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Project Location & Watershed Description

The Fourmile Canyon Creek restoration project is located north of the City of Boulder near the
intersection of Lee Hill Drive and Wagonwheel Gap Road. The project begins approximately 1,100 feet
downstream of Wagonwheel Gap Road and extends upstream to the Anne U White Trailhead. The total
length of this project is approximately 1.4 miles.

The drainage area of Fourmile Canyon Creek at the downstream extents of the project is 7.19 square
miles and at the confluence with Lion Point tributary, near Lion Point, is 4.92 square miles. The
watershed elevation varies between 5700 feet at the downstream end of the project to 8500 feet at the
headwaters, just upstream of Sunshine Canyon Drive. The mean annual precipitation for this portion of
the watershed is approximately 21 inches per year.

Geology in the watershed consists mostly of granite, with some siltstone and sandstone. This watershed
is comprised of alluvial valleys with ranging widths. Most of the soils in the watershed can be classified
as loamy or sandy alluvium and are typically well-drained soils meaning that they have a high rate of
infiltration.

Existing vegetation in this watershed falls within three categories: Overstory (trees), understory
(shrubs), and ground cover (herbaceous). Existing overstory vegetation is generally comprised of
Ponderosa Pine, Douglas Fir, Willow, and Cottonwood. Understory vegetation is generally comprised of
Willow, Mountain Ninebark, and Chokecherry. Ground cover vegetation is generally comprised of a
variety of grasses, brome, rushes, and sedges. A complete description of all existing vegetation is
provided in Appendix A.

Project Background

Fourmile Canyon Creek incurred significant damage during the September 2013 Flood. The flood and
debris flow straightened the entire creek alignment, over widened the channel cross section, and
modified the channel profile through the cutting and depositing of sediment. A heat map showing
zones of erosion and deposition is provided in Appendix A. Aquatic and terrestrial habitat was severely
impacted and/or destroyed and most riparian vegetation was removed by the flood.

This change in channel dimension (cross-section), pattern (planform), and profile (slope) has resulted in
unstable channel conditions throughout the extents of this project. The resulting impact of these
changes is a general inability of the existing channel to move water and sediment efficiently through the
system without resulting in channel degradation, aggradation, and bank erosion.

Riparian and upland vegetation provides a substantial amount of natural earth stabilization for both the
channel, floodplain, and valley. Much of this natural vegetation adjacent to Fourmile Canyon Creek was
stripped during the flood event, which further reduced the overall stability of the existing stream
system. Above average precipitation was received in the watershed, and along the Front Range of
Colorado, during the summer of 2015. As a result, both natural and invasive vegetation has begun to
grow back faster than expected. However, there is still a general lack of riparian vegetation in this
system.

This project was derived from the adjacent Wagonwheel Gap Road project. Wagonwheel Gap Road was
also severely damaged during the September 2013 Flood and Boulder County (County) secured funding
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to do both the design and reconstruction of Wagonwheel Gap Road between Lee Hill Drive and the Anne
U White Trailhead. The County decided to develop restoration plans for this section of Fourmile Canyon
Creek for two reasons:

1. There is a high degree of interaction between the road and creek and making site-specific
improvements only at locations where the road crosses the creek puts these isolated
improvements at risk of failing due to adjacent, unaddressed, instabilities in the creek.

2. A post-flood watershed master plan was not completed for the Fourmile Canyon Creek
watershed. However, the Fourmile Canyon Creek watershed experienced significant damage
during the September 2013 Flood. As a result, the County did not have the appropriate planning
documents to apply for watershed restoration grants.

Funding has not yet been secured for the construction of Fourmile Canyon Creek. Ideally it will be
secured and construction can be completed at the same time as the reconstruction of Wagonwheel Gap
Road. This would provide both a time and cost savings to the County.

Goals & Objectives

The general philosophy towards restoring Fourmile Canyon Creek was to implement the principles of
natural channel design. The definition of natural channel design is to establish the physical, chemical,
and biological functions of the river system that are self-regulating and emulate the natural stable form
within the constraints imposed by the larger landscape conditions (Wildland Hydrology, 2006). It is
important to restore all components of a stream system that are required to make it sustainable, rather
than just focusing on what is visible. A river system includes not only the river channel but also its
related components, including adjacent floodplains, wetlands, and associated riparian and biological
communities. Defining the natural, stable form of a river involves re-establishing a physical stability that
integrates the processes responsible for creating and maintaining the dimension, pattern and profile of
river channels.

A project kickoff meeting was held with the County on March 10", 2015 to discuss project goals and
objectives, which are in alignment with the definition of natural channel design, and consist of:

e Restoring the natural channel to the extent practical and within the current watershed setting
e Restoring aquatic and terrestrial habitat

e Restoring ecological connectivity

e Reducing flood risk

e Integrating the above restoration strategies with the adjacent Wagonwheel Gap Road project

Stream Assessments

Project reach assessments were performed over a period of ten days using protocols outlined in
Watershed Assessment of River Stability and Sediment Supply (Wildland Hydrology, 2006) to quantify
the degree of impairment for the existing creek system related to hydrologic, geomorphic, ecologic, and
biologic conditions. Results of the assessment are provided in Appendix A.

General project reach assessments included:

e |nitial site assessment to document existing conditions with field notes and photographs.
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o A review of historical, pre- and post-flood aerial photography to evaluate changes in channel
and floodplain conditions over time.

e Areview of pre- and post-flood LiDAR data to evaluate changes in channel and floodplain
conditions over time along with zones of channel erosion and deposition.

e Identification of vertical and lateral controls, such as roadways and utilities, in the vicinity of the
project reach.

e Identification of flood debris.

Detailed project reach assessments consisted of the following:

e Hydrologic — To evaluate flow regime and peak flow characteristics.

e Geomorphic — To evaluate existing channel dimension, pattern, and profile characteristics
including classification of existing and potential stream type.

e Ecologic — To evaluate riparian and upland vegetation along with the identification of wetlands

e Biologic — To evaluate quality of in-stream habitat, presence of fish species, and presence of
macro invertebrates.

e Stability — To evaluate vertical and lateral channel stability processes that are leading to erosion,
deposition, and bank erosion.

Additionally, a tree survey was performed to identify large trees adjacent to the creek. The purpose of
performing the survey was to identify large, well established, trees that would be ideal to save during
the implementation of this restoration project. Both coniferous and deciduous trees were surveyed and
classified in three different diameter classes: larger than 4 inches, larger than 8 inches, and larger than
12 inches.

Reference reach information was obtained, and used as a starting point, for developing design
parameters for restoring impaired reaches. A reference reach is a stable stream that has adjusted to
existing watershed conditions in such a way as to be self-maintaining. Reference reaches do not need to
be pristine systems, rather, they need to have been stable over a long period of time and in a similar
watershed setting as the project reach. All assessment information that is collected for the project
reach is also collected for the Reference Reach. Then, both data sets are compared, and scaled design
parameters are developed for use as a starting point for restoring stable channel geometry for the
project reach. Reference reach information can be obtained from the following locations, in order of
preference:

1. Immediately upstream or downstream of the project reach
2. Insame watershed as the project reach
3. Inthe same hydrophysiographic region as the project reach

Reference reach assessment information was collected from the North Fork of North Elk Creek and the
East Fork of the Arkansas River. Both of which are stable stream systems in a similar watershed settings
as Fourmile Canyon Creek. This information was used to develop design parameters for restoring natural
channel geomorphic, ecologic, and biologic conditions. Reference reach information is summarized in
Appendix A.

In addition to collecting reference reach information, a pre-flood assessment of Fourmile Canyon Creek
geometry was performed. This assessment was performed using pre-flood LiDAR and aerial
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photographs to quantify stable planform geometry, channel width, and slope that existed prior to the
September 2013 flood and was used as a reference during the design process. This assessment, along
with reference reach information, is provided in Appendix A.

Design Hydrology
Hydrologic analyses were performed to determine flood flows and bankfull flow for the project site.

Flood Flow Estimation
USGS StreamStats

The United States Geological Survey (USGS) StreamStats was used to calculate a range of peak flows that
could be expected to occur in this watershed. This analysis estimates peak flows by using regression
equations developed for different geographic areas. In this case, regression equations are available for
both Mountain Regions and Plains Regions. Since portions of the Fourmile Canyon Creek watershed
exist in both regions, an area-averaged peak flow was calculated. A summary of this analysis is provided
in Appendix A and summarized in Table 1.

Table 1: Summary of USGS StreamStats Analysis

Recurrence Upstream of Lion Point (cfs) | Downstream of Lion Point (cfs)
DA=4.92 mi? DA=7.19 mi?
2-year 60 75
5-year 140 183
10-year 210 284
25-year 345 476
50-year 464 646
100-year 630 885

Data from USGS StreamStats was used for reference when estimating bankfull flow for this watershed
and comparison to Federal Emergency Management Agency (FEMA) regulatory 100-year flows.

FEMA Regulatory Flows

The effective FIS peak discharges were developed from the Flood Hazard Area Delineation study
completed by Greenehorne and O’Mara in 1987. The peak discharge values not listed in the FIS report
were obtained from the effective HEC-2 hydraulic model and used throughout the Fourmile Canyon
Creek analysis. While the discharge values were evaluated approximately every 800 to 1,200 feet in the
effective study, a summary of the effective values at the project upstream and downstream locations
are shown in Table 2. The FEMA Flood Insurance Rate Map (FIRM) is provided in Appendix A for
reference.

Table 2: Summary of FEMA Regulatory Flows

Location Peak Flow (cfs)

10-Year | 50-year | 100-Year | 500-Year
Upstream end of project 420 1,380 2,010 4,595
Downstream end of project 695 2,270 3,175 7,170
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Bankfull Flow Estimation

Bankfull flow is a frequently occurring peak flow that occurs at a stage within the channel that
corresponds to the incipient point of flooding. Bankfull flow is generally associated with a flood return
period of 1-2 years and is generally responsible for moving the most sediment within the channel system
over time. The role of the bankfull discharge in shaping the morphology of all alluvial channels is the
fundamental principle behind natural channel design (Wildland Hydrology, 2006) and, therefore, needs
to be estimated prior to beginning any design work. Estimations of bankfull flow, and bankfull cross
section area, were made using the following methods:

e Regional curves developed for Central Colorado that provide a means to estimate bankfull flow.
e Field-based estimations that rely on presence of bankfull indicators and measurements of
channel slope and cross section area. Bankfull stage indicators include:
0 The point at which the stream begins to spread out on the floodplain (requires
knowledge of how the geomorphic floodplain should be configured)
Highest active depositional feature
Slope breaks in the channel bank/floodplain
Change in particle size distribution
Change in vegetation type
0 Staining of rocks
e Statistical analysis of gage data
e Comparison to the Elk Creek Reference Reach site

O O O O

Regional Curves

Regional curves of Drainage Area vs. Cross Section Area and Drainage Area vs. Bankfull Flow were
obtained for Central Colorado (Wildland Hydrology 2007) to estimate bankfull flow and bankfull channel
cross section area. A summary of estimated bankfull flow and cross section area are provided in Table 3.
Regional curves are provided in Appendix A. Note that there are two regional curves that represent
different precipitation regimes. The high precipitation curve is valid for areas that receive between 18
to 40 inches of rainfall per year. The Fourmile Canyon Creek watershed within the extents of this
project receives about 21 inches of rainfall per year so the high precipitation curve is valid for this
watershed.

Table 3: Regional Curve Estimations of Bankfull Flow & Area

Location Bankfull Flow (cfs) Bankfull Cross Section Area (ft?)
Upstream of Lion Point (DA=4.92 mi2) 50-120 20-30
Downstream of Lion Point (DA=7.19 mi?) 60-130 25-35

Field-Based Estimation

In damaged stream systems bankfull indicators are difficult to identify, and in some cases may not be
present. Furthermore, only two years have elapsed since the September 2013 flood which is at the
upper limit for the return period on a typical bankfull flow event meaning that statistically very few
bankfull flow events could have been experienced since the flood. As a result, bankfull features may not
have had a significant amount of time to reestablish since the flood and may not be obvious within
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impaired watersheds. Regardless of this, observed bankfull features were surveyed and estimations of
bankfull flow and cross section area were made at several locations along Fourmile Canyon Creek.
Collected survey measurements were compared against regional curves of Drainage Area vs. Cross
Section Area and Drainage Area vs. Bankfull Flow for the Central Colorado Mountains, both of which are
provided in Appendix A. There were three data points from the field survey that correlated fairly well
with the regional curve data which confirmed applicability of the regional curve data to this project and
further provided basis for determining the appropriate bankfull flow and bankfull cross section area as
shown in Table 4.

Table 4: Field-Based Estimations of Bankfull Flow & Area

Location Bankfull Flow (cfs) Bankfull Cross Section Area (ft?)
Upstream of Lion Point (DA=4.92 mi2) 120 24
Downstream of Lion Point (DA=7.19 mi?) 130 28

Statistical Analysis of Gage Data

A statistical analysis of gage data was performed using the USGS PeakFQ software to calculate peak
flows for the flood recurrences typically associated with the bankfull flow. This analysis was performed
at gages in similar hydrophysiographic regions with a sufficient period of record to estimate the 1.25- to
2-year flow events. A total of ten gages were used to develop a regression equation of Drainage Area vs.
Peak Flow. The results of the analysis were then applied to this project and are presented in Table 5.
The regression analysis of the gage data, along with a comparison to the Central Colorado regional
curve, is provided in Appendix A.

Table 5: Peak Flows Derived from Regression Analysis

Location 1.25-Year (cfs) | 1.50-Year (cfs) 2-Year (cfs)
Upstream of Lion Point (DA=4.92 mi2) 101 114 129
Downstream of Lion Point (DA=7.19 mi?) 122 140 159

Comparison to Reference Reach Survey

Bankfull flow estimations were made during the reference reach survey performed at the North Fork of
North Elk Creek. This reference reach was selected because it is in a similar hydrophysiographic region
as Fourmile Canyon Creek. Both the drainage area (4.38 square miles) and annual precipitation (26
inches) of the reference reach site are similar to that of this project. Typical bankfull characteristics of
the reference reach site are provided in Table 6 and are similar to what is predicted using the Central
Colorado regional curves. Estimations of bankfull flow and bankfull cross section were plotted against
the regional curves for Central Colorado and are provided in Appendix A.

Table 6: North Fork of North Elk Creek Typical Bankfull Characteristics

Location Bankfull Flow (cfs) Bankfull Cross Section Area (ft?)
North Fork of North Elk Creek 110 18.3
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Bankfull Flow Summary

The selected bankfull flow and bankfull cross section area for the design of Fourmile Canyon Creek are
provided in Table 7.

Table 7: Selected Bankfull Channel Flow & Cross Section Area

Location Bankfull Flow (cfs) Bankfull Cross Section Area (ft?)
Upstream of Lion Point (DA=4.92 mi2) 120 25
Downstream of Lion Point (DA=7.19 mi?) 130 27

Field-based estimations of bankfull flow are near the upper limit of what would be predicted by the
Central Colorado regional curve while field-based estimations of bankfull cross section area are near the
lower limit of what would be predicted by the Central Colorado regional curve. These findings were
initially believed to be a result of working in a post-flood stream system that lacks clear bankfull
indicators. However, the results of the reference reach survey performed at the North Fork of North Elk
Creek compared similarly to the Central Colorado regional curve. Therefore, it is assumed that these
results are characteristic of mountain streams that exist on the Front Range and that the field-based
estimations of bankfull flow and bankfull cross section area are valid for this project. Additionally, the
bankfull flows provided in Table 7 correspond to a flood recurrence between the 1.25- and 1.5-year
flood events, which is common for bankfull flow.

Natural Channel Design Approach

A toolbox methodology was employed for restoring Fourmile Canyon Creek which included:

1. Developing estimations of stable channel geometry obtained through reference reach surveys
for application to the proposed design for Fourmile Canyon Creek design.

2. Developing hydraulic and sediment transport modeling to ensure long-term stability of the
proposed design.

The approach towards restoring Fourmile Canyon Creek was to:

e Restore Fourmile Canyon Creek in the post-flood channel corridor, to the extent practical, in
order to minimize earthwork and disturbance to vegetation that has become established since
the 2013 Flood.

e Restore the natural channel dimension (cross section), pattern (planform), and profile (slope) to
the extent practical to maximize stream stability at a lower cost, improve aquatic and terrestrial
habitat, and optimize sediment transport and flood conveyance.

e Reconnect the channel to the adjacent floodplain to restore ecological connectivity and improve
flood conveyance.

e Revegetate the channel and riparian zone with ecotypic plant species to restore habitat and
ecological connectivity.

e Implement structure only where necessary to stabilize channel banks at risk of erosion, provide
additional aquatic habitat, and protect adjacent roadway infrastructure.

The design of the proposed channel dimension, pattern, and profile were based on reference reach data
previously described along with information obtained from the pre-flood assessment of Fourmile
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Canyon Creek. ldeally, when restoring a stream system, there are no limitations on what modifications
can be made to channel geometry. The intent is that if the channel geometry can be fully restored to a
stable state structural stabilization may not be required. However, numerous constraints exist within
the Fourmile Canyon Creek watershed that limit the ability to make changes to exiting channel
geometry. These constraints include:

e Preserving existing, well-established trees

e Preserving existing, well-established vegetation

e Minimizing impact to existing and proposed roadway infrastructure

e Aligning the creek with existing and proposed roadway crossings

e Minimizing impact to private property and protecting homes

e Adesire to restore the creek in the post-flood channel corridor to the extent practical

These constraints mostly impact the ability to add sinuosity to the stream and fully restore the need
floodplain width. The result is a channel with higher than desirable channel slopes and narrower
floodplain than needed. The resultant consequence is higher channel velocity, shear stress, and stream
power. As a result, structure in the form of bank protection and in-stream features are added to
mitigate against these variables. Structures were also added to improve stream complexity and aquatic
habitat conditions. All structures consist of natural materials found within this watershed.

The following in-stream features were included in the restoration of Fourmile Canyon Creek:

e LogVane — Used in areas of sharp channel bends and potentially extreme hydraulic conditions
to reduce near bank stress, channel bank erosion, and assist with turning the channel thalweg.
Log vanes also provide aquatic habitat through the formation of scour pools and in-stream
cover. These structures can be made with on-site material where available.

e Cross Vane — Used in areas of sharp channel bends and potentially extreme hydraulic conditions
to reduce near bank stress, channel bank erosion, and assist with turning the channel thalweg.
Rock cross vanes were used instead of log vanes in confined areas which tend to have more
extreme hydraulic conditions that could lead to logs becoming mobilized. These structure
typically require imported boulders, but can be constructed with on-site material if available.

e Step-Pool — Used in segments of steep channel slopes to transition channel grade, provide grade
control, and allow for aquatic organism passage. These structures can be made with on-site
material where available, but sometimes require imported materials be used.

e Rock Wings — Incorporated into longer riffles to add thalweg complexity. These structures can
be made with on-site material where available.

e Boulder Clusters — Incorporated into longer riffles to add thalweg complexity and aquatic
habitat. Boulder clusters were typically only used in long riffles leading into a bend with a cross
vane structure where thalweg movement is not desirable. These structures can be made with
on-site material where available.

e Converging Boulder Clusters — Placed at the head of riffles where additional grade control would
be beneficial. These features also provide in-stream complexity, and aquatic habitat. These
structures can be made with on-site material where available.

The following bank protection features were included in the restoration of Fourmile Canyon Creek.
Note that bank protection was not added in areas where channel bank erosion will likely not cause an
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adverse impact to infrastructure and/or private residences. Additionally, channel bank protection was
not added adjacent to steep geologic features and areas dominated by boulders and cobble due to the
low risk of failure and potential challenges with construction.

e Boulder Bank Protection — Used in confined corridors and tight channel bends close to
infrastructure and private residences.

e Toe Wood - Used in most places where bank protection is needed because of its proven
effectiveness and benefit to in-stream habitat. This is also the most cost effective bank
stabilization method compared to other options suitable for this watershed.

e Root Wads — Used only in areas where sufficient room adjacent to the creek exists for
construction and where channel bank materials are conducive to easy excavation.

The riffle-pool and step-pool sequence shown on the proposed plans is consistent with what was
observed during reference reach surveys and assessment of pre-flood channel conditions. All riffle and
pool locations are shown on the planset and are intended to be constructed with native, in-stream
channel bed material only. In other words, the import of additional material is not required to construct
these features. Pool locations are shown on both the inside and middle of channel bend to add
complexity and based on in-stream structures being used adjacent to the pool.

Geomorphic floodplain benches were incorporated at different flood stages to improve stream function,
aquatic and terrestrial habitat conditions, flood conveyance, and assist with ecologic restoration.
Floodplain benches were incorporated adjacent to the low-flow channel and adjacent to the bankfull
channel to the extent possible based on existing site constraints.

When restoring incised channels, such as most of Fourmile Canyon Creek, there are four different
approaches (Priority 1 through Priority 4) for doing so as outlined in Stream Restoration — A Natural
Channel Design Handbook (NC State University) and summarized below. This methodology is also
further described, and referenced, in River Restoration & Natural Channel Design (Wildland Hydrology,
2013). All restoration approaches discussed below do not require import of fill material, and both
Priority 1 and Priority 3 approaches do not require exporting material. The Priority 2 restoration
approach may generate excess material that needs to be exported, however, in most instances the
material can be disposed of on-site to fill the relic channel and/or avulsions that exist within the valley
bottom. The Priority 4 restoration approach is to stabilize channel banks-in place. This method was not
used in Fourmile Canyon Creek.

Earthwork is typically the most expensive component of a channel restoration project. As a result, the
proposed channel profile and cross section were designed so that earthwork was minimized. Every
attempt was made to balance earthwork quantities resulting from profile and cross section
modifications. However, most of the proposed design was based on post-flood LiDAR information
obtained in November 2014. As a result, there are associated inaccuracies with the use of LiDAR which
could result in a difference in earthwork quantities compared to what is reported for this project.
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Priority 1 — Establish Bankfull Stage at the Historical Floodplain Elevation

The objective of a Priority 1 project is to replace the incised channel with a new, stable stream at a
higher elevation. This is accomplished by excavating a new channel with the appropriate dimension,
pattern and profile (based on reference reach data) to fit the watershed and valley type. The bankfull

stage of the new channel is located at the
ground surface of the original floodplain.
The increase in streambed elevation also
will raise the water table, in many cases
restoring or enhancing wetland conditions
in the floodplain. Surrounding land uses can
limit the use of a Priority 1 approach if there
are concerns about increased flooding or
widening of the stream corridor. Most
Priority 1 projects will result in higher flood
stages above bankfull discharge in the
immediate vicinity of the project and
possibly downstream.

Priority 2 — Create a New Floodplain and

Pattern with Stream Bed Remaining at the Existing Elevation

The objective of a Priority 2 project is to create a new, stable stream and floodplain at the existing
channel-bed elevation. This is accomplished by excavating a new floodplain and stream channel at the

elevation of the existing incised stream.
The new channel is designed with the
appropriate dimension, pattern and
profile (based on reference reach data)
to fit the watershed. The bankfull stage
of the new channel is located at the
elevation of the newly excavated
floodplain. Because the new floodplain
is excavated at a lower elevation,
Priority 2 projects do not increase—and
may decrease—the potential for
flooding.

10
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Priority 3 — Widen the Floodplain at the Existing Bankfull Elevation

Priority 3 is similar to Priority 2 in its objective to widen the floodplain at the existing channel elevation
to reduce shear stress. This is accomplished by excavating a floodplain bench on one or both sides of the
existing stream channel at the elevation of the existing bankfull stage. The existing channel may be
modified to enhance its dimension

and profile based on reference reach

data. The bankfull stage of the new

channel is located at the elevation of

the newly widened floodplain.

Priority 3 projects typically do not

increase sinuosity to a large extent

because of land constraints. These

projects typically have little impact

on flooding potential unless there are

large changes in channel dimension.

Reach Description

This section of Fourmile Canyon

Creek was subdivided into 10 reaches based on change in valley type, change stream type, and presence
of road crossings. All reaches are defined on the plan set titled Fourmile Canyon Creek: 30% Stream
Restoration Plans.

Reach 1

A Priority 2 restoration is recommended for this reach. Low-flow and bankfull geomorphic benches will
be re-established along the existing channel alignment using material within the channel generated
from expanding the channel section and excavating pools. The floodplain on the left bank of the
channel can be widened to increase floodplain width. Flood impacts will likely be reduced by increasing
channel cross section area, widening the floodplain, and reattaching the channel to the floodplain.

The major design constraint in this reach is the need to keep the channel in the existing alignment. The
two properties adjacent to the reach may be bought-out in the future, but the status of this | s
unknown. An alternative alignment was provided in the event that the property acquisition happens.

Reach 2

A Priority 1 restoration is recommended for this reach as much of the channel can be realigned to
increase sinuosity. Low-flow and bankfull geomorphic benches will be re-established along the entire
reach. Overall floodplain width is only constrained by the bottom width of the valley between the two
eroded terrace banks. Flood impacts will likely be reduced by increasing channel cross section area and
re-attaching the channel to the floodplain.

The only constraint to design in this reach is that the channel alignment is constrained by the bottom
width of the valley between the two eroded terrace banks.

11
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Reach 3

A Priority 1 restoration is recommended for this reach as much of the channel can be realigned to
increase sinuosity. Low-flow and bankfull geomorphic benches will be re-established along the entire
reach. Flood impacts will likely be reduced by increasing channel cross section area and re-attaching the
channel to the floodplain.

The only constraint to design in this reach is that the channel alignment needs to cross Bow Mountain
Road at a prescribed location identified in the Wagonwheel Gap Road reconstruction project.

Reach 4

The upstream and downstream portions of this reach will be realigned out of the existing channel
alignment and will follow a Priority 1 restoration approach. Low-flow and bankfull geomorphic benches
will be re-established along both reach segments. Flood impacts will likely be reduced by increasing
channel cross section area and re-attaching the channel to the floodplain.

The constraint to design in these segments of Reach 4 are because of modifications that will be made to
two roadway crossings identified in the Wagonwheel Gap Road reconstruction project that will require
the channel to be realigned.

The remainder of Reach 4 between these two segments will follow a Priority 3 restoration approach in
the existing channel alignment. Low-flow and bankfull geomorphic benches will be re-established along
the entire reach. Flood impacts will likely be reduced by increasing channel cross section area and re-
attaching the channel to the floodplain.

Design constraints in this portion of Reach 4 are the need to preserve existing vegetation. A substantial
amount of vegetation has rejuvenated during the summer of 2015 and there are numerous trees
adjacent to the existing channel alighnment. Both the vegetation and trees provide great channel bank
stability, and for this reason should be preserved. Furthermore, adding additional sinuosity is limited by
the adjacent road.

Reach 5

The upstream and downstream portions of this reach will be realigned out of the existing channel
alignment and will follow a Priority 1 restoration approach. Low-flow and bankfull geomorphic benches
will be re-established along both reach segments. Flood impacts will likely be reduced by increasing
channel cross section area and re-attaching the channel to the floodplain.

The constraint to design in these segments of Reach 5 are because of modifications that will be made to
two roadway crossings identified in the Wagonwheel Gap Road reconstruction project that will require
the channel to be realigned.

The remainder of Reach 5 between these two segments will follow a Priority 3 restoration approach in
the existing channel alignment. Low-flow and bankfull geomorphic benches will be re-established along
the entire reach. Flood impacts will likely be reduced by increasing channel cross section area and re-
attaching the channel to the floodplain.

Design constraints in this portion of Reach 5 are the need to preserve existing vegetation. A substantial
amount of vegetation has rejuvenated during the summer of 2015 and there are numerous trees
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adjacent to the existing channel alignment. Both the vegetation and trees provide great channel bank
stability, and for this reason should be preserved. Furthermore, adding additional sinuosity is limited by
the adjacent homes.

Reach 6

The upstream portion of this reach will be realigned out of the existing channel alignment and will follow
a Priority 1 restoration approach. Low-flow and bankfull geomorphic benches will be re-established
along the entire reach segment. Flood impacts will likely be reduced by increasing channel cross section
area and re-attaching the channel to the floodplain.

The constraint to design in this segment of Reach 6 is because of modifications that will be made to the
upstream roadway crossings identified in the Wagonwheel Gap Road reconstruction project that will
require the channel to be realigned.

The remainder of Reach 6 between will follow a Priority 3 restoration approach in the existing channel
alignment. Low-flow and bankfull geomorphic benches will be re-established along the entire reach.
Flood impacts will likely be reduced by increasing channel cross section area and re-attaching the
channel to the floodplain.

Design constraints in this portion of Reach 6 are the need to preserve existing vegetation. A substantial
amount of vegetation has rejuvenated during the summer of 2015 and there are numerous trees
adjacent to the existing channel alignment. Both the vegetation and trees provide great channel bank
stability, and for this reason should be preserved. Furthermore, adding additional sinuosity is limited by
the adjacent road, home, and private driveway crossing.

Reach 7

Reach 7 between will follow a Priority 3 restoration approach in the existing channel alignment. Low-
flow and bankfull gecomorphic benches will be re-established along the entire reach. Flood impacts will
likely be reduced by increasing channel cross section area and re-attaching the channel to the
floodplain.

There are two design constraints in this reach. One is the need to preserve existing vegetation. A
substantial amount of vegetation has rejuvenated during the summer of 2015 and there are numerous
trees adjacent to the existing channel alignment. Both the vegetation and trees provide great channel
bank stability, and for this reason should be preserved. The other design constraint is the narrow
canyon that the existing channel alignment is in, which limits the opportunity to add sinuosity.

Reach 8

Reach 8 between will follow a Priority 3 restoration approach in the existing channel alignment. Low-
flow and bankfull geomorphic benches will be re-established along the entire reach. Flood impacts will
likely be reduced by increasing channel cross section area and re-attaching the channel to the
floodplain.

There are two design constraints in this reach. One is the need to preserve existing vegetation. A
substantial amount of vegetation has rejuvenated during the summer of 2015 and there are numerous
trees adjacent to the existing channel alignment. Both the vegetation and trees provide great channel
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bank stability, and for this reason should be preserved. The other design constraint is the narrow
canyon that the existing channel alignment is in, which limits the opportunity to add sinuosity. The
channel alignment is also constrained by the presence of private driveway crossings.

Reach 9

This reach will follow a Priority 1 restoration approach for the entire length. Low-flow and bankfull
geomorphic benches will be re-established along both reach segments. Flood impacts will likely be
reduced by increasing channel cross section area and re-attaching the channel to the floodplain.

The constraint to Reach 9 is that it needs to be completely realigned in a new location due to the
Wagonwheel Gap Road reconstruction project.

Reach 10

The upstream and middle portions of this reach will be realigned out of the existing channel alignment
and will follow a Priority 1 restoration approach. Low-flow and bankfull geomorphic benches will be re-
established along both reach segments. Flood impacts will likely be reduced by increasing channel cross
section area and re-attaching the channel to the floodplain.

The constraint to design in these segments of Reach 10 are because of modifications that will be made
to two roadway crossings identified in the Wagonwheel Gap Road reconstruction project that will
require the channel to be realigned.

The remainder of Reach 10 will follow a Priority 3 restoration approach in the existing channel
alignment. Low-flow and bankfull geomorphic benches will be re-established along the entire reach.
Flood impacts will likely be reduced by increasing channel cross section area and re-attaching the
channel to the floodplain.

Design constraints in this portion of Reach 4 are the need to preserve existing vegetation. A substantial
amount of vegetation has rejuvenated during the summer of 2015 and there are numerous trees
adjacent to the existing channel alighnment. Both the vegetation and trees provide great channel bank
stability, and for this reason should be preserved. Furthermore, adding additional sinuosity is limited by
the adjacent road and the presence of private driveway crossings.

Hydraulic Modeling
Hydraulic modeling was performed using HEC-RAS and normal depth calculations for the purposes of

estimating:

e Flow velocities and shear stress

e Sizing boulders and engineered channel material
e Estimating scour depths

e Sizing culvert crossings

A summary of the above results is provided in Appendix A.

A detailed hydraulic model of the entire proposed design is being completed as a part of separate task
order for the Conditional Letter of Map Revision (CLOMR) submittal.
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Sediment Transport Modeling

While information obtained during the reference reach and project reach survey largely influences the
final restoration design, sediment transport modeling is performed to validate the design and ensure
that the proposed project will remain stable under the anticipated sediment loading and hydrologic
regime.

Two different types of sediment transport analyses were performed: competence analysis and capacity
analysis. Sediment competence is determined by comparing the size of a particle that the channel can
move compared to the material found in the streambed. A channel is considered competent if it can
move the D84 size particle. The capacity analysis evaluates the ability of the creek to move the total
volume of sediment coming into the system and reveals whether the system will have the tendency to
aggrade or degrade. Both analyses were performed with the RIVERMorph® software using protocols
outlined in Watershed Assessment of River Stability and Sediment Supply (Wildland Hydrology 2009).
Suspended load and bed load information was obtained from regional curves developed for Central
Colorado (Wildland Hydrology 2007).

Results of the sediment competence and capacity analysis are provided in Appendix A. The proposed
design is competent and has the capacity to move the anticipated volume of sediment entering the
system. The proposed channel section was designed with a small amount of excess capacity to account
for additional, and unforeseen, sediment loading entering the stream system. This excess capacity will
allow for the channel section to naturally adjust over time while preserving the needed capacity to move
the expected sediment load. Without a slight amount of excess capacity, any increase in sediment
loading could cause the channel to aggrade.

A sediment continuity analysis was performed to ensure that the proposed channel section in each of
the ten design reaches has similar competence and capacity values. This ensures that sediment moves
through each reach similarly. Drastically different competence and capacity values between design
reaches can lead to channel aggradation and/or degradation.

Ecologic Restoration

A custom wetland/riparian restoration design was developed for the restoration of Fourmile Canyon
Creek. The design maximized the size of lower floodplain benches whenever possible. These benches
were be designed to frequently flood during high flow events or be positioned low enough to
consistently receive alluvial groundwater, which will provide the appropriate water regime to support a
diverse and productive wetland and riparian system. The restored system will mimic the natural system
that was lost or impaired during the flood event and is comprised of three vegetation "zones." These
zones generally include channel edge (mainly herbaceous plants or emergent wetland), lower riparian
(shrub-dominated, often wetlands, typically willow), and upper riparian (shrubs and trees--mainly willow
and cottonwood but usually non-wetland). These habitats are essential for the health of any watershed
and are mainly supported by high alluvial groundwater or regular overbank flooding. They provide key
habitat for a myriad of wildlife species (including endangered species), serve as movement corridors to
link areas of larger habitats, provide bank protection and overall channel stability, enhance water
quality, reduce flooding in downstream areas, and promote groundwater recharge.
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All of the wetland and riparian areas will be seeded and/or planted with plants native to the Fourmile
Canyon Creek watershed, with a particular focus on plants sourced locally (local ecotypes). Introducing
containerized plant material with living and robust root systems is the quickest way to stabilize each
project and "jump start" the establishment of native plant communities. The use of local ecotypes
ensures the presence of plant material that is adapted to the local environment while also avoiding the
introduction of unknown genetics into the system.

Road Crossings

Road crossings were designed by the Wagonwheel Gap Road design team and were largely focused on
hydraulic conveyance and adjacent site constraints. However, aquatic organism passage was considered
as a part of this project at each of these crossings. Modifications to each of the road crossings was
made to ensure that adequate flow depth is maintained in all locations and that no habitat barriers exist
upstream, downstream, or within any of the crossings. Additional design is being performed at all
crossing locations as a part of the final Wagonwheel Gap Road design.

Reach Prioritization

The purpose of doing this was to identify segments of stream that could be constructed individually
without having to construct all 1.4 miles of Fourmile Canyon Creek. This benefits Boulder County in the
event that they are only able to obtain partial funding for construction. A reach prioritization was
completed to identify reaches that should be given first priority should construction funding become
available. In addition to this ranking, priority should be given to constructing upstream reaches first
over downstream reaches. This helps reduce the risk of damage to reaches that are restored near the
downstream end of the project extents when construction is being completed upstream.

A summary of this prioritization is provided in Table 8 and summarized in more detail in Appendix A.
Reaches were prioritized using the criteria outlined below:

e Reach Condition Rating — Overall reach condition assigned during the project reach assessment.

e Impact of Ongoing Erosion to Values-At-Risk — The degree to which ongoing, and unaddressed,
erosion could impact adjacent homes and infrastructure if mitigation measures aren’t put in
place.

e Required for Road Construction — The requirement that a specific reach needs to be constructed
as a part of Wagonwheel Gap Road construction.

e Accessibility/Ease of Construction — Represents ease of access to a specific reach along with how
easy the recommended restoration can be constructed.

e Amount of Private Property Coordination

Table 8: Reach Prioritization

Priority Reach Priority Reach
1 Reach 3 7 Reach 8
2 Reach 10 8 Reach 4
3 Reach 5 8 Reach 1
4 Reach 9 10 Reach 2
5 Reach 6
6 Reach 7
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Opinion of Probable Construction Cost

Opinion of probable construction costs were based on an Association for the Advancement of Cost
Engineering (AACE) International CLASS 3 Cost Estimate. Class 3 estimates are generally prepared to
form the basis for budget authorization, appropriation, and/or funding. Typically engineering is from
10% to 40% complete, and would comprise a minimum of process flow diagrams, utility flow diagrams,
preliminary piping and instrumentation diagrams, plot plan, developed layout drawings, and essentially
complete engineered process and utility equipment lists. They are typically prepared to support full
project funding requests, and become the first of the project phase "control estimates" against which all
actual costs and resources will be monitored for variation to budget. Most Class 3 estimates involve
more deterministic estimating methods than stochastic methods. Typical accuracy ranges for Class 3
estimates are from +/- 10% to 30% (sometimes higher), depending on the technological complexity of
the project, appropriate reference information, and the inclusion of an appropriate contingency
determination.

The opinion of probable construction costs assume that some on-site material will be available for
constructing channel features and in-stream structures. The availability of on-site material could impact
the actual costs. Additionally, earthwork quantities were based on LiDAR information and actual
guantities could differ significantly.

Next Steps

The proposed design for Fourmile Canyon Creek is at the 30% design level. The intent of this plan set
was to identify all major design components and provide sufficient detail for a contractor to begin
construction. If this plan is carried forward into construction the design engineer will need to be on-site
daily to ensure the plans are being interpreted correctly, make field-fit modifications, and make design
modifications. It is recommended that the following tasks be completed prior to beginning construction:

e An erosion control plan will need to be prepared.
e A monitoring plan will need to be prepared that includes both implementation monitoring and
effectiveness monitoring.
0 Implementation monitoring is performed to determine if a project was constructed
according to the design plans. Typically includes measurements/survey of:
= Channel Geometry (dimension, pattern, profile)
= Stream facet (width, depth, slope)
=  Structure location and layout
= Vegetation density and type
0 Effectiveness monitoring is performed to determine the ecologic/biologic/geomorphic
response of the restored system to compared to pre-project conditions. Typically
includes measurements of:
=  Pertinent biologic indices
=  Pertinent water quality parameters
= Channel bed load
= Suspended load
= Channel bank erosion rates
= Change in Channel Geometry and Stream Facet over time
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The following tasks will be completed as a part of the final design of the Wagonwheel Gap Road project:

e Final hydraulic modeling and the completion, and submittal, of the CLOMR.

e Additional design for aquatic organism passage in and around all road crossings.

e Additional stream restoration design in locations where Fourmile Canyon Creek needs to be
modified due to roadway impacts. These locations are shown on the plans.
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Project Reach Assessment
0 Heat Map
O Assessment Data
Reference Reach Data
O East Fork of Arkansas River
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0 Pre-Flood Assessment of Fourmile Canyon Creek
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FEMA FIRM
Regional Curves
Statistical Analysis of USGS Gage Data
Hydraulic Modeling Results
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 1
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

PhhOO

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

OO A

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

ArPRPODLMDN

Channel Stability Evaluation

Sediment Supply: Moderate
Stream Bed Stability: Stable
W/D Condition: Normal
Stream Type: C4B
Rating - 93

Condition - Fair



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream:  Fourmile Canyon Creek, Reach - Reach 1

Basin: Drainage Area: 2860.8 acres 4.47 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.05944 Lat / 105.31997 Long Date: 05/11/15
Observers: Lucas Babbitt Valley Type: VIlI(a)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 17.36 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 0.95 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 16.56 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 18.27 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 1.79 ft

WIDTH of Flood-Prone Area (Ws,,)

Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 102.28 [t

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 5.89 f/ft

Channel Materials (Particle Size Index ) Dsg

The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 3591 |mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.03649 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.1

Stream C4b (See Figure 2-14)
Type

Copyright © 2006 Wildland Hydrology WARSSS page 5-29



Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 1
Observers: Lucas Babbitt Date: 05/11/15 Valley Type: VIII Stream Type: C 4b
[ River Reach Dimension Summary Data.....1 ]

—— Riffle Dimensions* ** **x Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
_ |[Riffle idth (W) 117.4117.4 | 17.4ift |Riffle Cross-Sectional Area (Ayy) () 116.56! 16.56}16.56]
* |[Mean Riffle Depth (dx) 1 0.95{ 0.95] 0.95 {ft |Riffle Width/Depth Ratio (Wpy/ diy) 118.27{18.27{18.27|
5 [Maximum Riffle Depth (dn0 11791 1.79] 1.79 {ft |MaxRiffle Depth to Mean Riffle Depth (dax/ ) |1.884]1.88411.884]
é |Width of Flood-Prone Area (W) {102 | 102 | 102 |ft |Entrenchment Ratio (Wpsa / W) §5,892§5,892§5,892|
é |Rifﬂe Inner Berm Width (W,,) i 8.66 | 8.66 | 8.66 ift |Rifﬂe Inner Berm Width to Riffle Width (Wi, / Wyy) io,4gg§o,499§o.499|
é |Rifﬂe Inner Berm Depth (d;) i 0.64 i 0.64 i 0.64 ift |Rifﬂe Inner Berm Depth to Mean Depth (di, / dy) 20.66920.66920.669|
E |Rifﬂe Inner Berm Area (Ap) i 55 i 55 i 55 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) §0.332i0.332i0.332|

| J[Riffte inner Berm w/D Ratio (Wi, /dy) {13.6{13.6{13.6] | Poob b

_____Pool Dimensions* ** *x Mean Min Max Pool Dimensions & Dimensionless Ratios**** Mean Min Max

[Pool Width (W) 112311231 12.3ft [Pool Width to Riffle Width (Wpy, / W) 10.7060.706!0.706]
£ | [Mean Pool Depth (d) { 1.27 { 1.27 | 1.27 it |Mean Pool Depth to Mean Riffle Depth (dygp / dise) | 1.337{1.337{1.337|
; |Pool Cross-Sectional Area (Ayp) i 15.6 i 15.6 i 15.6 Eft |Pool Area to Riffle Area (Anp, / Aoki) 50,93950.93950,939|
S |[Maximum Pool Depth (dax) | 18] 1.8 | 1.8 {ft |Max Pool Depth to Mean Riffle Depth (dyap / dy)  |1.895}1.895}1.895)
§ |Poo| Inner Berm Width (Wi,,) i 8.12 i 8.12 i 8.12 Eft |Poo| Inner Berm Width to Pool Width (Wi, / W) 50.66350.66350.663|
é |Poo| Inner Berm Depth (diyp) i 0.4 i 0.4 i 0.4 ift |Poo| Inner Berm Depth to Pool Depth (diyp / dykip) §0,314§0,314§0,314|
093 |Poo| Inner Berm Area (Ay,p) i 3.23 i 3.23 i 3.23 iftz |Poo| Inner Berm Area to Pool Area (A, / Aptp) §0.208i0.208§0.208|

| J[Point Bar Siope () 10.282{0.2820.2821fuft [Pool Inner Berm Width/Depth Ratio (Wi, / dyy) | st | sttt | sttt |

. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 11521152} 15.2{ft [Run Width to Riffle Width (W, / W) 10.877/0.877}0.877|
§ [Mean Run Depth () {0.83{0.83|0.83ift [Mean Run Depth to Mean Riffle Depth (dne / du)  |0.874{0.874{0.874]
é |Run Cross-Sectional Area (Apir) i 12.7 i 12.7 i 12.7 Eft |Run Area to Riffle Area (Aur / Abki) 50.76450.76450.764|
E |Maximum Run Depth (diax) i 2.21 i 2.21 i 2.21 ift |Max Run Depth to Mean Riffle Depth (dmax / doks) §2.326§2.326§2.326|

E [Run Width/Depth Ratio Wy / dye) | 18.41 18.4 | 18.4 11t | | |

. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max

[Glide Width (W) 1 19.8 1 10.8{ 19.8{ft [Glide Width to Riffle Width (Wiygq / Wpe) 11.139{1.139{1.139]
. |Mean Glide Depth (dpg) i 1.23 i 1.23 i 1.23 ift |Mean Glide Depth to Mean Riffle Depth (dgysq / doxr) §1,295§ 1,295%1,295|

é |G|ide Cross-Sectional Area (Apg) 124412441244 |Glide Avrea to Riffle Area (Apg / Aoki) i1.474} 1.474§1.474|
£ | [Maximum Glide Depth (da) 1 1.7811.78 | 1.78 {ft |Max Glide Depth to Mean Riffle Depth (dmax / ) | 1.874{1.87411.874]
-§ |Glide Width/Depth Ratio Wi/ dg) | 16.1 | 16.1 | 16.1 iftft |Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  10.000{0.0000.000|
§ [Glide Inner Berm Width (W) i 0 1 0 | 0 ift [GlidennerBerm Width to Glide Width (WipyWiyg)  |0.000{0.000{0.000|
O |Glide Inner Berm Depth (di,g) i 0 i 0 i 0 ift |Glide Inner Berm Depth to Glide Depth (dipg / dykig) §0,000§0,000§0,000|

- |Glide Inner Berm Area (Aj,g) i 0 i 0 i 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) §0,000§0,000§0,000|

Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max

[Step Width (W) i 0§ 0 | 0 ift [StepWwidth toRiffle Width (Wpcs / W) 10.000:0.000{0.000]
5 |Mean Step Depth (o) ol o} oo it |Mean Step Depth to Riffle Depth (dues/ dor) §0,000§0,000§0,000|
Sé.)- |Step Cross-Sectional Area (Apyss) i 0 i 0 i 0 ift |Step Area to Riffle Area (Aps / Aokr) §0,000§0.000§0,000|

|Maximum Step Depth (dinaxs) i 0 i 0 i 0 ift |Max Step Depth to Mean Riffle Depth (dinaxs/ doxe) E0,000E0,000E0,000
| [Step Width/Depth Ratio Wiys/due) | 0 | 0 | O | | i i i |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;
Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 1
Observers: Lucas Babbitt Date: 05/11/15 Valley Type: VIII Stream Type: C 4b
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 5.8 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 96.09 chs |Drainage Area E 4.47 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 128 | 128 | 128 {ft [Linear Wavelength to Riffle Width (1. / W) 17.373]7.373{7.373|
|Stream Meander Length (L) i 184 i 184 i 184 Eft |Stream Meander Length Ratio (L,/ W) i#####i #####; ####|
E [Radius of Curvature R) | 34 | 33 | 36 [ft  [Radius of Curvature to Riffle Width (R./ Wiy) 11.959{ 1.901 {2.074|
& |[Beltwidth W, { 23 | 23 | 23 it |Meander width Ratio (Wi / W) 11.325] 1.325{1.325|
g |Arc Length (L,) 0 0i{o0 ft |Arc Length to Riffle Width (Ly/ W) ;o_oooi o.ooo;o.ooo|
£ |[Rife Length (L, 16.82]6.24{ 7391t [Riffle Length to Riffle Width (L/ Wi) 10.393{ 0.359{0.426 |
|Individual Pool Length (L,) | 13.3} 6.67 | 22.8 |t |Individual Pool Length to Riffle Width (L,/ W) 10.7681 0.384 }1.316]
- |Poo| to Pool Spacing (Ps) i 74.1 i 38.3 i 110 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) ;4_270E 2.207 i 6,333|
[ |[valley Slope (S..) | 0.0403 it [Average Water Surface Slope (S) | 0.03649 {fvft [Sinuosity (Sya/S) P11 |
stream Length (SL) | 233 it |valley Length (VL) {214 it [sinuosity (SL/VL) {1.09 |
Low Bank Height start} 6.1 ift Max Depth start} 1.67 |ft Bank-Height Ratio (BHR) start; 3.65
(LBH) end} 4.94 ift (dmax) end} 1.69 ift (LBH / dmay) end} 2.92
Facet Slopes Mean Min  Max Dimensionless Facet Slope Ratios Mean Min  Max
|Riff|e Slope (Syr) 50.0525 0_0415 0.063Eft/ft |Riff|e Slope to Average Water Surface Slope (S / S) i 1_4245 1.129 i 1,719|
Q@ |Run Slope (Siun) 50.0985 0_088§ 0.108§ft/ft |Run Slope to Average Water Surface Slope (S, / S) E 2_692i 2.418 E 2,966|
;é_ |Pool Slope (S) E0.00QE 0_0085 0.013Eft/ft |Poo| Slope to Average Water Surface Slope (S, / S) E 0.26OE 0.213 EO.353|
S [[clide Slope (s,) 10.038{0.026]0.051 it |Glide Slope to Average Water Surface Slope (Sy/S) | 1.030} 0.706 | 1.397]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
|Max Riffle Depth (dmagit) i 1.73 i 1.72 E 1.73 Eft |Max Riffle Depth to Mean Riffle Depth (dmaxit/ dokr) i 1.821; l.8ll; 1.82 |
[Max Run Depth (drmaurur) 11.95{1.87{ 2031t [MaxRun Depth to Mean Riffle Depth (dmaxun / dbi) 12.053{ 1.968| 2.14 |
[Max Pool Depth (dryap) 1274226338 ft  [MaxPool Depth to Mean Riffle Depth (dmaxp / dok) 12.884] 2.379 | 3.56 |
[Max Glide Depth (diyaig) {155{1.07!1.88ft [MaxGlide Depth to Mean Riffle Depth (dmaxg / di) {1.632{1.126 | 1.98 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i 099 | 0 | [ ps{ 135 | 113 | : imm |
€ |[2 sand i 2079 | 7 | || pss | 523 | 2789 | imm |
§ |% Gravel E 47.53 i 63 i || Dso i 35.91 i 39.43 E E ;mm |
T |9 Cobble Po2r72 F 21 || Do | 10326 | 8675 | § imm |
 {[o6 Boulder i 198 | 3 | || Des | 169.07 | 20533 | imm |
| |[o% Bedrock T 0% | 0 | |[Owo | Bedrock | 362 | Tom |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
® Composite sample of riffles and pools within the designated reach.
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Worksheet 3-1. Riparian vegetation composition/density used for channel stability assessment.

