) I91e M\
uonIpuod uonIpuod
a|ge1dadoeun uonIpuoD siy v ayrenbapy s103ed1pu| o13198ds SJ10)edIpu| [eJauss Aemyired

"(8661) SMASN Aq p2do]oAdp 2I0M BLIAILID SUIMO[[Of AL 1eISIID

(SNOYOHISOHd

‘NIDOYLIN ‘0d ‘Hd ‘SINVLNTI10d/STVLIIN) SINIIHLNN/NOILYNINYLNOD TVIINIHD HO1VvIIANI




I

"9[eos DN H Y19 2y} 3 ,UonIpuo)) sy 1V, Ue e SUIuorounj aq 0} pajaIdiojur 91om SJUSLIINU PUL SJUBUILIBIUOD [BITWAYD Y} ‘paysidjem
O} JO UOT}0S WBANSUMOP Y} UO JO3JJ UL dABY URD $o0o1)0eId 9s9Y) 1BY) USAID) “SMEBIPYIIM/SUOISIDAIP ddefIns Aq popunodwod

pue (9007 ‘AOAAL) o1 UoSeN 0} SIZIBYOSIP PUB BT J10SI IS O} SOOIAISS Jeyf} (UOIIPPE WN[e YIIM JUdWIed]) AIe1d})

JUB[J JUSWIBAI], JOJBMIISBA\ PIOUBAPY AT SSB[D [[BWS B WIOIJ UINJI I9JEMIISEM SB ONS SI0JOBJ Ik I} PAYSISjEM ) JO SUOT}OIS
Toddn oy uy *(L00T ‘SEWOY L) UONIPUOY) JSIY IV, Uk J& Juruonouny dIe dess JNH ,,§ Y} 1 SJUILNNU PUE SIUBUTIELIUOD [EIIWAY)

OAIeLIeN

uonipuo) Yy IV yory auld Ay 1oddn
uonipuo)d “SJUBlIINN/UOIleUIWRIU0) [edIWaYyD
“co_umumgo_‘_ouc_

001/#) 1 (001/#) T ULIOfI[e)) T893,

/3w ¢ /3w 1 snuoydsoyq

/8w g T/8W p SpIjoS papuddsng

T/8W 100 T/8W 6170 N-ZON/SON




4!

(L0OZ sewoy]) uonipuo)) denbapy, ue je uruorouny oq 03 pajardidur
a1e S91BOS DNH Y19 PUE YIS YI0q Ik SIOLLIRq [BOISAY{ Iouueq [ented e oq pnod ing ‘(v 47) Airiqedes a3essed ysiy sey we( Iojemun |,

‘IOAOMOY -sonssI a3essed juasaid jou soop pue ainjonys Suruueds [oUUBYD-UOU B ST WE(] USPAIL( “IOALY 9YOJBUIA\ WI)SUTBW A}
uQ "JoLLeq [BINJRU B ST JBY) S[[B] © ST 10U} °91 INY IV 891 JAY PUB () INY U9aM10q YOI UOSEN UO SIOLLIEQ OPBWUBW OU I8 I |,

-OAIledIeN

uonipuo)) enbapy

s1oLuRg [BIISAU]

uonIpuoD

:sa911aeg eaisAyd

”CO_HmeLngHC_

"JUBOIJIUSIS A[[BO130]01q

"SMO[J Qe Jel) SMO[J JWOS "MOTJ Aue
[T 10 o[dnnu je uoneIIII 1€ uoneI3IU Wed}SuUMOop 1€ uoneI3Iu Wed}SuUMOp
weansumop 1o weansdn Jo weansdn juaaaxd Jo wreansdn | jey) s1oLLIRg
uaA21d Jet)) wojsurew oy} ur ey} Wwdjsurew Ay Ul wajsurew Ay} ur juasard [ouuey) s1oLeqg $S900Y
Juasaxd s1dLLIRq dpRW-URIN | JUdsdid SIdLLIBq dpRW-URIA SIOLLIEQ dPBW-UBW ON ure [eo1sAyq 1e)1IqeH
uonipuo)d si01edlpul | sao1edlpul
MsIy ajgeidaddeun uonIpuoD sty vy uonipuo) ayrenbapy a14198dg EBENEL) Aemyred

(8661) SA\AIS( WOI} PAJIPOU UIQ SABY BLISIID SUIMO[[OF SUL, TBlIslID

(SH31YYVvd TaNNVHO NIVIN) SH31d8vd TVOISAHd *HOL1VOIANI

SS300V 1V1IgVH ‘AVMHLVd




el

wuw Gl 4§ ww 97| 8
wuw /] wuw g¢ 0sd
wuw 81| wul (Of ced
Yol %61 (wwg>) saury doeLING

! I [oBdY UI SJUN0J 9[qQqo JO #

0C'V1-LEET NY

LEET-SLTT NY

"BJe(] UN0D) 9[qQo{ :91e41sgns

(D xipuaddy) 10181 193Uy AJ[[B A MOYIRIA AU AQ PAJOJ[[0I SBM UOIIBULIOJUI SUIMO[[0} U], :Ble

"WI9> JO SAUIJ oINS
9%0¢< 10 [9ARI3 Surumeds
ur (Wwg g (>) SAUl %L [<

%,0€< Seare SuLrear
Ul SSQUPIPPAqUID [oBIY

‘o>
JO sauly 90BLINS %07
-Z1 10 [9ae13 Sutumeds ur

(wrug g 0>) sauLy %L 1-1

2,0€-07 Sedte JuLreal
Ul SSOUPAPPAqUID [IBY

"WWG> JO SAULJ dJBLINS
0, 71> 10 [oAeIS Jurumeds
ur (Wweg'0>) Su %7 [>

"04(07> Seare SuLIedl
Ul SSSUPIPPIqUID YoBIY

‘seaIe "seaIe JUQWIPAS
‘sease Surumeds ur sjerojew | urumeds ul s[eLdjew paq Surumeds ur sjeLd)eW uryg
Paq 9y1 JO 9%,0¢> dn-oxewr Y} JO 9%0S-0¢ dn-ayyewr | paq oy JO 9%,0S< dn-oxewr /o1ensqns Airend
$9[qQO9 [[eWS IO S[QABID) $91qQO9 [[eWS IO S[QABID) $9[qQO9 [[eWS IO S[QABID) JuBRUIIO(] ojensqns 1eqeH
uonipuod sloyedipu| | sioyedlpul]
MsIy ajgeidaddeun uonIpuoD sty vy uonipuo) ayrenbapy a14198dg EBENEL) Aemyred

"(Z007) 131010 pue UBW[[IH WO} A BLIdILIO ISAY) I0J SPIEPUR)S OUBULIONSJ :RLISNIID

(3Lvd1SaNS INVNINOAQ) 3LVH1SaNS :¥OLVOIANI

ALITVNO LV LIGVH AVMH1Vd




14!

UORIPUO)) SN IV JUSWIIPAG AU
UORIPUO)) ST IV SSaUPAPPIqUIT
uonIpuo)) sy v dJensqng JUBUIWO(]
SZ'¥1-0'2T INY UolIpuod 107eA1sanS

:uonelaadisiu|

1276 900¢

LTI S00¢

L'CC €661

WIWT> Saul) 0p abelany

‘eyeq sajdwes a10) |ISNON

(800T “SASN) IqB[IeAR JOU SEA BJEP (T AU} “TOAIMOY 90T PUE S00T Ul JOUI0)) SI[0)
Jo weansdn pue /(07 Pue 661 UT JOUIO)) SO[0)) JO WEAIISUMOP SIS SI[JJII Je SIS AQ Pa303[[0d 219m so[dwues 9100 [IONOIN :ereq

(deadx sapnpour) o,0¢ (deadux sopnpour) o461 lopnog 9%
%0% %¢S¢ 91990 %

%¢S1 %6G¢ [eA®ID) %

%¢S1 %¢S1 pues %

LEET NY LEET-GL'TT NYH % S1eWNS9 Ie[no() ajedlsqns

(O xtpuad

V) 101181 1o3ury AJ[[BA MOYIRA ) £Q PIOI[[0I Sem UOTIBWLIOJUI SUIMO[[0] UL, ele




Sl

"(LOOT ‘sewoy]) ,uonipuo)) denbopy, ue je

SuruonoUNJ ST JUSWIPAS SUYJ PUE dJeIISqNS JUBUILIOP JO 10JeDIPUL A1) 10 UoNeIaIdIaNul oY, 9[eds DNH ,,9 oY} J& JUSWSSIsse JeIIqey )
3uLmp SuoOnBAIdSqO [BNSIA UO PAseq WA[qoid B 9q JOU 0] PAJOU SBM SSIUPIPPIqUID ‘TOAIMOH WIAISAS A3 JO AJN[IIB[OA 9} 0} anp Jeiqey
Surreas o[ruaAn( 10§ ;uonipuo)) Sy 1y, UL je IUIUONOUNJ dq 0} PAIOU ST 3[BIS DNH YIS Y 18 1)) UOSEN JOJ SSOUPIPPIqUI d)ensqns
‘[[BISAQ "SSQUPAPPAqUID JOJ UONIPUO)) JSIY 1V, Uk & SUtuonouny SI Joa1) UoseN JOMOT ‘Blep S[qe[IeAR AU} U0 paseq ‘Poje[al dI1J

a1 1BY) 9SO} A[[R10adSd ‘SMO[J SLIGOP puUE SIPI[SPUE[ SB ONS SIIINOS JUIWIPAS 0} PRI BIEP SIY) MO UmOoudun S1 3| (W [>) souly
1u0013d JO 93UBI IPIM B MOYS OS[B YOI UOSEN JOMO[ UIYIIM SIS no-[1e} [00d je udye) ejep o[dwes 2109 [IONIJA SILIOS dWIL], "[Iedl
2I1Ud Y} JO dA1IBIUISAIdAI 9q J0u AW SIS d[dwes Ay} pue AJ[IGRLIBA [BINJRU JOJ JUNOJIL JOU S0P BJep Y], "sddejuddiad 1opnoq pue
91qq09 ‘[9ARIZ ‘pues J0J PIPIOIAI UOTIBWIISI JB[NJO UL PBY OS[. JUIWSIS [QUUBYD YOBH "¢+ 01 L€ €1 JNY WOl 9[qqod pue /€ ¢€1-7H'6
N WOIJ [9ARIS SI 9Je1)SqNS JUBUIWOP ) JBY} PAIBIIPUI JUIWSSISSE JBIIqRY Y} SULINP PIjonpuod SUOHBWIISI JB[NO0 PUB SJUN0I A[qqad
-OAIedIeN



91

SC'¥1-0°¢T INY uonipuod

*AM1 |

:uonelaadisiu|

79C 9'LE (1d10WRIp  9< BUO[ (7<) [[BWS
w;l w.mm ES%OE Uﬁm owuﬁ EHOH
1'6 €Tl (110wreIp  (Z-71 ‘BUO[ GE<) WNIPIN
LS Sel (Ior0ureIp  O7< “SUO[ GE<) 9BIR]

o[ 1od poom 9316

0C¥1-LEET NY

LEET-SLTT NY

-am

(O xipuaddy) 10ws1(q 193Uy A9[[e A MOYIOIA Y} AQ PIOJ[[0I SeM UOIIBWIOfUl SUIMO[[0] YL, :e1eq

‘3unyoe|

QI JUSWIITNLION WD)
-3u0[ 10/pue -110ys
10J S1IqAp Apoom

JO so01nos renudjod
pue , ojenbope,, 10J

"sanfeA

WNWIUIW 9SAY) Urejurew
01 Suryoe] ST JUAUNINIOAI
SLIQOp ApooMm wLId}-3Uo]
10} s921n0s [enjudjod

mgq ‘. orenbope,, 105
PAIISIP S[OAJ] WNWITUIW

"JUSW)INIONT LI}

-110ys pue -3uo[ yjoq 10J

d[qe[IeAR SLIGOpP Apoom

Jo sooinos 9jenbope pue

SonJeA PaIIsap asoy je e paurejurewt 3urdq {P3Ud[ P SE< IjoWRIP [mpueg e | (M) S _
JOU dJB S[QAJ] JUALIN)) dJe S[OAQ] ApUdLIn) W Z1< Qnuysadatd )z< | SN 19d $9991d Apoopy d31eT | Auend) 1e3qey
uonipuo)d s101ed1pU| s101e21pu|
MsIy ajgeidadoeun uonRIpuoD sty v uonipuo) ayenbapy J14108ds EBENEL) Aemyred

(8661) SMASN £q PadO[oAdp 219M BLIOILIO SUIMO[[0F OYL eLIalID

(N4XNVE 1V 311N d3d S3031d) S1I493d AAOOM A9V :HOLVIIANI



L1

"uoned33A ueLIedLl JO PAILd[O U dARY JBY) SOOBLINS Ojul Surjediu

suonoos Jurrepueowt Jo deidir yiim paul] [SUUBYD PAUTRIISUOD JO SUONOS 9FIe[ 0} anp [enuajod JuounInIddl poom d31e[ 10} € 41-€ €1
Y Wwoyy . uonipuo)) sy d[qerdosoeun), 18 pue ¢ ¢1-SH 71 INY WO UuonIpuo)) Sy 1y, Ue Ul SI)]  uonIipuo)) djenbapy, ue 1oy
POLJIIUSPI S[OAI] oY} MO[9q Fu1aq $9991d poom 9FIe] pue WNIPAW JO S[OAS] JUSLIND 0} NP ,uonIpuo)) ysry 9[qerdodoeun), 1e Suruonouny
SL(EP1-S 71 INY) yoeas aurd Ay 1oddn oy “(%0S 2A0qe) S[9AJ] 9[qeu0sSeal Je SI [enudlod Juouniniodl ng ¢ UonIpuo))

ojenbapy, M0[9q Surdq poom 93Ie[ PUEB WNIPAW JO S[OAJ] JULIND 0} NP UOHIPUO)) JSIY 1V, U e Juruonounj oq 03 pajaidiojur st
991D UoseN ‘91eds DNH ,9 oY IV "(LOOT ‘SEWOY L) [UONIpuO) JSIY 1V, Uk J& Suruonouny 9q o) pajou st AT “9[eds DNH S 9P IV
:aAIRLIRN

uonIpuo)) sy 1v Tenuojod JuaunINIdAT AT

uonpuo)) sy 9qerdosoeun wnipaw pue 331e[ [0,




81

"JOA0D USIJ poo3 aim | (MO[J oseq
doop wr [< sjood a31e| 1B yIpIim
Auew sey yoeal yoeyq ponom
"JOAOD urw g<
ysy pood yiim juasaxd | JUSWIPIS ouly AQ SWN[OA | gre sweans
(w 1<) sjood o31e] Jood yo uononpar rourw a1ayM
MOJ 9ABY SAYOBIY AJuo pue 19jem [000 pue S9yoBAI
IOA0D POOT 9ARY S[00] SurojuIm
"IOA0D SIj pooT ym (w “JUQWIIPAS 4 ¥ 001-59 -IOAO
[<) sjood dosp ou daey sayoedY oury £q dwnjoA [ood om w Nwmm pue ‘Surieds
JO uoronpal ojeIdpouwt ol B SE-0¢ ortuaan(
"JUSWIPIS | B UIQ SBY 2IdY) JO/pue €7 9 0€-07 ‘Surpjoy
ouyy Aq ownjoA [00d Jo uononpal ‘QIyerodud) /19409 6¢ Y 0T-SI Jynpe ur)
Jofew € U93q sey 219y} pue orenbopeur aaey L4 Y S1-01 S[00d 931e]
‘9yenbopeur st arjeroduwdy 10400 | sjood ng ¢, A[9renbape mm m m:om
os[e ‘, A[9renbape Suruonouny,, aqwysjood Ayend) pue
3uruonouny,, 10J SANJBA UBY} JOMO] Ul SOnJeA 0} Je[IuIs ‘ON [IpIM [ouURy)) Kouanbarg Airend
A1qe1aopisuod st Aouanbaiy j0od st Kouanbaiy [00g :Aouanbaiy jooq [00d s[ood 1B)IqeH
sJoJedipu] | SJo0yedlpuj
uonIpuod sty a|geidasdeun uonIpuo siy vy uonipuo) aenbapy a1j198ds EIENELS) Aemyred

(8661) SMASN £q pado[oAdp 210M BLISILID SUIMO[O] O, IBMaUID

(ALITVNO ANV AONINOTHH T00d) ST100d *HOLVIIANI




61

uonIpuo)) ysry d[qerdasoeun uonIpuo) Jsry 1v (.S ueyy 1918313) S[00] 93Ie]
uonIpuo)) Jsry vy uonpuo)) ysry 2qerdodoeun J9A0)) JoOJ
uonIpuo)) sy d]qeidaooeun) uonIpuo)) Jsny 1V AjrenQ
uonIpuo)) Jsry v uonIpuo)) djenbaopy Kouanbarg
€YT-€€T INY uonipuod €'€T-9'TT INY uonipuod :AurenQ pue AsuanbauA jood

“CO_HMHQLQ._BC_

.uonipuo)) sy 9qerdesoeun),

‘poom
o31e[ JO 30E[ 0} AN UOKIPUOD ST IV,

‘poom
o31e[ JO 308 0} AN UOBIPUOD) JSIY 3V,

G101 E'ET INY

€€1018¢T NY

8¢T1 01 L' TT Nd

"SIOAQAINS AJOJUDAUL WIS JILNSI(T JoSury Ad[[BA MOYIN Ayl Aq Afenb [ood jo uoneyaidiojuy

Jeyqey [ood jo ofiu 10d poom o3e[ ST UONE[NO[E) "9[qe) Ul “AJoANdadsal ‘ssefd ozIs 95Ie] puE WNIPAU ‘WS,

€9°L1 ¥T 61 65 8°CTT ((sjo0d) oyrur 1od M T
Yec ¥YyTe ¥yge ydo( [enpisay

'l 0y €L oA 1od daa .S < sjood

LS 0°0C 43! NN 1od sjood

GZ'VT 01 EE€T INY €€T018¢T NY 8¢T 01 L'TT NY :S]00d

(D x1puaddy) 10181 193Uy AJ[[B A MOYIRIA AU AQ PAJOJ[[0I SBM UOIIBULIOJUI SUIMO[[0} AU ], :e1eq

Yo'l %S0 S[QUUBYD PIS JUIIIdJ
%8¢l %9 (SO[JJ11 JUIINQINI-UOU) SUTLI JUIIIDJ
VL1 I1:L€0 (ouueyd urewr) oner jood 03 AFTY

TS Yoy yidop “xew [0od deI10AY

€ €T ortw/dosp 1930u [ < sjood jo 1aquinN
yev'l ¥ySTl (sunx) yadop Somyey) 95eIAY
Yori ¥80'1 (sopg1r) ypdop Somiey oSeIoAy
¥ey YLy UIPIM [QUUBYD PINIOM JITBIIAY

0C'V1-LEET NY

LEET-SLTT NY

:A1end pue Aousnbai4 jood

(O xtpuad

V) 101181 1o3ury AJ[[BA MOYIRIA oY} £q PIOI[[0d Sem UONBWLIOFUI SUIMO[[0] UL, eleq




0¢

" uonIpuo) YSKY 1y, Ue Je Juruonouny st o1 UoseN JomoT [[e10A0 Inq (SE 11-0'TT Y PUB 9°01-C°01

) uonipuo)) ajenbapy, ue je Suruonoung st 3ey) Ayenb [ood pey suor3oos [Quueyo om ] s[jood o) Yim pIjerdosse poom o31e|

JO 3oE[ 0} Onp UOKIPUO)) YSIY 1V, 10 UONIPUO)) YsIY d]qerdedorun), ue 1e 1otie Suruonouny oaq 0} pajou st 2[eds JH ,9 Y e sjood
oy Jo Aypenb oy, "Spuoq JOpPUBOW JB J0U PUEB SUOIIS [QUUBYD PAUTBNSUOI A[[BIOYIIE Ul pauLio} sjood 1moos a1om sjood oy Jo Auew
PUE ‘[eINjeU URY) JOMIJ 9q 0} PIAIISQO sem s[ood (1218a13 10) doap 199) G JO JoquUNU A ], A1) UOSEBN U0 dJUBdIJIUFIS [o130[0Iq
oAeY 1995 ¢ uerp 1odaap AeordAy Yo001paq 10 QM T Aq pauntog sjood xardwo) (8007 191[00g pue YIWSPOO AL ) sadA) weans Jefiurs
U0 SAYOBAI JOUAIAAI 0} uosLredwod pue (8007 ‘uonewe[d3y) dyyoid Sampey (O xrpuaddy) Loains jejiqey oy} ur pajou sjood Jo
Toquunu ay) uo paseq Aouanbaiy [0od jo SuLId) UL UONIPUOY) 2)enbapyy, Ue Je Furtonduny ST 2217 U0SEN “9[eds DNH ,9 AU IV "(L00T
‘SewIoy ) uonIpuo)) Sy 1y, Ue je suruonouny 9q 0) pajou e J[eds DNH S O 1e Kyenb jood pue Aouanbaiy jood 231 uoseN uQ
OAIeLIeN



Ic

"SMO[J [[& 10
ordnnu 1e JeIIqRYy [QUURYD
-JJO 03 $S999% JuaAdId

ey Judsaid siorreq
opewuB SeaIe [QUUBYD

“JUBOIJTUSIS

A[[eo130101q dI€ Jey) SMO[J
owIos Je JBIIqRY [oUURYD

-JJO 01 SS999€ JudAd1d 1By}
1u9said sIoLLIBq SpRWUBIA
‘seate A310ud Y31y A[e1ouds
oJe S[oUUEYD OPIS PUE ‘I9A0D

‘seaIe
[QUUBYD-JJO 0} SSAJJB
Ju9A21d JeY) WsUTEW
oy} Suore juasaxd
SI9LLIBQ dpeuuew

ON ‘seale A310U9

MO] I S[QuUUBYD IPIS
pue ‘I9A00 [)IM SeaIe

-JJO IOY)O puB ‘SIdJeMdOeq | UM Sedle [QUULRYI-JJO I9Y)0 [ouueyD-JJO IO pue [puuey)
‘smoqxo ‘spuod pue ‘sigjem3oeq ‘SM0Qqxo ‘SI9JeMYORQ ‘SMOQXO0 Urej qim jeliqey Arend)
OU JO MJJ Sey [oedy ‘spuod owos sey yoeay | ‘spuod Auew sey yoedy AAOAUUO)) | [QuuBYI-JJO 1e)IqeH
uonipuod SJ101edlpu| SJ101edIpu|
MsIy ajgeidadoeun uonIpuoD sty 1y uonipuo) arenbapy J14108ds EIENELS) Aemyred

(8661) SA\AISN WO} PAIPOW US3Q dABY BLIIIO SUIMO[[OJ YL TBlIalD

(AANNVYHO NIVIA HLIM ALIAILDINNOD) LVLIgVH TINNVHO-440 :¥OLvOIAdNI




(44

“)SLI J& ST UOIIIPUOD [[B JOAO ],

"2InJedJ uBWINY € AQ pI3oduuodsIp jou st ure[dpoory oy Jo Ajolew oy Jejqey [ouueyd Jjo pue ure[dpooj 9y} JO SUOI3I3S J09UUOISIP

¢ Aem1y pue opeisd peoi[rel 3y} ysnoyyy “(L00Z ‘Sewoy 1) uonIpuo)) Jsry 1y, Ue je 3uruonouny s1 yorym 99 pue 7' JAY U9omiaq
3uroq uondooxa oY) PIM * UONIPUO)) NS o[qeidasoeu), ue Je SUTuonouny I [UULYD UreW Y} YIM AJIANIIUU0D 3[eds JNH ,9 o
1V “Aemy31y pue peoljrer oy} Jo 3oedwr ay3 03 anp uonpuo)) Jsry d[qeidadoru), ue je uronduny 9q 0} PAJOU SI UOSBN JOMOT A} Ul
Jeyqey [QUURYD-JJO 3[dS DNH ,,S Y} IV “[OUUBYD UTEW J) SA0GE PAJLAS|d puk pazisiopun oq 0} 1eadde sHOAND Auew pue pojen[ead
Ud9( JOU SeY SHIATND y3noty) dgessed ySI] SIUWUBQUID [QUULYD JJO Ul pue Aemy3Iy ‘Opei3 proI[rel 9y} Ul PIAIISQO IdM SIIIA[N))

OAIeLIeN
uonIpuo]) sy 1V yoedy duld Ay Joddn
uonIpuoy J]auueydD UtelN YA AlAIBUU0D

:uonelaiadisiu|

SO wowdooaa urejdpoorg
I saspug
¥ S8¢°L dexdry

JuAUUBQU JO Y GTT
opei3 peol[Ies JO Y 08L°S

99A9[ JO Y €40°C S)UOUD[UBQUIH/SWIE/SIAI |
S SHAAIND)

YT —-072T INY :saanyea- dlusbodoayiuy
‘(g xipuaddy) uonewe[99y Aq pajonpuod pajdd[[0d Sem UONBULIOJUI SUIMO[[O] YL, :e1eq
SAI0® 76 (Sa108) QUOZ JUUI PAJOIUUOISIP JO BIIR [BI0],
¥ SS9 (3993) [oUURYD P3OAUUOISIP JO YISUJ[ [BIO],

‘(g xipuaddy) judwissasse 931s dn-mo[[0J pue [eniul 3y} SuLInp SUOIIBAIdSqO P[AlJ pue
B1ep Yvarl ‘(g xpuaddy) ‘sjo 000S 18 [opow JINeIPAY (JZ © SuIsn UOnewe[ddy Aq PAjeIoudsd sem UOnBULIOJUIl SUIMO[[0} Y], :ele(




194

©lEp ON ©lEp ON (0°C -/+) njea oner ydop/yIpIA
€4 ocd ‘€A ad£y [ouuey )
181 0°9¢ oner ydop/yIpIm [[npjueq
paujuooun) pauyjuooun JUQWIAUIUO0D [BIIdA ],
9[qqO)/[PARID) 9[qqo)/[PARID) [eLID)BW Paq JURUIWIOPAI]
J[Ju-j00d J[I-[00d sadA) woy-pag
[eIAN][ Y [eIAN[ Y ad4) Aafrep
S[ouueyd S[ouueyo
OpIS MdJ ‘spreiq ou ‘Ajsonul§ pojN OpIS MdJ ‘spreiq ou ‘Ajsonul§ pojN suraped [ouuey)
N N od£) wonoq A9qeA
0ZvT-L£€T INY L€€T-G.'TT NY “yoeay auld Iy 4addn

'(9661) U350y pue (9007) UBW[[TH UI PASI]

oIk SO11039)8)) “MAID ASAINS WEBANS JOLISI(J JOFURY AS[[BA MOYIIA oY) PUB UONBWR[IIY AQ PIIOJ[[0d Sem Blep SUIMO[[o] oY, ele

uoljeZLIdloRIey )
‘porudsaxd erIdLId ‘pojudsaxd pojudsaxd JuowW3og [ouuey))
ou {dANRUWLIONU] BLIOILIO OU [QATJRWIOJU] | BLIDJLID OU (QANBULIOJU] 2 JUdW3AS A[[BA uonIpuo) [ouuey)
uonIpuod s101e21pU|
MsIy ajgeidaddeun uonRIpuUoD sty v uonipuo) aenbapy sa01ea1pu| 214198ds [EIENEL) Aemyred

"(9007) uew[[IH Aq PAqLIOSIP SE SANBWLIOJUI 9q O} PAPUIUIL SI UOHIPUOD [dUUBYD JO uondLIdsop SUIMO[[0} dY] :elIdlI)

(O1LVd HLdIa WNWIXYIN/HLAIM TTNAMNYE 39VHIAY) NOILIANOD :HOLVOIANI

TANNVHO ‘AVMHLVd




144

SAIdk G (sa1ov) peOoIIRI/JUdUD{UBqUIH
SAIO® €°() (sa1ov) proJAUdWUBqUIH
same g (sa10B) AemysIyJudunjuequiyg
SAId® 7°() (sa1oe) BAIY pogqIysIp/s3urp[ing
SaI0® ()] [QUUBYD PaId}[B/PIIdUISUY
ev¥T1-02T INY 10edwi d1uabodouayiue Jo eaay :AlIAIDBUUOD ule|dpoold

(g xipuaddy) uonewe[o9y Aq JUSWSSISSE IS [BNIUL OY) SULIND PIJOI[[00 SEM UONBULIOJUI SUIMO[[O} AU, :ele(

"A[uediyIudis paidye
UOISS900NS/U0I}R}0TA
uewredu pue

PpoonpaI A[ednseIp JudIxd
puepiom ‘seare uerredrr
pue uredpooyj ‘puepom
‘[oUUBYD-JJO UIMIDq

UOISSAIINS/UOT)BJOTIA
ueLedl ‘uonouny
pueplom Jo uonepeidop
dJeIopowt Aq

PI2UIPIAD Sk ‘Aoudnbaiy
J110]SIY 0} JAIIR[AI
Paonpal dIe SMO[J
NUBQIDAO ([UURYD UTBW
0} seare uelredur pue

