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Introduction — Location & Description

The Trail Creek Watershed Master Plan for
Stream Restoration & Sediment Reduction

This master plan for restoration is developed for the Trail Creek Watershed to reduce the
accelerated sediment yields following the Hayman Fire of 2002. This design relies on the results
of a three-phase watershed assessment conducted in 2010 and 2011 by Wildland Hydrology
based on the WARSSS methodology (Watershed Assessment and River Stability and Sediment Supply,
Rosgen, 2006/2009). The initial two phases of WARSSS, the Reconnaissance Level Assessment (RLA)
and the Rapid Resource Inventory for Sediment Supply Consequences (RRISSC), were conducted

on the 186 mi?> Horse Creek Watershed on the Pike National Forest. The RLA and the RRISSC
assessments identified the Trail Creek Watershed as High Risk for disproportionate sediment
supply and river impairment. The detailed results of these phases are documented in the report
Horse Creek Watershed RLA and RRISSC Assessments (Rosgen and Rosgen, 2010).

The third phase of the assessment, the Prediction Level Assessment (PLA), identified the erosional
and depositional processes that are disproportionately contributing sediment to the Trail

Creek Watershed and quantified the sediment loading by location and process. The results are
documented in the report Trail Creek Watershed Assessment & Conceptual Restoration Plan (Rosgen,
2011). This assessment report is referenced throughout this document as the “Trail Creek
WARSSS analysis.”

The restoration is directed at design solutions for the identified areas with disproportionately
high sediment yields throughout the watershed. Designs will be addressed for typical sediment
yield processes for hillslope and channel processes at representative or typical impaired stream
type and valley type locations. This plan documents the restoration objectives, priorities,
various design scenarios for a diversity of sediment problems, structure designs, and earthwork
computations for the various restoration scenarios. The plan is designed to provide sufficient
detail to secure the necessary permits from regulatory agencies to implement a watershed-based
restoration and sediment reduction program for the Trail Creek Watershed.

Location & Description

The Trail Creek Watershed involves nearly 16 mi? of drainage area within the South Platte River
drainage in Colorado. The watershed is located in the Granitic geology associated with the Pikes
Peak Batholith composed of very erosive grussic granite soils. The confluence of Trail Creek is at
West Creek near the community of West Creek. A general vicinity map is shown in Figure 1. A
more detailed map of the Trail Creek Watershed is shown in the Forest Service map in Figure 2.
The majority of the watershed was burned during the Hayman Fire in 2002.

The Trail Creek Watershed was delineated into 59 sub-watersheds each given a unique number
ID as identified in Figures 3-6. Ownership within Trail Creek is predominantly USDA Forest
Service, Pike National Forest with some private land inholdings in the upper watershed.
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Figure 1. A general vicinity map of the area influenced by the Hayman Fire.




Introduction — Location & Description

lsr 'I-I ﬂ’i'r'rf.!l:ll.l n‘h

i
’ . i
et = AN YD WS
- o
A | 2=
:

e

K

Flgure 2. Forest Service map identifying the Trail Creek Watershed.




The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Sheet 1

anm mm e
il e
5 & | : i B

-

Figure 3. The sub-watershed delineation of the Trail Creek Watershed; the area in “Sheet 1" is depicted in Figure 4, the
area in“Sheet 2" is depicted in Figure 5, and the area in “Sheet 3”is depicted in Figure 6.
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Figure 4. The sub-watershed delineation of the Trail Creek Watershed illustrating the area in “Sheet 1”in Figure 3.
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Figure 6. The sub-watershed delineation of the Trail Creek Watershed illustrating the area in “Sheet 3" in Figure 3.
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Sediment Sources by Process

The WARSSS analysis identified and quantified annual sediment yields from hillslope processes
(surface erosion and roads and trails), flow-related sediment from a change in hydrology due to
the fire, and channel processes, such as streambank erosion, degradation (bed erosion) due to
headcuts and incising channels, and the combined sediment yield of 59 individual tributaries and
the mainstem Trail Creek. The summary of the sediment budget is shown in Table 1.

Various priorities were established for the tributaries based on the magnitude of sediment sources
for a variety of land uses that were quantified. The list of priority sub-watersheds is shown in
Table 2 (Trail Creek WARSSS analysis, Rosgen, 2011). The 59 sub-watersheds are shown in Figures
3-6 and their individual descriptions, mapped stream types and conditions, streambank erosion
rates, and additional sources of sediment are documented in Appendix D of the Trail Creek WARSSS
analysis (Rosgen, 2011, pp. D-1 to D-138).

Table 1. Summary of the total annual sediment supply by sediment source
related to hillslope, hydrology and channel processes (Trail Creek WARSSS
analysis, Rosgen, 2011).

Sediment Source Annual Sediment Supply
Hillslope Processes
Roads & Trails 848 tons/yr
Surface Erosion 2,542 tons/yr
Hydrology
Pre-Fire Water Yield: Trail Creek
watershed 3,689 acre-ft/yr
Post-Fire Water Yield: Trail Creek 6,560 acre-ft/yr
watershed

Pre-Fire Flow-related Sediment:

Trail Creek Watershed

Post-Fire Flow-related Sediment:
Trail Creek Watershed

Post-Fire Flow-related Sediment

1,250 tons/yr

20,838 tons/yr

Increase: Trail Creek watershed 19,588 tons/yr
Channel Processes
Streambank Erosion 18,118 tons/yr
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Table 2. The priorities representing the highest sediment supply to lowest and the
impairment by sub-watershed.

Sub- Priorit Sub- e
watershed ID rionty watershed ID riority
£ 1 67 30
63 2 65 31
18 3 56 B
13 4 66 33
14 5 19 o
62 6 35 35
1 7 10 36
2 8 11 37
53 9 22 BE
57 10 26 39
58 11 33 o
o0 12 41 41
27 13 42 42
4 14 46 23
59 15 5 o
16 16 9 25
17 17 20 e
30 18 23 47
’ 19 34 a8
25 20 47 29
29 21 51 =
5 22 54 51
44 23 55 =
49 24 64 53
15 25 12 o
21 26 a5 e
36 27 28 EE
40 28 52 =
43 29 28 =
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Hillslope Processes

Surface Erosion

The surface erosion contributions were quantified within 100 ft of either side of drainageways as
the erosion rates would have a higher sediment delivery potential to a waterway (conveyance). The
surface erosion rates were determined for each of the 59 sub-watersheds and along the main Trail
Creek slopes between the tributary confluences. Approximately 12%, or 2,542 tons/yr, of the total
sediment is related to surface erosion processes. Restoration scenarios to reduce this source are
discussed within the Restoration Plan for Hillslope Processes section.

Roads & Trails

The sediment yields from the main access road adjacent to Trail Creek throughout the majority
of its length and the off-road and trail systems were quantified. Although the acres impacted are
small relative to the Trail Creek Watershed area, 848 tons/yr from roads and trails (approximately
4% of the total sediment) are contributing to the annual sediment yield. Because the road and
trails are presently adjacent to the drainageways, the majority of soil loss is directly routed into
the streams. The restoration scenarios for the roads and trails are associated with relocation,
stabilization at the toe of fill slopes, and improving or reducing the number of stream crossings.
Specific design criteria are presented in the Restoration Plan for Hillslope Processes section.

Channel Processes

Reference reaches were established to document the stable dimension, pattern and profile of these
reaches stratified by stream type and valley type (see Appendix A in Rosgen, 2011, for valley and
stream type descriptions, or Rosgen, 1994, 1996). Stability ratings were also obtained to document
the existing, stable state. This data is used to extrapolate the dimensionless relations of the
reference reach morphology for departure analysis when compared to unstable stream types. Thus
the same analysis that is completed for each reference reach is completed for each impaired reach.

Representative reaches were also established within the Trail Creek Watershed to obtain detailed
morphological data stratified by stream type and valley type to document the state of the reach.
The overall stability conditions of these reaches were determined by analyzing the departure of
each representative reach from the potential, stable stream type (reference reach). The results
of this analysis were extrapolated to other similar reaches within the sub-watersheds and the
mainstem Trail Creek.

The stream types and general stability conditions of the reaches within the sub-watersheds and the
mainstem Trail Creek are documented in Appendix D of the Trail Creek WARSSS analysis (Rosgen,
2011). Streambank erosion rates in tons/yr/ft are also mapped for these areas.

The locations of the reference and representative reaches are identified in Figure 7. The detailed
morphological characterization and stability analysis for each reference reach is included in
Appendix B of the Trail Creek WARSSS analysis, and the detailed data for each representative
reach is included in Appendix C (Rosgen, 2011). The fundamental relations of the reference and
representative reaches are used to create various restoration scenarios that reflect proposed stream
types and the corresponding appropriate dimension, pattern and profile relations.

10
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Stream Succession

The use of stream succession in design is dependent on the existing stream type and the stable
potential type based on a valley type that matches the boundary conditions and the controlling
variables. Stream type succession was used to interpret and predict the potential stable
morphological state of the impaired reaches. The resultant stream type conversions of existing,
impaired stream types to their stable form within the same valley type are shown in Table 3 (Trail
Creek WARSSS analysis, Rosgen, 2011). In addition, “Fair” and “Poor” condition B and C stream
types can be converted to their stable condition stream type.

In several scenarios, incised tributaries on alluvial fans (Valley Type III) are presently transporting

an accelerated upstream sediment supply to the mainstem Trail Creek. Alluvial fans have a natural
function to store sediment from steeper gradient, high sediment supply channels by deposition on the
fan surface. This occurs on typical, braided channel, D stream types that induce sediment deposition
throughout their longitudinal profile. Several scenarios are to convert some A, F and G stream types
to D on such alluvial fans (Table 3). Detailed designs for large, active alluvial fans are provided in
the Typical Design Scenarios & Restoration Details for Channel Processes section.

On short and narrow alluvial fans, B stream types are designed because there is insufficient room
for braided channels and sediment storage. The B stream types will not contribute bed and bank
material to Trail Creek, but will route what is produced upstream. If the upstream conditions are
reflected as a high priority for sediment reduction, then those reaches are also targeted for restoration.

Table 3. Proposed stable stream type conversions for various existing
stream types by valley type for Trail Creek and its tributaries.

Existing Existing Proposed
Stream Type Valley Type Stream Type
A4 Il (short fan) B4a
A4 [l (long fan) D4
D4 Vil ca
F4b Il B4
Fdb Vi B4
F4b [l (long fan) D4
F4b Il (short fan) B4
F4 Vil ca
F4 VIl (confined) B4c
G4 Vil B4
G4 Il (short fan) B4
G4 [l (long fan) D4
B4 “Fair” or “Poor” Vil Stable B4
C4 “Fair” or “Poor” Vil Stable C4

12
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Channel Incision & Headcuts

Many reaches of A and G stream types are associated with active headcutting (degradation) due
to the increased peak, stormflow runoff after the fire. Grade control structures are additionally
designed for this process as documented in the Structures in Natural Channel Design section.

Streambank Erosion

Approximately 82% of the total sediment yield (18,118 tons/yr) is from streambank erosion due
primarily to the increased flood peaks (flow-related sediment increase), channel instability, channel
encroachment due to roads, and riparian vegetation loss. Although much of this sediment is not
delivered to the mouth of Trail Creek, substantial volumes are stored in the channel and made
available for subsequent re-entrainment or subjected to channel incision and enlargement. Due

to this extensive source, it is of high priority to initiate restoration designs that will significantly
reduce this high sediment source. The BANCS model (Rosgen, 2001a, 2006/2009) was utilized to
predict streambank erosion rates, which involves two bank erosion estimation tools:

1) The Bank Erosion Hazard Index (BEHI), which includes the erodibility factors that involve
study bank height, bankfull height, rooting depth and density, bank angle, surface protection,
bank material and stratification of bank material

2) Near-Bank Stress (NBS), or the distribution of energy against the streambank

To effectively reduce streambank erosion rates, the High and Extreme BEHI and NBS variables
must be offset. First it is essential to construct the stable dimension, pattern and profile of the
potential stream type. Streambank stabilization structures are then used in many instances to buy
time to establish the riparian vegetation for the long-term stability and function. The details of the
structures used to reduce streambank erosion are documented in the Structures in Natural Channel
Design section.

13
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Restoration Design Approach, Assumptions & Objectives

The watershed and river restoration plan is based on the Natural Channel Design (NCD)
methodology (Rosgen, 2007). The NCD approach is divided into ten major sequential phases as
shown in Flowchart 1. Phases I-V have been completed and are documented in the Trail Creek
WARSSS analysis report (Rosgen, 2011). Phases VI-X are discussed in the remainder of this report.

Restoration Assumptions

The development of a restoration plan is based on the following assumptions:

The design plan will address the sediment sources, land uses, erosional processes and river
impairment based on the output of the cumulative effects analysis using WARSSS.

The WARSSS procedure will assist in setting restoration priorities based on quantitative
determinations of process-specific sediment contributions and channel impairment.
Streamflow peak magnitude and frequency related to the fire will have a long recovery period
(50-75 years).

Reference reach dimensionless relations can be extrapolated to unstable stream systems for
restoration purposes.

The appropriate natural, potential, stable morphology can be determined from selected stream
succession scenarios.

Sediment supply can be reduced most effectively at its source.

Recreational uses involving off-road travel, fishing and camping will increase over time.
There is uncertainty and risk in developing and implementing restoration scenarios, but the
risk and potential benefits outweigh the “do nothing” alternative.

Restoration Objectives

The following objectives help define the proposed watershed and river system restoration and
sediment reduction plan:

1.

PN LN

9

10.
11.
12.
13.
14.
15.
16.
17.

Reduce sediment supply from disproportionate sources identified by erosional process, land
use and specific locations within the watershed

Quantify the sediment supply reduction by proposed restoration

Develop restoration scenarios that address the cause of impairment

Improve fish habitat diversity and function

Stabilize streambanks and streambeds

Utilize a natural channel design methodology that results in a natural appearance (aesthetics)
Accelerate the recovery processes from the Hayman Fire

Re-establish a functional riparian corridor

Reduce road and trail maintenance

Provide for improved recreational opportunities

Provide ecological restoration (including birds, fish, mammals and amphibians)

Reduce flood stage

Accommodate floods and reduce flooding impacts on adjacent road

Create cost-effective and low-risk restoration solutions

Be complimentary to the central tendency of natural systems

Provide a demonstration reach for extrapolation of similar applications

Provide an opportunity for research and restoration monitoring

The watershed restoration master plan and design considers the stated objectives and offers a
variety of solutions for a wide range of conditions.

14
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Flowchart 1. The ten phases in the Natural Channel Design (NCD) approach to river restoration.
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Riparian Re-establishment

Streambank stabilization and fish habitat enhancement are greatly influenced by the establishment

of a dense understory and overstory of riparian plants. Establishment of these riparian plants is
proposed by transplanting adult plants of willow, alder and cottonwood based on their availability.
These plants are established on river banks, over the toe wood structure on bankfull benches,

and along the active channel boundary. Front end loaders and excavators are often used for the
transplanting. Willow cuttings are also utilized between soil lifts, sod mats and various streambank
structures. Donor sites for cuttings and transplants are often obtained within the watershed, but

are collected away from existing streambank areas. Various structure designs incorporate riparian
vegetation and are shown in the following Structures in Natural Channel Design section. Supplemental
work with hand labor from volunteers can be effective in re-establishing the riparian vegetation.

Structures in Natural Channel Design

The various structures recommended are designed to reduce streambank erosion, provide grade
control, dissipate excess energy, prevent headcutting, buy time for riparian vegetation, provide fish
habitat enhancement, maintain floodplain connectivity, protect road fills from erosion, and generally
reduce sediment supply. The structures listed in Table 4 are recommended for use in the Trail
Creek Watershed restoration for a wide variety of situations and objectives. These structures are
particularly adapted to A4, B4 and C4 stream types. The G4 and F4 stream types must be converted
to B4, B4c or C4 stream types before structures can be installed. The details of each of the structures
in Table 4 are described in this section.

Table 4. List of structures recommended for use in the Trail Creek Watershed restoration and their primary objectives.

Primary Objectives

. Streambank P — Habitat
Structures®  giapilization: SRS (In- Grade Visual Energy
Stabilization: ; R -
NBS stream = Control |(Aesthetics) Dissipation
; BEHI
Reduction Cover)
Rock Vane,
J-Hook ‘/ ‘/ ‘/ ‘/
Root Wad, Log
Vane, J-Hook ‘/ ‘/ ‘/ ‘/
Rock Cross—
e v v v v v
Toe Wood
Structure \/ ‘/ ‘/
“Rock & Roll”
Log Structure ‘/ ‘/ ‘/ ‘/
Rock Step—
Pool Structure ‘/ ‘/ ‘/ ‘/
Converging
Rock Clusters ‘/ ‘/ ‘/
*All structures must be designed to maintain width/depth ratio, sediment transport capacity and the
dimension, pattern and profile of the stable form
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Structures in Natural Channel Design

Rock Vane, J-hook

Rock vane, J-hook structures are utilized for streambank stabilization, fish habitat and energy
dissipation (Figure 8). The streambank area protected is calculated as three times the length of
the vane arm. The hydraulic function of this structure is similar to the root wad, log vane, j-hook
structure, but instead it is constructed with natural rock making it adaptable to ephemeral streams
and larger perennial channels. Because the availability of extensive rock is present, the costs
associated this structure are reasonable and its appearance in the channel would not be unnatural.

Figure 8. The rock vane, j-hook structure for streambank stabilization, fish habitat and energy dissipation.

17
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Root Wad, Log Vane, J-hook

The root wad, log vane, j-hook structure is designed to decrease near-bank shear stress to reduce
streambank erosion by redirecting high velocity gradients away from the streambank and placing
the erosive currents in the center of the stream (Figure 9). The structure also creates fish habitat
and provides overhead cover for fish by creating a run-pool-glide complex and an undercut bank
utilizing native logs. Macro-invertebrate habitat is also enhanced by the backfill use of small logs,
tops and woody debris as a backing between the log and the bank. The structure also provides
energy dissipation and creates longer, wider and deeper pools. The acceleration of the pool
tailout (glide) creates potential spawning habitat. The appearance of the structure creates a visual
representation of logs that naturally fall into the stream. Because the logs are embedded deep into
the bank and bed, and are counter-buttressed with native rock, they are stable under flood flows.
This structure is intended for perennial flow channels to maintain saturation of logs.

Root Wad, Log Vane J-Hook Combo

) N Geo-Textile Fabric
Buried 8-10 ft A3 Laid Over Woody Debris on

% S Inside of Log Cut-off Sill

Buried Flush with
Bank on Large
Lateral Root

. Buried 10-15 ft

GLIDE

Figure 9. The root wad, log vane, j-hook structure for streambank stabilization, fish habitat and energy dissipation.
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Structures in Natural Channel Design

Rock Cross-Vane

The rock cross-vane structure illustrated in Figure 10 decreases near-bank stress and provides
grade control. It is adaptable to both ephemeral and perennial channels. In perennial channels,
improved fish habitat is associated with increased holding cover, enhanced pool quality and
spawning habitat. This structure also prevents downcutting of stream channels and provides
floodplain connectivity. The rock cross-vane is also used at bridge crossings as in Figure 11. The
detailed design plan includes a rock cross-vane for the redesigned stream crossing on West Creek
road in lower Trail Creek. An implemented cross-vane on the Little Snake River, Colorado, is
shown in Figure 12.

Cross Section View: Without “STEP”

Figure 10. The rock cross-vane structure for grade control, streambank stabilization and fish habitat.
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Figure 12. A rock cross-vane at a bridge crossing on the mainstem Little Snake River, Colorado.
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Structures in Natural Channel Design

The Toe Wood Structure

The toe wood structure is designed to enhance fish habitat, stabilize streambanks and maintain a low
width/depth ratio of the design channel. The advantages of this structure are the availability of the toe
wood material, the associated lower costs and a more natural appearance than traditional stabilization
materials, such as rock rip-rap, gabions, concrete and interlocking block. This structure also increases
the macro-invertebrate habitat and enhances fish habitat with over-head and in-stream cover.

This structure incorporates native woody material into a submerged undercut bank to replicate
natural streambanks. The toe wood is placed at the toe of eroding streambanks on the lower 1/3 to
1/2 of the bank to ensure the wood is submerged year round to prevent wood deterioration. The
structure is also used in conjunction with the design of a bankfull bench rather than placed against
a vertical terrace or colluvial slope. The bankfull bench reduces convergence against the upper
bank and places the vegetation on the bench in a higher water table site and therefore improves the
vegetative survival rates. Vegetation transplants and/or cuttings are placed over the toe wood up
to the bankfull stage. Figure 13 illustrates the general concepts of the use of the toe wood structure
with a constructed bankfull bench in an existing over-wide channel with eroding banks. Figure 14
illustrates the toe wood placement prior to transplanting sod mats and woody vegetation.

Variations in the toe wood structure are available depending on the local vegetation available. One
option is to use cuttings and transplanted sod mats that are staked and held down by interweaving
shroud line (Figure 15). Another option uses woody transplants, such as willow, alder, cottonwood
or dogwood, instead of the cuttings and sod mats (Figure 16). Where sod mats and woody
transplants are unavailable, cuttings are used with “burrito” soil lifts as in Figure 17.

Existing, Over-Wide Channel with Eroding Bank

w -y

Figure 13. Cross-section view of a before vs. after scenario using the toe wood structure with sod mats.

21



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Figure 14. Plan view of toe wood placement prior to transplanting sod mats and woody vegetation (flow is left to right).
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Structures in Natural Channel Design

Sod Mats with Live Staking Option

Bankfull Stage

Y<—— Foundation Log

Figure 15. The toe wood structure with cuttings, sod mats and live staking.

Woody Transplant Option

Bankfull Stage

*——— Transplants
vi s _._-.'L--

- ..-;-

-
“— Foundation Log

Figure 16. The toe wood structure with woody transplants.
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“Burrito” Soil Lift Option

Wooden
Stakes

Figure 17. The toe wood structure with cuttings and “burrito” soil lifts.
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Structures in Natural Channel Design

“Rock & Roll” Log Structures

The “Rock & Roll” log structures provide grade control and energy dissipation that are designed to
match natural features of stable A4 and B4 stream types. The structures also redirect erosive flow
currents from streambanks to decrease near-bank shear stress and add flow resistance to dissipate
excess energy. The logs also provide fish habitat by creating instream cover. The “Rock & Roll”
log structure is shown in Figure 18 as implemented on a Colorado river, and a schematic of the
structure is depicted in Figure 19.

Figure 18. The “Rock & Roll”log structure implemented on the Roaring Fork of the Little Snake River, Colorado.
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| Section Vteu_‘

Figure 19. “Rock & Roll” log structure for grade control, energy dissipation, streambank stabilization and fish habitat.
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Structures in Natural Channel Design

Rock Step-Pool Structure

The rock step—pool structures are recommended for steep, A4 stream types and moderately steep
B4 stream types to create step—pool morphology for energy dissipation, grade control, streambank
stabilization and fish habitat. A schematic of the structure is illustrated in Figure 20.

Figure 20. Rock step—pool structures for grade control, energy dissipation, streambank stabilization and fish habitat.
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Converging Rock Clusters

Converging rock clusters provide grade control at the head of riffles to keep the slopes of the glide
and pool flat and the riffle/rapid steep. These structures also dissipate energy and provide instream
cover. The rocks must be submerged below half of the bankfull stage. Converging rock clusters,

as implemented on Ohio Creek in Colorado, are shown in Figure 21, and the structure design is
illustrated in Figure 22.
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Prolile View

Figure 22. The plan, cross-section and profile views of the converging rock clusters.
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Restoration Plan for Hillslope Processes

Surface Erosion

Surface erosion reduction is planned within the 100 foot buffer to existing streams because this
zone has the highest probability of delivered sediment. The highest priorities are also set
adjacent to perennial channels. The annual sediment contribution of approximately 2,542 tons/yr
makes this effort worthwhile (see Trail Creek WARSSS analysis, Rosgen, 2011, for surface erosion
contributions by sub-watershed). The following recommendations are designed to reduce this
sediment source.

Increase Ground Cover

Because ground cover density is directly related to erosion rates and sediment supply (see Trail
Creek WARSSS analysis, Rosgen, 2011, Figure 57, p. 48), any sites with a ground cover density
less than 40% will need treatment. Treatment includes reseeding with a grass hay or straw
mulch surface. Adding debris, such as small logs, tops and branches, will also help reduce soil
loss transport. The highest priorities for treatment are on slopes adjacent to perennial streams.
The locations of the lowest ground cover density based on burn intensity for each sub-watershed
are also zones of highest priority for surface erosion contributions.

Construct Bankfull Benches

Where sufficient space allows, constructing a bankfull bench against the toe of the slope is
recommended rather than allowing the sediment to be routed directly into the stream channel
(Figure 23). The bench is most appropriate adjacent to B and C stream types. The materials for
the entire bench width and length are generated from borrow sites as illustrated in Figure 23.
The borrow sites can also be used as a sediment detention basin. It is also necessary to establish
vegetation on the bench to add as a potential sediment filter and sediment catch. Native
bunchgrasses, such as big mountain brome, are appropriate species for the bench as these sites
are not typically in wetland areas. The design requires approximately 89 yds3 of fill per 100 ft of
constructed bench based on a bench width of 12 ft and a mean depth of 2.0 ft. Thus the borrow
depression would be sufficiently deep and spaced to provide the needed fill. There is a net
balance of cut and fill by design.