Riparian Vegetation
Stream: Fourmile Canyon Creek Location: Reach 1
Reference Disturbed
] h (impacted X
Observers: Lucas Babbitt reac reach) Date: 05/13/15
Existing Potential . .
species species Same as existing native
composition: See description composition:  species
Riparian cover Percent aerial | Percent of site . - Percent (.)f total
: Species composition species
categories cover* coverage** "
composition
Ponderosa pine (Pinus 100%
>
= 0%
..(;; 0,
@  Canopy layer 5% 1% 0%
3 0%
i 0%
0%
100%
- Willow (Salix sp.) 100%
S 0%
g Shrub layer 1% 0%
S Y 0%
=) 0%
N 0%
100%
Reed canary grass (Phalaris 25%
Downy brome (Bromus 15%
Bluegrass (Poasp.) 15%
Herbaceous 30% : Tt
° White clover (Trifolium 15%
® Dandelion (Taraxacum 15%
3 Common mullein 15%
T 100%
>
o Leaf (ljitrtg:aedle 10% Remarks:
O. Condition, vigor and/or
® usage of existing reach:
Density and potentially some species
Bare ground 5806 impacted by 2013 flood
*Based on crown closure. _
*Based on basal area to surface area. Column Total =
100%
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 1
Observers: Lucas Babbitt Date: 5/11/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 1

Observers: Lucas Babbitt

Date: 5/11/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-14



Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 1

Observers: Lucas Babbitt

Date: 5/11/2015

List ALL CATEGORIES that APPLY =

M1

M4

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and

Copyright © 2008 Wildland Hydrology
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 1

Observers: Lucas Babbitt

Date: 5/11/2015

List ALL CATEGORIES that APPLY =

Bl

B5

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 1
Observers: Lucas Babbitt Date: 5/11/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2  Infrequent . sty 9 =
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less -
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 6.41

Max Bankfull Depth: | 1.72

Bank-Height Ratio: 3.7

Degree of Channel Incision Stability Rating

=

Deeply Incised

1.9

18

1.7

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Degree of Channel Incision

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating

Copyright © 2008 Wildland Hydrology
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 18.27 Ratio of existing W/d to reference W/d: 0.79
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Stable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR):

1.73

Ratio of MWR to MWR 0.35

Reference Meander Width Ratio (MWR ):

5

Degree of Confinement Stability Rating

= Moderately Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 1 Valley Type: VIII
Observers: Lucas Babbitt Date: 05/11/2015
Enter Required Information for Existing Condition
39.4 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.854 D max Largest particle from bar sample (ft) 260.35 (mm) iorﬁ)ﬁ
0.03649 S Existing bankfull water surface slope (ft/ft)
0.95 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
6.60 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
1;* Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable [T Aggrading ¥ Degrading

Sediment Competence Using Dimensional Shear Stress

2163 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
174.2 | 268.1 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

3181 | 2.078 Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
140 | 0.91 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.053710.0351| = predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ™ Aggrading ¥ Degrading
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 1 Valley Type: VIII
Observers: Lucas Babbitt Date: 05/11/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

v Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High w/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) [~ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 1 Valley Type: VI
Observers: Lucas Babbitt Date: 05/11/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 5
(Worksheet 3-8)
(2) 4) (6) (8)
5 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 A
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 .
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 2
(Worksheet 3-9)
1) () 3) 4)
Total Points 9
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10— 12 Ly >21
[v l_ r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 1 Valley Type: VI
Observers: Lucas Babbitt Date: 05/11/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 2
(Worksheet 3-14) size avaliable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity | transport annual | sediment o o 2
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 5
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 2
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 13

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

[v

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: C4db
Location: Reach 1 Valley Type: VII
Observers: Lucas Babbitt Date: 05/11/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 2
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of 2
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 8
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtizij 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 2
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 2
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 16

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
v

Moderately
Incised
19 -27
™

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 1 Valley Type: VIII
Observers: Lucas Babbitt Date: 05/11/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg ’ Eg_’g;’
B —> ’ - Ll
, Successional Stage (F;—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (C—G), (E-G) 2
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable >
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 5
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation a
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 10
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) v r r -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 1 Valley Type: VI
Observers: Date: 05/11/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 1
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 1
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 5
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 1
Mod. Increase 3
3-20) :
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- - - 2
10)
Poor: Unstable 4
Total Points 7
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 11-15 >15
F v I -
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 1
2 Observers: Lucas Babbitt \ Date:\5/11/2015 Stream Type:\ C4B \ Valley Type:\VIII \ \ \
3 . . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 0.95 (Ft): 17.36 Area (ft): 16.56 Ratio: 18.27 Ratio: 5.89
5 Mean: 7.37 10.6 1.96 1.32 . .
: L/ W s R/W s : : .
| Channel Pattern Range:| Vo 737_ 737 | WWoe 1660 1060| "IV 190007 | MWRE g g5 g gp |SiNUOS: 11
7 Bankfull Mean Bankiull Estimation . Drainage
8 SR Velocity (Uy) (ft/sec): S Discharge (Qp): S Method: Ul Area (mi®): 447
9 Check: ™ Riffle/Pool | Step/Pool | |Plane Bed| | Convergence/Divergence | Dunes/Antidunes/Smooth Bed
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
12 Depth (ft): 1179 . 1.8 to mean): . 1.88 : 1.42 Spacing:i”'” Valley: | 0.0403 Surface: 0.03649
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speciDensity and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
_ S-4(2 M1 M4 B1
16 Regime: 8 |& Order: ) Patterns: Patterns: BS Blockages: D2 D10
17 Level lll Stream Degree of Incision Degree of Incision - Modified Pfankuch Stability Rating .
3.73 Deeply | d . -
18| Stability Indices  ||(Bank-Height Ratio): Stability Rating: eePlY INCISEL | Numeric & Adjective Rating): 95 - Falr
19 Width/depth Reference W/d Width/Depth Ratio State W/d Ratio State
20 Ratio (Wid):| " _|Ratio (Widy) 2| owid) 1 (Wideo: 079 |stabiliy Rating: Stable
21 Meander Width Reference Degree of confinement MWR / MWR
. 1.73 5 0.346 - ) tabl
22 Ratio (MWR): MWRer: (MWR / MWR): Stability Rating: SIEU
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
260.35 = 2.078 - 0 0.95 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: o1 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
cC —r cC —» —> — —
29 Shift State (Type): Ba State (Type): S
30| Lateral Stability | Stable \ \ ™ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability i . - . Remarks/causes:
v I . [~ Ex. r
31 (Aggradation) v No Deposition Mod. Deposition Ex. Deposition Aggradation
i ili | | | Remarks/causes:
Vertical Sta_b|l|ty [~ Not Incised ¥ Slightly Incised I'L Mod. Incised [~ Degradation
32 (Degradation) | | | |
33| Channel Enlargement | ¥ NoIncrease [~ SlightIncrease [~ Mod. Increase | Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L VM t [T High [~ Very High
35 (Channel Source) | ow oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 2
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope: 8
Mass Wasting: 12
Debris Jam Potential: 6
Vegetative Protection: 12

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

PR ONM
oON

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

ANRPDADIN
LN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability: Aggrading
W/D Condition: Very High
Stream Type: D4A
Rating - 130

Condition - Fair



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream:  Fourmile Canyon Creek, Reach - Reach 2

Basin: Drainage Area: 2860.8 acres 4.47 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.05939 Lat / 105.3176 Long Date: 05/11/15
Observers: Lucas Babbitt Valley Type: VIlI(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 2257 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 0.71 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 15.95 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 31.79 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 1.42 ft

WIDTH of Flood-Prone Area (Ws,,)

Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 34.39 |f

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 152 f/ft

Channel Materials (Particle Size Index ) Dsg

The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 23.19 |mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.04583 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.16

Stream D4a (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 2
Observers: Lucas Babbitt Date: 05/11/15 Valley Type: Xl Stream Type: D4a
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
[Riffle Width (W) 1226} 22.6 | 22.6 !t _|Riffle Cross-Sectional Area (Ay) (it) 115.95/15.95!15.95]
*
* |[Mean Riffle Depth (dx) 1071{0.71{0.71 {ft [Riffle Width/Depth Ratio (Wpy/ diy) {31.79{31.79{31.79|
*
£ |Maximum Riffle Depth (dyay) 114211421 1.42 it |Max Riffle Depth to Mean Riffle Depth (dyay / doke) 52.00052.00052.000|
c
.g |Width of Flood-Prone Area (Wyy,) i 34.4 i 34.4 i 34.4 ift |Entrenchment Ratio (Wpa / Wik) §1,524§ 1,524%1,524|
@ ||Riffle Inner Berm Width (W,,) i 0 I 0 I 0 ift |RiffleInner Berm Width to Riffle Width (W;, / W)  10.000:0.000:0.000
g 1 1 1 1 1 1 1
% |Rifﬂe Inner Berm Depth (dy) t o 0l 0 i |Rifﬂe Inner Berm Depth to Mean Depth (d, / dyy) §0,000§0,000§0,000|
£ |[Riffle Inner Berm Area (Ap) foioio iftz Riffle Inner Berm Area to Riffle Area (A, / Apkr) 10.000{0.000{0.000
4 i 1 i 1 i i 1
|Rifﬂe Inner Berm W/D Ratio (W /d,)) | O | 0 | 0O ! | i i i |
______Pool Dimensions* ** ** rMean Min : Max Pool Dimensions & Dimensionless Ratios**** Meanr Min  Max
[Pool Width (W) 1 28.4 | 28.4 | 28.4 ift [Pool Width to Riffle Width (Wpy, / W) 11.257/1.257}1.257|
£ | [Mean Pool Depth (d) | 0.55 | 0.55 | 0.55 {ft |Mean Pool Depth to Mean Riffle Depth (dy, / dw)  10.775{0.775!0.775]
*
::j, |P00| Cross-Sectional Area (Ap) 11551 155 | 15.5 ift |Pool Area to Riffle Area (Angp / Aui) 50,97350,97350,973|
S |[Maximum Pool Depth (dax) 11.15] 1.15] 1.15{ft |Max Pool Depth to Mean Riffle Depth (dyap / du)  |1.620}1.620}1.620)
%]
é |PO0I Inner Berm Width (Wi,) 0 f 0 0 ift |PO0I Inner Berm Width to Pool Width (Wi, / W) i0.000i0.000i0.000|
a |Poo| Inner Berm Depth (diyp) i 0 i 0 i 0 ift |PO0I Inner Berm Depth to Pool Depth (diy, / dpkip) §0,000§0,000§0,000|
© - - - - - - -
O | |Pool Inner Berm Area (Aj,p) i 0 1 0 I O iff* |Poollnner Berm Area to Pool Area (App / Apip) 10.000:0.000:0.000
a p i i i i P P i i i
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio Wi,/ d;)  10.000{0.000}0.000}
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) P 24 | 24 | 24 it |RunWidth to Riffle Width Wy, / W) 11.064!1.064}1.064]
<
-g |Mean Run Depth (dy) 10.9910.991 0.99 ift |Mean Run Depth to Mean Riffle Depth (dowye / duwr) ~ 11.394} 1.394i1.394|
g [Run Cross-Sectional Area (Ay) { 23.81 238 23.8ft |Run Area toRiffle Area (Auq / Au) 11.489!1.489}1.489)
2 |[Maximum Run Depth (da) | 1581 1.58] 1.58 {ft |Max Run Depth to Mean Riffle Depth (dar / ) 12.22512.225!2.225]
& | [Run Width/Depth Ratio Wy / du) | 24.3 | 24.3] 24.3 1t | R
. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
[Glide Width (W) 1 18.9{ 18.9 | 18.9 ift |Glide Width to Riffle Width (Weysq / Wi) 10.838{0.838}0.838]
. |[Mean Glide Depth (dy,) 1 1.03{ 1.03 | 1.03{ft [Mean Glide Depth to Mean Riffle Depth (dyo / dy) |1.451{1.451{1.451|
2] T T T T T T T
é |Glide Cross-Sectional Area (Apkg) 119.5119.5 19.5 ift |Glide Area to Riffle Area (A / Aokr) 11.220! 1.220!1.220|
2] 7 T 7 T - - T 7 T
S |Maximum Glide Depth (dpaxg) 12.0412.0412.04 it |Max Glide Depth to Mean Riffle Depth (dmaxg / Aok 52.87352.87352.873|
-§ |Glide Width/Depth Ratio Wi/ dyg) | 18.4 | 18.4 | 18.4 iftft |Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  10.000{0.0000.000|
S ||Glide Inner Berm Width (Wiy,) i 0 1 0 | 0 ift [GlidennerBerm Width to Glide Width (WipyWiyg)  |0.000{0.000{0.000|
O] T T T T T T T
|Glide Inner Berm Depth (di,g) i 01 0 O ift |Glide Inner Berm Depth to Glide Depth (dipg / dykig) 50,00050,00050,000|
|Glide Inner Berm Area (Aj,g) i 0 i 0 i 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) §0,000§0,000§0,000|
Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max
[Step Width (W) P 0 | 0 | 0 ift [StepWidthto Riffle Width (Wi / W) 10.000:0.000{0.000]
5 |Mean Step Depth (o) ol o} oo it |Mean Step Depth to Riffle Depth (dues/ dor) §0,000§0,000§0,000|
% |Step Cross-Sectional Area (Ays) i 01 0 1 0 ift |Step Area to Riffle Area (Apyss / Auki) 50,000i0.000i0,000|
|Maximum Step Depth (dinaxs) i 0 i 0 i 0 ift |Max Step Depth to Mean Riffle Depth (dinaxs/ doxe) E0,000E0,000E0,000
|Step Width/Depth Ratio (Wys/dwe) § 0 | 0 | 0 | | i i i |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 2
Observers: Lucas Babbitt Date: 05/11/15 Valley Type: Xl Stream Type: D4a
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 4,736 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 75.539 chs |Drainage Area E 4.47 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 172 { 171 | 174 [t Linear Wavelength to Riffle Width (3. / Wyc) 17.621{7.576|7.709)
|Stream Meander Length (L) i 180 i 180 i 180 Eft |Stream Meander Length Ratio (L,/ W) ;7_975; 7_975;7.975|
5 |[Radius of Curvature (R) | 42 | 23 | 75 |t |Radius of Curvature to Riffle Width (Re/ Wiy) {1.861}1.019{3.323]
& |[Beltwidth W, { 35 | 23 | 43 it |Meander idth Ratio (Wi / W) {1.551{ 1.019 | 1.905|
g |Arc Length (L,) 0 0i{o0 ft |Arc Length to Riffle Width (Ly/ W) ;o_oooi o.ooo;o.ooo|
g [Riffle Length (L) {10.1]4.72{ 14.4 [t [Riffle Length to Riffle Width (L/ Wi) 10.447{0.209 {0.638|
|Individual Pool Length (L,) | 12.9} 105} 15.1 {ft |Individual Pool Length to Riffle Width (Ly/ Wi) 10.570} 0.464 }0.669)
- |Poo| to Pool Spacing (Ps) i 156 i 95.5 i 216 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 6_8915 4.231 i 9,551|
[ |[valley Slope (S..) | 0.05333 it [Average Water Surface Slope (S) | 0.04583 {fuft [Sinuosity (S /S) 1 1.16 |
stream Length (SL) | 395 it |valley Length (VL) {372 It [sinuosity (SL/VL) {1.06 |
Low Bank Height start} 10.3 ift Max Depth start} 1.66 !ft Bank-Height Ratio (BHR) start; 6.22
(LBH) end} 7.99 ift (dmax) end} 1.66 ift (LBH / dmay) end} 4.81
Facet Slopes Mean Min  Max Dimensionless Facet Slope Ratios Mean Min  Max
|Riff|e Slope (Syr) 50.0805 0_0355 0.1525ft/ft |Riff|e Slope to Average Water Surface Slope (S / S) i 1_7445 0.765 53,311|
Q@ |Run Slope (Siun) 50.1075 O_OSlEO.l?lift/ft |Run Slope to Average Water Surface Slope (S, / S) E 2_343; 1.114 53,721|
;é_ |P00l Slope (Sp) 10.014{0.0070.018}fuft |Poo| Slope to Average Water Surface Slope (S,/S) ~ 10.304} 0.156 50,394|
S [[clide Slope (s,) 10.065/0.042{0.088]fuit |Glide Slope to Average Water Surface Slope (Sy/S) | 1.4140.910{1.919)]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
[Max Riffle Depth () {14911.38! 1.6 {ft  [MaxRiffle Depth to Mean Riffle Depth (dmair/ dhic) 12.009{1.944 | 2.25 |
[Max Run Depth (drmaurur) 1207} 1.9 {2231t [MaxRun Depth to Mean Riffle Depth (dmaun / dbi) 12.915{2.676 | 3.14 |
|Max Pool Depth (dmaxp) E 2.13 i 1.38 E 2.94 Eft |Max Pool Depth to Mean Riffle Depth (dmaxp / doxi) E 3 i 1_9445 4.14 |
[Max Glide Depth (diyaig) 10.91{077!1.04 it  |MaxGlide Depth to Mean Riffle Depth (dmaxg / di) {1.282]1.085| 1.46 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i o | 0 [ b { 172 | 932 | § imm |
€ |[% sand {181 | 11 | || Ds | 143 | 226 | imm |
§ [ Gravel | 5333 | 62 | || D | 2319 | 33 | imm |
T {[9 Cobble Po219 | 24 | || Do | 11094 | 90 | § imm |
 {[o6 Boulder i 667 | 3 | || Dos | 39956 | 17055 | imm |
| |[o% Bedrock o | o | [om] 512 | 362 | |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
¢ Active bed of ariffle. 9Height of roughness feature above bed.

® Composite sample of riffles and pools within the designated reach.
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Worksheet 3-1. Riparian vegetation composition/density used for channel stability assessment.

Riparian Vegetation
Stream: Fourmile Canyon Creek Location: Reach 2
Reference Disturbed
] h (impacted X
Observers: Lucas Babbitt reac reach) Date: 05/13/15
Existing Potential . .
species species Same as existing native
composition: See description composition:  species
Riparian cover Percent aerial | Percent of site . - Percent (.)f total
: Species composition species
categories cover* coverage** "
composition
- Ponderosa pine (Pinus 0%
S Douglas fir (Pseudotsuga 0%
o 0%
o | Canopy layer 25% 5%
3 0%
o 0%
0%
0%
> Willow (Salix sp.) 0%
S Mountain ninebark 0%
U) . .
e Lilac (Syringa 0%
] Shrub layer 5%
S Y ° 0%
=) 0%
N 0%
0%
Downy brom (Bromus 0%
Bluegrass (Poa Sp.) 0%
Reed canarygrass (Phalaris 0%
Herbaceous 80% : T
° White clover (Trifolium 0%
® Dandelion (Taraxacum 0%
3 Common mullein 0%
° 0%
5
2 Leaf (ljitrtg:aedle 5% Remarks:
O. Condition, vigor and/or
® usage of existing reach:
Density and potentially some species
Bare ground 5% impacted by 2013 flood
*Based on crown closure. _
*Based on basal area to surface area. Column Total =
100%
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: Xl
Observers: Lucas Babbitt Date: 05/11/2015
Enter Required Information for Existing Condition
33.0 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.781 D max Largest particle from bar sample (ft) 238.125 (mm) iorﬁ)ﬁ
0.04583 S Existing bankfull water surface slope (ft/ft)
0.71 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
7.22 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable [T Aggrading ¥ Degrading

Sediment Competence Using Dimensional Shear Stress

2031 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
163.1 | 255.9 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
2.92 | 1.841
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
102 | 064 | t= predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.065910.0415| - predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ™ Aggrading ¥ Degrading
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 2
Observers: Lucas Babbitt Date: 5/11/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 2

Observers: Lucas Babbitt

Date: 5/11/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 2

Observers: Lucas Babbitt

Date: 5/11/2015

List ALL CATEGORIES that APPLY =

M3

M4

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and

Copyright © 2008 Wildland Hydrology
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek Reach: Reach 2
Observers: Lucas Babbitt Date: 5/11/2015
List ALL CATEGORIES that APPLY = Bl B5 B7

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 2
Observers: Lucas Babbitt Date: 5/11/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less v
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation -

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height:  |10.33 Bank-Height Ratio: 0.0

Max Bankfull Depth: 0

Degree of Channel Incision Stability Rating <

Degree of Channel Incision

. /
/
/

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 31.79 Ratio of existing W/d to reference W/d: 1.38
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Moderately Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N
I

N\

4

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR):

1.55

Ratio of MWR to MWR 0.39

Reference Meander Width Ratio (MWR ):

4

Degree of Confinement Stability Rating

=

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: XIlI
Observers: Lucas Babbitt Date: 05/11/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) [~ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

 Highly Unstabl
(E-G), (E—A) v Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: XllI
Observers: Lucas Babbitt Date: 05/11/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) Sl Unstable SREE Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 4
(Worksheet 3-8)
(2) 4) (6) (8)
5 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 A
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 L
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,)
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 9
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10=12 Lo >21
[v l_ r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: XiIll
Observers: Lucas Babbitt Date: 05/11/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Digo of bar | Do of bar or sub-
(Worksheet 3-14) siz¢ avaiiable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity transport annual | sediment Y Y
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 4
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =9 (C=F), (G.=F), SIS
16) deposition/ (G—Fyp)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, D9, D10 1
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 6

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: XiIli
Observers: Lucas Babbitt Date: 05/11/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
) . . energy: up to ; transporting more
) Sediment Capacity |nd|caFe eXCeSS | o/ increase increase load up than 50% of
(POWERSED) capacity above reference fga?% € CHIAIEY annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR)
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A)
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢)
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 0

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
™

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: XllI
Observers: Lucas Babbitt Date: 05/11/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg’ Eg_’g;’
. —> , —> y
Successional Stage | (Fo—B). (G—B), | (CoHighW/d C), | (G—F), (F=D) | (o ' e G
L oshi F—B,), (F—C E—C (€=G). (E=0),
shift (Worksheet 3-16)| (F~B2). (F=C), (E=C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
- Moderately .
. Lateral Stability Stable Unstable Unstable Highly Unstable 5
(Worksheet 3-17)
(2) (4) (6) (8)
porneal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation
Degradation
Total Points 2
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r r r
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: Xl
Observers: Date: 05/11/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 1
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement .
o Slight Increase 2
4 Prediction (Worksheet
Mod. Increase 3
3-20) .
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : :
10)
Poor: Unstable 4
Total Points 1
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) = Ao =1 =13
r r r r
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 2
2 Observers: Lucas Babbitt \ Date:\5/11/2015 Stream Type:\ D4A \ Valley Type:\XIII \ \
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 0.71 (Ft): 22.57 Area (ft)): 15.95 Ratio: 31.79 Ratio: 152
5 Mean: 7.62 7.98 1.86 1.55 . .
: L/ Wit R/W s : : .
| Channel Pattern Range:| "Wo 755771 | WWoe 705 708 | RV g 0o ggp | MWRE 5 1y gq [SinUOSY: 116
7 Bankfull Mean Bankiull Estimation . Drainage
8 SR Velocity (Uy) (ft/sec): i Discharge (Qp): [esr) Method: U Area (mi?): 447
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
R Depth (ft): i 1.42 . 1.15 to mean): . 2 : 2.09 Spacing: : 155.5| Valley: 0.05333 Surface: 0.04583
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
_ S-4(2 M3 M4 B1B
16 Regime: 8 |[& Order: @) Patterns: Patterns: 5B7 Blockages: D3
17 Level lll Stream Degree of Incision 0 Degree of Incision Modified Pfankuch Stability Rating 130 -
18 Stability Indices (Bank-Height Ratio): Stability Rating: (Numeric & Adjective Rating):
19 Width/depth 31.79 Reference W/d 23 Width/Depth Ratio State 1.38 W/d Ratio State Moderately
20 Ratio (W/d): ' Ratio (W/dre): (W/d) [ (W/dres): ) Stability Rating: Unstable
21 Meander Width Reference Degree of confinement MWR / MWR, ¢ .
. 1.55 4 0.3875 - . Highl tabl
22 Ratio (MWRY): MWRer: (MWR / MWR): Stability Rating: ighly Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
238.125 = 1.841 - 0 0.71 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 64 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
—> —> —> — —
29 Shift State (Type): D42 |5tate (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability i . - . Remarks/causes:
r I . [~ Ex. r
31 (Aggradation) No Deposition Mod. Deposition Ex. Deposition Aggradation
i ili | | | Remarks/causes:
32 Vfég;?;j;?g:;y [~ Not Incised l_‘ Slightly Incised IJ\' Mod. Incised [~ Degradation
33| Channel Enlargement | [ NoIncrease [~ SlightIncrease [~ Mod. Increase |~ Extensive Remarks/causes:
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t [T High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 3
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OhOoODb

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

(e JRENNENY G N

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

ArPRPODLMDN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition: Normal
Stream Type: F4B
Rating - 79

Condition - Good



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 3

Basin: Drainage Area: 3148.8 acres 4.92 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.05992 Lat / 105.31812 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 20.86 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 0.66 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 13.77 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 31.61 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 1 ft

WIDTH of Flood-Prone Area (Ws,,)
Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 24.73 |ft

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 1.19 f/ft

Channel Materials (Particle Size Index ) Dsg
The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 31.32 mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.02886 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.25

Stream F 4b (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 3
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: F 4b
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
[Riffle Width (W) 1 20.9 | 20.9 | 20.9 ift [Riffle Cross-Sectional Area (Ayq) () 113.77/13.7713.77]
*
* T T T T T T T
% |[Mean Riffle Depth (dy) 1 0.66 | 0.66 | 0.66 ift |Riffle Width/Depth Ratio (Wi / di) {31.61{31.61{31.61]
*
% | [Maximum Riffle Depth (dna) i 1 1 1 | 1 it [MaxRiffle Depth to Mean Riffle Depth (dma/dhe)  |1.515{1.515{1.515|
.g |Width of Flood-Prone Area (Wyy,) i 24.7 i 24.7 i 24.7 ift |Entrenchment Ratio (Wpa / Wik) §1.186§ 1.186%1.186|
2 [Riffle Inner Berm Width (W) 114.21 1421 14.2 ft |[Riffle Inner Berm Width to Riffle Width (W, / W)  10.68210.682{0.682]
é |Rifﬂe Inner Berm Depth (d;) i 0.13 i 0.13 i 0.13 ift |Rifﬂe Inner Berm Depth to Mean Depth (di, / dy) 20.19620.19620.196|
E |Rifﬂe Inner Berm Area (Ap) i 1.84 i 1.84 i 1.84 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) §0.134i0.134i0.134|
[Riffle Inner Berm W/D Ratio W, /dy) | 110 | 110 | 110 | | Poob b
______Pool Dimensions* ** ** _Mean Min _Max Pool Dimensions & Dimensionless Ratios**** Mean Min Max
[Pool Width (W) { 15.6 | 15.6 | 15.6 |ft [Pool Width to Riffle Width (Wpy, / W) 10.7480.748}0.748]
£ | [Mean Pool Depth (d) 1 1.74{1.74 1 1.74 {ft |Mean Pool Depth to Mean Riffle Depth (duy, / duw)  12.636!2.6362.636)
*
::j, |P00| Cross-Sectional Area (Ap) 127212721 27.2 |Pool Area to Riffle Area (Angp / Aui) i1.972 1,97251,972|
S |[Maximum Pool Depth (dax) 12.71]2.71{ 2.71{ft |Max Pool Depth to Mean Riffle Depth (dyarp / dy)  |4.106}4.10614.106]
[%2]
é |PO0I Inner Berm Width (Wi,) 0 f 0 0 ift |PO0I Inner Berm Width to Pool Width (Wi, / W) i0.000i0.000i0.000|
a |Poo| Inner Berm Depth (diyp) i 0 i 0 i 0 ift |PO0I Inner Berm Depth to Pool Depth (diy, / dpkip) §0,000§0,000§0,000|
© - - - - - - -
DC3 |Poo| Inner Berm Area (Ay,p) i 0 i 0 1 0 if? |PO0I Inner Berm Area to Pool Area (A, / Aptp) 50,00050,00050,000|
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio Wi,/ d;)  10.000{0.000}0.000}
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 112211221 12.2}ft |Run Width to Riffle Width (W, / W) 10.587!0.587}0.587|
<
-g |Mean Run Depth (dy) 11.7211.721 1.72 ift |Mean Run Depth to Mean Riffle Depth (dyyg / dpir) 52.606i2.606i2.606|
g |Run Cross-Sectional Area (Ay;) 121 1 21 1 21 it |Run Area to Riffle Area (Ag / Aokr) 51.52751.52751.527|
g |Maximum Run Depth (dmax) i 2.78 i 2.78 i 2.78 ift |Max Run Depth to Mean Riffle Depth (dmayx / duks) §4.212§4.212§4.212|
= - = - - - =
& |[Run Width/Depth Ratio Wi/ o) | 7.12 | 7.12 | 712 Jit | R
. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
[Glide Width (W) i 0 | 0 | 0 ift [GlideWidthto Riffle Width (Weyg / Wi) 10.000{0.000;0.000}
. |[Mean Glide Depth (dy,) i 0 { 0 | 0 ift [MeanGlide Depth toMean Riffle Depth (duq / i) |0.000{0.000{0.000|
2] T T T T T T
S |Glide Cross-Sectional Area (Apkg) P01 0 1 0 ift |Glide Area to Riffle Area (A / Aokr) E0,000E0.000E0.000|
a f 1 f 1 . . 1 f 1
S | [Maximum Glide Depth (draq) i 0! 0 | 0 ift [MaxGlide DepthtoMean Riffle Depth (dmaq/ ) |0.000{0.000{0.000|
-§ |Glide Width/Depth Ratio (Wiyg/dui) § O | O | 0 iftit [Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  {0.000{0.0000.000|
S ||Glide Inner Berm Width (Wiy,) i 0 1 0 | 0 ift [GlidennerBerm Width to Glide Width (WipyWiyg)  |0.000{0.000{0.000|
O] T T T T T T T
|Glide Inner Berm Depth (di,g) i 01 0 O ift |Glide Inner Berm Depth to Glide Depth (dipg / dykig) 50,00050,00050,000|
|Glide Inner Berm Area (Aj,g) i 0 i 0 i 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) §0,000§0,000§0,000|
Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max
[Step Width (W) P 0 | 0 | 0 ift [StepWidthto Riffle Width (Wi / W) 10.000:0.000{0.000]
¢ ||[Mean Step Depth (diys) i 0 | 0 | 0 ift |Mean Step DepthtoRiffle Depth (dbs/ i) £0.000{0.000{0.000]
% |Step Cross-Sectional Area (Ays) i 01 0 1 0 ift |Step Area to Riffle Area (Apyss / Auki) 50,000i0.000i0,000|
|Maximum Step Depth (dinaxs) i 01! 0 i 0 it |Max Step Depth to Mean Riffle Depth (diays/ dok) E0,000E0,000E0,000
[Step Width/Depth Ratio Wiys/due) | 0 | 0 | O | | i | | |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 3
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: F 4b
? [ River Reach Summary Data.....2 ]

% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 3.582 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 49.324 chs |Drainage Area E 4.92 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) | 244 | 121 | 367 {ft [Linear Wavelength to Riffle Width (3. / Wyc) L] 5.801 | et |
|Stream Meander Length (L) i 154 i 154 i 154 Eft |Stream Meander Length Ratio (L,/ W) ;7_3835 7_383;7.383|
E [Radius of Curvature R) | 43 | 36 | 49 it [Radius of Curvature to Riffle Width (R./ Wiy) 12.061] 1.726 {2.349|
& |[Beltwidth W, { 23 | 23 | 23 it |Meander width Ratio (Wi / W) {1.103] 1.103{1.103]|
g |Arc Length (L,) i 0} 0! 0 it [|arcLengthtoRifile Width (La/ Wik) 10.000{ 0.000 {0.000|
g [Riffle Length (L) {108]12.8{ 268 ft  [Riffle Length to Riffle Width (L/ Wi) 10.948{ 0.612 | 1.284|
|Individual Pool Length (L,) | 10.4} 2.5 [ 16.3 ]t |Iindividual Pool Length to Riffle Width (Ly/ Wi) 10.500{ 0.1200.781|
- |Poo| to Pool Spacing (Ps) i 355 i 355 i 355 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i#####i #####; ####|
~|Valleyslope (Sva) E 0.036 Eft/ft |Average Water Surface Slope (S) E 0.02886 Eft/ft |Sinuosity (Sva! S) 51,25|
stream Length (SL) | 579 it |valley Length (VL) {557 it [sinuosity (SL/VL) {1.04
Low Bank Height start} 6.01 :ft Max Depth start} 1.2 ift Bank-Height Ratio (BHR) start} 5.01

(LBH) end} 4.17 ift (dmax) end} 1.65 ift (LBH / dmay) end} 2.53

Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max
|Riff|e Slope (Syr) 50.0515 0_0415 0.061Eft/ft |Riff|e Slope to Average Water Surface Slope (S / S) i 1_7655 1.430 i 2,099|
Q@ |Run Slope (Siun) 50.0945 0_053§ 0.134ift/ft |Run Slope to Average Water Surface Slope (S, / S) E 3_241; 1.843 E4,639|
;é_ |P00l Slope (Sp) 10.012{0.008; 0.015 ftft |Poo| Slope to Average Water Surface Slope (S,/S) ~ 10.404} 0.273 Eo,535|
S [[clide Slope (s,) 10.010{0.003}0.018]fuft |Glide Slope to Average Water Surface Slope (Sy/S) | 0.363|0.108 {0.618]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
[Max Riffle Depth () 1073} 07 {0751t |MaxRiffle Depth to Mean Riffle Depth (dmair/ dhic) {1.106] 1.061} 1.14 |
[Max Run Depth (drmaurur) 10.92{074! 1.1 it [MaxRun Depth to Mean Riffle Depth (dmaxun / dbi) 11.304{1.121] 1.67 |
[Max Pool Depth (dryap) 10.98]065{1.29 {ft  [Max Pool Depth to Mean Riffle Depth (dmaxp / dok) 11.485{0.985| 1.95 |
[Max Glide Depth (diyaig) 10771049 1.04 ittt  |Max Glide Depth to Mean Riffle Depth (dmaxg / di) 11.167{0.742{ 1.58 |
~_‘|Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i 099 | 0 | [ D6 i 024 | 736 | § imm |
S [{% sand ! 2376 | 693 | || D | 1236 | 2669 | imm |
§ [ Gravel | 4456 | 5545 | || Do | 3132 | 4704 | jom_|
T |9 Cobble ! 3069 | 3762 | || Do | 9899 | 11482 | § imm |
 {[o6 Boulder i o0 | o | |[ D | 15334 | 16414 | imm |
| |[o% Bedrock o | o | [om] 26 | 2% | |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
® Composite sample of riffles and pools within the designated reach.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 3
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 3

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 3

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

M4

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 3

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

Bl

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 3
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2  Infrequent . sty 9 =
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less -
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height:

6.01

Bank-Height Ratio: 5.0

Max Bankfull Depth:

1.2

Degree of Channel Incision Stability Rating

=

Deeply Incised

1.9

18

1.7

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Degree of Channel Incision

Stable Slightly Incised
Stability Rating

Moderately Incised Deeply Incised
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 31.61 Ratio of existing W/d to reference W/d: 1.37
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N
I

N\

4

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 1.1 Ratio of MWR to MWR . 0.28
Reference Meander Width Ratio (MWR ): 4
Degree of Confinement Stability Rating = Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 3 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
47.0 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.708 D max Largest particle from bar sample (ft) 215.9 (mm) iorﬁ)ﬁ
0.02886 S Existing bankfull water surface slope (ft/ft)
0.66 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
4.59 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable ¥ Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

1189 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
9334 | 1726 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

2658 | 1611 Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
148 | 0.89 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.0645]0.0391| = predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ¥ Aggrading [~ Degrading

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-101



Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 3 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) ¥ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: F4b
Location: Reach 3 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 .
(Worksheet 3-8)
(2) 4) (6) (8)
2 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 L
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 L
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 3
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 11
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y L Lo >21
I v r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location:. Reach 3 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 6
(Worksheet 3-14) siz¢ avaiiable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity transport annual | sediment Y Y
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 6
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 6
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 23

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
v

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 3 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 2
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 8
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 2
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 3
(Worksheet 3-9)
1) 2 (3) (4)
Total Points 15

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
v

Moderately
Incised
19 -27
™

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 3 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg ’ Eg_’g;’
B —> ’ - Ll
1 Successional Stage (Fy—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (C—G), (E-G) 8
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable a
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 6
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation a
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 22
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r ~ -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 3 Valley Type: Xl
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 5
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 3
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 5
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 3
Mod. Increase 3
3-20) .
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : - 2
10)
Poor: Unstable 4
Total Points 12
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 =1 >15
r r v r
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 3
2 Observers: Lucas Babbitt ~ Date: 8/20/2015 Stream Type: F 4B ~ Valley Type: XIII L]
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 0.66 (Ft): 20.86 Area (ft)): 13.77 Ratio: 31.61 Ratio: 1.19
5 Mean: 11.7 7.38 2.06 11 . .
: L/ Wit R/W s : : .
| Channel Pattern Range:| Vo 5g0- 1759 | "V 735 738 | RV g g5 555 | MWRE gy 4o [SiNUOSY: 125
7 Bankfull Mean Bankiull Estimation . Drainage
8 SR Velocity (Uy) (ft/sec): S Discharge (Qp): R o Method: U Area (mi?): 4.92
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| | Convergence/Divergence | Dunes/Antidunes/Smooth Bed
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
7 Depth (ft): ! 1 . 2.7 to mean): . 1.52 : 1.56 Spacing: : 355.2| Valley: 0.036 Surface: 0.02886
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
. S-4(2 M1 M4 B
16 Regime: 8 |& Order: ) Patterns: Patterns: ! Blockages: D2 D10
17 Level lll Stream Degree of Incision Degree of Incision - Modified Pfankuch Stability Rating
5.01 Deeply | d . -
18 Stability Indices (Bank-Height Ratio): Stability Rating: eeply incise (Numeric & Adjective Rating): &
19 Width/depth Reference W/d Width/Depth Ratio State W/d Ratio State
20 Ratio (W/d): | 81 |Ratio (Wid.:) 2| Wid) / (Widw): 137 | stability Rating: Unstable
21 Meander Width Reference Degree of confinement MWR / MWR
. 1.1 4 0.275 - ) tabl
22 Ratio (MWR): MWR . (MWR / MWR 7): Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
215.9 = 1.611 - 0 0.66 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 89 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
—> —> —> —> —>
29 Shift State (Type): F 4b State (Type):
30| Lateral Stability | Stable \ \ ¥ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability i . - . Remarks/causes:
r I . v Ex. r
31 (Aggradation) No Deposition Mod. Deposition [v Ex. Deposition Aggradation
i ili | | | Remarks/causes:
Vertical Sta_b|l|ty [~ Not Incised ¥ Slightly Incised I'L Mod. Incised [~ Degradation
32 (Degradation) | | | |
33| Channel Enlargement | [ NoIncrease [~ SlightIncrease ¥ Mod. Increase |~ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t W High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 4
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OhOoODb

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

OO W

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

ArPRPODLMDN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type: B4
Rating - 80

Condition - Fair



Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 4 |
| Date: |5/13/2015 | Stream Type: | B4 || Valley Type: | Vil |
| Observers: |Lucas Babbitt || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectional || 5 44 | Awk || Bankiull Riffle Mean DEPTH || 1.13 | b
AREA (%) (ft)
Bankfull Riffle WIDTH 2471 | Wk Wetted PERMIMETER 546 | Wo
(ft ~ (2% dpks ) + Wi (ft
D 4, at Riffle g257 | Dia D g4 (Mm) / 304.8 0.27 D4
(mm) (ft)
Bankfull SLOPE 0.0352 | Sk Hydraulic RADIUS 1.10 R
(it / t) Apii | W (ft)
Gravitational Acceleration 32.2 9 Relative Roughness 4.06 R/D
' (ft/ sec?) R(ft) / D g4 (ft) ) 84
. Sh Velocit
Drainage Area 4.9 Dé earve 0(1:/: y 1.117 -
(mi%) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Fricti i
o eldaive | u=[283+566%Log (R/Da}]ut| 701 | fi/sec || 19669 | cis
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative 4.80 f ] sec 134.54 ofs
Roughness (Figs. 2-18, 2-19) u=149R**s¥2/n  n=| 0.062 ' '
2. Roughness Coefficient: u=149-R¥**s12/n
b) Manning'sn from Stream Type (Fig. 2-20) n= | 0.062 4.80 LSS 134.54 et
2. Roughness Coefficient: u=149-R¥#*s2n
¢) Manning'sn from Jarrett (USGS): n = 0.39*S %38 R -0.16 2.76 ft/sec 77.45 cfs
Fouighness, cobbie. and boulder-domnated stream systems: e jor N = |_0.108
Stream Types Al, A2, A3, B1, B2, B3, C2 & E3
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| Darcy-Weisbach (Leopold, Wolman and Miller) | 7.23 R 202.83 ek
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A
Return Period for Bankfull Discharge Q= year 0.00 R 0.00 ek
4. Continuity Equations: b) USGS Gage Data u=Q/A 0.00 ft/ sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top of
Option 2. e rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

Obtion 3 For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces above
Ption 3. channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