"UOISSIIINS
puE uoned3oA

uenredir ‘suonjouny
puUB[oM UTBJUTEW

puE INdJ0 SMO[J
JUBQIDAO ([QUURYD UTRW
0} payuI] A[[eo130[0IpAY

K)1A1}OOUUOD J130[0IPAY sure[dpooy ‘puepjom Apyuanbaxy KJTAIOUUO))
Ul UOTIONPAT QIOAS Jo a3eyur] paonpay a1e seare ure[dpooy,] urejdpooy,q sorw rUA( [oUURYD)
uonipuod SJ101eaIpu| sJ01ed1pu|

MS1Y 9|ge1dasdeun uoRIpuUoD sty I uonipuo) arenbapy a14198dg [ZBENEL) Aemyred

(8661) SA\AISN WOI} PAJIPOW US3Q SABY BLISIID SUIMO[[OF SYL, ‘BlIalID

(ALIAILDANNOD NIV1dd0O014) SOINVNAQ :HOLVIIANI




14

SaIoB 6¢1 (yoeay) TV.LOL
SAIOY () (sa10V) QUOZ 19IN() PAIOAUUOISI(]
SAI0Y £ (S210V) QU077 JdUU] PIAUUOISI(]
SaIde €9 (sa10vy) duoz 10
SaI0® 67 (sa10y) QUo7 1ouu
'$}2000'S

SyTI-02T NY 1@ SaU0Z 491N puUk Jauu| Jo ealy :AlIAIIDUU0) ulejdpoold

‘(g xipuaddy) uonewe[d3y Aq Juowssasse A1s dn-mo[[oy ayj SuLnp pajod[0d Sem UONBWLIOFUT SUIMO[[0] UL, ele

W £99°8¢ (s1010w bs) jejo |
W €969 prdey
W oppEe umy
978, oI
W TE8°01 [00d
MO} MO|

£YT-02T INY Je syun jauuey jo (w ul) eaay :A)AIdsUUOYD ufejdpool

(g xipuaddy) uonewre[ody Aq Juswssasse 911s dn-mo[[0} oy} JULINp PajdIJ[[0J Sem UONBULIOJUI SUIMO[[0] oY ], :ele

YILEL (199)) 12101

¥ SCe (3993) prosudUUBqUIT

Y 08L'S (1939]) peOI[IRI/JUSUUBqUIT

Y 99¢€°1 (199]) KemySIy/JusunjueqUg
evT-0¢T NY 1oeduwi o1usbodoayiue jo yibus :AuAnodsuuo) urejdpool4

‘(g xipuaddy) uonewe[o3y Aq JUSWSSISSE IS [BNIUL AY) SULINP PIJIJ[[0 SBM UONBULIOJUI SUIMO[[O] Y], :Ble(

07T sarmedy orudgdodoayiue £q pardnoso vate urejdpoory JuadIog
SaI0® ()¢ (sa1oe) TR310
saIoe £ (sa1o®) QUI UOISSTWSURI ],
S3I0® 9 (sa1oe) Aem JO YSLI QUIIOMOJ




9¢

UORIPUO)) YSKY IV

[yoeay auld My Joddn

EVYT-0°¢T N uonipuo)

:A1Anosuu0) urejdpool4

:uonelaiadisiu|

%L8 S}9.000°S1
%8L S}9.000°01
%9L S}9.000°S
%LL S}9.00S°C
:SUOIIPUO0I

1U344NJ J3pun paAalyde uonepunul jenualod Jo 1uadiad

Sa1de 761 SI9000°GT
saroe /L] S}9.000°01
SaIde 91 | S}9.000°S
SaIde ¢¢ SJO OOW“N
:(se40e) UOIERPUNUI JO BAJR |eI1Ud)0d

SaIoe /9] SI9.000°G 1T
Sa1oe 8¢ S}9.000°01
Sa10® {8 SI2 000°S
SaIde [ SJO OOW“N
:(sa40e) Uonepunul Jo ealde bunsix3

€¥T-0¢T INY :A11IAnosuu0) urejdpool4

(@ xpuaddy) [opow o1NeIPAY (7 B SUISN UONBWER[IY AQ PAIBISUIT SBM UOIIBULIOJUI SUIMO[[0} U], :Bleq




LT

"JYSLI JOALI UO peoi[rel oy} Aq pajoeduur

Arewrur uddq A[uo sey ssadde ure[dpooy yoeal oy} JO JJey Wedrsumop 3y} U] “Aem-Jo-1ysur aurjromod 3unsixa ay) 309301d 03 A[dy1]
pue ure[dpoorj 1Jo[ 9y} Jo uonepunul JudAdld 0} pajonIsuod Sem 99AJ[ © ‘uorepunul juonbaiy ay) Jo asneooq ure[dpooyj Y[ oy} Jo
A1epunoq dyj 0} J9SO[O PAJONISUOD Sem [oUURYD Juasald oy} 9oUIS SUOIIIPUOD [BILIOISIY ey} A[puonbaiy a1ow pajepunur s)o3 A1 YOI
IOALI U0 ure[dpoorj [eo1103SIY QY[ "PUS WEBANSUMOP O} 18 9FUBYIXO MO[J SWOS SMO][. 1By} HOA[ND & 10 }dooxd jusunjuequio peoirel
oY) AQ pa30ouUOISIp ST IYILI I9ALL U0 ure[dpoory a1 yoear ayj Jo jjey weansdn oy u "yoear oy} uryiim ure[dpooyj ay3 Jo pIy3-ouo
IN0Qe pIdAUU0ISIP dAeY Jey) syoedwr orudgodoiyiue 0] anp pasearddp uddq sey ure[dpoorJ oyl YIm AJIATIOUUOD S JIALL AY) SNBIAq
JISTY 1V, 2q 01 PAIOPISUOD SI AJIAIIOUUOD UIR[dpOO[J Y, “WIISAS POJOSUUOIINUI ‘OIUBUAP KIOA B 90UO SBM dUOZ UONRISIW [QUUBYD
o110)S1Y 9y} 1ey) dyearpul syderdojoyd [erroe pue apeys[[Iy YVl oY) woly pajaidiojur aIe jey) S[QUUBYD pauopueqe SnoJownu oY) pue
‘opim A1a Ajjemyeu st ure[dpooyy oy 219yM 3[eds DH ,9 Y} J& o1 UOSEN 10MO0 JO UONOAS ) Sassedwooud Juow3as Aofea oy,
OAIeLIeN



8¢

SI'I 0€'1 (yuasaxd) Ayisonurg

%1 %S 0> 1uarpeln

T 88°() w ()L | (sorruu painseawr) 33U
0¢¥T-LEET NS LEET-GL'TT NS :sansu|ldeey [suueyd
0 %6'€ syueq SuIpoId JUAIdJ

0 1w/ 80t oru 1od Y)5ua[ Jeaur']

0 Y S69 (s3ueq 410q) UOISOId Yueq [BI0],

0 ¥T-LEET NH LEET-GL'TT NH -uolsoJa3 yueg

(O xtpuad

V) 0LSI 13Uy AS[[BA MOYIIA oY) AQ PO1O[[0d Sem UONBWIOJUI SUIMO[[0] oY, ele

"UOISOId YUk WOIJ PISLAIoUl
A1qedonou sey A1ddns juowipas

pue ‘o3ueyd uuoyue[d [uueyd

& u1 Sunnsax Kjqissod ‘pajqnop
1SB9[ © SeY YIPIM [QUuuByD By}

[ons 9jel PIJLId[AIJE Uk JB FULLINIOO
SI UOIJRISIW [QUUBYD JO JUOUINIOL

"PAINIdAL
3uraq [[us St suqap Apoom
931e[ 9[qrI0IP J0U SI
uuojueld 10 yIpim [Quueyd
ur d3ueyd JuBdYIUIIS

SLIqOp Apoom d31e] pue urejdpooyy Inq ‘sadjel [eanjeu o) uoneISIN
oy} JO SurjIoMaI SuNUAAdId | QATJB[OI OJBI JOMO[S/I9)SE) |  "SOjel [BINjeU Jedu [ouuey)
SUOI)OB uBWINY JO dSNEBIAq FULLINOJO0 | Ik FULLINOJO SI UoneIFIW J10 je Sunerdiu /A1geIS
SI UOT)BISIW [OUURYD OU JO J[PIT | [QUUBYD JO JUNOWE PIIIWI] SI [ouuey) yueq soru BUA( [oUUBYD)
uonipuod S101edIpu] | sJa01edIpU|
uonIpuoD sy ajqeidasseun uonIpuo sty v arenbapy 21J199ds ZZENVELS) Aemyred

*J03e01pUl O1J199ds oy Jo Kjrjeuonouny

A} 0} UONIBIIPUI  JATJR[JL,, B SB WIBJ) JUIWSSISSE ) AQ uodn padide 210M UOIIRISIW [QUUBYDI/AII[IQR)S JUBQ JOJ BLIDILID O], :elIald)

(NOILVHDIIN TANNVHO/ALITIEVLS MNVE) SOINVNAQ ‘HO1VvOIANI




6¢C

"‘uoneISIW [BIS)R] AU} PASLAIIIP A[[eINjeU dARY P[NOoM Je) ainjonis odKj-uej eranjje ue 9q 03 pajaidiour

ST(S-ZO dmN ) dueq 14311 oy uo eare urejdpooyy oy, "ueq o] oy uo AemysIy oY) Jsurede suni /-7 JMN "SISew! Yy ar]

oy} woly suonejaidiojur uo paseq urdped 1OpuLdW MO B UM [duueyd A313ud YSIY JyYSrens A[QAR[I € Uddq dAeY 03 1y3noy st Z-7Z1d
dM\ JO uonoas [duueyd [eurduo Ay} ‘drdwexs 104 surdped uoneISiw OLI0ISIY MO[ A[[eINjeU PeY dABY ABW SUOIIIS JWOS “IOAIMOH
“uoneISIW [QUUBYD [BIdIB] MO[[E JOU OP Jet} sarnjed) druddodoryiue YIrm paIdpioq dIe syueq ) Jo Juddtad g9 AjIedN ‘sarnjedy
orudgodoayiue £q uoneI3u [Quueyd J0J [eruajod paseaIddp Ay} 03 dnp Sy IV, 99 01 PAIIPISUOD SI YOBAI SIY} Ul UONBIZIW [duuey))

-OAIledIeN

SRV

yoedy aurd My roddn

€v1-0¢T WY uonipuod

:uoneJbI [puueyd pue Aljigels yueg

uoneyaidiaiu]

7ZINDH 1oeduwir 10

%9 109UUOISIP Jey) SAINJedJ uBWNY YPPIM [ISU] Jueq 9()()Z JO UG
SAI0R [} (saxor) payoedur 10 PAJOAUUOISIP SI ey} ure[dpooly JO JUdIIdJ
SAIdk 7 (So10®) QUOZ JdUUI JO BAIR [BJO ],
eYT1-02ZT INY zuonelbiN [suueyd /Aligels yueq

‘(d xpuaddy) uonewreoay Aq pado[oAdp sidowered eleq

Surpid j00ys |
sainjonns 30[ pI[qe) ¢

I9)snpo 1op[nog | i1 Tg)
[4 sinds o0y

%19 dexdir yiim yISuo[ [ouueyd JUIDJ

J G8€E°L (1997 1eou)) dexdry
EVvT-0¢T NY uoneabi jsuueyd /A11gel1s Mueg

‘(g xipuaddy) uonewe[oay Aq pajdd[[0d Sem UOBULIOJUI SUIMO[[OF Y], :eleq




0¢

z sinds o0y

1 S8€°L (0997 reaury) deidry
€v1-0¢T WA SUORIIISUOD |auueyd pue uoidLlodd Yuegd

(g xipuaddy) uonewe[09y Aq pa3od[[0d Sem UONBULIOJUI SUIMO[[O) Y], :Bele

Tl 91 OBl JUSWYOUINUF
1'81 0'9¢ onel yidop/yIpim d5eIoAY
yIpm

[Iy3ueq 1od syuswainseaws / Jo o3eIoAe

¥9T yTe uo paseq (329f) ypdop [Inpueq o3eI0AY
YLy Y 8L (0097) YIpIMm [[NJ3UEq OTRIOAY
0C¥1-LEET NY LEET-SLTT NA :(]auueyd urew) eyep ||npjued
‘(O x1puaddy) 10181 105uey AS[[B A MOYIRIA AU} AQ PaIO9[[0d SeAM UOIIBULIOJUI SUIMO[[O} U] :eyeq

"(papre1q 01 peary

9[3urs “3°9) PAIIMII0 sey
wojued [uueyd ur d3ueyd
9IqISIA ® Jey) uonepei3se
U3noud ‘10 {Pajoduu0oISIP

"(popre1q 0y

peaay} o[3urs “3-9) wojuerd
[ouueyd ur 93ueyd

91qIsIA ® 10 ure[dpoory oy
JO UonOUUOISIP PIasned Jo4

‘wojuerd [ouueyod

U9 9ARY SeAIR JBIIqRy | Jou Inq 03 [enudjod oy sey ur 93ueyd J[qISIA OU A1qels
[ouueyd-1yo pue ure[dpooyj | ey} uoIsIoul 10 uonyepeld3e | pue UOISIOUI 10 uonepeI3de [puuey)
o 1By} UOISIOUI Y3nouy JO puan d[qeInsedn JO puaxn d[qeinsedws ON [BOIIOA Soru BUA(] [oUURy))
uonIpuod sJ01edIpul | sa03edIpU|
MsIy a|ge1daosoeun uonIpuoD siy 1v uonipuod ayenbspy o13108ds ZZEIELS) Aemuyired

“J03e01pUl O1J199ds oy Jo Kjrjeuonouny

oy} 0} UONEBIIPUI  JAIR[AL,, B SB WEd) JUdWSSIsSe Ay} Aq uodn paorde a1om AJIqe)s [ouULyD [BO1LIOA J0J BLIOILID oY, :Bl4alld)d)

(SOINVNAQ TINNVHO 1VOILY3A) SOINVNAQ :¥OLVOIANI




Ie

‘[ouuRYD UrewW JLIOISIY A} UBY) JOMO]
193] G 03 | SI Paq [ouueyd Juasaid ay) SHUAWSIS [QUUBYD PAULFUOD UI Jey) Moys d[goxd Sam[eyl £00Z pue YvAl'T 900T pue sisk[eue
VINAA SO861 © WOlJ SasA[eue UOIIBAJ[S Paq [duuey) ‘sainjed) oruagodoryiue Aq paudiy3ien)s 10/pue pajedo[al Uddq dARY SUOIOIS

SuLIOpUBIW [BIDAIS Jel} U Sey Jordull dAISUI)XD ISOW Y], “SMO[J Y31y Sunmp sapmudews 931eYdSIP pue SOWN[OA JJOUNI €10} O}
QAR [[BWIS 9q 0} P30adxa 9q prnom joedwil oy} ‘pajen[ead AjoAneuenb usaq jou sey SIy) YSnoyjy "SUOIIS [ouueyd JULIOpULIW
Ul UOISOJIQ MU WOLJ JUIWIINIIAL JUSWIPAS paonpair pue Ajoeded podsuen) Judwipas pasearour 103 [erjudlod e SI 219y} SunedIpul (Ssa0oe
ure[dpoo[J poonpal) pauljuod pue paudy3es}s A[[RIOIME UdQ JARY JOALL JO SO[IUI ] JOMO] Y} JO SUONIAS [BIOASS "UOlepeI3Te

J0 uorsIour 1oy enudjod e 91ed1pur pinom jeyl (¢ Y 18 pud weansdn ay3 je) Speof JudWIpas pue Jojem Surodul uddamiaq

ooue[eq oY) 0) dUBYD 9[BIS-93I8] OU USAQ SBY 9IS, "}10}JO SIY} JOJ SUOP JOU Sem UonepeI33e J0 UOISIoul paq [duueyd aImnj [enusjod
PUE [BOLIOISIY J& JOO[ 0} SUI[OPOW [BOLIdWINY JO }93pNq JUSWIPIS ¥ * UOBIPUO)) JSIY 1V, Ue Ul 9q 03 pajaIdiojur st AI[Iqe)s [eonId A

“9AIleLIBN
SR IV yoeay duld A Joddn
€v1-0¢T N uonipuo)d SolweuAQ |suuey) 2119

“CO_HMHQLQ._BC_

%t > odojS [ouuey)

EVYT-0¢CT INY Jarsweaed

‘(g x1puaddy) uonewreoay Aq ayyoid Sompey ], :eyeq

Surid 309ys |
sarmonys 30 Po[qe)
Iosnpo 1opnog | Y0

I o3puq peodjrer




[43

SQIOE | (US-1D) qnIys,/Ted [oAeID
SaI0e 7 (YD) 1eg [2ALID
S9I0E () (0D) Ted 2]9q0D
S9Io® O¢"L (O1) pue qnuys Ao[[eA
SaIde / (H) 15210 poompieH [[BWS
saIoe | (D) 15910, poompieH 316
SaI0® GY () 15210 PAXIN [[BWS
SQIO® 7] (4) 15210 poxIw 316
SaIoe / (g) 15210 19J1U0)) [[BWIS
SaI0® | (V) 15910 19J1U0)) 93IE]
€vT-0¢T NY :(s842y) 24monu1S uonelaba A uertediry

(1 xipuaddy {8007 ‘uonewe[dy) JUaWSSassy Adeingll] ayy woyy Surddew
uone}o3oa (S[D) wasAs uonewrojur orgder3oas oYy Surzinn poyndwiod sem UONBWIOJUL dUOZ Jojjnq uelredir uimoq[oj oyl :eyeq

*Arunuuod
aA1jeU [enudjod M
JUQ)SISU09 A1e Arxdrdwod

*Arunuwod

dAneu Tenjudjod

)IM JU)SISUOD dJe
Ky1x91dwod Teinjonns pue

*Arunwuod
aAryeU [enuajod ym
JUQ)SISU09 Are Arxardwod

[eINONNS pue ‘d3Fe)S [BIdS a3®)s Te1as ‘uonisodwod [eINONNS pue d3e)s [BIdS uone}a3oA
‘uonisodwod sarads 94,0S> sar0ads 94,08-0S | ‘vonrsodwod saroads 9;,0)8< aImonng uonIpuo)) uenredry
uonIpuo)d s101e21pU| | SJoledlpul
MsIy a|ge1dadsoeun uonIpuoD sty 1v uonipuod arenbspy o13108ds ZZEIELS) Aemyired

NOILVLIO3IN NVIYVdIY ‘AVMH1Vd

*103821pUl 01J193ds ay) Jo Ajijeuonouny
3} 03 UOTIBJIPUL  JATJR[IL,, B SB WIBD) JUdWSSISSE Y} Aq uodn paorde 21om 2InIoNnIls uonejd3aA uerredLl 10§ BLIQILID Y], eLIdlA)

(34N10NY1S) NOILIANOD :HOLVOIANI




133

uonipuoy) sty 1v yoeay auld My Joddn
€v1-0¢T NY :94N10N11S uonelabsA ueltedry
:uoneyaidisu

%01 P2qINISIP JUIIIdJ
%C0 (NN) P99\ SNOIXON

%¢ YA YSIe]N

%L (qIoH) snoaoeqioy

! (US-1D) qniys/eq [9ALID

%¢C (JD) Teg [9ARID

%0T (O1) pue qnuys A9[[eA

%S (H) 15910 poompieH [[BWS

%I (D) 15910, poompieH 9316

%cCE () 15910,] POXIJAl [[eWIS

%1 (q) 15910,] paxIwi o318 |

%S (g) 15210, JoJIUO)) [[BWS
%0 (V) 18210] 19J1U0) 3318
€PYT-0¢T NA :(urejdpool4 Jo 95) 84MoNAS uonelaba A uelrediy

(3007 ‘UOIBWE[09Y) JUBWSSASSY ArenquiL oy woly Surddew
uoned3aA (SIH) wsAs uonewoyur dyder30a3 ay3 Surzinn pAayndwod sem uonewWIOJUI UONE}3A ueLredur SUIMO[[0) Y, e1eq

%01 PaqIMSIP JUI2I3
0 (NN) Poo SnoIxoN
SaI0® ¢ (4IN) ysIe]N
SAIOE (qI9H) SnoaoeqIdy




ve

'$9109ds snonprosp pue SNOIJIUOI

[[ewsS pue 331 9y} SYOB[ Jey) AJruntutod uonejd3A Yy} JO 93]S [BIdS JOZUNOA & SI 3 Nsa1 Ay, Judwdo[oAdp pue ‘saur] Jomod
‘peoarer Aemy3Iy a1 JO UOHONISUOD 0} NP PAILI[D A[93o[dw0d Udq dARY UONLIIZA Ure[dpoO[ Y} JO SLATR PAZI[BIO] ‘SUONIPUOD
O110)SIY Y} 0} orq SULIDA0II 0} PajaxdIdiul ST UONBIAZIA * UOIIPUO)) YSIY I8, Uk ul 9q 03 pajaxdiojur st ormonys uoneldgoA uerredry
OAIeLIeN



¢t

SaIoe / (H) 15910, poompieH [[ewS
saIoe 77 (D) 15910, poompieH 316
S3I0® 9 () 15210 PAXIN [[BWS
SqI0® ¢ (4) 15910 poxIw 3318
SaIoe / (g) 15210 19J1U0)) [[BWIS
SAI0® G0 (V) 159105 19J1U0)) 318
€¥T-0CT INYH :1eng wQg ui (sa19y) a4n1ona1s uonelabaa uelredry

(I XIANAddYV 800T ‘Uonewe[osy) Juawssassy AreingriL oy woiy Surddew
uoned3aA (S1H) wasAs uonewojur d1yder30a3 oyy Surzinn payndwod sem uonewIOjul UONe}A3A ueLredur SUImMol[o) oY, ejeq

‘uredpoory a3 ur A3suop
peor 1w/ ¢< :(*230 ‘speol
‘[enudpIsaI ‘“QrmnoLde <3-9)
ure[dpoorj oy} ur 9oueqINISIP
2%0S< ‘UoneIIIW [QUUBYD
BIA JOALI 91} AQ JUAUNINIOAX
10J 9[qe[IeAe aI1e jey) (queq
Joed 3uo[e }[oq W ()¢ © Se
paulyap) suoz 1oygnq uerredr

‘ure[dpoory
o) ur AJISUdp peol

W/ €-7 {(*019 ‘speos
‘TenuapIsal ‘A noLide

©39) urejdpoory
oy} UI 90uBqINISIP
%0S-0¢ ‘uoneIsIu

[ouURYD BIA JOALI AU} Aq
JUSWIIINLIOAL J0J dqR[IeAR
a1e ey (Sueq oed uofe

1[9Q W ()€ B SB paujop)

Juoz 193ynq uerredu

‘uredpoory a3 ur A3suop
peOI I/Tu 7> £(*939 ‘speol
‘TenudpISAI QI noLIde
©39) urejdpoory

AU} UI 20UBQINISIP

%07> ‘uoneignu
[oUUBYD BIA JOALI AU} Aq
JUSWIIINLIDAL J0J dqR[IeAR
a1e jey (jJueq yoed 3uoje
1[9q W ()€ B SB pauLop)
ouoz 193ynq uerredu

oY) ur (31e[-WINIPAU) oY) ur (931e[-WINIPIU) oy} ur (d3re[-wnIpaw) (uewny) uone}a3IA
S991) 2INJRW % ()S> S931} 2INjBW %,08-0S S90I) AINJBW 9/, ()]< 2oUBQINIFI(] UOLIIPUO)) uenedry
uonipuod sJoyedipu| | sJoyedlpul]
MsIy 8|ge1daosoeun uonIpuoD Xsiy 1v uonipuod ayenbspy o13108ds ZEIELS) Aemuyired

*103B21pUl 01J193ds ay) Jo Ajijeuonouny
Ay} 0) UOIIBIIPUI  JATJR[AL,, B SB WIBI) JUAWSSISSE ) Aq uodn padide a1om 20uRqINSIP UOIR}OFIA ueLIRdLI J0J BLIQILID O] :elIald)

(NVINNH - 3ONVEYN1S1A) NOILIANOD :dOLVOIaNI




9¢

SaI0® / soul| uolssiwsues} Aq pajoeduir uoneo3aa Jo eary

S3I0E 9 saur] 1omod Aq pajoedwur uone}d89A Jo Ay

(sa1oe)

SqI0® /. speol pue Aemygiy ‘peoirer Aq pajoedwil uoneId39A JO BAIY
SoI10B 7 SOI0®) BAIB PaqIn)sI

40 (sa19e) Ba1e paqimsiq

€¥T-02T INY :urejdpoold - sdoueqInisiq

(XIANAJJV ‘8007 ‘uonewe[ody) uswssassy Areingldl ays woliy surddew ainjesy uewny

aseq eiep (STD) wdIsAs uoneurrojur o1ydei30a3 oy Surzinn pandwod sem uorewIoful ddueqInisip uerredr Surmoroy oyl ejeq

%91 POQIMISIP JUIIIdJ

10 deadir y1 eory

S9I0® § SpeOI JO BAIY
SaI0® ¢°() oouapIsal Aq pajoedunr uonejd3aa Jo eary
SAI0BG (sa1oe) peoayres Aq pajoedwur uone}dO39A JO BAIY
S3I0® G'() (sa10e) (O) BaIe paIed[)/3utuadQ
€¥T-02T INY :urejdpoold - sdueqInisiq

(I XIANAddYV 8007 ‘uonewre[d9y) Juawssassy Areingriy ay) woiy surddewr

uoned3aA (SIH) wsAs uonewoyur dryder3oa3 ayy Surzinn pandwod sem uonewIOJuI dduLqINISIp ueLredrr SuImor[oy oy, :eyjeq

%91 POQINMISIP JUIIIJ
SAI0® ¢ (qI9H) snoaoeqIoy
o1oe]| (YS-1D) qnIyg/Ied [9ALID
SAI0B €°() (YIA) UsIeN
SoIe 01 (O1) pueT qnuys Ao[[eA




LE

"uone)d3aA puejdn pue uenredir poaXIw U ARY P[NOM UONRIIZIA ) SpUL[IoM A} Surpunodur SJUSUUBQUID

Kemy31y pue peoijrer oy} 03 Joud ey} PIAJI[AQ SI )T ‘TOAIMOY (PIjepunur) UONIPUOD JUILIND Y} JOJ [BINJBU PAIOPISUOD JIB SLdIe
PUB[}OM U} UI UONBIOZIA O], "SPUB[IIM JO JZIS [[BIAO ) UI dSBAIOUI UB PUR (€007 ‘HOAM UI 9661 ‘SASN) (AMT) SHgap Apoom
031e[ JO SOOINOS [BINJRU JO SSO[ AU} SPN[OUI SINSAI Y], “YOI)) UOSEN JO [QUUBYD UTBW I} WOIJ PIJOUUOISIP U AR SPUB[JOM

pue smoqxo ‘9[dwexd 10 ‘SIOBdIPUI WAISAS0I9 [dnnu Jo3jje ued pue SurSuel OPIM dIe SIOURGINISIP AY) JO S1991J2 YL, (€007
‘HOAM) uoned3aa 231 uenredur donpoxd 03 AJ1[Iqe Spue] Ay} PAIWI] A[OI9AS PUL JOPLLIOD UeLIedLI 9} JO 19JoBIBYD Y} PASUBYD dABY
(9661 ‘SASN) SISA[RUY PAYSIAIBAN YOI UOSEN U} Ul PIQLIOSIP SB SI0JOB] 9SAY} JO [[V “SONIAIIOR PROI[IRI PUB UOIONISUOD dul[Iomod
‘spunoiddures ‘sowoy 9jeALd ‘Speol ss999e 10 dAnIwLd ‘7 AemySIIH S ) 10J 90UBUIUIBW PUB UONONISUOD :dpn[oul edre ueLredur

oy ur spoeduwin orudSodoIyiuy - UORIPUO)) STY 1V, Uk I8 Suruonouny o} pajaxdiour st 9dueqrnysip uerredir 9[eas DNH P9 Y} 1y

OAIeLIeN

uonIpuo) Jsry v YOBY duld AMYA 1OMO]
uonipuod :90uegansIq urejdpool4
:uonelaadisiu|

Lu/m 9°9 (,Sa[Iw/a[Iur) Ure[dpoOy Ul ANISUIP PEOY
%CC UONBIOZIA PAGINISIP JO BAIL JUIDIOJ




8¢

uonipuo)) ysry ojqerdoooeun

[Joedy duld MYA 1oddn

€v1-0¢T WA

:19n0D Adoue)

:uoneyaidisu

%<

Jopynq uerredir ur [qereAe
POOM 9FIB[-WNIPAW JUIIIOJ

€vT-0¢T Nd

:19n0D Adoue)