Surface Erosion Summary

It is anticipated that at least 50%, or 1,270 tons/yr, can be reduced by increasing ground cover to
above 65% and by installing benches and establishing riparian vegetation on stream-adjacent
slopes that are contributing to sediment delivery from surface erosion.
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. Toe Catch leg s

Plan Vieus

Figure 23. The “toe catch” bankfull bench to decrease surface erosion indicating the borrow depression areas and
placement of toe catch logs.
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Roads & Trails - The Trail Creek Road

The WARSSS assessment indicated that the mainstem Trail Creek road contributes approximately
589.9 tons/yr of delivered sediment compared to the total of 848 tons/yr from the trails, off-road 4x4
roads systems and the mainstem Trail Creek road. To reduce sediment sources, the reduction of
stream crossings on the Trail Creek road is directly related to the Road Impact Index (RII = road
density multiplied by the number of stream crossings by slope position). The following sections
discuss the road-related activities and proposed mitigation and stabilization recommendations.

Reduce the Number of Fords (Stream Crossings)

To reduce the delivered sediment and erosional debris from the Trail Creek road directly into Trail
Creek, decreasing the number of stream crossings is recommended. Relocating the main Trail Creek
road in two major locations will potentially reduce six crossings. Figure 24 depicts the proposed
relocation of the road and channel to reduce two stream crossings. Plan and cross-section views
comparing the existing road and channel locations vs. the proposed road and channel relocations
are shown in Figure 25. The streambank erosion and sediment supply is very high at this location
where the existing channel is undercutting a steep, erodible slope for hundreds of feet. The
proposed design positions the channel on the opposite side of the steep slopes and also stabilizes
the actively eroding slope. The proposed channel is placed within a floodplain with existing
riparian vegetation where the road is presently located. The proposed stream type for this location
is a C4 channel (proposed design details for a C4 stream type are included in the Typical Design
Scenario 5: C4 Poor to C4 Stable Conversion section).

A schematic photograph overlay in Figure 26 depicts the new location of Trail Creek and the road.
The new channel will be excavated and toe wood will be placed as shown (with subsequent fill
and vegetation transplants) to stabilize the streambanks from the newly placed fill. The road will
be relocated and raised above the floodplain where the channel previously was located. Note the
existing toe erosion of the slope from the channel that will be stabilized with the road placement.

The sequencing of the restoration involves excavating and placing structures in the proposed new
channel location first, then turning the water into the new channel before placing fill for the new
road. The new road location will then have fill placed adjacent to the eroding side slope undercut
by Trail Creek. This will counter-buttress the toe of the slope, stabilize the slope, and reduce the
existing very high sediment supply in this reach. The fill required for the new road is 3,333 yds3.
The amount of excavation of the new channel currently occupied by the road is 622 yds3. The fill
required to construct the new floodplain is 380 yds3. The balance of 3,091 yds3 of fill will be end-
hauled from the excavation generated from the mouth of lower Trail Creek in the proposed Typical
Design Scenario 1: D4 to C4 Stream Type Conversion. Any remaining fill from the lower river reach
will be placed at the toe of previously eroded alluvial fans in the vicinity. Overall, this proposal
eliminates two ford crossings and will greatly reduce the existing streambank erosion.
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Insert 11 x 17
Figure 24 Here

Figure 24. The proposed location to eliminate two stream crossings by relocating the Trail Creek road and channel
to reduce the existing high sediment supply and streambank erosion.
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Insert 11 x 17
Figure 24 Here
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Figure 25. The proposed relocation of the road and channel to eliminate two stream crossings for the location in Figure 24.
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Figure 26. Schematic photo overlay of the proposed stream and road relocations as depicted in Figure 24.
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Reduce the Number of Fords (Stream Crossings), Continued

The second location relocates the existing Trail Creek to eliminate four crossings. Plan and cross-
section views are shown in Figure 27 and Figure 28 that compare the existing channel location
vs. the proposed channel relocation to eliminate the four existing stream crossings. The existing
channel is presently an F4b stream type with a high sediment supply and streambank erosion.
The proposed stream type for this location is a B4 channel (proposed design details for a B4
channel are included in the Typical Design Scenario 2: F4 to B4 Stream Type Conversion section).

The existing channel is also undercutting a steep, erodible slope. The proposed design stabilizes
the steep slope and positions the channel on the opposite side of the steep slope within existing
vegetation and a floodplain alongside the road. The new channel will be excavated and stabilized
with toe wood and rock structures. Riparian vegetation will be transported and cuttings will be
placed along the new channel.

The sequencing of the restoration is similar to the previous road relocation scenario, and the
proposed design will greatly reduce the very high sediment supply in this reach. The proposed
rerouting of Trail Creek to reduce four stream crossings will involve approximately 240 yds? of fill
for the road prism and 266 yds® of excavation for the new channel. The cut from the channel will
be used to fill the fords along the road.
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Insert 11 x 17
Figure 28 Here

Figure 28. The proposed location to eliminate four stream crossings by relocating Trail Creek to reduce the existing
high sediment supply and streambank erosion.
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Insert 11 x 17
Figure 238 Here
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Fill Erosion

To reduce the fill erosion along many actively eroding road fill sites that are responsible for direct
sediment contributions to Trail Creek, the following practices are recommended:

1) Relocate the channel away from the road fill slope to reduce the toe erosion from lateral
channel migration

2) Place grass seed and native grass hay mulch or straw mulch over the seed on the fill slopes;
native grass hay mulch is preferred as it is not as susceptible to wind transport as straw mulch
and provides additional seed source

3) Move the localized road prism farther away from the channel without total relocation at
various locations where feasible

4) Stabilize channels cut through fills with step—pool grade control structures, side-slope
reduction, and seeding and mulching

5) Place woody debris on fill slopes, including limbs, tops, branches and small logs,
perpendicular to the slope; seed and mulch the slopes

6) Construct small terraces perpendicular to the slope to reduce rill erosion; seed and mulch the
terraces

7) Construct a bankfull bench between the toe of fill slope and the active channel where the
channel impinges on fill

8) Install the toe wood structure with sod mats and willow transplants (or soil lifts with cuttings)
on the bankfull bench to prevent Trail Creek from eroding the fill material

Road Surface & Ditch-Line Erosion

Recommended practices are to surface the road, but being cost-prohibitive for this class of road,
alternative techniques to improve the surface drainage are recommended as follows:

1) Out-slope the road to reduce concentration of water and sediment on the inside ditch line; this
avoids the concentration of water from sub-surface interception and disperses the flow instead
of concentrating such flows on the road and ditch-line surface

2) Place rolling “Kelly dips” on slope gradients greater than three percent

3) Construct sediment detention depressions at drainage outfalls or at drainage turnouts to
encourage infiltration and sediment deposition

Headcut Channels Intercepted by Road

Recommended practices are to stabilize the channel headward and downslope by step—pool grade
control to help stabilize road adjacent channels. This will help reduce the current high maintenance
of sediment deposition on the road surface and will prevent “over-steepening” of the channel at the
toe of the road.

Increase Maintenance Frequency

Reseeding and grading the road surface to reduce surface rills and maintain drainage features are
recommended.

Trail Creek Road Summary

It is anticipated that the aforementioned recommendations can effectively reduce the existing
sediment yield from the Trail Creek road by approximately 413 tons/yr, representing a 70%
sediment reduction.
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ORV Roads & Trails

The Trail Creek WARSSS analysis contained many locations where, due to the location of the roads
and trails that parallel and cross the channels in the Trail Creek Watershed, it is recommended to
relocate the majority of these systems away from the drainage proximities. Based on the immediate
proximity of the ORV roads and trails to the adjacent channels and their steepness, it would be
extremely difficult with a poor likelihood of success to institute sediment mitigation on these
systems. The proposed recommendation to reduce the sediment yield is to relocate the high risk
roads and trails that are frequently introducing direct sediment. The current road and trail systems
in the Trail Creek Watershed are shown in Figure 29. The recommended relocations of the high risk
systems are shown in the watershed maps in Figure 30, Figure 31, and Figure 32. The proposed
ridge routes are available and feasible for these trails without changing their origin or destination
sites. This recommendation can reduce nearly 200 tons/yr of delivered sediment to Trail Creek.
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Figure 29. The current road and trail systems in the Trail Creek Watershed; the relocations of the roads and trails for the area
in“Sheet 1" are depicted in Figure 30, the relocations for the area in “Sheet 2" are depicted in Figure 31, and the relocations
for the area in“Sheet 3" are depicted in Figure 32.
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Figure 31. The proposed relocations of the problematic roads and trails illustrating the area in “Sheet 2" in Figure 29.
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Figure 32. The proposed relocations of the problematic roads and trails illustrating the area in “Sheet 3”in Figure 29.
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Roads & Trails Summary

If the proposed recommendations related to the main Trail Creek road and the ORV trails and
roads are implemented, including the relocations, reduced stream crossings and fill stabilization,

it is anticipated that the introduced sediment delivered from roads would decrease by 613 tons/

yr, representing a 72% reduction. These recommended, mitigative measures are appropriate to be
applied to all roads within the watershed, regardless of ownership. Cooperative efforts are most
effective if all ownerships and entities work toward a common goal with common solutions to solve
the sediment and river impairment problems in the Trail Creek Watershed.

Restoration Plan for Hydrologic Processes

The increase in peak flows due a reduction in evapo-transpiration will continue until a forested
stand is re-established. Decades will be required to reach a full hydrologic utilization. Planting
coniferous trees on the burned landscape will help accelerate the re-establishment of a forested

stand for the potential long-term condition.

Restoration Plan for Channel Processes

Due to high sediment yield results from post-fire, flow-related increases, stream channel
restoration and stabilization can be effective to reduce this accelerated sediment supply. The
restoration work includes protecting streambeds and streambanks from the increased flows and
re-establishing floodplain connectivity where possible. Creating a functioning riparian corridor
is also recommended for the long-term stability of stream channels. Fisheries habitat will also be
improved with such river restoration and stabilization work. The remainder of the report focuses
on the proposed restoration of the stream channels to reduce the accelerated sediment supply by
converting unstable stream types to stable stream types and reducing the streambank erosion.

Stream Type Conversion Overview

The Trail Creek WARSSS analysis identified the stream succession scenarios of the representative
reaches to determine the stable end-point type to use for design. Table 3 (previously presented)
was derived from the analysis and lists the stable stream type conversions for various existing
stream types by valley type for the mainstem Trail Creek and its tributaries. This section includes
an overview of the stable stream type conversions. Detailed examples of the proposed dimension,
pattern and profile for various stream type conversion scenarios are presented in the Typical Design
Scenarios section in addition to structure and riparian vegetation recommendations.

Converting to a Braided, D4 Stream Type

The natural function of alluvial fans (Valley Type III) is to induce sediment deposition on the

fan surface through a braided channel system. The Trail Creek Watershed, however, includes
numerous tributary A4, F4 and G4 stream channels that have headcut through the fan, which
promote accelerated high sediment transport and streambank and streambed erosion. These
headcut stream channels should be converted to braided, D4 stream types on large, long and wide
alluvial fans as shown in Figure 33. This conversion re-establishes the normal functions of alluvial
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fans and braided channels to induce sediment deposition on the fan surface rather than routing
excess sediment to Trail Creek. Included in this design is the installation of cross-fan sediment
detention basins. These basins will store the excess sediment produced from 15t and 20d order
ephemeral streams that are still producing sediment related to post-fire instability. To prevent
any headward advancement or gullying from these basins, log sills are installed using native
materials (Figure 33). The material from the excavation of the sediment detention basins will
be used to fill the existing, entrenched channels to the fan surface so that the braided, D4 stream
types can effectively disperse flow energy (reduced stream power) and consequently spread the
transported sediment on the fan surface through flow convergence and divergence processes
related to braided channels.

Converting to a Stable C4 Stream Type

In some instances in Valley Type VIII, braided, D4 stream types are proposed to be converted
to single-thread, C4 meandering channels with a floodplain as in Figure 34. This stable C4
stream type conversion is the scenario at the mouth of Trail Creek. The current D4 stream type
is aggrading and raising flood stages at less than flood-magnitude flows. The very low stage
at base flow creates subterranean and discontinuous flows that restrict fish access resulting in
an effective migration barrier. If the existing D4 stream type is not converted, the objectives of
fisheries access and flood-stage reduction would not be met.

Existing “Poor” condition C4 stream types also occur within the Trail Creek Watershed in a
Valley Type VIII that are proposed to be converted to the stable C4 stream type. The proposed
conversion to a stable C4 stream type will reduce the high channel source sediment supply by
reducing streambank erosion and increasing bed stability.

Converting to a Stable B4 Stream Type

Entrenched and confined G4, F4b and F4 stream types in a Valley Type II or VIII can be
converted to B4 stream types. Cross-section views of unstable G4, F4b or F4 stream types
converted to the stable B4 stream type are shown in Figure 35. The sediment supply related to
flow-related sediment increases can effectively be reduced by two to three orders of magnitude
as a result of converting to the stable B4 stream type. The sediment reductions are related to
reduced streambank erosion, increased bed stability, and the creation of a flood-prone area to
help disperse flood flows.

Headcut tributary channels including the A4, F4b, F4 and G4 stream types on short alluvial fans
(Valley Type III) can also be converted to B4a or B4 stream types (Figure 35) with log or rock
step—pools as illustrated in Figure 36.
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Figure 33. Typical plan, cross-section and profile views of the F4b tributary to D4 stream type conversion on a long and

wide alluvial fan (Valley Type Ill) with a sediment detention basin.
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Figure 34. Typical cross-section and plan views illustrating a D4 to C4 stream type conversion in an alluvial fill valley
(Valley Type VIII), and the proposed streambank stabilization and fish habitat structures by typical location.
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Figure 35. Typical cross-section views of the G4, F4 and F4b stream types converted to B4 or B4c stream types.
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Figure 36. Typical cross-section and profile views of converting tributary A4 to B4a stream types, illustrating step—pool
bed features with a.) log step structures and b.) rock step structures.
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NCD Methodology for Channel Processes

Proposed restoration designs must emulate natural stable channels so that such efforts work with
the central tendency of stable channels. Reference reach relations were established to determine
departure of the potentially impaired, representative reaches and to establish the stable reach
relations for design. Because reference reaches are often not the same size as the impaired reaches,
the reference reach relations must be scaled. Thus dimensionless relations of the reference reach
that represent the stable dimension, pattern and profile are established using bankfull discharge,
width, depth, area and slope as the normalization parameters. The established reference reach
relations for use in the restoration design are documented in Appendix B of the Trail Creek WARSSS
analysis (Rosgen, 2011). Once a given stream type is selected for the stable form within a given
valley type, the dimensionless relations of the selected reference reach are converted to dimensional
data for the proposed restoration reach using the normalization parameters.

The impaired reaches by valley and stream type are documented in the representative reach
summary in Appendix C of the Trail Creek WARSSS analysis (Rosgen, 2011). This detailed data is
used as a typical of a given stability condition for a particular stream type and valley type location.
This data represents the existing condition vs. the proposed condition for the design dimension,
pattern and profile. The representative reach stability analyses can be extrapolated to other
locations with the same stream type and stability condition as mapped in Appendix D of the Trail
Creek WARSSS analysis by sub-watershed. For example, streambank erosion rates of the G4 Poor
Representative Reach in a Valley Type VIII can be extrapolated to other G4 Poor stability reaches
without a detailed analysis to obtain an estimate of streambank erosion in tons/yr.

The methods and computational sequence for channel restoration using the Natural Channel
Design (NCD) approach are included in detail in Appendix I; the computational sequence is
outlined in Flowchart 2. A master table is used to organize the existing, reference and proposed design
reach data as shown in Appendix I. The data for the existing and reference reaches are compiled

first and documented in the master table. Then, using the computational sequence outlined in
Flowchart 2 and described in detail in Appendix I, the dimension, pattern and profile of the
proposed design reach can be determined using the dimensionless relations of the reference reach
and the appropriate normalization parameters. Streambank erosion, materials, sediment yield and
competence calculations are also documented in the master table.

The design bankfull discharge and the corresponding cross-sectional area are obtained first when
developing the proposed channel dimensions using validated regional curves (Rosgen, 2007).
Regional curves of bankfull cross-sectional area vs. drainage area generally have an excellent
correlation coefficient and low variance making it acceptable to determine the proposed channel’s
cross-sectional area. Relationships of bankfull width and mean depth vs. drainage area were

not developed because these variables change by stream type for the same discharge because of
differing width/depth ratios. Hence, regional curves of bankfull discharge and cross-sectional area
were developed for the Trail Creek Watershed as part of the WARSSS analysis as shown in Figure
37 and Figure 38.

However, cross-sectional area cannot always be determined from regional curves, particularly for
1) streams that are outside the range of the empirically-derived relation, or 2) for stream types that
have extremely high values of width/depth ratio, such as D4 (braided channels). In these instances,
reasonable estimates of velocity are required to calculate a corresponding bankfull cross-sectional
area using flow. For example, very small streams with 0.2 ft to 0.3 ft of bankfull mean depth on
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slopes between 4% and 10% generally have bankfull velocities of 1.0-1.5 ft/sec. To calculate cross-
sectional area for these very small streams, the bankfull discharge (derived from regional curve)
is divided by the mean bankfull velocity. Roughness coefficients by stream type, dominant bed-
material size, vegetative controlling influences, logs, and step/pool morphology can be used to
check the velocity estimates. For gravel-bed, braided D4 stream types, the very high width/depth
ratios are associated with multiple small channels and associated small mean velocity estimates.
Many of these small channels have a very high boundary roughness due to their very shallow
depths of their multiple channels. Velocities for streamflows less than 10 cfs on D4 stream types
will average between 0.5 and 1.5 ft/sec, and thus will require very high cross-sectional areas for
small discharges. Many of these D4 stream types are designed to have width/depth ratios greater
than 100 that correspond with very wide and shallow channel dimensions.

When regional curves are used to determine the cross-sectional area, a check on velocity is
necessary to ensure reasonableness by using the continuity equation (1 = Q/A). Also, after the basic
dimension, pattern and profile relations are designed, a final check on velocity and the associated
roughness relations is required using various methods outlined in the velocity form in Appendix

I. Changes in the cross-sectional area or other morphological values may require adjustment
following the velocity check, in addition to competence and capacity checks.

Once cross-sectional area is determined from a known bankfull discharge (from regional curve) and
a reasonable bankfull velocity estimate, the bankfull dimensions are calculated. The bankfull width
of the proposed reach is calculated as:

Wiks = (Apks* Widyep) 1’2
where: Wiy = bankfull width
Apif = bankfull cross-sectional area
Widyef = bankfull width/depth ratio from the reference reach

Bankfull mean depth can then be computed by: dyi= Apis/ Wpis. Bankfull maximum depth and
inner berm channel dimensions are then calculated using dimensionless data from the reference
reach and scaled using the bankfull width of the proposed design reach. The mean, minimum and
maximum values for all dimensions must be computed from the ranges specified in the reference
reach data. Dimensions are required for all bed features (e.g., riffles, runs, pools, glides and
steps) and also for the floodplain, low terrace and/or flood-prone areas. The typical longitudinal
profile for NCD involves a range of depths, slopes and bed feature shapes designed specifically to
quantitatively describe bed features.

A range of pattern data is also obtained from the dimensionless ratios from a reference reach.
Sinuosity is generated from a channel layout incorporating the range of multiple pattern variables
that represent natural planform variability, including linear wavelength, stream meander length,
belt width, arc length, radius of curvature, riffle length and pool length ratios. The resulting
sinuosity is then determined by dividing the proposed design stream length by the valley length.
The meandering pattern determined in NCD and the heterogeneity of bed features are important to
dissipate energy and to promote a hyporheic exchange function.
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The initial channel slope of the proposed design reach is determined by dividing the valley slope
by the design sinuosity. This analog method requires compatibility amongst valley and stream
types of the reference reach dimensionless relations and the proposed bankfull width (used as a
normalization parameter for pattern). This approach also accounts for any boundary constraints
(e.g., terrain and vegetation) within the valley. The final design slope and dimensions are
determined following verification of velocity, sediment transport capacity and competence.

This master plan for watershed restoration develops the criteria and corresponding computations
and design parameters required for implementation for a range of representative conditions that
exist within the Trail Creek Watershed. Because the proposed master plan involves a watershed
restoration with approximately 178 miles of stream channels, the natural channel design procedure
is used to develop detailed examples and specific design criteria for typical scenarios as presented
in the following section.
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Computational Sequence
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1 - 4: Gather Phase Il Relationships & 5: Organize Existing Reach Data including the
Organize Reference Reach Data Detailed Morphological Characterization &
including Dimensionless Relations Analyses
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6 — 17: Calculate proposed Riffle Channel Dimensions
(Include Rapids and Chutes for Rapids-Dominated and
Step—Pool Systems)
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18 — 25: Calculate Channel Pattern Variables
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26: Layout Channel Pattern Variables
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27 — 30: Calculate Sinuosity & Slope
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31- 39: Design the Floodplain & Flood-Prone Area
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40: Plot Typical Three- or Four-Stage Channel
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41 — 44: Ensure the Hydraulic & Sediment Competence
& Capacity Calculations Match Continuity

A 4
[ 45: Calculate Flood-Prone Area Capacity }

A 4
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46 — 75: Calculate Remaining Applicable Bed Feature Dimensions
(e.g., pool, run, glide and step features)
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76 — 85: Calculate Longitudinal Profile Facet Slopes & Maximum Depths

A 4
[ 86: Plot Typical Longitudinal Profile ]

Flowchart 2. Computational sequence to determine and evaluate the dimension, pattern & profile variables for the
proposed design reach.
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Figure 37. Regional curve for bankfull discharge vs. drainage area for the Trail Creek Watershed.
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Figure 38. Regional curve for bankfull cross-sectional area vs. drainage area for the Trail Creek Watershed.
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Typical Design Scenarios & Restoration Details
for Channel Processes

The representative reaches were established, measured, quantified and evaluated in great detail to
develop typical design scenarios that can be extrapolated to other locations in the Trail Creek
Watershed where this level of detail was not obtained but is assumed to be similar. The reference
reaches were established to provide the stable design criteria to develop the proposed design for the
representative reaches. The nine design scenarios shown in Table 5 were developed to represent
the range of stream types and stability conditions that require restoration within the Trail Creek
Watershed. The appropriate scenario can then be extrapolated to other reaches of the same stream
type, valley type and stability condition as the representative reach.

The following sections include the detailed restoration designs for the stream type conversion
scenarios (e.g., D4 to C4) and stability condition conversion scenarios (e.g., “C4 Poor to C4 Stable”)
as shown in Table 5. Each typical design scenario includes detailed descriptions of the following:

* General Description & Morphological Data

¢ Bankfull Discharge, Cross-Sectional Area & Mean Velocity

¢ Plan View Alignment

¢ (Cross-Section Dimensions

¢ Longitudinal Profile

e Structures

* Riparian Vegetation

¢ Cut & Fill Computations

¢ Streambank Erosion

¢ Flow-Related Sediment

¢ Sediment Competence
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Table 5. The nine typical design scenarios developed to extrapolate to other
locations in the Trail Creek Watershed for restoration.

Typical Design Scenarios

Existing, Impaired Stream Proposed, Stable Valley Type

Type & Condition Stream Type (\"2))
1. D4 Poor C4 VI
2. F4 Poor B4 VI (confined)
3. G4 Poor B4 VI
4. CA4 Poor c4 Vil
5.  F4b Poor Tributary D4 1l (large fan)
6.  F4b Poor Tributary B4 Il (short fan)
7. Ada+ Poor Ada+ Step-Pool lorll
8. Ada+ Poor D4 Il (large fan)
9. Ada+ Poor B4a Il (short fan)

Flow-Related Sediment

The flow-related sediment was assessed for each design scenario using the FLOWSED and
POWERSED models, in addition to the BANCS model that assesses streambank erosion (Rosgen,
2001a, 2006/2009, 2011). Similar to how streambank erosion is estimated, it is also necessary to
proportionately scale the unit sediment yield from the FLOWSED runs by the stream length
potentially treated. In relation to the 178 miles (939,840 ft) of potential sediment contributions in
the Trail Creek Watershed, the total annual sediment yield can be proportionately adjusted by local
unit sediment transport rates by comparing the stability (“Good” vs. “Poor”) and the POWERSED
runs that indicate aggradation, degradation or bed stability. For example, the total annual
sediment yield rate for the Trail Creek Watershed associated with a “Good” condition would

be approximately 0.0009 tons/yr/ft compared to a rate of 0.026 tons/yr/ft associated with a “Poor”
condition (three orders of magnitude greater than the “Good” condition). These sediment rates
are based on the FLOWSED model that incorporates dimensionless sediment rating curves and
bankfull sediment values as explained in the Trail Creek WARSSS analysis. For “Good” condition
reaches, the FLOWSED model uses the “Good or Fair” dimensionless sediment rating curves

and the “Good” bankfull sediment values, which resulted in 844.6 tons/yr for this condition at the
mouth of the Trail Creek Watershed. The “Poor” condition resulted in 24,190.4 tons/yr for the same
location based on the use of “Poor” dimensionless sediment rating curves and “Poor” bankfull
sediment values. To obtain the unit erosion rates for each condition, the resultant sediment yield
values were divided by the total sediment-contributing channel length of similar condition.
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The typical design scenarios 14 involve lower mainstem Trail Creek reaches where the sediment
supply and transport rates vary by stream type and condition; thus the annual unit sediment
transport values are adjusted by the associated 10 miles (55,280 ft) of channel length of similar
condition. The tributary reaches related to the typical design scenarios 6, 7 and 9 utilize the total
length of the tributary channels within the associated sub-watershed. The typical design scenarios
5 and 8 that convert A4a+ and F4b stream types to the braided, D4 stream type with sediment
detention basins do not use the unit transport calculations for total export as these stream type
conversions do not relate to restoring the reaches to a “Good” condition. Rather, the sediment
detention basins and surface storage on the alluvial fan from the braided, D4 stream type are
designed to store 100% of the sediment yield, and thus these scenarios are associated with a zero
sediment transport to the mainstem Trail Creek.