Obtion 4 For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of the
ption 4. log on upstream side if embedded. Substitute the Dg, protrusion height in ft for the Dg, term in method 1.
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 4
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: B 4
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
|Rifﬂe Width (W) i 12.4 i 0 i 24.7 ift |Rifﬂe Cross-Sectional Area (Ap) (ft9) il4.02§ 0.00 228.04|
*
* |[Mean Riffle Depth (dx) 10571 0 [113ift [Riffle Width/Depth Ratio (Wpe / dix) 110.93{ 0.00 |21.87|
*
% |Maximum Riffle Depth (dya) 10861 0 171 |Max Riffle Depth to Mean Riffle Depth (e / do) ~ 10.75710.000" 1.513|
.g |Width of Flood-Prone Area (Wyy,) i 23.3 i 0 i 46.6 ift |Entrenchment Ratio (Wpa / Wik) §0.944§0.000§1.887|
2 [Riffle Inner Berm Width (W) { 0 ! 0 ! 0 it [Riffle nner Berm Width to Riffle Width (W, / W) {0.000}0.000}0.000|
é |Rifﬂe Inner Berm Depth (dy) i 0 i 0 i 0 ift |Rifﬂe Inner Berm Depth to Mean Depth (d, / dyy) §0,000§0,000§0,000|
E |Rifﬂe Inner Berm Area (Ap) i 0 i 0 i 0 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) E0.000E 0.000E 0.000|
|Rifﬂe Inner Berm W/D Ratio (W, / dy) i 0 i 0 i 0 i | i i i |
______Pool Dimensions* ** ** _Mean Min _Max Pool Dimensions & Dimensionless Ratios**** Mean Min Max
[Pool Width (W) 19.77 1 9.77 1 9.77 it [Pool Width to Riffle Width (Wpy, / W) 10.790}0.790}0.790}
£ | [Mean Pool Depth (d) 1 1.02{1.02 ] 1.02 {ft |Mean Pool Depth to Mean Riffle Depth (du, / dix)  11.789}1.789}1.789)
*
%) |Poo| Cross-Sectional Area (Ayp) i 10 1 10 | 10 ift |PO0I Area to Riffle Area (Anp, / Aoki) 50,71450.71450,714|
S |[Maximum Pool Depth (dax) | 1.56] 1.56 | 1.56 {ft |Max Pool Depth to Mean Riffle Depth (dyarp / du)  12.737}2.73712.737]
[%2]
é |PO0I Inner Berm Width (Wi,) 0 f 0 0 ift |PO0I Inner Berm Width to Pool Width (Wi, / W) i0.000i0.000i0.000|
a |Poo| Inner Berm Depth (diyp) i 0 i 0 i 0 ift |PO0I Inner Berm Depth to Pool Depth (diy, / dpkip) §0,000§0,000§0,000|
© - - - - - - -
S |Poo| Inner Berm Area (Ay,p) i 0 i 0 ! 0 it |PO0I Inner Berm Area to Pool Area (A, / Aptp) 50,00050,00050,000|
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio Wi,/ d;)  10.000{0.000}0.000}
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 1 24.7124.7 | 24.7 ft  |Run Width to Riffle Width (W, / W) 11.999/1.999!1.999]
<
2 |Mean Run Depth () {1.1311.131 1.13 it |Mean Run Depth to Mean Riffle Depth (dyg / ) |1.982{1.982] 1,982|
g |Run Cross-Sectional Area (Auy) 1 28 i1 28 I 28 ift |Run Area to Riffle Area (A / Auk) 12.000!2.000! 2.000|
E |Maximum Run Depth (dpay) 11710171 ) 1.71 ift |Max Run Depth to Mean Riffle Depth (dyax / dox) §3,000§3,000§3,ooo|
= - = - - - =
& | [Run Width/Depth Ratio Wy / d) | 21.9 | 21,9 21.9 it | R
. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
|Glide Width (W) i 0! 0 {0 ift |Glide Width to Riffle Width (Wi / W) io.oooio.oooio.ooo|
. |Mean Glide Depth (dyg) 0ol 0} 0 it |Mean Glide Depth to Mean Riffle Depth (duygq / di) io,oooio,oooio,ooo|
2] T T T T T T T
S |Glide Cross-Sectional Area (Apkg) P01 0 1 0 ift |Glide Area to Riffle Area (A / Aokr) 10.000:0.000t! 0.000|
g |Maximum Glide Depth (dpyaxg) 0 0 0 ft |Max Glide Depth to Mean Riffle Depth (dmaxg / doi) Eo,oooio,oooio,ooo|
-§ |Glide Width/Depth Ratio (Wiyg/dui) § O | O | 0 iftit [Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  {0.000{0.0000.000|
§ |Glide Inner Berm Width (W) i 0t ot oo i |Glide Inner Berm Width to Glide Width (Wyy/Wyg,) $0.000}0.000} o,ooo|
O] T T T T T T T
|Glide Inner Berm Depth (di,g) i 0 0§ O ift |Glide Inner Berm Depth to Glide Depth (di,g / dykig) 50,00050,00050,000|
|Glide Inner Berm Area (Ay,g) i 0 i 0 i 0 Eftz |Glide Inner Berm Area to Glide Area (Aig / Apkig) E0,000E 0,000; 0,000|
Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max
[Step Width (W) P 0 | 0 | 0 ift [StepWidthto Riffle Width (Wi / W) 10.000:0.000{0.000]
5 |Mean Step Depth (o) ol o} oo it |Mean Step Depth to Riffle Depth (dues/ dor) §0,000§0,000§0,000|
% |Step Cross-Sectional Area (Ays) i 01 0 1 0 ift |Step Area to Riffle Area (Apyss / Auki) 10.000!0.000! 0,000|
|Maximum Step Depth (dinaxs) i 01! 0 i 0 it |Max Step Depth to Mean Riffle Depth (diays/ dok) E0,000E0,000E0,000
|Step Width/Depth Ratio (Wys/dwe) § 0 | 0 | 0 | | : | : |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 4
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: B 4
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Upys) E 4,798 Eft/sec |Estimation Method E |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 134.536 chs |Drainage Area E 4.92 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 116 | 98 | 151 it [Linear Wavelength to Riffle Width (1. / Wyc) 19.385] 7.929 | #t |
|Stream Meander Length (L) i 118 i 118 i 118 Eft |Stream Meander Length Ratio (L,/ W) i 9_547; 9.547 i 9.547|
E [Radius of Curvature R) | 44 | 7 [ 115 {it  [Radius of Curvature to Riffle Width (R./ Wy, 135601 0.566 {9.304|
& |[Beltwidth W, { 18 | 13 | 23 it |Meander idth Ratio (Wi / W) 11.456] 1.052 | 1.861|
g |Arc Length (L,) 0 0 0 ft |Arc Length to Riffle Width (Ly/ W) o_oooi 0.000 ;0.000|
g [Riffle Length (L,) { 01 0! 0 it |[Riffle Length to Riffle Width (L / Wi) 10.000{ 0.000 {0.000|
|Individual PoolLength(L,) | 0 | 0 | 0 it |Individual Pool Length to Riffle Width (L,/ W) 10.000{ 0.000 §0.000|
- |Poo| to Pool Spacing (Ps) i 0 i 0 i 0 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 0.000E 0.000 ;0,000|
() |Va||ey Slope (Sya) E 0.033 Eft/ft |Average Water Surface Slope (S) E 0.03521 Eft/ft |Sinuosity (Sva! S) E 1.07 |
stream Length (SL) | 481 it |valley Length (VL) {435 It [sinuosity (SL/VL) {111 ]
Low Bank Height start; 0 it Max Depth startf 0 ift Bank-Height Ratio (BHR) start
(LBH) endi 0 ift (dmax) endi 0 ift (LBH / dimax) end
Facet Slopes Mean Min  Max Dimensionless Facet Slope Ratios Mean Min  Max
[Riffle Slope (S 10.000{0.000}0.000}fut _|Riffle Slope to Average Water Surface Slope (Sy/S) | 0.000} 0.000 {0.000]
Q@ |Run Slope (Siun) E0.000E O_OOOE 0.000ift/ft |Run Slope to Average Water Surface Slope (S, / S) E o_oooi 0.000 50,000|
;é_ |Pool Slope (S) E0.000E O_OOOE 0.000Eft/ft |Poo| Slope to Average Water Surface Slope (S, / S) E 0.000E 0.000 E0.000|
S [[clide Slope (s,) 10.000{0.000}0.000}fuft |Glide Slope to Average Water Surface Slope (Sy/S) | 0.000} 0.000 {0.000]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
|Max Riffle Depth (dmagir) 0 0 0 ft |Max Riffle Depth to Mean Riffle Depth (dmagit/ dox) 0 0 0 |
|Max Run Depth (dmaxrun) E 0 i 0 E 0 ift |Max Run Depth to Mean Riffle Depth (dmaxrun / dokr) E 0 i 0 E 0 |
|Max Pool Depth (dmaxp) E 0 i 0 E 0 ift |Max Pool Depth to Mean Riffle Depth (dmaxp / dokr) E 0 i 0 E 0 |
|Max Glide Depth (drmaxg) 0 0 0 ft |Max Glide Depth to Mean Riffle Depth (dmaxg / dok) 0 0 0 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay {268 | 1 | |[Dsi{ 296 | 4 | : imm |
€ |[2 sand P16l | 11 | || b | 2803 | 178 | imm |
§ |% Gravel E 55.35 i 67 i | | Dso i 41.94 i 28.58 E E ;mm |
T |9 Cobble {2047 | 21 | || Do | 1007 | 8257 | § imm |
 {[o6 Boulder i 08 | o0 | |[ D | 15607 | 128 | imm |
i |9 Bedrock 0 0 || Do | 36199 | 180 | imm |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
® Composite sample of riffles and pools within the designated reach.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 4
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 4

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 4

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and

Copyright © 2008 Wildland Hydrology
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 4

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

Bl

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 4
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2  Infrequent . sty 9 =
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less -
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 0 Bank-Height Ratio: 0.0

Max Bankfull Depth: 0

Degree of Channel Incision Stability Rating <= Slightly Incised

Degree of Channel Incision

. /
/
/

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 21.87 Ratio of existing W/d to reference W/d: 0.95
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Moderately Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 0.73 Ratio of MWR to MWR . 0.18
Reference Meander Width Ratio (MWR ): 4
Degree of Confinement Stability Rating = Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 4 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
28.6 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.458 D max Largest particle from bar sample (ft) 139.7 (mm) iorﬁ)ﬁ
0.03521 S Existing bankfull water surface slope (ft/ft)
1.13 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
4.89 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: ¥ Stable [T Aggrading [T Degrading

Sediment Competence Using Dimensional Shear Stress

2483 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
201.1 | 296.7 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
1.75 | 0.891
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
080 | 041 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.024810.0126| - predicted shear stress, ¥ = 62.4, d = existing depth

Check: ™ Stable ™ Aggrading [~ Degrading
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Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 4

Basin: Drainage Area: 3148.8 acres 4.92 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.06097 Lat / 105.31683 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 24.71 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 1.13 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 28.04 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 21.87 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 1.71 ft

WIDTH of Flood-Prone Area (Ws,,)

Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 46.63 |ft

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 1.89 f/ft

Channel Materials (Particle Size Index ) Dsg

The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 41.94 mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.03521 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.07

Stream B4 (See Figure 2-14)
Type
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 4 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) v Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) [~ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 4 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 4
(Worksheet 3-8)
(2) 4) (6) (8)
5 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 L
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 L
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 3
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 9
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10=12 Lo >21
[v l_ r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 4 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Digo of bar | Do of bar or sub-
(Worksheet 3-14) siz¢ avaiiable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity transport annual | sediment Y Y
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 4
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =9 (C=F), (G.=F), SIS
16) deposition/ (G—Fyp)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, D9, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 9

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 4 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 4
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A)
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 3
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 7

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
™

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 4 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg’ Eg_’g;’
. —> , —> y
Successional Stage | (Fo—B). (G—B), | (CoHighW/d C), | (G—F), (F=D) | (o ' e G
L oshi F—B,), (F—C E—C (€=G). (E=0),
shift (Worksheet 3-16)| (F~B2). (F=C), (E=C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
- Moderately .
. Lateral Stability Stable Unstable Unstable Highly Unstable 5
(Worksheet 3-17)
(2) (4) (6) (8)
porneal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation
Degradation
Total Points 2
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r r r
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 4 Valley Type: Xl
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 1
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement .
o Slight Increase 2
4 Prediction (Worksheet
Mod. Increase 3
3-20) .
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : -
10)
Poor: Unstable 4
Total Points 1
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) = Ao =1 =13
r r r r
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 4
2 Observers: Lucas Babbitt ~ Date: 8/20/2015 Stream Type: B 4 ~ Valley Type: XIII L]
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 1.13 (Ft): 24.71 Area (ft)): 28.04 Ratio: 21.87 Ratio: 1.89
5 Mean: 4.69 4.78 1.78 0.73 . .
: L/ Wit R/W s : : .
g Channel Pattern Range:| MWoi 397_ 611 | WV 475 478 | RV g 465 | MWRY (o5 g [SINUOSY:  1.07
7 Bankfull Mean Bankfull Estimation Drainage
8 Streamflow Velocity (Oyy) (ft/sec): ey Discharge (Qp): (SRR Method: Area (mi?): 4.92
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
7 Depth (ft): 1.7 . 1.56 to mean): . 1.51 : 1.53 Spacing: : 0 Valley: 0.033 Surface: 0.03521
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
. S-4(2 M1 B
16 Regime: 8 |& Order: ) Patterns: Patterns: ! Blockages: D2 D10
17 Level lll Stream Degree of Incision Degree of Incision - - Modified Pfankuch Stability Rating
0 Slightly | d . -
18|  Stability Indices |(Bank-Height Ratio): Stability Rating: 1GhTly INCISEd! Numeric & Adjective Rating): 80
19 Width/depth 31.61 Reference W/d 23 Width/Depth Ratio State 1.37 W/d Ratio State Moderately
20 Ratio (W/d): ' Ratio (W/dre): (W/d) [ (W/dres): ) Stability Rating: Unstable
21 Meander Width 0.73 Reference 4 Degree of confinement 0.1825 MWR / MWR, ¢ Moderately
22 Ratio (MWRY): ) MWRer. (MWR / MWRet): ) Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
139.7 = 0.891 - 0 0 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 41 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
—> —> —> —> —>
29 Shift State (Type): B 4 State (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability - » . . Remarks/causes:
r I . [~ Ex. r
31 (Aggradation) No Deposition Mod. Deposition Ex. Deposition Aggradation
i ili | | | Remarks/causes:
32 Vfég;?;j;?g:;y [~ Not Incised l_‘ Slightly Incised IJ\' Mod. Incised [~ Degradation
33| Channel Enlargement | [ NoIncrease [~ SlightIncrease [~ Mod. Increase |~ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t [T High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 5
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OhOoODb

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

PRMAW
NN

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

PrRPRPIADN
NN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type:

Rating - 96



Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 5
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 5

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 5

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

M4 M6

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek Reach: Reach 5
Observers: Lucas Babbitt Date: 8/20/2015
List ALL CATEGORIES that APPLY = Bl B3 B4 B5

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 5
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less v
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 2.39 Bank-Height Ratio: 0.0

Max Bankfull Depth: 0

Degree of Channel Incision Stability Rating <

Degree of Channel Incision

. /
/
/

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio:

0

Reference Width/Depth Ratio:

23

Ratio of existing W/d to reference W/d: 0.00

Width/Depth Ratio State Stability Rating =

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

[N

Only use "Decrease relative to
reference w/d ratio" for incising

channels (Bank-Height Ratio >1)
(Worksheet 3-7)

o
e

/

°
IS

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

o
)

Stable

(Decrease relative to reference w/d ratio)
o
(o]

Moderately Unstable

Unstable Highly Unstable

Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference
condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 0 Ratio of MWR to MWR . 0.00

Reference Meander Width Ratio (MWR ): 4

Degree of Confinement Stability Rating =

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

011 <0.10

0.2 -
0.10-0.29
0.3 -

0.4 -

0.6 -
0.30-0.79

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

Little or No Departure ‘ Slight Departure Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type:

Location: Reach 5 Valley Type: VIII

Observers: Lucas Babbitt Date: 08/20/2015

Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) [~ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type:
Location: Reach 5 Valley Type: VI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6
(Worksheet 3-8)
(2) (4) (6) (8)
2 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 4
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 3
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR¢)
(Worksheet 3-9)
(1) (2) 3) (4)
Total Points 7
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10=12 Lo >21
v l_ r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type:
Location: Reach 5 Valley Type: VIII
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Digo of bar | Do of bar or sub-
(Worksheet 3-14) siz¢ avaiiable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity transport annual | sediment Y Y
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =9 (C=F), (G.=F), SO
16) deposition/ (G—Fyp)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 5

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
r

Aggradation
> 30
-

Copyright © 2008 Wildland Hydrology

River Stability Field Guide page 3-117




Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type:
Location: Reach 5 Valley Type: VII
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR)
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A)
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢)
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 0

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
™

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type:
Location: Reach 5 Valley Type: VIl
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg’ Eg_’g;’
. —> , —> y
Successional Stage | (Fo—B). (G—B), | (CoHighW/d C), | (G—F), (F=D) | (o ' e G
L oshi F—B,), (F—C E—C (€=G). (E=0),
shift (Worksheet 3-16)| (F~B2). (F=C), (E=C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
- Moderately .
. Lateral Stability Stable Unstable Unstable Highly Unstable 5
(Worksheet 3-17)
(2) (4) (6) (8)
porneal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation
Degradation
Total Points 2
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r r r
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type:
Location: Reach 5 Valley Type: VI
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 1
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement .
o Slight Increase 2
4 Prediction (Worksheet
Mod. Increase 3
3-20) :
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : -
10)
Poor: Unstable 4
Total Points 1
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) = Ao =1 =13
F I I -
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 5
2 Observers: Lucas Babbitt \ Date: \8/20/2015 Stream Type:\ \ Valley Type: \VIII \ \ \
3 Channel Dimension Mean Bankfull Bankfull Width Cross-Sectional Width/Depth 0 Entrenchment
4 Depth (ft): (f): Area (ft?): Ratio: Ratio:
5 Mean: . .
6 Channel Pattern Range: AW L/ W s R/W s MWR: Sinuosity: 1.07
7 Bankfull Mean Bankfull Estimation Drainage
8 Sl Velocity (Oyy) (ft/sec): Y Discharge (Qp): Y Method: Area (mi?): e
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max ¢ Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
l ; Depth Ratio (max! ; !
11 Features Bankfull & o 0 to mean): | | Pool i Valley: 0.058 Water 0
12 Depth (ft): | ' | | Spacing: | y: ' Surface:
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speciDensity and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
. S-4(2 M1 M4 M6 B1 B3
16 Regime: 8 |& Order: ) Patterns: Patterns: B4 BS Blockages: D3 D10
17 Level lll Stream Degree of Incision 0 Degree of Incision Modified Pfankuch Stability Rating 96 -
18 Stability Indices (Bank-Height Ratio): Stability Rating: (Numeric & Adjective Rating):
19 Width/depth 0 Reference W/d 23 Width/Depth Ratio State 0.00 W/d Ratio State
20 Ratio (W/d): Ratio (W/dre): (Wid) I (W/dres): ' Stability Rating:
21 Meander Width 0 Reference 4 Degree of confinement 0 MWR / MWR
22 Ratio (MWRY): MWR et (MWR / MWR): Stability Rating:
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
127 = 0.783 - 0 0
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 0 Slope: it Slope: it
28 | Successional Stage Existing Stream Potential Stream
—> —> —> — —
29 Shift State (Type): State (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability - » . . Remarks/causes:
31 (Aggradation) [~ No Deposition [~ Mod. Deposition [~ Ex. Deposition [~ Aggradation
i ili | | | Remarks/causes:
32 Vfég;?gj;ig‘:;[y [~ Not Incised l_‘ Slightly Incised IJ\' Mod. Incised [~ Degradation
33 | Channel Enlargement ™ Nolncrease [ Slightincrease [ Mod. Increase [ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
L ™M t [T High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 6
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OO D

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

PRrOMAN
N N

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

PrRPRPADIN
coN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type: C4
Rating - 102

Condition - Fair



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 6

Basin: Drainage Area: 3148.8 acres 4.92 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.06286 Lat / 105.31333 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 13.58 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 1.44 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 19.55 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 9.43 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 257 ft

WIDTH of Flood-Prone Area (Ws,,)
Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 65.49 [f

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 4.82 f/ft

Channel Materials (Particle Size Index ) Dsg
The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 24.48 mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.01969 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.03

Stream C4 (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 6
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: C4
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
_ |[Riffle Width (W) 16791 0 !13.6ift [Riffle Cross-Sectional Area (Ay) () 1 9.78 1 0.00 }19.55]
* |[Mean Riffle Depth (dx) 10721 0 [144ift [Riffle Width/Depth Ratio (Wpe / diy) {4.7210.00 | 9.43 ]
*
% | [Maximum Riffle Depth (dna) 11291 0 |257ift [MaxRiffle Depth to Mean Riffle Depth (dma/ ) 10.893{0.000} 1.785|
c
.g |Width of Flood-Prone Area (Wyy,) i 32.8 i 0 i 65.5 ift |Entrenchment Ratio (Wpa / Wik) §2.412§0.000§4.823|
c - = - - = -
g |Rifﬂe Inner Berm Width (W) 12991 0 1599 ift |Rifﬂe Inner Berm Width to Riffle Width (Wi, / W) 50,22150,00050.441|
é |Rifﬂe Inner Berm Depth (d;) i 0.23 i 0 i 0.46 ift |Rifﬂe Inner Berm Depth to Mean Depth (di, / dy) 20.16120.00020.322|
E |Rifﬂe Inner Berm Area (Ap) i 1.39 i 0 i 2.78 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) §0.071i0.000i0.142|
|Rifﬂe Inner Berm W/D Ratio (W, / di,) i 6.45 i 0 i 12.9 i | i i i |
______Pool Dimensions* ** ** rMean Min : Max Pool Dimensions & Dimensionless Ratios**** Meanr Min  Max
[Pool Width (W) 1 13.3113.3{ 13.3{ft [Pool Width to Riffle Width (Wpy, / W) 11.956}1.956} 1.956]
£ | [Mean Pool Depth (d) | 153 1.53 | 153 {ft |Mean Pool Depth to Mean Riffle Depth (dy, / dy)  12.125!2.1252.125]
*
%) |Pool Cross-Sectional Area (Ayp) 1 20.4 § 20.4 | 20.4 ift |Pool Area to Riffle Area (Anp, / Aoki) 52.08252.08252.082|
§ [Maximum Pool Depth (dpay) { 2.4 | 2.4 | 2.4 it |MaxPool Depth to Mean Riffle Depth (dmas / dbe)  |3.333}3.3333.333)]
é [Pool Inner Berm Width (W) { 6.4 | 6.4 | 6.4 ift |Pool Inner Berm Width to Pool Width (Wi, / Wy)  10.48210.482{0.482]
é |Poo| Inner Berm Depth (diyp) i 0.28 i 0.28 i 0.28 ift |Poo| Inner Berm Depth to Pool Depth (diy, / dpkip) §0.183§0.183§0.183|
o T T T T T T T
S |Poo| Inner Berm Area (Ay,p) 11791 1.79 1 1.79 ift? |Poo| Inner Berm Area to Pool Area (A, / Aptp) i0.088i0.088i0.088|
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio (Wi, / dyy) | st | sttt | st |
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 112911291 12,9t [Run Width to Riffle Width Wy, / W) £1.900{1.900 1.900]
<
-g |Mean Run Depth (dyy) 11421 1.421 1.42 it |Mean Run Depth to Mean Riffle Depth (dpyg; / dpkr) 11.9721 1.972i1.972|
g |Run Cross-Sectional Area (Ay;) i 18.3 i 18.3 i 18.3 ift |Run Area to Riffle Area (Ag / Aokr) 51.8695 1.86951.869|
2 |[Maximum Run Depth (da) 12971297297 {ft [MaxRun Depth to Mean Riffle Depth (dar / ) 14.125{4.125!4.125]
= - = - - - =
& |[Run Width/Depth Ratio Wy / dy) | 9.091 9.09  9.09 ift | Pob b
. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
[Glide Width (W) 1 17.6{ 17.6 | 17.6 ift |Glide Width to Riffle Width (Weysq / Wi) 12.598{2.5982.598]
. |[Mean Glide Depth (dy,) {1.14{ 1.14 | 1.14 {ft |Mean Glide Depth to Mean Riffle Depth (dy / dye) | 1.583{1.583]1.583)]
2] T T T T T T T
é |Glide Cross-Sectional Area (Apkg) 1 20 i 20 | 20 ift |Glide Area to Riffle Area (A / Aokr) 52.04952.04952.049|
2] 7 T 7 T - - T 7 T
S |Maximum Glide Depth (dmaxg) i 1.55 ! 1.55 i 1.55 ift |Max Glide Depth to Mean Riffle Depth (dmaxg / doxr) 52,15352,15352.153|
-§ |Glide Width/Depth Ratio Wi/ dyg) | 15.5 | 15.5 | 15.5 ift/ft |Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  10.000{0.0000.000|
S ||Glide Inner Berm Width (Wiy,) i 0 1 0 | 0 ift [GlidennerBerm Width to Glide Width (WipyWiyg)  |0.000{0.000{0.000|
O] T T T T T T T
|Glide Inner Berm Depth (di,g) i 01 0 O ift |Glide Inner Berm Depth to Glide Depth (dipg / dykig) 50,00050,00050,000|
|Glide Inner Berm Area (Aj,g) i 0 i 0 i 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) §0,000§0,000§0,000|
Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max
[Step Width (W) P 0 | 0 | 0 ift [StepWidthto Riffle Width (Wi / W) 10.000:0.000{0.000]
5 |Mean Step Depth (o) ol o} oo it |Mean Step Depth to Riffle Depth (dues/ dor) §0,000§0,000§0,000|
% |Step Cross-Sectional Area (Ays) i 01 0 1 0 ift |Step Area to Riffle Area (Apyss / Auki) 50,000i0.000i0,000|
|Maximum Step Depth (dinaxs) i 0 i 0 i 0 ift |Max Step Depth to Mean Riffle Depth (dinaxs/ doxe) E0,000E0,000E0,000
|Step Width/Depth Ratio (Wys/dwe) § 0 | 0 | 0 | | i i i |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 6
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: C4
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 5.656 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 110.575 chs |Drainage Area E 4.92 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 262 | 95 | 430 {ft [Linear Wavelength to Riffle Width (3. / Wyc) sttt et et |
|Stream Meander Length (L,) i 157 i 157 i 157 Eft |Stream Meander Length Ratio (L, / W) i#####i #####; ####|
E [Radius of Curvature R) | 58 | 26 | 98 ift  [Radius of Curvature to Riffle Width (R./ Wiy) 18.542] 3.829 | #tt |
& |[Beltwidth W, { 41 | 30 | 52 it |Meander width Ratio (Wi / Wyc) 16.038] 4.418 | 7.658|
g |Arc Length (L,) i 0} 0! 0 it [|arcLengthtoRifile Width (La/ Wik) 10.000{ 0.000 {0.000|
g [Riffle Length (L) {36.8]10.1{635ft [Riffle Length to Riffle Width (L/ Wi) 15.420{ 1.483{9.355|
|Individual Pool Length (L) {10.9} 9.5 [ 12.1 ]t |individual Pool Length to Riffle Width (Ly/ Wi) 11.604} 1.39911.784|
- |Poo| to Pool Spacing (Ps) i 53.9 i 18.7 i 89.2 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 7_9435 2.756 i ####|
~|Valley Slope (Sya) E 0.021 Eft/ft |Average Water Surface Slope (S) E 0.01969 Eft/ft |Sinuosity (Sva! S) E 1.03 |
stream Length (SL) | 781 it |valley Length (VL) {741 It [Sinuosity (SL/VL) {1.05 |
Low Bank Height start} 4.08 !ft Max Depth start} 1.62 !ft Bank-Height Ratio (BHR) start; 2.52
(LBH) end} 5.13 ift (dmax) end} 2.52 ift (LBH / dmay) end} 2.04
Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max
[Riffle Slope (S 10.041{0.030}0.053]fut _|Riffle Slope to Average Water Surface Slope (Sy/S) | 2.103{ 1.523{2.683]
Q@ |Run Slope (Siun) 50.1535 0_137§ 0.169§ft/ft |Run Slope to Average Water Surface Slope (S, / S) E 7_7465 6.956 E8,586|
;é_ |Pool Slope (Sp) 10.011{0.006} 0.019ftft |Poo| Slope to Average Water Surface Slope (S,/S) ~ 10.560} 0.328 50,942|
S [[clide Slope (s,) 10.026{0.019}0.033]fuit  |Glide Slope to Average Water Surface Slope (Sy/S) | 1.314/ 0.955 | 1.672]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
[Max Riffle Depth () 1078{071{085 it [MaxRifile Depth to Mean Riffle Depth (dmair/ di) | 1.083} 0.986] 1.18 |
[Max Run Depth (drmaurur) 11.19]1.02{ 129t  [MaxRun Depth to Mean Riffle Depth (dmaxun / dbi) 11.653{1.417} 1.79 |
[Max Pool Depth (dryap) 1162]1.23]{212ft  [MaxPool Depth to Mean Riffle Depth (dmaxp / dok) | 2.25{1.708| 2.94 |
[Max Glide Depth (diyaig) {0.761 058 085 ift  [Max Glide Depth to Mean Riffle Depth (dmaxg / di) {1.056}0.806 | 1.18 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i o | 0 |[ps{ 18 | 608 | § imm |
€ |[2 sand i 17 | 8 | || bs | 1064 | 204 | imm |
§ |% Gravel E 55 i 53 i || Dso i 24.48 i 46.58 E E ;mm |
T {[9 Cobble i 27 | 37 | || D | 8629 | 128 | § imm |
 {[o6 Boulder P11 2 | |[ D | 14533 | 180 | imm |
i|% Bedrock i o i o | || Do | 36199 | 511.99 | imm |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.

® Composite sample of riffles and pools within the designated reach.
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¢ Active bed of a riffle.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 6
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 6

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 6

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M2

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 6

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

B5

B7

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 6
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less -
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the v
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 4.08

Max Bankfull Depth: | 1.62

Bank-Height Ratio: 2.5

Degree of Channel Incision Stability Rating

=

Deeply Incised

1.9

18

1.7

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Degree of Channel Incision

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 9.43 Ratio of existing W/d to reference W/d: 0.41
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Stable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR):

3.02

Ratio of MWR to MWR 0.60

Reference Meander Width Ratio (MWR ):

5

Degree of Confinement Stability Rating

= Moderately Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
46.6 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.802 D max Largest particle from bar sample (ft) 244 475 (mm) iorﬁ)ﬁ
0.01969 S Existing bankfull water surface slope (ft/ft)
1.44 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
5.25 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable ¥ Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

1769 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
1413 | 231.3 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

2995 | 1.908 Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
244 | 1.55 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.0333]0.0212| = predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ¥ Aggrading [~ Degrading
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) v Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) [~ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-111



Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 5
(Worksheet 3-8)
(2) 4) (6) (8)
5 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 A
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 5
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 2
(Worksheet 3-9)
1) () 3) 4)
Total Points 11
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y L Lo >21
I v r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 6
(Worksheet 3-14) siz¢ avaiiable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity | transport annual | sediment o o 6
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 5
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 2
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 21

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
v

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 2
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of 2
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 8
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 4
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 2
(Worksheet 3-9)
1) 2 (3) (4)
Total Points 18

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
v

Moderately
Incised
19 -27
™

Degradation
> 27
-

Copyright © 2008 Wildland Hydrology

River Stability Field Guide page 3-119




Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg ’ Eg_’g;’
B —> ’ - Ll
, Successional Stage (Fy—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (C—G), (E-G) 2
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable a
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 6
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation a
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 16
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r v r -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: Xl
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 5
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 3
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 5
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 2
Mod. Increase 3
3-20) :
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : - 2
10)
Poor: Unstable 4
Total Points 11
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 11-15 >15
F I v -
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 6
2 Observers: Lucas Babbitt ~ Date: 8/20/2015 Stream Type: C4 ~ Valley Type: XIII L]
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 1.44 (Ft): 13.58 Area (ft)): 19.55 Ratio: 9.43 Ratio: 4.82
5 Mean: 19.29 11.56 4.27 3.02 . .
AWy L/ W s R/W s : : .
| Channel Pattern Range:| "o 700-31.66 | " P 1156-1156] o M 191-7.22 | MWVR 501383 |SNUOSH: 103
7 Bankfull Mean Bankiull Estimation . Drainage
8 SR Velocity (Uy) (ft/sec): S Discharge (Qp): LRI Method: U Area (mi?): 4.92
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
12 Depth (ft): i 2,57 . 2.4 to mean): . 1.78 : 1.57 Spacing: : 53.93| valley: 0.021 Surface: 0.01969
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
_ S-4(2 M2 B5
16 Regime: 8 |& Order: ) Patterns: Patterns: B7 Blockages: D4 D10
17 Level lll Stream Degree of Incision Degree of Incision - Modified Pfankuch Stability Rating
2.52 Deeply | d . -
18 Stability Indices (Bank-Height Ratio): Stability Rating: eeply incise (Numeric & Adjective Rating): ees
19 Width/depth Reference W/d Width/Depth Ratio State W/d Ratio State
20 Ratio W/d): | 4% |Ratio (Wid.:) 2| Wid) / (Widw): 041 Istability Rating: Stable
21 Meander Width 3.02 Reference 5 Degree of confinement 0.604 MWR / MWR, ¢ Moderately
22 Ratio (MWRY): ) MWRer. (MWR / MWRet): ) Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
244.475 = 1.908 - 0 1.44 1.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 55 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
—> —> —> —> —>
29 Shift State (Type): ca State (Type):
30| Lateral Stability | Stable \ \ ¥ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability i . - . Remarks/causes:
r I . v Ex. r
31 (Aggradation) No Deposition Mod. Deposition [v Ex. Deposition Aggradation
i ili | | | Remarks/causes:
Vertical Sta_b|l|ty [~ Not Incised ¥ Slightly Incised I'L Mod. Incised [~ Degradation
32 (Degradation) | | | |
33| Channel Enlargement | [ NoIncrease ™ SlightIncrease [~ Mod. Increase |~ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t W High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 7
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OO0

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

e
NN

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

PrRPRPADIN
coN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type: F4B
Rating - 106

Condition - Good



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 7

Basin: Drainage Area: 3148.8 acres 4.92 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.06375 Lat / 105.31125 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 16.58 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 1.33 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle
section. 22 2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 12.47 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 2.34 ft

WIDTH of Flood-Prone Area (Ws,,)
Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 22.84 |f

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 1.38 f/ft

Channel Materials (Particle Size Index ) Dsg
The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 29.65 |mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.04992 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.08

Stream F 4b (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,
2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 7
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: F 4b
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
[Riffle Width (W) | 16.6 | 16.6 | 16.6 ift |Riffle Cross-Sectional Area (Ayy) () 122,00} 22.00} 22.00]
% |[Mean Riffle Depth (dy) 1 1.33] 1.33] 1.33 [t |Riffle Width/Depth Ratio (Wpy/ diy) 112.47{12.47{12.47|
%, | [Maximum Riffle Depth (dn0 12341234} 234ft |MaxRiffle Depth to Mean Riffle Depth (dax/ ) 11.759]1.759}1.759)]
c
2 |Width of Flood-Prone Area (W) 1228} 2281228 |ft |Entrenchment Ratio (Wpsa / W) §1.378§1.378§1.378|
o = = = = = =
2 [Riffle Inner Berm Width (W) { 0 ! 0 ! 0 it [Riffle nner Berm Width to Riffle Width (W, / W) {0.000}0.000}0.000|
é |Rifﬂe Inner Berm Depth (dy) t o 0l 0 i |Rifﬂe Inner Berm Depth to Mean Depth (d, / dyy) §0,000§0,000§0,000|
E |Rifﬂe Inner Berm Area (Ap) i 0 i 0 i 0 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) E0.000E 0.000E 0.000|
|Rifﬂe Inner Berm W/D Ratio Wy /dy) | O | O | 0O | | : | : |
______Pool Dimensions* ** ** rMean Min : Max Pool Dimensions & Dimensionless Ratios**** Meanr Min  Max
[Pool Width (W) 1 13.8 | 13.8 | 13.8{ft [Pool Width to Riffle Width (Wpy, / W) 10.83410.834{0.834
£ | [Mean Pool Depth (d) 1 1271 1.27 ] 1.27 {ft |Mean Pool Depth to Mean Riffle Depth (dy, / dix)  10.955{0.955/0.955]
%) |Pool Cross-Sectional Area (Ayp) i 17.5 i 17.5 i 17.5 Eft |Pool Area to Riffle Area (Anp, / Aoki) 50.79650.79650.796|
§ |Maximum P00l Depth (dpay) 1219] 2191 2.19 ft |Max Pool Depth to Mean Riffle Depth (dmag / do) ~ §1.647]1.647} 1,647|
é [Pool Inner Berm Width (W) 1 9.62{9.62 | 9.62 ift |Pool Inner Berm Width to Pool Width (Wi, / Wy)  10.69610.69610.696]
é |Poo| Inner Berm Depth (diyp) i 1.05 i 1.05 i 1.05 ift |Poo| Inner Berm Depth to Pool Depth (diyp / dykip) §0,827§0,827§0,827|
o T T T T T T T
S |Poo| Inner Berm Area (Ay,p) 110.1110.1; 10.1 ift? |Poo| Inner Berm Area to Pool Area (A, / Aptp) i0.577i0.577i0.577|
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio W,/ dy;)  19.151{9.151{9.151]
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) P o ! 0 | 0 it [Runwidth toRiffle Width Wy / Wye) 10.000{0.000{0.000]
<
.g |Mean Run Depth (dyxir) i 0 i 0 1 O ift |Mean Run Depth to Mean Riffle Depth (dpyg; / dpkr) E0.000E0.000E0.000|
g |Run Cross-Sectional Area (Auy) 10 f 0 I 0 ift |Run Area to Riffle Area (A / Auk) E0.000E0.000E0.000|
S | [Maximum Run Depth (dax) 1 0 | 0 | 0 it |MaxRunDepthtoMean Riffle Depth (dma/ds)  |0.000{0.000}0.000]
& | [Run Width/Depth Ratio Wy /due) | O | 0 | 0 ift | i |
. Glide Dimensions* _Mean Min _Max Glide Dimensions & Dimensionless Ratios**** _Mean Min _Max
|Glide Width (W) i 0! 0 {0 ift |Glide Width to Riffle Width (Wi / W) io.oooio.oooio.ooo|
. |[Mean Glide Depth (dy,) i 0 { 0 | 0 ift [MeanGlide Depth toMean Riffle Depth (duq / i) |0.000{0.000{0.000|
2] T T T T T T T
é |Glide Cross-Sectional Area (Apkg) P01 0 1 0 ift |Glide Area to Riffle Area (A / Aokr) 10.000:0.000t! 0.000|
g [Maximum Glide Depth (da) 1 0 | 0 | 0 ift |MaxGlide Depth to Mean Riffle Depth (dmax / )  {0.000{0.000}0.000]
-§ |Glide Width/Depth Ratio (Wiyg/dui) § O | O | 0 iftit [Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  {0.000{0.0000.000|
§ |Glide Inner Berm Width (W) i 0t ot oo i |Glide Inner Berm Width to Glide Width (Wipg/Wiy) io,oooio,oooio,ooo|
O] T T T T T T T
|Glide Inner Berm Depth (di,g) i 0 0§ O ift |Glide Inner Berm Depth to Glide Depth (di,g / dykig) 50,00050,00050,000|
|Glide Inner Berm Area (Aj,g) i 0 i 0 i 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) E0,000E 0,000; 0,000|
Step Dimensions** _Mean_ Min _Max Step Dimensionless Ratios**** _Mean_ Min _Max
[Step Width (W) | 16.6 | 16.6 | 16.6 ift |Step Width to Riffle Width (Wiys / W) 11,000} 1.0001 1.000]
¢ ||[Mean Step Depth (diys) 1 1.3311.33{ 1.33{ft |Mean Step Depth to Riffle Depth (dbyss/ ) £1.0001.0001 1.000]
o - - - - - - -
% |Step Cross-Sectional Area (Ayss) 122 1 22 1 22 ift |Step Area to Riffle Area (Aps / Ao 11.000!1.000! 1.000|
[Maximum Step Depth (dax) {2.3412.34 1234 ft |Max Step Depth to Mean Riffle Depth (dyas/ ) }1.759{1.759{1.759
|Step Width/Depth Ratio (Wys/ dnes)  § 125 | 12.5{ 12.5] | | | | |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).
**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.



Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 7
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: F 4b
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 9.686 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 213.092 chs |Drainage Area E 4.92 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 135 | 135 | 135 {ft [Linear Wavelength to Riffle Width (3. / Wyc) 18.142{8.142 {8.142|
|Stream Meander Length (L) i 157 i 157 i 157 Eft |Stream Meander Length Ratio (L,/ W) ;9_4695 9_469;9.469|
E [Radius of Curvature R) | 69 | 39 | 98 it  [Radius of Curvature to Riffle Width (R./ Wiy) 14.162] 2.352 {5,911
& |[Beltwidth W, { 16 | 16 | 16 [t [Meander idth Ratio Wi/ Wyc) 10.965{ 0.965 |0.965|
g |Arc Length (L,) i 0} 0! 0 it [|arcLengthtoRifile Width (La/ Wik) 10.000{ 0.000 {0.000|
g [Riffle Length (L) 142714274271t [Riffle Length to Riffle Width (L/ Wi) 12572 2.572{2.572|
|Individual Pool Length (L,) {872} 8.4 [ 9.03 ]t |individual Pool Length to Riffle Width (L,/ Wi) 10.526} 0.507 }0.545|
- |Poo| to Pool Spacing (Ps) i 411 i 27 i 55.2 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 2_4815 1.630 ;3,331|
() |Va||ey Slope (Sya) E 0.056 Eft/ft |Average Water Surface Slope (S) E 0.04992 Eft/ft |Sinuosity (Sva! S) E 1.08 |
stream Length (SL) | 480 it |valley Length (VL) {462 It [sinuosity (SL/VL) {1.04
Low Bank Height start} 3.01 :ft Max Depth start} 2.49 ift Bank-Height Ratio (BHR) start; 1.21
(LBH) endi 4.43 ift (dmax) endi 2.2 ift (LBH / dimax) endi 2.01
Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max
[Riffle Slope (S 10.059{0.059}0.059]fuft _|Riffle Slope to Average Water Surface Slope (Sy/S) | 1.186/ 1.186 | 1.186]
Q@ |Run Slope (Siun) 50.2135 0_120§ 0.3095ft/ft |Run Slope to Average Water Surface Slope (S, / S) 54_2745 2.406 E 6,188|
;é_ |Pool Slope (S) E0.00lE 0_0015 0.00ZEft/ft |Poo| Slope to Average Water Surface Slope (S, / S) E 0.0ZSE 0.018 50.033|
S [[clide Slope (s,) 10.027{0.027}0.027]fuit  [Glide Slope to Average Water Surface Slope (Sy/S)  |0.5310.531{0.531]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
|Max Riffle Depth (dmaxi) i 0.87 i 0.87 i 0.87 Eft |Max Riffle Depth to Mean Riffle Depth (dmagit/ dukr) ;0.6545 O.654§ 0.65 |
[Max Run Depth (drmaurur) 11.00{086{1.26 {ft [Max Run Depth to Mean Riffle Depth (dmaun / dbi) 10759} 0.647 | 0.95 |
[Max Pool Depth (dryap) 1158 1.48{ 1.66 {ft [Max Pool Depth to Mean Riffle Depth (dmaxp / dok) {1.188]1.113] 1.25 |
[Max Glide Depth (diyaig) 10.92{074! 1181t  |MaxGlide Depth to Mean Riffle Depth (dmaxg / di) 10.692{ 0.556 | 0.89 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i o | 0 [ b { 170 | 1248 | § imm |
€ |[2 sand P18 | 6 | |[ D { 16 | 3353 | imm |
§ |% Gravel E 61 i 65 i || Dso i 29.65 i 45 E E ;mm |
T {[9 Cobble {18 1 29 | || Do | 10425 | 90 | § imm |
 {[o6 Boulder 3 1 0 | |[ D | 180 | 11986 | imm |
i |9 Bedrock 0 0 || Dwo{ 51198 | 180 | imm |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
¢ Active bed of a riffle.

® Composite sample of riffles and pools within the designated reach.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 7
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 3
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 7

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 7

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

M2

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and

Copyright © 2008 Wildland Hydrology
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 7

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

B2

B5

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 7
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less v
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 3.01 Bank-Height Ratio: 1.2

Max Bankfull Depth: | 2.49

Degree of Channel Incision Stability Rating <= Slightly Incised

Degree of Channel Incision

. /
/
/

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 12.47 Ratio of existing W/d to reference W/d: 0.54
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-38




Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 0.97 Ratio of MWR to MWR ¢: 0.24
Reference Meander Width Ratio (MWR ): 4
Degree of Confinement Stability Rating < Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
45.0 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.875 D max Largest particle from bar sample (ft) 266.7 (mm) iorﬁ)ﬁ
0.04992 S Existing bankfull water surface slope (ft/ft)
1.33 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
5.93 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable [T Aggrading ¥ Degrading

Sediment Competence Using Dimensional Shear Stress

4.143 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
3429 | 4324 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

3955 | 2147 Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
105 | 0.69 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.0392]0.0259| = predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ™ Aggrading ¥ Degrading
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) ¥ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: F4b
Location: Reach 7 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 .
(Worksheet 3-8)
(2) 4) (6) (8)
2 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 4
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 5
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 3
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 16
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10=12 Lo >21
I l_ v I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 2
(Worksheet 3-14) size avaliable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity | transport annual | sediment o o 2
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 6
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 6
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 21

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
r

Excess
Deposition
21-30
v

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 8
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of 8
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 4
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 8
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 3
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 31

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
™

Degradation
> 27
v
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High w/d B), Eg:g; ' Eg:g;
1 Successional Stage (Fy—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (c_>G)’ (E—»G), )
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable -
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 6
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation g
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 28
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r r v
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating
categories.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: XIli
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 3
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 3
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 4
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 4
Mod. Increase 3
3-20) :
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : - 4
10)
Poor: Unstable 4
Total Points 18
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 =1 >15
F I I v
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 7
2 Observers: Lucas Babbitt \ Date:\8/20/2015 Stream Type:\ F 4B \ Valley Type:\XIII \ \ \
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 1.33 (Ft): 16.58 Area (ft)): 22 Ratio: 12.47 Ratio: 1.38
5 Mean: 8.14 9.47 4.16 0.97 . .
: L/ Wit R/W s : : .
g Channel Pattern Range:| MWoi gag_g1a | WWoE g a7 947 | RV a5 5oy | MWRE g7 g7 |SiUOSY:  1.08
7 Bankfull Mean Bankiull Estimation . Drainage
8 SR Velocity (Uy) (ft/sec): S Discharge (Qp): e Method: U Area (mi?): 4.92
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
R Depth (ft): i 234 . 219 to mean): . 1.76 : 1.72 Spacing: i41.13 Valley: 0.056 Surface: 0.04992
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
. S-4(2 M1 M2 B2
16 Regime: 3 |& Order: ) Patterns: Patterns: BS Blockages: D3 D10
17 Level lll Stream Degree of Incision Degree of Incision - - Modified Pfankuch Stability Rating
1.21 Slightly | d . -
18 Stability Indices (Bank-Height Ratio): Stability Rating: 'ghtly Incise (Numeric & Adjective Rating): (A
19 Width/depth Reference W/d Width/Depth Ratio State W/d Ratio State
20 Ratio (W/d): | 1247 |Ratio (Wid.:) 2| Wid) / (Widw): 054 Istability Rating: Unstable
21 Meander Width Reference Degree of confinement MWR / MWR
. 0.97 4 0.2425 - ) tabl
22 Ratio (MWR): MWR . (MWR / MWR 7): Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
266.7 = 2147 - 0 0
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 0 Slope: it Slope: it
28| Successional Stage Existing Stream Potential Stream
—> —> —> — —
29 Shift State (Type): F 4b State (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable Hf Unstable [ Highly Unstable | remarks/causes:
Vertical Stability i . - . Remarks/causes:
r I . v Ex. r
31 (Aggradation) No Deposition Mod. Deposition [v Ex. Deposition Aggradation
i ili | | | Remarks/causes:
Vertical Sta_blllty [~ Not Incised I~ Slightly Incised I'L Mod. Incised v Degradation
32 (Degradation) | | | |
33| Channel Enlargement | [ NoIncrease [~ SlightIncrease [~ Mod. Increase ¥ Extensive Remarks/causes:
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t [T High ™ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 8
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OO0

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

oRrh~DMA

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

ArPRPODLMDN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type: C4B
Rating - 96

Condition - Fair



Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 8 |
| Date: | | Stream Type: | B4 || Valley Type: | ?? |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffie Cross-Sectional ||, 55 | Aw || Bankiull Riffle Mean DEPTH || 1.00 | bk
AREA (%) (ft)
Bankfull Riffle WIDTH 2427 | Wk Wetted PERMIMETER 2533 | W
(ft ~ (2% dpks ) + Wi (ft
D 4, at Riffle 90.00 | Dia D g4 (Mm) / 304.8 0.30 D4
(mm) (ft)
Bankfull SLOPE 0.0459 | S Hydraulic RADIUS 0.96 R
(it / t) Apii | W (ft)
L . g Relative Roughness
Gravitational Acceleration 32.2 i — R(ft) / D g4 (f) 3.25 R/Dgs
. Shear Velocit
Drainage Area 4.9 Dé v y 1.191 ol
(mi%) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOGITY DISCHARGE
1. Friction Relati -
FaCtoeruZﬁrI]\éis u=[283+566*Log{R/Dg, }]u* 6.79 ft / sec 164.42 e
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative 4.98 f ] sec 120 61 ofs
Roughness (Figs. 2-18, 2-19) u=149R**s¥2/n  n=| 0.062 ' '
2. Roughness Coefficient: u=149-R¥**s12/n
b) Manning'sn from Stream Type (Fig. 2-20) n= | 0.062 4.98 LSS 120.61 et
2. Roughness Coefficient: u=149-R¥#*s2n
¢) Manning'sn from Jarrett (USGS): n = 0.39*S 038 +g 016 2.54 ft/sec 61.40 cfs
e oo oo = 0122
Stream Types Al, A2, A3, B1, B2, B3, C2 & E3
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| Darcy-Weisbach (Leopold, Wolman and Miller) | 7.14 R 1r2.77 ek
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A
Return Period for Bankfull Discharge Q= year 0.00 R 0.00 ek
4. Continuity Equations: b) USGS Gage Data u=Q/A 0.00 ft/ sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top of
Option 2. e rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces above

Option 3. channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of the
log on upstream side if embedded. Substitute the Dg, protrusion height in ft for the Dg, term in method 1.