"10A09 Adoued juad1ad oy joadiojur 03 9je301Ins B SB pasn SI duoz 19jynq uerredur w ()] 9yj Suofe
poom J[qe[reAr d3Ie[-wnIpaw Juddsdd oy, (I xrpuaddy (8007 ‘UorewR[OIY) JUBWSSASSY Areingld] a3 woiy Surddew uorejogoa
(S1D) wdsAs uoneurrojur o1ydei3093 oy Surzinn payndwiod sem uorrewtoyul (w ()1) duoz Jdyng uerredrr Suimoroy ay ], :eyeq

"JOALL 9y} 0} SuIpeys

rewdy) sapraoad jey

I0A00 Adoued 94()G> dARY
QuO0Z Jojnq w ()] 10 ddUBISIp

"IOALI
oy} 03 SuIpeysS [RULIdY)
sap1aoad jey) 10400 Adoued

%08-0S 2ARY 9UO0Z I9]Jnq
w ()] IO 2Oue)SIp JYSIY

"IOALI
oy} 03 SuIpeyS [RULIdY)
sap1aoad jeyy 10400 Adoued

%08< 9ARY SUOZ I19JJnq
w ()] 10 2oue)SIp WYIIY

Y319y 294 [enudjod 18 921 Tenuajod 1S dUO 21 Tenuajod 1S duO IDA0D) uone}a3IA
QUO UIIIM SQIIYS Pue SAI], UM SQNIYS PUe SAI], UM SQNIYS PUe SAI], Adoye) uonipuo) ueLedry
uonIpuod sJ01edIpul | sa03edIpU|
MsIy 8|ge1daosoeun uonIpuoD Xsiy 1v uonipuod ayenbspy o13108ds ZEIELS) Aemyired

*103B21pUI 01J193ds ay) Jo Ajijeuonouny
A} 0) UOTIBDIPUI , QATJR[IL,, B SB WIBI) JUdWSSISSe ) Aq uodn paside a1om 10A09 Adoued uoned3aA uerredir 10J BLIAILIO AU, (RII91ID

(43A00 AdONVD) NOILIANOD :HO1VvOIANI




6¢

*JOJOWERIP [[BWS JO SI
QUOZ JoJJNq JJOW ()] 9y} SUO[L ISIXD S0P Jey} UONBIITIA JY) [[B JOAQ YSI[qeISd 0} U0Ne}dTIA 10§ saoejins ure[dpoory 1o Juowdo[oAdp
Jeq pajIWI] MOYS UOIII3S PAUIFU0d asay ], "(L00g ‘Sewoy]) [enudjod apeys yueq soonpax dexdus Jo juowdoeld pue uornejosoa

AU} JO [BAOWIAI O], ‘[OUURYD JO SUOIIIIS PAULFUOI A[[eIolI1Ie SUNBIIO 0) UONIPPE Ul QUOZ JAJJN(Q JAJOW ()| Y} Ul UONEBIAZIA [eInjeU A4}
pooe[dar oaey AemySiy pue peoijrer ay3 Jo waoy oy} ur syoeduwr oruagodoaypue ‘goear durd YA 1oddn oyp up renuajod jusunmiodr
AMT 10J 1030oe] B SI pue weans y) 03 Surpeys sapraoid 10400 Adoue) - Isry 91qeidadoeun),, ue je 9q 03 pajaxdidgur st 10400 Adoue)
OAIeLIeN



oy

2unjerddwd) pue sanIsudp peos ‘sapdures 2109 [QINOIA ‘Biep paysiqndun ‘q00Z ‘SASN
‘uonedrunwwo)) [euosiad ‘00z ‘SASN
L00T Y2IBN 9210 uoseN J0J Arewwung [edr3ojorg yei( <) ‘sewoy],

‘8761 dun( ‘WOYNI0IS “BUNGIN
Pu099S ‘aInmonmg JINeIpAH I0J UOIRIJ0SSY [euoneuIdu] :31odsuer) peol-paq Joj e[nulo] ‘Sy61 < I[N Pue “H ‘I919J-10AN

‘d L€ ‘Y Tr-€0 1odoy suone3nsaAu] sa0Inosay
-I191e A\ ‘AoAIng [e0130]090) "S ) uojFulyseA ‘AJuno)) ue3oued( ‘UISBq JOATY MOYIIA Y} Ul SAZULBYIXD JOJeM-O0BLINS/IdjeM

-punoi3 pue ‘Ajjenb 19jem ‘SjudWIPIs pajeprjosuodun Ay} Jo AS0[0330IpAH ‘€00T [ ‘TouUSep pue A\ g 1s01q “dD ‘PeIuoy

‘d 01 ‘oyep] ‘astog “ouf ‘SISA[euyOlg :UONENSIUTWPY JOMOJ d[[Iaduuog Joj pasedard
‘syeyqey AIeinqu ur SI0JedIpul [RJUSWUOINIAUY/[eIISAYd JO SULIOIIUOW SSAUIANIIYH :S[090301d SULIOIUON ‘70T ‘13I0ID) pue uew|[IH

e [eul, ‘uiseq 99UJeUIA\ J0J UB[ANIOA\ MO[J WEANSU] UL I0J JIOMIWEL] UOISIIO( ‘€00 ‘SOIRIO0SSY pue Jop[oD)

'd 00 ‘UOIBUIYSBAN ‘QYIIBUIAN ‘[ JoquunN] JOLNSIT AN d1[qnd AUno)) Ue[py)) :Spaysiojem uegoueyQ
PUB ‘MO ‘1eNUH ‘QYIJBUIAN :JUDWISSISSE JeiIqey pue saroads onenby ‘g1 ‘(101ISIq AN d1qnd Ajuno)) ueRy)) andD)

'd go1 ‘Hoday
UONBZ1Id)OBIRY ) PAYSIABAN 109[01d Sunjuey PoySINEA JOATY UNBUIMN ‘€661 ‘(3OIISL UONBAIISUO)) AJUno)) ue[Ry)) dDDD

VM BrdwA[Q 1007 12quLAON
‘10day] [eUT “(S9SeurRIp WNYO0[0)) PUE WIS “Yonyo[nbg) Ajuno)) uejoy) urgim (O VI JO suoniod pue (G4 eIy AI0JudAU]
90IN0SY IJBA\) UISBQQNS AYIJBUIA\ ) 10 ‘SI0Ide,] Suniwiy jeyqey noiJ, [[ng pue ‘peay[adls ‘uow[es 100z - ‘m3seuopuy

S3ON3IY33d



It

(Tuny owoyA29/A03 BM A0 MMM //:dNY :931sqam A30[007 Jo Judunaedd(q uoidurysep ) FOAM

ApmiS [edIUYOQ ], 7 JBd A PeOT A[Ie(] WNWIXBIA
[€10 1, WIOJI[0)) T899 pue ‘Hd ‘Ud3AX() PAA[OSSI(T “QIne1ddd I, JOATY 9Y2IBUIMN ‘€00T ‘(A301007 Jo Juounteda( uoidurysepy) HOAM

Apmg peoT Areq
wnwixe [e10], snaoydsoyd pue ‘Hd ‘UdSAX() PIAJOSSI(] UIseq JOATY UNBUIMN ‘9007 ‘(A30[007 Jo Judunaeddq uojduryse ) HOAMN

ApmS peoT A[le(] WwnWIxeA [810 ], dInjerdduwd |, IOATY 99UIBUIA ‘G00T ‘A30[097 JO judunteddq uoiSuryse s

"0 x1pueddy ‘00z ‘13010 pue UeW[[IH
Ul :SWeans dpIS-1Sed 10J s10jedipul pue sAemyjed [eruomwuorAud/[ed1sAyd Jo XIneA ‘8661 (991AI0S AJIPIIA PUB USIH 'S N) SMASN

1S910,] RUOTIEN 99UJIBUIAN JOLNSI(J JOSUBY IYIIBUIAN BT ‘SISA[eUy PAYSIdBA\ YOI UOSEN ‘9661 ‘SASN



Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment
UWP DIZ-1

Personnel: PNRO Geologist E. Lyon, R. McAffee

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the
subreach is shown in figure 1.

Observations:
e The railroad grade disconnects the subreach at the upstream (Photograph 1) and
downstream ends, however a small culvert drains run off water into the main channel at
the downstream end (Photographs 9 and 10).
The subreach contains over and acre of wetlands (Photographs 2, 4 and 9).
e There is a total of about 775 feet of unimproved road and embankments within the
subreach (Photographs 5, 6 and 8).

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:
Habitat Access Physical Barriers Railroad grade
(mainstem)
Habitat elements Wetlands 1 Acre
Off-channel habitat Historic main & overflow channels
Refugia Accessible at higher flows from the
downstream end.
Channel condition and Floodplain connectivity Disconnected
floodplain dynamics
Watershed conditions Road Density & Location | 1.6 mi/0.2 mi®
(Floodplain)
Riparian corridor Small diameter/young seral stage,
23% disturbed.
Protection Area none
Total Area 7 Acres




Figure 1. Image showing the location of subreach UWP DIZ-1 and associated human
features, in addition to adjacent subreaches.

Photograph No. 1. View to the east of the of the historic channel bed cutoff by the

railroad grade. Upper White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by R. McAffee, May 2, 2007



Photograph No. 2. View to the southeast of an embankment that cuts across the

wetlands. Upper White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by R. McAffee, May 2, 2007

Photograph No. 3. View looking to the west (upstream) from atop an embankment

that traps run off water in the historic channel bed. upper white Pine Reach; Subreach DIZ-1,
Nason Creek - Wenatchee Subbasin, Washington. Reclamation Photograph by R. McAffee, May 2, 2007.



Photograph No. 4. View to the east from the top of an embankment of reunoff water

in the bed of the historic channel. Upper White Pine Reach; Subreach DIZ-1, Nason Creek -
Wenatchee Subbasin, Washington. Reclamation Photograph by R. McAffee, May 2, 2007.

Photograph No. 5. View to the north of the crest of the embankment across the

historic channel bed. Note the riprap on the downstream side only. Upper White Pine
Reach; Subreach DIZ-1, Nason Creek - Wenatchee Subbasin, Washington. Reclamation Photograph by R.
McAffee, May 2, 2007.



Photograph No. 6. View to the west of the wetlands in the historic channel bed along

the toe of the access road. Upper White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee
Subbasin, Washington. Reclamation Photograph by R. McAffee, May 2, 2007.

Photograph No. 7. View to the north of surface water draining into wetlands in the

historic channel bed. Upper White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee Subbasin,
Washington. Reclamation Photograph by R. McAffee, May 2, 2007.



Photograph No. 8. View to the south a road embankment across the historic channel
bed and 24-inch culvert that drains the surface water above the embankment. Upper
White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee Subbasin, Washington. Reclamation
Photograph by R. McAffee, May 2, 2007.

Photograph No. 9. View to the west of the wetlands located in the historic channel
bed. The wetlands pinch out against the railroad grade. Upper White Pine Reach; Subreach
DIZ-1, Nason Creek - Wenatchee Subbasin, Washington. Reclamation Photograph by R. McAffee, May 2,
2007.



Photograph No. 10. View to the east of the culvert that drains the wetlands located in

the historic channel bed to the main channel. Upper White Pine Reach; Subreach DIZ-1, Nason
Creek - Wenatchee Subbasin, Washington. Reclamation Photograph by R. McAffee, May 2, 2007.



UWP DOZ-1

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the

subreach is shown in figure 1.

Observations:

e 2,044 feet of hardened levee disconnects the subreach from the active channel
(Photographs 1, 2and 4).
e Additional human features include 1,515 feet of transmission line and 1,037 feet

of unimproved road.

e The subreach contains 5 acres of wetlands (Photographs 3 and 5).
e Impacts to vegetation from anthropogenic features total 2 acres or about 10
percent of the subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers Levee (Lateral)
(mainstem)

Habitat elements Wetlands 5 Acres
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Disconnected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

5 Acres

Total Area

20 Acres




Figure 1. Image showing the location of subreach UWP DOZ-1 and associated human
features, in addition to adjacent subreaches.

Photograph No. 1. View to the north of the levee and riprap that defines the left

bank. Upper White Pine Reach; Subreach DOZ-1, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by R. McAffee, May 2, 2007



Photograph No. 2. View to the north of the lower levee on the left bank. Upper White
Pine Reach; Subreach DOZ-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation
Photograph by R. McAffee, May 2, 2007

Photograph No. 3. View to the northeast of a wetlands area with return to river

blocked impeded by a beaver dam. Upper White Pine Reach; Subreach DOZ-1, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by E. Lyon, May 3, 2007.



Photograph No.4. View looking to the south from the floodplain at the levee on the

left bank. Upper White Pine Reach; Subreach DOZ-1, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.

Photograph No. 5. View to the east of a wetlands complex. N Upper White Pine Reach;
Subreach DOZ-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by
R. McAffee, May 3, 2007.



Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment
UWP DOZ-2

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the
subreach is shown in figure 1.

Observations:

o 2,442 feet of railroad grade. The railroad grade disconnects the subreach from the
adjacent active floodplain and prevents lateral migration of the active channel into
the subreach.

e Additional human features include a very small section of unimproved road.

e Impacts of the railroad to vegetation total about 1 acre or about 50 percent of the
subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:
Habitat Access Physical Barriers Railroad (Lateral)
(mainstem)
Habitat elements Wetlands None
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows
Channel condition and Floodplain connectivity Disconnected
floodplain dynamics
Watershed conditions Road Density & Location | 1.6 mi/0.2 mi*
(Floodplain)
Riparian corridor Small diameter/young seral stage,
23% disturbed.
Protection Area 0 Acres
Total Area 2 Acres




Figure 1. Image showing the location of subreach UWP DOZ-2 and associated
human features, in addition to adjacent subreaches.



UWP DOZ-3

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the

subreach is shown in figure 1.

Observations:

e 245 feet of Highway 2 disconnect the subreach from the adjacent active
floodplain and prevents lateral migration of the active channel into the subreach.

e Impacts of Highway 2 to the vegetation total about one-third of an acre or about
60 percent of the subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers U. S. Highway 2 (Lateral)
(mainstem)

Habitat elements Wetlands None
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Disconnected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

0 Acres

Total Area

0.5 Acres




Figure 1. Image showing the location of subreach UWP DOZ-3 and associated
human features, in addition to adjacent subreaches.



Wenatchee Subbasin, Washington

UWP DOZ-4

Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the
subreach is shown in figure 1.

Observations:

e The subreach is disconnected by 775 feet of U.S. highway 2.

e The subreach contains 0.4acres of wetlands (Photographs 1 and 2).

e A culvertis in place through the highway but it is thought to not be adequate for
passage (Photograph 3).

e Impacts of Highway 2 to vegetation total about 1 acre or about 33 percent of the

subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers U.S. Highway 2 (Lateral)
(mainstem)

Habitat elements Wetlands 0.4 Acres
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Disconnected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,

23% disturbed.

Protection Area

0.4 Acres

Total Area

3 Acres




Figure 1. Image showing the location of subreach UWP DOZ-4 and associated
human features, in addition to adjacent subreaches.

Photograph No. 1. View of the wetlands in the top of an oxbow on the north side of U. S.

Highway 2. Upper White Pine Reach; Subreach DOZ-4, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.



Photograph No. 2. View to the north of wetlands on the north side of U. S. Highway

2. Upper White Pine Reach; Subreach DOZ-4, Nason Creek - Wenatchee Subbasin, Washington. Bureau
of Reclamation Photograph by R. McAffee, May 3, 2007.

Photograph No. 3. View of the drain mechanism for the wetlands in an oxbow

on the north side of U.S. Highway 2. upper White Pine Reach; Subreach DOZ-4, Nason Creek
- Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.



UWP DOZ-5

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the

subreach is shown in figure 1.

Observations:

e 1,531 feet of railroad grade prevent lateral migration of the active channel into the
subreach and impound run off water (Photograph 1).

e There are culverts through the railroad grade and road, but they appear to be
designed to drain runoff water to the river (Photographs 2 and 3).

e Additional human features include 1,515 feet of transmission line and 1,037 feet

of unimproved road.

e Impacts from the anthropogenic features to the vegetation total about 5 acres or
about 55 percent of the subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers Railroad (Lateral)
(mainstem)

Habitat elements Wetlands None
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Disconnected

Woatershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

0 Acres

Total Area

9 Acres




Figure 1. Image showing the location of subreach UWP DOZ-5 and associated
human features, in addition to adjacent subreaches.

Photograph No.1. View looking to the west of impounded run off water along the south

side of the railroad grade. Upper White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 7, 2007.



Photograph No. 2. View of a culvert draining run off water from the south side of the

railroad grade to the main channel. Upper White Pine Reach; Subreach DIZ-1, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.

Photograph No.3. Culvert intake that drains the wetlands on the south side of the railroad
grade. Upper White Pine Reach; Subreach DIZ-1, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by R. McAffee, May 7, 2007.



Photograph No. 4 Culvert outfall draining to the river. Upper White Pine Reach; Subreach DIZ-1, Nason
Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 7, 2007.



UWP DOZ-6

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the

subreach is shown in figure 1.

Observations:

e 365 feet of Highway 2 disconnects the subreach from the adjacent active
floodplain and prevents lateral migration of the active channel into the subreach.
e Impacts of Highway 2 to the vegetation total about one-half of an acre or about 50

percent of the subreach

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers U.S. Highway 2 (Lateral)
(mainstem)

Habitat elements Wetlands None
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Disconnected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

0 Acres

Total Area

1 Acres




Figure 1. Image showing the location of subreach UWP DOZ-6 and associated
human features, in addition to adjacent subreaches.



Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment
UWP I1Z-1

Personnel: PNRO Geologist E. Lyon, R. McAffee and D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. Location of the subreach
and the photo points are shown in figure 1.

Observations:

e 400’ Riprap exists along both banks throughout much of the reach (Photographs 1, 2 and
9).

e 1 bridge for the railroad crosses the active channel at the top of the reach (Photograph 1)

e Much of the reach is a channelized section that placed the channel to the north of the
railroad grade along the right bank (Photographs 10-17).

e Substrate ranges from boulder to cobble.

e A culvert exists through the railroad grade along the right bank but was observed to not
provide passage to disconnected inner zone at base flow. (Photographs 21 and 22).

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:
Habitat Access Physical Barriers None
(mainstem)
Habitat elements Substrate Predominantly boulder and cobble
Large wood Very little
Channel units Predominantly Run
Channel condition and Bank Stability/Channel Local bank erosion, limited
floodplain dynamics Migration migration
Vertical Stability Local scour
Structures/bank 400’ of riprap
hardening 1 bridge
Watershed conditions Road Density & Location | 1.6 mi/0.2 mi*
(Floodplain)
Riparian corridor Small diameter/young seral stage,
23% disturbed.
Protection Area 0 Acres
Total Area 10 Acres




Figure 1. Image showing the location of subreach UWP 1Z-1 and associated human
features, in addition to adjacent subreaches.

Photograph No.1. View to the northeast (downstream) at riprap on the left bank and

the right railroad bridge abutments. Upper White Pine Reach; Subreach I1Z-1, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 2, 2007



Photograph No. 2. View to the southeast, looking upstream at talus boulders along

the right bank, riprap along the left bank and rapid channel units. Upper White Pine Reach;
Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R.
McAffee, May 2, 2007.

Photograph No.3. View to the Northwest looking downstream showing a large wood

complex along the right bank. Upper White Pine Reach; Subreach 12-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 2, 2007.



Photograph No. 4. View to the northeast of a large wood complex at the head of an

overflow channel running along the base of the railroad grade. Upper White Pine Reach;
Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R.

McAffee, May 2, 2007.

Photograph No.5. View is to the north-northwest looking at boulder and cobble

armoring along the left bank. upper white Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No.6. View is to the north looking downstream showing the boulder and

cobble armoring along the left bank and the boulder and cobble substrate. upper white
Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation
Photograph by D. Bennett 8/7/07.

Photograph No.7. View to the south looking upstream at the return of an overflow
channel. Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No0.8. View is to the northwest looking upstream at cobble and boulder

substrate in the main channel. Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No0.9. View is to the northeast looking downstream along main channel
showing cobble and boulder substrate, the railroad grade comprising the right bank and
step pool bed form. Upper White Pine Reach; Subreach 12-1, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 8. View to the northwest showing a large wood complex in the

overflow channel running along the toe of the railroad grade. Upper White Pine Reach;
Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R.

McAffee, May 2, 2007

Photograph No.9. View is to the north at bank profile site of left bank. Note the

boulders and small diameter vegetation. Upper White Pine Reach; Subreach 1Z-1, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No0.10. View is to the southwest looking upstream in main channel at

boulder substrate and step pool channel units. Upper White Pine Reach; Subreach 1Z-1, Nason
Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No.11. View is to the northeast looking downstream at boulder substrate

and step pool channel units. Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No.12. View is to the southeast looking at the boulder and cobbles

comprising the right bank. Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No0.13. View to the northwest of the riprap on the toe of the left bank. Upper
White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by R. McAffee, May 2, 2007.



Photograph No.14. View is to the east-northeast looking downstream of a long riffle

with boulder and cobble subtrate. Upper White Pine Reach; Subreach 1Z-1, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No0.15. View is to the east looking downstream at the channelized

section of the active channel. Upper White Pine Reach; Subreach I1Z-1, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No0.16. View is to the east looking downstream at the channelized

section. The railroad grade comprises the right bank. Upper White Pine Reach; Subreach 1Z-
1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett

8/7/07.

Photograph No.17. View to the northeast of the riprap and levee along the left bank
and the riprap at the toe of the railroad grade that defines the right bank. Upper White
Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation
Photograph by R. McAffee, May 2, 2007.



Photograph No.18. View to the north of large woody incorporated into the left bank

(railroad grade). Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by R. McAffee, May 2, 2007.

Photograph No0.19. View is to the north looking at minor local erosion on the left

bank. Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau
of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No0.20. View is to the north looking at subangular material in the left
bank. Upper White Pine Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau
of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No.21. View is to the south looking at the culvert on right bank that
drains the wetlands in DIZ-1, located to the south of the railroad grade. Upper White Pine
Reach; Subreach 1Z-1, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation
Photograph by D. Bennett 8/7/07.



Photograph No. 22. View to the southwest of the culvert that drains the wetlands in

DIZ-1, located behind the railroad grade. Upper White Pine Reach; Subreach 12-1, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.



UWP 1Z-2

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee and D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. Location of the subreach
and the photo points are shown in figure 1.

Observations:

e Human features in the subreach include a small section of sheet piling, two rock
spurs, and three cabled logs (Photographs 1 and 2, 16 and 17, 23 and 24) .

e Atotal of 725’ of riprap exists throughout the subreach. The riprap protects the
highway and railroad grade throughout the subreach

e Limited bank erosion was observed throughout the subreach (Photographs 7, 9,

14, 20 and 21).

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers None
(mainstem)

Habitat elements Substrate Predominantly gravel and cobble
Large wood 3 complexes

Channel units

Predominantly Run

Channel condition and
floodplain dynamics

Bank Stability/Channel
Migration

Local bank erosion, limited
migration

Vertical Stability

Local scour

Structures/bank 725’ of riprap
hardening 2 rock spurs
1 Sheet pilings
3 cabled logs
Watershed conditions Road Density & Location | 1.6 mi/0.2 mi®

(Floodplain)

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

10 Acres

Total Area

10 Acres




Figure 1. Image showing the location of subreach UWP 1Z-2 and associated
human features, in addition to adjacent subreaches.

Photograph No.1. View is to the east looking downstream at a transition in channel

units from run to riffle. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07



Photograph No.2. View to the east (downstream) of sheet pilings that protect the

power pole along the right bank. Upper White Pine Reach; Subreach 1Z-2, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 2, 2007.

Photograph No. 3. View is to the east looking downstream at riprap and sheetpiling

that protects the powerline along the right bank. Upper White Pine Reach; Subreach 1Z-2, Nason
Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No.4. Material located on gravel bar with gravelometer for scale. Upper
White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by R. McAffee, May 4, 2007.

Photograph No. 5. View is to the north looking at a wetlands outfall with a beaver

dam. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau
of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 6. View is to the east looking downstream at a channel unit

sequence of riffle to pool and a vegetated bar along the right bank. upper White Pine
Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation
Photograph by D. Bennett 8/7/07.

Photograph No. 7. View is to the north looking at subangular boulders along the toe

of the left bank. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 8. View of material located on a bar with gravelometer for scale.
Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by D. Bennett 8/7/07.

Photograph No. 9. View is to the southeast looking downstream at a channel unit
sequence of run-riffle-pool, and removed vegetation along the right bank within the

powerline right of way promoting local erosion. Upper White Pine Reach; Subreach 1Z-2, Nason
Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 10. View is to the north looking downstream at a gravel point bar
along the left bank and active wood recruitment with a large wood complex along the
right bank. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No. 11. View of a cabled log. Upper White Pine Reach; Subreach 1Z-2, Nason
Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 12. View of gravel on the bar with gravelometer for scale. Upper white
Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation

Photograph by R. McAffee, May 5, 2007.

Photograph No.13. View looking to the west (upstream) of a cobble and gravel point

bar on the left bank and the powerline right of way next to the active channel. upper
White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by R. McAffee, May 3, 2007.



Photograph No. 14. View looking to the west, across the channel to the eroding right

bank comprised of mostly silt and sand. Upper White Pine Reach; Subreach 12-2, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.

Photograph No. 15. View to the northeast (downstream) of a cobble and gravel point

bar on the left bank and riprap along the toe of the road base in the bankground. upper
White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by R. McAffee, May 3, 2007.



Photograph No. 16. View is to the northeast looking downstream showing riprap

along the left bank with two rock spurs into channel. Upper White Pine Reach; Subreach 1Z-2,
Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No. 17. View is to the east looking downstream at riprap that protects
the highway along the left bank and a gravel point bar along the right bank. Upper White
Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation
Photograph by D. Bennett 8/7/07.



Photograph No. 18. View to the south from the road at channel spanning large wood
complex and gravel point bar along the right bank. Upper White Pine Reach; Subreach 12-2,
Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May
3, 2007.

Photograph No. 19. View is to the south looking downstream at channel spanning

large wood complex with sand and deposits along the right bank. Upper White Pine Reach;
Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D.
Bennett 8/7/07.



Photograph No. 20. View is to the south of local erosion along the right bank. Note
the small diameter vegetation. Upper White Pine Reach; Subreach 12-2, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No. 21. View is to the east looking downstream at a gravel point bar
along the left bank and local erosion along the right bank. The visible channel unit
sequence is run-riffle-pool. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 22. View is to the north looking downstream showing gravel and
cobble substrate, a large cedar on the left bank and riprap in the back ground along the
base of the highway. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.

Photograph No. 23. View is to the east looking downstream at riprap that protects
the highway and a cabled log along the left bank. The visible channel unit sequence is
riffle to pool. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No.24. View to the west of riprap along the toe of the road embankment

on the left bank of the river. Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.

Photograph No.25. View to the south (upstream) of incorporated large woodand

active erosion along the right bank. Upper White Pine Reach; Subreach 1Z-2, Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.



Photograph No0.26. View of material located on a bar with gravelometer for scale.
Upper White Pine Reach; Subreach 1Z-2, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by D. Bennett 8/7/07.



UWP 1Z-3

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee and D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. Location of the subreach
and the photo points are shown in figure 1.

Observations:

e 1,430 linear feet of riprap is located along the left bank and protects the highway.
Channel migration is limited by U.S. Highway 2 along the left bank (Photographs

1-8, 10-13).

e Other impacts include a transmission line crossing at the upstream section of the

reach

e Substrate is fairly uniform and very little complexity is present (Photographs 2

and 3).

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers None
(mainstem)

Habitat elements Substrate Gravel and cobble
Large wood Very low

Channel units

Predominantly Run

Channel condition and
floodplain dynamics

Bank Stability/Channel
Migration

Limited migration

Vertical Stability

Local scour

Structures/bank
hardening

1,430’ of riprap

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

0 Acres

Total Area

4 Acres




Figure 1. Image showing the location of subreach UWP 1Z-3 and associated human
features, in addition to adjacent subreaches.

Photograph No. 1. View is to the southeast looking downstream at area where the

channel runs along the highway on the left bank. Upper White Pine Reach; Subreach 1Z-3,
Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 2. View is to the southeast looking downstream at a channel unit sequence of

riffle to run. Upper White Pine Reach; Subreach 1Z-3, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph byD. Bennett 8/7/07.

Photograph No. 3. View is to the southeast looking downstream at channel unit

consisting of a long run. Upper White Pine Reach; Subreach 1Z-3, Nason Creek - Wenatchee
Subbasin, Washington. Bureau of Reclamation Photograph byD. Bennett 8/7/07.



UWP 1Z-4

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee and D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. Location of the subreach
and the photo points are shown in figure 1.

Observations:

reach.

Vegetation along banks is most brush and willows (Photographs 1-8, 10-13).
Substrate is gravel and cobble (Photograph 9).
Partially vegetated bars were observed (Photographs 5, 10 & 12).