Streambank erosion and erosion rates must also be considered as part of the channel source
sediment. Not all of the streambank erosion is transferred downstream or “delivered” as much of
the sediment is stored temporarily in the active channel. A typical, stable rate of 0.0063 tons/yr/ft of
annual streambank erosion has been observed for a “Good” condition C4 stream type. An annual
streambank erosion rate of 0.7183 tons/yr/ft for unstable reaches is typical, representing three orders
of magnitude of accelerated erosion rates. The streambank erosion savings related to the proposed
design reach, in addition to the savings in flow-related annual sediment yield, are summarized

for each of the nine typical design scenarios. Obviously, the more reaches eventually restored, the
greater the reductions in annual sediment yield.

Additionally, the POWERSED model was used to indicate the percentage of available sediment
transported. The results indicate aggradation, degradation or stable bed conditions. For a river to
be stable it must have sufficient energy to transport the available sediment; thus a zero sediment
yield goal is not compatible with a stable channel. Sediment supply is potentially reduced due

to streambank and streambed stabilization measures as proposed, which can reduce the existing
yields by three orders of magnitude (FLOWSED). The sediment supply that is made available must
be transported (POWERSED). The exceptions to this are the proposed scenarios that are designed
to store sediment (e.g., typical design scenarios 5 and 8: A4a+ and F4b stream types converted to D4
stream types). In these scenarios, the POWERSED model is used to show the amount of sediment
that is deposited on the fan surface separate from the sediment detention basins based on the
proposed stream type conversion to D4 stream types. If the POWERSED runs show degradation in
other scenarios, then grade control for the design is required.

As a reference for all nine typical design scenarios, Table 6 is presented that summarizes the flow-
related sediment and potential sediment reductions, including streambank erosion contributions,
for the existing and proposed design reaches. The proposed, braided, D4 stream types do not focus
on unit yield reductions but rather compare the sediment storage of the upstream sediment source
using both the FLOWSED and POWERSED models.

The following nine typical designs are proposed not only for the locations identified in the
following scenarios, but also for other reaches of the same stream type, valley type and stability
condition as mapped in Appendix D of the Trail Creek WARSSS analysis (Rosgen, 2011). The

first five scenarios listed in Table 5 are all located in lower Trail Creek above the mouth; hence, a
general discussion of the conceptual restoration for lower Trail Creek is given prior to the detailed
individual scenarios.
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Lower Trail Creek Design Concept

Any restoration plan must first look at the “big picture” that involves local base level and compatible
solutions amongst varying stream and valley types. The lower Trail Creek area was selected as an
example of integrating various reach types to reach a common set of objectives using various solutions.
For example, some of the stream types and conditions in this lower reach are aggrading, while others are
degrading. The solutions involve raising local base level by 34 ft in one reach, while in another reach
the design requires excavating down 4-5 ft. This is determined by studying the longitudinal profile over
a long distance. The longitudinal profile in Figure 39 extends through major sediment contributions
from an impaired tributary and major headcuts to approximately one-half mile downstream at the
mouth of the alluvial fan at the confluence with West Creek. At the uppermost part of the profile,

there is a laterally migrating, C4 Poor condition stream type that is proposed to be converted to a C4
Stable stream type. This reach transitions to an actively incising G4 stream type that is proposed to be
converted to a B4 stream type by raising the bed 1-3 ft to match the local base level and flatten the energy
slope to reduce future degradation (Figure 39). The longitudinal profile then shows the transition
through the existing, entrenched and confined F4 reach downstream of the G4 reach (F4 to B4 stream
type conversion) that extends to the lower aggrading reach (D4 to C4 stream type conversion) where bed
excavation is required to increase the energy slope.

The lower reach design of the Trail Creek Watershed must also address the active lateral erosion into

an alluvial fan and accelerated headcutting with extreme sediment supply of a tributary that is causing
major impacts to the mainstem Trail Creek. This tributary is within Sub-Watershed 6 that has been set as
the highest priority for restoration of all 59 sub-watershed based on its disproportionately high sediment
supply (Table 2). Thus, hillslope and channel process restoration must be concurrently implemented
based on the design details contained in this report. Stop-gap recommendations are included to

help reduce the direct sediment supply into Trail Creek, such as sediment detention basins and the
stream type conversion from F4b to D4. The success of the lower watershed restoration is premised on
implementing the recommended mitigation to reduce the major sediment in Sub-Watershed 6.

The aggrading and unstable stream crossing of Trail Creek on the West Creek road is also redesigned
in conjunction with converting the existing D4 stream type to C4 in this lowest reach. If fish migration
is to be encouraged from West Creek, a single-thread, C4 stream type is proposed to increase the depth
during low flow periods. In conjunction with a redesigned stream crossing on the West Creek road, the
C4 stream type design enhances the fish habitat and increases the stability of the reach by reducing the
aggradation and streambank erosion processes.

Plan views of the general restoration design for lower Trail Creek are depicted in Figures 40-45. These
design sheets include the C4 Poor to C4 Stable, G4 to B4, F4 to B4, and D4 to C4 stream type and stability
conversions, along with the location of the impaired tributary to be converted from an F4b to D4

stream type. The following five typical design scenarios contain the detailed data required for design
and implementation starting downstream at the existing D4 stream type and extending upstream.
These restoration scenarios include the morphological, sedimentological, hydraulic and biological
characteristics that must be addressed to ensure a sustainable design and that specific objectives are
met. Specific structure locations along the proposed channel alignment are also included for design
implementation.

Last, the vegetated alluvial fan at the confluence of Trail Creek with West Creek is the recommended
location where water quality controls can be implemented during restoration as illustrated in Figure 46.
The turbidity levels can be reduced during construction by dispersing flows over the vegetated surfaces
and by implementing sediment detentions ponds (beaver ponds).
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept

Insert 11 x 17
Figure 39 Here

Figure 39. The existing longitudinal profile of lower Trail Creek indicating the new bed elevations, associated slopes and
cut and fill requirements of the proposed design.

Figure 40.

The master layout view of the sheets corresponding to Figures 41-45 that depict the general restoration

design plan for lower Trail Creek.

Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.

The general proposed design for lower Trail Creek for the area depicted in Sheet 1 in Figure 40.
The general proposed design for lower Trail Creek for the area depicted in Sheet 2 in Figure 40.
The general proposed design for lower Trail Creek for the area depicted in Sheet 3 in Figure 40.
The general proposed design for lower Trail Creek for the area depicted in Sheet 4 in Figure 40.
The general proposed design for lower Trail Creek for the area depicted in Sheet 5 in Figure 40.
The proposed location of a flow diversion for water quality control during construction using the riparian area

for natural filtration and sediment detention.

63



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Insert 11 x 17
Figure 39 Here
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept

Insert 11 x 17
Figure 40 Here
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction
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Restoration Plan for Channel Processes: Lower Trail Creek Design Concept
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Typical Design Scenario 1:
D4 to C4 Stream Type Conversion (VT VIII)

General Description & Morphological Data

This typical design scenario is a stream type and stability conversion of a D4 Poor condition to a C4
Stable stream type. The existing, braided D4 reach is located at the Mouth of Trail Creek with the
confluence of West Creek (Figure 47). The causes of the braided, D4 reach involve the following
multiple conditions:

1) The magnitude of the sediment supply from the watershed exceeded the sediment transport
capacity that resulted in stream aggradation.

2) The box culvert associated with the West Creek road in the stream channel near the mouth
has a width/depth ratio that is 100% larger than necessary for sediment transport capacity;
consequently, the reach aggraded 6 ft to the top of the box culvert.

3) The riparian vegetation occupies a narrow part of the valley thereby allowing a wide channel
without flow resistance afforded by the willows.

4) High streambank erosion rates occur allowing channel enlargement.

The D4 channel continues to aggrade resulting in a migration barrier because of decreased depths
in addition to the existing box culvert with 12” pipes sitting over the box. To prevent accelerated
sediment deposition and aggradation, the proposed design for this reach converts the existing,
high width/depth ratio, braided D4 reach to a C4 stable, low width/depth ratio, single-thread
stream type. To restore this reach to a single-thread, stable channel, it is necessary to re-establish
the local base level (4.5 ft lower), redesign the stream crossing to prevent aggradation, and re-
establish a riparian corridor along the streambanks of the proposed C4 stream type. The shear
stress and increased velocity combine to increase stream power that can efficiently transport

the available sediment. The stream type conversion and road crossing design should allow for
unobstructed fish passage for all ranges of discharge.

The specific objectives and direction of this restoration scenario to stabilize the reach are as follows:

* Provide fish access to Trail Creek

Improve instream habitat with increased cover and low flow depth
Reduce the existing, accelerated streambank erosion

Reduce the aggradation rate of sediment

Decrease flood risk

Restore the biological and physical function of this reach
Re-establish a riparian corridor

Redesign the existing crossing of the West Creek road

The dimensionless relations of the C4 Reference Reach are used to generate the proposed C4

stable design criteria, including the dimension, pattern and profile, by scaling the relations to the
drainage area and bankfull discharge of the proposed reach. The location of the C4 Reference Reach
is shown in Figure 7 and the detailed characteristics and stability evaluation are documented in
Appendix B4 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp. B4-1 to B4-36).
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

The resultant proposed dimension, pattern and profile for the stable C4 stream type are
documented in Table 7 using the procedure in Appendix I. Additionally, this table also includes a
summary of the morphological descriptions and corresponding analyses of the existing, impaired
D4 reach and the C4 Reference Reach. The following sections include the proposed design details of
the stable C4 stream type.

Figure 47. Aggradation and the corresponding D4 stream type at the mouth of Trail Creek causing flooding of adjacent
landowner (note the wall on river left for flood protection).
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Table 7. The morphological characteristics of the existing, proposed design and reference reaches for the
D4 to C4 stream type conversion in a Valley Type VIII.

Existing Reach Stream & Location: D4 Below Culvert on Lower Trail Creek above Mouth
Reference Reach Stream & Location: C4 Reference on Trout Creek
Entry Number & Variable Existing Reach Propo;::cliemgn Reference Reach
1 Valley Type Vil Vil VI
2 Valley Width
3 Stream Type D4 c4 c4
4 Drainage Area, mi® 15.9 15.9 71
5 Bankfull Discharge, cfs (Qpy) 40 40 51.6
Mean: 79.9 Mean: 13.5 Mean: 18.5
6 Riffle Width, ft (W) Min: Min: 12.0 Min: 16.3
Max: Max: 15.0 Max: 19.9
Mean: 0.24 Mean: 0.99 Mean: 1.04
7 Riffle Mean Depth, ft (dpy) Min: Min: 0.89 Min: 0.89
Max: Max: 1.09 Max: 1.19
. . . Mean: 333.1 Mean: 13.7 Mean: 18.1
Riffle Width/Depth R ) ) .
8 (VI\/ ef/d ";t IRLENAE Min: Min: 11.0 Min: 13.7
" DRk Max: Max: 16.9 Max: 21.8
= Mean: 19.2 Mean: 13.3 Mean: 19.2
S Riffle Cross-Sectional Area, ft* o o
n 9 Min: Min: 17.3
5 (Pokr) . :
£ Max: Max: 20.9
a Mean: 2.24 Mean: 1.70 Mean: 1.64
o [ 10 Riffle Maximum Depth (dpay) Min: Min: 1.55 Min: 1.40
?E: Max: Max: 1.85 Max: 1.81
Riffle Maximum Depth to Riffle Mgan: 9.333 Mgan: Lrir M.ea_n: L1575
11 Min: Min: 1.566 Min: 1.429
Mean Depth (dyax/doki)
Max: Max: 1.869 Max: 1.724
12 Width of Flood-Prone Area at m.ea.m: A I\I\:.ea'm: gg? m.e:m: ijg
Elevation of 2 * dpay ft (W) n: in: ' n- :
Max: Max: 81.0 Max: 69.4
Mean: 35 Mean: 3.0 Mean: 3.2
13 Entrenchment Ratio (W,a/ W) |Min: Min: 2.2 Min: 2.2
Max: Max: 6.0 Max: 4.0
Mean: N/A Mean: 6.5 Mean: 11.4
14 Riffle Inner Berm Width, ft (W)  |Min: Min: 5.0 Min: 10.4
Max: Max: 8.0 Max: 12.9
Riffle Inner Berm Width to Riffle | Mo N/A - |Mean: 0481 \Mean: 0.619
15 . Min: Min: 0.370 Min: 0.522
& Max: Max: 0.593 Max: 0.668
o . .
.= . Mean: N/A Mean: 0.74 Mean: 0.57
2] B M Depth, ft . .
S| 16 ?dl'ﬂ)le Inner Berm Mean Depth, Min: Min: 0.50 Min: 0.38
_sDE & Max: Max: 0.90 Max: 0.73
IS 17 Riffle Inner Berm Mean Depth to m.ea}n: N/A mga}n: 8;3; mﬁi‘n: ggi;
o Riffle Mean Depth (diy/do) n n - ' -
f Max: Max: 0.909 Max: 0.820
() . . R
= Riffle Inner Berm Width/Depth M?an. NIA Mgan. 8.8 Mgan. 213
= | 18 . Min: Min: 5.6 Min: 17.6
() Ratio (Wib/dib)
= Max: Max: 12.0 Max: 28.7
& Riffle Inner Berm Cross-Sectional Mgan: NIA 'V'?a”: 4.8 Mgan: 6.5
19 Min: Min: 3.2 Min: 4.1
Area (Ap)
Max: Max: 6.8 Max: 9.4
Riffle Inner Berm Cross-Sectional |[Mean: N/A Mean: 0.361 Mean: 0.349
20 Area to Riffle Cross-Sectional Min: Min: 0.241 Min: 0.214
Area (Aip/Apir) Max: Max: 0.511 Max: 0.542
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 7 (page 2). The morphological characteristics of the existing, proposed design and reference reaches
for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach Propo;::clsemgn Reference Reach
Mean: N/A Mean: 13.4 Mean: 26.5
21 Pool Width, ft (W) Min: Min: 13.0 Min:
Max: Max: 14.0 Max:
Pool Width to Riffle Width Mean: A e 0.993 Mean: 1.432
22 (Wi W) Min: Min: 0.963 Min:
biip” = bkt Max: Max: 1.037 Max:
Mean: N/A Mean: 1.39 Mean: 1.02
23 Pool Mean Depth, ft (dysp) Min: Min: 1.20 Min:
Max: Max: 1.40 Max:
Pool Mean Depth to Riffle Mean |Mea™" Al LELE 1.404 —\Mean: 0.981
24 Depth (/o) Min: Min: 1.212 Min:
bkipT=bkd Max: Max: 1.414 Max:
m . . .
5 Pool Width/Depth Ratio Mean: N/A Mean: 9.6 Mean: 26.0
o | 25 (W /oo Min: Min: 9.3 Min:
é biip"okip Max: Max: 11.7 Max:
= Mean: N/A Mean: 18.6 Mean: 27.1
a o i 2
= 26 E;)ol §3ross Sectional Area, ft Min: Min: 16.0 Min:
9 i Max: Max: 22.0 Max:
Pool Area to Riffle Area Mfean: N/A Mgan: 1.398 Mgan: 1.409
27 Ao/ Ank) Min: Min: 1.203 Min:
okfp’ 0k Max: Max: 1.654 Max:
Mean: N/A Mean: 3.10 Mean: 2.91
28 Pool Maximum Depth (diaxp) Min: Min: 2.80 Min:
Max: Max: 3.50 Max:
Pool Maximum Depth to Riffle Mgan: N/A Mgan: 8131 Mgan: 2.798
29 Mean Depth (dyao/der) Min: Min: 2.828 Min:
masp'bkd Max: Max: 3.535 Max:
Mean: N/A Mean: 0.350 Mean: 0.260
30 Point Bar Slope (S;) Min: Min: 0.260 Min:
Max: Max: 0.400 Max:
Mean: N/A Mean: 8.2 Mean: 9.4
31 Pool Inner Berm Width, ft (Wi,p)  |Min: Min: Min:
Max: Max: Max:
Pool Inner Berm Width to Pool Mgan: . Mgan: gt Mgan: O
32 " Min: Min: Min:
% Max: Max: Max:
o . . R
‘© Pool Inner Berm Mean Depth, ft Mean. NIA 'V'.ea”' 1.39 Mgan. 0.92
S| 33 (do) Min: Min: Min:
£ op Max: Max: Max:
[a) ; : :
= 3 Pool Inner Berm Mean Depth to m;e.m. bl mﬁi‘n' L0 mﬁi‘n' Qe
@ Pool Mean Depth (dy,,/d ) : :
) Pt (cinp/hcy) Max: Max: Max:
2 Pool Inner Berm Width/Depth M_ean: N/A Mfaan: 59 M.ea”: 10.2
£ |1 3 ; Min: Min: Min:
— Ratio (Wipp/dipp)
8 Max: Max: Max:
D_ . . .
Pool Inner Berm Cross-Sectional Mgan. NIA Mgan. 91 Mfaa.n. 8.6
36 Min: Min: Min:
Area (Ajp)
Max: Max: Max:
Pool Inner Berm Cross-Sectional |Mean: N/A Mean: 0.490 Mean: 0.319
37 Areato Pool Cross-Sectional Area|Min: Min: Min:
(Ainp/ Aokip) Max: Max: Max:
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Table 7 (page 3). The morphological characteristics of the existing, proposed design and reference reaches

for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: N/A Mean: 12.5 Mean: 24.2
38 Run Width, ft (W) Min: Min: Min:
Max: Max: Max:
Run Width to Riffle Width Mean: N/A Mean: 0.926 Mean: 1.308
39 (W W) Min: Min: Min:
kAT bkt Max: Max: Max:
Mean: N/A Mean: 1.38 Mean: 0.62
40 Run Mean Depth, ft (dpys) Min: Min: 1.30 Min:
Max: Max: 1.40 Max:
Run Mean Depth to Riffle Mean Mfean: N/A Mgan: 1.394 Mgan: 059
w | 41 Depth (dyy/doye) Min: Min: 1.313 Min:
S KTkt Max: Max: 1.414 Max:
[} . o o
5 Run Width/Depth Ratio Mgan. . Mgan. Sl Mgan. S
e | 42 Wi/ Do) Min: Min: Min:
a Dfr bk Max: Max: Max:
S Run G Sectional Area. i Mean: N/A Mean: 17.2 Mean: 15.1
@ | 43 RunCross-Sectional Area, Min: Min: Min:
(Ao Max: Max: Max:
Mean: N/A Mean: 1.293 Mean: 0.785
44 Run Area to Riffle Area (Api/Apks) |Min: Min: Min:
Max: Max: Max:
Mean: N/A Mean: 2.00 Mean: 1.50
45 Run Maximum Depth (dmax) Min: Min: Min:
Max: Max: Max:
46 Run Maximum Depth to Riffle mier?n: s miene_m: 2020 mﬁi‘n: 1.442
Mean Depth (dpa/d ) ) )
p ( maxr bkf) Max: Max: Max:
Mean: N/A Mean: 14.6 Mean: 22.0
47 Glide Width, ft (W) Min: Min: 14.0 Min:
Max: Max: 15.0 Max:
Glide Width to Riffle Width Mean: a Mean: il ol 1.189
48 (Wi W) Min: Min: 1.037 Min:
bldig’ ™ bkd Max: Max: 1.111 Max:
Mean: N/A Mean: 0.80 Mean: 0.98
49 Glide Mean Depth, ft (dgsg) Min: Min: Min:
Max: Max: Max:
Glide Mean Depth to Riffle Mean M_ean: s Mgan: Qe Mgan: i
&z 50 Depth (dyee/diye) Min: Min: Min:
e bkig" ok Max: Max: Max:
& Glide Width/Depth Ratio Mean: N/A - |Mean: 18.25  |Mean: 225
€| 51 Min: Min: Min:
5 (kafg/dbkfg) Max: Max: Max:
° : : :
o . . Mean: N/A Mean: 11.6 Mean: 21.5
G| 5 Glide Cross-Sectional Area, ft? Min: Min: Min:
(Aoio) Max: Max: Max:
Glide Area to Riffle Area Mgan: N/A Mgan: 0.872 M_ean: 1.122
53 Ao/ Por) Min: Min: Min:
okig!™ bk Max: Max: Max:
Mean: N/A Mean: 1.10 Mean: 1.62
54 Glide Maximum Depth (dpmaxg) Min: Min: Min:
Max: Max: Max:
55 Glide Maximum Depth to Riffle m;ﬁn: NIA mﬁf_‘n: L1 m;ana.\n: 1.558
Mean Depth (dpa/d ) ) )
P (Gma/ i) Max: Max: Max:
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 7 (page 4). The morphological characteristics of the existing, proposed design and reference reaches
for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach PropoRs:gclaemgn Reference Reach
Mean: N/A Mean: 8.2 Mean: 12.9
56 Glide Inner Berm Width, ft (Wjp,) [Min: Min: Min:
Max: Max: Max:
Glide Inner Berm Width to Glide Mgan: N/A Mgan: 0.562 Mgan: 0.583
ST \idth (Wi Winsie) Min: Min: Min:
0 10y’ TTbklg Max: Max: Max:
) ; ; B
@ Glide Inner Berm Mean Depth, ft Mo N Mean: 0.56 Mean: 0.48
o | 58 (i) Min: Min: Min:
_g ibg Max: Max: Max:
§ 59 Glide Inner Berm Mean Depth to mﬁi‘n: N/A m;e.m: 0.700 Mierf'm: 0490
o Glide Mean Depth (d;,,/d ) ) )
@ Pt (ding/hic) Max: Max: Max:
(0] . - .
< Glide Inner Berm Width/Depth Mgan. s Mgan. S Mgan. ees
= | 60 Ratio (Wipg/dipg) Min: Min: Min:
35 ibg™1bg. Max: Max: Max:
S Glide Inner Berm Cross-Sectional Mgan: N/A Mgan: 46 Mgan: 6.2
61 Min: Min: Min:
Area (Ajpg)
Max: Max: Max:
Glide Inner Berm Area to Glide Mgan: A Mgan: Oe Mgan: Qe
62 Area (Apc/Ag) Min: Min: Min:
by bkl Max: Max: Max:
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Table 7 (page 5). The morphological characteristics of the existing, proposed design and reference reaches
for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: N/A Mean: 96.0 Mean: 84.5
72 Linear Wavelength, ft (A) Min: Min: 75.0 Min: 62.0
Max: Max: 117.0 Max: 114.5
Linear Wavelength to Riffle Width Mgan: N/A M.ean: 7.111 Mgan: 4.558
73 MW Min: Min: 5.556 Min: 3.345
bkt Max: Max: 8.667 Max: 6.178
Mean: N/A Mean: 138.0 Mean: 104.6
74 Stream Meander Length, ft (L))  |Min: Min: 108.0 Min: 72.6
Max: Max: 168.0 Max: 161.0
. Mean: N/A Mean: 10.222 Mean: 5.645
75 Stream Meander Length Ratio ). Min: 8.000  |Min: 3.917
(LW ) Masc: . .
ax: Max: 12.444 Max: 8.687
Mean: N/A Mean: 60.0 Mean: 66.1
76 Belt Width, ft (W) Min: Min: 40.5 Min: 42.8
Max: Max: 82.0 Max: 82.8
Mean: N/A Mean: 4.444 Mean: 3.567
77 Meander Width Ratio (W /W) |Min: Min: 3.000 Min: 2.309
Max: Max: 6.074 Max: 4.468
Mean: N/A Mean: 42.0 Mean: 31.1
78 Radius of Curvature, ft (R.) Min: Min: 36.0 Min: 23.9
Max: Max: 56.0 Max: 41.7
= . . .
g 79 Radius of Curvature to Riffle m:ana.m. N/A m;én' 22;; m;erim' ig;g
© Width (Ro/W ) ) ) ’ ) ’
& Max: Max: 4,148 Max: 2.250
g Mean: N/A Mean: 27.5 Mean: 37.7
S | 80 Arc Length, ft (L,) Min: Min: 14.7 Min: 20.1
5 Max: Max: 335 Max: 46.0
. . Mean: N/A Mean: 2.033 Mean: 2.033
gy AvCLengthtoRiffle Width Min: Min: 1085  |Min: 1.085
(La/kaf) M . . .
ax: Max: 2.482 Max: 2.482
Mean: N/A Mean: 30.4 Mean: 23.1
82 Riffle Length (L)), ft Min: Min: 135 Min: 8.5
Max: Max: 54.0 Max: 82.4
. . . Mean: N/A Mean: 2.252 Mean: 1.245
83 Riffle Length to Riffle Width Min- Min: 1.000 Min: 0.459
(L/ W) Maoc: ) .
ax: Max: 4.000 Max: 4.446
Mean: N/A Mean: 20.3 Mean: 17.6
84 Individual Pool Length, ft (L) Min: Min: 13.5 Min: 8.5
Max: Max: 27.0 Max: 27.5
. . Mean: N/A Mean: 1.504 Mean: 0.949
gs ool Lengthto Riffle Width Min: Min: 1.000  |Min: 0.459
(Lp/W i) Max: ) .
ax: Max: 2.000 Max: 1.485
Mean: N/A Mean: 75.0 Mean: 55.5
86 Pool to Pool Spacing, ft (Ps) Min: Min: 60.0 Min: 22.0
Max: Max: 90.0 Max: 107.5
. . Mean: N/A Mean: 5.556 Mean: 2.996
g7 Poolto Pool Spacing toRiffle . Min: 4444 |Min: 1.187
Width (Ps/kaf)
Max: Max: 6.667 Max: 5.800
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Table 7 (page 6). The morphological characteristics of the existing, proposed design and reference reaches
for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach Propo;::cliemgn Reference Reach
88 Stream Length (SL) 400.0 450.0 567.7
()
o
% 89 Valley Length (VL) 400.0 323.7 783.4
©
c
i 90 Valley Slope (S,a) 0.010 0.010 0.0061
7 — SLVL:  1.00 SLVL.  1.38
S (91 S ty (k SL/VL:  1.39
2 inuosity (k) VS/S:  1.00 VS/S:  1.38
.(7) SE Svallk
92 Average Water Surface Slope (S) 0.010 0.0044
0.0072
£ Mean: Mean: Mean: 40.7
A | 93 Flood-Prone Area Width, ft (Wg,) [Min: Min: Min:
5 Max: Max: Max:
Z Mean: Mean: Mean: 1.89
Flood-Prone Area Mean Depth, ft | . .
2] 94 (dr2) B Min: Min: Min:
DE_ fra Max: Max: Max:
g o5 Flood-Prone Area Cross-Sectional m_ean: m_ean: mfaan: 76.8
o 2 in: in: in:
o Area, ft” (Apa) Max: Max: Max:
o] Mean: Mean: Mean: N/A
o | 96 Floodplain Width, ft (W) Min: Min: Min:
% Max: Max: Max:
E Mean: Mean: Mean: N/A
0O | 97 Floodplain Mean Depth, ft (d;) Min: Min: Min:
E Max: Max: Max:
'§' Floodplain Cross-Sectional Area, Mgan: Mgan: Mgan: B
3| 98 i (A) Min: Min: Min:
[ d Max: Max: Max:
Mean: Mean: Mean: N/A
= 99 Low Terrace Width, ft (W) Min: Min: Min:
Ia) Max: Max: Max:
2 Mean: Mean: Mean: N/A
g 100 Low Terrace Mean Depth, ft (d;) [Min: Min: Min:
i Max: Max: Max:
§ 1 Low Terrace Cross-Sectional mQan: mgan: m.ea”: N/A
2 in: in: in:
Area, ft* (Ay) Max: Max: Max:
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Table 7 (page 7). The morphological characteristics of the existing, proposed design and reference reaches