Option 4.
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Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 8

Basin: Drainage Area: 3148.8 acres 4.92 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.06406 Lat / 105.30939 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 20.91 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 1.41 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 29.4 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 14.83 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 2.49 ft

WIDTH of Flood-Prone Area (Ws,,)

Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 46.75 |ft

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 2.24 f/ft

Channel Materials (Particle Size Index ) Dsg

The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 29.65 |mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.04592 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.04

Stream C4b (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 8
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: C 4b
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
[Riffle Width (W) 12191195 24.3ft [Riffle Cross-Sectional Area (Ayq) () 125.80124.20} 27.40]
X
* |[Mean Riffle Depth (dx) 11211 1 {141ift [Riffle Width/Depth Ratio (Wye / diy) 119.05{13.83{24.27|
x
% | [Maximum Riffle Depth (dna) 12,161 1.93 | 2.39 ift [MaxRiffle Depth to Mean Riffle Depth (dma./ dh) ~ |1.813{1.695{1.930|
c
.g |Width of Flood-Prone Area (Wyy,) i 40.2 i 34.1 i 46.3 ift |Entrenchment Ratio (Wpa / Wik) E:I_.BQOE 1.406%2.373|
g |Rifﬂe Inner Berm Width (W) 15621 0 111.2ift |Rifﬂe Inner Berm Width to Riffle Width (Wi, / W) 50,28850,00050.576|
é |Rifﬂe Inner Berm Depth (d;) i 0.2 i 0 i 0.41 ift |Rifﬂe Inner Berm Depth to Mean Depth (di, / dy) iO.l45§0.000§O.290|
E |Rifﬂe Inner Berm Area (Ap) i 2.29 i 0 i 4.59 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) §0.084i0.000i0.167|
[Riffle Inner Berm W/D Ratio W, /dy) |13.8] 0 [275] | : | : |
______Pool Dimensions* ** ** rMean Min : Max Pool Dimensions & Dimensionless Ratios**** Meanr Min  Max
[Pool Width (W) 1 16.8 | 16.8 | 16.8 ift [Pool Width to Riffle Width (Wpy, / W) 10.76710.767{0.767]
£ | [Mean Pool Depth (d) {1141 1.14 ] 114 {ft |Mean Pool Depth to Mean Riffle Depth (duy, / dix)  10.942{0.942{0.942]
X
::j, |P00| Cross-Sectional Area (Ap) 119.2119.2119.2 ift |Pool Area to Riffle Area (Angp / Aui) io,744io,744§0,744|
S |[Maximum Pool Depth (dax) 1 1.85] 1.85] 1.85 ft |Max Pool Depth to Mean Riffle Depth (dyap / dy)  11.529}1.529}1.529)
%]
é |PO0I Inner Berm Width (Wi,) 113.3113.3113.3ft |PO0I Inner Berm Width to Pool Width (Wi, / W) i0.793io.793i0.793|
a |Poo| Inner Berm Depth (diyp) i 0.45 i 0.45 i 0.45 ift |PO0I Inner Berm Depth to Pool Depth (dipp, / i) §0.395§0.395§0.395|
© - - - - - - -
S |Poo| Inner Berm Area (Ay,p) 15.9915.99 | 5.99 ift? |Poo| Inner Berm Area to Pool Area (A, / Aptp) i0.312i0.312i0.312|
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio (Wi, / dyy) | st | sttt | st |
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 1 24.3124.3124.3ft |Run Width to Riffle Width (W, / W) 11.109!1.109}1.109]
<
.g |Mean Run Depth (dyxir) 1o 11t |Mean Run Depth to Mean Riffle Depth (dpyg; / dpkr) 50.82650.826i0.826|
g |Run Cross-Sectional Area (Auy) i 24.2 i 24.2 i 24.2 ift |Run Area to Riffle Area (A / Auk) 50.93850.93850.938|
2 |[Maximum Run Depth (da) 1 1931 1.93] 1.93{ft [Max Run Depth to Mean Riffle Depth (dnar / d)  11.595!1.595!1.595]
= - = - - - =
& | [Run Width/Depth Ratio Wy / du) | 24.3 | 24.3] 24.3 1t | R
. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
|Glide Width (W) 122912294229t |Glide Width to Riffle Width (Wi / W) 11.04411.044 1.044|
. |[Mean Glide Depth (dy,) 1 1.08{ 1.08 | 1.08 {ft [Mean Glide Depth to Mean Riffle Depth (d / diu)  |0.893{0.893{0.893)|
2] T T T T T T T
é |Glide Cross-Sectional Area (Apkg) 12471 24.7 1 24.7 ift |Glide Area to Riffle Area (A / Aokr) 50.95650.95650.956|
£ | [Maximum Glide Depth (da) {1,811 1.81 | 1.81ift [MaxGlide Depth to Mean Riffle Depth (dma / dis) | 1.496}1.496]1.496|
-§ |Glide Width/Depth Ratio Wi/ dyg) | 21.2 | 21.2 | 21.2 ift/ft |Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  10.000{0.0000.000|
§ [Glide Inner Berm Width (W) i 0 1 0 | 0 ift [GlidennerBerm Width to Glide Width (WipyWiyg)  |0.000{0.000{0.000|
O] 7 T 7 T T T T
|Glide Inner Berm Depth (di,g) i 0 0§ O ift |Glide Inner Berm Depth to Glide Depth (di,g / dykig) 50,00050,00050,000|
Glide Inner Berm Area (Aipg) i oioio iftz Glide Inner Berm Area to Glide Area (Aipg / Apkig) 10.000{0.000i0.000
9. 1 1 1 1 g 9. 1 1 1
Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max
[Step Width (W) P 0 | 0 | 0 ift [StepWidthto Riffle Width (Wi / W) 10.000:0.000{0.000]
5 |Mean Step Depth (o) ol o} oo it |Mean Step Depth to Riffle Depth (dues/ dor) §0,000§0,000§0,000|
% |Step Cross-Sectional Area (Ayss) i 0 f 0 F 0 ift |Step Area to Riffle Area (Aps / Ao E0.000E0.000E0.000|
|Maximum Step Depth (dinaxs) i 0 i 0 i 0 ift |Max Step Depth to Mean Riffle Depth (dinaxs/ doxe) §0,000§0,000§0,000|
|Step Width/Depth Ratio (Wys/dwe) § 0 | 0 | 0 | | i i i |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 8
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: C 4b
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 4,984 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 120.613 chs |Drainage Area E 4.92 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 351 | 351 | 351 {ft [Linear Wavelength to Riffle Width (3. / W) sttt et et |
|Stream Meander Length (L,) i 256 i 256 i 256 Eft |Stream Meander Length Ratio (L, / W) i#####i #####; ####|
E |Radius of Curvature (R,) i 87 | 75 | 98 ift |Radius of Curvature to Riffle Width (Rg/ Wyy) 13.974} 3.426 §4,477|
& |[Beltwidth W, { 13 | 13 | 13 it |Meander idth Ratio (Wi / Wyc) 10.594{ 0.594 |0.594|
g |Arc Length (L,) i 0} 0! 0 it [|arcLengthtoRifile Width (La/ Wik) 10.000{ 0.000 {0.000|
g [Riffle Length (L) {285] 21 {359t [Riffle Length to Riffle Width (L / Wi) 11.300{ 0.958 | 1.641|
|Individual Pool Length (L,) | 11.9} 2.66 | 30.2 {ft |Individual Pool Length to Riffle Width (Ly/ Wi) 10.543} 0.122}1.381
- |Poo| to Pool Spacing (Ps) i 36.3 i 13.4 i 709 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 1_656E 0.613 ;3,238|
~|Valley Slope (Sya) E 0.043 Eft/ft |Average Water Surface Slope (S) E 0.04592 Eft/ft |Sinuosity (Sva! S) E l.O4|
stream Length (SL) | 520 it |valley Length (VL) { 505 it [sinuosity (SL/VL) {1.03]
Low Bank Height start; 7 it Max Depth start} 3.3 ift Bank-Height Ratio (BHR) start} 2.12
(LBH) endi 4.76 ift (dmax) end! 1.46 ift (LBH / dimax) endi 3.26
Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max
|Riff|e Slope (Syr) 50.0295 0_0255 0.034Eft/ft |Riff|e Slope to Average Water Surface Slope (S / S) i 0_6425 0.537 50,746|
Q@ |Run Slope (Siun) 50.1615 0_161§ 0.161ift/ft |Run Slope to Average Water Surface Slope (S, / S) E 3_510; 3.510 53,510|
;é_ |Pool Slope (Sp) 10.008/0.002; 0.015 ftft |Poo| Slope to Average Water Surface Slope (S,/S) ~ 10.182} 0.050 50,337|
S [[clide Slope (s,) 10.033{0.033}0.033]fuit [Glide Slope to Average Water Surface Slope (Sy/S) | 0.7280.7280.728]
g [Step Slope (S.) 10.270{0.162{0.485fuft |Step Slope to Average Water Surface Slope (S,/S) | 5.881 | 3.523 | #### |
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
|Max Riffle Depth (dmagir) 0.8 0.7 0.9 ft |Max Riffle Depth to Mean Riffle Depth (dmagit/ dox) ;0-6615 0_5795 0.74 |
[Max Run Depth (drmaurur) {12 ] 12! 12 it |MaxRun Depth to Mean Riffle Depth (dmaxun / dbi) 10.992{0.992{ 0.99 |
[Max Pool Depth (dryap) 11.32{099{ 1.49 {ft  [Max Pool Depth to Mean Riffle Depth (dmaxp / dok) 11.091{0.818 1.23 |
[Max Glide Depth (diyaig) 10471047047 it |MaxGlide Depth to Mean Riffle Depth (dmaxg / di) {0.388]0.388 | 0.39 |
| J|Max Step Depth (dna) | {0.881041{133ft [MaxStep Depth to Mean Riffle Depth (dmass/ dhi) {0.727{0.339{ 1.1 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i o | 0 [ b { 170 | 1248 | § imm |
€ |[2 sand P18 | 6 | |[ D { 16 | 3353 | imm |
§ |% Gravel E 61 i 65 i || Dso i 29.65 i 45 E E ;mm |
T {[9 Cobble {18 1 29 | || Do | 10425 | 90 | § imm |
 {[o6 Boulder 3 1 0 | |[ D | 180 | 11986 | imm |
i|% Bedrock 0 0 || Dwo{ 51198 | 180 | imm |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
® Composite sample of riffles and pools within the designated reach.
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¢ Active bed of a riffle.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 8
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 8

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order = | S-4(2) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 8

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 8

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

B2

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 8
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less v
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height:

7

Bank-Height Ratio: 2.1

Max Bankfull Depth:

3.3

Degree of Channel Incision Stability Rating

=

Deeply Incised

1.9

18

1.7

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Degree of Channel Incision

Stable Slightly Incised

Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 14.83 Ratio of existing W/d to reference W/d: 0.64
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 0.82 Ratio of MWR to MWR 0.16
Reference Meander Width Ratio (MWR ): 5
Degree of Confinement Stability Rating = Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 8 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
45.0 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.750 D max Largest particle from bar sample (ft) 228.6 (mm) iorﬁ)ﬁ
0.04592 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
5.08 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable [T Aggrading ¥ Degrading

Sediment Competence Using Dimensional Shear Stress

3.381 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
2775 | 372.4 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

5808 | 1.741 Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
0.98 | 0.61 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.0381]0.0236| 1= predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ™ Aggrading ¥ Degrading
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 8 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) ¥ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 8 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 .
(Worksheet 3-8)
(2) 4) (6) (8)
2 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 L
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 L
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 3
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 13
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10=12 Lo >21
I l_ v I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 8 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 2
(Worksheet 3-14) size avaliable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity | transport annual | sediment o o 2
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 6
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 2
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 17

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
v

Excess
Deposition
21-30
r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 8 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 6
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of 6
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 8
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 8
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 3
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 31

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
™

Degradation
> 27
v
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: C4b
Location: Reach 8 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg ’ Eg_’g;’
B —> ’ - Ll
, Successional Stage (Fy—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (C—G), (E-G) 2
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable -
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 4
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation g
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 20
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r ~ -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 8 Valley Type: Xl
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 3
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 5
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 4
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 3
Mod. Increase 3
3-20) .
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : - 2
10)
Poor: Unstable 4
Total Points 14
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 =1 >15
r r v r
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 8
2 Observers: Lucas Babbitt \ Date:\8/20/2015 Stream Type:\ C4B \ Valley Type:\XIII \ \ \
3 . . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 1.41 (Ft): 20.91 Area (ft)): 29.4 Ratio: 14.83 Ratio: 2.24
5 Mean: 16.79 12.24 4.16 0.62 . .
: L/ Wit R/W s : : .
| Channel Pattern Range:| Vo 16791670 "V 15041204 | "WV 359 460 | MWRT gy g6p |SITUOSIV: 104
7 Bankfull Mean Bankiull Estimation . Drainage
8 SR Velocity (Uy) (ft/sec): s Discharge (Qp): At Method: U Area (mi?): 4.92
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
R Depth (ft): i 249 . 1.85 to mean): . 1.77 : 1.62 Spacing: : 36.26 | Valley: 0.043 Surface: 0.04592
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
. S-4(2 M1 B
16 Regime: 8 |& Order: ) Patterns: Patterns: 2 Blockages: D3 D10
17 Level lll Stream Degree of Incision Degree of Incision - Modified Pfankuch Stability Rating
2.12 Deeply | d . -
18 Stability Indices (Bank-Height Ratio): Stability Rating: eeply incise (Numeric & Adjective Rating): el
19 Width/depth Reference W/d Width/Depth Ratio State W/d Ratio State
20 Ratio (W/d): | 1237 |Ratio (Widw) 2| Wid) / (Widw): 058 Istability Rating: Unstable
21 Meander Width Reference Degree of confinement MWR / MWR
. 0.82 5 0.164 - ) tabl
22 Ratio (MWR): MWR . (MWR / MWR 7): Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
228.6 = 1.741 - 0 1.18 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 61 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
—> —> —> — —
29 Shift State (Type): C 4b State (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable Hf Unstable [ Highly Unstable | remarks/causes:
Vertical Stability i . - . Remarks/causes:
r v . [~ Ex. r
31 (Aggradation) No Deposition v Mod. Deposition Ex. Deposition Aggradation
i ili | | | Remarks/causes:
32 Vfég;?;j;?g:;y [~ Not Incised l_‘ Slightly Incised IJ\' Mod. Incised v Degradation
33 | Channel Enlargement " Nolncrease [ Slightincrease ¥ Mod. Increase [ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t W High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 9
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OO0

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

ABEANP®W

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

rOORLDIN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type: E4B
Rating - 75

Condition - Good



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 9

Basin: Drainage Area: 4748.8 acres 7.42 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.06497 Lat / 105.30794 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 12.15 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 1.48 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 17.98 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 8.21 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 23 ft

WIDTH of Flood-Prone Area (Ws,,)
Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 47.82 |t

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 3.94 f/ft

Channel Materials (Particle Size Index ) Dsg
The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 39.22 mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.03451 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.11

Stream E 4b (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 9
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: E 4b
[ River Reach Dimension Summary Data.....1 ]

—— Riffle Dimensions* ** **x Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
_ |[Riffle Width (W) 11221122} 12.2}ft _|[Riffle Cross-Sectional Area (Ay) (it) 117.98{17.98!17.98]
* |[Mean Riffle Depth (dx) | 1.48 | 1.48 | 1.48ift [Riffle Width/Depth Ratio (W / diy) {8.21}8.21]821]
5 [Maximum Riffle Depth (dn0 { 231 23| 23 {ft |MaxRiffle Depth to Mean Riffle Depth (dax/ ) |1.554]1.554{1.554]
é [Width of Flood-Prone Area (W) 1 47.8147.8147.8ft |Entrenchment Ratio (W / Wy 13.93613.936}3.936|
é [Riffle Inner Berm Width (W) { 0 ! 0 ! 0 it [Riffle nner Berm Width to Riffle Width (W, / W) {0.000}0.000}0.000|
é |Rifﬂe Inner Berm Depth (dy) t o 0l 0 i |Rifﬂe Inner Berm Depth to Mean Depth (d, / dyy) §0,000§0,000§0,000|
E |Rifﬂe Inner Berm Area (Ap) i 0 i 0 i 0 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) E0.000E0.000E0.000|

- |Rifﬂe Inner Berm W/D Ratio (W, / dy) i 0 i 0 i 0 i | i i i |

______Pool Dimensions* ** ** Mean Min Max Pool Dimensions & Dimensionless Ratios**** Mean Min Max

[Pool Width (Wiy,) {132} 13 | 13.31ft |Pool Width to Riffle Width (Wi, / W) 11.082{1.072}1.093]
£ | [Mean Pool Depth (d) | 1.45{1.26 | 1.63 {ft |Mean Pool Depth to Mean Riffle Depth (dy, / diy)  10.980{0.851{1.101]
; |Pool Cross-Sectional Area (Ayp) i 19 i 16.4 i 21.7 Eft |Pool Area to Riffle Area (Anp, / Aoki) 51.05850.91151.206|
S |[Maximum Pool Depth (dax) 1 2521 2.22 2.82 {ft |Max Pool Depth to Mean Riffle Depth (dyap / dy)  |1.703}1.500}1.905]
§ |Poo| Inner Berm Width (Wi,,) i 2.32 i 0 i 4.64 Eft |Poo| Inner Berm Width to Pool Width (Wi, / W) 50.17550.00050.350|
é |Poo| Inner Berm Depth (diyp) i 0.27 i 0 i 0.54 ift |Poo| Inner Berm Depth to Pool Depth (diy, / dpkip) §0.166§0.000§0.332|
093 |Poo| Inner Berm Area (Ay,p) i 1.25 i 0 i 2.51 iftz |Poo| Inner Berm Area to Pool Area (A, / Aptp) §0.058§0.000§0.116|

| J[Point Bar Siope () 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio Wi,/ d;)  14.295!{0.000}8.590)

. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 11131113} 11.3{ft [Run Width to Riffle Width (W, / W) 10.928/0.928{0.928]
§ [Mean Run Depth (dy) | 1.781 1.78 ] 1.78 {ft |Mean Run Depth to Mean Riffle Depth (dyq / de)  11.203{1.203{1.203]
é |Run Cross-Sectional Area (Ay,) i 20.1 i 20.1 i 20.1 Eft |Run Area to Riffle Area (Aur / Abki) 51.1165 1.116;1.116|
E |Maximum Run Depth (diax) i 2.85 i 2.85 i 2.85 ift |Max Run Depth to Mean Riffle Depth (dmax / doks) §1.926§ 1.926%1.926|

E [Run Width/Depth Ratio Wy / dye) | 6.34 1 6.34 | 6.34 11t | | |

. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max

[Glide Width (W) 1 15.6 | 15.6 | 15.6 ift [Glide Width to Riffle Width (Wiygq / Wpe) 11.284{1.284{1.284]
. |[Mean Glide Depth (dy,) 1 1.36| 1.36 | 1.36 {ft |Mean Glide Depth to Mean Riffle Depth (du / dy)  {0.919{0.9190.919)
'é |Glide Cross-Sectional Area (Apg) i 21.1 i 21.1 i 21.1 ift |Glide Area to Riffle Area (Apkrg / Apk) §1,176§ 1,176@1,176|
£ | [Maximum Glide Depth (da) ! 2.58 | 2.58 | 2.58 ift |Max Glide Depth to Mean Riffle Depth (dmax / ) |1.743{1.743{1.743)]
-§ |Glide Width/Depth Ratio Wi/ dyg) | 11.5 | 11.5 | 11.5 iftft |Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  10.000{0.0000.000|
§ [Glide Inner Berm Width (W) i 0 1 0 | 0 ift [GlidennerBerm Width to Glide Width (WipyWiyg)  |0.000{0.000{0.000|
O |Glide Inner Berm Depth (di,g) i 0 i 0 i 0 ift |Glide Inner Berm Depth to Glide Depth (dipg / dykig) §0,000§0,000§0,000|

- |Glide Inner Berm Area (Aj,g) i 0 i 01i{ 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) §0,000§0,000§0,000|

Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min Max

[Step Width (W) 111,91 11.9] 11.9{ft [Step Width to Riffle Width (Wps / W) 10.98210.982{0.982]
% |Mean Step Depth (dpyss) i 1.63 i 1.63 i 1.63 ift |Mean Step Depth to Riffle Depth (dyxts / dpkr) il.lOli 1.101%1.101|
Sé.)- |Step Cross-Sectional Area (Aps) i 19.4 i 19.4 i 19.4 ift |Step Area to Riffle Area (Auss / Aokr) §1.081§ 1.081;1.081|

[Maximum Step Depth (dyz.) | 254 254 254 }ft |Max Step Depth to Mean Riffle Depth (dras/ dye)  |1.716{1.716{1.716

| [Step Width/Depth Ratio Wi/ due) | 7.3217.321 7321 | i i i |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;
Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 9
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: E 4b
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Uyy) E 9.532 Eft/sec |Estimation Method E U/u* |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 171.385 chs |Drainage Area E 7.42 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) | 638 | 505 | 771 ift [Linear Wavelength to Riffle Width (3 / W) sttt et et |
|Stream Meander Length (L,) i 676 i 676 i 676 Eft |Stream Meander Length Ratio (L, / W) i#####i #####; ####|
E [Radius of Curvature (R,) | 198 | 89 | 308 {ft  |Radius of Curvature to Riffle Width (R;/ Wiy L] 7.325 | s |
& |[Beltwidth W, { 40 | 40 | 40 it |Meander Width Ratio (Wi / Wyc) 13.292{ 3.292{3.292|
g |Arc Length (L,) i 0} 0! 0 it [|arcLengthtoRifile Width (La/ Wik) 10.000{ 0.000 {0.000|
g [Riffle Length (L) 138.7]7.62] 7221t [Riffle Length to Riffle Width (L,/ Wi) 13.185{ 0.627 {5.939|
|Individual Pool Length (L,) | 11.8 } 4.23 | 28.4 {ft |Individual Pool Length to Riffle Width (L,/ Wi) 10.974} 0.348 }2.333]
- |Poo| to Pool Spacing (Ps) i 36.4 i 13.7 i 75.8 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 2_992; 1.125 i 6,235|
() |Va||ey Slope (Sya) E 0.047 Eft/ft |Average Water Surface Slope (S) E 0.03451 Eft/ft |Sinuosity (Sva! S) E 1.11 |
stream Length (SL) | 808  ift  |valley Length (VL) {689 It [inuosity (SL/VL) {117
Low Bank Height start} 4.3 ift Max Depth start} 2.2 ift Bank-Height Ratio (BHR) start} 1.95
(LBH) endi 2.2 ift (dmax) endi 2.2 ift (LBH / dimax) endi 1
Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max
|Riff|e Slope (Syr) 50.0295 0_0175 0.04OEft/ft |Riff|e Slope to Average Water Surface Slope (S / S) i 0_8475 0.492 i 1,146|
Q@ |Run Slope (Siun) 50.1485 0_048§ O.ZSOiﬁ/ﬁ |Run Slope to Average Water Surface Slope (S, / S) 54_2835 1.383 E 6,661|
;é_ |P00l Slope (Sp) 10.015{0.002; 0.039ftft |Poo| Slope to Average Water Surface Slope (S, /S)  {0.427 | 0.053 | 1,123|
S [[clide Slope (s,) 10.050{0.002}0.202]fuft [Glide Slope to Average Water Surface Slope (Sy/S) | 1.458 0.045 |5.864]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
[Max Riffle Depth () 11.01]{083]1.25/ft |MaxRifile Depth to Mean Riffle Depth (dmair/ di) | 0.682] 0.561] 0.84 |
[Max Run Depth (dmauun) 1107066} 142} [Max Run Depth to Mean Riffle Depth (dmaxun / dbi) 10.723{0.446 | 0.96 |
|Max Pool Depth (dmaxp) {145} 106} 2 ift |Max Pool Depth to Mean Riffle Depth (dmaxp / doi) 1 0.9810.716} 1.35 |
[Max Glide Depth (diyaig) { 08 054! 1.07ft [MaxGlide Depth to Mean Riffle Depth (dmaxg / di) 10.541{0.365| 0.72 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
 |[oe sivciay to0o i 0 i [[psi 3 | 8 | imm |
€ |[2 sand R || ps | 2427 | 2529 | imm |
§ [ Gravel i 52 1 74 | || D | 3922 | 3561 | imm |
T {[9 Cobble YR T || Do | 10773 | 6636 | § imm |
 {[o6 Boulder i o0 | o0 | |[ D | 15029 | 995 | imm |
i |9 Bedrock 0 0 || Dwo{ 25599 | 180 | imm |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
® Composite sample of riffles and pools within the designated reach.

Copyright © 2009 Wildland Hydrology

¢ Active bed of a riffle.

9Height of roughness feature above bed.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 9
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-11



Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 9

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order <= I S-4(3) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 9

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

M4

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and

Copyright © 2008 Wildland Hydrology
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 9

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

Bl

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 9
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. v
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less -
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 4.3

Max Bankfull Depth: 2.2

Bank-Height Ratio: 2.0

Degree of Channel Incision Stability Rating

=

Deeply Incised

1.9

18

1.7

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Degree of Channel Incision

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 8.21 Ratio of existing W/d to reference W/d: 1.37
Reference Width/Depth Ratio: 6
Width/Depth Ratio State Stability Rating <= Moderately Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference

condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 3.29 Ratio of MWR to MWR . 0.82
Reference Meander Width Ratio (MWR ): 4
Degree of Confinement Stability Rating = Unconfined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

0.1 -

0.2 -

0.3 -

0.4 -

0.6 -

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

0.30-0.79

<0.10

0.10-0.29

Little or No Departure ‘

Slight Departure

Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: E 4b
Location: Reach 9 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
35.6 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.833 D max Largest particle from bar sample (ft) 254 (mm) iorﬁ)ﬁ
0.03451 S Existing bankfull water surface slope (ft/ft)
1.48 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
7.13 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable [T Aggrading ¥ Degrading

Sediment Competence Using Dimensional Shear Stress

3.187 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
260.9 | 356.6 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
3.106 | 2.01
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
144 | 0.93 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.0336|0.0218| = predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ™ Aggrading ¥ Degrading
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: E 4b
Location: Reach 9 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) v Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) [~ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: E4b
Location: Reach 9 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately ighly
1-5) SElIE Unstable Linisiizlolie Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 4
(Worksheet 3-8)
(2) 4) (6) (8)
2 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 L
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 .
(Worksheet 3-4)
(1) 3)
Streambank Erosion: <0.006 0.006-0.04 | 0.041-0.07 >0.07
4 Unit Rate (Tons/yr/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWR,) 1
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 7
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) <y 10=12 Lo >21
[v l_ r I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: E 4b
Location:. Reach 9 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 2
(Worksheet 3-14) size avaliable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity | transport annual | sediment o o 2
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 4
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 2
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 15

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
v

Excess
Deposition
21-30
r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: E 4b
Location: Reach 9 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 6
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of 6
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 8
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 4
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 1
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 25

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
v

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: E 4b
Location: Reach 9 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg ’ Eg_’g;’
B —> ’ - Ll
, Successional Stage (Fy—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (C—G), (E-G) 2
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable >
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 4
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation 5
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 14
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r v r -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: E 4b
Location: Reach 9 Valley Type: Xl
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 1
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 5
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 3
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 2
Mod. Increase 3
3-20) .
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : - 2
10)
Poor: Unstable 4
Total Points 10
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 11-15 >15
r v r r
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 9
2 Observers: Lucas Babbitt \ Date:\8/20/2015 Stream Type:\ E 4B \ Valley Type:\XIII \ \ \
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 1.48 (Ft): 12.15 Area (ft)): 17.98 Ratio: 8.21 Ratio: 3.94
5 Mean: 52.51 55.64 16.3 3.29 . .
: L/ W s R/W s : : .
| Channel Pattern Range:| Vo 41566346 ™" 5564-5564] ° P 7332535 | MWR g5,q 559 |SiNUOSH: 111
7 Bankfull Mean Bankiull Estimation . Drainage
8 Streamflow Velocity (Oyy) (ft/sec): e Discharge (Qp): sl Method: - Area (mi?): 7.42
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
12 Depth (ft): 123 . 2.52 to mean): . 1.55 : 1.74 Spacing: : 36.35| Valley: 0.047 Surface: 0.03451
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See descritpion Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
. S-4(3 M1 M4 B
16 Regime: 8 |& Order: @) Patterns: Patterns: ! Blockages: D1 D10
17 Level lll Stream Degree of Incision Degree of Incision - Modified Pfankuch Stability Rating
1.95 Deeply | d . -
18| Stability Indices  |(Bank-Height Ratio): Stability Rating: eePly INCISEL | Numeric & Adjective Rating): S
19 Width/depth 8.21 Reference W/d 6 Width/Depth Ratio State 1.37 W/d Ratio State Moderately
20 Ratio (W/d): ) Ratio (W/dre): (W/d) [ (W/dres): ) Stability Rating: Unstable
21 Meander Width 3.29 Reference 4 Degree of confinement 0.8225 MWR / MWR, ¢ Moderately
22 Ratio (MWRY): ) MWRer. (MWR / MWRet): ) Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): 0 (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
254 = 2.01 - 0 1.48 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 93 Slope: it Slope: i
28 | Successional Stage Existing Stream Potential Stream
—> —> —> —> —>
29 Shift State (Type): E 4b State (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable ﬁ' Unstable [ Highly Unstable | remarks/causes:
Vertical Stability - » . . Remarks/causes:
r v . [~ Ex. r
31 (Aggradation) No Deposition Mod. Deposition Ex. Deposition Aggradation
i ili | | | Remarks/causes:
Vertical Sta_b|l|ty [~ Not Incised [~ Slightly Incised IJJ Mod. Incised [~ Degradation
32 (Degradation) | | | |
33| Channel Enlargement | [ NoIncrease ™ SlightIncrease [~ Mod. Increase |~ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L V¥ M t [T High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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RIVERMORPH PFANKUCH SUMMARY

River Name: Reach 10
Reach Name: Assesments
Survey Date: 05/13/2015

Upper Bank

Landform Slope:

Mass Wasting:

Debris Jam Potential:
Vegetative Protection:

OhrhOO

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
Cutting:

Deposition:

PRMAW
NN

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

HANODDN

Channel Stability Evaluation

Sediment Supply: High
Stream Bed Stability:

W/D Condition:

Stream Type: B4
Rating - 109

Condition - Poor



Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 10 |
| Date: | | Stream Type: | C4 || Valley Type: | ?? |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffie Cross-Sectional || 53 55 | Aw || Bankiull Riffle Mean DEPTH || 1.23 | bk
AREA (%) (ft)
Bankfull Riffle WIDTH 1869 | Wk Wetted PERMIMETER 2010 | W
(ft ~ (2% dpks ) + Wi (ft
D 4, at Riffle 90.00 | Dia D g4 (Mm) / 304.8 0.30 D4
(mm) (ft)
Bankfull SLOPE 0.0351 | Sk Hydraulic RADIUS 1.15 R
(it / t) Apii | W (ft)
L . g Relative Roughness
Gravitational Acceleration 32.2 i — R(ft) / D g4 (f) 3.90 R/Dgs
. Shear Velocit
Drainage Area 7.4 Dé ” y 1.140 -
(mi%) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Fricti i
o qldaive | u=[283+566%Log (R/Da}]ut| 7.02 | fi/sec || 16196 | cfs
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative 555 f ] sec 128.01 ofs
Roughness (Figs. 2-18, 2-19) u=149R**s¥2/n  n=| 0.055 ' '
2. Roughness Coefficient: u=149-R¥**s12/n
b) Manning'sn from Stream Type (Fig. 2-20) n= 7.63 ft/sec 175.99 cfs
2. Roughness Coefficient: u=149-R¥#*s2n
¢) Manning'sn from Jarrett (USGS): n = 0.39*S 038 +g 016 2.86 ft/sec 65.86 cfs
i e e St e M 0.107
Stream Types Al, A2, A3, B1, B2, B3, C2 & E3
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| Darcy-Weisbach (Leopold, Wolman and Miller) | 7.53 R 173.71 ek
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A
Return Period for Bankfull Discharge Q= year 0.00 R 0.00 ek
4. Continuity Equations: b) USGS Gage Data u=Q/A 0.00 ft/ sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top of
Option 2. e rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces above

Option 3. channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of the
log on upstream side if embedded. Substitute the Dg, protrusion height in ft for the Dg, term in method 1.

Option 4.
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Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Fourmile Canyon Creek, Reach - Reach 10

Basin: Drainage Area: 4748.8 acres 7.42 mi®
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 40.0645 Lat / 105.30531 Long Date: 08/20/15
Observers: Lucas Babbitt Valley Type: VIII(b)

Bankfull WIDTH (W)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 24.93 ft

Bankfull DEPTH (dbkf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A / Wiyy). 0.73 ft

Bankfull X-Section AREA (Auks)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 18.11 ft2

Width/Depth Ratio (W / dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 34.15 ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 1.7 ft

WIDTH of Flood-Prone Area (Ws,,)
Twice maximum DEPTH, or (2 X dy,«) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 37.05 |[ft

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section). 1.49 f/ft

Channel Materials (Particle Size Index ) Dsg
The D5, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 29.65 |mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.03512 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1.11

Stream B4 (See Figure 2-14)
Type
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Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).
Stream: Fourmile Canyon Creek Location: Reach - Reach 10
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: B 4
[ River Reach Dimension Summary Data.....1 ]
—— Riffle Dimensions* ** *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
[Riffle Width (W) 1 21.8118.7 | 24.9 ift |Riffle Cross-Sectional Area (Ayy) () 120.59!18.11{23.06|
*
* T T T T T T T
% |[Mean Riffle Depth (dy) 10,981 0.73 ] 1.23ift |Riffle Width/Depth Ratio (Wi / di) 124.67{15.2034.15]
*
% | [Maximum Riffle Depth (dna) { 181 1.7 | 1.9 it [MaxRiffle Depth to Mean Riffle Depth (dma./ ) |1.937{1.545{2.329)
c
.g |Width of Flood-Prone Area (Wyy,) i 36.3 i 35.6 i 371 ift |Entrenchment Ratio (Wpa / Wik) §1.694§ 1.486%1.902|
g |Rifﬂe Inner Berm Width (W) 16.221 0 1124ift |Rifﬂe Inner Berm Width to Riffle Width (Wi, / W) 50,25050,00050.499|
é |Rifﬂe Inner Berm Depth (dy) i 0.22 i 0 i 0.45 ift |Rifﬂe Inner Berm Depth to Mean Depth (d, / dyy) §0,306§0,000§0,612|
E |Rifﬂe Inner Berm Area (Ap) i 2.78 i 0 i 5.55 iftz |Rifﬂe Inner Berm Area to Riffle Area (A, / Auk) §0.154i0.000i0.307|
|Rifﬂe Inner Berm W/D Ratio (W, / dy,) i 13.9 i 0 i 27.9 i | i i i |
______Pool Dimensions* ** ** rMean Min : Max Pool Dimensions & Dimensionless Ratios**** Meanr Min  Max
[Pool Width (W) {21 | 21 | 21 ift [Pool Width to Riffle Width (Wi, / W) 10.961}0.961}0.961]
£ | [Mean Pool Depth (d) {111 1.11} 111 {ft |Mean Pool Depth to Mean Riffle Depth (dy, / diy)  11.133{1.133{1.133]
*
%) |Pool Cross-Sectional Area (Ayp) 12321232}232ift |Pool Area to Riffle Area (Anp, / Aoki) 11.126} 1.12651.126|
§ [Maximum Pool Depth (dpay) { 1.9 | 1.9 { 1.9 it [MaxPool Depth to Mean Riffle Depth (dmax / db)  |1.939{1.939}1.939)]
é [Pool Inner Berm Width (W) {12.7112.71 12.7 it [Pool Inner Berm Width to Pool Width (Wi, / Wy)  10.60810.6080.608]
é |Poo| Inner Berm Depth (diyp) i 0.75 i 0.75 i 0.75 ift |Poo| Inner Berm Depth to Pool Depth (diy, / dpkip) §0.68020.680§0.680|
o T T T T T T T
S |Poo| Inner Berm Area (Ay,p) 19.6219.62 1 9.62 ift? |Poo| Inner Berm Area to Pool Area (A, / Aptp) i0.415i0.415i0.415|
[Point Bar Slope (S,) 10.000{0.000}0.000}fuft [Pool Inner Berm Width/Depth Ratio (Wi, / dyy) | st | sttt | st |
. Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min _Max
% | [Run Width (We) 118.71 18.7 | 18.7 {ft |Run Width to Riffle Width (W, / W) 10.857!0.857}0.857|
<
2 |{Mean Run Depth (d) {1.23{1.23]1.23{ft [Mean Run Depth to Mean Riffle Depth (de / du) | 1.255{1.255]1.255|
g |Run Cross-Sectional Area (Ay;) 123.1123.1123.1 it |Run Area to Riffle Area (Ag / Aokr) 11.120} 1.12051.120|
E |Maximum Run Depth (dpay) 1 1.9} 1.9 | 1.9 ift |Max Run Depth to Mean Riffle Depth (dyax / dox) §1,939§1,939§1,939|
= - = - - - =
& | [Run Width/Depth Ratio Wy / d) | 15.2 | 15.2 15.2 {1t | R
. Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
[Glide Width (W) i 0 | 0 | 0 ift [GlideWidthto Riffle Width (Weyg / Wi) 10.000{0.000;0.000}
. |Mean Glide Depth (dyg) 0ol 0} 0 it |Mean Glide Depth to Mean Riffle Depth (duygq / di) io,oooio,oooio,ooo|
2] T T T T T T
é |Glide Cross-Sectional Area (Apkg) P01 0 1 0 ift |Glide Area to Riffle Area (A / Aokr) E0,000E0.000E0.000|
g |Maximum Glide Depth (dpyaxg) 0 0 0 ft |Max Glide Depth to Mean Riffle Depth (dmaxg / doi) Eo,oooio,oooio,ooo|
-§ |Glide Width/Depth Ratio (Wiyg/dui) § O | O | 0 iftit [Glide Inner Berm Width/Depth Ratio (Wisg/ dig)  {0.000{0.0000.000|
§ |Glide Inner Berm Width (W) i 0t ot oo i |Glide Inner Berm Width to Glide Width (Wipg/Wiy) io,oooio,oooio,ooo|
O] T T T T T T T
|Glide Inner Berm Depth (di,g) i 0 0§ O ift |Glide Inner Berm Depth to Glide Depth (di,g / dykig) 50,00050,00050,000|
|Glide Inner Berm Area (Aj,g) i 0 i 0 i 0 Eﬁz |Glide Inner Berm Area to Glide Area (Apg / Apiig) §0,000§0,000§0,000|
Step Dimensions** Mean Min Max Step Dimensionless Ratios**** Mean Min  Max
[Step Width (W) P 0 | 0 | 0 ift [StepWidthto Riffle Width (Wi / W) 10.000:0.000{0.000]
5 |Mean Step Depth (o) ol o} oo it |Mean Step Depth to Riffle Depth (dues/ dor) §0,000§0,000§0,000|
% |Step Cross-Sectional Area (Ays) i 01 0 1 0 ift |Step Area to Riffle Area (Apyss / Auki) 50,000i0.000i0,000|
|Maximum Step Depth (dinaxs) i 01! 0 i 0 it |Max Step Depth to Mean Riffle Depth (diays/ dok) E0,000E0,000E0,000
|Step Width/Depth Ratio (Wys/dwe) § 0 | 0 | 0 | | : | : |

*Riffle—Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

**Step—Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

**Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.
***Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007;

Rosgen, 2008).

Stream: Fourmile Canyon Creek Location: Reach - Reach 10
Observers: Lucas Babbitt Date: 08/20/15 Valley Type: Xl Stream Type: B 4
? [ River Reach Summary Data.....2 ]
% |Streamflow: Estimated Mean Velocity at Bankfull Stage (Upys) E 4.926 Eft/sec |Estimation Method E |
E |Streamflow: Estimated Discharge at Bankfull Stage (Qpx) E 89.21 chs |Drainage Area E 7.42 Emi2 |
_ Geometry Mean Min  Max Dimensionless Geometry Ratios Mean Min  Max
|Linear Wavelength (1) { 174 | 105 { 272 it |Linear Wavelength to Riffle Width (3. / W) 17.978] 4.814 | st |
|Stream Meander Length (L) i 218 i 164 i 302 Eft |Stream Meander Length Ratio (L,/ W) ;9_995; 7_519;####|
5 |[Radius of Curvature (R) | 68 | 23 | 115 |t |Radius of Curvature to Riffle Width (Re/ Wiy) 13118/ 1.0555.273]
& |[Beltwidth W, { 25 | 13 | 39 it |Meander idth Ratio (Wi / W) 11.146] 0.596 | 1.788|
g |Arc Length (L,) {0 0 0 ft |Arc Length to Riffle Width (Ly/ W) o_oooi 0.000 ;0.000|
£ |[Rife Length (L, {45.1{305{ 545t [Riffle Length to Riffle Width (L/ Wi) 12.066{ 1.399 {2,500
|Individual PoolLength(L,) | 0 | 0 | 0 it |Individual Pool Length to Riffle Width (L,/ W) 10.000{ 0.000 §0.000|
- |Poo| to Pool Spacing (Ps) i 0 i 0 i 0 ift |Poo| to Pool Spacing to Riffle Width (Ps/ W) i 0.000E 0.000 ;0,000|
() |Va||ey Slope (Sya) E 0.041 Eft/ft |Average Water Surface Slope (S) E 0.03512 Eft/ft |Sinuosity (Sva! S) E 1.11 |
stream Length (SL) | 2377 it |valley Length (VL) {2158 it [sinuosity (SL/VL) P11 |
Low Bank Height start} 6.46 !ft Max Depth start} 6.11 !ft Bank-Height Ratio (BHR) start; 1.06
(LBH) endi 6.1 ift (dmax) end! 2.03 ift (LBH / dimax) endi 3
Facet Slopes Mean Min  Max Dimensionless Facet Slope Ratios Mean Min  Max
[Riffle Slope (S 10.029{0.010}0.048]fuit _|Riffle Slope to Average Water Surface Slope (Sy/S) | 0.8380.293 {1.369)]
Q@ |Run Slope (Siun) E0.000E O_OOOE 0.000ift/ft |Run Slope to Average Water Surface Slope (S, / S) E o_oooi 0.000 50,000|
;é_ |Pool Slope (S) E0.000E O_OOOE 0.000Eft/ft |Poo| Slope to Average Water Surface Slope (S, / S) E 0.000E 0.000 E0.000|
S [[clide Slope (s,) 10.000{0.000}0.000}fuft |Glide Slope to Average Water Surface Slope (Sy/S) | 0.000} 0.000 {0.000]
g |Step Slope (Ss) E0.000E 0.000E 0.000Eft/ft |Step Slope to Average Water Surface Slope (Ss/ S) i 0.000E 0.000 E0.000|
Max Depths® Mean Min Max Dimensionless Depth Ratios Mean Min Max
|Max Riffle Depth (dmagir) 0 0 0 ft |Max Riffle Depth to Mean Riffle Depth (dmagit/ dox) 0 0 0 |
|Max Run Depth (dmaxrun) E 0 i 0 E 0 ift |Max Run Depth to Mean Riffle Depth (dmaxrun / dokr) E 0 i 0 E 0 |
|Max Pool Depth (dmaxp) E 0 i 0 E 0 ift |Max Pool Depth to Mean Riffle Depth (dmaxp / dokr) E 0 i 0 E 0 |
|Max Glide Depth (drmaxg) 0 0 0 ft |Max Glide Depth to Mean Riffle Depth (dmaxg / dok) 0 0 0 |
- |Max Step Depth (dmaxs) i i 0 i 0 i 0 Eft |Max Step Depth to Mean Riffle Depth (diaxs / dbkf) i 0 i 0 i 0 |
- Reach” Riffle® Bar Reach” Riffle® Bar___Protrusion Height’
j [o sivclay i o | 0 [ b { 170 | 1248 | § imm |
€ |[2 sand P18 | 6 | |[ D { 16 | 3353 | imm |
§ |% Gravel E 61 i 65 i | | Dso i 29.65 i 45 E E ;mm |
T {[9 Cobble {18 1 29 | || Do | 10425 | 90 | § imm |
 {[o6 Boulder 3 1 0 | |[ D | 180 | 11986 | imm |
i |9 Bedrock 0 0 || Dwo{ 51198 | 180 | imm |

& Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
¢ Active bed of ariffle. 9Height of roughness feature above bed.

® Composite sample of riffles and pools within the designated reach.
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Fourmile Canyon Creek Location: Reach 10
Observers: Lucas Babbitt Date: 8/20/2015
List ALL COMBINATIONS that
1 2 8
APPLY............... =

General Category

E Ephemeral stream channels: Flows only in response to precipitation

S surface flow that follows the stream bed.

Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-

Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.

P Perennial stream channels: Surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

2 Seasonal variation in streamflow dominated primarily by stormflow runoff.

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.

9 Rain-on-snow generated runoff.
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Worksheet 3-3. Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream: Fourmile Canyon Creek

Location: Reach 10

Observers: Lucas Babbitt

Date: 8/20/2015
%
Stream Size Category and Order <= I S-4(3) I

@

STREAM SIZE: Bankfull Check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 r

S-2 03-15 1-5 r

S-3 1.5—-4.6 5—15 -

S-4 46-9 15— 30 v

S-5 9-15 30 — 50 -

S-6 15-22.8 50 — 75 -

S-7 22.8-30.5 75— 100 r

S-8 30.5 — 46 100 — 150 B

S-9 46 — 76 150 — 250 -

S-10 76 — 107 250 — 350 -

S-11 107 — 150 350 — 500 r

S-12 150 — 305 500 — 1000 -

S-13 >305 >1000 r

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream: Fourmile Canyon Creek

Reach: Reach 10

Observers: Lucas Babbitt

Date: 8/20/2015

List ALL CATEGORIES that APPLY =

M1

M3 M4

Various Meander Pattern variables modified from Galay et al. (1973)

M1 REGULAR MEANDERS

M2 TORTUOUS MEANDERS
M3 IRREGULAR MEANDERS
M4 TRUNCATED MEANDERS

M5

M6

M7

M8

UNCONFINED MEANDER SCROLLS

CONFINED MEANDER SCROLLS

DISTORTED MEANDER LOOPS

IRREGULAR MEANDERS with oxbows and
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Fourmile Canyon Creek Reach: Reach 10
Observers: Lucas Babbitt Date: 8/20/2015
List ALL CATEGORIES that APPLY = Bl BS B7

Various Depositional Features modified from Galay et al. (1973)
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Fourmile Canyon Creek Location: Reach 10
Observers: Lucas Babbitt Date: 8/20/2015
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent . : r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less v
of the active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often M
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such -
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
. Frequency of dams is such that backwater conditions exist for channel
Beaver dams: y
D8 P i reaches between structures where streamflow velocities are reduced and I
requen channel dimensions or conditions are influenced.
. Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: R : ) )
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, I
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation v

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.