390 linear feet of riprap is located along the left bank at the top and bottom of the

e Additional human features included one cabled log, one boulder cluster, and two
transmission line crossings in the downstream end of the reach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers None
(mainstem)

Habitat elements Substrate Gravel & Cobble
Large wood Very low

Channel units

Predominantly Run

Channel condition and

Bank Stability/Channel

Local bank erosion, Limited

floodplain dynamics Migration migration
Vertical Stability Local scour
Structures/bank 1 Cabled log
hardening 1 boulder cluster

390’ of riprap

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

0 Acres

Total Area

7 Acres




Figure 1. Image showing the location of subreach UWP 1Z-4 and associated human
features, in addition to adjacent subreaches.

Photograph No.1. View to the northwest (upstream) of the vegetated banks at the

boundary if UWP 1Z-3 and 1Z-4. Upper White Pine Reach; Subreach 1Z-4, Nason Creek - Wenatchee
Subbasin, Washington. Reclamation Photograph by R. McAffee, May 3, 2007.



Photograph No.2. View to the southeast (downstream) of a cabled log and riprap on

the left bank at the upstream end of subreach. Upper White Pine Reach; Subreach 1Z-4 Nason
Creek - Wenatchee Subbasin, Washington. Reclamation Photograph by R. McAffee, May 3, 2007.

Photograph No.3. View to the west showing large boulders in the channel at the top
of the subreach. Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington.Reclamation
Photograph by R. McAffee, May 3, 2007.



Photograph No. 4. View is to the north looking upstream at a long run in the upstream

end of the subreach. Upper White Pine Reach; Subreach 1Z-4 Nason Creek - Wenatchee Subbasin,
Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07

Photograph No. 5. View is to the south looking downstream at a transition of channel

units from run to riffle and small vegetation on bars. Upper White Pine Reach; Subreach 1Z-4
Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07.



Photograph No. 6. View is to the south looking downstream at a cobble and gravel

point bar on the left bank and an actively eroding right bank. upper White Pine Reach;
Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D.
Bennett 8/7/07

Photograph No. 7. View is to the east looking downstream at cobble and gravel bars

with runs, riffles and pool channel units. Upper White Pine Reach; Subreach 1Z-4 Nason Creek -
Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D. Bennett 8/7/07



Photograph No. 8. View looking upstream to the northwest of gravel bar along the left bank

and large woody debris being recruited from the right bank. Upper White Pine Reach; Subreach 1Z-4
Nason Creek - Wenatchee Subbasin, Washington. Reclamation Photograph by R. McAffee, May 7, 2007.

Photograph No. 9. View of material on bar with gravelometer for scale. Upper White Pine
Reach; Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph
by D. Bennett 8/7/07



Photograph No. 10. View is to the west looking upstream at a riffle-pool-run sequence

of channel units ans a slightly vegetated bar along the left of the channel. Upper White Pine
Reach; Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph

by D. Bennett 8/7/07

Photograph No. 11. View is to the east looking downstream at a cobble and fravel bar
along the left bank and riffle to pool sequence of channel units. Upper White Pine Reach;
Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph by D.
Bennett 8/7/07



Photograph No. 12. View is to the north looking downstream of a gravel and cobble

bar along the left bank and a channel unit sequence of run-riffle-pool. Upper White Pine
Reach; Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington. Bureau of Reclamation Photograph

by D. Bennett 8/7/07

Photograph No. 13. View is to the southeast looking at bank profile site on right bank.
Upper White Pine Reach; Subreach 1Z-4 Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by D. Bennett 8/7/07



UWP OZ-1

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the

subreach is shown in figure 1.

Observations:

e Human features include about 2,363 feet of transmission line, 72 feet of riprap
that protects the power line, and 320 feet of unimproved road.

e The total acres of disturbed vegetation associated with the anthropogenic features
listed above plus additional clearing for development are 2.5 acres or about 5
percent of the total subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers Connected
(mainstem)

Habitat elements Wetlands none
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Connected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

47 Acres

Total Area

47 Acres




Figure 1. Image showing the location of subreach UWP OZ-1 and associated
human features, in addition to adjacent subreaches.



UWP OZ-2

Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the

subreach is shown in figure 1.

Observations:

e Historic roads were observed but the vegetation has grown over them.
e Currently, there are no disturbances to vegetation within this subreach.

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers None
(mainstem)

Habitat elements Wetlands None
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Connected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,
23% disturbed.

Protection Area

1 Acre

Total Area

1 Acre




Figure 1. Image showing the location of subreach UWP OZ-2 and associated
human features, in addition to adjacent subreaches.



Wenatchee Subbasin, Washington
Nason Creek Initial Site Assessment

UWP DOZ-3

Personnel: PNRO Geologist E. Lyon, R. McAffee, D. Bennett

Purpose: Photo graphic documentation of baseline conditions and geologic mapping of
anthropogenic features associated with floodplain connectivity. The location of the
subreach is shown in figure 1.

Observations:

e Human features are limited to 284 of transmission line.

e Acres of disturbed vegetation associated with the transmission line are about one-
third of an acre or about 2 percent of the total subreach.

e Less than an acre of wetlands exists, and drains into the main channel

(Photograph 2)

Summary Table: Features used in the Reach-based Ecosystem Indicators (REI)

Pathway: Indicator: Feature:

Habitat Access Physical Barriers Railroad grade
(mainstem)

Habitat elements Wetlands 0.3 Acres
Off-channel habitat Historic overflow channels
Refugia Inundated at higher flows

Channel condition and
floodplain dynamics

Floodplain connectivity

Connected

Watershed conditions

Road Density & Location
(Floodplain)

1.6 mi/0.2 mi®

Riparian corridor

Small diameter/young seral stage,

23% disturbed.

Protection Area

3 Acres

Total Area

3 Acres




Figure 1. Image showing the location of subreach UWP DOZ-3 and associated
human features, in addition to adjacent subreaches.

Photograph No. 1. View to the west of wetlands along the toe of the road on the

south side. Upper White Pine Reach; Subreach OZ-3, Nason Creek - Wenatchee Subbasin, Washington.
Bureau of Reclamation Photograph by R. McAffee, May 3, 2007.



Photograph No. 2. View to the northwest of a wetlands outlet into the active channel.
Upper White Pine Reach; Subreach OZ-3, Nason Creek - Wenatchee Subbasin, Washington. Bureau of
Reclamation Photograph by R. McAffee, May 3, 2007.



NASON CREEK STREAM SURVEY DATA SUMMARY
Bend at RM 4.56 to Railroad Bridge at RM 14.20
09-17-07 to 09-19-07 AND 09-26-07 to 09-27-07

Reach 1 | Reach2 | Reach 3 | Reach4 | Reach 5 | Total
Reach Mileage Boundaries (BOR RM 4.56 | RM 8.90 | RM 9.42 | RM11.75 | RM13.37 | RM 4.56
maps) t08.90 | t109.42 | to11.75 | 1013.37 | 1014.20 | t0 14.20
Reach Length (BOR maps) 4.34 0.52 2.33 1.62 0.83 9.64
Reach Length (measured miles) 4.37 0.56 2.42 1.70 0.88 9.93
Average Wetted Width: 61’ 54’ 55’ 47’ 43 55’
Average Thalweg Depth (riffles): 1.32° 1.25’ 1.0 1.08’ 1.46° 1.25’°
Average Thalweg Depth (runs): 1.55’ 1.40° 1.16° 1.25° 1.43’ 1.38’
Habitat Area:
% Pool 28.6% 54.3% 69.8% 72.6% 36.0% 46.9%
% Riffle 57.5% 35.1% 21.6% 22.3% 48.8% 41.8%
% Runs (non-turbulent riffles) 12.4% 10.6% 7.4% 4.6% 13.8% 10.1%
% Side Channel 1.5% - 1.2% 0.5% 1.4% 1.2%
Pools:
Pools per Mile 8.0 10.6 17.4 15.3 5.7 10.6
Pools > 3’ deep per mile 6.9 7.1 11.6 14.1 3.4 9.0
Total # of Pools > 1 meter deep 23 3 21 23 3 73
Pools > 1 meter deep per mile 5.2 5.3 8.7 13.5 3.4 7.4
Pools > 4’ deep per mile 3.2 5.3 7.4 11.7 1.1 5.6
Pools > 5’ deep per mile 1.8 0 4.5 5.3 1.1 2.9
Avg. Pool Maximum Depth 4.1° 3.5’ 4.2’ 4.6° 3.8’ 4.1
Avg. Pool Residual depth 2.9’ 2.4° 3.4’ 3.6’ 2.3’ 3.1’
Riffle to Pool Ratio 244t01 /1 084t01 | 042t01|037t01|1.74t01 |1.11to1
Large Wood per Mile:
Small (>20’ Long, > 6 diameter) 18.1 30.1 21.9 37.6 26.2 23.8
Medium (>35’Long, 12-20” diam.) 8.7 8.8 10.3 12.3 9.1 9.8
Large (>35” Long, >20” diameter) 1.8 1.8 5.4 13.5 5.7 5.0
Total Large and Medium (>35’ L) 10.5 10.6 15.7 25.8 14.8 14.8
Bank Erosion:
Total Bank Erosion (both banks) 3,100° 400’ 2,585’ 695 0’ 6,780’
Linear Length per Mile 710° 708’ 1,068’ 408’ 0’ 682’
% Eroding Banks (both banks) 6.7% 6.7% 10.1% 3.9% 0% 6.5%
Bankfull Data:"
-# Bankfull Measurements in Reach 7 2 3 3 2
-Avg. Bankfull Width 95’ 75’ 99’ 78’ 47’
-Avg. Bankfull Depth (avg. of 7 2.15° 2.85’ 2.07° 2.16’ 2.59’
measurements per bankfull width)
-Avg. W/D Ratio 44.0 27.3 47.7 36.0 18.1
-Avg. Entrenchment ratio® 2.38 1.20 4.55 1.55 1.20




Nason Creek Survey Datapage2 | Reach1l | Reach2 | Reach 3 | Reach4 | Reach5 | Total
Sinuosity (estimated from maps) >1.30 1.05 1.20 1.30 1.15
Gradient (estimated) 1% 1% <05% | <0.5% 1%

Substrate (Pebble Count Data):
-# of Pebble Counts in Reach 2 1 1 1 1
-% Surface Fines <6 mm 13% 11% 11% 19% 7%
-D35 71 45 32 40 118
-D50 123 103 47 58 171
-D84 311 325 84 126 415
Substrate % (Ocular Estimate)
% Sand 10% 10% 10% 15% 15%
% Gravel 25% 30% 57% 35% 15%
% Cobble 40% 35% 30% 35% 40%
% Boulder 25% 25% 3% (rip- 15% 30%
rap) (incl. rr) | (inclrr)
Primary Rosgen Channel Types in C3, F3 F3 C4,F4 | F3,B3c F3
Reach:
# of Chinook Salmon Redds 17 12 17 8 0 54
# Chinook Salmon Redds per mile 3.9 21.4 7.0 4.7 0 5.4

'Rough estimate, two to seven bankfull measurements were taken per reach.
“Floodprone width divided by bankfull width.




NASON CREEK POOL QUALITY BY AREA

September 2007 Survey
River Length Description of Stream Segment Pools per | Pools > 5’ Deep | Residual | LWD per Assessment
Mileage (Miles) Mile per Mile Depth | mile (pools)*
46t05.3 0.70 Sinuous, bar formation, well-vegetated 12.8 2.85 2.4° 19, 5, 9 | Atrisk due to lack
of wood.
5.3t05.75 0.45 | Straight channel, few bars, road above 4.4 0 1.7 45, 0, 0 | Atunacceptable
right bank risk
5.75t07.75 2.00 Sinuous, largely unconfined, some bar 6.0 1.5 3.3 36, 25, 0 | Atrisk
formation, ends at end of BOR subreach
7.751t08.9 1.15 | Very sinuous, well vegetated, ends at 10.4 2.6 3.0° 8 3, 0 | Atrisk due to lack
reachbreak. ’ of wood.
8.9t09.42 0.52 Confined, straight, away from road and 10.6 0 2.4° 31, 9 0 |Atrisk.
railroad, ends at reachbreak.
9.421010.2 0.78 Straight channel is locked against right 115 1.3 2.4 12, 10, 0 | Atunacceptable
back (railroad grade on right bank) risk due to lack of
cover (lacks wood).
10.2t0 10.6 0.40 Sinuous, unconfined, large bars. 20.0 125 4.3’ 20, 12, 5 | Adequate, lots of
deep pool habitat.
10.6t0 11.0 0.40 Straight channel is locked against right 10.0 2.5 3.1 18, 4, 0 | Atunacceptable
bank (railroad grade on right bank) risk, lack of wood.
11.0to 11.35 0.35 Sinuous, unconfined, large bars, large 20.0 8.5 3.5’ 68. 38,28 | Adequate, lots of
log jam in channel. wood, deep pools.
11.35t011.7 0.35 | Straight channel locked against R bank. 14.2 0 1.9° £ 0, 5 |Unacceptable risk
11.7t0 12.8 1.10 Moderately sinuous, well-vegetated, 154 7.3 3.8 2, 5, 8 | Atrisk due to lack
deep channel, starts just below town of of large wood.
Meritt. Deep pools from constrictions.
12.81t0 13.3 0.50 | Sinuous, moderately confined, bars. 20.0 4.0 3.2’ 59,19,24 | Adequate
13.3t0 14.25 0.95 Straight, confined, altered channel. 5.7 1.1 2.3 17, 6, 3 | Unacceptable risk
Total 9.65 10.6 2.9 3.1 26, 11, 6 | AtRisk

'Small, medium, and large size class, respectively, in table. Calculation is large wood per mile of pool habitat.
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NASON CREEK HABITAT SURVEY REPORT
RM 4.6 to RM 14.2
September 2007

Methodology and Objectives: A modified Hankin-Reeves Level Il habitat survey (USDA Forest
Service Stream Inventory Handbook, 2006, Version 2.6, Pacific Northwest Region) was conducted on
a 9.6 mile segment of Nason Creek located between a major bend in the creek at RM 4.6 and the
railroad bridge crossing at RM 14.2. The survey was conducted to help determine fish habitat quantity
and quality in the surveyed area. The surveyed stream area was broken into five segments, two located
above the bridge crossing at RM 9.4 and three located below the bridge (the bridge crossing is about
0.1 miles below the Highway 2 bridge crossing). Floodprone widths were measured at each bankfull
width sampling site.

-Reach 1: A 4.3 mile segment of creek located from a major bend in the creek at RM 4.6 to
where the channel becomes constricted at RM 8.9 (BOR Reach NC1).

-Reach 2: A 0.5 mile segment in a naturally constricted area of the creek located between RM
8.9 and a bridge crossing located 0.1 miles below the Highway 2 bridge crossing (BOR Reach NC2).

-Reach 3: A 2.3 mile segment of the creek located from the bridge crossing at RM 9.4 to where
the creek is constricted at RM 11.8 (just below the town of Merritt).

-Reach 4. From RM 11.8 to where the creek has been channelilzed to protect the railroad (river
right bank) and power lines (left bank) at RM 13.4.

-Reach 5: From RM 13.4 to the railroad bridge crossing at RM 14.2.

Reaches 3 to 5 comprise BOR Reach NC3.

Habitat data was collected and compared in the five surveyed stream segment areas.

Data Attributes: The following data attributes were collected during the habitat survey conducted
from September 17 and September 19, and on September 26 and September 27.

e Stream Habitat Type: Habitat in the main channel and all the wetted side channels was
broken into 4 main habitat unit types; riffles, pools, runs (glides), and side channels. The % habitat
type was compared in the three surveyed stream segments. Run (glide) habitat measured in the survey
is non-turbulent riffle habitat (very low gradient slower moving riffles with little surface turbulence).
The long tail-outs in the glide pools in Nason Creek were included as pool habitat.

eHabitat Area: The length and wetted width of all habitat units were measured. The % area
(square footage) of all 4 habitat unit types was calculated.

ePools: Pools were counted and pools per mile were calculated. The average maximum depth
and average residual depth (max depth minus pool crest) were calculated. Pool data was compared in
the surveyed stream segments between reaches and to similar Okanogan Wenatchee National Forest
data sets when available and appropriate.

eRiffles and Runs: Habitat dimensions, average thalweg depth, and maximum thalweg depth
in riffles and runs were measured.

el arge woody debris: Pieces of large wood that intersected the bankfull channel width were
counted in three size categories; small (> 20* long with a diameter of at least 6”’), medium (> 35’ long
with a diameter between 12” and 20”), and large (> 35’ long with a diameter greater than 20”).

eBank Erosion: The linear distance of eroding banks above the bankfull width was measured
and compared by stream segment (bank erosion per mile, % eroding banks).

2



eSubstrate: Wolman pebble counts were conducted in each reach. Substrate composition was
visually estimated in every habitat unit in 5 size categories (sand, gravel, cobble, boulder, bedrock)
based on size categories from Wolman pebble counts.

eChinook salmon redds: The number of spring Chinook salmon redds in the channel were
counted during the survey.

eBankfull width/depth measurements were taken in each surveyed stream segment. A total of
17 bankfull width/depth measurements and floodprone width measurements were taken during the
survey at about %2 mile intervals (approximate). The floodprone area was defined based on survey
protocol (floodprone area is the elevation calculated at two times the maximum bankfull depth in each
bankfull channel cross-section). Floodprone width measurements are compared to the low surface
elevations estimated by the BOR in the reach summary segment of this report.

Stream Flow: The Washington State Department of Ecology operates a stream flow monitoring
station at the mouth of Nason Creek. Stream flow from the gage measured 37 to 38 cfs on September
26 and 27, during the time of the survey. Stream flow in the Wenatchee River at a site located between
Lake Wenatchee and Nason Creek measured 166 to 183 cfs on the same dates (Washington State
Department of Ecology gage station 45A240 data, from the State DOE website).

Fish Distribution: Fish distribution surveys were not conducted in the survey area.



NASON CREEK HABITAT ASSESSMENT OVERVIEW

Although some high quality fish habitat currently exists in the surveyed segment of Nason Creek (i.e.
RM 9.2-9.3, RM 11.1-11.4, RM 12.8-13.3), past human activities appear to have greatly simplified the
stream segment that we surveyed. The railroad bed, Highway 2 and the power line right of way have
disconnected much of the stream from its floodplain. As a result, very little off-channel habitat exists for
rearing fish. At low flow, only about 1% of the habitat area in the surveyed segment of Nason Creek
consists of side channels and off-channel habitat. Nason Creek is not properly functioning for off-channel
habitat under USFWS Matrix of Pathways and Indicators (MPI), which was developed as a guide to help
action and regulatory agencies (USFS, BLM, USFWS, NMFS)to standardize habitat quality determinations
(USFWS, 1998).

In addition to providing rearing habitat for juveniles and holding habitat for adult salmonids, large wood
sorts sediment and creates spawning gravels, channel complexity and dissipates stream energy, The
construction and maintenance of the railroad bed, highway and power lines has straightened the stream
channel, reducing the sinuosity and total stream length (BOR, 2007). The resulting simplified and
constrained channel appears to have reduced both the amount of large wood in the channel and the future
recruitment potential for large wood from the riparian corridor. The lack of wood has reduced both the
quality and quantity of salmonid habitat in the main channel. Juvenile fish were most typically observed in
close proximity to the few log jams that currently exist in the surveyed segment of Nason Creek. Spring
Chinook salmon redds were also typically in close proximity to large pieces of wood in the channel (see
details in reach summaries found later in this report). Fifteen pieces of wood per mile greater than 35’ long
with a diameter of at least 12” were counted in the surveyed segment of Nason Creek. Much of the wood
was found along the channel margins and on bars. The MPI standards for large wood calls for a minimum
of 20 pieces per mile greater than 35’ long with a diameter of at least 12" for properly functioning habitat,
with adequate sources of woody debris recruitment in riparian areas. Nason Creek is not functioning
properly for large wood. Relatively “unimpacted” stream segments that are comparable to Nason Creek
have LWD amounts that range from 19 pieces per mile to 70 pieces per mile (Appendix A on page 22).

Although pool habitat is abundant as a percentage of total habitat area in much of the surveyed
segment of Nason Creek, channel constriction and the lack of wood in the channel appears to have reduced
pool quality. About 10.6 pools per mile were counted, which is below the pool frequency standard in the
MPI, but within the low range (10-24.6 pools per mile, see Appendix A) of similar stream segments that are
considered to be relatively healthy (not impacted by management activities). Although most pools counted
as part of our data set in Nason Creek are greater than 1 meter deep, holding pools for migratory spring
Chinook are typically at least five feet deep and associated with wood and or bedrock. Although we
completed surveys after the Nason Creek spring Chinook spawned in 2007 and therefore did not see
holding adult salmon, we did observe most Chinook redds at the tail-outs and in proximity to deeper pools
(5” or >). About three pools per mile in Nason Creek were deeper than five feet, likely below historic
levels found before European development began in the late 1800°s. In addition to needed cover, the deep
pools may provide thermal refuge to a stream that likely has elevated water temperatures due to a lack of
shade. Nason Creek is functioning at risk for pool quality.

Cobble and gravel are the dominant substrate types we documented in the surveyed reach, which in
proper relation to other habitat elements, provides preferred spawning substrate for anadromous fish. In
the channeled segment of the creek between RM 13.4 and 14.1, substrate was > than the cobble size class.
Substrate embeddedness did not appear to be excessive in our ocular estimates, as very little of the
substrate was judged by surveyors to be embedded. Fine sediments appeared to be a problem only in a few
areas in Nason Creek (see attached reach summaries for details). The MPI has a properly functioning
standard for fine sediments in spawning gravel (<12% fines < 0.85 mm), which is measured by using
McNeil Core sampling. Surface fine sediments were measured during the survey by conducting 6 Wolman
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pebble counts, spaced throughout the survey. The MPI standard for an appropriately functioning stream is
< 12% surface fines < 6 mm. Surface fine sediments < 6 mm averaged about 12% in the six Wolman
pebble counts, with a range of 7% to 19% surface fine sediments < 6 mm. Nason Creek appears to be
properly functioning for substrate and fine sediments in most of the surveyed segment of the stream.

About 6.5% of the stream-banks are actively eroding, below the 10% threshold in The MPI (streams
with > 90% stable banks are considered properly functioning in the Matrix). Although bank erosion is
caused by constrictions in the channel from the highway and railroad bridge and by the removal of
vegetation to maintain the power line right of way, the human caused erosion is offset by the large amount
of rip-rap on the banks in areas where natural bank erosion would be occurring (in the outer bends of the
creek).

No physical barriers to upstream or downstream fish migration were observed in the surveyed segment
of Nason Creek.

The habitat attributes measured in the survey and briefly discussed in this overview are presented in
greater detail in the reach summaries on the following 13 pages of the report. A statistical summary by
reach is found on pages 19-20 of this report.



1. HABITAT ASSESSMENT: NASON CREK REACH 1 (BOR Reach NC1)
From a major bend at RM 4.6 to where the creek becomes constricted at RM 8.9

Summary of Habitat Data:

eReach Description: This 4.3 mile reach is a somewhat sinuous, low gradient (1%) channel
segment comprised mainly of riffles and runs. U.S. Highway 2 parallels the right bank of the creek
throughout the entire reach. The road has cut off the creek from its floodplain in some segments of the
reach. Some stream segments within the reach are unconfined (Rosgen C3 channel type). There are both
naturally confined stream segments within the reach and areas that have been confined by the road and
occasionally, the BPA power line (Rosgen F3 channel type, with a small segment of F4 low gradient
contained channel type at the end of the reach).

eHabitat Area: The habitat area in the reach is about 159,000 square yards (36,400 square yards
per mile), consisting of about 70% riffle and run habitat, 28.5% pool habitat, and 1.5% side channel habitat.
(See page 19 for a summary of attributes by reach.).

el arge Wood: Large wood is very scarce in the 4.3 mile segment of stream, likely due in part to
past wood removal, U.S. Highway 2 and the power line construction . Flows have likely accelerated in the
reach due to the highway, which may increase the transport of wood. A total of 46 pieces of wood (10.5
pieces per mile) greater than 35’ long with a diameter of at least 12” were counted in the reach. Most of the
wood was found along the channel margins and on bars. Four log jams were observed in the reach. Log
jams at RM 5.3 and RM 7.0 are creating deep pools (the pool at RM 7 is estimated to be about 9’ deep).
Two log jams at RM 6.2 are creating side channels, which are scarce in the reach. The future recruitment
potential (several decades from now) for large wood is fair in this stream segment despite the highway,
houses and power lines, as the riparian area is often well forested with second growth conifers and
cottonwood trees.

ePool Habitat: The number of pools per mile is low, with about eight pools per mile counted in
the reach. Although some deep pool habitat exists in the reach, pools generally do not have cover and lack
complexity. A total of nine pools greater than five feet deep were observed in the reach (two per mile).
The number of five foot deep pools per mile is less than half of the deep pools observed above RM 9.4, due
mainly to the lower amount of wood in the channel below RM 9.4.

eRiffle Habitat: About 70% of the total habitat area consisted of riffles and runs. Hiding cover for
juveniles in the riffles was fair in the higher gradient riffles, with boulders and large cobble providing
pocket pools and cover. Hiding cover was poor in the riffles that did not have large substrate as there was
almost no large wood, the channel bottom was uniform and there was little overhead cover above the
stream surface. The average thalweg depth in the riffles was slightly above 1.3 feet, providing good
passage for fish migration.

eSide Channel and Off-Channel Habitat: Very little side channel and off-channel habitat exist
in the reach. About 1.5% of the total habitat area at low flow consists of side channel habitat, which is very
low for a (natural) C3 stream type. U.S. Highway 2 has cut off the creek from segments of its floodplain
along the right side of the channel. Rip-rap to protect houses and the power line has also reduced the
availability of the floodplain to the creek, although to a lesser degree than the highway. Some backwater
pools were observed in the reach, usually at the tops of pools at bends in the creek.

eFish Spawning Habitat: A total of 17 spring Chinook salmon redds were observed in the reach.
Eight of the redds were found in the upper half mile of the reach, which is lower gradient and gravel
dominated. No redds were observed in the lower mile of the reach, where substrate is generally too coarse
for spawning. Five redds were observed between RM 7.4 and RM 7.7. Pockets of good spawning habitat
exist within this area of the creek.

e Juvenile Salmonid Rearing Habitat: Fish rearing habitat is limited in the reach due to the lack
of off-channel habitat, lack of side channels, and lack of fish hiding cover (lack of wood). Salmonid
juveniles were observed in the two side channels at RM 6.2. Boulders in some areas of the reach and rip-
rap that is protecting U.S. Highway 2 are providing some hiding cover for rearing fish.
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eSubstrate and Fine Sediment: Two pebble counts were conducted in the reach. About 13% of
the substrate at the pebble counts sites consisted of fine sediments < 6 mm, which is considered functioning
at risk in the USFWS Matrix of Pathways and Indicators (12% to 20% surface fine sediments < 6 mm is
considered at risk; The MPI does not have a standard for surface fines). Substrate embeddedness did not
appear to be a problem in the reach, as very little of the coarse gravel/small cobble substrate was judged to
be embedded by surveyors. Fine sediment does not appear to be negatively affecting spawning habitat in
this reach.

eBank Erosion: About 7% of the banks are actively eroding in the reach. While about half of the
erosion appears to be naturally occurring, the remaining erosion is caused by the removal of vegetation for
the construction/maintenance of power line corridors, private property development (home construction,
and from the constriction of the channel due to the road.

eBankfull Data: A total of seven bankfull width measurements were taken in the reach. The
bankfull width averaged 95°, with a range of 82’ to 120°. The average width/depth ratio in the reach was
44:1. The floodprone width varied from 92’ (at the end of the reach) to greater than 500’ in the middle of
the reach. The lower five floodprone widths measured in the reach agree with the low surface elevations
estimated by the BOR (at RM 4.8, 5.4, 6.3, 7.1 and 7.5). The upper two floodprone widths we measured (at
RM 8.1 and 8.5) show a constricted channel, while BOR low surface elevations show that this segment of
the channel is mainly unconstricted. The average wetted width in the stream reach at low flow is about 60°.

eStream Temperatures: We did not install temperature monitors in Nason Creek during this
survey. The Wenatchee River Ranger District and the Washington Department of Ecology have recorded
extensive temperature data for several years. Summer temperatures typically exceed WDOE water quality
standards in the lowest flows during late summer. This may have occurred naturally prior to development
in low flow years because of natural conditions. We suspect channel alteration, harvest, and subsequent
channel adjustments have exacerbated natural temperature exceedences.