for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
o . Mean: N/A Mean: 0.0156 Mean: 0.0045
= Riffle Slope (water surface facet . . .
E | 105 pe (water su Min: Min: 0.0099  |Min: 0.0029
2 slope) (Sy)
o Max: Max: 0.0189 Max: 0.0054
= . Mean: N/A Mean: 1.0205 Mean: 1.0205
o Riffle Slope to Average Water . . .
&= | 106 Min: Min: 0.6477 Min: 0.6477
- Surface Slope (S;i#S) ) ) ]
o Max: Max: 1.2341 Max: 1.2341
T Mean: N/A Mean: 0.0080 Mean: 0.0023
Pool Slope (water surface facet . . .
D | 107 pe (water su Min: Min: 0.0028  |Min: 0.0008
@ slope) (Sp) ) ) )
@ Max: Max: 0.0132 Max: 0.0038
S Mean: N/A Mean: 0.5250 Mean: 0.5250
) Pool Slope to Average Water . . o
% 108 Surface Slope (S,/S) Min: Min: 0.1841 Min: 0.1841
£ Max: Max: 0.8636 Max: 0.8636
=) Mean: N/A Mean: 0.0392 Mean: 0.0113
Sl t rf facet ) .
5 | 109 Run Slope (water surface facet ) . Min: 00230  |Min: 0.0066
= slope) (Syyn)
" Max: Max: 0.0485 Max: 0.0140
o Mean: N/A Mean: 2.5614 Mean: 2.5614
= Run Slope to Average Water ) . .
o o 5 .
= 110 Surface Slope (S,,/S) Mln.' Mln.. 1.5000 Mln.. 1.5000
= Max: Max: 3.1705 Max: 3.1705
S . Mean: N/A Mean: 0.0119 Mean: 0.0034
©
| | rf facet ) ) )
Lol111 Glide Slope (water surface face Min: Min: 0.0090 Min: 0.0026
o slope) (Sg)
§ Max: Max: 0.0136 Max: 0.0039
= . Mean: N/A Mean: 0.7750 Mean: 0.7750
%) Glide Slope to Average Water o o -
- 112 Surface Slope (S/S) mln.. Mln.. 0.5909 Mln.. 0.5909
= ax: Max: 0.8864 Max: 0.8864
% Step Slope (water surface facet Mgan: N/A Mgan: NIA Mfaan: NIA
= | 113 Min: Min: Min:
S slope) (Ss)
§ Max: Max: Max:
-L; 114 Step Slope to Average Water m.ea_n: e m.ea.m: bl m?"’_‘”: s
- Surface Slope (S4/S) n: n: n:
Max: Max: Max:
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Table 7 (page 8). The morphological characteristics of the existing, proposed design and reference reaches

for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

sub-pavement

Reach
© Mean: N/A Mean: 1.70 Mean: 1.60
= | 115 Riffle Maximum Depth, ft (diay) Min: Min: 1.41 Min: 1.40
2 Max: Max: 1.80 Max: 1.75
£ Riffle Maximum Depth to Riffle | M2 N/A - Mean: 1717 Mean: 1534
© | 116 Min: Min: 1.424 Min: 1.342
= Mean Depth (dyax/dpis)
Q Max: Max: 1.818 Max: 1.677
= Mean: N/A Mean: 3.10 Mean: 2.46
@ | 117 Pool Maximum Depth, ft (dmayp)  [Min: Min: 2.80 Min: 2.12
2 Max: Max: 3.50 Max: 2.95
5 Pool Maximum Depth to Riffle Mgan: e Mgan: Sl Mgan: 22
‘o | 118 Mean Depth (dyae/dere) Min: Min: 2.828 Min: 2.038
& bkt Max: Max: 3.535 Max: 2.837
£ Mean: N/A Mean: 2.00 Mean: 1.74
[a) . ) ) )
< | 119 Run Maximum Depth, ft (diax) Min: Min: 1.50 Min: 1.57
g Max: Max: 2.20 Max: 1.95
n o o o
c Run Maximum Depth to Riffle el WA Mean: 2.020 Mean: 1.668
@ | 120 Min: Min: 1.515 Min: 1.505
S Mean Depth (dyax/doks)
o Max: Max: 2.222 Max: 1.869
é Mean: N/A Mean: 1.10 Mean: 1.55
% 121 Glide Maximum Depth, ft (dmay)  [Min: Min: 1.00 Min: 1.33
= Max: Max: 1.30 Max: 1.78
& Glide Maximum Depth to Riffle | ea™ e 1111 \Mean: 1.486
0| 122 Mean Depth (dyac/de) Min: Min: 1.010 Min: 1.275
3 maxg' = bkd Max: Max: 1.313 Max: 1.706
% Mean: N/A Mean: N/A Mean: N/A
§ 123 Step Maximum Depth, ft (naxs) | Min: Min: Min:
5 Max: Max: Max:
5 Step Maximum Depth to Riffle M_ean. S Mgan. plo) Mgan. pla)
o | 124 Mean Depth (0, ae/dey) Min: Min: Min:
Max: Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement

D6 (Mm) 2.0 2.0 4.3

D35 (mm) 4.0 4.0 7.1

Dso (Mm) 8.0 8.0 9.7

Dg4 (Mm) 26.0 26.0 26.4
v Dgs (mm) 44.0 44.0 425
5 D100 (MM) 90.0 90.0 180.0
©
E 126 Particle Size Distribution of Bar Material or Sub-pavement
(]
g Dy (Mm) 0.0 0.0 0.0
&) Das (Mm) 3.0 3.0 45

Dso (Mm) 6.0 6.0 7.7

Dgs (MmM) 31.0 31.0 41.7

Dgs (Mm) 65.0 65.0 69.6

Dax Largest size particle at the

toe (lower third) of bar (mm) or 80.0 80.0 74.0
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Table 7 (page 9). The morphological characteristics of the existing, proposed design and reference reaches
for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design
Reach

Reference Reach

Hydraulics

127

Estimated Bankfull Mean Velocity,
ft/sec (ubkf)

2.0

3.0

3.0

128

Estimated Bankfull Discharge, cfs
(Quk); Compare with Regional
Curve

40.0

40.0

51.6

Sediment Competence

129

Calculated bankfull shear stress
value, Ibs/ft? (1)

0.150

0.445

0.327

130

Predicted largest moveable particle
size (mm) at bankfull shear stress, ,
using the original Shields relation

10.8

34

24.0

131

Predicted largest moveable particle
size (mm) at bankfull shear stress, ,
using the Colorado relation

37.6

84

70.0

132

Largest particle size to be moved
(Dimax) (Mm) (see #126: Particle Size
Distribution of Bar Material)

80

80

74.0

133

Predicted shear stress required to
initiate movement of D, (Mm) using

the original Shields relation

1.025

1.025

1.000

134

Predicted shear stress required to
initiate movement of Dy, (Mm) using
the Colorado relation

0.418

0.418

0.350

135

Predicted mean depth required to
initiate movement of D5, (Mm), d =
t/yS (t = predicted shear stress, y = 62.4,
S = existing or design slope) (Shields)

1.64

2.28

3.64

136

Predicted mean depth required to
initiate movement of Dy, (MM), d =
t/yS (t = predicted shear stress, y = 62.4,
S = existing or design slope) (Colorado)

1.64

0.93

3.64

137

Predicted slope required to initiate
movement of Dy, (MM) S=t/yd (x =
predicted shear stress, y = 62.4, d =
existing or design depth) (Shields)

0.0684

0.0166

0.0135

138

Predicted slope required to initiate
movement of Dy, (MM) S=t/yd (x =
predicted shear stress, y = 62.4, d =
existing or design depth) (Colorado)

0.0279

0.0068

0.0047

139

Bankfull dimensionless shear stress
(t*) (see competence form)

N/A

N/A

N/A

140

Required bankfull mean depth dy (ft)
using dimensionless shear stress
equation: dyg = t(ys - 1)Dypay/S (Note:
Dy iN ft)

N/A

N/A

N/A

141

Required bankfull water surface slope
S (ft) using dimensionless shear
stress equation: S = t(ys - 1)D ok
(Note: Dy in ft)

N/A

N/A

N/A
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Table 7 (page 10). The morphological characteristics of the existing, proposed design and reference
reaches for the D4 to C4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
. . . Proposed Design Difference in
* *

Sediment Yield (FLOWSED) Existing Reach Reach* Sediment Yield*
% 141 Bedload Sediment Yield (tons/yr) 5,416.0 144.0 5,272.0
2
& | 142 Suspended Sediment Yield (tons/yr) 18,774.4 700.5 18,073.9
=
5 - ;
% 143 Suspended Sand Sediment Yield 9.387.2 350.3 9.037.0

(tonslyr)
144 Total Annual Sediment Yield (tons/yr) 24,190.4 844.6 23,345.8
*Reduction in sediment supply due to using "Good" sediment supply bankfull values by drainage area and "Good"
dimensionless sediment rating curves vs "Poor" as a result of converting from the D4 (Poor) to C4 (Good) stream type.
Existing Reach™” Proposed Design
Streambank Erosion **Extrapolated from p 9 Reference Reach
Reach
D4a Rep. Reach

E 145 Stream Length Assessed (ft) 400 450 463
1]
o
i 146 Graph/Curve Used (e.g., Yellowstone Colorado Colorado Colorado
= or Colorado)
[
@ 147 Streambank Erosion (tons/yr) 287.3 2.85 2.94

148 Streambank Erosion (tons/yr/ft) 0.7183** 0.0063 0.0063
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 15.9 mi? for the proposed C4 stream type, the bankfull discharge is 40

cfs and the proposed bankfull riffle cross-sectional area is 13.3 ft? as shown in Table 7. Using
continuity, the corresponding mean velocity for the proposed design reach is 3.0 ft/sec as shown
in Worksheet 1. This worksheet is also used to check for reasonable velocities using the proposed
design dimensions and slope using a variety of methods; these methods, particularly manning’s
“n” from stream type and friction factor to relative roughness relations, agree with the velocity
estimate from continuity.

Plan View Alignment

The proposed C4 stream type alignment is shown on the aerial photograph in Figure 48, which
corresponds with the proposed pattern values developed from the dimensionless ratios of the
C4 Reference Reach in Table 7. The existing cross-section locations of the D4 stream type are also
shown in Figure 48.

Cross-Section Dimensions

Table 7 includes the proposed dimensions for riffles, pools, glides and runs for the proposed C4
design reach that were developed and scaled from the reference reach dimensionless relations.
The typical cross-sections for these bed features are depicted in Figure 49, Figure 50, Figure 51
and Figure 52, respectively. A typical schematic of the proposed excavation and shaping of a
multi-stage channel and valley cross-section is shown in Figure 53. The overlay of the existing D4
cross-section 2+29 vs. proposed C4 riffle cross-section indicating the cut recommendations is shown
in Figure 54. Similarly, the existing D4 cross-section 1+28 vs. the proposed C4 pool cross-section

is shown in Figure 55. The locations of cross-section 1+28 and cross-section 2+29 are indicated in
Figure 48.

Longitudinal Profile

The typical longitudinal profile for the proposed C4 design reach is shown in Figure 56 compared
to the existing D4 profile. The proposed elevations of the streambed and bankfull stage, the energy
slope, and the typical locations of the various bed features that correspond to the plan view are
shown (Figure 56). Additionally, the locations of the cross-section overlays in Figure 54 and Figure
55 are depicted on the typical longitudinal profile that corresponds with the proposed design bed
features.

Structures

The proposed river stability and fish enhancement structures are shown on the plan view layout
in Figure 57. The rock cross-vane structure (Figure 10 and Figure 11) is tied into the concrete

box culvert, in conjunction with the revised design as presented. The cross-vane is designed

to direct the streamflow and sediment into the box culvert for the proper bankfull width to
minimize problems of flow convergence and recirculation eddies. The cross-vane is also designed
to maintain grade control and to reduce streambank and fill erosion. The outflow of the box
culvert and the head of all riffles have converging rock clusters (Figure 22) to dissipate energy
and to prevent contraction scour and bed degradation. Additionally, the proposed design reach
also includes the toe wood structure with sod mats and riparian transplants for streambank
stabilization and instream fish habitat (Figure 15 and Figure 16).
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Worksheet 1. The mean velocity estimates for the proposed C4 stable reach to be converted from the existing,
D4 stream type.

| Bankfull VELOCITY &

DISCHARGE Estimates |

| Stream: |Proposed C4 Stream Type || Location: |Lower Trail Creek - Existing D4 |
| Date: |8/11/2010 | Stream Type: | C4 | | Valley Type: |VIII |
|Observers: |Rosgen et al. ||HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘

| Input Variables for PROPOSED Design

|| Output Variables for PROPOSED Design |

Bankfull Riffle Cross-Sectional|| 35 | Awt || Bankfull Riffle Mean DEPTH || 099 | b
AREA (t?) (ft)
Bankiull Riffle WIDTH 135 | Wok Wetted PERMIMETER 1547 | Wo
(fr) ~ (2% dyyr ) + Wit (ft)
D . at Riffle 260 | Dia D a4 (Mm) / 304.8 0.09 Dea
(mm) (ft)
Bankfull SLOPE 0.0072 | Sek Hydraulic RADIUS 086 |R
(ft/ Apii | Wy
o : g Relative Roughness
Gravitational Acceleration 32.2 T R(ft) / D o, (f1) 10.08 R/Dgy
] Shear Velocit *
Drainage Area 15.9 Dé % y 0.446 u
(mi%) u* = (gRS)” (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1#22%%55&?%‘25 U=[283+566%Log {R/Dg }]u*| 380 | ft/sec || 5053 | cfs
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
Roughness (Figs. 5-7, 5-8) u=149R**s/n n=| 0.0345 3.31 B 44.07 ek
2. Roughness Coefficient: u=149R%%*s12
b) Manning'sn from Stream Type (Fig. 5-9) n= 0.04 2.86 ft/sec 38.01 cfs
2. Roughness Coefficient: u=1.49*R?3*s512
c) Manning'sn from Jarrett (USGS): n = 0.39*g %38 R 016 N/A ft/sec N/A cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = N/A
Stream Types Al, A2, A3, B1,B2,B3,C2 & E3
|3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) | ft | sec _
|3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) | ft / sec ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A
Return Period for Bankfull Q Q= year il s G
= o
4. Continuity Equations: b) Regional Curves u=Q/A 3.01 ft / sec 40.0 cfs
<.\ />

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

Option 1.

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

. For boulder-dominated channels: Measure 100 "protrus
Option 2.

of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

ion heights" of boulders on the sides from the bed elevation to the top

Option 3.

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

Option 4.

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.
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Insert 11 x 17
Figure 43 Here

Figure 48. Plan view of the alignment for the proposed C4 stream type, including the existing cross-section
locations of the D4 stream type.
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Insert 11 x 17
Figure 48 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

C4 Proposed Riffle XS

o C4 ¢ Bankfull v Water 2~ Inner Berm
Proposed Indicators  Surface Indicators
Riffle XS Points
1+20

Wbkf = 13.5 Dbkf = .99 Abkf = 13.3
P10 wip = 6.5 Dib = .74 Aib = 4.8

7509+
5

7507

7506

Elevation (ft)

7505

7504+

7503

7502 | | | | |
20 30 40 50 60 70

Horizontal Distance (ft)

Figure 49. The typical riffle cross-section for the proposed C4 reach below the West Creek road.
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C4 Proposed Pool XS

O Ground ¢ Bankfull v Water A Inner Berm
Points Indicators Surface Indicators
Points

Wokf = 13.4 Dbkf = 1.39 Abkf = 18.6
25097 wip = 8.16 Dib = 1.12  Aib = 9.12

7508
7507

7506

7505+

Elevation (ft)

7504

7503

7502

7501 | | | | | |
20 30 40 50 60 70 80

Horizontal Distance (ft)

Figure 50. The typical pool cross-section for the proposed C4 reach below the West Creek road.
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

C4 Proposed Glide XS

O Ground ¢ Bankfull v Water A lnner Berm

Points Indicators Surface Indicators
Points
Wbkf = 14.6 Dbkf = .8 Abkf = 11.6
7509 yjp = 8.2 Dib = .56  Aib = 4.56
7508
— 7507+
e
NV
— 7506+
ie)
-'C_G' 7505+ w ******************
>
()]
m 7504
7503
7502
7501 | | | | |
20 30 40 50 60 70

Horizontal Distance (ft)

Figure 51. The typical glide cross-section for the proposed C4 reach below the West Creek road.
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Elevation (ft)

O Ground Points ¢ Bankfull

7509

7508

7507

7506

C4 Proposed Run XS

Indicators Points

Wbkf = 12.5 Dbkf = 1.38 Abkf = 17.2

v Water Surface

7505

7504+

7503

7502

7501
2

0

| | |
30 40 50

Horizontal Distance (ft)

60

70

Figure 52. The typical run cross-section for the proposed C4 reach below the West Creek road.
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

< 175 ft >

m Existing, Braided D4 Channel

W
&7 Cp
N1 (Cut) 1) 44

2 @ o

ﬁ S ,‘*ff" -
SN Iy 0 VAN =S
Proposed C4 Channel R e e = et
s l % A 4

D4 to C4 Stream Type Conversion

Figure 53. Schematic of the proposed excavation and shaping of a multi-stage channel and valley cross-section for the D4 to
C4 stream type conversion below the West Creek road crossing.
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Proposed C4 Pool vs. D4 XS 1+28

Proposed C4 @ Bankfull V Water Surface /A D4 XS 1+28
Indicators Points

Wbkf = 13.4 Dbkf = 1.39 Abkf = 18.6

7514+
7512
= |
~ 7510
- — A
O
© 7508
>
@
W 7506
Proposed C4 Pool
Dimensions
7504+
7502 | | | | | |
0 50 100 150 200 250 300

Horizontal Distance (ft)

Figure 54. The proposed C4 pool cross-section compared to the existing D4 cross-section 1+28 below the West Creek road.
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Proposed C4 Pool vs. D4 XS 2+29

Proposed C4 @ Bankfull V¥ Water Surface A D4 XS 2+29
Indicators Points
Wok¥f = 13.4 Dbkf = 1.39 Abkf = 18.6
7512+
7510+ '[Existing D4
o i /1. XS 2+29
= ‘\ N
C 7508__“\ ’/
) \ A A
© 7506~ —a %ﬂﬁ
> A
9 Proposed C4 Poo
W 7504+ Dimensions
7502+
7500 | | | | | | | |

0 50 100 150 200 250 300 350 400
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Figure 55. The proposed C4 pool cross-section compared to the existing D4 cross-section 2+29 below the West Creek road.
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Insert 11 x 17
Figure 57 Here

Figure 57. Plan view of the alignment for the proposed C4 stream type, including stream stabilization and fish
enhancement structures.
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Insert 11 x 17
Figure 57 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Riparian Vegetation

The exposed cut area within the flood-prone area and multi-stage valley (Figure 53) will require
a native grass understory and a mid-story stand of willows and alders. Sod mats comprised of
Carex and Juncus are recommended to be transplanted from adjacent riparian areas to the areas
next to the proposed channel over the toe wood structures. The revegetation is critical for the
long-term physical stability and biological function.

Cut & Fill Computations

The cut and fill computations are obtained from the existing vs. proposed cross-sections for that
particular bed feature with lengths obtained from the plan and profile data of the proposed design.
The proposed design results in approximately 6,481 yds3 of excess excavation. Approximately 3,091
yds3 of this material will be end-hauled and placed for road fill on the Trail Creek road relocation
proposals as presented previously in the Restoration Plan for Hillslope Processes section of this

design (Figures 24-26). The remaining fill will be used to help rebuild the toe of large alluvial fans
previously eroded. The fans are located within the first mile of river on the northwest side of the
valley.

Streambank Erosion

The streambank erosion that is expected for the proposed C4 design reach, which includes the
toe wood structure, is 2.85 tons/yr for 450 ft of designed channel vs. 287.3 tons/yr for 400 ft of the
existing condition (Table 7), representing a reduction of 284.5 tons/yr for this reach (Table 6).
These values are based on the extrapolation of annual erosion rates per foot of reach of the C4
Reference Reach (0.0063 tons/yr/ft) and the D4a Poor Representative Reach (0.7183 tons/yr/ft).

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good”
condition throughout the watershed, the flow-related sediment yields would be reduced from
24,190.4 tons/yr (Worksheet 2a) to 844.6 tons/yr (Worksheet 2b) as a result of the restoration.

The corresponding sediment supply reductions based on converting from “Poor” to “Good”
conditions are 5,272 tons/yr for bedload and 18,073.9 tons/yr for suspended sediment, representing
a total sediment reduction of 23,345.8 tons/yr. These sediment reductions are still assuming a high
post-fire runoff response and continued increased stormflow peak runoff. These reductions are
also associated with treating the majority of the stream length of the watershed above this reach.

The reductions in sediment supply associated with restoring 400 ft of the existing D4 Poor stream
type to 450 ft of the proposed C4 Stable design reach are 284.5 tons/yr of streambank erosion, 39.8
tons/yr of bedload, 136.3 tons/yr of suspended sediment and 176.1 tons/yr of total sediment yield
reduction (Table 6). The total sediment yield value includes streambank erosion contributions
and streambed sources. Streambank erosion rates are sometimes higher than the total sediment
yield because not all of the soil eroded from the bank is delivered; considerable amounts go into
storage on the streambed and are available for re-entrainment during the next high flow. The
sediment reductions associated with the local channel source sediment for this design scenario are
based on sediment yield rates determined from taking the sediment yield values generated from
FLOWSED and dividing by the total stream length of potential sediment contributions. For this
scenario, it was determined that approximately 10 miles (52,800 ft) of the mainstem Trail Creek is
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potentially contributing sediment. The tributaries also contribute sediment but at a lower rate; thus
their stream lengths were not included in the unit sediment transport rate. The resultant sediment
yield rates were then multiplied by the existing and proposed design reach lengths for this scenario
to obtain the local sediment reductions.

The POWERSED model to evaluate sediment transport capacity indicates that by lowering the
existing, high width/depth ratio, the C4 stream type is 85% more efficient at transporting both
bedload and suspended sand compared to the D4 stream type. This result is evident as observed
by the existing excess sediment deposition and aggradation of the valley floor related to the D4
stream type. The existing, deposited sediment is available for re-entrainment during higher
flows and the aggradation raises the flood stage and accelerates the streambank erosion as the
depositional bars create an increase in near-bank shear stress. Conversely, if the existing D4
stream type is not restored, the POWERSED results indicate that approximately 85% of the annual
tons of sediment yield would be deposited at the mouth of Trail Creek. The long-term objective
is to reduce the sediment supply before it enters this lowest reach in addition to routing the lower
sediment supply to encourage fish passage and channel stability.