Copyright © 2008 Wildland Hydrology

River Stability Field Guide page 3-26




Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: 6.46 Bank-Height Ratio: 1.1

Max Bankfull Depth: | 6.11

Degree of Channel Incision Stability Rating <= Stable

Degree of Channel Incision

. /
/
/

16

15

14

13

1.2

Bank-Height Ratio (BHR)

11

Stable Slightly Incised Moderately Incised Deeply Incised

Stability Rating

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-34



Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: 34.15 Ratio of existing W/d to reference W/d: 1.48
Reference Width/Depth Ratio: 23
Width/Depth Ratio State Stability Rating <= Unstable

Width/Depth Ratio Stability Ratings

=
©

[y
o

=
N

I
N}

(Increase relative to reference w/d

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

[N

N\

/

°
IS

o
)

Ratio of w/d ratio to reference w/d ratio Ratio of w/d ratio to reference w/d ratio

(Decrease relative to reference w/d ratio)
o
(o]

Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference
condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): 1 Ratio of MWR to MWR . 0.25
Reference Meander Width Ratio (MWR ): 4
Degree of Confinement Stability Rating = Confined

Degree of Confinement Departure based on
Meander Width Ratio (MWR ) / Reference Condition ( MWR, )

0.0

011 <0.10

0.2 -
0.10-0.29
0.3 -

0.4 -

0.6 -
0.30-0.79

0.7 A

Ratio of MWR to MWR

0.80-1.00
0.9 -

Little or No Departure ‘ Slight Departure Moderate Departure High Departure

Degree of Confinement Departure
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 10 Valley Type: Xl
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
45.0 D5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
0.583 D max Largest particle from bar sample (ft) 177.8 (mm) iorﬁ)ﬁ
0.03512 S Existing bankfull water surface slope (ft/ft)
0.73 d Existing bankfull mean depth (ft)
1.65 Y- Y'Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/D -0.872
3.95 D max/Dso| Range: 1.3-3.0 Use EQUATION 2:  T*=0.0384 (D ;1,/D 50) 2%’
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
d Required bankfull mean depth (ft) d= T*O’SS" 1)Drmax (use D, in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
S Required bankfull water surface slope (ft/ft) S = T*O’s _ 1)Dmax (use D pax in ft)

Check: " Stable [T Aggrading ¥ Degrading

Sediment Competence Using Dimensional Shear Stress

1,600 Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

Y = 62.4, d = existing depth, S = existing slope

Shields co
1272 | 214.8 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields (e{0]

2206 | 1.237 Predicted shear stress required to initiate movement of measured D, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) T
101 | 0.56 T = predicted shear stress, ¥ = 62.4, S = existing slope j)S

Shields Co Predicted slope required to initiate movement of measured D 5, (MmM)

S:

SN o

0.048410.0272| 1= predicted shear stress, ¥ = 62.4, d = existing depth

Check: [ Stable ™ Aggrading ¥ Degrading
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 10 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Stream Type Stage Shifts (Figure | Stability Rating (Check
3-14) Appropriate Rating)

Stream Type at potential, (C—E),

[ Stable
(Fy—B), (G—B), (F—B,), (F—C), (D—C)
(E—C), (B—High w/d B), (C—High W/d C) [~ Moderately Unstable
(Ge—F), (G—Fy), (F—D), (C—F) ¥ Unstable

(C—D), (A—G), (B—G), (bD—G), (C—0G),

Highly Unstabl
(E-G), (E—A) | Highly Unstable
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Fourmile Canyon Creek Stream Type: B4
Location:  Reach 10 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015
- o Lateral Stability Categories
Lateral stability criteria
L Selected
(choose one stability Moderatel . Points (from
category for each criterion oderately Iighly
1-5) Stable Unstable SREE Unstable each row)
W/d Ratio State <12 1.2-14 14-16 >1.6 .
(Worksheet 3-8)
(2) 4) (6) (8)
5 Depositional Patterns B1, B2 B4, B8 B3 B5, B6, B7 A
(Worksheet 3-5)
(1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander Patterns M1, M3, M4 M8 1
(Worksheet 3-4)
(1) 3)
Streambank Erosion: < 0.006 0.006-0.04 | 0.041-0.07 > 0.07
4 Unit Rate (Tons/yrl/ft)
(Worksheet 3-13)
(2) (4) (6) (8)
Degree of Confinement >0.8 0.3-0.79 0.1-0.29 <01
5 (MWR/MWRg) 3
(Worksheet 3-9)
(1) (2) (3) 4)
Total Points 14
Lateral Stability Category Point Range
Overall Lateral Stability Stab| Modera;lely " High:)yl
Category (use total points table Unstable Unstable Unstable
and check stability rating) S0 Lt 18721 sl
I l_ v I

Copyright © 2008 Wildland Hydrology

River Stability Field Guide page 3-114




Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 10 Valley Type: XiIll
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Excess Deposition / Aggradation Selected
Criteria (choose one sl £ Points
stability category for No Deposition oderate XCEss Aggradation (from each
each criterion 1-6) Deposition Deposition row)
.- Trend toward
Sufficient depth . . Cannot move D35 | Cannot move Dyg Of
. insufficient depth . .
Sediment and/or slope to and/or slope- of bed material bed material and/or
1 competence tr_anspor_tllz?)rlgest slightly and/olr Djygo Of bar | Dy of bar or sub- 2
(Worksheet 3-14) size avaliable incompetent material pavement size
) 4) (6) (8)
- Reduction up to Reduction over
Suff|C|_ent _Trend_ tpward 25% of annual 25% of annual
i i capacity to ke sediment yield of sediment yield for
, Sediment Capacity | transport annual | sediment o o 2
POWERSED . bedload and/or bedload and/or
( ) load capacity
suspended sand suspended sand
) 4) (6) (8)
3 W/d Ratio State <12 12-14 14-16 >1.6 6
(Worksheet 3-8)
2) “4) (6) (8)
Current stream
type at potential (C—High w/d C),
Stream Succession or does not (B—High W/d B),
- E—C C—D), (F—D
4 States (Worksheet 3- | indicate =4 (C—F), (G—F), == 2
16) deposition/ (G—Fy)
aggradation
) “4) (6) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 Patterns (Worksheet 1
3-5)
1) (2) (3) 4)
6 Debris / B|Ockages D1, D2, D3 D4, D7 D5, D8 D6, Dg, D10 4
(Worksheet 3-6)
(1) (2) 3) (4)
Total Points 17

Vertical Stability Category Point Range for Excess Deposition /
Aggradation

Vertical Stability for
Excess Deposition /
Aggradation (use total
points and check stability
rating)

No Deposition
<15

-

Moderate
Deposition
15-20
v

Excess
Deposition
21-30
r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 10 Valley Type: XiIli
Observers: Lucas Babbitt Date: 08/20/2015
Vertical Stability Vertical Stability Categories for Channel Incision / Degradation Selected
Criteria (choose one Moderatel Points
stability category for Not Incised |Slightly Incised oderately Degradation (from each
each criterion 1-5) Incised row)
Does not Trend to move Particles much
Sediment indicate excess E\rgerofgzrs;?in D 100 Zf bed larger than D 100
1 Competence competence DlOO t bed move of bed moved 6
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight gxcess sufficient to Excess energy
i i indicate excess energy: up to increase load up transporting more
, Sediment Capacity capacit 10% increase 10 50% of annual| 2N 50% of 6
(POWERSED) pacity above reference load ? annual load
(2) (4) (6) (8)
Degree of Channel 1.00 — 1.10 1.11 - 1.30 1.31 - 1.50 >1.50
3 Incision (BHR) 2
(Worksheet 3-7)
(2) (4) (6) (8)
. Does not gtri';i? 1élhznsd IfBHR > 1.1and| (B—G), (C—G),
Stream Succession indicate incision W/d bet\yvre)zen stream type has | (E—G), (D—G),
4 States (Worksheets | o gegradation - Wi/d lessthan5 | (A—G), (E—A) 8
3-16 and 3-7) ~
(2) (4) (6) (8)
Confinement 0.80 — 1.00 0.30-0.79 0.10-0.29 <0.10
5 (MWR/ MWR,¢) 3
(Worksheet 3-9)
(1) (2) (3) (4)
Total Points 25

Vertical Stability Category Point Range for Channel Incision /
Degradation

Vertical Stability for
Channel Incision/
Degradation (use total
points and check
stability rating)

Not Incised
<12
-

Slightly Incised
12 -18
™

Moderately
Incised
19 -27
v

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 10 Valley Type: XllI
Observers: Lucas Babbitt Date: 08/20/2015

Channel Enlargement

Channel Enlargement Prediction Categories

Prediction Criteria Selected
(choose one stability . Moderate . Points (from
category for each criterion No Increase | Slight Increase Increase Extensive each row)
1-4)
Stream Type at
Potential, (C—E), | (B—High W/d B), Eg_’gg ’ Eg_’g;’
B —> ’ - Ll
1 Successional Stage (Fy—B), (G—B), | (C—HighW/d C), | (G—F), (F-D) (C—G), (E-G) B
Shift (Worksheet 3-16)] (F=Bd), (F=C), (E-C) (E—A), (C—F)
(D—C)
(2) 4) (6) (8)
. Moderately .
5 Lateral Stability Stable Unstable Unstable Highly Unstable -
(Worksheet 3-17)
(2) (4) (6) (8)
pertieal Stablll_t)_/ No Deposition Moderate Excess Deposition Aggradation
3 Excess Dgposmon or p Deposition p g9 4
Aggradation
(Worksheet 3-18) @) (4) (6) 8)
Vertical Stability
4 Channel Incision or Not Incised Slightly Incised Mcs:g;tgly Degradation 5
Degradation
(Worksheet 3-19) @) () (6) 8)
Total Points 22
Category Point Range
Channel Enlargement Moderate
Prediction (use total No Increase | Slight Increase Increase Extensive
points and check stability <11 11 -16 17 -24 > 24
rating) r r ~ -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Fourmile Canyon Creek Stream Type: B4
Location: Reach 10 Valley Type: Xl
Observers: Date: 08/20/2015
Overall Sediment Supply
Prediction Criteria
- : . Selected
(choose corresponding Stability Rating Points :
: . Points
points for each criterion
1-5)
Stable 1
Lateral Stability Mod. Unstable 2 3
(Worksheet 3-17) Unstable 3
Highly Unstable 4
Vertical Stability No Deposition 1
2 Excess Deposition or Mod. Deposition 2 5
Aggradation Excess Deposition 3
(Worksheet 3-18) Aggradation 4
Vertical Stability Not Incised 1
3 Channel Incision or Slightly Incised 2 3
Degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No Increase 1
Channel Enlargement Sliaht Increase 5
4 Prediction (Worksheet g 3
Mod. Increase 3
3-20) .
Extensive 4
Good: Stable 1
Pfankuch Channel Fair: Mod. Unstable 2
5 Stability (Worksheet 3- : - 1
10)
Poor: Unstable 4
Total Points 12
Category Point Range
Overall Sediment Supply _ )
Rating (use total points Low Moderate High Very High
and check stability rating) <6 6-10 =1 >15
r r v r
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Worksheet 3-22. Summary of stability condition categories.

A BI|C[DIE|F[G[H]I]J[K]L[M|N[O|[P]Q[R]|S|T[U]|V[w]|X]Y]|Z[AA|lAB|AC|AD|AE|AF|AGAH| Al [AJ|AKIALIAM
1 Stream: Fourmile Canyon Creek Location: Reach 10
2 Observers: Lucas Babbitt ~ Date: 8/20/2015 Stream Type: B 4 ~ Valley Type: XIII L]
3 ) . Mean Bankfull Bankfull Width Cross-Sectional Width/Depth Entrenchment
7 Channel Dimension Depth (ft): 0.73 (Ft): 24.93 Area (ft)): 18.11 Ratio: 34.15 Ratio: 1.49
5 Mean: 6.98 8.74 2.73 1 . .
: L/ W s R/W s : : .
| Channel Pattern Range:| Vo 4211001 | "V geg 1011 | RV g gp g6 | MWRT gy g5 [SIUOS: 111
7 Bankfull Mean Bankfull Estimation Drainage
8 Streamflow Velocity (Oyy) (ft/sec): g Discharge (Qp): AL Method: Area (mi?): 7.42
9 Check: | Riffle/Pool | Step/Pool | |Plane Bed| || Convergence/Divergence | Dunes/Antidunes/Smooth Bed |
10| River Profile & Bed Max i Riffle | Pool _ i Riffle | Pool Pool-to- | Ratio Slope
11 Features Bankfull E E Depth Ratio (max| E Pool E Water
7 Depth (ft): 1T . 1.9 to mean): . 2.33 : 1.7 Spacing: : 0 Valley: 0.041 Surface: 0.03512
13 Riparian Current Composition/Density: Potential Composition/Density: Remarks: Condition, Vigor & Usage of Existing Reach:
14 Vegetation |See description Same as existing native speci Density and potentially some species impacted by 2
15 Flow P 1 2|Stream Size Meander Depositional Debris/Channel
_ S-4(3 M1 M3 M4 B1B
16 Regime: 8 |& Order: @) Patterns: Patterns: 5BY Blockages: D3 D10
17 Level lll Stream Degree of Incision 1.06 Degree of Incision Stable Modified Pfankuch Stability Rating 109 -
18 Stability Indices (Bank-Height Ratio): ) Stability Rating: (Numeric & Adjective Rating):
19 Width/depth Reference W/d Width/Depth Ratio State W/d Ratio State
20 Ratio (W/d): | 1% |Ratio (Wid.:) 2| Wid) / (Widw): 148 | stability Rating: Unstable
21 Meander Width Reference Degree of confinement MWR / MWR
. 1 4 0.25 - ) tabl
22 Ratio (MWR): MWR . (MWR / MWR 7): Stability Rating: Unstable
23 Bank Erosion Length of Reach 0 Annual Streambank Erosion Rate: Curve Used: Remarks:
24 Summary Studied (ft): (tons/yr)| 0 | (tons/yr/ft)
Sediment Capacity - - . - . . Remarks:
r o
o5 (POWERSED) Sufficient Capacity Insufficient Capacity Excess Capacity
26 Entrainment/ Largest Particle from Existing Required Existing Required
177.8 = 1.237 - 0 0.73 0.
27 Competence Bar Sample (mm): 1= T'= Depth: Depth: 56 Slope: it Slope: i
28| Successional Stage Existing Stream Potential Stream
—> —> —> —> —>
29 Shift State (Type): B 4 State (Type):
30| Lateral Stability | Stable \ \ ™ Mod. Unstable Hf Unstable [ Highly Unstable | remarks/causes:
Vertical Stability - » . . Remarks/causes:
r v . [~ Ex. r
31 (Aggradation) No Deposition Mod. Deposition Ex. Deposition Aggradation
i ili | | | Remarks/causes:
32 Vfég;?;j;?g:;y [~ Not Incised l_‘ Slightly Incised IJT Mod. Incised [~ Degradation
33| Channel Enlargement | [ NoIncrease [~ SlightIncrease ¥ Mod. Increase |~ Extensive RIS
34| Sediment Supply ! L ! _|Remarks/causes:
4 L ™M t W High [~ Very High
35 (Channel Source) | oW oderate | 9 | ey nig
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' Design Reach Design Reach Design Reach Design Reach Pre-Flood Target Design E. Fork Target Design [N. Fork of N. Elk
Entry Number & Variable . Assessment of Based on Arkansas Based on Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
1 Valley Type (I-XII) \% VI
2 Valley Width (W) 290-600
3 Stream Type C4/B4 C4/B4 C4/B4 C4/B4 C4/B4 C3 C3b
4 Drainage Area, mi? (DA) 4.97 4.97 4.97 4.97 4.97 49.9 4.4
5 Bankfull Discharge, cfs (Qu) 120.0 120.0 120.0 120.0 120 375 110.0
Mean: 215 |Mean: 215 |Mean: 215 |Mean: 215 |Mean: 25.0 |Mean: 24.2 |Mean: 38.8 |Mean: 19.5 |Mean: 15.1
6 Riffle Width, ft (W) Min: 215 [Min: 215 |[Min: 215 [Min: 215 [Min: 25.0 [Min: 23.2 |Min: 37.8 |Min: 15.0 |Min: 12.8
Max: 215 |[Max: 215 |[Max: 215 |[Max: 215 |[Max: 25.0 [Max: 25.2 |Max: 39.9 |Max: 219 |Max: 18.7
Mean: 1.2 Mean: 1.2 Mean: 1.2 Mean: 1.2 Mean: 1.08 |Mean: 1.05 |Mean: 1.70 |Mean: 1.3 |Mean: 1.1
7 Riffle Mean Depth, ft (dpyr) Min: 1.2 Min: 1.2 Min: 1.2 Min: 1.2 Min: 1.08 |Min: 1.00 |Min: 1.51 |Min: 1.2 |Min: 0.8
Max: 1.2 Max: 1.2 Max: 1.2 Max: 1.2 Max: 1.08 |Max: 1.09 |Max: 1.88 |Max: 1.7 |Max: 1.4
Mean: 18.2 |Mean: 18.2 |Mean: 18.2 |Mean: 18.2 |Mean: 23.1 |Mean: 23.1 |Mean: 23.1 |Mean: 15.0 |Mean: 15.0
8 Riffle Width/Depth Ratio (Why/dpkr) Min: 18.2 |Min: 18.2 |Min: 18.2 |Min: 18.2 |Min: 23.1 |Min: 21.2 |Min: 21.2 |Min: 8.9 [Min: 8.9
Max: 18.2 |Max: 18.2 |Max: 18.2 |Max: 18.2 |Max: 23.1 |Max: 25.1 |Max: 25.1 |Max: 18.9 |Max: 18.9
2 Mean: 25.3 |Mean: 25.3 |Mean: 25.3 |Mean: 25.3 |Mean: 28.0 |Mean: 25.3 |Mean: 66.0 |Mean: 25.3 |Mean: 15.9
o
‘% | 9 Riffle Cross-Sectional Area, ft* (Auy) Min: 25.3 [Min: 25.3 |Min: 25.3 |Min: 25.3 |Min: 28.0 Min: 57.0 Min: 10.8
é Max: 25.3 [Max: 25.3 |Max: 25.3 [Max: 25.3 |Max: 28.0 Max: 75.1 Max: 18.6
a Mean: 1.9 Mean: 1.9 Mean: 1.9 Mean: 1.9 Mean: 2.00 |Mean: 1.76 |Mean: 2.79 |Mean: 2.6 [Mean: 2.1
2 10 Riffle Maximum Depth (dnax) Min: 1.9 Min: 1.9 Min: 1.9 Min: 1.9 Min: 2.00 |Min: 1.64 [Min: 2.65 |Min: 2.3 |Min: 1.8
E:: Max: 1.9 Max: 1.9 Max: 1.9 Max: 1.9 Max: 2.00 |Max: 1.92 |Max: 2.95 |Max: 2.9 [Max: 2.5
. ’ . Mean: 16 Mean: 1.6 Mean: 1.6 Mean: 1.6 Mean: 1.852 |Mean: 1.686 [Mean: 1.686 |Mean: 2.0 [Mean: 2.0
Riffle Maximum Depth to Riffle ) ) . ) ) ) ) ) :
11 Min: 1.6 Min: 1.6 Min: 1.6 Min: 1.6 Min: 1.852 |Min: 1.569 ([Min: 1.569 |Min: 1.7 |Min: 1.7
Mean Depth (dmax/dukr)
Max: 1.6 Max: 1.6 Max: 1.6 Max: 1.6 Max: 1.852 |Max: 1.834 [Max: 1.834 |Max: 2.2 |Max: 2.2
) Mean: 49.9 |Mean: 49.9 |Mean: 49.9 |Mean: 49.9 |Mean: 100.0 |Mean: 51.0 |Mean: 280.7 |Mean: Mean: 59.3
Width of Flood-Prone Area at ) ) ) . ) ) ) . .
12 q s Min: 22.8 |Min: 22.8 |Min: 22.8 |Min: 22.8 |Min: 100.0 [Min: 35.0 |Min: 220.0 Min: Min: 46.4
Elevation of 2 * dyay, ft (Wipa)
Max: 108.9 |Max: 108.9 |Max: 108.9 |Max: 108.9 |Max: 100.0 |Max: 85.0 |Max: 320.0 |Max: Max: 79.4
Mean: 2.3 Mean: 2.3 Mean: 2.3 Mean: 2.3 Mean: 4.0 Mean: 2.1 Mean: 7.3 |Mean: 0.0 [Mean: 4.2
13 Entrenchment Ratio (Wi,a/W ) Min: 1.1 Min: 1.1 Min: 1.1 Min: 1.1 Min: 4.0 Min: 15 Min: 5.5 [Min: 0.0 |Min: 2.5
Max: 5.1 Max: 51 Max: 5.1 Max: 51 Max: 4.0 Max: 3.4 Max: 8.5 [|Max: 0.0 [Max: 6.2
Mean: 9.5 Mean: 9.5 Mean: 9.5 Mean: 9.5 Mean: 14.0 ([Mean: 13.4 |Mean: 21.3 |Mean: 13.0 |Mean: 10.2
14 Riffle Inner Berm Width, ft (W,) Min: 9.5 Min: 9.5 Min: 9.5 Min: 9.5 Min: 14.0 [Min: 11.7 |Min: 18.3 |Min: 9.9 [Min: 7.0
Max: 9.5 Max: 9.5 Max: 9.5 Max: 9.5 Max: 14.0 [Max: 14.2  |Max: 23.3 |Max: 15.4 [Max: 14.8
. . . Mean: 0.4 Mean: 0.4 Mean: 0.4 Mean: 0.4 Mean: 0.560 [Mean: 0.552 |Mean: 0.552 |Mean: 0.7 [Mean: 0.7
Riffle Inner Berm Width to Riffle ) ) ) ) ) ) ) . .
15 Width (Wiy/Wiy) Min: 0.4 Min: 0.4 Min: 0.4 Min: 0.4 Min: 0.560 ([Min: 0.485 |Min: 0.485 |Min: 0.5 |Min: 0.5
” ook Max: 04 |Max: 04 |Max: 04 |Max: 04 |Max: 0560 |Max: 0586 [Max:  0.586 |Max: 0.8 [Max: 0.8
5 . Mean: 0.6 Mean: 0.6 Mean: 0.6 Mean: 0.6 Mean: 0.45 [Mean: 0.41 |Mean: 0.66 |Mean: 0.8 [Mean: 0.7
> Riffle Inner Berm Mean Depth, ft ) . ) ) ) ) ) . .
g 16 (de) Min: 0.6 Min: 0.6 Min: 0.6 Min: 0.6 Min: 0.45 [Min: 0.33 |Min: 0.51 |Min: 0.8 |Min: 0.5
IE i Max: 0.6 Max: 0.6 Max: 0.6 Max: 0.6 Max: 0.45 |Max: 0.46 |Max: 0.79 |Max: 0.9 [Max: 0.8
e . Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: 0.417 [Mean: 0.394 |Mean: 0.394 |Mean: 0.6 [Mean: 0.6
£ Riffle Inner Berm Mean Depth to . X . X . . . X X
= 17 Min: 0.5 Min: 0.5 Min: 0.5 Min: 0.5 Min: 0.417 [Min: 0.320 |Min: 0.320 |Min: 0.6 |Min: 0.6
2 Riffle Mean Depth (diy/dyys)
. Max: 0.5 Max: 0.5 Max: 0.5 Max: 0.5 Max: 0.417 [Max: 0.444 |Max: 0.444 Max: 0.7 |Max: 0.7
) . . ; . . . : . .
S Riffle Inner Berm Width/Depth Ratio Mlean. 15.3 Mgan. 15.3 Mlean. 15.3 Mgan. 15.3 Mlean. 311 Mlean. 33.6 Mlean. 33.6 Mfean. 16.5 Mfean. 16.5
e 18 . Min: 15.3 |Min: 15.3 [Min: 15.3 |Min: 15.3 [Min: 31.1 [Min: 27.4  |Min: 27.4 |Min: 10.7 |Min: 10.7
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' Design Reach Design Reach Design Reach Design Reach Pre-Flood Target Design E. Fork Target Design |N. Fork of N. EIk|
Entry Number & Variable . Assessment of Based on Arkansas Based on Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
E T Max: 153 [Max: 153 [Max: 153 [Max: 153 [Max: 311 [Max: 436 |Max: 436 |max: 255 |Max: 25.5
C . . Mean: 5.9 Mean: 5.9 Mean: 5.9 Mean: 5.9 Mean: 6.3 Mean: 55 Mean: 14.0 |Mean: 10.2 |Mean: 6.6
Riffle Inner Berm Cross-Sectional ) ) ) ) ) ) ) ) )
19 Area (Ay) Min: 5.9 Min: 5.9 Min: 5.9 Min: 5.9 Min: 6.3 Min: 4.7 Min: 11.4 |Min: 8.6 [Min: 3.7
B Max: 5.9 Max: 5.9 Max: 5.9 Max: 5.9 Max: 6.3 Max: 6.2 Max: 18.4 |Max: 11.8 |Max: 8.6
Riffle Inner Berm Cross-Sectional Mean: 0.2 Mean: 0.2 Mean: 0.2 Mean: 0.2 Mean: 0.225 [Mean: 0.216 |Mean: 0.216 |Mean: 0.4 [Mean: 0.4
20 Area to Riffle Cross-Sectional Area Min: 0.2 Min: 0.2 Min: 0.2 Min: 0.2 Min: 0.225 [Min: 0.187 |Min: 0.187 [Min: 0.3 [Min: 0.3
(Aip/Apikr) Max: 0.2 Max: 0.2 Max: 0.2 Max: 0.2 Max: 0.225 |Max: 0.245 |Max: 0.245 Max: 0.5 [Max: 0.5
Mean: 235 [Mean: 235 |Mean: 23.5 [Mean: 235 |Mean: 25.0 |Mean: 21.7 |Mean: 35.8 |Mean: 14.2 |Mean: 11.0
21 Pool Width, ft (W) Min: 23.5 [Min: 23.5 [Min: 23.5 [Min: 23.5 [Min: 25.0 [Min: 19.1  |Min: 315 |Min: 14.2 |Min: 11.0
Max: 235 [Max: 23,5 [Max: 23.5 [Max: 23,5 [Max: 25.0 [Max: 24.3 |Max: 40.0 |Max: 14.2 |Max: 11.0
Pool Width to Riffle Width Mgan: 11 Méan: 1.1 Mgan: 11 Méan: 1.1 Mgan: 1.000 Mgan: 0.897 Mgan: 0.897 Méan: 0.7 Méan: 0.7
22 (W W) Min: 11 Min: 1.1 Min: 11 Min: 1.1 Min: 1.000 |Min: 0.790 |Min: 0.790 [Min: 0.7 [Min: 0.7
A Max: 11 [Max: 11 [Max: 11 [Max: 11 [Max: 1.000 |Max: 1.004 |Max:  1.004 |Max: 0.7 |Max: 0.7
Mean: 13 Mean: 15 Mean: 13 Mean: 1.3 Mean: 1.40 [Mean: 1.29 |Mean: 2.32 |Mean: 1.3 |Mean: 1.1
23 Pool Mean Depth, ft (dpp) Min: 1.3 Min: 1.5 Min: 1.3 Min: 1.3 Min: 1.40 [Min: 1.26 |Min: 2.27 |Min: 1.3 |Min: 1.1
Max: 1.3 Max: 1.5 Max: 1.3 Max: 1.3 Max: 1.40 [Max: 1.32 |Max: 2.37 |Max: 1.3 |Max: 1.1
. Mean: 1.1 Mean: 1.3 Mean: 1.1 Mean: 1.1 Mean: 1.296 |Mean: 1.234 [Mean: 1.234 |Mean: 1.0 |Mean: 1.0
Pool Mean Depth to Riffle Mean ) . ) . ) ) . . .
24 Depth (dpgo/der) Min: 11 Min: 1.3 Min: 11 Min: 1.1 Min: 1.296 |Min: 1.207 [Min: 1.207 |Min: 1.0 |Min: 1.0
a2 Eli L Max: 1.1 Max: 1.3 Max: 1.1 Max: 1.1 Max: 1.296 |Max: 1.261 [Max: 1.261 |Max: 1.0 |Max: 1.0
2 Mean: 18.1 |[Mean: 15.7 [Mean: 18.1 |[Mean: 18.1 [Mean: 17.9 [Mean: 15.4 |Mean: 15.4 |Mean: 10.2 |Mean: 10.2
-g 25 Pool Width/Depth Ratio (Wiysp/doksp) Min: 18.1 [Min: 15.7  [Min: 18.1 [Min: 18.1 [Min: 17.9 [Min: 13.3  |Min: 13.3 [Min: 10.2 |Min: 10.2
& Max: 18.1 [Max: 15.7 [Max: 18.1 [Max: 18.1 [Max: 17.9 [Max: 17.6 |Max: 17.6 |Max: 10.2 |Max: 10.2
-g Mean: 31.0 ([Mean: 35.0 [Mean: 29.9 [Mean: 31.0 ([Mean: 35.0 [Mean: 28.0 |Mean: 83.2 |Mean: 18.9 |Mean: 11.9
S | 26 Pool Cross-Sectional Area, t? (Abkip) Min: 31.0 ([Min: 35.0 ([Min: 29.9 [Min: 31.0 ([Min: 35.0 ([Min: 24.1 |Min: 71.6 |Min: 18.9 [Min: 11.9
& Max: 31.0 [Max: 35.0 [Max: 29.9 [Max: 31.0 [Max: 35.0 [Max: 31.9 |Max: 94.7 |Max: 18.9 |Max: 11.9
Mean: 1.2 Mean: 14 Mean: 1.2 Mean: 12 Mean: 1.250 |Mean: 1.107 [Mean: 1.107 |Mean: 0.7 [Mean: 0.7
27 Pool Area to Riffle Area (Agp/Apk) Min: 1.2 Min: 14 Min: 1.2 Min: 1.2 Min: 1.250 |Min: 0.954 |Min: 0.954 [Min: 0.7 [Min: 0.7
Max: 1.2 Max: 14 Max: 1.2 Max: 1.2 Max: 1.250 |Max: 1.261 [Max: 1.261 |Max: 0.7 [Max: 0.7
Mean: 2.3 Mean: 2.6 Mean: 2.3 Mean: 2.3 Mean: 3.10 ([Mean: 2.73 |Mean: 4.90 |Mean: 3.0 [Mean: 25
28 Pool Maximum Depth (dmaxp) Min: 2.3 Min: 2.6 Min: 2.3 Min: 2.3 Min: 3.10 ([Min: 2.51 |Min: 4.52 |Min: 3.0 ([Min: 25
Max: 2.3 Max: 2.6 Max: 2.3 Max: 2.3 Max: 3.10 [Max: 2.93 |Max: 5.27 |Max: 3.0 [Max: 2.5
. 5 Mean: 1.9 Mean: 2.2 Mean: 1.9 Mean: 1.9 Mean: 2.870 |Mean: 2.606 |Mean: 2.606 |Mean: 2.3 [Mean: 2.3
Pool Maximum Depth to Riffle Mean . ) . ) . . . ) )
29 Depth (daeo/dhe) Min: 1.9 Min: 2.2 Min: 1.9 Min: 1.9 Min: 2.870 |Min: 2.404 |Min: 2.404 |Min: 2.3 [Min: 2.3
P maxp! ke Max: 1.9 Max: 2.2 Max: 1.9 Max: 1.9 Max: 2.870 |Max: 2.803 |Max: 2.803 |Max: 2.3 [Max: 2.3
Mean: 8.5 Mean: 8.6 Mean: 11.0 |Mean: 8.5 Mean: Mean:  33.300 [Mean: 33.300 |[Mean: 5.6 [Mean: 5.6
30 Point Bar Slope (Sy,) Min: 8.5 Min: 8.6 Min: 11.0 [Min: 8.5 Min: Min: 28.600 [Min: 28.600 |Min: 10.0 |Min: 10.0
Max: 8.5 Max: 8.6 Max: 11.0 |Max: 8.5 Max: Max: 38.000 [Max: 38.000 |Max: 2.5 [Max: 2.5
Mean: 12.0 |Mean: 10.8 [Mean: 10.8 |Mean: 12.0 [Mean: 12.0 [Mean: 11.5 |Mean: 16.9 |Mean: 7.3 [Mean: 4.1
31 Pool Inner Berm Width, ft (W) Min: 12.0 [Min: 10.8 [Min: 10.8 [Min: 12.0 [Min: 12.0 [Min: 11.4  |Min: 15.1 [Min: 7.3 [Min: 4.1
Max: 12.0 [Max: 10.8 [Max: 10.8 [Max: 12.0 [Max: 12.0 [Max: 11.6 |Max: 18.8 |Max: 7.3 [Max: 4.1
. Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: 0.480 [Mean: 0.530 |Mean: 0.475 |Mean: 0.5 [Mean: 0.4
Pool Inner Berm Width to Pool ) . ) . ) ) . . .
32 Width (Wipo/We) Min: 0.5 Min: 0.5 Min: 0.5 Min: 0.5 Min: 0.480 ([Min: 0.524  |Min: 0.470 [Min: 0.5 [Min: 0.4
" i Max: 0.5 Max: 0.5 Max: 0.5 Max: 0.5 Max: 0.480 [Max: 0.535 |Max: 0.480 |Max: 0.5 [Max: 0.4
S Mean: 1.0 Mean: 1.0 Mean: 1.0 Mean: 1.0 Mean: 1.10 ([Mean: 1.05 |Mean: 1.89 |Mean: 0.4 [Mean: 0.4
= Pool Inner Berm Mean Depth, ft ) ) ) . ) ) ) . .
2133 (do) Min: 1.0 Min: 1.0 Min: 1.0 Min: 1.0 Min: 1.10 [Min: 0.92 |Min: 1.68 [Min: 0.4 [Min: 0.4
“E" op Max: 1.0 [Max: 1.0 [Max: 1.0 [Max: 1.0 [Max: 1.10 [Max: 1.19 [Max: 2.09 [Max: 0.4 [Max: 0.4
o Mean: 0.7 Mean: 0.7 Mean: 0.8 Mean: 0.7 Mean: 0.786 [Mean: 0.815 |Mean: 0.815 |Mean: 0.3 [Mean: 0.3
c Pool Inner Berm Mean Depth to Pool - o - - - o - - -
= |34 Min: 0.7 Min: 0.7 Min: 0.8 Min: 0.7 Min: 0.786 [Min: 0.709 |Min: 0.709 [Min: 0.3 [Min: 0.3




' Design Reach Design Reach Design Reach Design Reach Pre-Flood Target Design E. Fork Target Design |N. Fork of N. EIk|
Entry Number & Variable . Assessment of Based on Arkansas Based on Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
@ e Max: 0.7 [Max 0.7 [Max: 0.8 [Max: 0.7 [Max: 0.786 |Max: 0921 |Max: 0921 |Max: 0.3 |Max: 0.3
< Pool Inner Berm Width/Depth Ratio Mgan. 12.4 Mgan. 10.6 Mgan. 10.6 Mgan. 12.4 Mgan. 10.9 Mgan. 9.2 Mgan. 9.2 Mgan. 11.1 Mgan. 11.1
=135 (Wipo/lye) Min: 12.4  [Min: 10.6  |Min: 10.6  [Min: 12.4  |Min: 10.9 [Min: 7.2 |Min: 7.2 |Min: 11.1 [Min: 1.1
I3 bpibp Max: 12.4  |Max: 10.6 |Max: 10.6 [Max: 12.4  |Max: 10.9 [Max: 11.2  |Max: 11.2 [Max: 11.1 [Max: 11.1
& . Mean: 115 [Mean: 11.0 ([Mean: 11.0 |Mean: 115 [Mean: 13.2 [Mean: 10.8 |Mean: 31.6 |Mean: 2.4 [Mean: 15
Pool Inner Berm Cross-Sectional ) . ) . ) ) ) . .
36 Area (As,) Min: 11.5 [Min: 11.0 ([Min: 11.0 [Min: 11.5 ([Min: 13.2  [Min: 9.3 Min: 31.6 |Min: 2.4 [Min: 1.5
i Max: 11.5 [Max: 11.0 [Max: 11.0 [Max: 11.5 [Max: 13.2 [Max: 12.4  |Max: 31.6 |Max: 2.4 [Max: 1.5
Pool Inner Berm Cross-Sectional Mean: 0.4 Mean: 0.3 Mean: 0.4 Mean: 0.4 Mean: 0.377 [Mean: 0.387 |Mean: 0.387 |Mean: 0.1 [Mean: 0.1
37 Area to Pool Cross-Sectional Area Min: 0.4 Min: 0.3 Min: 0.4 Min: 0.4 Min: 0.377 [Min: 0.333 |Min: 0.333 |Min: 0.1 [Min: 0.1
(A@/Abkfp) Max: 0.4 Max: 0.3 Max: 0.4 Max: 0.4 Max: 0.377 |Max: 0.441 |Max: 0.441 |Max: 0.1 [Max: 0.1
Mean: Mean: Mean: 24.6 |Mean: 40.5 |Mean: 21.4 |Mean: 16.5
38 Run Width, ft (Wp) Min: Min: Min: Min: Min: 14.4 |Min: 111
Max: Max: Max: Max: Max: 34.2 |Max: 26.4
Run Width to Riffle Width M-ean: 0.0 Mgan: 0.000 Mgan: 1.015 Mgan: 1.015 M-ean: 11 M-ean: 11
39 Min: 0.0 Min: 0.000 ([Min: Min: Min: 0.7 [Min: 0.7
(kafr/kaf) . . . . . .
Max: 0.0 Max: 0.000 [Max: Max: Max: 1.8 |Max: 1.8
Mean: Mean: Mean: 1.01 |[Mean: 1.82 |Mean: 0.9 [Mean: 0.8
40 Run Mean Depth, ft (dy) Min: Min: Min: Min: Min: 0.5 |Min: 0.4
Max: Max: Max: Max: Max: 1.4 [Max: 1.2
Run Mean Depth to Riffle Mean M-ean: 0.0 Mgan: 0.000 Mgan: 0.968 M‘ean: 0.968 M-ean: 0.7 M-ean: 0.7
41 Min: 0.0 Min: 0.000 ([Min: Min: Min: 0.4 [Min: 0.4
B Depth (dyks/dbir) . . . . . .
S Max: 0.0 [Max: 0.000 [Max: Max: Max: 1.1 [Max: 11
2 Mean:  #DIV/0! [Mean: #DIV/0! |Mean: 222 |[Mean: 222 |Mean: 30.6 |Mean: 30.6
g 42 Run Width/Depth Ratio (Wy/dykir) Min: #DIV/O! |Min: #DIV/O! |Min: Min: Min: 15.9 |Min: 9.3
a Max: #DIV/0! |Max: #DIV/0! |Max: Max: Max: 10.8 |Max: 64.3
é Mean: Mean: Mean: 249 |Mean: 73.8 |Mean: 17.0 |Mean: 10.7
43 Run Cross-Sectional Area, ft? (Aoksr) Min: Min: Min: Min: Min: 12.7 |Min: 7.9
Max: Max: Max: Max: Max: 21.1 |Max: 13.2
Mean: 0.0 Mean: 0.000 [Mean: 0.982 |Mean: 0.982 |Mean: 0.7 |Mean: 0.7
44 Run Area to Riffle Area (Ay/Ankr) Min: 0.0 |Min: 0.000 ([Min: Min: Min: 0.5 [Min: 0.5
Max: 0.0 Max: 0.000 [Max: Max: Max: 0.8 |Max: 0.8
Mean: 2.2 Mean: 2.20 |Mean: 1.89 |[Mean: 3.39 |Mean: 2.0 [Mean: 1.7
45 Run Maximum Depth (diax) Min: 2.2 Min: 2.20 |Min: Min: Min: 1.6 [Min: 1.3
Max: 2.2 Max: 2.20 |Max: Max: Max: 2.6 [Max: 2.1
M : 1.9 M : 2.037 (M : 1.803 (M : 1.803 |M : 16 |M : 1.6
Run Maximum Depth to Riffle Mean -ean ‘ean ‘ean .ean -ean -ean
46 Min: 1.9 Min: 2.037 [Min: Min: Min: 1.2 |Min: 1.2
Depth (dmaxr/dbkf) . o o . o o
Max: 1.9 Max: 2.037 [Max: Max: Max: 2.0 [Max: 2.0
Mean: Mean: Mean: 259 |Mean: 42.7 |Mean: 32.4 |Mean: 25.0
47 Glide Width, ft (Wpsq) Min: Min: Min: 23.8 |Min: 39.3 |Min: 32.4 [Min: 25.0
Max: Max: Max: 27.9 |Max: 46.0 |Max: 32.4 |Max: 25.0
Glide Width to Riffle Width M-ean: 0.0 Mean: 0.000 Mean: 1.070 Mean: 1.070 M-ean: 1.7 M-ean: 1.7
48 (W W) Min: 0.0 Min: 0.000 ([Min: 0.986 |Min: 0.986 [Min: 1.7 |Min: 1.7
g Max: 0.0 Max: 0.000 [Max: 1.154 [Max: 1.154 |Max: 1.7 |Max: 1.7
Mean: Mean: Mean: 0.93 |Mean: 1.68 |Mean: 0.5 [Mean: 0.4
49 Glide Mean Depth, ft (dpg) Min: Min: Min: 0.85 |Min: 1.52 [Min: 0.5 [Min: 0.4
Max: Max: Max: 1.02 |Max: 1.84 |Max: 0.5 [Max: 0.4
Glide Mean Depth to Riffle Mean M-ean: 0.0 Mlean: 0.000 M‘ean: 0.894 M‘ean: 0.894 M-ean: 0.4 M-ean: 0.4
0 150 b id Min: 0.0 Min: 0.000 ([Min: 0.809 |Min: 0.809 |Min: 0.4 [Min: 0.4
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. . . . Pre-Flood Target Design E. Fork Target Design |N. Fork of N. EIk|
Entry Number & Variable BESIE R LS (R BESE K2 Design Reach Assessment of Based on Arkansas Based on Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
5 e A Max: 0.0 [Max: 0.000 [Max: 0.979 |Max:  0.979 [Max: 0.4 [Max: 0.4
g Mean:  #DIV/0! [Mean: #DIV/O! |Mean: 25.4 |Mean: 25.4 |Mean: 62.4 |Mean: 62.4
£ | 51 Glide Width/Depth Ratio (Wie/dpiig) Min: #DIV/0! |Min: #DIV/0! |Min: 25.0 |Min: 25.0 [Min: 62.4 [Min: 62.4
% Max: #DIV/0! |Max: #DIV/O! |Max: 25.9 |Max: 25.9 [Max: 62.4 [Max: 62.4
h=l Mean: Mean: Mean: 24.3 |Mean: 72.2 |Mean: 15.8 [Mean: 9.9
O | 52 Glide Cross-Sectional Area, ft? (Abksg) Min: Min: Min: 20.1 |Min: 59.6 [Min: 15.8 |Min: 9.9
Max: Max: Max: 28.6 |Max: 84.8 |Max: 15.8 |Max: 9.9
Mean: 0.0 Mean: 0.000 [Mean: 0.961 |Mean: 0.961 |Mean: 0.6 [Mean: 0.6
53 Glide Area to Riffle Area (Ayg/Anis) Min: 0.0 Min: 0.000 ([Min: 0.794 |Min: 0.794 |Min: 0.6 [Min: 0.6
Max: 0.0 Max: 0.000 [Max: 1.129 [Max: 1.129 |Max: 0.6 [Max: 0.6
Mean: 1.6 Mean: 1.60 [Mean: 1.26 |Mean: 2.27 |Mean: 2.0 [Mean: 1.6
54 Glide Maximum Depth (dmaxg) Min: 1.6 Min: 1.60 [Min: 1.19 |Min: 2.14 [Min: 2.0 [Min: 1.6
Max: 1.6 Max: 1.60 [Max: 1.34 |Max: 2.40 |Max: 2.0 [Max: 1.6
Glide Maximum Depth to Riffle M_ean: 1.4 Mgan: 1.481 Mgan: 1.207 Mgan: 1.207 M_ean: 15 M_ean: 15
55 Min: 1.4 Min: 1.481 |Min: 1.138 ([Min: 1.138 [Min: 1.5 |Min: 1.5
Mean Depth (dmaxg/doir)
Max: 1.4 Max: 1.481 |Max: 1.277 [Max: 1.277 |Max: 1.5 |Max: 1.5
Mean: Mean: Mean: 149 [Mean: 24.7 |Mean: 6.0 [Mean: 4.6
56 Glide Inner Berm Width, ft (W) Min: Min: Min: 13.7  |Min: 20.8 [Min: 6.0 [Min: 4.6
Max: Max: Max: 16.1 |Max: 28.6 |Max: 6.0 [Max: 4.6
B | - | - - B B
Glide Inner Berm Width to Glide Mf:an. #DIV/O! Mlean. #DIV/0! Mlean. 0.575 Mlean. 0.575 Mgan. 0.2 Mgan. 0.2
57 . Min: #DIV/0! |Min: #DIV/O! |Min: 0.528 |Min: 0.528 [Min: 0.2 [Min: 0.2
Width (Wipg/W isg) . . . . . .
@ Max: #DIV/0! |Max: #DIV/0! |Max: 0.622 |Max: 0.622 |Max: 0.2  |Max: 0.2
c B - - - ] ;
'?, Gl ey Berm Y cem B, M-ean. Mgan. Mgan. 0.25 Mgan. 0.43 M-ean. 0.6 M-ean. 0.5
= 58 (due) Min: Min: Min: 0.17 |Min: 0.34 |Min: 0.6 [Min: 0.5
IE 1 Max: Max: Max: 0.32 |Max: 0.52 |Max: 0.6 [Max: 0.5
a . Mean:  #DIV/0! [Mean: #DIV/O! |Mean: 0.265 |Mean: 0.265 |Mean: 1.2 |Mean: 1.2
= Glide Inner Berm Mean Depth to . ) ) ) . .
5159 . Min: #DIV/0! |Min: #DIV/O! |Min: 0.185 |Min: 0.185 [Min: 1.2 |Min: 1.2
3 Glide Mean Depth (dipg/dpig) ) ) ) ) ) )
- Max: #DIV/0! |Max: #DIV/O! |Max: 0.345 |Max: 0.345 |Max: 1.2 [Max: 1.2
o E | R | R > o o
= Glide Inner BarmWidth/DepthiRtio Méan. #DIV/O! Mgan. #DIV/O! Mgan. 61.9 Mgan. 61.9 Mgan. 9.3 Mgan. 9.3
< | 60 (Wipe/log) Min: #DIV/O! |Min: #DIV/O! |Min: 39.6 |Min: 39.6 |Min: 9.3 ([Min: 9.3
= LS Max:  #DIV/O! |Max: #DIVIO! |Max: 84.2  |Max: 84.2 |Max: 9.3 [Max: 9.3
© . . Mean: Mean: Mean: 3.6 Mean: 10.3 |Mean: 3.6 [Mean: 2.3
Glide Inner Berm Cross-Sectional . ) ) ) ) )
61 Min: Min: Min: 2.8 Min: 9.7 [Min: 3.6 [Min: 2.3
Area (Ajpg)
Max: Max: Max: 4.5 Max: 10.9 |Max: 3.6 [Max: 2.3
Glide Inner Berm Area to Glide Area Mean:  #DIV/0! [Mean: #DIV/O! |Mean: 0.149 |Mean: 0.149 |Mean: 0.2 ([Mean: 0.2
62 (Ao Ance) Min: #DIV/0! |Min: #DIV/O! |Min: 0.115 |Min: 0.115 |Min: 0.2 [Min: 0.2
L5 Max:  #DIV/0! |Max: #DIV/O! |Max: 0.183 [Max:  0.183 |Max: 0.2 [Max: 0.2
Mean: Mean: Mean: N/A  |Mean: N/A  |Mean: 0.0 [Mean: 0.0
63 Step Width, ft (Wyyss) Min: Min: Min: Min: Min: 0.0 |Min: 0.0
Max: Max: Max: Max: Max: 0.0 [Max: 0.0
Step Width to Riffle Width M-ean: 0.0 Mean: 0.000 Mean: N/A Mean: N/A M-ean: 0.0 M-ean: 0.0
64 Min: 0.0 Min: 0.000 ([Min: Min: Min: 0.0 ([Min: 0.0
(kafs/wbkf) . . o . . o
Max: 0.0 Max: 0.000 [Max: Max: Max: 0.0 [Max: 0.0
Mean: Mean: Mean: N/A  |Mean: N/A  |Mean: 0.0 [Mean: 0.0
65 Step Mean Depth, ft (dyss) Min: Min: Min: Min: Min: 0.0 |Min: 0.0
Max: Max: Max: Max: Max: 0.0 [Max: 0.0
Step Mean Depth to Riffle Mean Mgan: 0.0 M‘ean: 0.000 M‘ean: N/A M‘ean: N/A M-ean: 0.0 Mgan: 0.0
66 Min: 0.0 Min: 0.000 ([Min: Min: Min: 0.0 [Min: 0.0