Nason Creek alongside Highway 2 in Reach 1



Bank erosion from power line crossing at RM 6.2

Pool habitat lacking complexity in Reach 1



Il. HABITAT ASSESSMENT: NASON CREK REACH 2 (BOR Reach NC2)
From where the creek becomes constricted at RM 8.9 to the bridge crossing at RM 9.4

Summary of Habitat Data:

eReach Description: This 0.5 mile reach is a straight, low gradient (1%) channel segment with
about equal amounts of pool and riffle habitat. The channel is naturally confined throughout the reach.
The reach is mainly a F3 channel type under Rosgen’s channel classification system, with a small amount
of F4 channel at the top of the reach.

eHabitat Area: The habitat area in the reach is about 18,000 square yards (32,000 square yards
per mile), consisting of about 54% pool habitat and 46% riffle and run habitat. There is no side channel
habitat in the reach.

el arge Wood: Large wood is very scarce in the 0.5 mile segment of stream, likely due both to
wood removal upstream for road and railroad construction and to the high energy, straight channel, which
is transporting wood downstream. About 10.6 pieces of wood per mile greater than 35” long with a
diameter of at least 12” counted in the reach (about the same as Reach 1). Smaller pieces of wood in this
reach (>20’, >6” diameter) were about 66% higher than in Reach 1. No log jams were found in the reach.
The recruitment potential for large wood is fair to good, with conifers found above both banks.

ePool Habitat: About 54% of the total habitat area in the main channel consisted of pools. Pool
habitat in the reach was more shallow than in the other four reaches, due mainly to the lack of wood in the
pools which deepens scour. About 10.5 pools per mile were counted in the reach, about 33% higher than in
Reach 1. The number of pools may be near natural levels in this reach, although pools lack complexity (no
wood). Pools were formed mainly at the bends in the creek and by the bridge at the end of the reach.
Boulders provide some hiding cover in pools in the lower half of the reach.

eRiffle Habitat: About 46% of the total habitat area in the main channel consisted of riffles.
Hiding cover in the riffles was fair in the higher gradient riffles found in the lower half of the reach, with
boulders and large cobble providing pocket pools and cover for fish. Hiding cover was poor in the riffles
that did not have large substrate as there was almost no large wood, the channel bottom was uniform and
there was little overhead cover above the stream. The average thalweg depth in the riffles was 1.25’,
providing good passage for fish migration.

eSide Channel and Off-Channel Habitat: No side channel habitat exists in the reach due to the
constricted channel. A large pond (human constructed, enhanced by beaver) above the left bank at the end
of the reach may not be accessible to fish, as the dam is four feet high. No other off-channel habitat exists
in the reach.

eFish Spawning Habitat: Excellent fish spawning habitat is found in the gravel-dominated upper
half of this reach. A total of 12 spring Chinook salmon redds were observed in the reach, all in the upper
half of the reach. The redds were located above a bedrock constriction in the middle of the reach.
Upwelling in the area of the bedrock may make this area attractive to spawning salmon. The 21.6 redds per
mile was by far the highest number of redds per mile in the surveyed segment of Nason Creek. Pools
greater than 450’ long and about 4.5” deep are found at the upper and lower end of the spawning area.

e Juvenile Salmonid Rearing Habitat: Fish rearing habitat is limited in the reach due to the lack
of off-channel habitat, lack of side channels, and lack of fish hiding cover (lack of wood). Some rearing
habitat exists among the boulders in the slower water in the lower half of the reach.

eSubstrate and Fine Sediment: Substrate consisted almost entirely of cobbles and gravels in the
upper half of the reach, ideal for anadromous fish spawning. Substrate was too coarse in the lower half of
the reach for anadromous fish spawning. One pebble count was conducted in the reach during the survey,
about half way through the reach, where the substrate size is transitioning from cobble dominated to gravel
dominated. Surface fine sediments were below the 12% threshold established by USFWS for good fish
habitat. Substrate embeddedness did not appear to be a problem in the reach, as very little of the coarse

| gravel/small cobble substrate was judged to be embedded by the surveyors.
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eBank Erosion: About 7% of the stream banks are actively eroding, about the same as Reach 1.
Nearly all of the bank erosion is from natural causes (bends in the constricted stream channel). Bank
erosion in the reach does not appear to be affecting spawning habitat.

eBankfull Data: Two bankfull width measurements were taken in the constricted reach. The
bankfull width averaged 75’ and the bankfull width/depth ratio averaged 27:1. The floodprone width was
only 90’, with steep slopes above both banks. Floodprone widths in the reach agree with the low surface
elevations estimated by the BOR that show that the reach is naturally constricted. The average low flow
wetted width is 54” in the reach.

eStream Temperatures: We did not install temperature monitors in Nason Creek during this
survey. The Wenatchee River Ranger District and the Washington Department of Ecology have recorded
extensive temperature data for several years. Summer temperatures typically exceed WDOE water quality
standards in the lowest flows during late summer. This may have occurred naturally prior to development
in low flow years. We suspect channel alteration, harvest, and subsequent channel adjustments have
exacerbated natural temperature exceedences.

eFish Passage: There are no fish passage barriers in the reach.

Spawning Habitat in the Upper Half of Reach 2
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I11. HABITAT ASSESSMENT: NASON CREK REACH 3
From the bridge crossing at RM 9.4 to where the creek becomes constricted at RM 11.75

Summary of Habitat Data:

eReach Description: This 2.35 mile reach is a moderately sinuous, very low gradient (< 0.5%)
channel segment comprised mainly of pools. U.S. Highway 2 parallels the left bank of the creek and the
railroad bed parallels the right bank of the creek throughout the entire reach. The railroad bed has cut off
the creek from its floodplain. Segments of the stream from RM 10.1 to 10.7 and from RM 11 to 11.5 are
unconfined and gravel dominated (Rosgen C4 channel type). The railroad bed, power line right of way and
(to a lesser extent) highway 2 has confined most of the channel throughout the rest of the reach. The
confined segments of the reach are an F4 Rosgen channel type.

eHabitat Area: The habitat area in the reach is about 79,000 square yards (32,500 square yards
per mile), consisting of about 29% riffle and run habitat, 70% pool habitat, and 1% side channel habitat.
(See page 19 for a summary of attributes by reach).

el arge Wood: Large wood is very scarce in the 2.35 mile segment of stream, likely due to the
past removal of wood from the stream for flood control and during the construction of Highway 2, the
railroad bed and the power lines. A total of 38 pieces of wood (15.7 pieces per mile) greater than 35’ long
with a diameter of at least 12” were counted in the reach. Almost half of this wood is found in a huge log
jam at a bend in the river at RM 11.2. About 8.7 pieces of large wood per mile is found in the rest of this
reach (without the jam), a very low amount of wood in such a low gradient, depositional stream segment.
Large pieces of wood have been cabled or placed in the channel to prevent bank erosion at RM 9.5 and RM
10.3. Chinook redds were observed in areas of the reach that had pieces of wood. The future recruitment
potential for large wood is very poor in this reach. Trees in the reach were harvested during the
construction of the railroad bed and power lines, and are cut down on a regular basis to prevent damage to
power lines and the railroad.

ePool Habitat: The number of pools per mile and the % pool habitat is higher in this reach than
any of the other reaches in the surveyed segment of Nason Creek. A total of 42 pools were counted (17.4
per mile). Although some deep pool habitat exists in the reach, pools generally do not have a lot of cover
and lack complexity (due mainly to the lack of wood). A total of 11 pools greater than five feet deep were
observed in the reach (4.5 pools per mile). Six of the 11 deep pools were formed by large wood.

eRiffle Habitat: About 29% of the total habitat area consisted of riffles and runs. Hiding cover in
the riffles was poor as there was almost no large wood, the channel bottom was uniform and there was little
overhead cover above the stream surface. The average thalweg depth in the riffles was about a foot deep,
and considered adequate for fish migration.

eSide Channel and Off-Channel Habitat: Very little side channel and off-channel habitat exist
in the reach as the railroad bed has cut off much of the floodplain on the south side of the creek. About
1.1% of the total habitat area at low flow consists of side channel habitat, which is very low for such a low
gradient channel. A wetted side channel/wetland on the north side of the creek at river mile 11.3 was
disconnected from the creek on both the upper and lower ends at low flow. A four foot berm at the mouth
of the side channel prevented connection to the main channel. Some backwater pools were observed in the
reach, usually at the tops of pools at bends in the creek.

eFish Spawning Habitat: A total of 17 spring Chinook salmon redds were observed in the reach
(7 per mile). Many of the redds were associated with pieces of large wood. Redds were observed in riffles
and at pool crests near pools that had good hiding cover from wood. This reach likely had historically high
numbers of spawning fish.

eJuvenile Salmonid Rearing Habitat: Fish rearing habitat is limited in the reach due to the lack
of off-channel habitat, lack of side channels, and lack of fish hiding cover (lack of wood). Salmonid
juveniles were observed in the pool under the huge log jam at RM 11.2. Hundreds of half inch long fish fry
(non-salmonid) were observed in a small side channel along the right bank at RM 10.3. The rip-rap
protecting the railroad bed may provide some cover for fish rearing.
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eSubstrate and Fine Sediment: One pebble count was conducted in the reach. About 11% of the
substrate at the pebble count site consisted of fine sediments < 6 mm, which is considered functioning
appropriately in USFWS Matrix of Pathways and Indicators (12% to 20% surface fine sediments < 6 mm is
considered at risk; the MP1 does not have a standard for surface fines). Substrate embeddedness did not
appear to be a problem in the reach, as very little of the coarse gravel/small cobble substrate was judged to
be embedded by surveyors. Fine sediment does not appear to be negatively affecting spawning habitat in
this reach.

eBank Erosion: The amount of bank erosion is highest in this reach, with about 10% of the banks
actively eroding in the reach. About 75% of the total bank erosion in the reach appeared to be naturally
occurring. The remaining 25% of the bank erosion appeared to have been caused by the removal of
vegetation for the construction of the railroad bed, houses and the power line right of way. Over 500’ of
meadow on the left bank of the creek is rapidly eroding above the huge log jam at RM 11.2. Large chunks
of sod are falling into the creek bed.

eBankfull Data: A total of 3 bankfull width measurements were taken in the reach. A bankfull
width of 87 feet and floodprone width of 100 feet was measured at RM 9.6, where the channel has been
constricted along the right bank by the railroad bed. The width/depth ratio at this location was about 45:1.
The other two bankfull widths were measured at RM 10.4 and RM 11.3, where the channel is unconfined.
The two bankfull widths averaged 105” wide, with a width/depth ratio of about 50:1. The floodprone width
was greater than 500 feet at both of the upper sites. Floodprone widths at the upper two bankfull sites in
the reach agree with the low surface elevations estimated by the BOR (channel is unconfined). BOR low
surface elevation data shows less confinement at RM 9.6 than we measured using the stream survey
protocol. The average wetted width in the stream reach at low flow is about 55’.

eStream Temperatures: We did not install temperature monitors in Nason Creek during this
survey. The Wenatchee River Ranger District and the Washington Department of Ecology have recorded
extensive temperature data for several years. Summer temperatures typically exceed WDOE water quality
standards in the lowest flows during late summer. This may have occurred naturally prior to development
in low flow years. We suspect channel alteration, harvest, and subsequent channel adjustments have
exacerbated natural temperature exceedences.

Nason Creek from top of Railroad Grade
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Cabled Logs in Pool at RM 10.3

Riffle Habitat in Reach 3
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1IV. HABITAT ASSESSMENT: NASON CREK REACH 4
From RM 11.75 to where the creek has been channeled at RM 13.4

Summary of Habitat Data:

eReach Description: This 1.6 mile reach is a moderately sinuous, low gradient (< 1%) channel
segment comprised mainly of pools. U.S. Highway 2 parallels the left bank of the creek and the railroad
bed parallels the right bank of the creek throughout the entire reach. While much of the channel in the
lower segment of the reach (below RM 12.5) is confined by human features, most of the upper channel
above RM 12.5 appears to_be moderately naturally confined, with an entrenchment ratio of about 1.65
(Rosgen B3c channel type).

eHabitat Area: The habitat area in the reach is about 47,000 square yards (27,700 square yards
per mile), consisting of about 27% riffle and run habitat, 72% pool habitat, and 1% side channel habitat.
(See table page 19 for a summary of attributes by reach.).

el arge Wood: Amounts of large wood were higher in this reach than in any other stream segment
within the surveyed area, with about 26 pieces per mile greater than 35’ long with a diameter of at least
12”. Wood is likely far below natural levels due to the past removal of wood from the stream for flood
control and during the construction of Highway 2, the railroad bed and the power lines. Two log jams were
observed in the channel in the reach, at RM 12.9 and RM 13.1. Both jams were at bends in the stream and
both jams created deep pool habitat. Four of the eight Chinook redds observed in the reach were near the
log jams. Although the future recruitment potential for large wood has been reduced in the reach by
Highway 2, houses and power lines, the future wood recruitment potential is greater than in Reach 3.

ePool Habitat: About 15 pools per mile were counted in the reach, higher than in any reach
except Reach 3, which had 17 pools per mile. Pools were deeper than in any other reach in the surveyed
stream segment, with an average maximum depth of 4.6’ and an average residual depth of 3.6” (max depth
minus depth at pool crest). Pool habitat generally lacked complexity below RM 12.8, but deep, complex
pool habitat was observed in a half mile segment of the reach located between RM 12.8 and RM 13.3. A
pool at least seven feet deep at RM 11.8 was formed at a stream bend and by rip-rap that protects houses
and the bridge that spans Nason Creek at the town of Merritt. An 800 foot long, six foot deep pool formed
by the constricted channel along Highway 2 (RM 12.4 to 12.6) lacked habitat complexity (no wood),
although boulders (rip-rap) and depth in segments of the pool provide rearing habitat. A total of nine pools
at least five feet deep were observed in the reach (5.3 pools per mile). Six of the nine pools were formed
by or deepened by large wood.

eRiffle Habitat: About 27% of the total habitat area consisted of riffles and runs. Hiding cover in
the riffles was generally poor as there was almost no large wood, the channel bottom was uniform and there
was little overhead cover above the stream surface. The average thalweg depth in the riffles was about 1.1
feet deep, adequate passage for fish migration.

eSide Channel and Off-Channel Habitat: Very little side channel and off-channel habitat exist
in the reach (at low flow), due both to human impacts (dikes, rip-rap, road fill) and to a naturally
constricted channel in the upper half of the reach. A large wetland complex formed by beaver dams above
the left bank at the end of the reach connects to the creek at higher flows. Much of this wetland complex
has been cut off from the creek below RM 13.3 by a large dike built to protect power lines. A small side
channel (3” wide) on the left bank at RM 12 could not be walked due to deep silt in the channel. The loose
silt substrate was measured at 2.6 feet deep! The side channel appears to be storing large amounts of fine
sediment and likely contributing to the higher fine sediment count in this reach.

eFish Spawning Habitat: A total of eight spring Chinook salmon redds were observed in the
reach (4.7 per mile). Four of the redds were near the two log jams in the reach. This reach likely had
historically high amounts of fish spawning.

eJuvenile Salmonid Rearing Habitat: Fish rearing habitat is limited in the reach due to the lack
of off-channel habitat, lack of side channels, and lack of fish hiding cover (lack of wood). Some good
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juvenile rearing habitat was observed in the pools formed by log jams and in the boulders (rip-rap) in the
lower half of the reach.

eSubstrate and Fine Sediment: One pebble count was conducted in the reach. About 19% of the
substrate at the pebble count site consisted of fine sediments < 6 mm, which is considered at risk in
USFWS Matrix of Pathways and Indicators (12% to 20% surface fine sediments < 6 mm is considered at
risk; the MPI does not have a standard for surface fines). Substrate embeddedness did not appear to be a
problem in the reach, as very little of the coarse gravel/small cobble substrate was judged to be embedded
by surveyors. Although fine sediment does not appear to be negatively affecting spawning habitat in this
reach, surface fine sediments are more abundant in this reach and could be more abundant in spawning
gravels.

eBank Erosion: The amount of bank erosion is low in this reach, with only 4% of the banks
actively eroding. Much of the banks in the reach are armored with rip-rap to protect U.S. Highway 2 and
houses at the town of Merritt.

eBankfull Data: A total of three bankfull width measurements were taken in the reach. The
bankfull width of 54 feet was measured in the lower segment of the reach (just above Merritt, next to
Highway 2). Bankfull widths of 87 feet and 93 feet were taken in the upper half of the reach. The
floodprone zone (elevation of two times the maximum bankfull depth), measured 142’ and 153’ in the
upper half of the reach. The width/depth ratio at the bankfull site just above Merritt was 19:1. The
width/depth ratio in the upper two sites averaged 48:1. Floodprone widths at the lower bankfull site (RM
12) and upper bankfull site (RM 13.2) in the reach agree with the low surface elevations estimated by the
BOR, channel is confined (lower site) and moderately confined (upper site). BOR low surface elevation
data shows less confinement at RM 12.7 than we measured using the stream survey protocol. The average
wetted width in the stream reach at low flow is about 47 feet, narrower than downstream reaches, mainly
due to channel constrictions.

eStream Temperatures: We did not install temperature monitors in Nason Creek during this
survey. The Wenatchee River Ranger District and the Washington Department of Ecology have recorded
extensive temperature data for several years. Summer temperatures typically exceed WDOE water quality
standards in the lowest flows during late summer. This may have occurred naturally prior to development
in low flow years. We suspect channel alteration, harvest, and subsequent channel adjustments have
exacerbated natural temperature exceedences.

eFish Passage: There are no fish passage barriers in the reach.
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Log jam and deep pool habitat in Reach 4

Pool formed by wood in Reach 4
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V. HABITAT ASSESSMENT: NASON CREK REACH 5
From RM 13.4 to Railroad Bridge Crossing at RM 14.2

Summary of Habitat Data:

eReach Description: This 0.8 mile reach is a straight, channeled segment of the stream comprised
mainly of riffles and one ¥ mile long pool. This segment of the creek was moved from its original stream
bed during construction of the railroad in the 1940s. The right bank consists of the railroad bed and the left
bank has been rip-rapped to protect power lines. Both banks of Nason Creek have been cut off from its
floodplain.

eHabitat Area: The habitat area in the reach is about 22,400 square yards (25,400 square yards
per mile), consisting of 63% riffle and run habitat, 36% pool habitat, and 1% side channel habitat. (See
table on page 19 for a summary of attributes by reach.).

el arge Wood: Large wood is nearly absent from the channel in the lower % miles of the reach.
A log jam at the top of the reach diverts flow into the one side channel in the reach (just above the
channeled segment of stream). Future wood recruitment potential from the adjacent riparian corridor is
poor due to the railroad grade and power lines. Wood delivered to the valley bottom from debris slides
likely would not reach the current channel because of revetments in much of this section.

ePool Habitat: Only three pools exist in the 0.8 miles of stream. A 1,350 foot long pool is found
near the beginning of the reach, formed by the constricted channel. Pool habitat quality is poor, with little
or no wood in the pools. No spawning gravel exists at the pool crests. This reach is not properly
functioning for pools or for wood.

eRiffle Habitat: About 63% of the total habitat area consisted of riffles and runs. Nearly the
entire reach above the 1,350 foot long pool consists of straight, deep riffle habitat. No spawning habitat
exists in the riffles. Hiding cover is limited due to rip-rap along the sides of the channel, and to boulders in
the upper half of the reach. The average thalweg depth in the riffles was about 1.5 feet deep (deepest in the
survey) due to the narrow channel width.

eSide Channel and Off-Channel Habitat: One side channel exists in the reach, formed by a log
jam on the right bank just below the railroad bridge. Juvenile salmonids were observed rearing in the pools
in the side channel at the time of the survey (two, 2 foot deep pools were seen in the side channel). A
wetland complex beyond the left bank of Nason Creek has been cut off from the creek by a dike built to
protect the power lines.

eFish Spawning Habitat: No spring Chinook salmon redds were observed in the reach. The
reach has very little, if any, spawning habitat.

e Juvenile Salmonid Rearing Habitat: Fish rearing habitat is limited in the reach due to the lack
of off-channel habitat, lack of side channels, and lack of fish hiding cover (lack of wood). Some rearing
habitat exists in the rip-rap along the channel margins in the lower half of the reach and among the pocket
pools created by boulders in the upper half of the reach.

eSubstrate and Fine Sediment: One pebble count was conducted, a little more than half way
through the reach. About 7% of the substrate at the pebble count site consisted of fine sediments < 6 mm.
Fine sediments in the higher gradient upper half of the reach are being transported and deposited in the long
pool at the bottom of the reach (and downstream reaches).

eBank Erosion: Both banks are hardened, which prevents erosion. No notable erosion was
observed in the reach.

eBankfull Data: Two bankfull width measurements were taken in the reach. The average of the
two bankfull width measurements was 47 feet; the average of the two width/depth measurements was 18:1.
The entrenchment ratio (floodprone width divided by bankfull width) was 1.20. Floodprone widths in the
reach agree with the low surface elevations estimated by the BOR that show that the reach is constricted.
The average wetted width in the stream reach at low flow is about 43 feet, narrower than downstream
reaches due to the constricted channel.
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eStream Temperatures: We did not install temperature monitors in Nason Creek during this
survey. The Wenatchee River Ranger District and the Washington Department of Ecology have recorded
extensive temperature data for several years. Summer temperatures typically exceed WDOE water quality
standards in the lowest flows during late summer. This may have occurred naturally prior to development
in low flow years. partly to natural conditions. We suspect channel alteration, harvest, and subsequent
channel adjustments have exacerbated natural temperature exceedences.

eFish Passage: There are no fish passage barriers in the reach.

eHabitat above the Railroad Bridge: The channel is constricted by bedrock and the road to the
bridge crossing several hundred feet upstream. The channel is higher gradient in this area; a series of step
pools was observed above the railroad bridge. No habitat was observed above the road crossing.

Nason Creek in channelized Reach 5
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NASON CREEK STREAM SURVEY DATA SUMMARY

Bend at RM 4.56 to Railroad Bridge at RM 14.20
09-17-07 to 09-19-07 AND 09-26-07 to 09-27-07

Reach 1 | Reach2 | Reach 3 | Reach4 | Reach 5 | Total
Reach Mileage Boundaries (BOR RM 456 | RM 8.90 | RM9.42 | RM11.75 | RM13.37 | RM 4.56
maps) t08.90 | t09.42 | to11.75 | 1013.37 | 1014.20 | {0 14.20
Reach Length (BOR maps) 4.34 0.52 2.33 1.62 0.83 9.64
Reach Length (measured miles) 4.37 0.56 2.42 1.70 0.88 9.93
Average Wetted Width: 61’ 54’ 55’ 47 43’ 55’
Average Thalweg Depth (riffles): 1.32 1.25’° 1.01° 1.08’ 1.46° 1.25’
Average Thalweg Depth (runs): 1.55’ 1.40° 1.16° 1.25° 1.43 1.38’
Habitat Area:
% Pool 28.6% 54.3% 69.8% 72.6% 36.0% 46.9%
% Riffle 57.5% 35.1% 21.6% 22.3% 48.8% 41.8%
% Runs (non-turbulent riffles) 12.4% 10.6% 7.4% 4.6% 13.8% 10.1%
% Side Channel 1.5% - 1.2% 0.5% 1.4% 1.2%
Pools:
Pools per Mile 8.0 10.6 17.4 15.3 5.7 10.6
Pools > 3’ deep per mile 6.9 7.1 11.6 14.1 3.4 9.0
Total # of Pools > 1 meter deep 23 3 21 23 3 73
Pools > 1 meter deep per mile 5.2 5.3 8.7 13.5 3.4 7.4
Pools > 4’ deep per mile 3.2 5.3 7.4 11.7 1.1 5.6
Pools > 5’ deep per mile 1.8 0 4.5 5.3 1.1 2.9
Avg. Pool Maximum Depth 4.1 3.5 4.2 4.6’ 3.8’ 4.1
Avg. Pool Residual depth 2.9° 2.4 3.4 3.6° 2.3’ 3.1
Riffle to Pool Ratio 244101 )0841t01042t01 037101 |1.74t01 |1.11to1
Large Wood per Mile:
Small (>20° Long, > 6 diameter) 18.1 30.1 21.9 37.6 26.2 23.8
Medium (>35’Long, 12-20” diam.) 8.7 8.8 10.3 12.3 9.1 9.8
Large (>35” Long, >20” diameter) 1.8 1.8 5.4 13.5 5.7 5.0
Total Large and Medium (>35’ L) 10.5 10.6 15.7 25.8 14.8 14.8
Bank Erosion:
Total Bank Erosion (both banks) 3,100’ 400’ 2,585’ 695’ 0’ 6,780’
Linear Length per Mile 710° 708’ 1,068’ 408’ 0’ 682’
% Eroding Banks (both banks) 6.7% 6.7% 10.1% 3.9% 0% 6.5%
Bankfull Data:"
-# Bankfull Measurements in Reach 7 2 3 3 2
-Avg. Bankfull Width 95’ 75’ 99’ 78’ 47’
-Avg. Bankfull Depth (avg. of 7 2.15° 2.85’ 207 2.16’ 2.59’
measurements per bankfull width)
-Avg. W/D Ratio 44.0 27.3 47.7 36.0 18.1
-Avg. Entrenchment ratio® 2.38 1.20 4.55 1.55 1.20
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Nason Creek Survey Data page2 | Reach 1 | Reach 2 | Reach 3 | Reach4 | Reach5 | Total
Sinuosity (estimated from maps) > 1.30 1.05 1.20 1.30 1.15
Gradient (estimated) 1% 1% <0.5% | <0.5% 1%
Substrate (Pebble Count Data):
-# of Pebble Counts in Reach 2 1 1 1 1
-% Surface Fines <6 mm 13% 11% 11% 19% 7%
-D35 71 45 32 40 118
-D50 123 103 47 58 171
-D84 311 325 84 126 415
Substrate % (Ocular Estimate)
% Sand 10% 10% 10% 15% 15%
% Gravel 25% 30% 57% 35% 15%
% Cobble 40% 35% 30% 35% 40%
% Boulder 25% 25% 3% (rip- 15% 30%

rap) (incl. rr) | (inclrr)

Primary Rosgen Channel Types in C3, F3 F3 C4,F4 | F3,B3c F3
Reach:
# of Chinook Salmon Redds 17 12 17 8 0 54
# Chinook Salmon Redds per mile 3.9 21.4 7.0 4.7 0 5.4

'Rough estimate, two to seven bankfull measurements were taken per reach.

“Floodprone width divided by bankfull width.
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APPENDIX A: STREAM CONDITION ASSESSMENT

A statistical analysis (USFS 1998) of stream survey data within the Wenatchee Highlands Land
Type Association found that a subset of fifth field watersheds within the Wenatchee Highlands subsection
were relatively similar to each other. This relatively homogenous group included streams within the White,
Little Wenatchee, Chiwawa, Nason, and Icicle watersheds. The analysis was conducted to determine if
geomorphic, vegetative, climatic and/or channel variables could serve as predictive associations of pool and
LWD abundance to identify “reference” parameter values (a natural range of stream condition). The
ultimate goal of the analysis was the creation of categories, with reduced variation within category.

The tables below (Table 1 and Table 2) show the results of the analysis and the categories that can
be used to assist in determining relative stream health. In Table 3, Nason Creek data is compared to a
selected data set from relatively unimpacted streams within the fifth field watershed subset to consider how
Nason Creek ranks within the pool and LWD categories.

Table 1. Channel categories for LWD.

LWD Channel Typical | Mean | Median Percentiles Sample
Size Type Range* 10th 25th  75th  90th Size

LWD >12” Pool-riffle 75-200 75 72 21 39 97 | 134 23
other 25-200 65 60 24 37 81 | 110 47
bedrock 15-200 59 40 10 19 97 | 164 17
<10 ft. wide 5-100 33 18 5 10 64 72 5
LWD >20” | All other channels | 15-100 31 25 8 16 43 66 56
Bedrock 0-50 22 13 1 3 31 60 18
No large riparian 0-35 12 9 0 1 21 32 34

Table 2. Channel categories for percent riffle area.

Channel Typical | Mean | Median Percentiles Sample
Type Range* 10th 25th 75th 90th | Size
Pool-riffle 25-65 43 42 24 | 32 | 58 | 64 23
Low gradient plane-bed | 45-70 61 61 47 | 48 67 88 19
Bedrock 55-95 72 69 57 59 82 94 18
Other 60-99 80 84 68 | 75 | 89 | 96 45

* “Typical’ was a subjective determination which took management history into account.
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Table 3. NASON Creek LWD and pool data compared to ‘unimpacted’ river segments within the

Wenatchee Highlands subsection.

Nason Little Chiwawa Chiwawa
Creek: Wenatchee: River: River:
RM4.6to | RM10.5to | RM13.8to | RM 25.7 to
RM 14.2 12.2 RM 17.5 RM 33.1

Est. Beginning Elevation of Reach 1960 2300 2400 2544
Est. Ending Elevation of Reach 2240 2330 2544 2772
Estimated Channel Gradient 0.5% 0.3% 0.2% 0.7%
Channel Type: Pool-riffle Pool-riffle | Pool-riffle Pool-riffle
Rosgen Channel Type C3, F3 C4 C4 C4
Habitat Area:
% Pool 47% 34% 49% 34%
% Riffle and Glide 52% 61% 47% 51%
% Side Channel 1% 1% 4% 6%
Pools:
Pools per mile in main channel 10.6 10.0 24.6 14.0
Pools > 3’ deep per mile 9.0 10.0 24.6 13.5
Large Wood per Mile:
>6 inches 23.8 51 238 116
>12 inches 10 39 35 16
>20 inches 5 31 6 3
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Executive Summary

The objective of the 2007 riparian vegetation assessment is to provide an
understanding of the present vegetation conditions to be utilized for U.S. Bureau
of Reclamation’s Nason Creek tributary- and reach-scale assessments. A team of
ecologist conducted field sampling and GIS analyses of remotely sensed data to
create a GIS file containing polygons of vegetation units. Data from the
vegetation assessment, along with other components of the geomorphic
assessment, will be used for planning and prioritizing salmon recovery efforts in
Nason Creek between river miles (RM) 4 and 14.