Sediment Competence

The sediment competence calculations using Worksheet 3 show a stable bed with this design by
converting from a D4 to C4 stream type. Because, following construction, there is no pavement/
sub-pavement material due to dispersive stress, it will be necessary to provide grade control at the
head of each riffle as recommended for this design. The converging rock clusters are the structures
recommended for grade control (Figure 22).
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Restoration Plan for Channel Processes — Typical Design Scenario 1: D4 to C4 Stream Type Conversion (VT VilI)

Worksheet 3. The sediment competence calculations for the proposed C4 stream type below the West Creek road to
be converted from the existing D4 stream type.

Stream: Proposed C4 converted from D4 Stream Type: C4
Location: Lower Trail Creek below W. Ck Road Valley Type: VIII
Observers: Rosgen et al . Date: 3/15/11
Enter Required Information for PROPOSED Design Condition
8.0 D5 Median particle size of riffle bed material (mm)
6.0 D/5\O Median particle size of bar or sub-pavement sample (mm)
0.26 D max Largest particle from bar sample (ft) 80 (mm) ?noni')ﬁ
0.00720 S Proposed design bankfull water surface slope (ft/ft)
0.99 d Proposed design bankfull mean depth (ft)
1.65 ’Ys-’Y/’Y Immersed specific gravity of sediment

Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress

N/A Dgo/DZ,y | Range: 3-7 Use EQUATION 1: T*=0.0834 ( D, /D2) %"
N/A D max/D so| Range: 1.3-3.0 Use EQUATION 2. 7° = 0.0384 (D /D 5g) %
N/A T Bankfull Dimensionless Shear Stress EQUATION USED:

Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample

N/A

T* (yS = 1)Dmax
S

d d=

(use D a in ft)

Required bankfull mean depth (ft)

Calculate Bankfull Water

Surface Slope Required for Entrainment of Largest Particle in Bar Sample

N/A

S (use D pax in ft)

Required bankfull water surface slope (ft/ft) S =

T* (). -1)Drax
d

Check: [T Stable [T Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

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

0.445
Y = 62.4, d = proposed design depth, S = proposed design slope
Shields CO
3352 | 83.78 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 5-49)
Shields CO _ _ o .
1.025 | 0.418 Predicted shear stress required to initiate movement of measured D 5, (Mm) (Figure 5-49)
Shields | CO Predicted mean depth required to initiate movement of measured D 5, (Mm) d T
2.28 | 0.93 T = predicted shear stress, Y = 62.4, S = proposed design slope VS
Shields [ CO Predicted slope required to initiate movement of measured D 5, (Mm) S T
0.0166 | 0.0068 | T = predicted shear stress, Y = 62.4, d = proposed design depth Y

Check: # Stable ™ Aggrading [ Degrading
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Stream Crossing Design

The existing, aggraded concrete culvert (6 ft x 20 ft) with 12” culverts on the West Creek road and
crossing Trail Creek is shown on the plan view photo overlay in Figure 57 and in the photographs
in Figure 58 (looking downstream) and Figure 59 (looking upstream). The proposed redesign

of the West Creek road crossing is shown in Figure 60. The initial invert of the 10 ft wide box is
designed to pass the bankfull discharge along with feet of freeboard for anticipated flood stages.
The second cell is designed to act as a floodplain as 1.2 ft of fill will be left in this cell. Five, 36-inch
culverts will be placed at the same invert elevation as floodplain drains. The proposed design
lowers the existing high width/depth ratio, which, if left as is, will continue to aggrade. This
design also provides for flood capacity without sacrificing sediment transport capacity of the
mainstem Trail Creek. The key to this design is the lowering of the base level to previous levels
and the conversion of a D4 to a C4 stream type. The upstream reduction of sediment supply from
streambank stabilization and other mitigative efforts will help sustain this design and provide for
fish passage.

Sediment Analysis for the Proposed Stream Crossing Design

The POWERSED model was used to determine the bed stability of the proposed stream crossing
design that has 10 ft of width compared to the existing design that has 20 ft of width. The results
indicate that the design will accommodate an increase over the present drainage system by
transporting 77% more sediment through the culvert using half of the width of the box. The
remaining cross-sectional area (above the 1.2 ft of stage) is used to accommodate floods. However,
if the existing width of 20 ft remains, the box culvert will fill with sediment after the first bankfull
runoff event.

The proposed design that has 10 ft of width is more efficient because the stream power (shear stress
multiplied by velocity) is proportionately higher for increases in flow stage resulting in a higher
sediment transport capacity. This design does require, however, that the floodplain be drained
through the road fill; thus the remainder of the box (above the 1.2 ft level) is at the floodplain invert
(the bankfull stage or incipient point of flooding). The five, 36” culverts as recommended will
accommodate the higher peak flows associated with the Hayman fire. Although some believe that
increasing the channel size is necessary to handle floods, one must increase the floodplain capacity
and not the channel; if the channel is over-sized, there is a decrease in sediment transport capacity,
which eventually aggrades the channel and additionally decreases the flow conveyance capacity.

Even though it is imperative to reduce the sediment supply from upstream sources, a stable
channel must move the sediment (size and volume) presented without aggradation or degradation.
The proposed design of the crossing and the greatly reduced width/depth ratio of the proposed

C4 stream type indicate a stable bed by maintaining sediment transport capacity. This design
should also eliminate cleaning of the box culvert to maintain its capacity and should allow for
unobstructed fish passage.
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Figure 58. The aggrading box culvert (6 ft x 20 ft)and the 72” culverts on the West Creek road (looking downstream).
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o

Figure 59. The existing stream crossig on West Creek road showing the undersized, 12”cu|vertsnd the associated, high
width/depth ratio, D4 stream type (looking upstream).
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Summary of Typical Design Scenario 1: D4 to C4 Conversion (VT VIII)

The implementation of this high priority design scenario will meet the multiple objectives to
reduce sediment supply from streambank erosion, decrease flood stage, allow for fish migration,
improve the stream crossing, reduce high maintenance on the stream crossing, handle floods
more efficiently, establish a functioning riparian community and improve the channel stability.
Overall it is often desirable and the least risky to reduce the sediment of the entire watershed prior
to working at the mouth by progressing from the upper end of the river system to the mouth.
However, to obtain fish passage, reduce the crossing instability and to reduce flood stage, this
design scenario is proposed to be implemented first due to the high risk of this reach. There is

a certain assumed risk that this reach could require maintenance based on the status of reduced
sediment supply.
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Typical Design Scenario 2:
F4 to B4 Stream Type Conversion (VT VIII)

General Description & Morphological Data

This typical design scenario is a stream type and stability conversion from an F4 Poor condition to
B4 Stable stream type within a terraced, alluvial valley (Valley Type VIII). This reach starts above
the concrete box crossing at the West Creek road and extends upstream approximately 1,000 ft to
the over-steepened, G4 stream type reach. The longitudinal profile of lower Trail Creek through
these multiple reaches indicates that much of the streambed of the entrenched and confined F4
reach must be lowered on the farthest downstream portion of the reach (300 ft), and that the
streambed must be raised on the upstream remaining 700 ft (Figure 39). This change in local base
level will help to create a more sustainable energy grade. The existing condition of this F4 stream
type is associated with accelerated streambank erosion and excess deposition (Figure 61). At very
low flows, the high width/depth ratio F4 reach provides insufficient depth to hold fish.

The specific design objectives and direction for this design scenario to stabilize the reach are as follows:

* Reduce the accelerated sediment supply from streambank erosion

* Restore bed stability

e Improve fish habitat by adding instream structures that create pocket water habitat
* Restore the riparian function

The potential stable state conversion for stream succession is to convert the F4 to a B4 stream
type. The direction of the stream succession is related to the current impairment as the stream
has changed from a meandering C4 (more sinuous, < 0.02 slope) to a G4 (> 0.02 slope), and to the
current stream type of the entrenched and confined F4 stream type. Due the boundary conditions
that influence valley width and slope, along with the channel confinement (lateral containment),
the potential stable state of stream succession is a B4 stream type rather than the historic C4
stream type.

The dimensionless relations of the B4 Reference Reach are used to generate the proposed B4

stable design criteria by scaling the relations to the proposed bankfull discharge and area. The
location of the B4 Reference Reach is shown in Figure 7 and the detailed characteristics and stability
evaluation are documented in Appendix B3 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp.
B3-1 to B3-36).

The resultant proposed dimension, pattern and profile for the stable B4 stream type are
documented in Table 8 using the procedure in Appendix I. Additionally, this table also includes
a summary of the morphological descriptions and corresponding analyses of the existing F4 reach
and the B4 Reference Reach. The following sections include the proposed design details of the
proposed B4 design reach.
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Figure 61. The entrenched, high width/depth ratio F4 stream type on lower Trail Creek showing accelerated streambank
erosion and excess sediment deposition.
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Table 8. The morphological characteristics of the existing, proposed design and reference reaches for the
F4 to B4 stream type conversion in a Valley Type VIII.

Existing Reach Stream & Location:

F4 Reach, Lower Trail Creek above Mouth

Reference Reach Stream & Location:

B4 Reference Reach, Lower Mainstem Trail Creek

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
1 Valley Type VIl VIl Wil
2 Valley Width 60 60 70
3 Stream Type F4 B4 B4
4 Drainage Area, mi’ 15.9 15.9 14.3
5 Bankfull Discharge, cfs (Quys) 40 40 32.78
Mean: 19.4 Mean: 10.4 Mean: 11.8
6 Riffle Width, ft (W) Min: 12.9 Min: 9.4 Min: 9.3
Max: 25.2 Max: 11.4 Max: 14.2
Mean: 0.69 Mean: 0.85 Mean: 0.75
7 Riffle Mean Depth, ft (dp) Min: 0.62 Min: 0.70 Min: 0.74
Max: 0.83 Max: 0.90 Max: 0.76
Mean: 29.5 Mean: 12.24 Mean: 12.60
8 Riffle Width/Depth Ratio (W p/dpks) [Min: 15.5 Min: 12.0 Min: 12.58
” Max: 40.6 Max: 12.5 Max: 12.62
= Mean: 12.9 Mean: 8.8 Mean: 7.1
o ; _ : 2
g 9 affk; Cross-Sectional Area, ft Min: 10.6 Min: 6.9
g bkf Max: 15.6 Max: 7.3
a Mean: 1.22 Mean: 1.20 Mean: 1.13
o | 10 Riffle Maximum Depth (day) Min: 1.10 Min: 1.00 Min: 1.08
?E: Max: 1.36 Max: 1.40 Max: 1.18
. . . Mean: 1.780 Mean: 1.412 Mean: 1.508
to Riffl ) .
17 Riffle Maximum Depth to Riffle 1. 1640  |Min: 1176  |Min: 1.421
Mean Depth (dmax/dokr)
Max: 1.940 Max: 1.647 Max: 1.595
12 Width of Flood-Prone Area at m.ee:m: 231 m.ea.m: ijg m.ea.m: 123
Elevation of 2 * dyay ft (Wisa) n- : n- : n- :
Max: 324 Max: 22.9 Max: 18.5
Mean: 1.5 Mean: 2.15 Mean: 1.7
13 Entrenchment Ratio (W o/ W i) Min: 1.3 Min: 1.4 Min: 15
Max: 1.6 Max: 2.2 Max: 2.0
Mean: N/A Mean: 6.2 Mean: 7.3
14 Riffle Inner Berm Width, ft (W;,) Min: Min: 5.2 Min: 5.6
Max: Max: 7.2 Max: 8.8
Riffle Inner Berm Width to Riffle Mgan: N/A Mgan: 0596 Mgan: 0.616
15 . Min: Min: 0.500 Min: 0.476
Width (Wip/W )
& Max: Max: 0.692 Max: 0.750
o . .
= . Mean: N/A Mean: 0.52 Mean: 0.32
2} Riffle | B M Depth, ft . . .
S| 16 (dl_ )e nner Berm iiean Dep Min: Min: 0.42 Min: 0.20
g 'b Max: Max: 0.72 Max: 0.43
IS 17 Riffle Inner Berm Mean Depth to m.ea_m: N/A m.ea.\n: 82;421 m.ea_m: ggg
o Riffle Mean Depth (dp/dy) n: n: : n '
Uj Max: Max: 0.847 Max: 0.573
(] . o B
= Riffle Inner Berm Width/Depth Mgan. bt M.ea.n. b M.egn. 23.6
= | 18 . Min: Min: 7.2 Min: 20.5
© Ratio (W;p/dip)
= Max: Max: 17.1 Max: 32.1
o Riffle Inner Berm Cross-Sectional Mgan: N/A Mgan: 3.9 Mgan: 2:4
19 Min: Min: 2.9 Min: 1.3
Area (Ap)
Max: Max: 4.9 Max: 3.8
Riffle Inner Berm Cross-Sectional |Mean: N/A Mean: 0.438 Mean: 0.340
20 Area to Riffle Cross-Sectional Area|Min: Min: 0.330 Min: 0.180
(Ain/Apks) Max: Max: 0.557 Max: 0.533
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Table 8 (page 2). The morphological characteristics of the existing, proposed design and reference reaches

for the F4 to B4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: N/A Mean: 12.3 Mean: 14.0
21 Pool Width, ft (W) Min: Min: 7.2 Min: 8.2
Max: Max: 18.4 Max: 21.1
. . . Mean: N/A Mean: 1.183 Mean: 1.190
2p FOOIWidIh toRiffle Width Min: Min: 0.692 |Min: 0.695
(W it/ Wpir) . ) :
Max: Max: 1.769 Max: 1.792
Mean: N/A Mean: 1.01 Mean: 0.80
23 Pool Mean Depth, ft (dpsp) Min: Min: 0.85 Min: 0.59
Max: Max: 1.20 Max: 1.05
Pool Mean Depth to Riffle Mean | Mea™ I 1.188 |Mean: 1.067
24 Min: Min: 1.000 Min: 0.787
Depth (dpsp/dpks) . . .
Max: Max: 1.412 Max: 1.400
(2] . . .
s Pool Width/Depth Ratio Mean: N/A Mean: 12.2 Mean: 175
o | 25 (Wio/ o) Min: Min: 6.0 Min: 7.8
g bidphidp Max: Max: 21.6 Max: 35.8
= Mean: N/A Mean: 125 Mean: 8.9
N _ - 2
= 26 (ITAOO| §3ross Sectional Area, ft Min: Min: 85 Min: 85
2 4 Max: Max: 18.0 Max: 9.6
Mean: N/A Mean: 1.415 Mean: 1.248
27 Pool Area to Riffle Area (Aup/Apke) |Min: Min: 0.966 Min: 1.189
Max: Max: 2.045 Max: 1.348
Mean: N/A Mean: 1.90 Mean: 1.56
28 Pool Maximum Depth (dpaxp) Min: Min: 1.50 Min: 1.33
Max: Max: 2.10 Max: 1.85
Pool Maximum Depth to Riffle Mgan: N/A Mfaan: 2.235 Mgan: 2.080
29 Mean Depth (d;o/der) Min: Min: 1.765 Min: 1.773
map bkt Max: Max: 2471 |[Max: 2.467
Mean: N/A Mean: 0.380 Mean: 0.290
30 Point Bar Slope (S;p) Min: Min: 0.280 Min: 0.220
Max: Max: 0.400 Max: 0.360
Mean: N/A Mean: 8.2 Mean: 4.8
31 Pool Inner Berm Width, ft (Wip,) Min: Min: 4.0 Min: 45
Max: Max: 10.0 Max: 5.1
Pool Inner Berm Width to Pool Mgan: bt Mgan: Uigos Mgan: e
32 . Min: Min: 0.325 Min: 0.320
" Width (Wipp/Wisp) ) . .
@ Max: Max: 0.813 Max: 0.361
i) Mean: N/A Mean: 0.90 Mean: 0.31
B M Depth, f . .
g 33 l(::j(_m; Inner Berm Mean Depth, ft Min: Min: 0.50 Min: 0.22
£ op Max: Max: 0.95 Max: 0.40
a ; ; ;
Mean: N/A Mean: 0.891 Mean: 0.388
£ Pool Inner Berm Mean Depth to o = .
5 34 Pool Mean Depth (diyy/dyip) Min: Min: 0.495 Min: 0.275
m Max: Max: 0.941 Max: 0.500
g Pool Inner Berm Width/Depth Mgan: N/A Mean: 9.1 Mgan: 0.9
£ 1| 35 ; Min: Min: 4.2 Min: 0.8
— Ratio (Wipp/dipp)
S Max: Max: 20.0 Max: 0.9
D_ . . .
Pool Inner Berm Cross-Sectional Mgan. b Mfaan. e Mfaan. L5
36 Min: Min: 3.8 Min: 1.0
Area (Ajyp)
Max: Max: 5.0 Max: 2.0
Pool Inner Berm Cross-Sectional |Mean: N/A Mean: 0.591 Mean: 0.172
37 Areato Pool Cross-Sectional Area |Min: Min: 0.305 Min: 0.114
(Aibp/Aokip) Max: Max: 0.402 Max: 0.226
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Table 8 (page 3). The morphological characteristics of the existing, proposed design and reference reaches

for the F4 to B4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach

Mean: N/A Mean: 107.0 Mean: 104.0
72  Linear Wavelength, ft (1) Min: Min: 82.0 Min: 87.0
Max: Max: 124.0 Max: 129.0
Linear Wavelength to Riffle Width |M&an: N/A Mean: 10.288  |Mean: 8.832
73 (MWo) Min: Min: 7.885 Min: 7.389

bkt Max: Max: 11.923 Max: 10.955
Mean: N/A Mean: 115.0 Mean: 112.0
74 Stream Meander Length, ft (L) Min: Min: 93.0 Min: 94.5
Max: Max: 144.0 Max: 135.0
. Mean: N/A Mean: 11.058 Mean: 9.512
75 Stream Meander Length Ratio Min: Min: 8.942 Min: 8.025

(LW kr) Max: , )

ax: Max: 13.846 Max: 11.465
Mean: N/A Mean: 22.9 Mean: 27.2
76 Belt Width, ft (W) Min: Min: 14.6 Min: 14.6
Max: Max: 31.2 Max: 60.0
Mean: N/A Mean: 2.200 Mean: 2.306
77 Meander Width Ratio (Wp/Wy) — |Min: Min: 1.400 Min: 1.237
Max: Max: 3.000 Max: 5.096
Mean: N/A Mean: 49.9 Mean: 50.7
78 Radius of Curvature, ft (R.) Min: Min: 21.8 Min: 21.8
Max: Max: 78.0 Max: 76.0
= . . . Mean: N/A Mean: 4.800 Mean: 4.300
g 79 Radius of Curvature to Riffle Width Min: Min: 2096 Min: 2100
o (Re/Woe) Max: Max: 7.500 Max: 6.454
2 Mean: N/A Mean: 35.0 Mean: 39.6
S | 80 Arc Length, ft (L) Min: Min: 8.8 Min: 10.0
5 Max: Max: 62.6 Max: 70.9
Mean: N/A Mean: 3.363 Mean: 3.363
81 Arc Length to Riffle Width (Lo/W ) [Min: Min: 0.849 Min: 0.849
Max: Max: 6.021 Max: 6.021
Mean: N/A Mean: 15.0 Mean: 14.7

82 Riffle Length (L)), ft Min: Min: 3.0* Min: 2.7%
*Refers to a Step Length - Not Riffle Max: Max: 29.0 Max: 28.2
. . . Mean: N/A Mean: 1.442 Mean: 1.248

83 (Ff_'rf;\',‘\a/b'f”gth to Riffle Width Min: Min: 0.288*  |Min: 0.229*
*Refersto a gtep Length - Not Riffle Max: Max: 2.788 Max: 2.395
Mean: N/A Mean: 62.0 Mean: 60.1
84 Individual Pool Length, ft (Ly) Min: Min: 24.0 Min: 23.0
Max: Max: 103.0 Max: 101.0
. . Mean: N/A Mean: 5.962 Mean: 5.104
85 Pool Length to Riffle Width Min: Min: 2308 Min: 1953

(Lp/Wiiy) Maoc . .
ax: Max: 9.904 Max: 8.577
Mean: N/A Mean: 29.0 Mean: 28.1
86 Pool to Pool Spacing, ft (Ps) Min: Min: 12.4 Min: 12.2
Max: Max: 48.0 Max: 47.3
. . Mean: N/A Mean: 2.788 Mean: 2.387
87 \F,’\?O' to Pool Spacing to Riffle Min: Min: 1192 |Min: 1.039
idth (Ps/kaf)

Max: Max: 4.615 Max: 4.020
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Table 8 (page 4). The morphological characteristics of the existing, proposed design and reference reaches
for the F4 to B4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach

88 Stream Length (SL) 930 1,000 514.1
(&)
o
% 89 Valley Length (VL) 885 885 581.0
o
§ 90 Valley Slope (Sya) 0.0107 0.0253 0.0273
@ o SL/VL:  1.05 SL/VL:  1.13
= k SL/VL: 1.3
S | 91 Sinuosity (K VS/S:  1.05 VSis: 113
(%) * i S =S, /k

92 Average Water Surface Slope (S) GOl R v 0.0242

Reach 0.0224
£ Mean: N/A Mean: 22.2 Mean: 18.5
A | 93 Flood-Prone Area Width, ft (Wg,) [Min: Min: Min:
& Max: Max: Max:
g 94 Flood-Prone Area Mean Depth, ft mﬁf_‘n: At miena_n: 1.32 miena_n: 1.4l
> d : : :
nEj () Max: Max: Max:
}'g o5 Flood-Prone Area Cross-Sectional mgan: N/A M?a”: 29.2 mgan: 26.0
bS] 2 in: in: in:
L Area, it (Ara) Max: Max: Max:
Entry Number & Variable Existing Reach Propo;g:claemgn Reference Reach
% 105 Riffle Slope (water surface facet mi‘?n: NIA m;ane'ln: ggiig m:a:.m: 88?:8
S slope) (Syi) 3 5 ' . '
o Max: Max: 0.0542 Max: 0.0585
1S . Mean: N/A Mean: 1.4037 Mean: 1.4037
o Riffle Slope to Average Water . . .
&= | 106 Min: Min: 0.6587 Min: 0.6587
a surface Slope (Su/S) Max: Max: 24182  |Max: 2.4182
3 : : . : .
IS Mean: N/A Mean: 0.0025 Mean: 0.0027
X | 107 Pool Slope (water surface facet Min: Min: 0.0001 Min: 0.0001
@ slope) (S,) |n.. |n.. . 3 .
@ Max: Max: 0.0092 Max: 0.0099
S Mean: N/A Mean: 0.1124 Mean: 0.1124
g Pool Slope to Average Water
@ | 108 Min: Min: 0.0041 Min: 0.0041
5 surface Slope (S,/S) Max: Max: 0.4107  |Max: 0.4107
£ : : ) : .
_g 109 Run Slope (water surface facet mﬁf_‘n' N/A mier?n. NIA mier?n' N/A
g slope) (Syun) Mag- Mag- Ma>;'
ps : : :
(&) o . .
& 110 Run Slope to Average Water m?"’_‘”' NIA m'eén. N/A m'eén. N/A
) Surface Slope (S,,//S) M:};. M::);. M:';;'
= : : :
Q . . .
3 11 Glide Slope (water surface facet mﬁi‘n' NIA m%ﬁn' N/A miia_n' N/A
g siope) (Sy) Ma>;: Ma>;: Ma>;:
A 112 Glide Slope to Average Water m.ea.m: il M?a.n: L m:ea'n: L
5 Surface Slope (S4/S) |n._ |n.. |n..
g Max: Max: Max:
Mean: N/A Mean: 0.9812 Mean: 1.0600
© | 133 Step Slope (water surface facet |, - Min: 0.8608  |Min: 0.9300
= slope) (Ss) ) ] ]
5 Max: Max: 1.0922 Max: 1.1800
L Mean: N/A Mean: 43.8017 Mean: 43.8017
Step Slope to Average Water . . .

|1 suteceSope 519 i
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Table 8 (page 5). The morphological characteristics of the existing, proposed design and reference reaches

for the F4 to B4 stream type conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

pavement

Reach

° Mean: N/A Mean: 1.20 Mean: 1.06
= | 115 Riffle Maximum Depth, ft (dyay) Min: Min: 1.00 Min: 0.93
2 Max: Max: 1.40 Max: 1.18
= Riffle Maximum Depth to Riffle ~ [Mcan" A |Mean: 1412 [Mean: 1413
© | 116 Min: Min: 1.176 Min: 1.240
= Mean Depth (dyax/dor)
@ Max: Max: 1.647 Max: 1.573
= Mean: N/A Mean: 1.90 Mean: 1.52
@ 117 Pool Maximum Depth, ft (dmayp) Min: Min: 1.50 Min: 1.33
§ Max: Max: 2.10 Max: 1.85
5 Pool Maximum Depth to Riffle Mgan: N Mgan: 2285 Mgan: ey
‘| 118 Mean Depth (dyae/der) Min: Min: 1.765 Min: 1.773
& maxp/Tbid Max: Max: 2.471 Max: 2.467
-g Mean: N/A Mean: N/A Mean: N/A
5 | 119 Run Maximum Depth, ft (diax) Min: Min: Min:
& Max: Max: Max:
2] o a 5
= 150 Run Maximum Depth to Riffle m:?n' A mie;?n. bYEA miene_m. b

Mean Depth (d,,/d ’ ) )
E Pt (Amas/Ghc) Max: Max: Max:
7 Mean: N/A Mean: N/A Mean: N/A
é 121 Glide Maximum Depth, ft (dpayy) | Min: Min: Min:
= Max: Max: Max:
& Glide Maximum Depth to Riffle | M2 Ao Mean: NIA Mean: N/A
o | 122 Mean Depth (doa,/dec) Min: Min: Min:
3 maxg'bkd Max: Max: Max:
% Mean: N/A Mean: N/A Mean: N/A
§ 123 Step Maximum Depth, ft (diaxs) Min: Min: Min:
o Max: Max: Max:
= Step Maximum Depth to Riffle Mgan. e Mgan. b Mgan. a
o | 124 Mean Depth (d,./dey) Min: Min: Min:

Max: Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement

Dy (Mm) 2.0 2.0 51

D35 (mm) 4.0 4.0 13.1

Dso (Mmm) 8.0 8.0 22.6

Dgy (Mm) 26.0 26.0 63.5
o Dgs (Mm) 44.0 44.0 125.5
i D100 (MM) 90.0 90.0 180.0
15}
E 126 Particle Size Distribution of Bar Material or Sub-pavement
(0]
g Dy (Mm) 0.0 0.0 2.0
o Dss (Mm) 3.0 3.0 7.6

Dso (Mm) 6.0 6.0 14.5

Dgs (MM) 31.0 31.0 63.8

Dgs (mm) 65.0 65.0 88.7

Dax Largest size particle at the

toe (lower third) of bar (mm) or sub- 80.0 80.0 100.0
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Table 8 (page 6). The morphological characteristics of the existing, proposed design and reference reaches
for the F4 to B4 stream type conversion in a Valley Type VIII.