' Design Reach Design Reach Design Reach Design Reach Pre-Flood Target Design E. Fork Target Design |N. Fork of N. EIk|
Entry Number & Variable . Assessment of Based on Arkansas Based on Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
S FEPH ks bk Max: 0.0 Max: 0.000 ([Max: Max: Max: 0.0 [Max: 0.0
é Mean: #DIV/0! |Mean: #DIV/O! |[Mean: Mean: Mean: 0.0 [Mean: 0.0
g 67 Step Width/Depth Ratio (Wyy¢s/dokss) Min: #DIV/O! |Min: #DIV/O! |Min: Min: Min: 0.0 [Min: 0.0
[a) Max: #DIV/0! |Max: #DIV/O! |Max: Max: Max: 0.0 [Max: 0.0
@ Mean: Mean: Mean: N/A Mean: Mean: 0.0 |Mean: 0.0
| 68 Step Cross-Sectional Area, ft? (Apkss) Min: Min: Min: Min: Min: 0.0 [Min: 0.0
Max: Max: Max: Max: Max: 0.0 [Max: 0.0
Mean: 0.0 Mean: 0.000 ([Mean: N/A  |Mean: N/A  |Mean: 0.0 [Mean: 0.0
69 Step Area to Riffle Area (Ays/Ankr) Min: 0.0 |Min: 0.000 ([Min: Min: Min: 0.0 |Min: 0.0
Max: 0.0 Max: 0.000 [Max: Max: Max: 0.0 [Max: 0.0
Mean: Mean: Mean: N/A Mean: Mean: 0.0 ([Mean: 0.0
70 Step Maximum Depth (diaxs) Min: Min: Min: Min: Min: 0.0 |Min: 0.0
Max: Max: Max: Max: Max: 0.0 [Max: 0.0
. . Mean: 0.0 Mean: 0.00 |[Mean: N/A Mean: N/A  |Mean: 0.0 [Mean: 0.0
71 Step Maximum Depth to Riffle Mean Min: 00  |Min: 0.00 |Min: Min: Min: 0.0 |Min: 0.0
Depth (dmaxs/dbkf) Max: . . . . .
ax: 0.0 Max: 0.00 |Max: Max: Max: 0.0 [Max: 0.0
Mean: 143.0 |Mean: 98.3 [Mean: 291.3 |Mean: 467.2 |Mean: 72.6 |Mean: 56.0
72 Linear Wavelength, ft (A) Min: 40.9 |Min: 18.8 |Min: 261.3 |Min: 419.0 |Min: 54.4 [Min: 42.0
Max: 595.2 [Max: 278.3 [Max: 309.6 |Max: 496.6 |Max: 99.8 |Max: 77.0
Linear Wavelength to Riffle Width Mgan: 6.7 Mgan: 3.933 Mgan: 12.040 Mgan: 12.040 Mf:an: 3.7 Mf:an: 3.7
73 (AMWae) Min: 1.9 Min: 0.751 [Min: 10.800 [Min: 10.800 [Min: 2.8 [Min: 2.8
Max: 27.7 |Max: 11.133 |Max: 12.800 |Max: 12.800 |Max: 5.1 [Max: 5.1
Mean: 149.0 |Mean: 104.5 |Mean: 331.4 |Mean: 531.6 |Mean: 84.2 |Mean: 65.0
74 Stream Meander Length, ft (L) Min: 48.5 |Min: 19.8 [Min: 297.5 |Min: 477.2 |Min: 58.3 [Min: 45.0
Max: 611.2 [Max: 334.6 [Max: 365.3 |Max: 585.9 |Max: 103.7 [Max: 80.0
. Mean: 6.9 Mean: 4.182 |[Mean: 13.700 |Mean: 13.700 |Mean: 4.3 |Mean: 43
Stream Meander Length Ratio . ) ) ) . .
75 (L W) Min: 2.3 Min: 0.792 [Min: 12.300 [Min: 12.300 [Min: 3.0 [Min: 3.0
bk Max: 28.4 |Max: 13.385 |Max: 15.100 |Max: 15.100 |Max: 5.3 [Max: 5.3
Mean: 65.0 [Mean: 65.0 [Mean: 121.9 [Mean: 195.6 |Mean: 53.1 |Mean: 41.0
76 Belt Width, ft (W) Min: 0.0 Min: 0.0 Min: 97.0 |Min: 155.6 [Min: 38.9 |Min: 30.0
Max: 0.0 Max: 0.0 Max: 171.8 [Max: 275.5 |Max: 71.3 |Max: 55.0
Mean: 3.0 Mean: 2.600 [Mean: 5.040 |Mean: 5.040 |Mean: 2.7 [Mean: 2.7
77 Meander Width Ratio (W /W ) Min: 0.0 Min: 0.000 ([Min: 4,010 [Min: 4.010 [Min: 2.0 [Min: 2.0
Max: 0.0 Max: 0.000 [Max: 7.100 |Max: 7.100 |Max: 3.7 [Max: 3.7
Mean: 75.4 |Mean: 58.2 [Mean: 82.5 |Mean: 132.4 |Mean: 16.8 |Mean: 13.0
78 Radius of Curvature, ft (R.) Min: 10.0 [Min: 3.7 Min: 53.2 |Min: 85.4 |Min: 5.2 [Min: 4.0
Max: 300.0 [Max: 383.0 [Max: 109.2 [Max: 175.2 |Max: 36.3 |Max: 28.0
g Radius of Curvature to Riffle Width Mf-:‘an: 35 Mgan: 2.326 Mgan: 3.412 Mgan: 3.412 Mf-:‘an: 0.9 Mf-:‘an: 0.9
= 79 (R/Wo) Min: 0.5 Min: 0.148 ([Min: 2.200 |Min: 2.200 [Min: 0.3 [Min: 0.3
o Max: 14.0 [Max: 15.319 |Max: 4516 |Max: 4516 |Max: 1.9 |Max: 1.9
E Mean: 442 |Mean: 58.2 [Mean: 87.4 |Mean: 140.2 |Mean: 33.7 |Mean: 26.0
E 80 Arc Length, ft (L) Min: 8.9 Min: 3.7 Min: 50.8 |Min: 81.5 |Min: 15.6 |Min: 12.0
o Max: 136.2 |Max: 383.0 [Max: 123.8 [Max: 198.6 |Max: 59.6 |Max: 46.0
Mean: 21 Mean: 2.326 |Mean: 3.613 |Mean: 3.613 |Mean: 1.7 |Mean: 1.7
81 Arc Length to Riffle Width (Lo/W ) Min: 0.4 Min: 0.148 [Min: 2.100 |Min: 2.100 [Min: 0.8 [Min: 0.8
Max: 6.3 Max: 15.319 |Max: 5.119 |Max: 5.119 |Max: 3.1 [Max: 3.1
Mean: 60.7 [Mean: 245 [Mean: 75.0 |Mean: 120.3 |Mean: 21.7 |Mean: 16.7
82 Riffle Length (L), ft Min: 25  |Min: 0.1 |Min: 50.8 |Min: 81.5 |Min: 10.4 |Min: 8.0




. . . . Pre-Flood Target Design E. Fork Target Design [N. Fork of N. Elk
Entry Number & Variable BESIE R LS (R BESE K2 Design Reach Assessment of Bgased ong Arkansas Bgased ong Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
Max: 290.3 [Max: 116.3 |Max: 97.0 |Max: 155.6 |Max: 40.3 [Max: 31.1
Mean: 2.8 Mean: 0.982 |[Mean: 3.100 |Mean: 3.100 |Mean: 1.1 |Mean: 11
83 Riffle Length to Riffle Width (L/Wy;) Min: 0.1 Min: 0.003 [Min: 2.100 |Min: 2.100 [Min: 0.5 [Min: 0.5
Max: 13,5 [Max: 4.650 [Max: 4.010 |Max: 4.010 |Max: 2.1 [Max: 2.1
Mean: 31.0 |[Mean: 40.7 |Mean: 53.2 |Mean: 85.4 |Mean: 23.0 |Mean: 17.8
84 Individual Pool Length, ft (L;) Min: 6.2 Min: 2.6 Min: 43.5 [Min: 69.8 [Min: 8.2 [Min: 6.4
Max: 95.3 |Max: 268.1 [Max: 66.5 |Max: 106.7 |Max: 79.0 |Max: 61.0
Mean: 1.4 Mean: 1.628 |Mean: 2.200 |Mean: 2.200 |Mean: 1.2 |Mean: 1.2
85 Pool Length to Riffle Width (Ly/W ) Min: 0.3 Min: 0.104 [Min: 1.800 ([Min: 1.800 |Min: 0.4 [Min: 0.4
Max: 4.4 Max: 10.723 |Max: 2.750 |Max: 2.750 |Max: 4.1 |Max: 4.1
Mean: 74.7 |Mean: 51.3 [Mean: 153.1 [Mean: 245.6 |Mean: 57.4 |Mean: 44.3
86 Pool-to-Pool Spacing, ft (Ps) Min: 16.3 [Min: 8.2 Min: 121.0 ([Min: 194.0 |Min: 15.5 [Min: 12.0
Max: 328.8 [Max: 189.8 |Max: 181.4 [Max: 291.0 |Max: 114.5 [Max: 88.3
Pool-to-Pool Spacing to Riffle Width Mean: 35 Mean: 2.053 |Mean: 6.330 |Mean: 6.330 |Mean: 2.9 [Mean: 2.9
87 (P o) Min: 0.8 Min: 0.328 [Min: 5.000 |Min: 5.000 [Min: 0.8 [Min: 0.8
Max: 15.3 [Max: 7.591 |Max: 7.500 |Max: 7.500 |Max: 5.9 [Max: 5.9
88 Stream Length (SL) 7228.6 7696.0 3420.0 3420.0
aé 89 Valley Length (VL) 6786.0 6786.0 3000.0 3000.0
n
g 90 Valley Slope (Sya) 0.0442 0.0442 #DIV/O! 0.0114 #DIV/O! 0.0336
>
2| 91 sinuosity (k) sLvL: 107 | suve: 113 |suvL: SLVL: 114 g SLVL: 114
S VS/S: 114 VS/S:  1.14
& S = Sk S = Sulk
92 Average Water Surface Slope (S) 0.0423 0.0397 #DIV/O! 0.0100 #DIV/O! 0.0294
Mean: Mean: Mean: 305.000 Mean: 305.000
_% 93 Floodplain Width, ft (W;) Min: Min: Min: 210.000 Min: 210.000
:E’- Max: Max: Max:  400.000 Max: 400.000
3 Floodplain Surface Depth Limit, ft M-ean: Mean: Mean: 20 Mgan: 20
|9 () Min: Min: Min: 1.8 Min: 1.8
Max: Max: Max: 2.2 Max: 2.2
Mean: Mean: Mean: 450.000 Mean: 450.000
§ 95 Low Terrace Width, ft (W) Min: Min: Min: 290.000 Min: 290.000
g Max: Max: Max: 620.000 Max: 620.000
; Low Terrace Surface Depth Limit, ft Mean: Mean: Mean: 56 Mean: 56
S| 9 () ’ Min: Min: Min: 5.3 Min: 5.3
Max: Max: Max: 6.0 Max: 6.0
& Mean:  42.500 Mean: Mean: 450.000 Mean: 450.000
< | 97 Flood-Prone Area Width, ft (Wipa) Min: Min: Min: 290.000 Min: 290.000
% Max: Max: Max: 610.000 Max: 610.000
% Flood-Prone Area Surface Depth M?an: M?an: M?an: 56 Mfean: 56
o|98 . Min: Min: Min: 5.3 Min: 5.3
] Limit, ft (dypa)
L Max: Max: Max: 6.0 Max: 6.0
Mean: Mean: Mean:  2.575 Mean: 0.000
= | 99 Low Bank Height (LBH) Min: Min: Min: 2.310 Min: 0.000
:g Max: Max: Max: 2.840 Max: 0.000




' Design Reach Design Reach Design Reach Design Reach Pre-Flood Target Design E. Fork Target Design [N. Fork of N. Elk
Entry Number & Variable . Assessment of Based on Arkansas Based on Creek
Pool-1 Pool-2 Pool-3 US Riffle
FMCC Reference Reference Reference Reference
E Maximum Bankfull Depth (dmay) at Mean: Mean: Mean: 2.6 Mean: 2.1
%5 | 100 Same Location as Low Bank Height Min: Min: Min: 2.3 Min: 2.1
& (LBH) Measurement Max: Max: Max: 2.8 Max: 2.1
o Mean: Mean: Mean:  1.000 Mean:  0.000
0 1101 Bank-Height Ratio (LBH/dmay) Min: Min: Min: 1.000 Min: 0.000
Max: Max: Max: 1.000 Max: 0.000
Mean: Mean: 1.8 Mean: 3.3 2.0 [Mean: 1.6
102 Riffle Maximum Depth, ft (dyay) Min: Min: 1.7 Min: 3.0 0.5 |Min: 0.4
.%_’ Max: Max: 1.9 Max: 3.4 2.5 [Max: 2.0
o . . . .
= Riffle Maximum Depth to Riffle Mfean. M‘ean. 1.734 M‘ean. 1.734 1.505 Mfean. 1.505
= Min: Min: 1.617 [Min: 1.617 0.355 |Min: 0.355
5 Mean Depth (dmax/dukr) ) ) ) )
= Max: Max: 1.803 [Max: 1.803 1.897 |Max: 1.897
e Mean: Mean: 2.7  |Mean: 4.9 3.2 |Mean: 2.6
E 104 Pool Maximum Depth, ft (dmayp) Min: Min: 24 Min: 4.2 2.2 |Min: 1.8
n Max: Max: 2.9 Max: 5.3 4.7 [Max: 3.9
%]
4 : ] ] :
2 Pool Maximum Depth to Riffle Mean Mgan. M?an. 2.606 Mgan. 2.606 2.467 Mgan. 2.467
o (105 Min: Min: 2.255 |Min: 2.255 1.682 |Min: 1.682
o Depth (dmaxp/doks) . . . .
S Max: Max: 2.793 |Max: 2.793 3.607 |Max: 3.607
E Mean: Mean: 1.9 Mean: 3.4 2.4 [Mean: 1.9
g 106 Run Maximum Depth, ft (dmax) Min: Min: 1.8 Min: 3.2 1.6 [Min: 13
S Max: Max: 21 |Max: 3.7 3.2 |Max: 2.7
[2] . . . .
£ Run Maximum Depth to Riffle Mean M-ean. M‘ean. 1.824 M‘ean. 1.824 1.813 M-ean. 1.813
g Min: Min: 1.681 [Min: 1.681 1.206 |Min: 1.206
) Depth (dmaxr/dbkf) . . . .
2 Max: Max: 1.963 [Max: 1.963 2.486 |Max: 2.486
>
@ Mean: Mean: 14 Mean: 25 2.1 [Mean: 1.7
g 108 Glide Maximum Depth, ft (dmag) Min: Min: 1.2 Min: 2.2 1.0 ([Min: 0.8
< Max: Max: 1.5 Max: 2.8 2.9 [Max: 2.4
(=X
8 Glide Maximum Depth to Riffle Mfean. M‘ean. 1.309 M‘ean. 1.309 1.607 Mfean. 1.607
x Min: Min: 1.149 [Min: 1.149 0.757 [Min: 0.757
© Mean Depth (dmaxg/dokr)
= Max: Max: 1.473 [Max: 1.473 2.215 |Max: 2.215
g Mean: Mean: N/A  |Mean: N/A 0.0 |Mean: 0.0
§ 110 Step Maximum Depth, ft (dmaxs) Min: Min: Min: 0.0 |Min: 0.0
"_; Max: Max: Max: 0.0 |Max: 0.0
[ . . . .
ey Step Maximum Depth to Riffle Mean Mean: Mean: N/A | Mean: - N/A 0.000 JMean: 0000
111 Min: Min: Min: 0.000 (Min: 0.000
Depth (dmaxs/dbkf) . . . .
Max: Max: Max: 0.000 [Max: 0.000
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. Design Reach Design Reach Design Reach Design Reach Target Design e TEnE/E DEE || [, [Renlecl X
Entry Number & Variable . Based on Arkansas Based on Elk Creek
Pool-1 Pool-2 Pool-3 DS Riffle
Reference Reference Reference Reference
1 Valley Type (I-XI1) \4 VI
2 Valley Width (W, ,) 290-600
3 Stream Type C4/B4 C4/B4 C4/B4 C4/B4 C4/B4 C3 C3b
4 Drainage Area, mi2 (DA) 7.19 7.19 7.19 7.19 7.19 49.9 4.4
5 Bankfull Discharge, cfs (Qu) 130 130.0 130.0 130.0 130 375 110.0
Mean: 22,5 |Mean: 22.5 [Mean: 22,5 |Mean: 22.5 [Mean: 249 |Mean: 38.8 [|Mean: 20.0 |Mean: 15.1
6 Riffle Width, ft (W) Min: 22.5 [Min: 225 [Min: 22.5 [Min: 225 [Min: 23.8 |Min: 37.8 |Min: 15.4 |Min: 12.8
Max: 22,5 [Max: 225 [Max: 225 [Max: 225 [Max: 25.9 |Max: 39.9 [Max: 22.5 |Max: 18.7
Mean: 1.2 Mean: 1.2 Mean: 1.2 Mean: 1.2 Mean: 1.07 |Mean: 1.70 |Mean: 1.3 |Mean: 1.1
7 Riffle Mean Depth, ft (dy) Min: 1.2 Min: 1.2 Min: 1.2 Min: 1.2 Min: 1.03 |Min: 151 |Min: 1.2 |Min: 0.8
Max: 1.2 Max: 1.2 Max: 1.2 Max: 1.2 Max: 1.12 |Max: 1.88 [Max: 1.7 |Max: 1.4
Mean: 19.1 |Mean: 19.1 |Mean: 19.1 |Mean: 19.1 |Mean: 23.1 |Mean: 23.1 |Mean: 15.0 |Mean: 15.0
8 Riffle Width/Depth Ratio (Wy/dys) Min: 19.1 [Min: 19.1 [Min: 19.1 [Min: 19.1 [Min: 21.2  |Min: 21.2 |Min: 8.9 [Min: 8.9
Max: 19.1 [Max: 19.1 [Max: 19.1 [Max: 19.1 [Max: 25.1 |Max: 25.1 [Max: 18.9 |Max: 18.9
2 Mean: 26.7 |Mean: 26.7 [Mean: 26.7 |Mean: 26.7 [Mean: 26.7 |Mean: 66.0 |[Mean: 26.7 |Mean: 15.9
-% 9 Riffle Cross-Sectional Area, ft* (Aux) Min: 26.7 [Min: 26.7 [Min: 26.7 [Min: 26.7 Min: 57.0 Min: 10.8
é Max: 26.7 [Max: 26.7 [Max: 26.7 [Max: 26.7 Max: 75.1 Max: 18.6
a Mean: 2.0 [Mean: 2.0 |Mean: 2.0 [Mean: 2.0 |Mean: 1.81 |Mean: 2.79 |Mean: 2.7 |Mean: 21
2 | 10 Riffle Maximum Depth (dmay) Min: 2.0 Min: 2.0 Min: 2.0 Min: 2.0 Min: 1.69 |Min: 2.65 |Min: 2.3 [Min: 1.8
'E:: Max: 2.0 Max: 2.0 Max: 2.0 Max: 2.0 Max: 1.97 [Max: 2.95 [Max: 3.0 |Max: 2.5
. . . Mean: 1.7 Mean: 1.7 Mean: 1.7 Mean: 1.7 Mean: 1.686 |Mean: 1.686 [Mean: 2.0 |[Mean: 2.0
Riffle Maximum Depth to Riffle ) ) ) . . . . .
11 Min: 1.7 Min: 1.7 Min: 1.7 Min: 1.7 Min: 1.569 [Min: 1.569 [Min: 1.7 |Min: 1.7
Mean Depth (dmax/dux)
Max: 1.7 Max: 1.7 Max: 1.7 Max: 1.7 Max: 1.834 |Max: 1.834 [Max: 2.2 [Max: 2.2
. Mean: 42,5 |Mean: 425 |Mean: 42,5 [Mean: 425 |Mean: 51.0 |Mean: 280.7 |Mean: Mean: 59.3
1p Width of Flood-Prone Area at Min: 371 |Mmin: 371 |min: 371 |Mmin: 371 |min: 350 [Min: 2200 |Min: Min: 46.4
Elevation of 2 * dyge, ft (Wipa) in: . in: . in: . in: . in: 3 in: . in: in: ’
Max: 47.8 [Max: 47.8 |Max: 47.8 [Max: 47.8 |Max: 85.0 |Max: 320.0 [Max: Max: 79.4
Mean: 1.9 Mean: 1.9 Mean: 1.9 Mean: 1.9 Mean: 2.1 Mean: 7.3 |Mean: 0.0 [Mean: 4.2
13 Entrenchment Ratio (Wa/W ) Min: 1.6 |Min: 1.6 |Min: 1.6 |Min: 1.6 |Min: 1.5 [Min: 55 [Min: 0.0 |Min: 2.5
Max: 2.1 Max: 2.1 Max: 2.1 Max: 2.1 Max: 3.3 Max: 8.5 [Max: 0.0 [Max: 6.2
Mean: 10.5 [Mean: 10.5 [Mean: 10.5 [Mean: 10.5 [Mean: 13.7 |Mean: 21.3 |Mean: 13.4 [Mean: 10.2
14 Riffle Inner Berm Width, ft (W,,) Min: 10.5 ([Min: 10.5 [Min: 10.5 ([Min: 10.5 [Min: 12.1  |Min: 18.3 |Min: 10.2 |Min: 7.0
Max: 10.5 [Max: 10.5 [Max: 10.5 [Max: 10.5 [Max: 14.6 |Max: 23.3 |Max: 15.9 |Max: 14.8
Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: 0.552 |Mean: 0.552 |Mean: 0.7 |Mean: 0.7
Riffle Inner Berm Width to Riffle . . . . . . . .
15 Width (Wiy/Wy) Min: 0.5 Min: 0.5 Min: 0.5 Min: 0.5 Min: 0.485 |Min: 0.485 [Min: 0.5 [Min: 0.5
- o T ok Max: 0.5 Max: 0.5 Max: 0.5 Max: 0.5 Max: 0.586 |Max: 0.586 [Max: 0.8 [Max: 0.8
S . Mean: 0.7 Mean: 0.7 Mean: 0.7 Mean: 0.7 Mean: 0.42 |Mean: 0.66 [Mean: 0.8 |Mean: 0.7
= Riffle Inner Berm Mean Depth, ft . . . . . . . .
c | 16 Min: 0.7 Min: 0.7 Min: 0.7 Min: 0.7 Min: 0.34 |Min: 0.51 |Min: 0.8 [Min: 0.5




. Design Reach Design Reach Design Reach Design Reach Target Design SHladis WEnEEt DR || [, (Renle el XL
Entry Number & Variable . Based on Arkansas Based on Elk Creek
Pool-1 Pool-2 Pool-3 DS Riffle
Reference Reference Reference Reference
£ o Max: 07 [Max: 07 [Max: 07 [Max: 07 [Max: 048 |mMax: 079 [max: 09 [Max: 08
a . Mean: 0.6 Mean: 0.6 Mean: 0.6 Mean: 0.6 Mean: 0.394 |Mean: 0.394 [Mean: 0.6 |Mean: 0.6
IS Riffle Inner Berm Mean Depth to ) ) ) ) ) ) . .
5|17 . Min: 0.6 [Min: 0.6 [Min: 0.6 [Min: 0.6 [Min: 0.320 [Min: 0.320 |Min: 0.6 [Min: 0.6
P Riffle Mean Depth (dy/dyy)
- Max: 0.6 Max: 0.6 Max: 0.6 Max: 0.6 Max: 0.444 |Max: 0.444 [Max: 0.7 |Max: 0.7
) . . . . . . . .
E Riffle Inner Berm Width/Depth M.ean. 15.9 Mfean. 15.9 Mean. 15.9 M?an. 15.9 Mgan. 33.6 Mgan. 33.6 Mean. 16.5 Mgan. 16.5
o | 18 Ratio (Wiy/dy) Min: 15.9 [Min: 15.9 [Min: 15.9 [Min: 15.9 [Min: 27.4  [Min: 27.4 |Min: 10.7 [Min: 10.7
E b Max: 15.9 ([Max: 159 [Max: 15.9 ([Max: 159 [Max: 43.6 [Max: 43.6 |Max: 25.5 |Max: 25.5
. . Mean: 7.0 Mean: 7.0 Mean: 7.0 Mean: 7.0 Mean: 5.8 Mean: 14.0 [Mean: 10.8 |Mean: 6.6
Riffle Inner Berm Cross-Sectional . . . . . . . .
19 Area (Ay) Min: 7.0 Min: 7.0 Min: 7.0 Min: 7.0 Min: 5.0 Min: 11.4 Min: 9.0 |Min: 3.7
b Max: 7.0 Max: 7.0 Max: 7.0 Max: 7.0 Max: 6.5 Max: 18.4 Max: 12.4 |Max: 8.6
Riffle Inner Berm Cross-Sectional Mean: 0.3 Mean: 0.3 Mean: 0.3 Mean: 0.3 Mean: 0.216 |Mean: 0.216 |Mean: 0.4 |Mean: 0.4
20 Area to Riffle Cross-Sectional Area Min: 0.3 Min: 0.3 Min: 0.3 Min: 0.3 Min: 0.187 [Min: 0.187 |Min: 0.3 |Min: 0.3
(Aip/Akr) Max: 0.3 Max: 0.3 Max: 0.3 Max: 0.3 Max: 0.245 [Max: 0.245 |Max: 0.5 |Max: 0.5
Mean: 23.5 [Mean: 23.5 |Mean: 23.5 [Mean: Mean: 22.3 |Mean: 35.8 [Mean: 14.6 |Mean: 11.0
21 Pool Width, ft (W) Min: 235 [Min: 23.5 |Min: 23.5 [Min: Min: 19.6 |Min: 31.5 |Min: 14.6 |Min: 11.0
Max: 23,5 [Max: 23,5 [Max: 23,5 [Max: Max: 249 |Max: 40.0 |Max: 14.6 |Max: 11.0
Pool Width to Riffle Width Mfean: 1.0 M.ean: 1.0 Mfean: 1.0 M.ean: 0.0 Mfean: 0.897 Mfean: 0.897 Mfean: 0.7 Mfean: 0.7
22 (Waseo/Wa) Min: 1.0 Min: 1.0 Min: 1.0 Min: 0.0 Min: 0.790 |Min: 0.790 [Min: 0.7 |Min: 0.7
AR Max: 1.0 |Max: 1.0 |Max: 1.0 |Max: 0.0 |Max: 1.004 [Max:  1.004 |Max: 0.7 [Max: 0.7
Mean: 1.3 Mean: 1.5 Mean: 1.3 Mean: Mean: 1.33 |Mean: 2.32 [Mean: 1.3 |Mean: 1.1
23 Pool Mean Depth, ft (dpp) Min: 1.3 Min: 1.5 Min: 1.3 Min: Min: 1.30 [Min: 2.27 |Min: 1.3 |Min: 1.1
Max: 1.3 Max: 1.5 Max: 1.3 Max: Max: 1.35 [Max: 2.37 [|Max: 1.3 |Max: 1.1
. Mean: 1.1 Mean: 1.3 Mean: 1.1 Mean: 0.0 Mean: 1.234 |Mean: 1.234 [Mean: 1.0 |Mean: 1.0
Pool Mean Depth to Riffle Mean ) ) . ) ) ) ) .
24 Min: 1.1 Min: 1.3 Min: 1.1 Min: 0.0 Min: 1.207 |Min: 1.207 [Min: 1.0 [Min: 1.0
Depth (dyrp/dpxr) . . . . . . . .
Max: 1.1 Max: 1.3 Max: 1.1 Max: 0.0 Max: 1.261 |Max: 1.261 [Max: 1.0 |Max: 1.0
2 Mean: 18.1 |Mean: 15.7 |Mean: 18.1 |Mean: #DIV/O! [Mean: 154 |Mean: 15.4 [Mean: 10.2 |Mean: 10.2
% 25 Pool Width/Depth Ratio (Wip/dkip) Min: 18.1 |Min: 15.7 [Min: 18.1 |Min: #DIV/O! |Min: 13.3  |Min: 13.3 |Min: 10.2 |Min: 10.2
& Max: 18.1 [Max: 15.7 [Max: 18.1 [Max: #DIV/0! |Max: 17.6 |Max: 17.6 Max: 10.2 |Max: 10.2
-g Mean: 31.0 |Mean: 35.0 |Mean: 29.9 [Mean: Mean: 29.6 |Mean: 83.2 [Mean: 19.9 |Mean: 11.9
S | 26 Pool Cross-Sectional Area, ft? (Apkep) Min: 31.0 |Min: 35.0 |Min: 29.9 [Min: Min: 255 |Min: 71.6 |Min: 19.9 |Min: 11.9
8 Max: 31.0 |Max: 35.0 |[Max: 29.9 [Max: Max: 33.7 |Max: 94.7 [Max: 19.9 |Max: 11.9
Mean: 1.2 Mean: 1.3 Mean: 1.1 Mean: 0.0 Mean: 1.107 |Mean: 1.107 [Mean: 0.7 |Mean: 0.7
27 Pool Area to Riffle Area (Apysp/Anis) Min: 1.2 Min: 1.3 Min: 1.1 Min: 0.0 Min: 0.954 |Min: 0.954 [Min: 0.7 [Min: 0.7
Max: 1.2 Max: 1.3 Max: 1.1 Max: 0.0 Max: 1.261 |Max: 1.261 [Max: 0.7 |Max: 0.7
Mean: 2.3 Mean: 2.6 Mean: 2.3 Mean: Mean: 2.80 |Mean: 4.90 |Mean: 3.1 |Mean: 2.5
28 Pool Maximum Depth (dmaxp) Min: 2.3 Min: 2.6 Min: 2.3 Min: Min: 2.58 [Min: 4.52 |Min: 3.1 [Min: 25
Max: 2.3 Max: 2.6 Max: 2.3 Max: Max: 3.01 |Max: 5.27 [Max: 3.1 |Max: 25
. . Mean: 1.9 Mean: 2.2 Mean: 1.9 Mean: 0.0 Mean: 2.606 |Mean: 2.606 [Mean: 2.3 |Mean: 2.3
Pool Maximum Depth to Riffle ) ) ) ) ) ) ) )
29 Min: 1.9 Min: 2.2 Min: 1.9 Min: 0.0 Min: 2.404 |Min: 2.404 [Min: 2.3 |Min: 2.3
Mean Depth (dmaxg/doks)
Max: 1.9 Max: 2.2 Max: 1.9 Max: 0.0 Max: 2.803 |Max: 2.803 [Max: 2.3 |Max: 2.3
Mean: 8.5 Mean: 8.6 Mean: 11.0 [Mean: Mean: 33.300 |Mean: 33.300 JMean: 5.6 |Mean: 5.6
30 Point Bar Slope (S;;,) Min: 8.5 Min: 8.6 Min: 11.0 ([Min: Min: 28.600 |Min: 28.600 [Min: 10.0 |Min: 10.0




. Design Reach Design Reach Design Reach Design Reach Target Design SHladis WEnEEt DR || [, (Renle el XL
Entry Number & Variable . Based on Arkansas Based on Elk Creek
Pool-1 Pool-2 Pool-3 DS Riffle
Reference Reference Reference Reference
Max: 8.5 Max: 8.6 Max: 11.0 ([Max: Max: 38.000 |Max: 38.000 [Max: 2.5 |Max: 2.5
Mean: 12.0 [Mean: 10.8 [Mean: 10.8 [Mean: Mean: 11.8 |Mean: 16.9 [Mean: 7.5 |Mean: 4.1
31 Pool Inner Berm Width, ft (W) Min: 12.0 |Min: 10.8 [Min: 10.8 |Min: Min: 11.7  |Min: 15.1 |Min: 7.5 [Min: 4.1
Max: 12.0 [Max: 10.8 [Max: 10.8 [|Max: Max: 119 [Max: 18.8 [Max: 7.5 |Max: 4.1
. Mean: 0.5 Mean: 0.5 Mean: 0.5 Mean: #DIV/0! [Mean: 0.530 |Mean: 0.475 [Mean: 0.5 |Mean: 0.4
Pool Inner Berm Width to Pool ) ) ) ) . ) . )
32 X Min: 0.5 Min: 0.5 Min: 0.5 Min: #DIV/0! [Min: 0.524 |Min: 0.470 [Min: 0.5 |Min: 0.4
Width (Wipp/Wip) Max: . : . ] . . . .
o ax: 0.5 Max: 0.5 Max: 0.5 Max: #DIV/0! |Max: 0.535 |Max: 0.480 [Max: 0.5 |Max: 0.4
S Mean: 1.0 |Mean: 1.0 |Mean: 1.0 |Mean: Mean: 1.08 |Mean: 1.89 [Mean: 0.5 |Mean: 0.4
= Pool Inner Berm Mean Depth, ft . . . . . . . .
2133 (du) Min: 1.0 ([Min: 1.0 [Min: 1.0 ([Min: Min: 0.94 [Min: 1.68 [Min: 0.5 [Min: 0.4
g P Max: 1.0 |Max: 1.0 |Max: 1.0 |Max: Max: 1.22  [Max: 2.09 [Max: 0.5 [Max: 0.4
(a] Mean: 0.7 Mean: 0.7 Mean: 0.8 Mean: #DIV/0! [Mean: 0.815 [Mean: 0.815 [Mean: 0.3 [Mean: 0.3
c Pool Inner Berm Mean Depth to ) ) . ) . . ) )
= |34 Min: 0.7 Min: 0.7 Min: 0.8 Min: #DIV/O! [Min: 0.709 [Min: 0.709 [Min: 0.3 [Min: 0.3
o Pool Mean Depth (dipp/dpisp)
f Max: 0.7 Max: 0.7 Max: 0.8 Max: #DIV/O! [Max: 0.921 [Max: 0.921 |Max: 0.3 [Max: 0.3
()
M : 12.4 |Mean: 10.6 (M : 10.6 [Mean: #DIV/0! [Mean: 9.2 Mean: 9.2 |Mean: 11.1 |Mean: 111
g Pool Inner Berm Width/Depth Ratio gan .ean gan .ean gan gan gan gan
=135 (Wins/dine) Min: 12.4 [Min: 10.6 [Min: 10.6 [Min: #DIV/0! (Min: 7.2 Min: 7.2 [Min: 11.1 |Min: 11.1
§ iop b Max: 12.4  [Max: 10.6 [Max: 10.6 |[Max:  #DIV/0! [Max: 11.2  [Max: 11.2 |max: 11.1 [Max: 11.1
. Mean: 115 ([Mean: 11.0 ([Mean: 11.0 [Mean: Mean: 11.4 |Mean: 31.6 [Mean: 2.6 |Mean: 1.5
Pool Inner Berm Cross-Sectional ) ) . . . ) ) )
36 Area (Ai) Min: 11.5 [Min: 11.0 (Min: 11.0 [Min: Min: 9.8 Min: 31.6 [Min: 2.6 |Min: 1.5
ibp Max: 115 [Max: 11.0 (Max: 11.0 [Max: Max: 13.0 [Max: 31.6 [Max: 2.6 |Max: 1.5
Pool Inner Berm Cross-Sectional Mean: 0.4 Mean: 0.3 Mean: 0.4 Mean:  #DIV/0! [Mean: 0.387 |Mean: 0.387 [Mean: 0.1 |Mean: 0.1
37 Area to Pool Cross-Sectional Area Min: 0.4 Min: 0.3 Min: 0.4 Min: #DIV/0! [Min: 0.333 |Min: 0.333 [Min: 0.1 [Min: 0.1
(Aipp/Akip) Max: 0.4 Max: 0.3 Max: 0.4 Max: #DIV/0! (Max: 0.441 |Max: 0.441 [Max: 0.1 |Max: 0.1
Mean: Mean: 25.2  |Mean: 40.5 |Mean: 22.0 |Mean: 16.5
38 Run Width, ft (Wy) Min: Min: Min: Min: 14.8 |Min: 11.1
Max: Max: Max: Max: 35.1 |Max: 26.4
Mean: 0.0 Mean: 1.015 |Mean: 1.015 [Mean: 1.1 |Mean: 1.1
Run Width to Riffle Width ean ean ean ean ean
39 Min: 0.0 Min: Min: Min: 0.7 |Min: 0.7
(kafr/kaf) . . . . .
Max: 0.0 Max: Max: Max: 1.8 |Max: 1.8
Mean: Mean: 1.04 |Mean: 1.82 [Mean: 0.9 [Mean: 0.8
40 Run Mean Depth, ft (dy) Min: Min: Min: Min: 0.5 |Min: 0.4
Max: Max: Max: Max: 1.5 |Max: 1.2
Mean: 0.0 Mean: 0.968 [Mean: 0.968 [Mean: 0.7 [Mean: 0.7
Run Mean Depth to Riffle Mean . . . . .
41 Min: 0.0 Min: Min: Min: 0.4 [Min: 0.4
2 Depth (dukrr/dukr) Max: ) . . .
o ax: 0.0 |Max: Max: Max: 1.1 |Max: 11
& Mean:  #DIV/O! |Mean: 22.2 [Mean: 222 |Mean: 30.6 |Mean: 30.6
g 42 Run Width/Depth Ratio (W /dpir) Min: #DIV/0! [Min: Min: Min: 15.9 |Min: 9.3
a Max: #DIV/O! [Max: Max: Max: 10.8 |Max: 64.3
é Mean: Mean: 26.2 |Mean: 73.8 [Mean: 17.9 |Mean: 10.7
43 Run Cross-Sectional Area, ft? (Ap) Min: Min: Min: Min: 13.4 |Min: 7.9
Max: Max: Max: Max: 22.3 |Max: 13.2
Mean: 0.0 Mean: 0.982 |Mean: 0.982 [Mean: 0.7 |Mean: 0.7
44 Run Area to Riffle Area (Aps/Apkr) Min: 0.0 Min: Min: Min: 0.5 [Min: 0.5




A N

Entry Number & Variable LU R e LU R Design R e Taéga?ezeosrlwgn Alfl.(;::sr;s Ta;%itege:r:gn NiEII:I?:;gefsz-
Pool-1 Pool-2 Pool-3 DS Riffle

Reference Reference Reference Reference
Max: 0.0 Max: Max: Max: 0.8 |Max: 0.8
Mean: 2.2 Mean: 1.94 |Mean: 3.39 [Mean: 2.1 |Mean: 1.7
45 Run Maximum Depth (dax) Min: 2.2 Min: Min: Min: 1.7 |Min: 1.3
Max: 2.2 Max: Max: Max: 2.7 |Max: 2.1
. ) Mean: 1.9 Mean: 1.803 |Mean: 1.803 |Mean: 1.6 ([Mean: 1.6

Run Maximum Depth to Riffle Mean ) . ) ) )
46 Depth (dag/due) Min: 1.9 Min: Min: Min: 1.2 |Min: 1.2
Max: 1.9 Max: Max: Max: 2.0 |Max: 2.0
Mean: Mean: 26.6 |Mean: 42.7 |Mean: 33.2 |Mean: 25.0
47 Glide Width, ft (W) Min: Min: 245  |Min: 39.3 |Min: 33.2 [Min: 25.0
Max: Max: 28.7 |Max: 46.0 |Max: 33.2 |Max: 25.0
Glide Width to Riffle Width Mean: 0.0 Mean: 1.070 |Mean: 1.070 [Mean: 1.7 |Mean: 1.7
48 (W W) Min: 0.0 Min: 0.986 [Min: 0.986 |Min: 1.7 |Min: 1.7
g/ Max: 0.0 [Max: 1.154 [Max:  1.154 |Max: 1.7 |Max: 1.7
Mean: Mean: 0.96 |Mean: 1.68 [Mean: 0.5 |Mean: 0.4
49 Glide Mean Depth, ft (dyg) Min: Min: 0.87 |Min: 1.52 |Min: 0.5 [Min: 0.4
Max: Max: 1.05 [Max: 1.84 [Max: 0.5 [Max: 0.4
Glide Mean Depth to Riffle Mean Mean: 0.0 Mean: 0.894 [Mean: 0.894 [Mean: 0.4 [Mean: 0.4
o | 50 Depth (dye/der) Min: 0.0 [Min: 0.809 [Min: 0.809 [Min: 0.4  |Min: 0.4
IS PN {Chice! Coxt Max: 00 |Max: 0979 [Max: 0979 |Max: 0.4 |Max: 0.4
% Glide Width/Depth Ratio Mean: #DIV/0! [Mean: 25.4  |Mean: 25.4 [Mean: 62.4 |Mean: 62.4
_'Dg 51 (Wasro/oce) Min: #DIV/O! [Min: 25.0 |Min: 25.0 |Min: 62.4 [Min: 62.4
2 g Max:  #DIV/0! [Max: 259 |Max: 259 [Max 624 |Max: 624
= Mean: Mean: 25.7 Mean: 72.2 |Mean: 16.6 [Mean: 9.9
©s2 Glide Cross-Sectional Area, ft (Apktg) Min: Min: 21.2  |Min: 59.6 [Min: 16.6 |Min: 9.9
Max: Max: 30.1 |Max: 84.8 [Max: 16.6 |Max: 9.9
Mean: 0.0 Mean: 0.961 |Mean: 0.961 [Mean: 0.6 |Mean: 0.6
53 Glide Area to Riffle Area (Agg/Agkr) Min: 0.0 Min: 0.794 |Min: 0.794 [Min: 0.6 [Min: 0.6
Max: 0.0 Max: 1.129 |Max: 1.129 [Max: 0.6 |Max: 0.6
Mean: 1.6 Mean: 1.30 |Mean: 2.27 [Mean: 2.0 |Mean: 1.6
54 Glide Maximum Depth (dmaxg) Min: 1.6 Min: 1.22 |Min: 2.14 |Min: 2.0 [Min: 1.6
Max: 1.6 Max: 1.37 |Max: 2.40 [Max: 2.0 |Max: 1.6
Glide Maximum Depth to Riffle Mean: 1.4 Mean: 1.207 |Mean: 1.207 [Mean: 1.5 |Mean: 1.5
55 Mean Depth (dyae/du) Min: 1.4 Min: 1.138 |Min: 1.138 [Min: 1.5 [Min: 1.5
gmbe Max: 14 |Max: 1277 |Max:  1.277 |Max: 15 [Max: 15
Mean: Mean: 15.3 |Mean: 24.7 [Mean: 6.1 |Mean: 4.6
56 Glide Inner Berm Width, ft (Wi,g) Min: Min: 14.0 |Min: 20.8 |Min: 6.1 [Min: 4.6
Max: Max: 16.5 |Max: 28.6 [|Max: 6.1 |Max: 4.6
Glide Inner Berm Width to Glide Mean:  #DIV/0! [Mean: 0.575 |Mean: 0.575 [Mean: 0.2 |Mean: 0.2
57 Width (Wi W) Min: #DIV/O! [Min: 0.528 |Min: 0.528 |Min: 0.2 [Min: 0.2
m o b Max:  #DIV/0! [Max:  0.622 |Max:  0.622 |[Max: 0.2 [Max: 0.2
S ) Mean: Mean: 0.25 Mean: 0.43 |Mean: 0.6 |Mean: 0.5
@ | 5g Glide Inner Berm Mean Depth, ft Min: Min: 018 |Min: 034 |vin: 0.6 [Min: 05




. Design Reach Design Reach Design Reach Design Reach Target Design SHladis WEnEEt DR || [, (Renle el XL
Entry Number & Variable . Based on Arkansas Based on Elk Creek
Pool-1 Pool-2 Pool-3 DS Riffle
Reference Reference Reference Reference
£ ey Max: Max: 033 [Max: 052 |[Max 06 [Max: 0.5
a . Mean: #DIV/0! [Mean: 0.265 |Mean: 0.265 [Mean: 1.2 |Mean: 1.2
£ Glide Inner Berm Mean Depth to . . . . .
5099 . Min: #DIV/O! [Min: 0.185 |Min: 0.185 [Min: 1.2 |Min: 1.2
o Glide Mean Depth (dipg/disg)
= Max: #DIV/0! [Max: 0.345 |Max: 0.345 |Max: 1.2 [Max: 1.2
Q
Mean: #DIV/0! [Mean: 61.9 |Mean: 61.9 [Mean: 9.3 |Mean: 9.3
E Glide Inner Berm Width/Depth fean .ean .ean .ean .ean
o | 60 ) Min: #DIV/0! [Min: 39.6 [Min: 39.6 [Min: 9.3 [Min: 9.3
S Ratio (Wipg/ding)
6 Max: #DIV/O! [Max: 84.2 |Max: 84.2 |Max: 9.3 |Max: 9.3
. . Mean: Mean: 3.8 Mean: 10.3 [Mean: 3.8 |Mean: 2.3
Glide Inner Berm Cross-Sectional . . . . .
61 Min: Min: 3.0 Min: 9.7 |Min: 3.8 |Min: 2.3
Area (Ajpg)
Max: Max: 4.7 Max: 10.9 [Max: 3.8 [Max: 2.3
) ) Mean: #DIV/0! |Mean: 0.149 [Mean: 0.149 |Mean: 0.2 |Mean: 0.2
Glide Inner Berm Area to Glide Area ) ) ) ) )
62 (A Aucc) Min: #DIV/0! [Min: 0.115 |Min: 0.115 [Min: 0.2 [Min: 0.2
LmIsE Max:  #DIV/0! [Max: 0.183 |Max:  0.183 |max: 0.2 [Max: 0.2
Mean: Mean: N/A Mean: N/A  |Mean: 0.0 [Mean: 0.0
63 Step Width, ft (Wpss) Min: Min: Min: Min: 0.0 [Min: 0.0
Max: Max: Max: Max: 0.0 |Max: 0.0
Mean: 0.0 Mean: N/A  |Mean: N/A  |Mean: 0.0 [Mean: 0.0
Step Width to Riffle Width ean ean ean ean ean
64 Min: 0.0 Min: Min: Min: 0.0 |Min: 0.0
(W pits/ W) . i i i X
Max: 0.0 Max: Max: Max: 0.0 |Max: 0.0
Mean: Mean: N/A Mean: N/A  |Mean: 0.0 [Mean: 0.0
65 Step Mean Depth, ft (dyss) Min: Min: Min: Min: 0.0 [Min: 0.0
Max: Max: Max: Max: 0.0 |Max: 0.0
Mean: 0.0 Mean: N/A  |Mean: N/A  |Mean: 0.0 [Mean: 0.0
Step Mean Depth to Riffle Mean .ean .ean .ean .ean .ean
66 Min: 0.0 Min: Min: Min: 0.0 |Min: 0.0
2 Depth (dyts/ir) . . . . .
o Max: 0.0 Max: Max: Max: 0.0 [Max: 0.0
& Mean:  #DIV/0! [Mean: Mean: Mean: 0.0 |Mean: 0.0
E 67 Step Width/Depth Ratio (Wyyss/dpiss) Min: #DIV/O! |Min: Min: Min: 0.0 [Min: 0.0
g_ Max: #DIV/0! |Max: Max: Max: 0.0 |Max: 0.0
% Mean: Mean: N/A Mean: Mean: 0.0 |[Mean: 0.0
68 Step Cross-Sectional Area, ft (Aps) Min: Min: Min: Min: 0.0 [Min: 0.0
Max: Max: Max: Max: 0.0 |Max: 0.0
Mean: 0.0 Mean: N/A Mean: N/A  |Mean: 0.0 [Mean: 0.0
69 Step Area to Riffle Area (Apys/Ankr) Min: 0.0 Min: Min: Min: 0.0 [Min: 0.0
Max: 0.0 Max: Max: Max: 0.0 |Max: 0.0
Mean: Mean: N/A Mean: Mean: 0.0 |Mean: 0.0
70 Step Maximum Depth (daxs) Min: Min: Min: Min: 0.0 [Min: 0.0
Max: Max: Max: Max: 0.0 |Max: 0.0
. . Mean: 0.0 Mean: N/A Mean: N/A  |Mean: 0.0 |Mean: 0.0
Step Maximum Depth to Riffle ) ) ) ) )
71 Min: 0.0 Min: Min: Min: 0.0 |Min: 0.0
Mean Depth (daxs/doxs)
Max: 0.0 Max: Max: Max: 0.0 |Max: 0.0
Mean: 143.0 [Mean: 299.2 |Mean: 467.2 |Mean: 74.6 |Mean: 56.0
72 Linear Wavelength, ft (L) Min: 40.9 [Min: 268.4 |Min: 419.0 [Min: 55.9 [Min: 42.0




. Design Reach Design Reach Design Reach Design Reach Target Design SHladis WEnEEt DR || [, (Renle el XL

Entry Number & Variable . Based on Arkansas Based on Elk Creek

Pool-1 Pool-2 Pool-3 DS Riffle

Reference Reference Reference Reference
Max: 595.2 |Max: 318.1 |Max: 496.6 |Max: 102.5 |Max: 77.0

Linear Wavelength to Riffle Width Mfean: 6.4 Mfean: 12.040 Mfean: 12.040 Mfean: 3.7 Mfean: 3.7

73 Min: 1.8 Min: 10.800 |Min: 10.800 [Min: 2.8 |Min: 2.8

(A1 Wo) Max: 265 [Max: 12.800 |Max:  12.800 |Max: 51 [Max: 5.1
Mean: 149.0 [Mean: 340.5 |Mean: 531.6 [Mean: 86.5 |Mean: 65.0
74 Stream Meander Length, ft (L) Min: 48.5 |Min: 305.7 |Min: 477.2 |Min: 59.9 [Min: 45.0
Max: 611.2 [Max: 375.2 |Max: 585.9 [Max: 106.5 |Max: 80.0

. Mean: 6.6 Mean: 13.700 |Mean: 13.700 |Mean: 4.3 [Mean: 4.3

Stream Meander Length Ratio . ) . . .