In August 2007 riparian vegetation was sampled throughout the assessment reach.
Data collected included canopy cover and height for overstory and understory
species and herbaceous species. These data were used in a GIS along with aerial
photography and Light Detection and Ranging data to interpret riparian vegetation
and create vegetation units within the reach. The vegetation units were classified
into the Oregon/Washington U.S. Forest Service vegetation units for consistency
with previous mapping available for lower Nason Creek RM 0 to 4.

Utilizing GIS, vegetation units were analyzed for the potential contribution of
riparian vegetation for healthy salmon habitat. Analyses included natural species
presence (potential natural community), large woody debris (LWD) trees, and
shading (see table below). Areas of presently functioning vegetation were
identified for potential easement or protection strategies. Presently functioning
was generally defined as areas with native vegetation species that were at least
several decades old (most areas were historically logged). Acres of LWD-sized
trees—trees over 40 feet (12 meters) tall—from the riparian vegetation mapping
were compiled for the entire floodplain and for an 82-feet (25-meters) buffer
adjacent to the stream. Potential for thermal shading by the riparian vegetation
within the 82-feet (25-meters) buffer was also quantified. Vegetation units were
also ranked based on professional judgment for the level of effort needed to
restore vegetation to a hypothesized natural condition.

The riparian vegetation along Nason Creek is generally in good health, and
species are of potential naturally occurring species. Douglas-fir and grand fir are
typically co-dominant in the canopy with vine maple being the common
understory species. Black cottonwoods are present along the river and along
abandoned river channels. Sand-bar willows and black cottonwood are present on
gravel bars and cobble bars. Pacific willow and some alder species are found in
wet areas. Limited amounts of western red cedar are mixed throughout the reach.
Old growth (legacy) trees are absent from the reach and were most likely logged.
A large amount of logging of the floodplain and log drives down the river



Summary of Nason Creek vegetation analysis results by geomorphic reach

LWD

Presently Natural potential | % LWD
Area | impacted® | species® % % area® | potential %
Reach | (acres) | (acres) (acres) | Natural | Impacted (acres) area shaded’
80%

1 334.9 54.69 280.1 84% 16% 206.2 62%
96%

2 13.6 0 13.6 100% 0% 9.2 68%
77%

3 607.6 128.27 479.3 79% 21% 255.4 42%

' Impacted areas which are not potential natural community riparian vegetation but are
anthropogenic land cover including railroad rights-of-way, roads, power line corridors, private and
commercial property.

2 Riparian areas which contain potential natural communities.

% Areas where the over 50 percent is covered by canopy of trees of LWD height [trees over 40 ft
(12 m) tall] which could be potentially recruited into Nason Creek by either high flows or active river
migration.

* Percent of main channel which is presently shaded by vegetation. Note that this estimate is based
on a buffer width along the stream of 82 ft (25 m).

occurred along Nason Creek in the early 1900s, but the exact extent and impact is
not documented. The riparian forest appears to be recovering back to the historic
grand fir forest. Ponded areas containing wetland indicator plants were observed
in the reach; however, wetlands delineation was not a part of this scope. A limited
amount of mammalian herbivory was observed, most likely from deer. Tree
diseases were not evaluated but do not appear to be a limiting factor for healthy
riparian vegetation. The majority of the forest is recovering and appears to be
trending back to historical conditions. However, localized areas of the floodplain
vegetation have been completely cleared due to construction of the highway,
railroad, power lines, and commercial and residential development. Active
residential development is also occurring in the reach and would further impact
the riparian vegetation if it continues to expand. Noxious weeds were found in
limited areas such as under power lines and may increase over time if not
controlled.

Where riparian forest vegetation is present along the river, trees of adequate LWD
size are available for future and immediate recruitment into the river if river
migration processes are restored. Although cleared areas adjacent to the river had
inadequate shading, aerial photography shows the majority of the river was
shaded by tall trees. Further analyses should be completed to determine if the
riparian vegetation provides adequate shading for the river. Large historical
channel and floodplain areas presently cut off by the railroad and highway are
now ponded. For example, the area to the south of the railroad between RM 9
and 11 is now disconnected from the river and contains several wetland-type
species and naturally broken-off stumps where tall trees used to be present. This
area might require major vegetation restoration efforts to restore it to historical
conditions on a short timeframe of years.




High energy floods are also a concern in the reach, and have impacted vegetation
adjacent to the river channel, reducing regrowth of trees and shrubs along with the
presence of LWD in the main channel. In artificially confined reaches, there is
limited bar development or floodplain surfaces for vegetation to establish. Most
banks in these areas are riprap.

Additional analyses may be needed at project level scale to further develop
riparian restoration strategies. More field measurements of tree age and species
health may be of particular use at these smaller scales. High water temperatures
are a concern on the river, and further study is recommended to better understand
the contribution of riparian vegetation to the thermal regulation of the river.
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2007 Nason Creek Floodplain
Vegetation Assessment

Background/Objectives

The Nason Creek watershed is located on the eastern slope of the Cascade
Mountains in central Washington. The headwaters of Nason Creek are at the crest
of the Cascades Mountain Range and flow east for approximately 21 miles

(34 kilometers) and then turn north for another 5 miles (8 kilometers) before
emptying to the Wenatchee River at Lake Wenatchee. Past U.S. Forest Service
(USFS) vegetation assessments indicated that the watershed is a vegetative
transition zone, stretching from high elevation sub-alpine forest to dry forest
environments.

The Nason Creek floodplain is currently occupied by sucessional coniferous
forest. A mean annual precipitation of over 60 inches (1.5 meters) a year supports
a grand fir/vine maple series as defined by Lillybridge et al. 1995. Douglas-fir
and grand fir are typically co-dominant in the canopy with vine maple being the
common understory species. Black cottonwood is present along the creek and
along abandoned creek channels. Western red cedar is mixed throughout the
floodplain. Ponderosa pine is scattered in the upstream portion of the watershed
and becomes more dominate in the downstream direction. Monotypic ponderosa
stands exist on higher and drier sites adjacent to the floodplain. A smaller
percentage of the riparian vegetation is composed of riparian non-forest habitats
consisting of hardwood stands, shrubs, wetlands, and meadow.

The objective of the 2007 vegetative assessment was to fill data gaps on

U.S. Bureau of Reclamation’s (Reclamation) Nason Creek tributary and reach
assessments (two stages of analysis) in the vegetation component for river

mile (RM) 4 to 14 (Coles Corner to White Pine Campground). For these analyses,
the following vegetation products were needed:

1) Vegetation composition and structure of present (2006 to 2007) site
conditions within the area of active channel migration and floodplain
processes (low surface)

a. Utilize initial vegetation mapping for Nason Creek by the USFS
done solely with aerial photography

b. Refine and expand USFS vegetation mapping to cover the newly
mapped low surface

c. Include mapping of impacted or cleared areas (e.g., power lines,
developments, etc.), and of ponded and river areas
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2) A conceptual model (hypothesis) of historic vegetation conditions prior to
European settlement in the late 1800s for comparison to present
conditions.

3) Identification of riparian reserves—defined as areas of functioning or at
least semi-functioning vegetation that could provide a good source of
shade, cover, and potential large woody debris (LWD).

4) Potential for the present vegetation to serve as a LWD source if eroded
into the river through channel migration processes or windfall along
Nason Creek.

5) Ranking of vegetation condition in terms of shade and cover along a
defined buffer zone of 98 feet (30 meters) along the present main channel

6) Restoration recommendations and quantification of level of effort for
restoration to be used in ranking and prioritizing of potential projects.

Data collected included information on LWD, LWD recruitment, diameter of
LWD, types of conifers and deciduous trees, percentage of canopy coverage and
relative foliage coverage in specific non-assessed area. The 2007 vegetation
assessment covered low surface sites utilizing both 2006 GPS vegetation mapping
(orthophotos and hardcopy aerial photographs) and LIiDAR Detection and
Ranging (LiDAR) data. In addition, field validations (ground truthing) were
conducted to verify vegetation on GPS maps and photographs based on LiDAR
technology.

Methods

A limited field inventory and mapping project was conducted to collect data on
riparian vegetation for Nason Creek. Field assessments were conducted from
August 6 to August 10, 2007, and from October 1 to October 4, 2007.
Interpretation of aerial photographs and LiDAR data were used to create a GIS
vegetation community map. Data will be used for analyses and project areas
ranking within the assessment area for salmon recovery efforts.

Vegetation community classification

A classification system was selected which would best assess riparian vegetation
for ecosystem health, creation, and restoration. This classification is based on
various studies done by Robert D. Ohmart (Hink and Ohmart 1984). The
classification method included categorizing vegetation polygons into community
types and structure classes using an alphanumeric descriptive code. Each woody
riparian plant species was assigned a letter code (the species code). The
classification code (described in Figure 1) consisted of species codes for the
canopy layer, species codes for the understory layer, and a number signifying the
height of the canopy and thickness of the understory. This detailed classification
was rolled into the more general USFS classification used for the lower Nason
Creek study (RM 0 to 4) which was completed by Jones and Stokes for Chelan
County (2003). See Figure 2 showing example map.
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Example:
Canopy Layer / Understory Layer+Type Number (1-4)
Example: PP-GF/VM1
Ponderosa pine dominant with grand fir in overstory with
understory of vine maple

Type Definitions:

Type 1- Tall trees with well developed understory. Tall or mature to mixed-aged
trees [>40 feet (12 meters)] with canopy covering >50 percent of area of the
community (polygon) and understory layer [5 to 40 feet (1.5 to 12 meters)] with
covering >25 percent of area of the community (polygon).

Type 2 — Tall tree canopy with little or no understory vegetation. Tall or mature
trees [>40 feet (12 meters)] with canopy covering >50 percent of area of the
community (polygon) and understory layer [5 to 40 feet (1.5 to 12 meters)] with
covering <25 percent of area of the community (polygon).

Type 3 — Intermediate-sized canopy with dense understory vegetation.
Intermediate-sized trees [(15 to 40 feet (4.6 to 12 meters)] with canopy covering
>50% of area of the community (polygon) with understory layer [(5 to15 feet

(1.5 to 4.5 meters)] with canopy covering >25 percent of the area of the community

(polygon).

Type 4 —Intermediate-sized trees openly spaced with little understory.
Intermediate-sized trees [15 to 40 feet (4.6 to 12 meters)] with canopy
covering > 50 percent of the area of the community (polygon) understory

[5to 15 feet (1.5 to 4.5 meters)] layer covering < 25 percent of the area of the
community (polygon).

Figure 1. Alphanumeric descriptive code and type definitions used to categorize
vegetation polygons.

Figure 2. Example map showing USFS vegetation classes.
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Preparatory field work

Prior to going to the field, orthophotos from October 2006 and hardcopy aerial
photos were used to select vegetation data collection sites. Sites were selected
which appeared to represent all possible vegetation communities, and focus was
on areas which showed potential for reconnection of the floodplain to the creek.
Coordinates for the points were generated using ArcGIS and loaded into GPS
devices for use in the field.

Field work

During the August field work, an attempt was made to navigate as close as
possible to each point using GPS and hardcopy aerial photos. An evaluation form
(Figure 3) was completed to document percent cover, heights, and species of the
canopy, herbaceous understory, woody debris and litter, wetland features, and
hydrologic indicators. At each field site a photograph(s) was taken to document
the vegetation species and structure. Table 1 lists the vegetation species observed
and designated species code. In some instances where access was not possible due
to thick vegetation, open water, and private lands, evaluations were conducted
from a high overlook or from public roads.

Field data were entered in a spreadsheet (Appendix 1) for later use in developing
alphanumeric classification codes. Plant species were recorded according to the
relative abundance of the species cover within two layers. Species within a layer
were separated by a “-”. Canopy and understory layers were separated by a “/”.
Typically one or two species were recorded for each layer, but as many species as
qualified (up to four) were recorded. For a species to be recorded in the code, they
had to have 25-percent relative abundance. Plant species dominance (or relative
abundance) was determined by visual estimation. Tree and shrub height, as well
as plant cover, were also determined by visual estimates.

This detailed vegetation community class was rolled into the Oregon/
Washington/USFS watershed analysis model vegetation units (Table 2). The
authors added additional fields for other land areas such as gravel bars, etc.
Using this classification maintains consistency with the lower Nason Creek
mapping done in 2003 for Chelan County. This classification was linked to the
polygons in the GIS and added as an attribute field.

During the October 2007 field assessment, 2 days were spent measuring tree
diameters at breast height (DBH) and tree heights for a sampling of the largest
cottonwoods and conifers. Tree height was measured using a TruPulse
Professional Laser Rangefinder (Laser Technology, Inc.). A meter tape was used
to measure circumference from which the diameter was calculated. Tree height
information was used in the interpretation of the tree LIDAR data to determine
trees that had the required diameter for LWD potential. Thirty-eight trees were
measured for DBH and 14 trees for height from various GPS locations.
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Veg Classification Form

Date
Recorder,
Phone #
Photo
Polygon ID Number
UTM WGS84 X
Coordinates Y
Waypoint # | Time | |
Riparian Vegetation
Species
Codes Height and Cover
>40 1- 25- 75-
Canopy Cover Ft 25% 75% | 100%
20- 1- 25- 75-
40Ft | 25% | 75% | 100%
Canopy 1- 25- 50- 75-
%Dead 25% | 50% | 75% | 100%
Species (Relative foliage cover) - Circle one for each species
1- 25- 50- 75-
25% | 50% | 75% | 100%
1- 25- 50- 75-
25% | 50% | 75% | 100%
U Height and Cover
n 5-15 | 1- 25- 75-
Height Ft 25% | 75% | 100%
d 1- 25- 75-
<5Ft | 25% | 75% | 100%
e 1- 25- 50- 75-
%Dead 25% | 50% | 75% | 100%
; Species (Relative foliage cover)
- Circle one for each species
. 1- 25- 50- 75-
25% | 50% | 75% | 100%
1- 25- 50- 75-
y 25% | 50% | 75% | 100%
1- 25- 50- 75-
25% | 50% | 75% | 100%
Ground Litter 1- 25- 50- 75-
25% | 50% | 75% | 100%
Notes
Wetland
CM- Cattail GM - Grass
Marsh OW-Open Water Meadow
Other
OA - Open
Area Ag-Agricultural Road
Hydrology Indicators (circle all that apply)
Surface water Debris i . Watermarks
ebris in vegetation .
present on vegetation
S(jedlmgnt Drainage patterns Back channel
eposits

Figure 3. Evaluation form for Nason Creek vegetation assessments.
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Table 1. Vegetation inventory from 2007 Nason Creek field assessment

Conifer/Deciduous Tree Scientific Name Species Code
Aspen Populus tremuloides A
Black cottonwood Populus balsamifera BC
Big Leaf maple Acer macrophyllum BM
Douglas-fir Pseudotsuga menziesii DF
Englemann spruce Picea engelmannii ES
Grand fir Abies grandis GF
Ponderosa pine Pinus ponderosa PP
Red cedar Thuja plicata RC
Sita alder Alnus crispa spp. SA
Shrubs/Terrestrial
Bitter cherry Prunus emarginata BC
Black elderberry Sambucus racemosa spp BE
Black hawthorn Crataegus douglasii BH
Red-Osier dogwood Cornus stolonifera RD
Snowbrush Ceanothus velutinus NU*
False solomon Smilacina racemosa NU
Hardhack Spiraea douglasii Hh
Ocean spray Holodiscus discolor NU
Oxeye daisy Chrysanthemum

leucanthemum L. NU
Sand bar willow Salix ssp. SBW
Pacific willow Salix lucida spp. PW

lasiandra
Scouler willow Salix scouleriana SW
Skunk cabbage Lysichiton americanum NU
Timbleberry Rubus parviflorus NU
Vine maple Acer circinatum VM
Riparaian/Emergent
Plants
Duckweed Lemna spp. NU
Pondweeds Potomogeton spp NU
Vallsinera Vallisneria spp. NU
Reed canarygrass Phalaris arundinacea L. NU
Sedges Family Cyperaceae NU
Various grasses NU

* NU=Not Used
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Table 2. Oregon/Washington/USFS vegetation type unit descriptions for Nason Creek

Designation Unit Name Description
A Large conifer Mean DBH greater than 12 inches (30.4
forest centimeters). Mixed stands often include Douglas-
fir, ponderosa pine, western red cedar, grand fir, or
western larch. Crown closure usually greater than
50 percent
B Small conifer Same as large conifer forest but with smaller trees
forest
E Large mixed Mean DBH greater than 12 inches
forest (30.4 centimeters). Stand dominants almost always
black cottonwood and mixed conifers, with an
understory of smaller trees and shrubs
F Small mixed Same as large mixed forest but with smaller trees
forest
G Large Mean DBH greater than 12 inches
hardwood (30.4 centimeters). Nearly always consists of black
forest cottonwood stands
H Small Comparable to large hardwood forest but with
hardwood smaller trees
forest
K Valley shrub Dominated by deciduous woody vegetation (usually
land willows) less than 40 feet (12 meters) tall
Additional fields identified by Reclamation (authors)
Co Cobble bar Riverine bar dominated by cobble sized material
Creek Nason Creek Main stem Nason Creek
Cutbank Cutbank Large bank cut by the creek during high flows
Go Gravel bar Gravel bar with less than 25 percent shrub cover
Garish Gravel Gravel bar with more than 25 percent scattered
bar/shrub willow stands
Herb Herbaceous Dominated by herbaceous vegetation
MHz Marsh Wetted area containing marsh plants
NN Noxious weeds | Area dominated by noxious weeds
Op Opening Open area, usually cleared areas adjacent to
residential or commercial development
ow Open water Open water, usually ponded areas, which are now
disconnected from the river by either the road or
railroad
Railroad Railroad Railroad tracks and associated embankment
Res Residential Dominated by residential development
Riprap Riprap Bank dominated by riprap along the river
Road Road Highway
Side-Channel | Side channel Creek side channel which contains, or may contain,
water during high flows

Measurements of tree height were limited by denseness of tree stands, making it
difficult to see both the top and the lower portions of trees. In addition, rain
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interfered with the laser rangefinder and limited the number of measurements
taken.

Post field work aerial photograph and LiDAR data interpretation

Aerial photography was flown for the project in October 2006 and then
orthorectified for the project (average flow in river of 40 cfs). LIDAR data were
captured in October 2006, and first and second returns were used to create a grid
containing tree height values. The LiDAR data and color aerial photography were
used in GIS to interpret map vegetation not mapped in the field. The October
aerial photos were useful for delineating hardwoods because yellow foliage was
visible.

In ArcGIS 9.2, a 300-foot (91-meter) buffer from the rivers edge (as seen
October 2006 photography) was created and merged with the geologic low
surface provided by Reclamation hydrologists to create the study area polygon.
The existing vegetation (provided by USFS) was incorporated. LIDAR data were
grouped into height classifications, made semi-transparent, and overlain on 2006
aerial photography (Figure 4). Polygons of dominate canopy cover were created
using heads-up (on screen) digitizing. Field assessment points were overlain on
the photography. Data and detailed vegetation classification from the field
assessments were tied to the polygons and used to visually interpret the areas not
field assessed. Polygons were attributed with USFS unit and LWD categories
(trees, small trees and shrubs, and low vegetation/openings) (Figure 4).
Approximately 20 percent of the study area was assessed in the field, and the
remaining 80 percent was visually interpreted using aerial photography and
LiDAR data.

LWD and shading interpretation methods

Thirty-foot-long (9.1-meter-long) logs are the generally accepted minimum size
for LWD in the stream. Forty feet (12 meters) was used in this study as a
minimum size which, with accounting for some breakage of the tree or the small
size of the top 5 feet (1.5 meters) of the trees, would provide LWD to the stream.

LiDAR data were symbolized to group vegetation into areas with greater than
50-percent canopy cover of:
e Trees with potential LWD tree size over 40 feet tall (12 meters) =T
e Small trees and shrubs 5 to 40 feet (1.5 to 12 meters) tall = S
e Low vegetation (crops, herbaceous, low shrubs and open areas) 1 to 5 feet
(30.4 centimeters to 1.5 meters) tall. = O

Polygons were attributed with the appropriate letter to be used in analysis.

In order to estimate shading and short-term (decades) LWD contribution of the
riparian vegetation adjacent to the river, a buffer of 82 feet (25 meters) was
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Figure 4. Example map showing LiDAR data shaded for tree heights and overlain on
aerial photography.

chosen. McDade et al. (1990) used a 82-foot (25-meter) buffer as the minimum
distance from the river that trees contributed LWD to the river. An 82-foot
(25-meter) buffer from the river was created in GIS and intersected with the
vegetation classification. Acres were calculated for all polygons and added as an
attribute. The attribute table was exported to an excel file. The excel file was then
imported into an Access database for summary reporting by reach. The summary
reports were exported to an excel spreadsheet for distribution and formatting for
reports.

Vegetation Summary and Results

The vegetation along Nason Creek is heavily influenced by the Cascade
Mountains. Douglas-fir and grand fir are typically co-dominant in the canopy with
vine maple being the common understory species. Black cottonwoods are present
along the river and along abandoned river channels. Sand-bar willows and black
cottonwood are present on gravel bars and cobble bars. Pacific willow and some
alder species are found in wet areas. Limited amounts of western red cedar are
mixed throughout the reach. Old growth (legacy) trees are absent from the reach
and were probably logged in the 1900s for the railroad and for the fruit industry.
The forest appears to be recovering back to the historic grand fir forest. Ponded
areas containing wetland indicator plants were observed in the reach; however,
wetlands delineation was not a part of this scope. A very limited amount of
mammalian herbivory was observed, mostly likely from deer. Few deer tracks and
limited amounts of deer scat were observed. One set of moose tracks was
observed near White Pine. Signs of bear were observed at three locations during
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field surveys. Limited beaver activity was observed in the reach. Table 3 shows
the acres of each USFS unit type for each reach (see Nason Creek tributary
assessment).

Table 3. Acres of USFS units (See Table 2 for USFS type description)

USFS Reach

Unit N1 N2 N3
A 46 6 14
B 88 4 27
E 15 0 33
F 25 0 120
G 13 0 6
H 20 0 56
K 32 0 164
Herb 16 0 39
Marsh 0 0 6
Gravel bar 5 0.2 7
Gravel bar/shrub 2 0.2 3
Noxious weed 4 0 2
Op 5 0 5
Railroad 0 0 20
Res 10 0 38
Co 4 0 0
Cutbank 1 0 0

Nason geomorphic reach 3

The forest in the low surface of reach 3 has good vertical and lateral complexity
in the sites visited. Douglas-fir, ponderosa pine and grand fir are often mixed in
the canopy. The understory is dominated by vine maple. Few high flow channels
were observed in this area. Black cottonwood and aspen are found in abandoned
river channels.

Nason geomorphic reach 2

In reach 2, the geology constrains the floodplain, keeping it narrow and in places
where the soils are relatively dry. The dominate conifer tree is ponderosa pine, but
in general the presence of vegetation is limited.

Nason geomorphic reach 1

The riparian vegetation in reach 1 tends to have less lateral and vertical
complexity than in reach 3. The forest adjacent to the low surface at the meander
at RM 6.6 has low vertical structural complexity due to dry soil conditions, and
the dominate conifer trees is the ponderosa pine. The two meanders at RM 5.1 and
5.9 near Coles Corner contain older average age class trees including intermediate

10
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to mature grand fir, black cottonwood, and red cedar resulting in approximately
75 percent canopy closure. Young and intermediate age class trees were lacking,
which may have been stripped in the 1990 flood. At those two sites there was
extensive evidence of a high flow event forming many high flow channels. Piles
of large woody debris were observed on the downstream portion of the meander.

Floodplain cut-off areas

Areas of floodplain presently cut off by railroad and highway embankments or
other manmade features were specifically evaluated for vegetation condition. The
majority of these areas are located in reach 3. Many of these areas contain small-
to-medium size wetlands (in the former main channels) and are dominated by
large shrubs extending in some cases up to 25 feet (7.6 meters) in height.
Conifers, which at one time did exist in this area, have died (visual observations)
because they do not tolerate the wet and standing water conditions. These shrubs
are found either occupying the channel within the oxbows or found at the edge of
open water (pond or oxbow) where they could potentially provide some shading.
Shrubs and wetlands that currently exist in the cutoff areas would not contribute
to short-term LWD recruitment if these areas are reconnected and accessed by the
river. However, over longer time periods, riparian vegetation would be expected
to re-establish if natural migration processes are restored, reconnecting these areas
to the presently accessible channel and floodplain. Riparian and aquatic
vegetation found in and surrounding these sites included equisetum, bulrush,
pondweed species, vallisneria, duckweed, and grasses. At higher elevations on the
perimeters of some of these moist sites are mature to intermediate deciduous and
conifer trees.

There are additional moist sites outside the low surface, which were cut off by
channelization. These areas are fed by seepage and groundwater flows where
there are intermediate to mature conifers and deciduous trees including black
cottonwood and grand fir. Understory in these areas is comprised mainly of
various types of shrubs including vine maple up to 15 feet (4.5 meters) in length.
In one particular area, there was a large monoculture of spyrea ranging up to

6 feet (1.8 meters) in height which was surrounded mainly by Pacific willow.

Power line corridors

Power and transmission lines run nearly parallel to the channel throughout the
Nason assessment area, and often cross the main channel. Floodplain vegetation
within these corridors and the vegetation adjacent to the corridors have been
severely impacted by consistent clearing done to maintain the access right-of-
way. Vegetation tends to be monocultures of differing species depending on the
sites. Some areas are dominated by non-native and noxious weeds such as spotted
knapweed and less desirable native plants such as common tansy. Other areas on
the edges of these corridors have native vegetation such as black cottonwoods and
aspen that are being limited in height by mowing to allow access into these
corridors for operation and maintenance of the power lines. These trees are
generally intermediate in height and are density packed (dog hair stands) which

11
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are an unnatural condition limiting diameter and tree height. In some areas dense
shrub growth is found to the edge of the river but do not extend substantially over
the river to provide adequate shading for fish.

Soils in these corridors appear more xeric with more cobble due to removal of
endemic soils for the development of the corridor and right-of-way. This results in
encroachment by non-native plants which were potentially transferred to the area
from heavy equipment or by some other vector. These drier sites do not appear to
be sustaining shrubs and tree growth. On the edge of the river within the power
line corridor there are some areas that have limited amounts of LWD that could be
recruited. Overall, when the power line corridor passes over Nason Creek
potential LWD recruitment has been greatly reduced as is shading on the river.

IS Analysis of Natural Community, Potential LWD
Sources and Shading

This report section documents methods used to accomplish G1S-based vegetation
and LWD analysis needed to help populate a reach-based ecosystem indicator
(REI) table, presented in a separate report.

Potential natural community (REI structure criteria)

Riparian vegetation which is consistent with its potential natural community is the
desired condition for the riparian area. The potential natural community is a
biotic community that would be established if all sucessional sequences were
completed without the interference of human activities (Winward 2000). Table 4
shows the acres of the riparian area of potential natural community (natural
species) and the acres of impacted areas which are anthropogenic land cover such
as railroad rights-of-way, roads, power line corridors, and private and commercial

property.

Table 4. Potential natural community vegetation analysis results by geomorphic reach

Area Natural Species Impacted
Reach (acres) (acres) % Natural (acres) % Impacted
1 334.9 280.1 84% 54.69 16%
2 13.6 13.6 100% 0 0%
3 607.6 479.3 79% 128.27 21%

LWD contribution and shading

Two important components riparian vegetation contributes to salmon habitat are
large wood debris (LWD) and shading for the river channel. LWD creates and
maintains spawning, rearing, and holding habitat for salmon and is part of the
nutrient exchange necessary in a river system. Shading of the river channel has

12
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been shown to contribute by reducing water temperatures during hot summer
months, particularly during low flow conditions.

These data were generated from the GIS analysis:

Trees which could be potentially recruited into the stream and provide
LWD by active river meanders accessing the trees at some point in the
future (acres of polygons classified as dominated by trees within the low
surface - LWD potential analysis)

LWD which is accessible to the stream in the short-term because they are
within a close proximity to the present river channel; the impact on present
river channel migration rates due to levees, riprap, etc., was not taken into
account in this analysis [acres of trees within 82 feet (25 meters) of the
wetted river on 2006 aerial photography - LWD accessible analysis]
Shading by trees and shrubs adjacent to the river [acres within 82 feet

(25 meters) of the wetted river on 2006 aerial photography - shading
analysis]

LWD potential analysis

A map (Figure 5) was produced with LWD classification of all vegetation in the
study area.