Proposed Design

Entry Number & Variable Existing Reach Reference Reach

Reach
Estimated Bankfull Mean Velocity.
1] ,
o 127 ft/sec (Upy) 3.10 4.55 4.7
>
©
5 Estimated Bankfull Discharge, cfs
2 | 128 (Quy); Compare with Regional 40.0 40.0 32.8
Curve
129 Calculated bankfull shear stress value, 0461 1188 1117

Ibs/ft? (T)

Predicted largest moveable particle
130 size (mm) at bankfull shear stress, 1, 34.8 93 84.0
using the original Shields relation

Predicted largest moveable particle
131 size (mm) at bankfull shear stress, 1, 86.0 173 180.0
using the Colorado relation

Largest particle size to be moved
132 (Dmay) (Mm) (see #126: Particle Size 80 80 100.0
Distribution of Bar Material)

Predicted shear stress required to
133 initiate movement of Dy, (Mm) using 1.025 1.025 1.400
the original Shields relation

Predicted shear stress required to
134 initiate movement of D, (MmM) using 0.418 0.418 0.580
the Colorado relation

[}
o
5 Predicted mean depth required to
‘g 135 initiate movement of Dy,., (Mm), d = 1.54 073 0.93
c t/yS (t = predicted shear stress, y = 62.4, S
8 = existing or design slope) (Shields)
2 Predicted mean depth required to
GE) 136 initiate movement of Do, (Mm), d = 1.54 0.30 0.93
= t/yS (t = predicted shear stress, y = 62.4, S ' ’ '
% = existing or design slope) (Colorado)
Predicted slope required to initiate
137 Mmovement of D, (mM) S=c/yd (x = 0.0238 0.0193 0.0303

predicted shear stress, y = 62.4, d =
existing or design depth) (Shields)

Predicted slope required to initiate

13g Mmovement of Dia, (M) S=/yd (¢ = 0.0097 0.0079 0.0126
predicted shear stress, y = 62.4, d =

existing or design depth) (Colorado)

139 Bankfull dimensionless shear stress N/A N/A N/A
(t*) (see competence form)

Required bankfull mean depth d (ft)

using dimensionless shear stress

e equation: dygs = t™(ys - 1)DadS  (Note: I I I
Dyax i t)
Required bankfull water surface slope

141 S (ft) using dimensionless shear stress N/A N/A N/A

equation: S = t(ys - 1)Dyaddye  (Note:
Dynay i ft)
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Table 8 (page 7). The morphological characteristics of the existing, proposed design and reference reaches
for the F4 to B4 stream type conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach PropoRs::C[;emgn Reference Reach
: ) . Proposed Design Difference in
* *
Sediment Yield (FLOWSED) Existing Reach Reach* Sediment Yield*
% 141 Bedload Sediment Yield (tons/yr) 5,416.0 144.0 5,272.0
=
S | 142 Suspended Sediment Yield (tons/yr) 18,774.4 700.5 18,073.9
(S
% 143 Suspended Sand Sediment Yield 9.387.2 350.3 9.037.0
(tons/yr)
144 Total Annual Sediment Yield (tons/yr) 24,190.4 844.6 23,345.8
*Reduction in sediment supply due to using "Good" sediment supply bankfull values by drainage area and "Good"
dimensionless sediment rating curves vs "Poor" as a result of converting from the F4 (Poor) to B4 (Good) stream type.
Existing Reach** .
Streambank Erosion *Extrapolated from F4b Proposed Iaemgn Reference Reach
Poor Mainstem Rep. eac
_g 145 Stream Length Assessed (ft) 930 1,000 406.0
(%]
o
w146 Graph/Curve Used (e.g., Yellowstone Colorado Colorado Colorado
x or Colorado)
[
@ | 147 Streambank Erosion (tonsl/yr) 439.1 4.84 1.96
148 Streambank Erosion (tons/yr/ft) 0.4721** 0.0048 0.0048
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Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 15.9 mi? for the proposed B4 stream type, the bankfull discharge is 40

cfs and the proposed bankfull riffle cross-sectional area is 8.8 ft? as shown in Table 8. Using
continuity, the corresponding mean velocity for the proposed design reach is 4.55 ft/sec as

shown in Worksheet 4. This worksheet is also used to check for reasonable velocities using the
proposed design dimensions and slope using a variety of methods; these methods, particularly
the friction factor to relative roughness relation, agree with the velocity estimate using continuity.
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Worksheet 4. The mean velocity estimates for the proposed B4 stable reach to be converted from the existing,

F4 stream type.
| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: |Proposed B4 from Existing F4 || Location: |Lower Trail Creek above Mouth |
| Date: |3/15/2011 | Stream Type: | B4 | | Valley Type: |VIII |
| Observers: |Rosgen et al. || HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
8.80 Aokt Bankfull Riffle Mean DEPTH 0.85 Aok
AREA () (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 104 | Wou ; 1200 | W
(fr) ~ (2% dpys ) + Wi (ft)
Protrusion Height of Dunes 61.0 (Dn:g) Prot. Height (mm) / 304.8 0.20 D(fg“
Hydraulic RADIUS
Bankfull SLOPE 0.0224 Sbit y 0.73 |R (f0)
(ft/ ) Apkt | Wy
o . Relative Roughness
Gravitational Acceleration 32.2 9 3.64 R/D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area 15.9 Dé " v 0.725 u
(mi?) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1-FF“‘t3t'0n/Relative u=[283+566*Log{R/Dg }Ju*|| 4.35 | ft/sec 38.27 cfs
actor Roughness
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
it PR Ui R 376 | ft/sec || 3308 | «cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S~"/n n= 0.048
2. Roughness Coefficient: u=149*R?**s1?
b) Manning'sn from Stream Type (Fig. 5-9) n= 0.058 3.11 ft/sec 27.37 cfs
2. Roughness Coefficient: u=149*R?**s¥?
¢) Manning'sn from Jarrett (USGS): n = 0.39*g %-38%R 016 N/A ft/sec N/A cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = N/A
Stream Types Al, A2, A3,B1,B2,B3,C2 & E3
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec i
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A
Return Period for Bankfull Dis. Q= year s i
4. Continuity Equations: b) Regional Curves u=Q/A 4.55 ft / sec 40.0 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 Dg, sand dune protrusion height in ft for the Dg, term in method 1.
. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top
Option 2. 4f 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. ahove 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
Option 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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Plan View Alignment

The overlay of the alignment of the proposed conversion of the F4 to B4 stream type is shown on
the aerial photograph in Figure 62 and is based on the channel pattern data converted from the
dimensionless ratios of the B4 Reference Reach that were scaled for this drainage area and bankfull
discharge (Table 8). The existing cross-section locations of the F4 stream type are also shown in
Figure 62.

Cross-Section Dimensions

Table 8 includes the proposed dimensions for riffles and pools for the proposed B4 design reach
that were scaled from the reference reach dimensionless relations. The locations of the existing
F4 cross-sections 1+30, 4+44, 7+93 and 9+39 are indicated in Figure 62. To establish the stable
base level and slope, the existing channel must be excavated into the deposition for the lower
600 ft of this reach, while the situation is reversed for the remaining 400 ft upstream where the
stream channel requires fill below the proposed bed elevation. Figure 63 depicts the overlay of
the existing F4 cross-section 1+30 vs. proposed B4 pool cross-section, indicating the pool design
dimensions, new bankfull elevation and substantial fill requirements. The overlay of the existing
F4 cross-section 4+44 vs. proposed B4 pool cross-section is shown in Figure 64. Figure 65 shows
the overlay of the existing F4 cross-section 7+93 vs. proposed B4 riffle cross-section, indicating
the riffle design dimensions, new bankfull elevations and cut requirements. Similarly, Figure 66
shows the overlay of the existing F4 cross-section 9+39 vs. proposed B4 riffle cross-section.

Longitudinal Profile

The typical longitudinal profile for the proposed B4 design reach is shown in Figure 67 compared
to the existing F4 profile. The profile also shows the need to balance the energy slope and local
base level by excavation on the lower half and the required fill on the upper half of the 1,000

ft reach (Figure 67). Additionally, the locations of the cross-section overlays in Figures 63-66

are depicted on the typical longitudinal profile that corresponds with the proposed design bed
features.
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Insert 11 x 17
Figure 62 Here

Figure 62. Plan view of the proposed conversion of the F4 to B4 stream type from the West Creek road upstream
1,000 ft to proposed station 25+40, including the existing F4 cross-section locations.
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Insert 11 x 17
Figure 62 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Proposed B4 Pool vs. F4 XS 1+30

Proposed B4 € Bankfull V Water Surface A F4 XS 1+30
Pool XS Indicators Points
Wok¥f = 12.3 Dbkf = 1.01 AbkfF = 12.4
7525 \
/L
Y i
7524 . Proposed B4 Dimensions A
= 7523+ |
N .
- Fill |
O 7522__ \‘
= | \
S |
5 7521+ 5 |
— \ |
Ll "
7520+ |
‘A/ﬁé’j —————— A Existing F4
| # XS 1+30
7519+ gA&\A :
\QA
7518 | | | | I I
100.0

! l ! !
0.0 16.7 33.3 50.0 66.7 83.3

Horizontal Distance (ft)

Figure 63. The proposed B4 pool cross-section compared to the existing F4 cross-section 1+30, indicating the substantial fill

requirements and new bankfull elevation.
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Proposed B4 Pool vs. F4 XS 4+44

Proposed B4 € Bankfull V Water Surface /A F4 XS 4+44
Pool XS Indicators Points
Wbkf = 12.3 Dbkf = 1.01 Abkf = 12.4
7520
& A
\ Vo - A
7519+
N
o :
E 7518+ | ]
= ! /A
1 '}\ Proposed B4 /
g 7917 . Dimensions %
CG —
3 7516+
LL]
7515
7514+
7513 | | | | |
0 20 40 60 80 100

Horizontal Distance (ft)

Figure 64. The proposed B4 pool cross-section compared to the existing F4 cross-section 4+44, indicating the cut and fill

requirements.
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Proposed B4 Riffle vs. F4 XS 7+93

Proposed B4 € Bankfull V Water Surface A F4 XS 7+93
Riffle XS Indicators Points
(F4 7+93)
Wokf = 10.4 Dbkf = .85 Abkf = 8.8
7516
A *7&\ /A/A
7514 DA a7
—n \ Existing F4 - Aﬁﬁ
= & XS7+493
(- 1 L A A
5 7512 A A
< Cut
> I N A
Q@ 7510+
LL
7508 M
Proposed B4
Dimensions
7506 | | | |
0 10 20 30 40

Horizontal Distance (ft)

Figure 65. The proposed B4 riffle cross-section compared to the existing F4 cross-section 7+93, indicating the substantial
excavation required.
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Proposed B4 Riffle vs. F4 XS 9+39

Proposed B4 € Bankfull V Water Surface /A F4 XS 9+39
Riffle XS Indicators Points
Wbkf = 10.4 Dbkf = .85 Abkf = 8.8
7515 \
\A\ e
7513+ A
A A - /
~.,, ExistingF4 A
E \%XS 9+39 4
~— 511+ LN
- A Aﬂf&%ﬁ
-9 20’
-
o 7509
S Cut
2 C
oncrete
L] 7507+ 6’ Box
36" Pipe
Proposed B4
Dimensions
7503 | | | | | | | |

!
0 25 50 75 100 125 150 175 200

Horizontal Distance (ft)

Figure 66. The proposed B4 riffle cross-section compared to the existing F4 cross-section 9+39, indicating the substantial
excavation required.
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Structures

The proposed streambank stabilization and fish habitat enhancement structures are shown in the
plan view layout in Figure 68. The rock cross-vane structure (Figure 10 and Figure 11) is tied into
the concrete box culvert located at the end of the reach. The cross-vane is designed to direct the
streamflow and sediment into the box culvert for the proper bankfull width to minimize problems
of flow convergence and recirculation eddies (see the preceding D4 to C4 Stream Type Conversion
for the detailed box culvert design). The cross-vane is also designed to maintain grade control
and to reduce streambank and fill erosion. The other recommended structures for streambank
stabilization, flow resistance, grade control and fish habitat enhancement include converging rock
clusters (Figure 22); the root wad, log vane, J-hook (Figure 9); the rock vane, J-hook (Figure 8); the
“Rock & Roll” log structure (Figure 19); and the toe wood structure with sod mats and riparian
transplants (Figure 15 and Figure 16). The materials for these structures will be obtained from on-
site sources. Many of the burned logs will be salvaged to use for the root wad, log vane, J-hook and
toe wood structures. Riparian transplants will be salvaged from local excavation disturbance.

Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along

this corridor. This is accomplished by planting willow cuttings and transplants. The toe wood
structure provides a site for transplanted willow and alder, or willow cuttings. Native grasses of
Carex and Juncus where available will be transplanted to the stream-adjacent toe wood structures
or seeded along the lower elevation, wet sites. Native bunch grasses, such as big mountain brome,
are recommended for seeding the flood-prone areas that do not have soil saturation and are
droughty. The revegetation is critical for the long-term physical stability and biological function.

Cut & Fill Computations

The cut and fill computations are obtained from the existing vs. proposed cross-sections for that
particular bed feature with lengths obtained from the plan and profile data of the proposed
design. The proposed design requires approximately 1,600 yds3 of excavation and 1,422 yds3 of fill
material. Most of the required excavation is on the lower half of this proposed 1,000 ft reach while
fill material is needed on the upper half of the reach. The majority of the material will be balanced
by transporting the excavated material to the upstream reach requiring the fill. Approximately 178
yds3 of excess excavation can be transported for road fill requirements or to help build out alluvial
fans within one-quarter mile of this reach.
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Insert 11 x 17
Figure 63 Here

Figure 68. The proposed plan view layout of the F4 to B4 conversion depicting the stabilization and fish
enhancement structures.
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Insert 11 x 17
Figure 63 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Streambank Erosion

The streambank erosion that is expected for the proposed B4 design reach is 4.8 tons/yr tor 1,000
ft of designed channel vs. 439.1 tons/yr for 930 ft of the existing condition (Table 8), representing
a significant, potential reduction of 434.3 tons/yr for this reach. These values are based on the
extrapolation of annual erosion rates of the B4 Reference Reach (0.0048 tons/yr/ft) and the F4b

Poor Mainstem Representative Reach (0.4721 tons/yr/ft). This reduction assumes that the various
structures designed and located on the plan view map in Figure 68 are implemented, such as the
toe wood and the J-hook structures. The reduction in BEHI can be greatly reduced with the toe
wood structure, and NBS can be reduced with the rock and log vane, J-hook structures. These
structures have proven to reduce streambank erosion rates by three orders of magnitude. These
same structures also provide for flow resistance and fish habitat enhancement by incorporating
instream cover.

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good”
condition throughout the watershed, the flow-related sediment yields would be reduced from
24,190.4 tons/yr (Worksheet 5a) to 844.6 tons/yr (Worksheet 5b) as a result of the restoration.
The corresponding sediment supply reductions based on converting from “Poor” to “Good”
conditions are 5,272 tons/yr for bedload and 18,073.9 tons/yr for suspended sediment,
representing a total sediment reduction of 23,345.8 tons/yr. These sediment reductions are still
assuming a high post-fire runoff response and continued increased stormflow peak runoff.
These reductions are also associated with treating the majority of the stream length of the
watershed above this reach.

The reductions in sediment supply associated with restoring 930 ft of the existing F4 Poor
stream type to 1,000 ft of the proposed B4 Stable design reach are 434.3 tons/yr of streambank
erosion, 92.7 tons/yr of bedload, 317.4 tons/yr of suspended sediment and 410.1 tons/yr of total
sediment yield reduction (Table 6). The total sediment yield value includes streambank erosion
contributions and streambed sources. Streambank erosion rates are sometimes higher than the
total sediment yield because not all of the soil eroded from the bank is delivered; considerable
amounts go into storage on the streambed and are available for re-entrainment during the next
high flow. The sediment reductions associated with the local channel source sediment for this
design scenario are based on sediment yield rates determined from taking the sediment yield
values generated from FLOWSED and dividing by the total stream length of potential sediment
contributions. For this scenario, it was determined that approximately 10 miles (52,800 ft) of

the mainstem Trail Creek is potentially contributing sediment. The tributaries also contribute
sediment but at a lower rate; thus their stream lengths were not included in the unit sediment
transport rate. The resultant sediment yield rates were then multiplied by the existing and
proposed design reach lengths for this scenario to obtain the local sediment reductions.

The POWERSED model to evaluate sediment transport capacity indicates that by lowering

the existing, high width/depth ratio, the B4 stream type is 81% more efficient at transporting
both bedload and suspended sand compared to the F4 stream type. This result is confirmed in
the overall longitudinal profile for lower Trail Creek as shown in Figure 39 that indicates the
extreme aggradation of the valley in this reach.
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Opverall, this reach contains approximately 7,704 yds? of aggraded sediment. The proposed

1000 ft of restoration will reduce the sediment supply from streambank erosion in this reach by
approximately 434.3 tons/yr, and the total sediment yield (bedload and suspended sediment) by
410.1 tons/yr, which will help reduce the downstream sediment supply and stabilize the F4 reach by
converting to a B4 stream type.

Sediment Competence

The sediment competence calculations indicate excess energy for the proposed design of converting
from an F4 to a B4 stream type (Worksheet 5-6); therefore, grade control at the head of each riffle is
warranted and recommended. The converging rock clusters and the “Rock & Roll” log structures
are designed for grade control, as described previously.
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Restoration Plan for Channel Processes — Typical Design Scenario 2
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Restoration Plan for Channel Processes — Typical Design Scenario 2: F4 to B4 Stream Type Conversion (VT VIiI)

Worksheet 6. The sediment competence calculations for the proposed B4 stream type to be converted from the F4
stream type above the West Creek road, lower Trail Creek.

Stream: Existing F4 Poor to Proposed B4 Stream Type: B4
Location: Lower Trail Creek above Mouth Valley Type: VI
Observers: Rosgen et al . Date: 3/15/2011

Enter Required Information for PROPOSED Design Condition

8.0 D5 Median particle size of riffle bed material (mm)

6.0 D/5\0 Median particle size of bar or sub-pavement sample (mm)

0.26 D max Largest particle from bar sample (ft) 80 (mm) 3mori}ﬁ
0.0224 S Proposed design bankfull water surface slope (ft/ft)

0.85 d Proposed design bankfull mean depth (ft)

1.65 ys-y/y Immersed specific gravity of sediment

Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress

1.33 D.,/D,| Range: 3-7 Use EQUATION 1: 7" =0.0834 ( D,,/DJ) -0.872
10.00 D 1ax/Dsg| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D 1ax/D 50) %%
N/A " Bankfull Dimensionless Shear Stress EQUATION USED: N/A

Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample

N/A

d

T*(). -1)Dmax
s

(use D pa in ft)

d =

Required bankfull mean depth (ft)

Calculate Bankfull Water

Surface Slope Required for Entrainment of Largest Particle in Bar Sample

N/A

S

T * (ys - 1)Dmax
d

(use D pa in ft)

Required bankfull water surface slope (ft/ft) S =

Check:

[~ Stable [T Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

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

1.188
Y =62.4, d = proposed design depth, S = proposed design slope

Shields CcO

933 | 1726 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 5-49)
Shields CcO ) ) o )

1.025 | 0.418 Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 5-49)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (MM) do T
0.73 | 0.30 T = predicted shear stress, Y = 62.4, S = proposed design slope VS
Shields co Predicted slope required to initiate movement of measured D 5, (Mmm) T

S=——_

0.0193|0.0079| ¢ = predicted shear stress, Y = 62.4, d = proposed design depth Vd

Check: [ Stable [ Aggrading v Degrading*

*Due to potential degradation, must incorporate grade control and high flow resistance bed structures
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Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Summary of the F4 to B4 Stream Type Conversion

The conversion from F4 to B4 stream types represents the central tendency of stream succession
to a stable “end point” channel in a confined (laterally contained) stream system. The increase

in shear stress due to a decrease in width/depth ratio in the proposed design is countered by
increased log and rock structures to add flow resistance and habitat features. The increase in
entrenchment ratio to re-establish floodplain connectivity will exponentially reduce streambank
erosion from flood flows. The B4 stream type rarely stores sediment for future re-entrainment
and efficiently routes sediment through without adding channel source sediment to the sediment
supply. The increased post-fire flood flows will have small adverse effects on the B4 stream type
compared to the F4 associated with high streambank erosion rates and sediment deposition.

The remaining F4 and F4b stream types in the mainstem Trail Creek that exist in confined,
Valley Type VIII are prime candidates for this conversion scenario. Numerous F and Fb stream
types and conditions are mapped for the mainstem Trail Creek in Appendix D of the Trail Creek
WARSSS analysis (Rosgen, 2011). The calculation of bankfull discharge and cross-sectional area
using drainage area from regional curves will allow scaling of the dimensionless ratios using
the reference condition B4 stream type as was done for this scenario example. The general
procedure to extrapolate this design scenario to other F4 and F4b stream types is included in the
Extrapolation of Typical Scenarios to other Locations section using the scaling and Natural Channel
Design procedure detailed in Appendix I.
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Restoration Plan for Channel Processes — Typical Design Scenario 3: G4 to B4 Stream Type Conversion (VT Vi)

Typical Design Scenario 3:
G4 to B4 Stream Type Conversion (VT VIII)

General Description & Morphological Data

This typical design scenario is a stream type and stability conversion from a G4 Poor condition to
B4 Stable stream type within a terraced, alluvial valley (Valley Type VIII). The existing, impaired
stream is the G4 Poor Representative Reach that is located approximately 1,500-2,000 ft upstream of
the mouth of Trail Creek and depicted on the general map in Figure 7. The detailed characteristics
and stability evaluation of this representative reach are documented in Appendix C16 of the Trail
Creek WARSSS analysis (Rosgen, 2011, pp. C16-1 to C16-38). The existing reach length to be
converted from a G4 to B4 stream type is approximately 275 ft. The reach is incised, confined and
associated with a headcut that is converting the upstream C4 stream type into an advancing G4
stream type. The active streambank erosion and channel incision typical in the reach are depicted
in Figure 69. The lower Trail Creek longitudinal profile in Figure 39 shows the location of the
headcut and associated change in slope through this G4 stream type reach. The overall direction is
to raise the channel up by placing fill on the existing bed and incorporating structures to stabilize
and restore to a new local base level and channel slope.

The specific objectives and direction for this design scenario to stabilize the reach are as follows:

* Reduce the sediment supply from the accelerated bed scour (degradation)
* Reduce the accelerated streambank erosion rates

¢ Enhance fish habitat

* Restore the riparian function

In relation to stream succession, this reach was previously a C4 stream type that was abandoned
by channel incision resulting in the existing, G4 stream type. Because it will be difficult to raise the
channel back to historic levels and to match the energy slope up- and down-valley, the potential
stable state is a B4 stream type. The B4 stream types are naturally confined stream types that are
stable and match the existing confinement of the G4 stream type.

The dimensionless relations of the B4 Reference Reach are used to generate the proposed B4

stable design criteria by scaling the relations to the proposed bankfull discharge and area. The
location of the B4 Reference Reach is shown in Figure 7 and the detailed characteristics and stability
evaluation are documented in Appendix B3 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp.
B3-1 to B3-36).

The resultant proposed dimension, pattern and profile for the stable B4 stream type are
documented in Table 9 using the procedure in Appendix I. Additionally, this table also includes
a summary of the morphological descriptions and corresponding analyses of the existing G4
Poor Representative Reach and the B4 Reference Reach. The following sections include the proposed
design details of the proposed B4 reach.
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Figure 69. The G4 Poor reach to be converted to a stable B4 stream type on the mainstem Trail Creek showing the active
streambank erosion and channel incision.
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Restoration Plan for Channel Processes — Typical Design Scenario 3: G4 to B4 Stream Type Conversion (VT Vi)

Table 9. The morphological characteristics of the existing, proposed design and reference reaches for the
G4 to B4 stream type conversion in a confined Valley Type VIII.