75 (L We) Min: 2.2 Min: 12.300 |Min: 12.300 Min: 3.0 |Min: 3.0
ek Max: 272 [Max: 15100 [Max:  15.100 |Max: 53 [Max: 5.3
Mean: 65.0 |Mean: 125.2 |Mean: 195.6 [Mean: 54.6 |Mean: 41.0
76 Belt Width, ft (Wy) Min: 0.0 Min: 99.7 |Min: 155.6 Min: 39.9 [Min: 30.0
Max: 0.0 Max: 176.4 |Max: 275.5 [Max: 73.2 |Max: 55.0

Mean: 2.9 Mean: 5.040 |Mean: 5.040 [Mean: 2.7 |Mean: 2.7

77 Meander Width Ratio (Wy/Wpy) Min: 0.0 Min: 4.010 [Min: 4.010 [Min: 2.0 [Min: 2.0
Max: 0.0 Max: 7.100 |Max: 7.100 [Max: 3.7 |Max: 3.7
Mean: 75.4 |Mean: 84.8 |Mean: 132.4 [Mean: 17.3 |Mean: 13.0

78 Radius of Curvature, ft (R.) Min: 10.0 [Min: 54.7 |Min: 85.4 |Min: 5.3 [Min: 4.0
Max: 300.0 |Max: 112.2 |Max: 175.2 [Max: 37.3 |Max: 28.0

g Radius of Curvature to Riffle Width M.ean: 34 Mean: 3.412 Mgan: 3.412 Mgan: 0.9 Mgan: 0.9
=79 Min: 0.4 Min: 2.200 |Min: 2.200 [Min: 0.3 [Min: 0.3
g (R Woie) Max: 133 |Max: 4516 |Max: 4516 |Max: 1.9 |Max: 1.9
é Mean: 44.2 |Mean: 89.8 |Mean: 140.2 [Mean: 34.6 |Mean: 26.0
rscu 80 Arc Length, ft (Ly) Min: 8.9 |Min: 52.2 [Min: 81.5 |Min: 16.0 [Min: 12.0
O Max: 136.2 [Max: 127.2 |Max: 198.6 [Max: 61.2 |Max: 46.0
Mean: 2.0 Mean: 3.613 |Mean: 3.613 [Mean: 1.7 |Mean: 1.7

81 Arc Length to Riffle Width (Ly/W ) Min: 0.4 |Min: 2.100 |Min: 2.100 [Min: 0.8 [Min: 0.8
Max: 6.1 Max: 5.119 |Max: 5.119 [Max: 3.1 |Max: 3.1
Mean: 60.7 |Mean: 77.0 |Mean: 120.3 [Mean: 22.3 |Mean: 16.7

82 Riffle Length (L), ft Min: 2.5 Min: 52.2 |Min: 81.5 |Min: 10.6 |Min: 8.0
Max: 290.3 |Max: 99.7 |Max: 155.6 [Max: 41.4 |Max: 311

Mean: 2.7 Mean: 3.100 |Mean: 3.100 [Mean: 1.1 |Mean: 1.1

83 Riffle Length to Riffle Width (L/Wyy) Min: 0.1 Min: 2.100 |Min: 2.100 [Min: 0.5 [Min: 0.5
Max: 12.9 [Max: 4.010 [Max: 4.010 |Max: 2.1 |Max: 2.1
Mean: 31.0 |Mean: 54.7 |Mean: 85.4 [Mean: 23.7 |Mean: 17.8

84 Individual Pool Length, ft (L,) Min: 6.2 Min: 44.7  [Min: 69.8 |Min: 8.5 [Min: 6.4
Max: 95.3 [Max: 68.3 |Max: 106.7 [Max: 81.2 |Max: 61.0

Mean: 1.4 Mean: 2.200 |Mean: 2.200 [Mean: 1.2 |Mean: 1.2

85 Pool Length to Riffle Width (L,/W\) Min: 0.3 Min: 1.800 |Min: 1.800 [Min: 0.4 [Min: 04
Max: 4.2 Max: 2.750 |Max: 2.750 [Max: 4.1 [Max: 4.1
Mean: 74.7 |Mean: 157.3 |Mean: 245.6 |Mean: 59.0 |Mean: 44.3
86 Pool-to-Pool Spacing, ft (Ps) Min: 16.3 [Min: 124.3 |Min: 194.0 |Min: 16.0 |Min: 12.0




. Design Reach Design Reach Design Reach Design Reach Target Design SHladis WEnEEt DR || [, (Renle el XL
Entry Number & Variable . Based on Arkansas Based on Elk Creek
Pool-1 Pool-2 Pool-3 DS Riffle
Reference Reference Reference Reference
Max: 328.8 |Max: 186.4 |Max: 291.0 [Max: 117.6 |Max: 88.3
. . i Mean: 3.3 Mean: 6.330 [Mean: 6.330 |Mean: 2.9 |Mean: 2.9
87 (Ppo:/)\ll'vt:k';om Spacing to Riffle Width Min: 0.7 [Min: 5000 |Min:  5.000 |Min: 0.8 |Min: 0.8
Max: 14.6 [(Max: 7.500 |Max: 7.500 [Max: 5.9 |Max: 5.9
88 Stream Length (SL) 7228.6 12820.0 3420.0 12824.0 3420.0
qé 89 Valley Length (VL) 6786.0 12009.0 3000.0 12009.0 3000.0
%)
;% 90 Valley Slope (Sya) 0.0442 0.0389 0.0114 0.0389 0.0336
>
2| 91 Sinuosity (k) stvi: 107 |suve 1o7 |SUVELIA g qor |SHVE 114
3 VS/S: 1.14 VS/S: 1.14
(%) S =Salk S =S,alk
92 Average Water Surface Slope (S) 0.0423 0.0364 0.0100 0.0364 0.0294
Mean: Mean: Mean: 305.000 Mean: 305.000
_% 93 Floodplain Width, ft (W) Min: Min: Min: 210.000 Min: 210.000
_{E:_ Max: Max: Max: 400.000 Max: 400.000
3 Floodplain Surface Depth Limit, ft M.ean: M.ean: Mlean: 20 Mlean: 20
|9 (d) Min: Min: Min: 1.8 Min: 1.8
Max: Max: Max: 2.2 Max: 2.2
Mean: Mean: Mean: 450.000 Mean: 450.000
% 95 Low Terrace Width, ft (W) Min: Min: Min: 290.000 Min: 290.000
g Max: Max: Max: 620.000 Max: 620.000
; Low Terrace Surface Depth Limit, ft Mean: Mean: Mean: 5.6 Mean: 56
S |96 () ' Min: Min: Min: 5.3 Min: 5.3
Max: Max: Max: 6.0 Max: 6.0
s Mean: 42.500 [Mean: Mean: 450.000 Mean: 450.000
< | 97 Flood-Prone Area Width, ft (Wy,,) Min: Min: Min: 290.000 Min: 290.000
g Max: Max: Max: 610.000 Max: 610.000
¢ Mean: Mean: Mean: 5.6 Mean: 5.6
g 98 E:;?S-:r(zz(:)mea Surface Depth Min: Min: Min: 5.3 Min: 5.3
e Max: Max: Max: 6.0 Max: 6.0
Mean: Mean: Mean: 2.575 Mean: 0.000
= | 99 Low Bank Height (LBH) Min: Min: Min: 2.310 Min: 0.000
-% Max: Max: Max: 2.840 Max: 0.000
E Maximum Bankfull Depth (dmay) at Mean: Mean: Mean: 2.6 Mean: 2.1
5 | 100 Same Location as Low Bank Height Min: Min: Min: 2.3 Min: 2.1
& (LBH) Measurement Max: Max: Max: 2.8 Max: 2.1
05;’ Mean: Mean: Mean:  1.000 Mean:  0.000
O 1101 Bank-Height Ratio (LBH/dya) Min: Min: Min: 1.000 Min: 0.000
Max: Max: Max: 1.000 Max: 0.000




. Design Reach Design Reach Design Reach Design Reach Target Design SHladis WEnEEt DR || [, (Renle el XL
Entry Number & Variable PooI-1 POOI-2 Pool-3 DS Riffle Based on Arkansas Based on Elk Creek
Reference Reference Reference Reference
Mean: Mean: 1.9 Mean: 3.3 2.0 |Mean: 1.6
102 Riffle Maximum Depth, ft (dyay) Min: Min: 17 Min: 3.0 0.5 |Min: 0.4
g Max: Max: 1.9 |Max: 3.4 2.5 [Max: 2.0
E Riffle Maximum Debth to Riffle Mean: Mean: 1.734 |Mean: 1.734 1.505 |Mean: 1.505
= P Min: Min: 1.617 |Min: 1.617 0.355 |Min: 0.355
= Mean Depth (dax/dpxs)
= Max: Max: 1.803 |Max: 1.803 1.897 |Max: 1.897
& Mean: Mean: 2.8 Mean: 4.9 3.3 |Mean: 2.6
E; 104 Pool Maximum Depth, ft (dmaxp) Min: Min: 2.4 Min: 4.2 2.2 |Min: 1.8
» Max: Max: 3.0 Max: 5.3 4.8 [Max: 3.9
%]
o Mean: Mean: 2.606 |Mean: 2.606 2.467 |Mean: 2.467
= Pool Maximum Depth to Riffle
_5 Mean Depth (d F/)d ) Min: Min: 2.255 |Min: 2.255 1.682 |Min: 1.682
= PEN {Cmaxp/ it Max: Max: 2.793 |Max:  2.793 3.607 |Max:  3.607
£ Mean: Mean: 2.0 Mean: 3.4 2.4 |Mean: 1.9
g 106 Run Maximum Depth, ft (dmax) Min: Min: 1.8 Min: 3.2 1.6 [Min: 1.3
) Max: Max: 21 [Max: 3.7 3.3 |Max: 2.7
(2]
Z Mean: Mean: 1.824 |Mean: 1.824 1.813 |Mean: 1.813
S Run Maximum Depth to Riffle Mean Min: Min: 1681 IMin: e 1.206 |min: .
g Depth (da/de) in: in: . in: . . in: .
= Max: Max: 1.963 |Max: 1.963 2.486 |Max: 2.486
§ Mean: Mean: 1.4 Mean: 2.5 2.1 |Mean: 1.7
= | 108 Glide Maximum Depth, ft (dmaxg) Min: Min: 1.2 Min: 2.2 1.0 [Min: 0.8
=] Max: Max: 1.6 |Max: 2.8 3.0 |Max: 2.4
a Glide Maximum Depth to Riffle Mean: Mean: 1.309 |Mean: 1.309 1.607 |Mean:  1.607
A Mean Depth (dyae/dye) Min: Min: 1.149 [Min: 1.149 0.757 [Min: 0.757
= PEN {Gmaxg!Coit Max: Max: 1.473 [Max: 1473 2215 |Max: 2215
::: Mean: Mean: N/A Mean: N/A 0.0 |[Mean: 0.0
§ 110 Step Maximum Depth, ft (diaxs) Min: Min: Min: 0.0 [Min: 0.0
2 Max: Max: Max: 0.0 [Max: 0.0
[ea] . . Mean: Mean: N/A Mean: N/A 0.000 |Mean: 0.000
Step Maximum Depth to Riffle ) ) ) )
111 Min: Min: Min: 0.000 |Min: 0.000
Mean Depth (daxs/doxs) . . . .
Max: Max: Max: 0.000 |Max: 0.000




USGS StreamStats Summary



Streamflow Statistics Report

Colorado StreamSiats

http://streamstatsags.cr.usgs.gov/gisimg/Reports/FlowStatsReport304251_2015519155748.htm?cmd=ComputeFlows[5/19/2015 3:58:02 PM]
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Streamflow Statistics Report

Colorado StreamSiats

http://streamstatsags.cr.usgs.gov/gisimg/Reports/FlowStatsReport304247_2015519155459.htm?cmd=Computeflows[5/19/2015 3:55:46 PM]
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Regional Curves



Fourmile Canyon Creek Stream Survey Compared to Regional Curves
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North Fork of North Elk Creek




North Fork of North Elk Creek
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Statistical Analysis of USGS Gage Data



Peak Flow (CFS)
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Hydraulic Modeling Results



Project Data

Hydraulic Analysis Report

Project Title: Project - FMCC

Designer:

Project Date: Wednesday, January 06, 2016

Project Units:
Notes:

U.S. Customary Units

Channel Analysis: Reach 8

Notes:

Input Parameters
Channel Type:

Cross Section Data

Custom Cross Section

Elevation (ft) Elevation (ft) Manning's n
0.00 4.90 0.0500
0.50 2.90 0.0500
3.50 2.70 0.0500
6.80 1.70 0.0500
9.50 1.60 0.0500
10.50 1.00 0.0500
14.25 0.80 0.0500
18.00 1.00 0.0500
19.00 1.60 0.0500
21.70 1.70 0.0500
25.00 2.70 0.0500
28.00 2.90 0.0500
28.50 490 L e




Longitudinal Slope: 0.0650 ft/ft
Depth: 1.9000 ft

Result Parameters
Flow: 209.1005 cfs
Area of Flow: 25.2700 ft*2
Wetted Perimeter: 22.1431 ft
Hydraulic Radius: 1.1412 ft
Average Velocity: 8.2747 ft/s
Top Width: 21.5000 ft
Froude Number: 1.3451
Critical Depth: 2.2191 ft
Critical Velocity: 6.2514 ft/s
Critical Slope: 0.0356 ft/ft
Critical Top Width: 27.56 ft
Calculated Max Shear Stress: 7.7064 Ib/ft*2
Calculated Avg Shear Stress: 4.6288 Ib/ft"2
Composite Manning's n Equation: Lotter method
Manning's n:  0.0500



Channel Analysis: Reach 9B
Notes:

Input Parameters
Channel Type: Custom Cross Section

Cross Section Data

Elevation (ft) Elevation (ft) Manning's n
0.00 4.90 0.0500
0.50 2.90 0.0500
3.50 2.70 0.0500
6.80 1.70 0.0500
9.50 1.60 0.0500
10.50 1.00 0.0500
14.25 0.80 0.0500
18.00 1.00 0.0500
19.00 1.60 0.0500
21.70 1.70 0.0500
25.00 2.70 0.0500
28.00 2.90 0.0500
28.50 40 e

Longitudinal Slope: 0.0600 ft/ft
Depth: 1.9000 ft

Result Parameters
Flow: 200.8972 cfs
Area of Flow: 25.2700 ft*2
Wetted Perimeter: 22.1431 ft
Hydraulic Radius: 1.1412 ft
Average Velocity: 7.9500 ft/s
Top Width: 21.5000 ft
Froude Number: 1.2923
Critical Depth: 2.1869 ft
Critical Velocity: 6.1698 ft/s
Critical Slope: 0.0358 ft/ft
Critical Top Width: 27.54 ft
Calculated Max Shear Stress: 7.1136 Ib/ft*2
Calculated Avg Shear Stress: 4.2727 Ib/ft"2
Composite Manning's n Equation: Lotter method
Manning's n:  0.0500



Channel Analysis: Pool-1
Notes:

Input Parameters
Channel Type: Custom Cross Section

Cross Section Data

Elevation (ft) Elevation (ft) Manning's n
0.00 3.30 0.0500
9.35 2.20 0.0500
11.40 1.00 0.0500
15.15 1.00 0.0500
18.90 1.00 0.0500
21.30 2.20 0.0500
23.50 3% | e

Longitudinal Slope: 0.0550 ft/ft
Depth: 2.3000 ft

Result Parameters
Flow: 255.5157 cfs
Area of Flow: 31.1675 ft"2
Wetted Perimeter: 24.4328 ft
Hydraulic Radius: 1.2756 ft
Average Velocity: 8.1981 ft/s
Top Width: 23.5000 ft
Froude Number: 1.2545
Critical Depth: 2.5164 ft
Critical Velocity: 7.0480 ft/s
Critical Slope: 0.0332 ft/ft
Critical Top Width: 23.50 ft
Calculated Max Shear Stress: 7.8936 Ib/ft2
Calculated Avg Shear Stress: 4.3780 Ib/ft"2
Composite Manning's n Equation: Lotter method
Manning's n:  0.0500




Channel Analysis: Pool-2
Notes:

Input Parameters
Channel Type: Custom Cross Section

Cross Section Data

Elevation (ft) Elevation (ft) Manning's n
0.00 3.60 0.0500
11.97 2.20 0.0500
14.70 1.00 0.0500
18.45 1.00 0.0500
22.20 1.00 0.0500
22.80 2.20 0.0500
23.50 K

Longitudinal Slope: 0.0550 ft/ft
Depth: 2.6000 ft

Result Parameters
Flow: 302.2328 cfs
Area of Flow: 35.0329 ft*2
Wetted Perimeter: 25.4403 ft
Hydraulic Radius: 1.3771 ft
Average Velocity: 8.6271 ft/s
Top Width: 23.5000 ft
Froude Number: 1.2452
Critical Depth: 2.8347 ft
Critical Velocity: 7.4538 ft/s
Critical Slope: 0.0338 ft/ft
Critical Top Width: 23.50 ft
Calculated Max Shear Stress: 8.9232 Ib/ft"2
Calculated Avg Shear Stress: 4.7261 Ib/ft"2
Composite Manning's n Equation: Lotter method
Manning's n:  0.0500




Channel Analysis: Pool-3
Notes:

Input Parameters
Channel Type: Custom Cross Section

Cross Section Data

Elevation (ft) Elevation (ft) Manning's n
0.00 3.30 0.0500
12.12 2.20 0.0500
14.85 1.00 0.0500
18.60 1.00 0.0500
22.35 1.00 0.0500
22.95 2.20 0.0500
23.50 330 0 e

Longitudinal Slope: 0.0550 ft/ft
Depth: 2.3000 ft

Result Parameters
Flow: 233.2042 cfs
Area of Flow: 29.8829 ft"2
Wetted Perimeter: 25.2231 ft
Hydraulic Radius: 1.1847 ft
Average Velocity: 7.8039 ft/s
Top Width: 23.5000 ft
Froude Number: 1.2196
Critical Depth: 2.4799 ft
Critical Velocity: 6.8366 ft/s
Critical Slope: 0.0354 ft/ft
Critical Top Width: 23.50 ft
Calculated Max Shear Stress: 7.8936 Ib/ft*2
Calculated Avg Shear Stress: 4.0660 Ib/ft"2
Composite Manning's n Equation: Lotter method
Manning's n:  0.0500




Client: Boulder County
Project: Fourmile Canyon Creek Stream Restoration
Description: LPSTP Toe Protection for Bankfull Flow in Pool-1 at Maximum Velocity

By:

D

ate.

SMA

31-Dec-15

METHOD 1 - CORPS OF ENGINEERS

SOURCE: U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control
Channels. EM 1110-2-1601, Change 1. June 30.
Revetment Method (Recommended for slopes < 2%)
INPUT DATA
y= 2.3|Depth of Flow
Sf= 1.1|Safety Factor
Cs= 0.3|Stability Coefficient (0.3 for angular rock, 0.375 for rounded)
Calculate Cv for channel bend:
Rc 50|radius of curvature (ft From design pattern min
= 23.5| Topwidth (ft) Bankfull
Cv= 1.22|Velocity Distribution Coeff. (Use 1.0 for Rc/T > 26)
Ct= 4.5|Blanket Thickness Coefficient
Calculate design velocity (Vss) for channel bend:
Vavg Avg Channel Velocity U/S of Bend (ft/s)

Design velocity (bank area of bend in natural channel)

METHOD 2 - UDFCD/SPRINGS
SOURCE: Urban Storm Drainage Criteria Manual, Vol. 2
Uban Drainage and Flood Control District, Denver, Colorado
Rev. April 2008
City of Colorado Springs/El Paso County Drainage Criteria Manual
12-Oct-94
INPUT DATA

V= 8.198|Mean channel flow velocity (ft/s) 0

Adjust Velocity for Bend (UDFCD EQ. MD-10, pg MD-47). No Adjustment for Rc/T > 8.

Rc 50|radius of curvature (ft From design pattern min
= 23.5|Topwidth (ft) Bankfull
Va= 15| Velocity adjusted for bend (ft/s)

0.055|Channel slope (ft/ft) from proposed grading

S, = Rock specific gravity

COMPUTED DATA

a

Theta = 76|Bank Angle in Degrees Measured on outside of pool cross section from toe
Phi = 90|Angle of repose (degrees) of riprap material (normally 40 degrees) Class/Type
Sg = 2.65|Rock Specific Gravity R, = 6.7 Min Max Riprap D50
g= 32.2|Gravity Riprap D50 (ft) = >2.0!l1[INA! Rp Rp Type (inches)
Boulder D50 (ft) = 2.50(B30 1.4 3.2 VL 6
3.3 3.9 L 9
COMPUTED DATA Values in UDFCD Manual 4 4.5 M 12
4.6 5.5 H 18
K1 = 0.24|Side slope correction factor 5.6 6.4 VH 24
D30 =[ 35.8|ft 6.3 6.8 30
D50 = 43.0|ft 6.8 7.2 36
Extrapolated from UDFCD Values 72 75 42
(See Curves Below) 7l6 7.8 78
| Max D50 = 43.0 ft | 7.9 8.1 54
12 Rp vs D50 8.2 8.3 60
Min Max Boulder D50
10 Rp Rp Class (inches)
* MinRp 4.6 5.5 B18 18
= ko . T 0
; y =2.3003In(x) - 1.0703 : -
8 | oo (MnRe) RZ= 09873 72 7.8 B36 36
?’ =—Log. (Max Rp) 7.9 8.4 B42 42
£ 8.5 9.0 B48 48
E 6 -
3
[=] o < y = 2.8058In(x) - 3.2582
4 / 2 R?=0.9557
*
2 7
*
0 T T T T T T T
0 6 12 18 &4 30 36 42 48
p




Client: Boulder County
Project: Fourmile Canyon Creek Stream Restoration
Description: LPSTP Toe Protection for Bankfull Flow in Pool-2 at Maximum Velocity

By:

D

ate.

SMA

31-Dec-15

METHOD 1 - CORPS OF ENGINEERS

SOURCE: U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control
Channels. EM 1110-2-1601, Change 1. June 30.
Revetment Method (Recommended for slopes < 2%)
INPUT DATA
y= 2.6|Depth of Flow
Sf= 1.1|Safety Factor
Cs= 0.3|Stability Coefficient (0.3 for angular rock, 0.375 for rounded)
Calculate Cv for channel bend:
Rc 50|radius of curvature (ft From design pattern min
= 23.5| Topwidth (ft) Bankfull
Cv= 1.22|Velocity Distribution Coeff. (Use 1.0 for Rc/T > 26)
Ct= 4.5|Blanket Thickness Coefficient
Calculate design velocity (Vss) for channel bend:
Vavg Avg Channel Velocity U/S of Bend (ft/s)

Design velocity (bank area of bend in natural channel)

METHOD 2 - UDFCD/SPRINGS
SOURCE: Urban Storm Drainage Criteria Manual, Vol. 2
Uban Drainage and Flood Control District, Denver, Colorado
Rev. April 2008
City of Colorado Springs/El Paso County Drainage Criteria Manual
12-Oct-94
INPUT DATA

V= 8.627|Mean channel flow velocity (ft/s) 0

Adjust Velocity for Bend (UDFCD EQ. MD-10, pg MD-47). No Adjustment for Rc/T > 8.

Rc = 50|radius of curvature (ft From design pattern min
= 23.5|Topwidth (ft) Bankfull
Va= 16| Velocity adjusted for bend (ft/s)

0.055|Channel slope (ft/ft) from proposed grading

S, = Rock specific gravity

COMPUTED DATA

a

Theta = 76|Bank Angle in Degrees Measured on outside of pool cross section from toe
Phi = 90 [Angle of repose (degrees) of riprap material (normally 40 degrees) Class/Type
Sg = 2.65|Rock Specific Gravity R, = 71 Min Max Riprap D50
g= 32.2|Gravity Riprap D50 (ft) = >2.0!l1[INA! Rp Rp Type (inches)

Boulder D50 (ft) = 2.50(B30 1.4 3.2 VL 6

3.3 3.9 L 9

COMPUTED DATA Values in UDFCD Manual 4 4.5 M 12
4.6 5.5 H 18

K1 = 0.24|Side slope correction factor 5.6 6.4 VH 24
D30 =[  39.5|ft 6.3 6.8 30
D50 = 47.4|ft 6.8 7.2 36
Extrapolated from UDFCD Values 72 75 42

(See Curves Below) 76 78 28

| Max D50 = 47.4 ft | 7.9 8.1 54
12 Rp vs D50 52 83 50
Min Max Boulder D50

10 Rp Rp Class (inches)

¢ MinRp 4.6 5.5 B18 18

= MaxRp 5.6 6.4 B24 24

8 1| ——Log. (MinRp) y= 2.30203In(x) -1.0703 6.5 71 B30 30

——Log. (MaxRp) R?=0.9873 7.2 7.8 B36 36

7.9 8.4 B42 42

> 8.5 9.0 B48 48

D50 (inches)
(o]

/y=2’.8058ln(x) -3.2582

.
>’

N

R#=10.9557

30 36 42 48




Client: Boulder County
Project: Fourmile Canyon Creek Stream Restoration
Description: LPSTP Toe Protection for Bankfull Flow in Pool-3 at Maximum Velocity

By:

Date:

SMA

31-Dec-15

METHOD 1 - CORPS OF ENGINEERS

SOURCE: U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control
Channels. EM 1110-2-1601, Change 1. June 30.
Revetment Method (Recommended for slopes < 2%)
INPUT DATA
y= 2.3|Depth of Flow
Sf= 1.1|Safety Factor
Cs= 0.3|Stability Coefficient (0.3 for angular rock, 0.375 for rounded)
Calculate Cv for channel bend:
Rc 50|radius of curvature (ft From design pattern min
= 23.5| Topwidth (ft) Bankfull
Cv= 1.22|Velocity Distribution Coeff. (Use 1.0 for Rc/T > 26)
Ct= 4.5|Blanket Thickness Coefficient
Calculate design velocity (Vss) for channel bend:
Vavg Avg Channel Velocity U/S of Bend (ft/s)

Design velocity (bank area of bend in natural channel)

METHOD 2 - UDFCD/SPRINGS
SOURCE: Urban Storm Drainage Criteria Manual, Vol. 2
Uban Drainage and Flood Control District, Denver, Colorado
Rev. April 2008
City of Colorado Springs/El Paso County Drainage Criteria Manual
12-Oct-94
INPUT DATA

V= 7.894|Mean channel flow velocity (ft/s) 0

Adjust Velocity for Bend (UDFCD EQ. MD-10, pg MD-47). No Adjustment for Rc/T > 8.

Rc = 50|radius of curvature (ft From design pattern min
= 23.5|Topwidth (ft) Bankfull
Va= 15| Velocity adjusted for bend (ft/s)

0.055|Channel slope (ft/ft) from proposed grading

S, = Rock specific gravity

COMPUTED DATA

a

Theta = 76|Bank Angle in Degrees Measured on outside of pool cross section from toe
Phi = 90|Angle of repose (degrees) of riprap material (normally 40 degrees) Class/Type
Sg = 2.65|Rock Specific Gravity R, = 6.5 Min Max Riprap D50
g= 32.2|Gravity Riprap D50 (ft) = >2.0!l1[INA! Rp Rp Type (inches)
Boulder D50 (ft) = 2.50(B30 1.4 3.2 VL 6
3.3 3.9 L 9
COMPUTED DATA Values in UDFCD Manual 4 4.5 M 12
4.6 5.5 H 18
K1 = 0.24|Side slope correction factor 5.6 6.4 VH 24
D30 =[ 32.6|ft 6.3 6.8 30
D50 = 39.1|ft 6.8 7.2 36
Extrapolated from UDFCD Values 72 75 42
(See Curves Below) 76 78 28
| Max D50 = 39.1 ft | 7.9 8.1 54
Rp vs D50 8.2 8.3 60
12
Min Max Boulder D50
Rp Rp Class (inches)
10 Py 4.6 5.5 B18 18
" oo . T 0
8 {—| ——Log. (MinRp) y = 2.3003In(x) - 1.0703 72 78 B36 36
- ——Log. (Max Rp) R =0.9873 7.9 84 B42 42
2 8.5 9.0 B48 48
g6 —.
2
o o ®  y=28058In(x) - 3.2582
4 / 2 R?=0.9557
*
2 7
*
0 T T T T T T T
0 6 12 18 ﬁ‘t) 30 36 42 48




Client: Boulder County By: SMA
Project: Fourmile Canyon Creek Stream Restoration Date: 31-Dec-15
Description: LPSTP Toe Protection for Bankfull Flow in Riffle at Maximum Velocity Upstream of Lion Point
METHOD 1 - CORPS OF ENGINEERS METHOD 2 - UDFCD/SPRINGS
SOURCE: U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control SOURCE: Urban Storm Drainage Criteria Manual, Vol. 2
Channels. EM 1110-2-1601, Change 1. June 30. Uban Drainage and Flood Control District, Denver, Colorado
Revetment Method (Recommended for slopes < 2%) Rev. April 2008
INPUT DATA City of Colorado Springs/El Paso County Drainage Criteria Manual
12-Oct-94
y= 1.9|Depth of Flow
Sf= 1.1|Safety Factor INPUT DATA
Cs= 0.3 | Stability Coefficient (0.3 for angular rock, 0.375 for rounded)
Cv= 1|Velocity Distribution Coeff. V= 8.275 [Mean channel flow velocity (ft/s)
Ct= 4.5|Blanket Thickness Coefficient S=| 0.065 |Channel slope (ft/ft)
Vdes =| 8.275|Design Velocity S;=| 2.65 [Rock specific gravity
Theta = 23[Bank Angle in Degrees
Sg = 2.65[Rock Specific Gravity COMPUTED DATA

g= 32.2|Gravity

Riprap D50
Rp Type (inches)
COMPUTED DATA 1.4t03.2 VL 6
3.3t03.9 L 9
K1= 0.93Side slope correction factor 4.0 to 4.5 M 12
D30 = 1.9|ft 4.6t05.5 H 18
D50 = 2.3|ft 5.61t06.4 VH 24




Client: Boulder County By: SMA
Project: Fourmile Canyon Creek Stream Restoration Date: 31-Dec-15
Description: LPSTP Toe Protection for Bankfull Flow in Riffle at Maximum Velocity Downstream of Lion Point
METHOD 1 - CORPS OF ENGINEERS METHOD 2 - UDFCD/SPRINGS
SOURCE: U.S. Army Corps of Engineers. 1994. Hydraulic Design of Flood Control SOURCE: Urban Storm Drainage Criteria Manual, Vol. 2
Channels. EM 1110-2-1601, Change 1. June 30. Uban Drainage and Flood Control District, Denver, Colorado
Revetment Method (Recommended for slopes < 2%) Rev. April 2008
INPUT DATA City of Colorado Springs/El Paso County Drainage Criteria Manual
12-Oct-94
y= 1.9|Depth of Flow
Sf= 1.1|Safety Factor INPUT DATA
Cs= 0.3 | Stability Coefficient (0.3 for angular rock, 0.375 for rounded)
Cv= 1|Velocity Distribution Coeff. V= 7.95 [Mean channel flow velocity (ft/s)
Ct= 4.5|Blanket Thickness Coefficient S=| 0.065 |Channel slope (ft/ft)
Vdes =| 8.275|Design Velocity S;=| 2.65 [Rock specific gravity
Theta = 23[Bank Angle in Degrees
Sg = 2.65[Rock Specific Gravity COMPUTED DATA

g= 32.2|Gravity

Riprap D50
Rp Type (inches)
COMPUTED DATA 1.4t03.2 VL 6
3.3t03.9 L 9
K1= 0.93Side slope correction factor 4.0 to 4.5 M 12
D30 = 1.9|ft 4.6t05.5 H 18
D50 = 2.3|ft 5.61t06.4 VH 24




MAYNORD METHOD FOR CHANNEL SCOUR AT A BEND
Ref: HEC-23 Page 4.10, method assumes bank is protected and that erosion potential will be directed at invert.

100-yr Flow (subcritical flow condition)

O
3
a

UEOW

Dmxb
Ds
Ds X2

1.2

45

23.5

2

2.2

0.2

0.5

cross section area/topwidth upstream of bend Reach 8 Pool
centerline radius of bend From Proposed Alignn
topwidth in bend Reach 8 Pool
Flow depth in bend without scour Reach 8 Pool

Water depth at max scour
Scour depth (below existing invert)
Scour depth (below existing invert) including recommended SF of 2



MAYNORD METHOD FOR CHANNEL SCOUR AT A BEND
Ref: HEC-23 Page 4.10, method assumes bank is protected and that erosion potential will be directed at invert.

100-yr Flow (subcritical flow condition)

O
3
a

UEOW

Dmxb
Ds
Ds X2

1.2

75

23.5

2

2.2

0.2

0.3

cross section area/topwidth upstream of bend Reach 8 Pool
centerline radius of bend From Proposed Alignn
topwidth in bend Reach 8 Pool
Flow depth in bend without scour Reach 8 Pool

Water depth at max scour
Scour depth (below existing invert)
Scour depth (below existing invert) including recommended SF of 2



MAYNORD METHOD FOR CHANNEL SCOUR AT A BEND
Ref: HEC-23 Page 4.10, method assumes bank is protected and that erosion potential will be directed at invert.

100-yr Flow (subcritical flow condition)

Dinc 1.4{ft cross section area/topwidth upstream of bend Reach 9 Pool

R, 45|ft centerline radius of bend From Proposed Alignn
w 25|ft topwidth in bend Reach 9 Pool

D 2.4]|ft Flow depth in bend without scour Reach 9 Pool

Db 2.6|ft Water depth at max scour

Ds 0.2|ft Scour depth (below existing invert)

Ds X2 0.3|ft Scour depth (below existing invert) including recommended SF of 2




MAYNORD METHOD FOR CHANNEL SCOUR AT A BEND
Ref: HEC-23 Page 4.10, method assumes bank is protected and that erosion potential will be directed at invert.

100-yr Flow (subcritical flow condition)

O
3
a

UEOW

Dmxb
Ds
Ds X2

1.4

75

25

2.4

2.5

0.1

0.2

cross section area/topwidth upstream of bend Reach 9 Pool
centerline radius of bend From Proposed Alignn
topwidth in bend Reach 9 Pool
Flow depth in bend without scour Reach 9 Pool

Water depth at max scour
Scour depth (below existing invert)
Scour depth (below existing invert) including recommended SF of 2



Sediment Transport Modeling Results



Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 1 |
| Date: | | Stream Type: | C4 || Valley Type: | VIl |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll 55 57 | Aokt || Bankfull Riffle Mean DEPTH || 1.18 | 9okt
AREA () (ft)
Bankfull Riffle WIDTH 21.50 | Wowr Wetted PERMIMETER 1 2214 | W»
(ft) ~ (2" dps ) + Wi (ft)
D 4, at Riffle 90.00 | Dia D g4 (MM) / 304.8 030 | Das
(mm) (ft)
Bankfull SLOPE 0.0430 | Sews Hydraulic RADIUS 1.14 a
(ft/ ft) Apii I Wy (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 G R(ft) / D g, (f1) 3.86 | R/Dg4
. DA Shear Velocity u*
D A ; g .
rainage Area 4.5 i) U = (gRS)" 1.256 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Fricti ; . R
Farc'fo'%;eg:ffr"‘é‘;s u=[283+566*Log {R/Dg }]u*|| 774 | ft/sec || 19548 | ofs
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative 8.42 y 212.6 ’
Roughness (Figs. 2-18,2-19) u=1.49*R??**s™/n n= | 0.04 | : sec 67 cts
2. Roughness Coefficient: u=149R**s%
b) Manning's n from Stream Type (Fig. 2-20) n= | 0.04 | 8.42 ft/sec 212.67 cfs
2. Roughness Coefficient: u=149R%**s?/n
c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 2.92 ft/sec 73.66 cfs
Toughness, cobble- and boulder-dominated stream systems. e, for N = |_0.116 ]
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller) | 8.03 ft/sec | 202.97 cfs
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A
Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 2 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll 55 57 | A || Bankfull Riffle Mean DEPTH || 1.8 | ok
AREA (2 (ft)
Bankfull Riffle WIDTH 21.50 | Wou Weltled PERMIMETER 11 2214 | Wo
(ft) ~ (2" dps ) + Wi (ft)
D 4, at Riffle 90.00 | Dia D g4 (MM) / 304.8 030 | Das
(mm) (ft)
Bankfull SLOPE 0.0500 | Sow Hydraulic RADIUS 114 R
(ft/ ft) Apki I Wp (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 ! s0cd) R(ft) / D g (f) 397 | R/Dg
. DA Shear Velocity u*
Drainage Area 4.5 i) U = (gRS)" 1.355 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati - * *
Factor Aouegf""‘é‘;s u=[283+566*Log{R/Dg }Ju*(| 834 | ft/sec || 210.79 | cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

6.37 ft / sec 160.95 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 6.37 ft/sec 160.95 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 2.97 ft/sec 75.00 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.122

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.66 ft / sec 218.87 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 3 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll 54 93 | Awkr || Bankfull Riffle Mean DEPTH || 1.25 | o
AREA () (ft)
Bankfull Riffle WIDTH 20.00 | Wou Weltled PERMIMETER 11 2103 | Wo
(ft) ~ (2" dps ) + Wi (ft)
D 4, at Riffle 90.00 | Dia D g4 (MM) / 304.8 030 | Das
(mm) (ft)
Bankfull SLOPE 0.0440 | Sow Hydraulic RADIUS 1.19 R
(ft/ ft) Apki I Wp (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 ! s0cd) R(ft) / D g (f) 397 | R/Dg
. DA Shear Velocity u*
Drainage Area 4.9 i) U = (gRS)" 1.298 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati - * *
Factor Aouegf""‘é‘;s u=[283+566*Log{R/Dg }Ju*| 810 | ft/sec || 201.82 | cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

6.13 ft / sec 152.75 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 6.13 ft/sec 152.75 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 3.02 ft/sec 75.19 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.116

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.55 ft / sec 213.25 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 4 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll 54 93 | Awkr || Bankfull Riffle Mean DEPTH || 1.25 | o
AREA () (ft)
Bankfull Riffle WIDTH 20.00 | Wou Wetted PERMIMETER 1 2103 | We
(ft) ~ (27 dis ) + Wi (ft)
D 4, at Riffle 90.00 | Dia D g4 (MM) / 304.8 030 | Das
(mm) (ft)
Bankfull SLOPE 0.0440 | Sow Hydraulic RADIUS 1.19 R
(ft/ ft) Apki I Wp (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 G R(ft) / D g, (f1) 4.03 | R/Dg
. DA Shear Velocity u*
Drainage Area 4.9 i) U = (gRS)" 1.298 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati _ o *
Factor Aouegf""‘é‘;s u=[283+566*Log{R/Dg }Ju*| 810 | ft/sec || 201.82 | cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

6.13 ft / sec 152.75 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 6.13 ft/sec 152.75 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 3.02 ft/sec 75.19 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.116

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.55 ft / sec 213.25 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach -Reach 5 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectional 24.93 At Bankfull Riffle Mean DEPTH 1.25 doks
AREA (2 (ft)
Bankfull Riffle WIDTH 20.00 | Wou Weltled PERMIMETER 11 2103 | Wo
(ft) ~ (27 dis ) + Wi (ft)
D 4, at Riffle 90.00 | Dia D g4 (MM) / 304.8 030 | Das
(mm) (ft)
Bankfull SLOPE 0.0430 | Sow Hydraulic RADIUS 1.19 R
(ft/ ft) Apki I Wp (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 ! s0cd) R(ft) / D g (f) 397 | R/Dg
. DA Shear Velocity u*
Drainage Area 4.9 i) U = (gRS)" 1.284 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati - * *
Factor Aouegf""‘é‘;s u=[283+566*Log{R/Dg }Ju*| 8.00 | ft/sec || 199.51 | cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

6.06 ft / sec 151.00 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 6.06 ft/sec 151.00 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 3.01 ft/sec 74.99 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.115

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.46 ft / sec 210.81 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

Obtion 2 For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the
puon <. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 6 |
| Date: | | Stream Type: | C4 || Valley Type: | VIl |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll 55 57 | Aokt || Bankfull Riffle Mean DEPTH || 1.18 | 9okt
AREA () (ft)
Bankfull Riffle WIDTH 21.50 | Wowr Wetted PERMIMETER 1 2214 | W»
(ft) ~ (2" dps ) + Wi (ft)
D g, at Riffle 86.00 | Dia- D g, (Mm)/ 304.8 0.28 Daa
(mm) (ft)
Bankfull SLOPE 0.0400 | Sews Hydraulic RADIUS 1.14 a
(ft/ ft) Apii I Wy (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 ! s0cd) R(ft) / D g (f) 4.04 | R/Dgy
. DA Shear Velocity u*
D A ; g .
rainage Area 4.9 i) U = (gRS)" 1.212 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Fricti i
Fat:‘t’l%cﬁeg:?\trl\:s u=[283+566*Log{R/Dg }]Ju*||l 7.60 | ft/sec || 191.96 cfs
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative 8.12 y 205.12 ’
Roughness (Figs. 2-18,2-19) u=1.49*R??**s™/n n= | 0.04 | : sec 5. cts
2. Roughness Coefficient: u=149R**s%
b) Manning's n from Stream Type (Fig. 2-20) n= | 0.04 | 8.12 ft/sec 205.12 cfs
2. Roughness Coefficient: u=149R%**s?/n
c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 2.89 ft/sec 73.01 cfs
Houghness, cobble- and boulder-dominated stream systems. ie. for N = | 0.112_]
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller) | 7.89 ft/sec | 199.29 cfs
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A
Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

Obtion 2 For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the
puon <. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach -Reach 7 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll 54 93 | Awkr || Bankfull Riffle Mean DEPTH || 1.25 | o
AREA (2 (ft)
Bankfull Riffle WIDTH 20.00 | Wou Wetted PERMIMETER 2103 | W
(ft) ~ (2" dps ) + Wi (ft)
D 4, at Riffle 90.00 | Dia D g4 (MM) / 304.8 030 | Das
(mm) (ft)
Bankfull SLOPE 0.0470 | Sow Hydraulic RADIUS 1.19 n
(ft/ ft) Apki I Wp (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 ! s0cd) R(ft) / D g (f) 397 | R/Dg
. DA Shear Velocity u*
Drainage Area 4.9 i) U = (gRS)" 1.342 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS RN ST
1. Friction Relati _ o *
Fationy lelatve u=[283+566Log (R/Da }]u*|l 837 | fi/sec || 20858 | o

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

6.33 ft / sec 157.88 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 6.33 ft/sec 157.88 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 3.04 ft/sec 75.74 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.119

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.84 ft / sec 220.40 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 8 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectional|| 55 57 | Asie || Bankfull Riffle Mean DEPTH || 1.18 | Yokt
AREA (2 (ft)
Bankfull Riffle WIDTH 2150 | W Wetted PERMIMETER 2214 | W
(ft) ~ (2 dyys ) + Wi (ft)
D 4, at Riffle 86.00 | Dia. D g4 (Mm) / 304.8 028 | Des
(mm) (ft)
Bankfull SLOPE 0.0420 | Soxr Hydraulic RADIUS 1.14 7
(ft/ ft) Apki I Wp (ft)
Gravitational Acceleration 32.2 9 MG NI 4.04 R/D
) (ft / sec?) R(ft) / D g4 (ft) : 84
. DA Shear Velocity u*
Drainage Area 4.9 i) U = (gRS)" 1.242 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS RN S e
1. Friction Relati - * *
ooy lelatve u=[283+566Log (R/Da}]ur|l 7.78 | fi/sec || 19670 | cf

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

5.84 ft / sec 147.50 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 5.84 ft/sec 147.50 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 2.91 ft/sec 73.44 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.115

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.08 ft / sec 204.21 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

Obtion 2 For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the
puon <. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 9 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectional|| 5 64 | Ase || Bankfull Riffle Mean DEPTH || 1.18 | Yokt
AREA (2 (ft)
Bankfull Riffle WIDTH 2250 | Wow Wetted PERMIMETER 2313 | W
(ft) ~ (2" dps ) + Wi (ft)
D g at Riffle 90.00 | Dia- D g4 (Mm) / 304.8 030 | Deas
(mm) (ft)
Bankfull SLOPE 0.0430 | Sew Hydraulic RADIUS 115 R
(ft/ ft) Apki I Wp (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 G R(ft) / D g, (f1) 390 | R/Dg4
. DA Shear Velocity u*
Drainage Area 7.4 i) U = (gRS)" 1.262 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS LT EE
1. Friction Relati - * *
Factor Aouegf""‘é‘;s u=[283+566*Log{R/Dg }Ju*| 7.80 | ft/sec || 207.76 | cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

5.94 ft / sec 158.30 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 5.94 ft/sec 158.30 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 2.94 ft/sec 78.24 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.115

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

8.03 ft / sec 213.97 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 2-41



Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Fourmi|e Canyon Creek || Location: |Reach - Reach 10 |
| Date: | | Stream Type: | B4 || Valley Type: | Vil |
| Observers: | || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectional 26.64 At Bankfull Riffle Mean DEPTH 1.18 doks
AREA (2 (ft)
Bankfull Riffle WIDTH 2250 | Wewr Weltled PERMIMETER 11 2343 | Wo
(ft) ~ (2" dps ) + Wi (ft)
D & at Riffle g6.00 | Dia D g4 (mm) / 304.8 0.28 D g4
(mm) (ft)
Bankfull SLOPE 0.0380 | Sbw Hydraulic RADIUS 115 R
(ft/ ft) Apii I Wy (ft)
s , g Relative Roughness
Gravitational Acceleration 32.2 G R(ft) / D g, (f1) 4.08 | R/Dg
. DA Shear Velocity u*
Drainage Area 7.4 i) U = (gRS)" 1.186 (ftisec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati - * *
Factor Aouegf,,',‘;‘;s u=[283+566*Log{R/Dg }]u*|l 7.46 | ft/sec || 198.84 | cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

5.59 ft / sec 148.81 cfs

Roughness (Figs. 2-18,2-19) u=1.49*R***s2/n  n=| 0.057
2. Roughness Coefficient: u=149R**s%

b) Manning's n from Stream Type (Fig. 2-20) n= 0.057 5.59 ft/sec 148.81 cfs
2. Roughness Coefficient: u=149R%**s?/n

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 0-16 2.89 ft/sec 77.10 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.110

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

7.69 ft / sec 204.78 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ftisec 0.00 cfs
4. Continuity Equations: b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the Dy, sand dune protrusion height in ft for the Dy, term in method 1.