Figure 5. Example map showing LWD tree classifications.

Fifty-six percent of the assessment area (Table 5) has polygons which are
dominated by LWD sized-trees. Polygons classified as LWD trees contain an

13
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Table 5. Summary of vegetation classification for study area

Acres low
Acres LWD Acres small vegetation/
trees trees/ shrubs openings Total acres*
476 196 185 857
56% 23% 22% 100%

*Wetted areas including the river were not included in total acres.

average of 40 trees per acre. In areas cut-off from the river by the railroad shrubs
dominated areas make up 23 percent of the study area. Twenty-two percent of the
study area is classified as low vegetation/openings. Much of this area is private
land.

LWD potential analysis by reach

Table 6 shows acres of trees that are currently of adequate size to provide LWD
within the low surface (floodplain) for each reach. This represents the acres of
LWD-sized trees that could be recruited if the river accessed them either through
lateral erosion, flooding, or wind throw. Reach 2 is a very short, narrow reach and
is constrained by the geology.

Table 6. Acres and percent of area of LWD-sized trees within the low surface by reach

Reach LWD Trees (acres)
N1 208
N2 9
N3 259

LWD accessible analysis

The LWD accessibility analysis includes three general spatial areas: vegetation
within 82 feet (25 meters) of the river centerline, the remaining low surface, and
areas outside the low surface but still within a 300-foot (91-meter) distance from
the river centerline. These areas could provide trees which could be recruited into
the stream (Figure 6).

14
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Figure 6. Example map showing buffer adjacent to the river and LWD tree categories.

LWD-sized trees adjacent to the river could be recruited into the river in the short
term. Table 7 shows acres for each reach. Some acres are larger than the low
surface LWD trees because of area outside the low surface, but within 82 feet
(25 meters) of the river.

Table 7. Acres of LWD-sized trees within 82 feet (25 meters) of the river by reach within
82 feet (25 meters) of the river

Reach LWD Trees (acres)
N1 64
N2 10
N3 51

Shading analysis
Seventy-eight (672 acres) percent of the study area is shaded by the riparian
vegetation. The majority of this shading is by shadows of tall trees falling across

15
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the river. Table 8 shows the percent of the strip 82 feet (25 meters) wide along
both sides of the river which contains trees and/or shrubs and which could provide
shade to the river. Trees and shrubs outside the low surface, but within 82 feet

(25 meters) are included.

Table 8. Percent of stream shaded by trees/shrubs by reach

Reach % of stream shaded
N1 80%
N2 96%
N3 77%

Limitations and Future Work
Recommendations

Future work should include more ground assessments to increase GIS mapping
accuracy. If desired, measurements of large down wood per cubic/foot would
yield information of the riparian area’s ability to provide filtering of sediment and
nutrients to the river. Additional analyses are needed to better understand the
linkage between shading along the river by the riparian vegetation and influence
on water temperature. Aerial photography or field surveys could be completed
during the hottest times of the year, and measurements of actual shading by the
vegetation would enhance the understanding of the contribution of the vegetation
for thermal cover for the fish. Continued monitoring of vegetation structure could
be done on a decadal scale to track recovery of logging from the turn of the
century. Additional, more detailed vegetation mapping and monitoring may be
important at a project scale as part of restoration actions and adaptive
management.
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Draft Memorandum
To: MaryJo Sanborn, Wenatchee Habitat Subcommittee
From: Casey Baldwin, RTT Chair (509-664-3148; baldwcmb@dfw.wa.gov)
Date: 04/11/2008
Subject: Nason Creek Biological Benefit Assessment

The RTT appreciated the opportunity to work on the biological benefit portion of the
Nason Creek prioritization and we look forward to continuing to assist with this process.
As you know, the USBR has developed a very detailed geomorphic assessment of
approximately 2/3 of the anadromous zone of Nason Creek (RM 4.6-14.3). Due to the
impressive quantity and quality of information provided by the USBR, and the
complexities of the social aspects and considerations outlined in the Draft Prioritization
Framework for Nason Creek Restoration Projects (herein referred to as the Prioritization
Framework), the RTT has developed a phased approach to evaluating the biological
benefits of potential restoration actions in Nason Creek. In this memo, we outline our
recommendations from Phase | of the biological benefit assessment and our intended
approach to Phase Il of the assessment.

The USBR assessment provided information at multiple spatial scales: 1) three
Geomorphic Reaches 2) nine Project Areas and 3) 84 Project Subareas. We realize that
the ultimate goal may be to have a single prioritized list of the 84 Project Subareas;
however, due to the variability of the conditions and the interconnectedness of the
information provided by USBR within each Project Area the RTT did not believe that we
could effectively rank all of the Project Subareas at this time. Our approach was to
evaluate the project types independently, beginning with the channel reconnection
projects.

Phase |

Project Type Prioritization

There are four basic project types that are considered a priority in Nason Creek,
protection, channel reconnection (including floodplain), and habitat diversity, and
riparian restoration. The first three actions were rated as Tier 1 in the RTT Biological
Strategy so we certainly believe all three should occur and all three are of very high
importance to the recovery and long-term viability of salmonids in Nason Creek.
Riparian planting was considered a Tier 2 action in the RTT Biological Strategy, making
it still very important to accomplish, but not as high a priority as the other actions in
Nason Creek.

Protection certainly needs to occur in Nason Creek to be sure that the functional areas
remain functional and that impacted areas are allowed to heal and recover from past land
management practices. An effort needs to be undertaken to identify the areas in Nason
Creek that are at the greatest risk and therefore in the greatest need of protection. We
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believe that is a separate task from what has been asked of us at this time. Its possible
that Phase Il of this assessment could include an RTT prioritization of the protection
areas in Nason Creek. The USBR assessment goes a long way towards identifying areas
that need to be protected, but we think that the lower 4.6 miles of Nason Creek also need
to be included in an analysis of risks and benefits for the entire anadromous section.

The RTT supports the concept from the Prioritization Framework that states “habitat
diversity projects should not proceed prior to connectivity projects unless the main
channel of the stream is unconstrained” and we would add that the risks of failure for the
complexity project should be relatively low. Additionally, we recommend looking at the
proportion of each project area that is disconnected from the channel migration zone and
floodplain as a course filter for where habitat complexity projects may be appropriate
(Table 1). Project Areas 13.3, 8.9, and 7.75 are all less than 10% disconnected from their
channel migration zone and floodplain and may be appropriate areas to consider habitat
complexity actions.

Reach Level Prioritization

The RTT utilized the Interior Columbia Technical Recovery Team’s evaluation of
intrinsic potential (ICTRT 2007) to determine if there would be greater biological
benefits to working in one reach of Nason Creek over the other reaches. To evaluate
intrinsic potential, the ICTRT developed a model to predict areas of high quality habitat
based on empirically derived relationships between salmon spawner densities and
channel characteristics (i.e. gradient, stream width, valley width, and confinement).

The RTT took a qualitative look at the intrinsic potential maps for spring Chinook
(Figure 1) and steelhead (Figure 2) to determine which reaches had the most intrinsic
potential. From this analysis, it was evident that the lower 4.6 miles and reaches 1 (rm
4.6 t0 8.9) and 3 (9.4 to 14.3) all had similar high levels of intrinsic potential. Reach 2
(rm 8.9 to 9.4) has a higher gradient and is naturally confined and is therefore the only
reach that stands out as having lower restoration potential. Due to the course scale of the
intrinsic potential analysis the RTT did not believe that it could be used to further
prioritize between reaches, but that it was a useful analysis to evaluate if there was a
reach scale justification for biological benefit prioritization. The RTT did not try to
further differentiate the priority between reaches but recommends that prioritizations
occur at the smaller spatial scales of the Project Areas and Project Subareas.

Channel Connectivity

We believe that, over the long term, channel reconnection projects will achieve the
greatest improvements to biological benefits to listed salmonids in Nason Creek.
Protection projects will help maintain what is currently functioning and secure that form
and function for the future, but improvements to juvenile survival and habitat capacity are
needed in order to recover listed salmonids. Restoring natural processes, channel form,
and floodplain function will allow for the natural recruitment of spawning gravels, large
woody debris complexes, and pool formation that are so critical to all life stages of

Page 2 of 8 11 April 2008  Draft



salmonids. This concept is already well imbedded in both the Prioritization Framework
as well as the Technical Sequencing section of the USBR Draft Findings and Restoration
Concepts for Nason Creek Between RM 4.6 to 14.4.

The USBR Assessment describes two levels of channel connection, the historic channel
migration zone (HCMZ) and the floodplain. The HCMZ is the area within the valley
bottom where the main river channel typically migrated when unimpeded by human
impacts. The floodplain is the remainder of the low elevation valley bottom that was
(and should be) accessed during high water events.

Project Area Prioritization

We evaluated the data provided by the USBR regarding the quantity of each habitat type
(HCMZ and floodplain) that has been altered by manmade features (Figure 3).
Biological benefit preference was not given to one habitat type (HCMZ vs. floodplain)
over the other. From this evaluation, it became evident that Project Area 11.62 has, by
far, the greatest quantity (227 acres) of disconnected habitat (Table 1). The five largest
Project Subareas in the USBR assessment (33.8 to 80.2 acres) fall within this project
area. The project areas with the next highest quantity of disconnected habitat were
Project Areas 14.3 and 12.47 with approximately 53 acres each (Figure 3, Table 1). We
concluded that the connectivity actions outlined by the USBR within these Project Areas
that recapture the greatest quantity of HCMZ and floodplain habitat would have the
greatest biological benefit for the restoration of Nason Creek. We also recommend
generally following the technical sequencing suggested by the USBR within each Project
Area. Within this first group of Project Areas, we recommend conducting a course scale
social, economic, and feasibility assessment to narrow down the options and possibilities
in terms of specific projects in each of the Project Subareas. After sequencing the list
within this first group of project areas we recommend revisiting the biological benefit
assessment during phase I1.

A second group of project areas with substantial opportunity for channel connection
include Project Area 6.6 with 31 acres, Project area 5.2 with 16 acres, Project Area 13.3
with 9 acres, Project Area 8.9 with 7 acres, and Project Area 7.75 with 6 acres (Table 1).
After sequencing the list within this second group of project areas, we recommend
revisiting the biological benefit assessment during phase I1.
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Table 1. Summary of the total and currently disconnected Historic Channel Migration Zone (HCMZ) and Floodplain in Nason Creek
between river mile 4.6 and 14.3. Data generated by the USBR Nason Creek Geomorphic Reach Assessment.

Sum of

disconnected % floodplain

Qty of Qty HCMZ % HCMZ Qty Qty Floodplain % floodplain HCMZ and and HCMZ
Reach  Project Area Name HCMZ disconnected disconnected Floodplain disconnected disconnected floodplain  disconnected

3 PriArea_14.3 40.9 31.1 76% 66.1 22.3 34% 53.4 50%

3 PrjArea_13.3 30.7 3.2 10% 65.6 5.9 9% 9.1 9%

3 PriArea_12.47 45.1 14.6 32% 100.2 37.8 38% 52.4 36%

3 PrjArea_11.62 167.8 90.0 54% 372.2 136.9 37% 226.9 42%

2 PriArea_9.42 10.1 0.0 0% 13.6 0.05 0% 0.1 0%

1 PriArea_8.9 45.0 7.0 16% 86.3 0 0% 7.0 5%

1 PriArea_7.75 42.2 6.2 15% 57.7 0 0% 6.2 6%

1 PriArea_6.6 52.2 9.6 18% 122.1 21.2 17% 30.8 18%

1 PriArea_5.2 38.5 3.2 8% 68.9 12.3 18% 15.5 14%
Sum= 4725 164.9 35% 952.7 236.5 25% 28%

Mean= 525 18.3 105.9 26.3
Median = 42.2 7.0 16% 68.9 12.3 17% 14%
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Figure 1. Map of spring Chinook habitat Intrinsic Potential (ICTRT 2007) in Nason Creek, Washington.
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Figure 2. Map of steelhead habitat Intrinsic Potential (ICTRT 2007) and steelhead redd locations (2004-2005?) in Nason Creek.

Page 6 of 8 11 April 2008 Draft



250

= 200 4 Nason Creek
E
£ B HCMZ
3 1 Floodplain
5 150 -
(]
[
c
o
?
A 100 A
©
(%)
o
< 50 -
O_
NI I I A
Y Y 4% N % A
/ / '\' / Q}(b’ / @fb./ Q:b'/
7 &L 2l @ &S A SR
\« \« @ 2 SA Q\\V ¥ QK\V QK\?*
Q\ Q\ Q&\ QK\ Q\ Q\

Project Area

Figure 3. Quantity of historic channel migration zone (HCMZ) and floodplain
disconnected within each Project Area of Nason Creek between river mile 4.6 and 14.3.
Data source: USBR Draft Findings and Restoration Concepts for Nason Creek Between
RM 4.6 to 14.4.
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Phase II.

Project Subarea Prioritization

The RTT has not yet conducted a comprehensive evaluation of all the Project Subareas.

After the initial course screen feasibility is applied from the Prioritization Framework and
there are Project Subareas of similar size and feasibility then we would consider:

1) Quality of the habitat in the reconnected floodplain. Quality is defined by:

a) The density and complexity of sidechannels.

a. Complexity of floodplain interaction with sidechannels versus
total area (is it locked in an incised sidechannel?)

b) If there is upwelling or other cold water inputs (tributary streams) into
the area. This will be determined using the FLIR surveys from 2001
and 2003 and by evaluating the quantity of standing water in the
recaptured floodplain.

c) The quality of existing riparian condition in the recaptured floodplain.

d) Existing instream diversity

2) Relationship to secondary and tertiary opportunities in the Project Area
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APPENDIX F.

HYDRAULICS AND SEDIMENT
ANALYSIS

This appendix includes the methodology for development of a two-dimensional (2D)
numerical hydraulic model applied to the assessment area and an analysis of relative
sediment transport capacity among reaches. The 2D model was developed using existing
topography and topography with human features removed. The removed human features
removed from the modeling surface prevent flow from accessing the floodplain in
localized portions of the floodplain. The objective of the hydraulic modeling effort was to
assist with delineation of the geologic floodplain and historical channel migration zone,
and evaluate flow connectivity impacts from embankments or other man-made constructs
that prevent channel — floodplain connectivity. Additionally, relative sediment capacity
among geomorphic reaches is compared. The model was based solely on 2006 LiDAR
data collected at 40 cfs and is most applicable for drawing conclusions regarding off-
channel and floodplain connectivity at near bankfull and higher flows. If localized
channel hydraulics or sediment predictions are needed, particularly at low flows,
additional modeling should be employed that incorporates survey data below the water
surface elevation corresponding to a discharge of 40 cubic feet per second (cfs). The
type of model needed at project scales will be dependent on the project level questions of
interest, and could potentially range from a one-dimensional to three-dimensional
numerical model, a physical model, or a channel migration model.
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1. INTRODUCTION

The two dimensional (2D) numerical model, SRH-W v1.1 (Lai 2006;
http://www.usbr.gov/pmts/sediment/model/srh2d/index.html), was used for hydraulic and
sediment analysis on Nason Creek from river mile! (RM) 4.6 to 14.3. A 2D model was
utilized for its improved representation of complex hydraulic flow features and its ability
to determine hydraulic conditions on a continuum. Examples of complex flow features
are lateral overtopping onto adjacent floodplains and interaction between the main
channel and side channels. Both conditions can result in non-uniform flow distribution
(Figure 1). A 1D HEC-RAS model (built with GEORAS in ARCGIS) was also used for
visualization of topography in cross-section format and for generating boundary
conditions for the 2D model (Figure 2). Limited calibration data was available that
included water surface elevation at 40 cfs, ground photographs during a spring snowmelt
flood that did not overtop the active channel banks, anecdotal accounts during a 1990 and
1996 flood that did overtop the active channel banks, and FEMA floodplain boundaries.
Steady flows modeled ranged from 2,500 to 15,000 cfs, which includes the range of
estimated 2- to 100-year flood values between RM 4 to 14.

The following is a list of major features of SRH-W (Lai 2006):

e SRH-W solves the 2D depth-averaged form of the diffusive wave or the dynamic
wave equations. The dynamic wave equations are the standard St. Venant depth-
averaged shallow water equations;

e Both the diffusive wave and dynamic wave solvers use the implicit scheme to
achieve solution robustness and efficiency;

e Both steady or unsteady flows may be simulated,;

o All flow regimes, i.e., subcritical, transcritical, and supercritical flows, may be
simulated simultaneously without the need of a special treatment;

e Solution domain may include a combination of main channels, side channels,
floodplains, and overland;

e Solved variables include water surface elevation, water depth, and depth averaged
velocity. Output information includes above variables, plus flow inundation,
Froude number, and bed shear stress.

L All river miles in this appendix refer to the centerline length along the 2006 active, unvegetated channel
starting at river mile 0 at the mouth of Nason Creek where it enters the Wenatchee River.
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e A development version of the code was also utilized to compute sediment
capacity, Shields number, and incipient motion for a limited number of model
runs.

The 2D model was applied to existing topographic conditions and to topographic
conditions with human features removed that block flow access within the floodplain.
The objective was to assist with delineation of the geologic floodplain and historical
channel migration zone, and evaluate flow connectivity impacts from embankments or
other human features that prevent the channel from interacting with the floodplain at
bankfull discharges and higher. Additionally, sediment capacity between geomorphic
reaches is compared. The model was based solely on 2006 LiDAR data collected at 40
cfs and is most applicable for looking at off-channel and floodplain connectivity at near
bankfull and higher flows.

All data presented in this report are in the horizontal projection of Washington State
Plane North, NAD 1983 feet and vertical projection of NAVD 1988 feet. Model results
are available in ASCII (comma delimited) format for each model run, SMS format (a post
processing software), and also as ARCGIS shape files.

Figure 1. Example of 2D model velocity vectors (black arrows) and magnitude (color
coded legend in ft/s) results around RM 12.7 to 13.3 where flow path along channel and
floodplain differ.
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Figure 2. Example of 1D model cross-sections generated (green lines) along with
geologic floodplain boundary (purple) for RM 13.4 to 14.3 shown on hillshade from 2006
LiDAR.

2. MODEL SETUP

Hydraulic analysis includes the following steps:

1. Selection of the solution domain (model boundaries)

2. Mesh generation for the solution domain

3. Delineation of Manning’s roughness parameters on mesh
4

Topographic representation of the mesh (transforms mesh to a “grid” by applying
elevations of input survey data)

5. Selection of computation parameters and boundary conditions
2.1 Solution Domain (Model Boundaries)
Two independent model meshes were generated to capture each of the two geomorphic

reaches 1 and 3 that contain complex off-channel areas and floodplain (Table 1). LiDAR
data was available from RM 0 to 14.4. The upstream and downstream boundaries were

H-3



Appendix H- Hydraulics and Sediment Analysis

chosen where there is a naturally confined section with fairly uniform hydraulics. The
exception was the downstream end of the reach 1 model, where the floodplain was more
extensive. Because there was not an ideal location to cutoff the model, the model
boundary went slightly downstream of the geomorphic reach boundary to help eliminate
any errors associated with the boundary. The lateral boundaries of the solution domain
were selected based on geologic features that limit the extent of flood inundation such as
alluvial fans, terraces, bedrock, etc.

Tablel. Summary of solution domains for both 2D models.
Geomorphic Reach 1D and 2D Upstream Downstream Model
Represented Model Boundary Boundary Reference
Extent Name
1 (RM 4.6to 8.9) RM 4.3 t0 9.4 | Naturally Moderately RM 5 to 9 Model
(5.1 miles) confined confined section
section with highway
(geomorphic embankment
reach 2)
3 (RM 9.4 10 14.3) RM 9.2 to Bedrock Naturally RM 9 to 14
14.3 (5.1 constriction confined section | Model
miles) just upstream | (geomorphic
of White Pine | reach 2)
Bridge

2.2 Mesh Generation

SRH-W uses a combination of structured and unstructured mesh cells. For Nason Creek,
a combination of quadrilateral and triangular meshes was utilized. A pre-processor
program SMS (version 8.1) was used to generate the mesh for existing and human feature
removed conditions. The following web site link provides more information for the
software: www.scientificsoftwaregroup.com. The SRH-W user’s manual (Lai 2006)
provides an in-depth discussion on how to use SMS to prepare a 2D mesh for use by
SRH-W.

The mesh was broken into unique polygons based on an iterative procedure. Polygons
were initially based on roughness variations (e.g., main channel, vegetated floodplain,
and unvegetated floodplain). Polygons were then further sub-divided to allow proper
representation of flow lines, such as in meander bends. The final iteration was to sub-
divide polygons in areas where tighter mesh cell density was needed such as along road
and railroad embankments where it was important to capture absolute maximum
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elevations that could impact flow connectivity within the floodplain. The existing
conditions mesh was also utilized to represent the human features removed conditions.

The mesh has the following features:

Combined structured and unstructured mesh with quadrilateral and triangular
element configurations

Number of elements

0 118,349 elements (mesh cells) for RM 5o 9

0 296,441 elements (mesh cells) for RM 9 to 14

Number of nodes

0 110,711 nodes forRM 510 9

0 161,580 nodes for RM 9 to 14

20 cells generally used across active, unvegetated 2006 channel

Tightest density of cells used in channel areas and areas with rapid changes in
elevation with respect to horizontal distance

Lesser density of cells was used in floodplain areas where there is less elevation
change (topographic relief)

Figure 3. Example of mesh solution with river miles shown in red text and brown circles
(background is 2006 LiDAR hillshade).
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2.3 Roughness Delineation

Flow resistance is quantified in SRH-W using the Manning’s roughness coefficient, and
as such is one of the model inputs. Manning’s coefficient is usually distributed spatially,
according to the surface roughness type in the solution domain. Delineation of roughness
polygons was done in ARCGIS version 9.2 using a 2006 aerial photograph generated
from the U.S. Department of Agriculture “National Agriculture Imagery Program”
(NAIP), 2006 aerial photography collected by Watershed Sciences for this geomorphic
effort, and a vegetation model from 2006 LiDAR data illustrating canopy heights.
Because the model objectives are focused on off-channel and floodplain connectivity and
each model is 5-miles in length, roughness polygons were broken into four general
categories: 1) unvegetated channel area, 2) cleared, 3) densely vegetated floodplain, and
4) sparsely vegetated floodplain (example shown in Figure 4 and Figure 5). Roughness
value selection is discussed in the calibration section of the report.

Figure 4. Example of roughness delineation for 2D model mesh for the extent of the
model boundary.
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Figure 5. Example of vegetation height model from 2006 LiDAR data used for roughness
delineation.

2.4 Topographic Representation of Mesh

The terrain grids generated for 2D modeling of geomorphic reaches 1 and 3 are listed in
Table 2. Topography data used to populate the existing conditions grid with elevations
was a 10-foot grid derived from bare-earth 2006 LiDAR data collected at a flow of 40
cfs. The bare-earth LiDAR elevation points had to be reduced from a 3.3-foot grid to a
10-foot grid to accommodate processing limitations of SMS, a program used to develop
the mesh and grid for input to SRH-W. In the RM 9 to 14 grid, embankment areas were
supplemented with original LIiDAR data to ensure crest heights of embankments that
limit flow connectivity were captured correctly. For the human features removed grid,
features were removed that were raised above the nearby ground such that they would
impact flow connectivity between the main channel and floodplain (e.g. levees, road
embankments, railroad embankments). Houses, infrastructure, and features such as
power line poles were not removed.
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Figure 6. Example of human features removed that impede flow connectivity within the
geologic floodplain boundary.

Bare-earth LIDAR data does not represent the true ground elevation of wetted areas during
the survey (Figure 7); however, bed elevations in very shallow portions of the river such as
riffles were determined to be properly represented because a significant portion of the bed
material was exposed in these areas. A longitudinal profile of the channel bottom
(thalweg) was later surveyed by foot (combination of RTK GPS and total station) in 2007
and could be incorporated into the grid development for future modeling efforts. A
comparison of the LiDAR and ground surveys in very shallow areas indicates that
elevations are within one foot of each other. More details of this comparison can be found
in Appendix G (Channel Slope and Survey Data). No ground elevation data were collected
in ponded areas outside of the main channel during the 2007 ground survey. In deep pools
the LiDAR is unreliable for determining bed elevations due to the inability of red light to
penetrate the water column. Even though the thalweg is not represented in deep pools, the
hydraulic controls that have the greatest impact on water surface elevations (riffles) are
properly represented, thus the water surface elevations and off-channel and floodplain
connectivity is well represented in model results at discharges greater than 40 cfs.
Although the water surface elevations are within a few tenths of a foot in pool areas,
localized model results for depth, velocity, Froude number, and shear stress are not well
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represented. Due to the lack of detailed channel bottom data, model results at discharges

less than 40 cfs will be unreliable.

Table 2.  List of grids created for 2D modeling.
Elevation
Range
Reach Scenario Grid Name Topographic Data Notes (NAVD 88 ft)
RM5to9 1946 to 2256
(Geomorphic NC_RM5t09_Existing.2 | 10 foot grid from bare earth 2006 LiDAR
Reach 1) Existing dm (Figure 8) data
Delineated human features in ARCGIS 1946 to 2256
where elevations are higher than natural
ground (e.g. levees, roads, railroad);
removed these elevation points from
RM5to9 Human model input data and allowed the tin to
(Geomorphic | Features NC_RM5to9_HFRemov | connect natural ground from either side
Reach 1) Removed ed.2dm (Figure 9) of the feature to create new surface
10 foot grid from bare earth 2006 LIDAR | 2132 to 2468
data; delineated human features in GIS
where elevations are higher than natural
ground (e.g. levees, roads, railroad);
supplemented 10 ft grid in these areas
with original 1 m bare earth LiDAR data
RM 9to 14 to capture crest heights of features; used
(Geomorphic NC_RM9to14_Existing4 | for higher flows to ensure overtopping
Reach 3) Existing .2dm (Figure 10) was correctly captured
Delineated human features in ARCGIS 2132 to 2468
where elevations are higher than natural
ground (e.g. levees, roads, railroad);
removed these elevation points from
RM 9to 14 Human model input data and allowed the tin to
(Geomorphic | Features NC_RM9to14 HFRemo | connect natural ground from either side
Reach 3) Removed ved3.2dm (Figure 11) of the feature to create new surface
Human 2132 to 2468
Features Modified channel to fill in engineered
RM9to 14 Removed and | NC_RM9to1l4_ChanMo | channel areas and reconnect historical
(Geomorphic | Channel d3.2dm (Figure 12and main channel to present channel at RM
Reach 3) Modifications | Figure 13) 13.3to 14.3 and RM 10.7 to 11,
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Highway 2
Present
Channel
\
Railroad
Historical
Channel

Figure 7. Example showing wetted channel and ponded areas where underwater
elevations are not represented in 2D model grid.

Figure 8. Existing conditions grid for RM 5to 9.
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Figure 9. Existing conditions grid for RM 9 to 14.

Figure 10. Human features removed grid for RM 5to 9.
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Figure 11. Human features removed grid for RM 9 to 14.

Figure 12. RM 13.3to 14.3 where present channel was filled in to evaluate flow
connectivity if only historical channel were inundated.
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Figure 13. RM 10.7 to 11.0 where present channel was filled in to evaluate flow
connectivity if only historical channel were inundated.

2.5 Computation Parameters and Boundary
Conditions

A time step, total computation time, upstream boundary condition of discharge, and
downstream boundary water surface elevation must be input to SRH-W prior to running a
simulation. Selection of these parameters is discussed in this section.

2.5.1 Time Step and Duration

A time step of 5 seconds was chosen and initially ran for 86,400 time steps (432,000
seconds or 120 hours). Model results were output at intervals of 900 or 1800 time steps,
which equals every 1.25 to 2.5 hours. A computation time duration was chosen that was
long enough such that results appeared to be hydraulically stable and were not
significantly changing with additional computation time. A hydraulically stable result
was defined as having no unrealistic values of velocity or Froude number from both an
absolute magnitude and relative to location in the main channel or floodplain (e.g.,
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smaller velocities in shallow overbank areas, higher velocities around outside of meander
bends, etc.). To test the model run times, results were compared for a flow of 2,500 and
15,000 cfs in the RM 5 to 9 reach for existing conditions at different durations (example
comparison shown in Figure 14). The results were nearly identical at half the total
computation time, so subsequent runs were often shortened to be more efficient in
computer processing time.

Frequency Distribution
Statistics: 80,000
Count:  B8532
inimum: -0.034773 §0,000 H
b Smirmurn: 0.399734
Sum; -5.43485 40,000 H
kean:  -0.000073
Standard Deviation: 0.004366 20,000 H
1] -
-01 -0.0 0.1 0.1 0.z 0.3 0.4
ll _,,I -0.1 n.o 01 0.2 0.3 0.3

Figure 14. Comparison of model results at two computation intervals for 15,000 cfs for RM
5to 9 existing conditions grid.