Existing Reach Stream & Location:

G4 Poor Reach, Lower Trail Creek above Mouth

Reference Reach Stream & Location:

B4 Reference Reach, Mainstem Trail Creek

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
1 Valley Type VIl Vil VI
2 Valley Width 60 60 70
3 Stream Type G4 B4 B4
4 Drainage Area, mi’ 15.9 15.9 14.3
5 Bankfull Discharge, cfs (Qpys) 30.3 40 32.78
Mean: 6.4 Mean: 10.4 Mean: 11.8
6 Riffle Width, ft (W) Min: 5.8 Min: 9.4 Min: 9.3
Max: 9.8 Max: 11.4 Max: 14.2
Mean: 1.08 Mean: 0.85 Mean: 0.75
7 Riffle Mean Depth, ft (dp) Min: 0.89 Min: 0.70 Min: 0.74
Max: 1.29 Max: 0.90 Max: 0.76
Mean: 7.2 Mean: 12.24 Mean: 12.60
” Max: 11.0 Max: 12.5 Max: 12.62
= Mean: 7.6 Mean: 8.8 Mean: 7.1
o ; _ : 2
g 9 alfﬂ(; Cross-Sectional Area, ft Min: 6.7 Min: 6.9
g Dkf Max: 8.7 Max: 7.3
3 Mean: 1.29 Mean: 1.20 Mean: 1.13
o | 10 Riffle Maximum Depth (dpay) Min: 1.15 Min: 1.00 Min: 1.08
EZ: Max: 1.56 Max: 1.40 Max: 1.18
. . . Mean: 1.203 Mean: 1.412 Mean: 1.508
Depth to Riffle . .
17 Riffle Maximum Dep ! Min: 1.085  |Min: 1176  |Min: 1.421
Mean Depth (dmax/dokr)
Max: 1.315 Max: 1.647 Max: 1.595
12 Width of Flood-Prone Area at me?n: 180.40 m.ea.m: iig mfea.n: iig
Elevation of 2 * dyay ft (Wisa) n- - n- : n- :
Max: 12.4 Max: 22.9 Max: 18.5
Mean: 1.4 Mean: 2.15 Mean: 1.7
13 Entrenchment Ratio (W o/ W) Min: 1.2 Min: 1.4 Min: 15
Max: 1.3 Max: 2.2 Max: 2.0
Mean: N/A Mean: 6.2 Mean: 7.3
14 Riffle Inner Berm Width, ft (W;,) Min: Min: 5.2 Min: 5.6
Max: Max: 7.2 Max: 8.8
Riffle Inner Berm Width to Riffle Mgan: N/A Mgan: 0.59 Mgan: 0.616
15 . Min: Min: 0.500 Min: 0.476
- Width (Wip/W k)
b Max: Max: 0.692 Max: 0.750
(@] . .
= . Mean: N/A Mean: 0.52 Mean: 0.32
2} Riffle | B M Depth, ft . . .
S| 16 (dl_ )e nner berm iiean Dep Min: Min: 0.42 Min: 0.20
,g 'b Max: Max: 0.72 Max: 0.43
IS 17 Riffle Inner Berm Mean Depth to m.ea_ln: N/A m.ea.\n: 823421 mfea.m: ggg
o Riffle Mean Depth (dy/dy) n: n: : n '
'f Max: Max: 0.847 Max: 0.573
(O] . o B
= Riffle Inner Berm Width/Depth Mgan. e M.ea.n. g M?én' 23.6
= | 18 . Min: Min: 7.2 Min: 20.5
© Ratio (W;,/di)
= Max: Max: 17.1 Max: 32.1
o Riffle Inner Berm Cross-Sectional Mgan: NIA Mfaan: 3.9 Mgan: 2.4
19 Min: Min: 2.9 Min: 1.3
Area (Ap)
Max: Max: 49 Max: 3.8
Riffle Inner Berm Cross-Sectional |Mean: N/A Mean: 0.438 Mean: 0.340
20 Area to Riffle Cross-Sectional Area|Min: Min: 0.330 Min: 0.180
(Ain/Apks) Max: Max: 0.557 Max: 0.533
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Table 9 (page 2). The morphological characteristics of the existing, proposed design and reference reaches
for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: 9.6 Mean: 12.3 Mean: 14.0
21 Pool Width, ft (W) Min: 8.6 Min: 7.2 Min: 8.2
Max: 10.6 Max: 18.4 Max: 21.1
. . . Mean: 1.500 Mean: 1.183 Mean: 1.190
2p Fo0IWdih to Riffle Width Min: 1340 |Min: 0.692  |Min: 0.695
(W pieip/ W k) . . :
Max: 1.660 Max: 1.769 Max: 1.792
Mean: 0.81 Mean: 1.01 Mean: 0.80
23 Pool Mean Depth, ft (dppp) Min: 0.67 Min: 0.85 Min: 0.59
Max: 0.95 Max: 1.20 Max: 1.05
. Mean: 0.750 Mean: 1.188 Mean: 1.067
24 P00IMean Depth to Riffle Mean |, ). . 0620  |Min: 1.000  |Min: 0.787
Depth (dpip/dpir) . . :
Max: 0.880 Max: 1.412 Max: 1.400
(2]
c . . Mean: 11.8 Mean: 12.2 Mean: 17.5
Pool Width/Depth Rat ) . .
'5 25 W?/O /dl ) ep ato Min: 9.0 Min: 6.0 Min: 7.8
é bidp’ bidp Max: 15.8 Max: 21.6 Max: 35.8
= Mean: 7.9 Mean: 12.5 Mean: 8.9
@) - i 2
5 26 ?Aom )Cross Eaarel s, Min: 5.7 Min: 8.5 Min: 8.5
2 i Max: 10.0 Max: 18.0 Max: 9.6
Mean: 1.031 Mean: 1.415 Mean: 1.248
27 Pool Area to Riffle Area (Ayqp/Anki) |Min: 0.749 Min: 0.966 Min: 1.189
Max: 1.313 Max: 2.045 Max: 1.348
Mean: 151 Mean: 1.90 Mean: 1.56
28 Pool Maximum Depth (dmayxp) Min: 1.40 Min: 1.50 Min: 1.33
Max: 1.61 Max: 2.10 Max: 1.85
. . Mean: 1.398 Mean: 2.235 Mean: 2.080
Pool Maximum Depth to Riffle ) . .
29 P Min: 1206  |Min: 1765  |Min: 1.773
Mean Depth (dmayg/doks)
Max: 1.491 Max: 2.471 Max: 2.467
Mean: N/A Mean: 0.380 Mean: 0.290
30 Point Bar Slope (Sp) Min: Min: 0.280 Min: 0.220
Max: Max: 0.400 Max: 0.360
Mean: N/A Mean: 8.2 Mean: 4.8
31 Pool Inner Berm Width, ft (Wiyp) Min: Min: 4.0 Min: 4.5
Max: Max: 10.0 Max: 5.1
Pool Inner Berm Width to Pool Mjean: . Mfean: EEs Mgan: )
32 s Min: Min: 0.325 Min: 0.320
" Width (Wiprkafp) . . .
& Max: Max: 0.813 Max: 0.361
. Mean: N/A Mean: 0.90 Mean: 0.31
Pool | B M Depth, ft . . .
% 33 (dgo) nner serm Mean Lep Min: Min: 0.50 Min: 0.22
= iop Max: Max: 0.95 Max: 0.40
@) ; ; ;
Mean: N/A Mean: 0.891 Mean: 0.388
£ Pool Inner Berm Mean Depth to o o o
5 34 Pool Mean Depth (diyy/deip) Min: Min: 0.495 Min: 0.275
m Max: Max: 0.941 Max: 0.500
o ; ; ;
= Pool Inner Berm Width/Depth Mgan. N/A Mgan. 9.1 Mf—:‘an. 0.9
£ ] 35 Ratio (W /d Min: Min: 4.2 Min: 0.8
5 atio (Wipp/dipp) Max: Max: .
2 ax: ax: 20.0 Max: 0.9
g ; ; ;
Pool Inner Berm Cross-Sectional M_ean. e Mgan. [ Mgan. L5
36 Min: Min: 3.8 Min: 1.0
Area (Ajp)
Max: Max: 5.0 Max: 2.0
Pool Inner Berm Cross-Sectional |Mean: N/A Mean: 0.591 Mean: 0.172
37 Areato Pool Cross-Sectional Area [Min: Min: 0.305 Min: 0.114
(Aibp/Abkip) Max: Max: 0.402 Max: 0.226
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Restoration Plan for Channel Processes — Typical Design Scenario 3: G4 to B4 Stream Type Conversion (VT Vi)

Table 9 (page 3). The morphological characteristics of the existing, proposed design and reference reaches

for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: 9.7 Mean: N/A Mean: N/A
38 Run Width, ft (W) Min: 8.7 Min: Min:
Max: 10.8 Max: Max:
Run Width to Riffle Width Mean: 1527 \Mean: /A~ |Mean: NIA
39 (Wi W) Min: 1.359 Min: Min:
Max: 1.694 Max: Max:
Mean: 1.69 Mean: N/A Mean: N/A
40 Run Mean Depth, ft (dps) Min: 1.65 Min: Min:
Max: 1.73 Max: Max:
Run Mean Depth to Riffle Mean Mgan: 1.565 Mgan: N/A Mgan: N/A
0 41 Depth (dueq/de) Min: 1.528 Min: Min:
o Max: 1.602 Max: Max:
2 Mean: 5.7 Mean: N/A Mean: N/A
£ | 42 Run Width/Depth Ratio (W /dur) [Min: 5.3 Min: Min:
(a) Max: 6.2 Max: Max:
c . . .
&z 43 Run Cross-Sectional Area, ft? m;ana:n. 190.'60 mii?n' N/A m;{?n' N/A
(Aok) Max: 10.4 Max: Max:
Mean: 1.313 Mean: N/A Mean: N/A
44 Run Area to Riffle Area (Apq/Apkr) [Min: 1.259 Min: Min:
Max: 1.366 Max: Max:
Mean: 1.7 Mean: N/A Mean: N/A
45 Run Maximum Depth (dpax) Min: 1.7 Min: Min:
Max: 1.7 Max: Max:
46 Run Maximum Depth to Riffle m;én' 1222 I\'\:;a.m. s '\l\:i?n. b
Mean Depth (dnas/tx) Max: 1.602  |Max: Max:
Mean: 10.5 Mean: N/A Mean: N/A
47 Glide Width, ft (W) Min: 10.3 Min: Min:
Max: 10.6 Max: Max:
Glide Width to Riffle Width Mean: S S A Mean: NIA
48 (Wi W) Min: 1.621 Min: Min:
s Max: 1.658  [Max: Max:
Mean: 1.40 Mean: N/A Mean: N/A
49 Glide Mean Depth, ft (dyysg) Min: 1.18 Min: Min:
Max: 1.61 Max: Max:
Glide Mean Depth to Riffle Mean |12 G D it e
9 50 Depth (dyee/due) Min: 1.093 Min: Min:
g € Max: 1.491 Max: Max:
& Glide Width/Depth Ratio Mean: 75 Mean: N/A - |Mean: NIA
€| 51 Min: 8.7 Min: Min:
[a (Wiiig/Ghico) Max: 6.6 Max: Max:
(]
% 52 Glide Cross-Sectional Area, ft? m:%:}n' gg mﬁi‘n' NIA mﬁi‘n' NIA
(Apidg) Max: 10.0 Max: Max:
Glide Area to Riffle Area Mean: 1.262 Mgan: N/A Mgan: N/A
53 (Abkfg/Abkf) Min: 1.217 Min: Min:
Max: 1.302 Max: Max:
Mean: 1.40 Mean: N/A Mean: N/A
54 Glide Maximum Depth (dmaxg) Min: 1.18 Min: Min:
Max: 1.61 Max: Max:
Glide Maximum Depth to Riffle |2 1.296 | Mean: NIA Mean: N/A
55 Mean Depth (dmaxg/dbkf) Min: 1.093 Min: Min:
Max: 1.491 Max: Max:
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Table 9 (page 4). The morphological characteristics of the existing, proposed design and reference reaches
for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Entry Number & Variable Existing Reach Propos::claemgn Reference Reach
Mean: N/A Mean: 107.0 Mean: 104.0
72 Linear Wavelength, ft (A) Min: Min: 82.0 Min: 87.0
Max: Max: 124.0 Max: 129.0
Linear Wavelength to Riffle Width |Mean: N/A Mean: 10.288  |Mean: 8.832
73 AMWer) Min: Min: 7.885 Min: 7.389
(AW Max: Max: 11.923 Max: 10.955
Mean: N/A Mean: 115.0 Mean: 112.0
74 Stream Meander Length, ft (L) Min: Min: 93.0 Min: 94.5
Max: Max: 144.0 Max: 135.0
. Mean: N/A Mean: 11.058 Mean: 9.512
75 Stream Meander Length Ratio Min: Min- 8.942 Min- 8.025
(LW ) Max: . .

ax: Max: 13.846 Max: 11.465
Mean: 14.6 Mean: 22.9 Mean: 27.2
76 Belt Width, ft (W) Min: Min: 14.6 Min: 14.6
Max: Max: 31.2 Max: 60.0
Mean: 2.288 Mean: 2.200 Mean: 2.306
77 Meander Width Ratio (Wy/Wy) — |Min: Min: 1.400 Min: 1.237
Max: Max: 3.000 Max: 5.096
Mean: N/A Mean: 49.9 Mean: 50.7
78 Radius of Curvature, ft (R;) Min: Min: 21.8 Min: 21.8
Max: Max: 78.0 Max: 76.0
= . . . Mean: N/A Mean: 4.800 Mean: 4.300
g 79 Radius of Curvature to Riffle Width Min: Min- 2096 Min: 2100
a (RWi) Max: Max: 7.500 Max: 6.454
E Mean: N/A Mean: 35.0 Mean: 39.6
S | 80 ArcLength, ft (L) Min: Min: 8.8 Min: 10.0
5 Max: Max: 62.6 Max: 70.9
Mean: N/A Mean: 3.363 Mean: 3.363
81 Arc Length to Riffle Width (Lo/W ) [Min: Min: 0.849 Min: 0.849
Max: Max: 6.021 Max: 6.021
Mean: 4.6 Mean: 15.0 Mean: 14.7

82 Riffle Length (L,), ft Min: 1.3 Min: 3.0* Min: 2.7%
*Refers to a Step Length - Not Riffle Max: 9.1 Max: 29.0 Max: 28.2
. . . Mean: 0.721 Mean: 1.442 Mean: 1.248

83 E:Rf,btsngth to Riffle Width Min: 0204  |Min: 0.288*  |Min: 0.229*
*Refers to a Step Length - Not Riffle Max: 1.426 Max: 2.788 Max: 2.395
Mean: 7.8 Mean: 62.0 Mean: 60.1
84 Individual Pool Length, ft (L) Min: 4.1 Min: 24.0 Min: 23.0
Max: 11.4 Max: 103.0 Max: 101.0
. . Mean: 1.223 Mean: 5.962 Mean: 5.104
gs ool Lengthto Riffle Width Min: 0643  |Min: 2308  |Min: 1.953

(Lp/kaf) Max: . .
ax: 1.787 Max: 9.904 Max: 8.577
Mean: 163.0 Mean: 29.0 Mean: 28.1
86 Pool to Pool Spacing, ft (Ps) Min: 7.6 Min: 12.4 Min: 12.2
Max: 24.2 Max: 48.0 Max: 47.3
. . Mean: 25.549 Mean: 2.788 Mean: 2.387
87 5\;’.0' to Pool Spacing to Riffle Min: 1191 |Min: 1192 |Min: 1.039
idth (Ps/W 1)

Max: 3.793 Max: 4.615 Max: 4.020
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Restoration Plan for Channel Processes — Typical Design Scenario 3: G4 to B4 Stream Type Conversion (VT Vi)

Table 9 (page 5). The morphological characteristics of the existing, proposed design and reference reaches

for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
88 Stream Length (SL) 275 300 514.1
()
Q.
% 89 Valley Length (VL) 265 265 581.0
©
E 90 Valley Slope (Sya) 0.0272 0.0272 0.0273
i — SLVL:  1.04 SLVL: 1.3
3 .
5 91 Sinuosity (k) VSIS 1.05 SL/VL: 1.13 VS/S: 113
%) S =S,k
92 Average Water Surface Slope (S) 0.0258 v 0.0242
0.0241
£ Mean: 8.4 Mean: 22.2 Mean: 18.5
A | 93 Flood-Prone Area Width, ft (W) Min: (no active  [Min: Min:
5 Max: floodplain) |Max: Max:
ff) 94 Flood-Prone Area Mean Depth, ft miterfn: (nolal;tgive msf'm: 1.32 m:}e}n: 1.4l
D d : : :
09_ (dpa) Max:  floodplain) |Max: Max:
'g Flood-Prone Area Cross-Sectional Mgan: 15'0_ Mean: 29.2 Mean: 26.0
gs) 95 Area. 2 (Arn) Min: (no active |Min: Min:
L ’ pa Max:  floodplain) [Max: Max:
Mean: 2.25 Mean: NS5 Mean: 1.13
§ | 102 Low Bank Height (LBH) Min: 2.00 Min: 1.20 Min: 1.08
® Max: 2.50 Max: 1.90 Max: 1.18
E Maximum Bankfull Depth (d.,,) at [Mean: 1.10 Mean: 1.55 Mean: 1.13
‘5 | 103 Same Location as Low Bank Min: 1.10 Min: 1.20 Min: 1.08
o Height (LBH) Measurement Max: 1.10 Max: 1.90 Max: 1.18
qEJv Mean: 2.05 Mean: 1.00 Mean: 1.00
O | 104 Bank-Height Ratio (LBH/d 4, Min: 1.80 Min: 1.00 Min: 1.00
Max: 2.30 Max: 1.00 Max: 1.00
2 Riffle Slope (water surface facet Mfaan: 0.0240 Mfaan: 0.0338 Mgan: 0.0340
5 | 105 slope) (S) Min: 0.0150 Min: 0.0159 Min: 0.0159
a i Max: 0.0370  |Max: 0.0583  |Max: 0.0585
£ . Mean: 0.9302 Mean: 1.4037 Mean: 1.4037
o Riffle Slope to Average Water o . o
= 106 Surface Slope (S,/S) Mln.. 0.5814 Mln.. 0.6587 Mln.. 0.6587
o Max: 1.4341 Max: 2.4182 Max: 2.4182
5:‘8 Pool Slope (water surface facet Mean: 0.0130 Mean: 0.0027 Mean: 0.0027
» | 107 Min: 0.0060 Min: 0.0001 Min: 0.0001
& slope) (S;)
@ Max: 0.0200 Max: 0.0099 Max: 0.0099
5 Mean: 0.5039 Mean: 0.1124 Mean: 0.1124
2 Pool Slope to Average Water . . .
un oz Mmoo w o
£ : . : ] : ;
Ia) Mean: 0.0690 Mean: N/A Mean: N/A
Run Slope (water surface facet o o .
g 109 SI0pe) (Sur) Mln.. 0.0180 Mln.. Mln.'
P Max: 0.1110 Max: Max:
(&) . 5 5
= 110 Run Slope to Average Water m.ee_m' 2'67‘71‘71 m'ee.m. N m.ea.n. e
7} Surface Slope (S;./S) |n.. ek |n.. |n..
§ Max: 4.3023 Max: Max:
¥ 111 Glide Slope (water surface facet m‘ea}n. 88328 m.ea'm. NIA '\M/Ifae.m. N/A
2 slope) (S,) in: . in: in:
8 Max: 0.0620 Max: Max:
A 112 Glide Slope to Average Water miena'n: ggggz miena_n: bR miene.m: g
S Surface Slope (S,/S ) ’ ) '
= e (54/5) Max: 24031 |Max: Max:
% Step Slope (water surface facet Mgan: N/A Mgan: 1.0556 Mgan: 1.0600
= | 113 Min: Min: 0.9262 Min: 0.9300
2 siope) (Ss) Max: Max: 11751 |Max: 1.1800
§ M:)e(l.n' N/A MZ:n‘ 43; 8017 M::-n' 43; 8017
Step Slope to Average Water o S ' o '
|1 sufae e 519 i -l
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Table 9 (page 6). The morphological characteristics of the existing, proposed design and reference reaches
for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Entry Number & Variable Existing Reach Propo;:;jclaemgn Reference Reach

© Mean: 1.29 Mean: 1.20 Mean: 1.06
= | 115 Riffle Maximum Depth, ft (dyay) Min: 1.15 Min: 1.00 Min: 0.93
2 Max: 1.56 Max: 1.40 Max: 1.18
c Riffle Maxi Debth to Riffl Mean: 1.194 Mean: 1.412 Mean: 1.413
S | 116 e Vaxmum DEpI IO RIHe —y iy, 1.065  |Min: 1176 |Min: 1.240
— Mean Depth (dmax/dbkf)
4 Max: 1.444 Max: 1.647 Max: 1.573
= Mean: 1.51 Mean: 1.90 Mean: 1.52
@ | 117 Pool Maximum Depth, ft (dmayp) Min: 1.40 Min: 1.50 Min: 1.33
@ Max: 1.61 Max: 2.10 Max: 1.85
= . . Mean: 1.398 Mean: 2.235 Mean: 2.027

Pool Maximum Depth to Riffle . . .
2 | 118 Lo Depth (d . ) Min: 1206  |Min: 1765  |Min: 1.773
& maxgy bkt Max: 1.491 Max: 2.471 Max: 2.467
E Mean: 1.73 Mean: N/A Mean: N/A
a . ) ) )
< | 119 Run Maximum Depth, ft (dyax) Min: 1.65 Min: Min:
& Max: 1.96 Max: Max:
2] . 5 a
|5 120 Run Maximum Depth to Riffle mﬁ?n' igg; miena_n. b miena_m. bl
= Mean Depth (d,a/d ) : ) )
o P (A i) Max: 1.815 Max: Max:
§ Mean: 1.40 Mean: N/A Mean: N/A
2 121 Glide Maximum Depth, ft (dyaxg)  |Min: 1.18 Min: Min:
= Max: 1.61 Max: Max:
& Glide Maximum Depth to Riffle |12 toesl [T hia Mean: N/A
o | 122 Mean Depth (dac/de) Min: 1.093 Min: Min:
3 e’k Max: 1.491 Max: Max:
% Mean: N/A Mean: N/A Mean: N/A
S | 123 Step Maximum Depth, ft (dyaxs) — [Min: Min: Min:
5 Max: Max: Max:
5 Step Maximum Depth to Riffle Mgan. M Mgan. b Mgan. NS
o | 124 \ean Depth (dyae/dey) Min: Min: Min:

Max: Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement

D6 (Mm) 2.0 2.0 5.1

D35 (mm) 4.0 4.0 13.1

Dso (mm) 8.0 8.0 22.6

Dg4 (MmM) 26.0 26.0 63.5
2 Dgs (mm) 44.0 44.0 125.5
% D100 (MM) 90.0 90.0 180.0
E 126 Particle Size Distribution of Bar Material or Sub-pavement
()
§ Dy (Mm) 0.0 0.0 2.0
o Dys (Mm) 3.0 3.0 7.6

Dso (Mm) 6.0 6.0 14.5

Dy, (Mm) 31.0 31.0 63.8

Dgs (mm) 65.0 65.0 88.7

Dax: Largest size particle at the

toe (lower third) of bar (mm) or sub- 80.0 80.0 100.0

pavement
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Table 9 (page 7). The morphological characteristics of the existing, proposed design and reference reaches
for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Proposed Design

Reach Reference Reach

Entry Number & Variable Existing Reach

Estimated Bankfull Mean Velocity,

127 ft/sec (Uy)

3.51 4.55 4.7

Estimated Bankfull Discharge, cfs
128 (Quk); Compare with Regional 30.3 40.0 32.8
Curve

Hydraulics

Calculated bankfull shear stress value,

Ibs/E (1) 1.433 1.278 1117

129

Predicted largest moveable particle
130 size (mm) at bankfull shear stress, t, 99.0 101 84.0
using the original Shields relation

Predicted largest moveable particle
131 size (mm) at bankfull shear stress, t, 190.0 182 180.0
using the Colorado relation

Largest particle size to be moved
132 (Dmay) (Mmm) (see #126: Particle Size 80 80 100.0
Distribution of Bar Material)

Predicted shear stress required to
133 initiate movement of Dy, (MM) using 1.010 1.025 1.400
the original Shields relation

Predicted shear stress required to
134 initiate movement of D, (MM) using 0.400 0.418 0.580
the Colorado relation

Predicted mean depth required to
initiate movgment Of Djpay (MM), d = 0.63 0.68 0.93
t/yS (v = predicted shear stress, y = 62.4, S
= existing or design slope) (Shields)

135

Predicted mean depth required to
initiate movement of Dy, (MM), d = 0.63 0.28 0.93
t/yS (t = predicted shear stress, y = 62.4, S
= existing or design slope) (Colorado)

136

Sediment Competence

Predicted slope required to initiate
137 Movement of Doy (MM) S=t/yd (z = 0.0182 0.0193 0.0303

predicted shear stress, y = 62.4, d =
existing or design depth) (Shields)

Predicted slope required to initiate

13g MOvement of Dig, (M) S=/yd (x = 0.0072 0.0079 0.0126
predicted shear stress, y = 62.4, d =

existing or design depth) (Colorado)

139 Bankfull dimensionless shear stress N/A N/A N/A
(t*) (see competence form)

Required bankfull mean depth d (ft)
using dimensionless shear stress N/A N/A N/A
equation: dys = t(ys - 1)DmadS  (Note:
Dy i ft)

Required bankfull water surface slope
S (ft) using dimensionless shear stress
equation: S = t(ys - 1)Dyad/dye  (Note:
Dy i ft)

140

141 N/A N/A N/A
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Table 9 (page 8). The morphological characteristics of the existing, proposed design and reference reaches
for the G4 to B4 stream type conversion in a confined Valley Type VIII.