Obtion 2 For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the
puon <. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dy, protrusion height in ft for the Dg, term in method 1.
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 1 Valley Type: VIII
Observers: Lucas Babbitt Date: 05/11/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.04300 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable [~ Aggrading [+ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.166
Y = 62.4, d = existing depth, S = existing slope

Shields CO

259.1 | 354.8 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

1.10 | 0.70 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.04010.0254| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable ™ Aggrading [v Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: D4a
Location: Reach 2 Valley Type: XIlII
Observers: Lucas Babbitt Date: 05/11/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.05000 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable [~ Aggrading [+ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.682
Y = 62.4, d = existing depth, S = existing slope

Shields CO

303.2 | 396.5 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

0.95 | 0.60 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.04010.0254| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable ™ Aggrading [v Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 3 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.04400 S Existing bankfull water surface slope (ft/ft)
1.25 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable * Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.432
Y = 62.4, d = existing depth, S = existing slope

Shields CO

281.8 | 376.5 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

1.08 | 0.68 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.0379(0.0240| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable [v Aggrading [~ Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 4 Valley Type: XIlII
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.04400 S Existing bankfull water surface slope (ft/ft)
1.25 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: v Stable [~ Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.432
Y = 62.4, d = existing depth, S = existing slope

Shields CO

281.8 | 376.5 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

1.08 | 0.68 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.0379(0.0240| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [v Stable [~ Aggrading [~ Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type:
Location: Reach 5 Valley Type: VIII
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
. 304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.04300 S Existing bankfull water surface slope (ft/ft)
1.25 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: v Stable [~ Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.354
Y = 62.4, d = existing depth, S = existing slope

Shields CO

275.1 | 370.2 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

1.10 | 0.70 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.0379(0.0240| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [v Stable [~ Aggrading [~ Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: C4
Location: Reach 6 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
39.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.764 D max Largest particle from bar sample (ft) 233 (mm) mm/ft
0.04000 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.97 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable * Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

2,945
Y = 62.4, d = existing depth, S = existing slope
Shields CO
240.3 | 336.5| Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)
Shields CO
Predicted shear stress required to initiate movement of measured D .5, (mm) (Figure 3-11)
2.86 | 1.787
Shields Co Predicted mean depth required to initiate movement of measured D 5, (Mm) T
1.15 | 0.72 T = predicted shear stress, Y = 62.4, S = existing slope yS
Shields Co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—.
0.03880.0243| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable [v Aggrading [~ Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: F 4b
Location: Reach 7 Valley Type: XIlII
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
. 304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.04700 S Existing bankfull water surface slope (ft/ft)
1.23 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable [~ Aggrading [+ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.607
Y = 62.4, d = existing depth, S = existing slope

Shields CO

296.8 | 390.6 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

1.01 0.64 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.03850.0244| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable ™ Aggrading [v Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: C 4b
Location: Reach 8 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
39.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.764 D max Largest particle from bar sample (ft) 233 (mm) mm/ft
0.04200 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.97 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable [~ Aggrading [+ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.093
Y = 62.4, d = existing depth, S = existing slope
Shields CO
252.8 | 348.8 | Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)
Shields CO
Predicted shear stress required to initiate movement of measured D .5, (mm) (Figure 3-11)
2.86 | 1.787
Shields Co Predicted mean depth required to initiate movement of measured D 5, (Mm) T
1.09 | 0.68 T = predicted shear stress, Y = 62.4, S = existing slope yS
Shields Co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—.
0.03880.0243| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable ™ Aggrading [v Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: E 4b
Location: Reach 9 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
41.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.791 D max Largest particle from bar sample (ft) 241 (mm) mmi/ft
0.04300 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.88 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [~ Stable [~ Aggrading [+ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

3.166
Y = 62.4, d = existing depth, S = existing slope

Shields CO

259.1 | 354.8 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) . o .

2.954 | 1.871 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D ., (Mm) T

1.10 | 0.70 T = predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—_

0.04010.0254| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable ™ Aggrading [v Degrading
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Fourmile Canyon Creek Stream Type: B 4
Location: Reach 10 Valley Type: XIlI
Observers: Lucas Babbitt Date: 08/20/2015
Enter Required Information for Existing Condition
39.0 D 5 Median particle size of riffle bed material (mm)
0.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)
304.8
0.764 D max Largest particle from bar sample (ft) 233 (mm) mm/ft
0.03800 S Existing bankfull water surface slope (ft/ft)
1.18 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
0.00 D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D_,/DZ) —0.872
5.97 D max/D 50| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D /D 50) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED: N/A
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* -1)D
d Required bankfull mean depth (ft) d= (?SS )Drmex (use D gy in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
* -1)D
S Required bankfull water surface slope (ft/ft) S = 2 (ysd )Drmx (use D pay in ft)

Check: [ Stable [T Aggrading [v Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T = ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )

2.798
Y = 62.4, d = existing depth, S = existing slope
Shields CO
227.8| 324 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)
Shields CO
Predicted shear stress required to initiate movement of measured D .5, (mm) (Figure 3-11)
2.86 | 1.787
Shields Co Predicted mean depth required to initiate movement of measured D 5, (Mm) T
1.21 0.75 T = predicted shear stress, Y = 62.4, S = existing slope yS
Shields Co Predicted slope required to initiate movement of measured D ,,, (mm) T
S=—.
0.03880.0243| - predicted shear stress, Y = 62.4, d = existing depth yd

Check: [ Stable [~ Aggrading v Degrading

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-101



E RIVERMorph - FLOWSED/POWERSED Models

& Save Save As Graph

&l Report WARSSS Worksheets: 5-19 5-20a 5-20b | [2)

, 1. Select Cross Sections I 2. Create Flow Duration Curves 3. Select Sediment Rating Curves | 4. Display Results I

Feference Curve Selection I Reach 1 Dimensionless Conversion ‘

User-Defined Bedload and Suspended Sediment Curves

Feach

1 Curve Bl |B1  |B2  |EquationMame | Stakility Rating
[ 1. Bedload User-Defined

[ 2. Suspended UserDefined

Fagosa Reference Curves
Feach

1 Curve B0 |B1  |B2  |Equation Name | Stakility Rating
[w 3. Bedload 0.0113 1.0139] 21929 Pagosa Springs Reference Curve Good/Fair

|_ 4. Bedload 0.07176/1.02176 237716 Pagosa Springs Reference Curve Foor

[w 5 Suspended 0.0636| 08326 24085 Pagosa Springs Reference Curve Good/Fair

— B Suspended 0.0983) 08213 36530 Pagosa Springs Reference Curve Foor




E RIVERMorph - FLOWSED/POWERSED Models
& Save [ Save As | | Graph | & Report WARSSS Worksheets: 5-19 5-20a 5-20b | [2)

1. Select Cross Sections 2. Create Flow Duration Curves | 3. Select Sediment Rating Curves I 4. Display Results \
HE@

Giage Name: |[NORTH ST. VRAIN CREEK NEAR ALLENS PARK, CO. -]

Base Flow Duration Curve On: - @ Gage Daily Data ( Gage Incremental Data Curve ( User Defined Cunve

Okt (cfs): 275 bean Daily Equivalent Qhkf (cfs): |275
r

Maan Daily N Dimension- Cormparative | Evaluation

Date Flaw (cfs) Fank Frobahility loss Flow Fredicted Fredicted

Flow (cis) Flow [cfs)
1930-02-18 4 1826 1 0.015 1.8 1.6
1930-02-06 4 1826 0.99945 0.015 1.8 1.0
1930-02-12 4 1824 0.9983 0.015 18 1.8
1930-02-11 4 1823 0.99836 0.015 1.8 1.6
1930-02-13 4 1822 0.99781 0.015 1.8 1.8
1830-02-10 4 1821 0959726 0.015 1.8 1.6
1930-02-09 4 1820 0.99671 0.015 1.8 1.0
1930-02-08 4 1819 0.99617 0.015 18 1.8
1930-02-19 4 1818 0.99562 0.015 1.8 1.6
1930-02-28 4 1817 0.99507 0.015 1.8 1.8
1930-02-26 4 1816 0.99452 0.015 18 1.8
1930-02-27 4 1815 099398 0.015 1.8 1.0
1930-02-17 4 1814 0.99343 0.015 18 1.8
1930-02-16 4 1813 0.99288 0.015 1.8 1.6
1930-02-15 4 1812 0.99233 0.015 1.8 1.8
1930-02-14 4 1811 099173 0.015 18 1.8
1930-02-01 4 1810 0.99124 0.015 1.8 1.0
1930-02-02 4 1809 0.99063 0.015 18 1.8
1930-02-03 4 1808 0.93014 0.015 1.8 1.6
1930-02-04 4 1807 0.9489549 0.015 1.8 1.0
1930-02-05 4 1806 0.98305 0.015 18 1.8
1930-02-07 4 1808 0.9885 0.015 1.8 1.0
1930-03-06 4 1804 0.98735 0.015 1.8 1.8
1930-02-21 4 1803 0.9874 0.015 1.8 1.6
1930-02-22 4 1802 0.98686 0.015 1.8 1.0
1930-02-23 4 1801 0.98631 0.015 18 1.8
1930-02-24 4 1800 0.98576 0.015 1.8 1.0

1830-N7-2R 4 17494 n9RR™M nni& 1A 1f ﬂ
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#24 RIVERMorph - FLOWSED/POWERSED Models
& save Save As Graph Report WARSSS Worksheets: 5-19 5-20a 5-20b | [2)

1. Select Cross Sections | 2. Create Flow Duration Curves | 3. Select Sediment Rating Curves l 4. Display Results‘
Comparative Reach Cross Section
|F0urmile Carryon Creek, Reach 1, Riffle Reach 1 @ 5TA 4492, (Riffle) ﬂ

& se _Hydraullc Geometry from the Entire Cross  Use g Call
Section

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melf], leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)* *
e (cfe)® H2n.0z hMeasured Bankfull Bedioad (Ib/s)*|0.002 RNV

Suspended Sediment (mg/l) - less washload (sediment size smaller than 0.062 rmm]18

[ Calculate tatal sediment vield for flows up to and including the hankfull discharge anly

[v Calculate tatal sediment vield for flows up to and including a momentary meximum mid-ardinate flaw of 120.03 (=fs)

Bankfull Discharge (cfs) used for Sediment Rating Curves 120,02

[ Flowsed anly

Ewaluation Reach Cross Section
|Faurmile Canyan Creek, Reach 1, Riffle Reach 1 Proposed, (Riffle) ﬂ

se Hydraulic Geometry from the Entire Cross
Section

» Checktobase Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt). leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™* 12003

" Use a Cell

Flowe Wizard




E RIVERMorph - FLOWSED/POWERSED Models = (=] o3
E Save [& Save As Graph Report WARSSS Worksheets: 5-19 5-20z 5-20b | [@)

1. Select Cross Sections | 2. Create Flow Duration Curves | 3. Select Sediment Rating Curves l 4 Display Results l
Comparative Reach Cross Section

|FDurmiIe Carryon Creek, Reach 1, Riffle Reach 1@ 5TA 4492, (Riffle) ﬂ
& Use _Hydraullc Geometry from the Entire Cross  Use 5 Call
section

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt). leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Banktull Discharge (cfs)® 120 02 teasured Bankfull Eedload (lb/s)*|0.002

Suspended Sediment (mg/l) -less washload (sediment size smaller than 0062 mm]18

Flonwe Wizard

[ Calculate total sediment yield for flaws up ta and including the bankfull discharge only

[v Calculate total sediment vield for flaws up to and including a momentary maximum mid-ardinate flow of 120.03 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  [120.02
[ Flowsed anky

Ewaluation Reach Cross Section

|Fourmi|e Camyon Creek, Reach 2. Rifle Reach 2 Proposzed, (Riffle) ﬂ
& Y8 Hydraulic Geametry from the Entire Crogs
Section

» Checkto base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leawve unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)* [12003

" UseaCel

Flow Wizard




E RIVERMorph - FLOWSED/POWERSED Models = [=] o
& sSave Save As Graph | & Report WARSSS Worksheets: 5-19 5-20a 5-20b | [2)

1. Select Cross Sections ‘ 2 Create Flow Duration Curves | 3. Select Sediment Rating Cuwes‘ 4 Display Results l
Comparative Reach Cross Section
|FDurmiIe Canyon Creek, Reach 1, Riffle Reach 1 (& 5TA 44.92, (Riffle) ﬂ

& Use Hydraulic Geometry from the Entire Cross  Use aCall

Section o . . LT ag une
- Checkta base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leave unu:hec:ﬁ you war

on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)* 12002 teasured Bankiull Bedload (lb/s)* Flow Wizard

Suspended Sediment (mg/l) - less washload (sediment size smallerthan 0.062 mrm|18

[ Calculate total sediment vield for flaws up tao and including the bankfull discharge anly

[v Calculate total sediment vield for flaws up to and including & momentary maximum mid-ardinate flow of 120.03 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  [120.02

[ Flowsed only

Ewvaluation Reach Cross Section
|FDurmiIe Canyon Creek, Reach 3, Rifle Reach 3 Proposed, (Riffle) ﬂ

Use Hydraulic Geametry from the Entire Cross
Sechon

- Checkto baze Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt). leave unchecked o base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ 12003

" Use aCell

Flow Wizard
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E RIVERMorph - FLOWSED/POWERSED Models (= |
& Save (& Save As | | Graph | Bl Report WARSSS Worksheets: 5-19 5-20a 5-20b | @)
1. Zelect Cross Sections ‘ 2_Create Flow Duration Curves | 3. Select Sediment Rating Cuwes‘ 4. Display Res "5%' Snipping Toc
Comparative Reach Cross Sectian

\Fourmile Canyon Creek. Reach 1, Riffle Reach 1 @ STA 44.92, (Riffle) - |

. . Selectasnip t
& g;;il;!%:draullc Geometry from the Entire Cross  Usea Cell click the New

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leave ung
on entered mean daily equivalent bankfull discharge (rainfall)

Bankiull Discharge (cfs)™ -
ge (cfs)™ |120.02 Measured Bankfull Bedload (Ib/s)*|0.002 o Wizard

Suspended Sediment (mg/l) - less washload {sediment size smaller than 0.062 mm]18

[ Calculate total sediment yield for flows up to and including the bankfull discharge only

[v Calculate total sediment yield for flows up to and including & momentary maximum mid-ordinate flaw of 120,02 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  |120.02

[ Flowsed anky

Ewaluation Reach Cross Section
|FDurmiIe Camyon Creek, Reach 4, Riffle Reach 4 Proposzed, (Riffle) ﬂ

Ise Hydraulic Geometry from the Entire Cross
section

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow metlt). leawve unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ 12003

T UseacCell

Flow Wizard



% RIVERMorph - FLOWSED/POWERSED Models = EoR ™

= save [E Save As Graph | [ Report WARSSS Worksheets: 5-19 5-20a 5-20b | ()

1 Select Cross Sectians 2. Create Flow Duration Curves | 3. Select Sediment Rating Cuwesl 4. Display Results‘

Comparative Fieach Cross Section

Fourmile Camyon Creek, Reach 1, Rifle Reach 1 @ STaA 4492, (Rifle) |
& se lHydrauIiu: Geometry from the Entire Cross  Use a Call
Section

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melf), leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ "
ge (cfs)* 2002 Measured Bankfull Bedload (Ib/s)*|0.002 Flow Wizard

Suspended Sediment (mo/) - less washload (sediment size smallerthan 0.062 mm]18

[ Calculate total sediment vield for flows up to and including the bankfull discharge only

[v Calculate total sediment yield for flows up to and including a momentany meximum mid-ordinate flow of 120,03 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves 120,02
[ Flowsed anly

Ewaluation Reach Cross Sectian
|Fu:uurmi|e Canyon Creek, Reach b, Riffle Reach 5 Proposed, (Riffle) ﬂ

Use Hydraulic Geometry from the Entire Cross
Section

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melf), leave unchecked to base
on entered mean daily equivalent bankiull discharge (raintall)

Bankfull Discharge (cfs)™ 12003

I Usea Cell

Flowe YWizard




&% RIVERMorph - FLOWSED/POWERSED Maodels e R
E save & Save As Graph | [E Report WARSSS Worksheets: 5-19 5-20a 5-20b | (3)

1. 5elect Cross Sections IE_ Create Flow Duration Curves | 3. Select Sediment Rating Cuwes‘ 4. Display Results l
Cormparative Reach Cross Section
|F0urmile Carryon Creek, Reach 1, Riffle Reach 1 & 5T4 44.92, (Riffle) ﬂ

& (WEE! lHydrauIic: Geometry from the Entire Cross ~ Use aCall
Section

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melf), leawve unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Banktull Discharge (cfs)* 2002 teasured Bankiull Bedload (ln/s)*|0.002 .
Flow Wyfizard

Suspended Sediment (mg/l) - less washload (sediment size smaller than 0.062 mm]18

[ Calculate total sediment vield for flaws up to and including the bankfull discharge anly

[v Calculate total sediment yield for flows up to and including & mormentary maximum mid-ardinate flaw of 120.03 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  [120.02

[ Flowsed anly

Evaluation Reach Cross Section
|F0urmile Canyon Creek, Reach B, Riffle Reach & Proposed, (Riffle) ﬂ

Use Hydraulic Geometry from the Entire Cross
Sectian

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge {(snow melf), leawve unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)* 12003

 Usea Cell

Flow Wizard



E RIVERMorph - FLOWSED/POWERSED Maodels (o] [=] o3
E save [ Save As Graph Repor‘t WARSSS Worksheets: 5-19 5-20a3 5-20b | [@)

1. Select Cross Sections ‘ 2. Create Flow Duration Curves | 3. Select Sediment Rating Curves I 4. Display Results‘
Comparative Reach Cross Section
Fourmile Canyon Creek, Reach 1, Riffle Reach 1 @ STA 44.92, (Rifile) |

@ Use _Hydraullc Geometry from the Entire Cross ™ Use a Cell
Sectian

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melf), leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ -
ge (cfs)* |120.02 Measured Bankfull Bedload (b/s)*(0.002 Flow Wizard

Suspended Sediment (mg/N - less washload (sediment size smaller than 0.062 mm]18

[ Calculate total sediment vield for flows up to and including the bankfull discharge anly

v Calculate total sediment yield for flows up to and including & momentary maxirmum mid-ardinate flow af 120,03 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  |120.02
[ Flowsed anly

Ewvaluation Reach Cross Section
|Fourmile Carmyon Creek, Reach 7, Riffle Reach 7 Proposed. (Riffle) ﬂ

& se Hydraulic Geometry from the Entire Cross
Section

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melf), leawve unchecked to base
on entered mean daily equivalent bankiull discharge (rainfall)

Bankfull Discharge (cfs)* 12003

" UseacCell

Floree Wizard



L

g

E RIVERMorph - FLOWSED/POWERSED Models
E save [E Save As Graph | [E Report WARSSS Worksheets: 5-19 5-20a 5-20b| &)

1. Select Cross Sections | 2. Create Flow Duration Curves | 3. Select Sediment Rating Cuwes\ 4. Display Resultsl

Comparative Reach Cross Section

|F0urmile Caryon Creek, Reach 1, Riffle Reach 1 & 5TA 44.92, (Rifile)

& Use Hydraulic Geometry from the Entire Cross

Section " Usea Cell

=

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leawve unchecked to base

on entered mean daily eguivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ 120,02 Measured Bankiull Bedload (Ib/=)*(0.002

Suspended Sediment (mg/l) - less washload (sediment size smallerthan 0.062 mm|18

[ Calculate total sediment yield for flows up to and including the bankfull discharge onky

[v Calculate total sediment yield for flows up to and including a momentary maximum mid-ordinate flow of

Bankfull Discharge (cfs) used for Sediment Rating Curves  [120.02

[ Flowsed only

Ewaluation Reach Cross Section

Flonw Wizard

120.03 (cfs)

|Fourmile Canyon Creek, Reach 8, Riffle Reach 8 Proposed, (Riffle)

Use Hydraulic Geometry from the Entire Cross

Section T Usea Cell

=]

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leawve unchecked to base

on entered mean daily equivalent bankfull discharge (raintall)

Bankfull Discharge (cfs)* 120003

Flonw Wizard




%7 RIVERMorph - FLOWSED/POWERSED Models = EoR ™
E save [E Save As Graph | & Report WARSSS Worksheets: 5-19 5-20a 5-20b | &)

1. Select Cross Sections | 2. Create Flow Duration Curves | 3. Select Sediment Rating Cuwes‘ 4. Display Resultsl

Comparative Reach Cross Section

|Fourmile Canyon Creek, Reach 10, Riffle Reach 10 @ STA 9805, (Riffle) ﬂ
& Lze _Hydraulic Geometry from the Entire Cross  Use g Call
Section

v Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ 72002 tMeasured Bankfull Bedload (Ib/s){0.002 .
Flovw Wizard

Suspended Sediment (mg/l - less washload (sediment size smaller than 0.062 mm])18

[ Calculate tatal sedimentyield for flows up to and including the bankiull discharge only

[v Calculate tatal sediment yield for flows up to and including & mamentary maximum mid-ordinate flow of 120.2 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  |120.02

[ Flowsed anly

Evaluation Reach Cross Section
|Fourmile Canyon Creek, Reach 4, Riffle Reach 9 Froposed, (Riffle) ﬂ

5 Use Hydraulic Geometry from the Entire Cross
Section

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leave unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)* 120

i Use aCell

Flow Wizard




E RIVERMorph - FLOWSED/POWERSED Models ] [=] £
E Save [E Save As Graph | & Report WARSSS Worksheets: 5-19 5-20a 5-20b | [2)

1. Select Cross Sections ‘ 2. Create Flow Duration Curves | 3. Select Sediment Rating Cuwes‘ 4. Display Results I
Comparative Reach Cross Section
|FDurmiIe Canyon Creek, Reach 10, Riffle Reach 10 & STA 9305, (Riffle) ﬂ

& Use_HydrauIlc: Geometry from the Entire Cross  Use 5 Call
Section

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leawve unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ 112002 teasured Bankfull Bedload (lbys)*(0.002 .
Flow Wizard

Suspended Sediment (mg/) - less washload (sediment size smaller than 0.062 mm|18

[ Calculate total sediment vield for flaws up ta and including the bankfull discharge anly

[v Calculate total sediment yield for flows up ta and including & mamentary maximurm mid-ordinate flow of 120,03 (cfs)

Bankfull Discharge (cfs) used for Sediment Rating Curves  |120.02

[ Flowsed anly

Ewaluation Reach Cross Section
|FDurmiIe Canyon Creek, Reach 10, Rifle Reach 10 Proposed. (Rifile) ﬂ

Use Hydraulic Geometry from the Entire Cross
Sectian

Check to base Dimensioned Flow Duration Curve on calculated bankfull discharge (snow melt), leawve unchecked to base
on entered mean daily equivalent bankfull discharge (rainfall)

Bankfull Discharge (cfs)™ 12002

" UseacCell

Flow Wizard



Worksheet 5-19. FLOWSED calculation of total annual sediment yield.

Copyright © 2006 Wildland Hydrology

Stream: Fourmile Canyon Creek Location: Reach 1 Date: 05/11/2015
Observers Lucas Babbitt Gage Station #: 06721500 Stream Type: C 4b Valley Type: VIII
. » Form (e.g., linear, non- ; Bankfull discharge (cfs) | Bankfull bedload (kgfs) | Bankfull suspended
Equation type Intercept | Coefficient [ Exponent linear, etc.) Equation name (mg/l)
1. Bedload Pagosa Springs Reference
(dimensionless) -0.0113 1.0139 2.1929 Non-Linear Curve
2. Suspended sediment Pagosa Springs Reference 120.02 0.0009 18
(dimensionless) 0.0636 0.9326 2.4085 Non-Linear Curve
3. User-defined relations Notes:
(bedload)
4. User-defined relations
(suspended sediment)
From dimensioned flow-duration curve From sediment rating curves Calculate Calculate sediment yield
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
Flow Daily mean Mid-ordinate |[Time Time Mid-ordinate [Dimension- |Dimension- |Suspended Dimension-  |Bedload Time adjusted |Suspended Bedload Suspended +
exceedence |discharge increment increment streamflow less less sediment less bedload streamflow  |sediment sediment bedload
(percent) (days) streamflow  |suspended |discharge discharge [(5)x(9)] [(5)x(11)] [(13)+(14)]
sediment
discharge
(%) (cfs) (%) (%) (days) (cfs) (Q/Qyi) (S/Spxi) (tons/day) (bs/bpis) (tons/day) (cfs) (tons) (tons) (tons)
100.000 1.8
90.000 2.8 95.00 10.00 36.50 2.3 0.02 0.0637 0.0 0.0000 0.00 22.80 0.36 0.00 0.36
80.000 3.5 85.00 10.00 36.50 3.1 0.03 0.0637 0.0 0.0000 0.00 31.20 0.36 0.00 0.36
70.000 4.0 75.00 10.00 36.50 3.7 0.03 0.0638 0.0 0.0000 0.00 37.20 0.36 0.00 0.36
60.000 5.3 65.00 10.00 36.50 4.6 0.04 0.0640 0.0 0.0000 0.00 46.20 0.36 0.00 0.36
50.000 8.8 55.00 10.00 36.50 7.0 0.06 0.0646 0.0 0.0000 0.00 70.20 0.73 0.00 0.73
40.000 13.9 45.00 10.00 36.50 11.3 0.09 0.0668 0.0 0.0000 0.00 113.40 1.46 0.00 1.46
30.000 26.2 35.00 10.00 36.50 20.0 0.17 0.0761 0.1 0.0087 0.00 200.40 2.56 0.00 2.56
20.000 51.0 25.00 10.00 36.50 38.6 0.32 0.1243 0.2 0.0729 0.00 385.90 8.39 0.00 8.39
10.000 87.9 15.00 10.00 36.50 69.5 0.58 0.3135 1.1 0.2944 0.04 694.70 38.69 1.46 40.15
5.000 108.6 7.50 5.00 18.25 98.3 0.82 0.6399 3.1 0.6428 0.04 491.40 55.84 0.73 56.57
4.000 116.1 4.50 1.00 3.65 112.3 0.94 0.8589 4.7 0.8657 0.09 112.34 17.12 0.33 17.45
3.000 124.0 3.50 1.00 3.65 120.0 1.00 0.9962 5.8 1.0026 0.09 120.02 21.21 0.33 21.54
2.000 131.4 2.50 127.7 1.06 1.1456 1.1495 0.00 0.00 0.00 0.00
1.500 138.4 1.75 134.9 1.12 1.2987 1.2982 0.00 0.00 0.00 0.00
1.000 152.2 1.25 145.3 1.21 1.5410 1.5300 0.00 0.00 0.00 0.00
0.900 152.8 0.95 152.5 1.27 1.7235 1.7025 0.00 0.00 0.00 0.00
0.800 154.1 0.85 153.4 1.28 1.7488 1.7263 0.00 0.00 0.00 0.00
0.700 156.3 0.75 155.2 1.29 1.7954 1.7700 0.00 0.00 0.00 0.00
0.600 158.6 0.65 157.4 1.31 1.8565 1.8272 0.00 0.00 0.00 0.00
0.500 165.1 0.55 161.9 1.35 1.9802 1.9422 0.00 0.00 0.00 0.00
0.250 177.2 0.38 1711 1.43 2.2553 2.1960 0.00 0.00 0.00 0.00
0.100 188.3 0.18 182.7 1.52 2.6293 2.5365 0.00 0.00 0.00 0.00
0.050 189.0 0.08 188.6 1.57 2.8349 2.7217 0.00 0.00 0.00 0.00
0.010 189.0 0.03 189.0 1.57 2.8487 2.7341 0.00 0.00 0.00 0.00
0.005 189.0 0.01 189.0 1.57 2.8487 2.7341 0.00 0.00 0.00 0.00
0.001 189.0 0.00 189.0 1.57 2.8487 2.7341 0.00 0.00 0.00 0.00
Annual totals: 147.4 2.9 150.3
(tons/yr) (tons/yr) (tons/yr)
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Worksheet 5-20a. Bedload and suspended sand bed-material load transport prediction for the upstream reach, using the POWERSED model.

Copyright © 2006 Wildland Hydrology

Stream: Fourmile Canyon Creek, Reach 1, Riffle Reach 1 @ Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
(1) (2) 3) (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14) (15) (16) (17) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity |Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment |increment [mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload [suspended |total
flow transport |transport  |transport |sand transport
[(13)x(14) [transport  |[(16)+(17)]
1 1(13)x(15\1
(%) (cfs) (cfs) (i) (ft) (ft) (ft/s) (ft/ft) (Ib/it?) (Ib/s) (Ib/ft/s) (%) (days) | (tons/day)| (tons/day) | (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.01 5.78 0.17 2.24 0.0370 0.39 5.26 0.91 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.25 6.18 0.20 243 0.0370 0.45 7.20 1.17 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 1.42 6.47 0.22 2.57 0.0370 0.49 8.59 1.33 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 1.66 6.84 0.24 2.77 0.0370 0.54 10.67 1.56 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 217 717 0.30 3.20 0.0370 0.67 16.21 2.26 10.000 | 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 3.00 7.75 0.39 3.77 0.0370 0.86 26.18 3.38 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.16 20.04 4.34 8.27 0.52 4.59 0.0370 1.15 46.27 5.59 10.000 | 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 7.14 10.69 0.67 5.39 0.0370 1.47 89.10 8.33 10.000 | 36.50 0.00 0.23 0.00 8.39 8.39
10.000 87.93 69.47 10.69 12.05 0.89 6.49 0.0370 1.93 160.39 | 13.31 | 10.000 [ 36.50 0.04 0.72 1.46 26.28 27.74
5.000 108.62 98.28 14.29 14.72 0.97 6.87 0.0370 2.10 226.91 | 15.42 5.000 18.25 0.04 1.19 0.73 21.72 22.45
4.000 116.06 112.34 | 18.14 | 22.14 0.82 6.21 0.0370 1.80 259.37 | 11.71 1.000 3.65 0.04 1.38 0.15 5.04 5.19
3.000 123.98 120.02 19.91 25.34 0.79 6.03 0.0370 1.73 277.10 | 10.94 1.000 3.65 0.04 1.3 0.15 4.75 4.90
2.000 131.35 127.66 0.0370 0.00 0.00 0.00 0.00
1.500 138.38 134.87 0.0370 0.00 0.00 0.00 0.00
1.000 152.18 145.28 0.0370 0.00 0.00 0.00 0.00
0.900 152.78 152.48 0.0370 0.00 0.00 0.00 0.00
0.800 154.11 153.44 0.0370 0.00 0.00 0.00 0.00
0.700 156.27 155.19 0.0370 0.00 0.00 0.00 0.00
0.600 158.60 157.44 0.0370 0.00 0.00 0.00 0.00
0.500 165.11 161.86 0.0370 0.00 0.00 0.00 0.00
0.250 177.16 171.13 0.0370 0.00 0.00 0.00 0.00
0.100 188.25 182.70 0.0370 0.00 0.00 0.00 0.00
0.050 189.03 188.64 0.0370 0.00 0.00 0.00 0.00
0.010 189.03 189.03 0.0370 0.00 0.00 0.00 0.00
0.005 189.03 189.03 0.0370 0.00 0.00 0.00 0.00
0.001 189.03 189.03 0.0370 0.00 0.00 0.00 0.00
cuspended sand bed-matonal oo (onyy | 24| 726 | 750
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 1, Riffle Reach 1 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0430 | 0.53 6.12 0.78 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0430 | 0.62 8.37 1.05 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0430 | 0.69 9.98 1.24 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0430 | 0.78 12.40 1.51 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0430 | 0.98 18.84 2.21 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0430 | 1.26 30.43 3.40 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0430 [ 1.30 53.80 3.57 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 3.33 | 0.0430 | 1.80 | 103.54 | 6.17 10.000 | 36.50 0.00 0.16 0.00 5.84 5.84
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0430 | 2.39 | 186.40 | 9.87 10.000 [ 36.50 0.00 0.62 0.00 22.63 22.63
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0430 | 2.80 | 263.70 | 12.89 5.000 18.25 0.04 1.42 0.73 25.91 26.64
4.000 116.07 112.35 | 2412 | 21.14 1.14 4.66 | 0.0430 | 2.97 [ 301.46 | 14.26 1.000 3.65 0.04 1.91 0.15 6.97 7.12
3.000 123.99 120.03 | 25.27 | 21.50 1.18 475 | 0.0430 | 3.06 [ 322.06 | 14.98 1.000 3.65 0.04 2.2 0.15 8.03 8.18
2.000 131.36 127.68 0.0430 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0430 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0430 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0430 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0430 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0430 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0430 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0430 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0430 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0430 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0430 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0430 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0430 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0430 0.00 0.00 0.00 0.00
ST e | oo | s7 | e
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): 16 3.3 1.8
Stability evaluation: Aggradation, Degradation or
Stable:

Copyright © 2006 Wildland Hydrology
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 2, Riffle Reach 2 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0500 | 0.61 7.1 0.91 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0500 | 0.72 9.73 1.22 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0500 | 0.80 11.61 1.44 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0500 | 0.90 14.41 1.76 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0500 | 1.14 21.90 2.57 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0500 | 1.46 35.38 3.96 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0500 | 1.51 62.56 4.15 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 3.33 | 0.0500 | 2.10 | 120.40 | 7.18 10.000 | 36.50 0.00 0.19 0.00 6.94 6.94
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0500 | 2.78 | 216.75 | 11.48 | 10.000 | 36.50 0.04 0.82 1.46 29.93 31.39
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0500 | 3.25 [ 306.63 | 14.99 5.000 18.25 0.04 1.80 0.73 32.85 33.58
4.000 116.07 112.35 | 24.11 21.14 1.14 4.66 | 0.0500 | 3.46 [ 350.53 | 16.58 1.000 3.65 0.04 2.39 0.15 8.72 8.87
3.000 123.99 120.03 | 25.27 | 21.50 1.18 4.75 | 0.0500 | 3.56 [ 374.49 | 17.42 1.000 3.65 0.00 2.74 0.00 10.00 10.00
2.000 131.36 127.68 0.0500 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0500 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0500 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0500 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0500 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0500 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0500 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0500 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0500 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0500 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0500 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0500 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0500 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0500 0.00 0.00 0.00 0.00
ST e | 23 | ses | sra
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): 0.2 224 223
Stability evaluation: Aggradation, Degradation or
Stable:
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 3, Riffle Reach 3 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0440 | 0.54 6.26 0.80 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0440 | 0.64 8.57 1.07 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0440 | 0.70 10.21 1.27 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0440 | 0.79 12.68 1.54 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0440 [ 1.00 19.27 2.26 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0440 | 1.29 31.14 3.48 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0440 | 1.33 55.05 3.65 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 333 |0.0440 | 1.85 | 10595 | 6.32 10.000 | 36.50 0.00 0.17 0.00 6.21 6.21
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0440 | 2.44 [ 190.74 | 10.10 | 10.000 | 36.50 0.00 0.65 0.00 23.73 23.73
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0440 | 2.86 [ 269.84 | 13.19 5.000 18.25 0.04 1.48 0.73 27.01 27.74
4.000 116.07 112.35 | 2412 | 21.14 1.14 4.66 | 0.0440 | 3.04 [ 308.47 | 14.59 1.000 3.65 0.04 1.97 0.15 7.19 7.34
3.000 123.99 120.03 | 25.27 | 21.50 1.18 475 | 0.0440 | 3.13 [ 329.55 | 15.33 1.000 3.65 0.04 2.28 0.15 8.32 8.47
2.000 131.36 127.68 0.0440 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0440 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0440 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0440 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0440 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0440 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0440 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0440 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0440 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0440 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0440 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0440 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0440 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0440 0.00 0.00 0.00 0.00
ST e | 0o | 88 | s
e i e | 25 | 724 | 1o
Difference in sediment t(rtil;ssp;;;t ((ias??lt)): 16 6.4 4.9
Stability evaluation: Aggradation, Degradation or
Stable:
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 4, Riffle Reach 4 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0440 | 0.54 6.26 0.80 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0440 | 0.64 8.57 1.07 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0440 | 0.70 10.21 1.27 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0440 | 0.79 12.68 1.54 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0440 [ 1.00 19.27 2.26 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0440 | 1.29 31.14 3.48 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0440 | 1.33 55.05 3.65 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 333 |0.0440 | 1.85 | 10595 | 6.32 10.000 | 36.50 0.00 0.17 0.00 6.21 6.21
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0440 | 2.44 [ 190.74 | 10.10 | 10.000 | 36.50 0.00 0.65 0.00 23.73 23.73
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0440 | 2.86 [ 269.84 | 13.19 5.000 18.25 0.04 1.48 0.73 27.01 27.74
4.000 116.07 112.35 | 2412 | 21.14 1.14 4.66 | 0.0440 | 3.04 [ 308.47 | 14.59 1.000 3.65 0.04 1.97 0.15 7.19 7.34
3.000 123.99 120.03 0.0440 0.00 0.00 0.00 0.00
2.000 131.36 127.68 0.0440 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0440 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0440 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0440 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0440 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0440 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0440 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0440 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0440 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0440 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0440 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0440 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0440 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0440 0.00 0.00 0.00 0.00
ST e | o8 | 105 | 7
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): A7 1.9 36
Stability evaluation: Aggradation, Degradation or
Stable:
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 5, Riffle Reach 5 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0430 | 0.53 6.12 0.78 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0430 | 0.62 8.37 1.05 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0430 | 0.69 9.98 1.24 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0430 | 0.78 12.40 1.51 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0430 | 0.98 18.84 2.21 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0430 | 1.26 30.43 3.40 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0430 [ 1.30 53.80 3.57 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 3.33 | 0.0430 | 1.80 | 103.54 | 6.17 10.000 | 36.50 0.00 0.16 0.00 5.84 5.84
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0430 | 2.39 | 186.40 | 9.87 10.000 [ 36.50 0.00 0.62 0.00 22.63 22.63
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0430 | 2.80 | 263.70 | 12.89 5.000 18.25 0.04 1.42 0.73 25.91 26.64
4.000 116.07 112.35 | 2412 | 21.14 1.14 4.66 | 0.0430 | 2.97 [ 301.46 | 14.26 1.000 3.65 0.04 1.91 0.15 6.97 7.12
3.000 123.99 120.03 | 25.27 | 21.50 1.18 475 | 0.0430 | 3.06 [ 322.06 | 14.98 1.000 3.65 0.04 2.2 0.15 8.03 8.18
2.000 131.36 127.68 0.0430 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0430 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0430 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0430 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0430 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0430 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0430 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0430 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0430 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0430 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0430 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0430 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0430 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0430 0.00 0.00 0.00 0.00
ST e | oo | s7 | e
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): 16 3.3 1.8
Stability evaluation: Aggradation, Degradation or
Stable:
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 6, Riffle Reach 6 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0400 | 0.49 5.69 0.72 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0400 | 0.58 7.79 0.98 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0400 | 0.64 9.29 1.15 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0400 | 0.72 11.53 1.40 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0400 | 0.91 17.52 2.06 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0400 | 1.17 28.30 3.17 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0400 | 1.21 50.04 3.32 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 3.33 | 0.0400 | 1.68 96.32 5.74 10.000 | 36.50 0.00 0.15 0.00 5.47 5.47
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0400 | 2.22 | 173.40 | 9.18 10.000 [ 36.50 0.00 0.53 0.00 19.35 19.35
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0400 | 2.60 ([ 24531 | 11.99 5.000 18.25 0.04 1.26 0.73 23.00 23.73
4.000 116.07 112.35 | 24.11 21.14 1.14 4.66 | 0.0400 | 2.76 [ 280.43 | 13.27 1.000 3.65 0.04 1.70 0.15 6.21 6.36
3.000 123.99 120.03 | 25.27 | 21.50 1.18 475 | 0.0400 | 2.85 [ 299.59 | 13.93 1.000 3.65 0.04 1.96 0.15 7.15 7.30
2.000 131.36 127.68 0.0400 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0400 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0400 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0400 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0400 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0400 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0400 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0400 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0400 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0400 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0400 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0400 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0400 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0400 0.00 0.00 0.00 0.00
ST e | o0 | o7 | e
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): 16 47 6.2
Stability evaluation: Aggradation, Degradation or
Stable:
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 7, Riffle Reach 7 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0470 | 0.57 6.69 0.85 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0470 | 0.68 9.15 1.15 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0470 | 0.75 10.91 1.35 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0470 | 0.85 13.55 1.65 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0470 | 1.07 20.59 2.42 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0470 | 1.38 33.26 3.72 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0470 | 1.42 58.80 3.90 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 3.33 | 0.0470 | 1.97 | 11318 | 6.75 10.000 | 36.50 0.00 0.18 0.00 6.57 6.57
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0470 | 2.61 203.74 | 10.79 [ 10.000 | 36.50 0.00 0.74 0.00 27.01 27.01
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0470 | 3.06 ([ 288.24 | 14.09 5.000 18.25 0.04 1.64 0.73 29.93 30.66
4.000 116.07 112.35 | 24.11 21.14 1.14 4.66 | 0.0470 | 3.25 [ 329.50 | 15.59 1.000 3.65 0.04 2.18 0.15 7.96 8.1
3.000 123.99 120.03 | 25.27 | 21.50 1.18 475 | 0.0470 | 3.35 [ 352.02 | 16.37 1.000 3.65 0.04 2.51 0.15 9.16 9.31
2.000 131.36 127.68 0.0470 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0470 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0470 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0470 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0470 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0470 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0470 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0470 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0470 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0470 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0470 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0470 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0470 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0470 0.00 0.00 0.00 0.00
ST et | o | 71 | e
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): 16 147 13.2
Stability evaluation: Aggradation, Degradation or
Stable:
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Worksheet 5-20b. Bedload and suspended sand bed-material load transport prediction for the potentially impaired reach, using the POWERSED model.

Stream: Fourmile Canyon Creek, Reach 8, Riffle Reach 8 Pr Location: Date: 05/11/15
Observers: Lucas Babbitt Stream Type: C 4b Valley Type: VIII Gage Station #: 06721500
Flow-duration curve Calculate Hydraulic geometry Measure Calculate
() (2) (©)] (4) (5) (6) @) (8) ©) (10) (11) (12) (13) (14) (15) (16) (7) (18)
Percentage of |Daily mean Mid- Area Width Depth Velocity [Slope Shear Stream  |Unit Time Time Daily Daily mean |Time Time Time
time discharge ordinate stress power power increment [increment |mean suspended |adjusted |adjusted adjusted
stream- bedload [sand bedload |suspended [total
flow transport [transport  |transport |sand transport
[(13)x(14) |transport  |[(16)+(17)]
1 [(13)x(151
(%) (cfs) (cfs) () (ft) (ft) (ft/s) (ft/ft) (Ib/ft%) (Ib/s) (Ib/ftis) (%) (days) | (tons/day) | (tons/day) (tons) (tons) (tons)
100.000 1.80 0.00 0.00 0.00 0.00
90.000 2.76 2.28 1.55 7.85 0.20 1.46 | 0.0420 | 0.51 5.98 0.76 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
80.000 3.48 3.12 1.87 7.98 0.23 1.63 | 0.0420 | 0.61 8.18 1.03 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
70.000 3.96 3.72 2.09 8.07 0.26 1.74 | 0.0420 | 0.67 9.75 1.21 10.000 [ 36.50 0.00 0.01 0.00 0.36 0.36
60.000 5.28 4.62 2.4 8.21 0.29 1.90 | 0.0420 | 0.76 12.11 1.48 10.000 | 36.50 0.00 0.01 0.00 0.36 0.36
50.000 8.76 7.02 3.16 8.51 0.37 2.22 | 0.0420 | 0.95 18.40 2.16 10.000 [ 36.50 0.00 0.02 0.00 0.73 0.73
40.000 13.92 11.34 4.31 8.94 0.48 2.62 | 0.0420 | 1.23 29.72 3.32 10.000 | 36.50 0.00 0.04 0.00 1.46 1.46
30.000 26.17 20.05 7.46 15.07 0.50 2.68 | 0.0420 | 1.27 52.55 3.49 10.000 [ 36.50 0.00 0.07 0.00 2.56 2.56
20.000 51.01 38.59 11.56 | 16.77 0.69 333 |0.0420 | 1.76 | 10114 | 6.03 10.000 | 36.50 0.00 0.16 0.00 5.84 5.84
10.000 87.93 69.47 17.27 | 18.88 0.91 4.02 | 0.0420 | 2.33 [ 182.07 | 9.64 10.000 [ 36.50 0.00 0.59 0.00 21.54 21.54
5.000 108.63 98.28 21.96 | 20.46 1.07 447 | 0.0420 | 2.73 [ 257.57 | 12.59 5.000 18.25 0.04 1.37 0.73 25.00 25.73
4.000 116.07 112.35 | 24.11 21.14 1.14 4.66 | 0.0420 | 2.90 [ 294.45 | 13.93 1.000 3.65 0.04 1.84 0.15 6.72 6.87
3.000 123.99 120.03 | 25.27 | 21.50 1.18 475 | 0.0420 | 2.99 [ 314.57 | 14.63 1.000 3.65 0.04 2.12 0.15 7.74 7.89
2.000 131.36 127.68 0.0420 0.00 0.00 0.00 0.00
1.500 138.39 134.88 0.0420 0.00 0.00 0.00 0.00
1.000 152.20 145.29 0.0420 0.00 0.00 0.00 0.00
0.900 152.80 152.50 0.0420 0.00 0.00 0.00 0.00
0.800 154.12 153.46 0.0420 0.00 0.00 0.00 0.00
0.700 156.28 155.20 0.0420 0.00 0.00 0.00 0.00
0.600 158.62 157.45 0.0420 0.00 0.00 0.00 0.00
0.500 165.13 161.88 0.0420 0.00 0.00 0.00 0.00
0.250 177.17 171.15 0.0420 0.00 0.00 0.00 0.00
0.100 188.26 182.71 0.0420 0.00 0.00 0.00 0.00
0.050 189.05 188.66 0.0420 0.00 0.00 0.00 0.00
0.010 189.05 189.05 0.0420 0.00 0.00 0.00 0.00
0.005 189.05 189.05 0.0420 0.00 0.00 0.00 0.00
0.001 189.05 189.05 0.0420 0.00 0.00 0.00 0.00
ST e | 00 | 11 | mea
e i e | 25 | 724 | 1o
Difference in sediment t(rtil:lsspl)yor;t((ias??lt)): 16 0.7 0.7
Stability evaluation: Aggradation, Degradation or
Stable:
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Sed Analysis Competence Velocity Discharge
n Q tons Str. Type D50 Dmax Dcomp Shear D84 Q \Y
Reach 1] 0.07087 | 120.03 76.6 c4 41 241 354.8 3.1662 90 212.67 8.42
Reach 2] 0.07642 | 120.03 96.9 B4 41 241 396.5 3.682 90 160.95 6.37
Reach 3] 0.07169 | 120.03 79.7 B4 41 241 376.5 3.432 90 152.75 6.13
Reach 4] 0.07169 120.03 79.7 B4 41 241 376.5 3.432 90 152.75 6.13
Reach 5] 0.07087 | 120.03 76.6 B4 41 241 370.2 3.352 90 151 6.06
Reach 6] 0.06835 | 120.03 68.4 c4 39 233 336.5 2.945 86 205.12 8.12
Reach 7] 0.07409 | 120.03 87.8 B4 41 241 390.6 3.607 90 157.88 6.33
Reach 8] 0.07004 | 120.03 74.0 B4 39 233 348.8 3.093 86 147.5 5.84
Reach 9] 0.07520 | 120.00 93.8 B4 41 241 354.8 3.166 90 158.3 5.94
Reach 10| 0.07068 | 120.02 75.5 B4 39 233 324 2.798 86 148.81 5.59
Comparitive R1:] 0.03911| 120.02 74.9




Reach Prioritization



Fourmile Canyon Creek Reach Prioritization

Reach

Reach Condition Rating

Ongoing Erosion to
Impact VAR

Required for Road
Reconstruction

Accessibility/Ease of
Construction

Amount of Private
Property Coordination

Total

Rank

11

11

13

11

12

10

Ol |IN[([ON]|HR|WIN|F-

12

[y
o
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13

RIN|IWIWw[N]|A|Rr|O|O

Notes:

Scoring: 1=worst, 3=best




Fourmile Canyon Creek DSR Field Walk

Future Flooding Concern Values At Risk if Channel Isn't Repaired Proposed Improvements
Reach Existing Erosion Problem Natural Channel . Channel Bank Channel Grade Road Crossing |Estimated Cost
Concern? Why? Property Homes Infrastructure i Revegetation e . .
Restoration Stabilization Stabilization Enhancement

1 Moderate Yes Homes in floodplain X X X X

2 Extreme Yes Homes in floodplain X X X X X

3 Moderate Yes Homes in floodplain, road overtopping X X X X X X

4 Major Yes Road flooding X X X X X

5 Major Yes Homes in floodplain, road overtopping X X X X X X

6 Moderate Yes Homes in floodplain X X X X X

7 Major Yes Road flooding X X X X X

8 Major Yes Road flooding X X X X X

9 Moderate Yes Road flooding X X X X X

10 Extreme Yes Homes in floodplain, road overtopping, road flooding X X X X X X
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