2.5.2 Modeled Discharges

USGS gage data from Icicle Creek and the Washington Department of Ecology (DOE)
gage data at RM 0.8 was used to develop flood frequency values to help choose the
discharges modeled. However, flow data at this gage has only been collected since 2002,
which provides about 5 years of data. The highest flow recorded was slightly less than
10,000 cfs. Additionally, discharge varies with drainage area and generally increases in
the downstream direction, so that a 100-year flood value at RM 0.8 is much different than
at the upper end of the 2D modeling near RM 14. Upstream flow reduction for each
flood frequency value was estimated using a relationship of flow and drainage area (see
Hydrology appendix for methods; Figure 15). Because modeling was done with steady
flows and not hydrographs, a series of flows were used in 5,000 cfs increments ranging
from 2,500 to 15,000 cfs, which covers the range of 2- to 100-year estimated flood values
for RM 4 to 14.
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The DOE suggests that the margin of error is 5 percent for flows measured below 1,200
cfs and 15 percent for flows measured above 1,200 cfs; stage measurements are noted to
have a 0.02 foot margin of error (Springer 2005). Additionally, the flood frequency
values also have uncertainty of up to 30 percent for the 100-year flood because of limited
gage data available on Nason Creek (Appendix D — Hydrology). Therefore, a
combination of model results should be used when thinking of a 10- or 100-year flood
result depending on the location.

For comparison, the 100-year flood reported in the 1980s FEMA study for Nason Creek
was 6,200 cfs near RM 6, and about 4,100 cfs at the White Pine railroad bridge (RM
14.3) (Figure 16). These flood frequency values were not based on any gage data from
the Nason Creek watershed, and are lower than values updated with DOE gage data. The
DOE gage at RM 0.8 (107.8 sq miles) has estimated values for the following peak flows;

e Water Year 2007: November 2006, 9,940 cfs instantaneous peak (peak under
review at DOE and may be changed; as of June 2008 new November peak listed
as 4,960 cfs)

e Water Year 2006: May 2006, 6,440 cfs instantaneous peak (estimated value)

e Water Year 2005: January 2005, 4,950 cfs instantaneous peak (estimated value)
e Water Year 2004: November 2003, 3,150 cfs estimated instantaneous peak

e Water Year 2003: January 2003, 5,780 cfs instantaneous peak (estimated value)
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Flood Frequency Estimates by River Mile
(2D Modeled Flows shown in Black Lines)

15,000 -

Added 30% uncertainty to
100-year flood based on Log
Pearson results

14,000 -
13,000 -
12,000 -

11,000 4 Tl R

10,000 -

------ Upper End 100 yr Uncertainty
——Q100_cfs
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Figure 15. Comparison of modeled flows of 2,500, 5,000, 10,000, and 15,000 cfs (black
lines) for RM 4 to 14 versus computed flood frequency estimates (e.g. Q 100_cfs is 100-
year flood) that change longitudinally by river mile.

Table 1. Summary of Discharges

Drainage Area Peak Discharges (Cubic Feet per Second (cfs))

Flooding Source and Location Square Miles) 10-Year 50-Year 100-Year 500-Year
Wenatchee River

At Monitor Gage 1,301 26,500 38,500 48,700 82,000

At Dryden Gage 1,155 25,700 36,863 46,372 78,289

At Peshastin Gage 1,000 24,300 34,000 42,300 71,800

At South Line S34, T26N, R17E 606 17, 600 21,500 23,000 26,000

At Plain Gage 591 17,500 26,500 34,100 62,800

At Lake Gage 273 10,000 12,100 13,000 14,800
Mission Creek

At Southern City Limits of Cashmere B2 660 1,780 2,600 5,700
Peshastin Creek

At Mouth 143 1,980 3,210 3,790 5,130
Icicle Creek

At Mouth 213 7,930 11,000 12,360 15,650
Chumstick Creek

2 At Mouth 82 900 1,430 1,720 2,810

At Eagle Creek Road 50 560 900 1,200 1,820

At Cross Section AP 41 470 760 930 1,520

At Sunitsch Canyon Road 31 400 640 770 1,250
Chiwawa River

At Mouth 190 4,900 6,500 7,200 8,800
Nason Creek

At Kahler Creek Bridge 98.6 4,270 5,860 6,590 8,250

Above Kahler Creek Confluence 91.2 3,990 5,490 6,170 1,720

Below Butcher Creek Confluence 87.5 3,850 5,290 5,960 7,460

Below Roaring Creek Confluence 76.3 3,430 4,720 5,320 6,670

Above Gill Creek Confluence 70.8 3,220 4,440 5,000 6,260

At Merritt 67.5 3,080 4,270 4,810 6,020

At Burlington Northern RR Bridge 64.2 2,960 4,090 4,610 5,780

Figure 16. Flood frequency values reported in 1980s FEMA analysis on Nason Creek.

H-16
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2.5.3 Downstream Boundary Water Surface Elevation

A downstream boundary condition of water surface elevation is needed for each upstream
boundary of discharge (Table 3). Preferably, a known rating curve of water surface
elevation versus discharge is used for the downstream boundary, but was not available in
this case except at RM 0.8 at a gaging station which is too far downstream to be used for
either model. For the RM 9 to 14 model boundary, the output results from the RM 5 to 9
2D model were used to generate a downstream water surface elevation value. The
boundary for the RM 5 to 9 model had to be generated from a 1D model as described
below. Because both models had estimated boundary conditions, model results in the
vicinity of the boundaries may not be accurate and should be used with caution.

Table 3.  Boundary conditions for modeling.

RM 5 to 9 Downstream RM 9 to 14 Downstream
Boundary Water Boundary Water Surface
Surface Elevation Elevation
Upstream Flow
Input (cfs) (m) (ft) (m) (ft)

40 593.69 1947.79 650.53 2134.30
2500 594.96 1951.98 651.74 2138.25
5000 595.38 1953.34 652.80 2141.73
5666 595.45 1953.59 653.74 2144.81
10000 595.84 1954.85 654.01 2145.70
15000 596.20 1956.03 654.98 2148.90

The water surface elevation for the RM 5 to 9 model was based on a normal depth
assumption using a 0.0067 slope derived from the water surface elevation slope
(Appendix G — Channel Slope and Survey Data). A downstream boundary of water
surface elevation is needed for the 2D model, so this slope assumption was input into a
1D HEC-RAS model also created from the 2006 LiDAR data. The 1D model was used
to generate a water surface elevation for input to SRH-W. A 1D HEC-RAS model was
also available from a previous effort funded by Chelan County with topography based on
cross-section data. Because the LIDAR data was utilized to generate the grid for the 2D
model, it was assumed the new 1D model based on LiDAR would be more accurate to
develop downstream boundary conditions. To improve the accuracy of the downstream
boundary input data, the 1D model could be extended so its boundary was at the DOE
gage. The established discharge-elevation rating curve at the gage could be used for the
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boundary of the 1D model instead of slope, and then the computed elevation at the point
of interest used for the 2D model downstream boundary.

A sensitivity analysis was performed for the RM 5 to 9 model at 5,000 cfs (near bankfull)
with the boundary raised and lowered an arbitrary value of 1 foot to estimate the extent of
influence on model results. At 5,000 cfs, the extent of river where the water surface
elevation differed by more than 0.1 feet was limited to about 1/10 of a mile upstream
from the downstream boundary. Other discharges were not tested.

3. MODEL CALIBRATION AND VALIDATION

Calibration of the model is an iterative process used to adjust roughness parameters and
the topographic representation of the grid (if needed) to match measured data at a range
of flows and scenarios. The measured data typically represents existing (or very recent)
conditions, but in some cases may represent historical conditions with a different grid.
Measured data can include water surface elevations, inundation boundaries, velocities, or
water depths. The calibrated model is then validated by running at one or more flows
with additional measured data not used in the calibration process. Both processes should
cover the range of flows of interest.

Within the Nason Creek modeling boundaries, limited hydraulic data was available to
either calibrate or validate the hydraulic model results. Additionally, the discharge is
estimated to change longitudinally, and is only measured at RM 0.8, downstream of both
models. Measured water surface elevation and depth was collected in 2007 at a low flow
of 40 cfs, but this flow does not represent the majority of flows modeled (2,500 to 15,000
cfs). Additionally, because the 2D model grid was based on LiDAR and did not
incorporate the 2007 channel thalweg, the modeled water surfaces are slightly higher in
elevation than measured values (because the channel bottom is approximately modeled as
water surface elevation at 40 cfs). The only data available to calibrate with were six
photographs taken during May 2006 which are described in Section 3.2. No data was
available to validate the model.

3.1 Selection of Roughness Values

Roughness values were based on past modeling experience in similar channel
environments. A slightly higher roughness value was used in the channel for 40 cfs
because of the shallower depths where coarse sediment would have more influence. For
comparison purposes, the FEMA report documents Manning’s n values for the Nason
Creek 1D modeling in the 1980s ranged from 0.038 to 0.050 for the channel and 0.080 to
0.100 for overbank areas (FEMA 2004).
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Table 4. Roughness values selected for 2D modeling.

2,500 to
Description 40 cfs 15,000 cfs
Unvegetated Main Channel 0.05 0.04
Cleared Overbank 0.03 0.03
Densely Vegetated Overbank 0.08 0.08
Sparsely Vegetated Overbank 0.06 0.06

3.2 Inundation Comparison during May 2006
Snowmelt Runoff

Six high flow photographs were available that show inundation from a May 19, 2006
spring snowmelt flood at RM 0.8 (location not modeled), 5.5, 6.6, 10.5, 13.2, and 14.2
(Table 5). The estimated mean daily flow at the DOE gage (RM 0.8) on the day of the
photographs was 5,650 cfs, which is between a 10- and 25-year flood (Appendix D —
Hydrology). The flood started on May 15 and went into June. Estimates of flow
reduction by river mile were made for the May 19th flood based on a drainage area
relationship with discharge (Appendix D — Hydrology). This approach suggests the flow
was approximately 4,900 cfs at RM 9, and only 3,600 cfs at RM 14.

Model inundation results from 5,000 cfs were reasonably matched with the photographs
between RM 5 to 9 (Figure 17 and Figure 18). For the sites above RM 9, the 5,000 cfs
model results showed more inundation than observed in the field, and the 2,500 cfs model
results showed less inundation. This would be expected given the predicted reduction in
flow. Further calibration of roughness should be done using additional field measured
water surface elevation data at higher flows if possible for future modeling efforts.

Table5. Summary of model observations versus field notes for ground photographs
during May 2006 flood.

Estimated
Q based 2,500
on cfs
Approximate | drainage model 5,000 cfs
Photograph RM area notes model notes Field Notes
Flow almost as high as bridge
N6 0.85 5,600 | No data No data deck near DOE gage;
Flow
contained in
banks; about
2 feet of
freeboard to
top of right Flow contained in banks; can't
N1 5.5 5,200 bank see any backchannels
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Estimated
Q based 2,500
on cfs
Approximate | drainage model 5,000 cfs
Photograph RM area notes model notes Field Notes
Less than 0.5
feet flow on
parts of Flow partially inundating island
island; did not | in split flow; does not overtop
N2 6.6 5,100 overtop Hwy 2 | Hwy2
Gravel
bar
partially Gravel bar Gravel bar not inundated in
N3 10.5 4,100 | wet wet photos
Gravel bar not inundated in
Gravel Gravel bar photos; can't see back
N4 13.2 3,700 | bar dry wet channels
Confined under RR bridge;
Flow looks like going into
confined | Flow confined | backchannel beyond log jam
N5 14.2 3,600 | to banks | to banks but hard to see

Figure 17. Existing conditions grid with modeled flow of 5,000 cfs for comparison to
ground photograph (green square) during May 2006 flood. Flow on the island between the
split flow was typically less than 0.5 foot.




Appendix H- Hydraulics and Sediment Analysis

Figure 18. Looking upstream at May 2006 flood from locations shown in previous figure
(near RM 6.6).

3.3 Comparison with FEMA Floodplain

For comparison, the 100-year flood inundation boundary reported in the 1980s FEMA 1D
model study for Nason Creek was compared to 2D model results. The FEMA study
reported the 100-year flood as 6,200 cfs near RM 6, and about 4,100 cfs at the White Pine
railroad bridge (RM 14.3) (see Figure 16). The model result of 5,000 cfs fell in the
middle of these values and was used for comparison. Some areas were very close, but
other areas were different. The main differences in results are attributed to use of a dense
topographic data set and 2D model approach compared with a 1D model utilizing only
cross-section data that may have missed hydraulic controls such as riffles and rapids.
Results from the 2D model were based on existing conditions and did not account for
backwater through culverts or tributary inflow. The FEMA floodplain boundary between
RM 9 to 14 has several areas that show inundation for existing conditions due to
backwater from culvert openings or tributary input that is blocked by embankments from
reaching the mainstem river.
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Figure 19. Inundation comparison in geomorphic reach 1 (RM 5 to 9) of 2D model results
with FEMA 1D model result.

Figure 20. Inundation comparison in geomorphic reach 3 (RM 9 to 14) of 2D model result
with FEMA 1D model result.
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3.4 Roughness Uncertainty

The impact of uncertainty in roughness was examined by adjusting a Manning’s n value
of 0.04 by +/- 0.01. A flow of 5,000 cfs was used for the comparison, which is largely
contained within the active channel. A change in roughness of +/- 0.01 resulted in a
mean change in water surface elevation of +/- 0.3 foot for all inundated grid cells (based
on comparison of 2d model result grids in GIS) (Figure 21). Inundation area was slightly
larger with a larger roughness but would not change reach-level conclusions of off-
channel and floodplain connectivity (Figure 22).

Statistics of RM5to9_Existing_5000cfs_n04_05join el B
Field
Frequency Distribution

Séatl&tu:s: —— 5,000

ount; 1
Minimum: 10568342 5,000
bl airnur: 1.22218 4,000 A
Surn: 17348 560301 000 H
Mean:  0.332954 ' |
Standard Deviation: 0.210478 4,000 ¢

1,000 H 1
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Figure 21. Comparison of water surface elevation difference between 5,000 cfs run with
roughness of 0.04 versus 0.05.

Figure 22. Inundation comparison of roughness of 0.04 (green) versus 0.05 (red) in
geomorphic reach 1 for existing conditions. Areas in red represent the additional
inundation caused by the higher roughness value in the active channel.
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4. MODEL SCENARIOS AND OUTPUT

Two model grids were used that cover RM 5 to 9 (geomorphic reach 1) and RM 9 to 14
(geomorphic reach 3) independently (see Section 2). Modeling was done to represent
existing conditions for a range of flows that cover near bankfull conditions to inundation of
the majority of the geologic floodplain (Table 6). The purpose of modeling existing
conditions was to evaluate current hydraulic conditions and relatively compare geomorphic
reaches 1 and 3. Modeling was also done with all human features removed that are raised
above the floodplain and block connectivity of flow between the main channel and off-
channel and floodplain areas. One additional model run was done with the human features
removed grid at 5,000 cfs in RM 9 to 14 that also has two sections of the artificial channel
filled in. The purpose of this run was to assist with visualization of potential inundation
and hydraulic characteristics if the historical channels and floodplain are reconnected.

Interpretation of inundation, backwater effects and sediment transport capacity results are
documented in the main report so they can be integrated with conclusions from the
geomorphic mapping. For each model run, a raw output file from SRH-W is available
with results for all cells along with a GIS file containing results only in wetted cells.
Hydraulic model result files contain the following parameters:
1. X (easting position of cell value) (ft)
2. 'Y (northing position of cell value) (ft)
3. Bed elevation from input topography (ft)
4. Water surface elevation (ft)
5. Water depth (ft)
6. Velocity in the X-direction (ft/s)
7. Velocity in the Y-direction (ft/s)
8. Velocity magnitude (ft/s)
9. Froude number (V/\gh) (dimensionless)
10. Bed shear stress (Iby/ft?)
A few additional runs were done with a newer version of the SRH-W code that compute

sediment capacity and incipient motion of sediment (Table 7). Additional model results
obtained with the sediment code are:

1. Sediment capacity (Ib/ft/s)
2. Critical D50 (mm)

3. Shields parameter
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Table 6.

List of 2D model runs for RM 5 to 9 (geomorphic reach 1) and RM 9 to 14
(geomorphic reach 3).

Upstream
Flow Input

Scenario Model Mesh Name SRH-W Output File Name GIS Output File name (cfs)
Existing NC_RM5t09_Existing.2dm RM5t09_Exist40cfs_SMS96.txt RM5t09_Existing_40cfs 40
Existing NC_RM5t09_Existing.2dm RM5t09_Exist2500cfs_SMS96.txt RM5t09_Existing_2500cfs 2,500
Existing NC_RM5t09_Existing.2dm RM5t09_Exist5000cfs04_SMS96 RM5t09_Existing_5000cfs 5,000
Existing NC_RMS5to9_Existing.2dm RM5t09_Exist10000cfs_SMS73.txt RM5t09_Existing_10000cfs 10,000
Existing NC_RMS5to9_Existing.2dm RM5t09_Existing_15000cfs_SMS60.txt | RM5t09_Existing_15000cfs 15,000
HF Removed | NC_RM5to9 HFRemoved.2dm RM5t09_HF40cfs_SMS96.ixt RM5t09_HF_40cfs 40
HF Removed | NC_RM5to9_HFRemoved.2dm RM5t09_HF2500cfs_SMS96.txt RM5t09_HF_2500 2,500
HF Removed | NC_RM5to9_HFRemoved.2dm RM5to9_HF5000cfs_SMS96.txt RM5t09_HF_5000 5,000
HF Removed | NC_RM5to9 HFRemoved.2dm RM5t09_HF10000cfs_SMS36.txt RM5to9_HF_10000 10,000
HF Removed | NC_RM5to9 HFRemoved.2dm RM5t09_HF15000cfs_SMS45.txt RM5t09_HF 15000 15,000
Existing NC_RM9to14 Existing2.2dm RM9to14_Exist40cfs_SMS96.txt RM9to14_Exist40cfs 40
Existing NC_RM9to14_Existing4.2dm RM9to14_Exist2500cfs_SMS96.txt RM9to14_Exist2500cfs 2,500
Existing NC_RMO9to14_Existing4.2dm RM9tol14_Exist5000cfs_SMS41.txt RM9tol14_Exist5000cfs 5,000
Existing NC_RM9to14_Existing4.2dm RMO9to14_Exist7500cfs_SMS35.txt RMO9to14_Exist7500cfs 10,000
Existing NC_RM9to14_Existing4.2dm RM©9to14_Exist10000cfs_SMS35.txt RM9to14_Exist10000cfs 15,000
Existing NC_RM9to14_Existing4.2dm RM9to14_Exist15000cfs_SMS27.txt RM9to14_Exist15000cfs 40
HF Removed | NC_RM9to1l4 HFRemoved3.2dm | RM9tol4 HF2500cfs_SMS96.dat RM9tol14_Exist2500cfs 2,500
HF Removed | NC_RM9to14 HFRemoved3.2dm | RM9to14 HF5000cfs_SMS96.txt RMO9to14_Exist5000cfs 5,000
HF Removed | NC_RMO9to14 HFRemoved3.2dm | RM9to14 HF10000cfs_SMS67.dat RM9to14_Exist10000cfs 10,000
HF Removed | NC_RM9tol4 HFRemoved3.2dm | RM9tol4 HF15000cfs_SMS62.txt RMO9to14_Exist15000cfs 15,000
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Table 7.  List of 2D model runs with sediment capacity for RM 5 to 9 (geomorphic reach
1) and RM 9 to 14 (geomorphic reach 3).

Upstream
Flow
Scenario Model Mesh Name SRH-W Qutput File Name GIS Output File name Input (cfs)
Existing NC_RM5to9_Existing.2dm RM5t09_Exist2500SEDSRH_SMS48.txt RM5t09_Exist2500SEDSRH 2,500
Existing NC_RM5to9_Existing.2dm RM5t09_Exist5000SEDSRH_SMS48.txt RM5t09_Exist5000SEDSRH 5,000
Existing NC_RM5t09_Existing.2dm RM5t09_Exist10000SEDSRH_SMS48.txt | RM5to9_Exist10000SEDSRH 10,000
Existing NC_RM9to14_Existing4.2dm RMO9to14 Exist2500SEDSRH_SMS48.txt RM09to14 Exist2500SEDSRH 2,500
Existing NC_RM9to14 Existing4.2dm RM9to14_Exist5000SEDSRH_SMS48.txt RM©9to14_Exist5000SEDSRH 5,000
Existing NC_RM9to14 Existing4.2dm RM9to14 Exist10000SEDSRH_SMS48.txt | RM9to14 Exist10000SEDSRH 10,000
5. MODEL APPLICABILITY AND LIMITATIONS

The SRH-W model utilized is state-of-the-art and provides one of the best available
methods to simulate river hydraulics. However, even the most advanced modeling has
uncertainties due to assumptions related to the theoretical model development (e.g.,
depth-averaged flow equations used and numerical discretization errors) and the input
data used (e.g., uncertainty in topography data and roughness values).

The results are applicable for looking at the relative change in hydraulics and flow
distribution between the two geomorphic reaches 1 and 3. The model results are useful
for looking at existing and potential off-channel and floodplain connectivity to historical
areas currently cut-off (either partially or completely). The model results were also
utilized to assist with refining boundaries of historical channel migration zone areas and
floodplain areas based on the extent of inundation, depth, and velocity. The water
surface elevations computed by the model have an estimated uncertainty of up to 1 foot at
high flows based on professional experience.

Future model improvements should consider incorporating 2007 channel bottom data and
obtaining additional underwater topography in areas where more accuracy is needed.
Detailed hydraulic results at a project scale may require a denser grid than the 10-foot
grid used at the reach scale. Model accuracy could be validated and potentially improved
if more calibration and validation data is obtained to check against the model results. All
of the models were run with steady flows (no hydrographs) and static beds. Additional
modeling will be needed if channel migration rates, or bed scour and aggradation
prediction is of interest.
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0. SEDIMENT ANALYSIS METHODS

Sediment characteristics and the likelihood of future incision were addressed through an
analysis of surrogate sediment transport parameters (stream power) and by comparing
measured sediment sizes in the channel bed with incipient motion computations.
Comparison with incipient motion indicates the ability of the river to mobilize the present
channel bed and bars. The locations and general characteristics of sediment sources to
the assessment reach were identified as part of the geologic investigation, but were not
quantified or measured. Sensitivity of the channel bed to a change in sediment supply
and/or sediment transport capacity as a result of construction of individual or multiple
projects could be considered for future analysis if required. Field observations and
channel survey comparisons suggested localized areas of a few feet of channel incision,
particularly in areas where engineered straight channels had replaced historically
meandering sections of river. The limitations of not using a predictive, quantitative
sediment transport model in this assessment include losses in analysis resolution such as
magnitude of incision or deposition of sediment, changes in bar and channel sediment
storage as a result of proposed project construction, interactions of sediment supply and
storage between proposed projects in close proximity, and changes in bed character.

Sediment transport capacity was also computed for 5,000 cfs existing conditions model
runs to compare relative transport capacity between geomorphic reach 1 and 3. Sediment
transport capacity was computed using the Meyer-Peter Muller equation in a version of
SRH-W that computes sediment transport capacity at each grid cell based on hydraulic
results for the input steady flow. In addition, the critical (largest) sediment size that can
be mobilized for the modeled flow was computed using the Shields equation and the Ds,
which had an average sediment size of 60 mm. These values were compared to sediment
sizes measured on the bed surface to see if the typical bed sizes are mobilized within the
range of potential flows.

Results are presented in the main report so they can be integrated with other information.
Details on the stream power and pebble count methods are provided below.

6.1 Stream Power

Generally, discharge tends to increase in the downstream direction in river basins as
additional tributaries and runoff provide more flow. Increasing discharge provides more
potential energy to transport sediment and large woody debris if hydraulic conditions are
otherwise comparable. Increasing the slope can also increase the river’s ability to
transport sediment and large woody debris while decreasing the slope can reduce the
transport capacity.
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The total stream power computation shows how the combination of discharge and slope
vary along the river from a reach-based perspective. The total stream power is computed
by multiplying the product of discharge, slope and the specific weight of water for a
given reach length (yQSX with units of power) (Bagnold 1966). Stream power is
typically computed per unit length, X = 1. In this report, total stream power is simply
computed as discharge multiplied by slope without the constant of specific weight of
water or reach length. Discharge values were based on flood frequency output
documented in the hydrology appendix D. Slopes were based on water surface slopes
generated from hydraulic controls surveyed in 2007 (Appendix G — Channel Geomoety
and Slope).

Total stream power is often used to indicate and compare the relative magnitude of
sediment loads a stream is capable of transporting between reaches. It does not provide
quantitative information as to the actual quantities or sizes transported. If the total stream
power increases or decreases in a downstream direction, the sediment transport potential
of the stream would also be expected to increase or decrease, respectively. Increases or
decreases in sediment transport potential can indicate the likelihood of a reach to trend
towards deposition or incision. If changes in slope and discharge are balanced out by the
river, total stream power will remain relatively constant along the river’s length and the
reach would be expected to be in dynamic equilibrium. Computations utilized the 2- to
100-year discharge combined with bankfull slopes and did not differentiate between in-
channel and floodplain flows.

The “unit stream power” is defined as the rate of potential energy expenditure per unit
weight of water (Yang 1996). It is often used as an indicator of the relative energy
required to transport a given sediment load among various cross-sections.

The unit stream power is computed by multiplying the friction slope and velocity
(typically depth-averaged) for a given cross-section (VS with units of ft/s). Friction slope
was computed by taking an average difference of the velocity head between model cell
results for a given discharge along the centerline of the main channel. Velocity was the
velocity magnitude output at a grid cell along the centerline of the active channel for a
given discharge. Velocity incorporates the impact of channel geometry on sediment
transport. Unit stream power provides a way to compare the relative ability of the stream
to transport sediment at various cross-sections. By using a series of cross sections to
represent a range of hydraulic conditions within each geomorphic reach, unit stream
power can be used to look at relative comparisons of sediment transport capacity between
reaches. It does not provide quantitative information as to the actual quantities or sizes
transported. The depth-averaged velocity was computed using the normal depth
assumption and did not differentiate between floodplain areas and the active channel.
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6.2 Pebble Counts

Reclamation contracted with the USFS to collect pebble count samples during low flow
periods at typical channel and bar sections located throughout the assessment reach. The
sediment sample was collected with the intention of measuring surface coarse bed-
material that must be mobilized by the river before the channel and bar sediment can be
transported. This is the sediment sizes most closely linked with channel form, potential
aggradation, and potential incision. In some channel areas the pebble count represents an
armor layer on the channel bottom that may not be mobilized except for extremely high
flood events. Ground photographs, particle size distributions, and field notes are
available for each site. The D35, D50, and D90 at each site were computed (Figure 23,
Figure 24, and Figure 25).

The method employed was to count 100 pebbles in approximately 1-foot intervals either
across the wetted channel or along the unvegetated portions of sediment bars. Lines
across channel sections were repeated if the channel width was less than 100 feet. Bar
locations were chosen generally such that the grid was adjacent to the water edge and in
the middle of the point or longitudinal bars (as opposed to upstream or downstream end).
On bars, up to 4 lines were used in a grid format to capture the 100 piece count because
most bars were less than 100 feet in width. Areas for pebble counts were chosen based
on typical channel and bar sections without any localized influence that would cause
local fining or coarsening of the sediment. Bank material was not included in the counts.
If the bank sediment being eroded is coarse enough it will not be mobilized far from the
erosion site and will be represented in the bar and channel samples. On the other hand,
finer-sized sediment in the bank may be easily suspended and mobilized downstream
and, therefore, would improperly skew the particle size distribution representing surface
bed-material sizes.

The USFS crews noted the following regarding methods for collecting pebble counts:

e A written summary for each survey site was done, including whether the sample
was located across the wetted channel or on a gravel bar.

e At sites where there was a river survey and grid survey performed, in some
instances only one “largest substrate” measurement was taken. In this case the
“largest substrate” was entered for both survey summaries for that site. If there
were two “largest substrates” on the data sheets for river and grid surveys at one
site, then two were entered in the database.

e The location of large wood was documented if it fell in a river or bar grid; if the
wood spanned both areas, the location was based on whether it was mostly
located in the river line or on a bar grid, but was never entered in both.
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recorded in feet and inches.

Some “wetted widths” were recorded in feet with decimals, where others were

In the ground photographs for each site, the following abbreviations were used:

LB= left bank, RB= right bank, XS= cross-section.

Grid type on the “pebble_count_bar” worksheet includes dimensions of the grid.

At most sites several passes were made across a stream in order to gain 100 data

points. These are designated by pass 1, 2, 3...etc., and #s meaning each unique

data point gathered.
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Figure 23. Results of D35 at pebble count sample sites.
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Figure 24. Results of Dsg at pebble count sample sites.
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Figure 25. Results of Dgs at pebble count sample sites.
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