Entry Number & Variable Existing Reach PropoRs:gclae&gn Reference Reach
. . s Proposed Design Difference in
* *
Sediment Yield (FLOWSED) Existing Reach Reach* Sediment Yield*
% 141 Bedload Sediment Yield (tons/yr) 5,416.0 144.0 5,272.0
-
S | 142 Ssuspended Sediment Yield (tons/yr) 18,774.4 700.5 18,073.9
£
5 - :
$ 143 Suspended Sand Sediment Yield 9.387.2 350.3 9.037.0
(tons/yr)
144 Total Annual Sediment Yield (tons/yr) 24,190.4 844.6 23,345.8
*Reduction in sediment supply due to using "Good" sediment supply bankfull values by drainage area and "Good"
dimensionless sediment rating curves vs "Poor" as a result of converting from the G4 (Poor) to B4 (Good) stream type.
Streambank Erosion Existing Reach Proposs:claemgn Reference Reach
5 145 Stream Length Assessed (ft) 275 300 406.0
%)
o
w | 146 Graph/Curve Used (e.g., Yellowstone Colorado Colorado Colorado
'~ or Colorado)
=
[
M | 147 Streambank Erosion (tons/yr) 181.1 1.45 1.96
148 Streambank Erosion (tons/yr/ft) 0.6584 0.0048 0.0048
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Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 15.9 mi? for the proposed B4 stream type, the bankfull discharge is 40 cfs
and the proposed bankfull riffle cross-sectional area is 8.8 ft? as shown in Table 9. Using continuity,
the corresponding mean velocity for the proposed design reach is 4.55 ft/sec as shown in Worksheet
7. This worksheet is also used to check for reasonable velocities using the proposed design
dimensions and slope using a variety of methods; these methods, particularly the friction factor to
relative roughness relation, agree with the velocity estimate using continuity.

Plan View Alignment

The overlay of the alignment of the proposed conversion of the G4 to B4 stream type is shown on
the aerial photograph in Figure 70 and is based on the channel pattern data converted from the
dimensionless ratios of the B4 Reference Reach that were scaled for this drainage area and bankfull
discharge (Table 9). The existing cross-section locations of the G4 stream type are also shown
Figure 70.

Cross-Section Dimensions

The proposed channel dimensions for riffles and pools for the proposed B4 design that were
developed from the reference reach dimensionless relations are included in Table 9. The locations
of existing cross-sections are displayed in Figure 70. To establish the stable base level and slope,
the proposed channel must be placed over new fill in the existing channel. Figure 71 depicts

the overlay of the existing G4 cross-section 0+47.5 vs. proposed B4 riffle cross-section, indicating
the proposed dimensions, new bankfull elevation, and associated cut and fill requirements.

A proposed pool cross-section is compared to the existing G4 cross-section 0+62 (Figure 72).
Additional proposed cross-sections for riffles and pools are shown in the existing vs. proposed
cross-section overlays in Figure 73 (pool), Figure 74 (riffle), Figure 75 (pool), Figure 76 (pool), Figure
77 (riffle) and Figure 78 (pool). These overlays are used to compute the cut and fill required for the
design based on the respective lengths for each feature.

Longitudinal Profile

The typical longitudinal profile for the proposed B4 design reach is shown in Figure 79 compared
to the existing G4 profile. The profile shows the proposed elevations of the bed and bankfull stage,
energy slope and bed features that match the plan view in Figure 70. The profile shows the need
to balance the energy slope and local base level with more fill required in the lower portion of the
reach than the upper portion. The bankfull stage and the depths from bankfull describe the bed
features of riffles and pools that are proportionately scaled and positioned on the longitudinal
profile in Figure 79. Additionally, the locations of the cross-section overlays in Figures 71-78

are depicted on the typical longitudinal profile that corresponds with the proposed design bed
features.
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Worksheet 7. The mean velocity estimates for the proposed B4 stable reach to be converted from the existing,

G4 stream type.
| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: |Proposed B4 from Existing G4 || Location: |Lower Trail Creek above Mouth |
| Date: |3/15/2011 | Stream Type: | B4 | | Valley Type: |VIII |
| Observers: |Rosgen et al. || HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
8.80 Aokt Bankfull Riffle Mean DEPTH 0.85 Aok
AREA (t?) (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 104 | Wou N 1209 | W
(fr) ~ (2% dpys ) + Wi (ft)
Protrusion Height of Dunes 61.0 (Dm's) Prot. Height (mm) /304.8 0.20 D(f34
Hydraulic RADIUS
Bankfull SLOPE 0.0241 Sbit y 0.73 |R (ft)
(ft/ Apii | Wy
L . Relative Roughness
Gravitational Acceleration 32.2 9 3.64 R/D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area 15.9 Dé " v 0.751 u
(mi%) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1-FF”(t3t'(VRelative u=[283+566*Log{R/Dg }Ju*| 451 | ft/sec || 39.70 cfs
actor Roughness
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
g _ ) 9 ABoees U 3.90 ft/ sec 34.31 cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S™/n n= 0.048
2. Roughness Coefficient: u=149R%%*s12
b) Manning'sn from Stream Type (Fig. 5-9) n= 0.058 3.23 ft/sec 28.39 cfs
2. Roughness Coefficient: u=1.49*R?3*s512
c) Manning'sn from Jarrett (USGS): n = 0.39*g %38 R 016 N/A ft/sec N/A cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = N/A
Stream Types Al, A2, A3, B1,B2,B3,C2 & E3
3. Other Methods (Hey, D. -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft | sec _
3. Other Methods (Hey, D. -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A
Return Period for Bankfull Dis. Q= year = G
4. Continuity Equations: b) Regional Curves u=Q/A 4.55 ft / sec 40.0 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 D, sand dune protrusion height in ft for the Dg, term in method 1.
. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top
Option 2. 4f 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. ahove 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
Option 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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Insert 11 x 17
Figure 70 Here

Figure 70. Plan view of the proposed conversion of the G4 to B4 stream type, including the existing G4 cross-section
locations.
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Insert 11 x 17
Figure 70 Here
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Proposed B4 Riffle vs. G4 XS 0+47.5

Proposed B4 € Bankfull V Water Surface /A G4 XS 0+47.5
Riffle XS Indicators Points

Wbkf = 10.4 Dbkf = .85 Abkf = 8.8

7535
. 7533—&\ ) o~
~A—A
E N LQut
c 7531 CLE&\ - o A Proposed B4 /
o \ Dimensions A A
— ‘ ) s
TALA
S ; f :
QD 7529+ Mo A
L Ai§F|II A
B A
A
Existing G4
1327 XS 0+47.5
7525 | | | | | |
0 10 20 30 40 50 60

Horizontal Distance (ft)

Figure 71. The proposed B4 riffle cross-section compared to the existing G4 cross-section 0+47.5, indicating the cut and fill
requirements and new bankfull elevation.
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Proposed B4 Pool vs. G4 XS 0+62

Proposed B4 € Bankfull V Water Surface A G4 XS 0+62
Pool XS Indicators Points
Wokf = 12.3 Dbkf = 1.01 Abkf = 12.4
7532
A £a
U LX I

7531+ |
Py Cut, £
= Ba,
NanP N £
C A A
S 7530+ ‘Proposed B4 ;
% Epimensions% - 0 /
S A % Fl”/ﬁ
QD 7529 s
L

7528__ Z‘k

Existing G4 |
XS 0462 &Q” A
—/
7527 | F | | |
0 10 20 30 40 50

Horizontal Distance (ft)

Figure 72. The proposed B4 pool cross-section compared to the existing G4 cross-section 0+62, indicating the cut and fill
requirements and new bankfull elevation.
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Proposed B4 Pool vs. G4 XS 1+19

Proposed B4 € Bankfull V Water Surface A G4 XS 1+19
Pool XS Indicators Points
Wokf = 12.3 Dbkf = 1.01 Abkf = 12.4
7533
w8
~~ 7531+ A
= A
-
S S
T 7529+ oo
> B |
@ N
LI L)
AV
7527+ | N
Existing G4 | ; |“
XS1+19 |
s
7525 | | | |
0 20 40 60 80

Horizontal Distance (ft)

Figure 73. The proposed B4 pool cross-section compared to the existing G4 cross-section 1+19, indicating the cut and fill
requirements and new bankfull elevation.
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Proposed B4 Riffle vs. G4 XS 1+37

Proposed B4 @ Bankfull V Water Surface A G4 XS 1+37
Riffle XS Indicators Points

Wbkf = 10.4 Dbkf = .85 Abkf = 8.8
7532

7530~

7528~

Elevation (ft)

Existing G4 ~-~% AA%’/
75267 XS1437 il

N
“ha

7524 | | | | |
0 20 40 60 80 100

Horizontal Distance (ft)

Figure 74. The proposed B4 riffle cross-section compared to the existing G4 cross-section 1+37, indicating the cut and fill
requirements and new bankfull elevation.

160



Restoration Plan for Channel Processes — Typical Design Scenario 3: G4 to B4 Stream Type Conversion (VT Vi)

Proposed B4 Pool vs. G4 XS 1+66

Proposed B4 @ Bankfull V Water Surface A G4 XS 1466
Pool XS Indicators Points
Wbkf = 12.3 Dbkf = 1.01 Abkf = 12.4
7532
S ) A
\ o
B —Be_ " pd
7530+ e | /
~ \AAKA AF A\ :
 — | \ //
c 1 U s
IS 7528 Cu : 4
-’
)
> 1
QL 7526+ |
LL Existing G4 @~
Xs1+66 'Fi
7524 s
7522 | | | | |
0 20 40 60 80 100

Horizontal Distance (ft)

Figure 75. The proposed B4 pool cross-section compared to the existing G4 cross-section 1466, indicating the cut and fill
requirements and new bankfull elevation.
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Proposed B4 Pool vs. G4 XS 1+96.5

Proposed B4 @ Bankfull V¥ Water Surface /A G4 XS 1+96.5
Pool XS Indicators Points
Wbkf = 12.3 Dbkf = 1.01 Abkf = 12.4
7531+
o A\Aﬁ,,
7529 7 o
, A\d\/éé/é &\A A*A—A*ﬁ/&
5 CUtk\A Proposed B4 KKACU’(
- A Dimensions |
7527 ‘
O A A
*C_U, % [l 4
5 S
m 7525+ A . |
Fille
57~ ~®Existing G4
7523+ TN XS 1496.5
&MZ@@
7521 | | | | |
0 20 40 60 80 100

Horizontal Distance (ft)

Figure 76. The proposed B4 pool cross-section compared to the existing G4 cross-section 1+96.5, indicating the cut and fill
requirements and new bankfull elevation.
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Proposed B4 Riffle vs. G4 XS 2+16.5

Proposed B4 € Bankfull V Water Surface /A G4 XS 2+16.5
Riffle XS Indicators Points
Wbkf = 10.4 Dbkf = .85 Abkf = 8.8
7531+
7529__ A A
= N
b I ﬁ@ﬁﬂi,ﬁiﬁ\ 77777 A ;4 _ 7ﬁ£ L
4, Proposed B4 Cut
% 7527 CUt \‘\h Dimensions
-.% Lo“A
> A A
D 7525+ A
LL] A 24
| . “
PRIl
7523+ Existing G4 —<7=- -¢
XS 2+16.5 Y
L
7521 | | | |
0 20 40 60 80

Horizontal Distance (ft)

Figure 77. The proposed B4 riffle cross-section compared to the existing G4 cross-section 2+16.5, indicating the cut and fill
requirements and new bankfull elevation.
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Proposed B4 Pool vs. G4 XS 2+32.5

Proposed B4 € Bankfull V Water Surface A G4 XS 2+32.5
Pool XS Indicators Points
Wbkf = 12.3 Dbkf = 1.01 Abkf = 12.4
7531+
7529+
= - \l A
~— — & — B
% 7527+ Cut Proposed B4 /. cat
— Dﬂnensions
© |
= |
D 7525+ ‘
LLI t
| 2Ny A
%FI” {
7523+ -
Existing G4 /=4
XS2+325 “
A%ﬁf
7521 | | | | |
0 20 40 60 80 100

Horizontal Distance (ft)

Figure 78. The proposed B4 pool cross-section compared to the existing G4 cross-section 2+32.5, indicating the cut and fill
requirements and new bankfull elevation.
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Structures

The proposed structures for streambank stabilization, flow resistance, grade control and fish
habitat enhancement are shown in the plan view layout in Figure 80. The structures include
converging rock clusters (Figure 22); the root wad, log vane, J-hook (Figure 9); the rock vane,
J-hook (Figure 8); the “Rock & Roll” log structure (Figure 19); and the toe wood structure with
sod mats and riparian transplants (Figure 15 and Figure 16). The materials for these structures
will be obtained from on-site sources. Many of the burned logs will be salvaged to use for the root
wad, log vane, J-hook and toe wood structures. Riparian transplants will be salvaged from local
excavation disturbance.

Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along

this corridor. This is accomplished by planting willow cuttings and transplants. The toe wood
structure provides a site for transplanted willow and alder, or willow cuttings. Native grasses of
Carex and Juncus where available will be transplanted to the stream-adjacent toe wood structures
or seeded along the lower elevation, wet sites. Native bunch grasses, such as big mountain brome,
are recommended for seeding the flood-prone areas that do not have soil saturation and are
droughty. The revegetation is critical for the long-term physical stability and biological function.

Cut & Fill Computations

The cut and fill computations are obtained from the existing vs. proposed cross-sections for that
particular bed feature with lengths obtained from the plan and profile data of the proposed design.
The proposed design requires approximately 2,661 yds3 of excavation and 2,344 yds3 of fill material
with a balance of 317 yds3. More fill is required on the lower portion of this reach. The fill related
to the structures designed for this reach involving rock, logs and woody material is approximately
300 yds3. Thus the revetment and enhancement material would balance the excavation and fill
requirements for this reach; subsequently, end-hauling to dispose of material is not necessary.
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Insert 11 x 17
Figure 80 Here

Figure 80. The proposed plan view layout of the G4 to B4 conversion depicting the stabilization and fish
enhancement structures.
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Insert 11 x 17
Figure 30 Here
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Streambank Erosion

The streambank erosion that is expected for the proposed B4 design reach is 1.4 tons/yr for 300 ft

of designed channel vs. 181.1 tons/yr for 275 ft of the existing condition (Table 9), representing a
significant, potential reduction of 179.6 tons/yr for this reach. These values are based on the annual
erosion rate of the G4 Poor Representative Reach (0.6584 tons/yr/ft) and the extrapolation of the annual
erosion rate of the B4 Reference Reach (0.0048 tons/yr/ft) to the proposed B4 design. This reduction
assumes that the various structures designed and located on the plan view map in Figure 80 are
implemented, such as the toe wood and the J-hook structures. The reduction in BEHI can be
greatly reduced with the toe wood structure, and NBS can be reduced with the rock and log vane,
J-hook structures. These structures have proven to reduce streambank erosion rates by three orders
of magnitude, and also provide for flow resistance and fish habitat enhancement. These significant
reductions in streambank erosion are extremely important as 84% of the total sediment source of
the watershed is from streambank erosion. Thus restoration can not only regain the physical and
biological function of the stream channel and riparian system, but can also significantly reduce
downstream and off-site adverse sediment impacts.

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good” condition
throughout the watershed, the flow-related sediment yields would be reduced from 24,190.4 tons/
yr (Worksheet 8a) to 844.6 tons/yr (Worksheet 8b) as a result of the restoration. The corresponding
sediment supply reductions based on converting from “Poor” to “Good” conditions are 5,272 tons/
yr for bedload and 18,073.9 tons/yr for suspended sediment, representing a total sediment reduction
of 23,345.8 tons/yr. These sediment reductions are still assuming a high post-fire runoff response
and continued increased stormflow peak runoff. These reductions are also associated with treating
the majority of the stream length of the watershed above this reach.

The reductions in sediment supply associated with restoring 275 ft of the existing G4 Poor stream
type to 300 ft of the proposed C4 Stable design reach are 179.6 tons/yr of streambank erosion, 27.4
tons/yr of bedload, 93.8 tons/yr of suspended sediment and 121.2 tons/yr of total sediment yield
reduction (Table 6). The total sediment yield value includes streambank erosion contributions and
streambed sources. Streambank erosion rates are sometimes higher than the total sediment yield
because not all of the soil eroded from the bank is delivered; considerable amounts go into storage
on the streambed and are available for re-entrainment during the next high flow. The sediment
reductions associated with the local channel source sediment for this design scenario are based on
sediment yield rates determined from taking the sediment yield values generated from FLOWSED
and dividing by the total stream length of potential sediment contributions. For this scenario, it
was determined that approximately 10 miles (52,800 ft) of the mainstem Trail Creek is potentially
contributing sediment. The tributaries also contribute sediment but at a lower rate; thus their
stream lengths were not included in the unit sediment transport rate. The resultant sediment yield
rates were then multiplied by the existing and proposed design reach lengths for this scenario to
obtain the local sediment reductions.

The POWERSED model to evaluate sediment transport capacity indicates that by increasing the
existing, very low width/depth ratio, approximately 68% of the G4 sediment supply would be
deposited. The overall longitudinal profile as shown in Figure 39 indicates extreme aggradation
of the channel, then downcutting in the deposition, which confirms the interpretation from the
POWERSED model.
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Overall there is approximately 3,700 yds3 of recently aggraded sediment in this reach (within the
last ten years). The proposed restoration will reduce the sediment supply from streambank erosion
in this reach by approximately 179.6 tons/yr, and the total sediment yield (bedload and suspended
sediment) by 121.2 tons/yr, which will help reduce the exported volumes and help stabilize the
currently impaired G4 stream type by converting to a B4 stream type.

Sediment Competence

The sediment competence calculations indicate excess energy for the proposed design of converting
from a G4 to a B4 stream type (Worksheet 9); therefore, grade control at the head of riffles is
warranted and recommended. The converging rock clusters and the “Rock & Roll” log structures
are designed for grade control, as described previously.
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Restoration Plan for Channel Processes — Typical Design Scenario 3: G4 to B4 Stream Type Conversion (VT Vi)

Worksheet 9. The sediment competence calculations for the proposed B4 stream type to be converted from the
existing G stream type, lower Trail Creek.

Stream: Existing G4 Poor to Proposed B4 Stream Type: B4
Location: Lower Trail Creek above Mouth Valley Type: VIII
Observers: Rosgen et al . Date: 3/15/2011

Enter Required Information for PROPOSED Design Condition

8.0 D5 Median particle size of riffle bed material (mm)

6.0 D/5\O Median particle size of bar or sub-pavement sample (mm)

0.26 D max Largest particle from bar sample (ft) 80 (mm) ﬁ%’)ﬁ
0.0241 S Proposed design bankfull water surface slope (ft/ft)

0.85 d Proposed design bankfull mean depth (ft)

1.65 Ys-'y/y Immersed specific gravity of sediment

Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress

1.33 D.,/DZ,| Range: 3-7 Use EQUATION 1: 7' =0.0834 ( D, /D2) °%"
10.00 D max/Dso| Range: 1.3-3.0 Use EQUATION 2. 7" = 0.0384 (D /D 50) >’
N/A T Bankfull Dimensionless Shear Stress EQUATION USED: N/A

Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample

N/A

T*(), -1)Dmax
S

d Required bankfull mean depth (ft) d= (use D jax in ft)

Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample

N/A

T*(), -1)Dmex
d

S Required bankfull water surface slope (ft/ft) S = (use D pax In ft)

Check: [ Stable ™ Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

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

1.278
Y = 62.4, d = proposed design depth, S = proposed design slope
Shields CcO
100.7 | 182.1 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 5-49)
Shields CO ] ) o .
1.025 | 0.418 Predicted shear stress required to initiate movement of measured D 5, (Mm) (Figure 5-49)
Shields co Predicted mean depth required to initiate movement of measured D 5 (Mm) do T
068 | 028 | 7= predicted shear stress, Y = 62.4, S = proposed design slope VS
Shields co Predicted slope required to initiate movement of measured D 5 (MM) S T
0.019310.0079| 1= predicted shear stress, Y = 62.4, d = proposed design depth 4

Check: [ Stable [ Aggrading [v Degrading*

*Due to potential degradation, must incorporate grade control and high flow resistance bed structures
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Summary of the G4 to B4 Stream Type Conversion

The conversion from a G4 to B4 stream type represents the central tendency of stream succession
to a stable “end point” channel in both a confined and entrenched stream system. The decrease in
shear stress due to an increase of width/depth ratio is countered by an increase in entrenchment
ratio (wider flood-prone area) to disperse flood-flow impacts. Log and rock structures are
incorporated for grade control and to add flow resistance and habitat features. The increase in
entrenchment ratio will exponentially reduce the very high streambank and streambed erosion
from flood flows associated with the G4 stream type. The B4 stream type rarely stores sediment
for future re-entrainment and efficiently routes sediment through without adding channel source
sediment to the sediment supply; thus the increased post-fire flood flows will have small adverse
effects on the B4 stream type compared to the G4 stream type.

There are numerous locations along the mainstem Trail Creek where gullies are common due to
headcuts. This typical design scenario provides a blueprint for these locations with G4 stream
types that have similar boundary conditions and controlling variables. The numerous G4
stream types that occur in the mainstem Trail Creek are mapped in Appendix D of the Trail Creek
WARSSS analysis (Rosgen, 2011). Obtaining the corresponding drainage area and verification

of Valley Type VIII allow the extrapolation of the proposed design relations by following the
procedure included in the Extrapolation of Typical Scenarios to other Locations section.
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Typical Design Scenario 4:
C4 Poor to C4 Stable Conversion (VT VIII)

General Description & Morphological Data

This typical design scenario is a stability conversion of a C4 Poor condition to a C4 Stable

stream type. This existing, impaired condition is the C4 Poor Representative Reach that is located
approximately 2,400 ft upstream of the mouth of Trail Creek and is depicted on the general map
in Figure 7. The detailed characteristics and stability evaluation of this representative reach are
documented in Appendix C9 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp. C9-1 to C16-
34). The existing reach is partially incised and confined, and is located above the existing G4 reach
associated with an advancing headcut that is converting the C4 to an advancing G4 stream type.
The lower Trail Creek longitudinal profile (Figure 39) shows the location of the headcut below the
C4 Poor reach and the associated change in slope through the downstream G4 stream type reach.
The typical characteristics and minimum vegetative influence associated with active streambank
erosion for the existing C4 Poor reach are depicted in Figure 81. For this design scenario, the reach
length to be converted from a C4 Poor to C4 Good stability is approximately 300 ft.

The specific objectives and direction for this design scenario to stabilize the reach are as follows:

* Reduce the sediment supply due to bed instability
* Reduce the accelerated streambank erosion rates

¢ Enhance fish habitat

* Restore the floodplain connectivity

* Restore the riparian function

The dimensionless relations of the C4 Reference Reach are used to generate the proposed C4

Stable design criteria, including the dimension, pattern and profile, by scaling the relations to the
drainage area and bankfull discharge of the proposed reach. The location of the C4 Reference Reach
is shown in Figure 7 and the detailed characteristics and stability evaluation are documented in
Appendix B4 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp. B4-1 to B4-36).

The resultant proposed dimension, pattern and profile for the stable C4 design reach are
documented in Table 10 using the procedure in Appendix I. Additionally, this table also includes
a summary of the morphological descriptions and corresponding analyses of the existing C4

Poor Representative Reach and the C4 Reference Reach. The following sections include the proposed
design details of the C4 Stable stream type.

Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 15.9 mi? for the proposed C4 stream type, the bankfull discharge is 40

cfs and the proposed bankfull riffle cross-sectional area is 13.3 ft? as shown in Table 10. Using
continuity, the corresponding mean velocity for the proposed design reach is 3.0 ft/sec as shown in
Worksheet 10. This worksheet is also used to check for reasonable velocities using the proposed
design dimensions and slope using a variety of methods; these methods agree with the velocity
estimate using continuity.
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Figure 81. The C4 Poor reach to be converted to a stable C4 stream type on the mainstem Trail Creek showing the minimal
vegetative influence and associated active bank erosion.
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Table 10. The morphological characteristics of the existing, proposed design and reference reaches for the

C4 Poor to C4 Stable conversion in a Valley Type VIII.

Existing Reach Stream & Location:

C4 Poor on Lower Trail Creek above Mouth

Reference Reach Stream & Location:

C4 Reference on Trout Creek

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
1 Valley Type Vi VIl VIl
2 Valley Width 60 60
3 Stream Type C4 Poor c4 c4
4  Drainage Area, mi? 15.9 15.9 71
5 Bankfull Discharge, cfs (Quxs) 47.64 40 51.6
Mean: 29.0 Mean: 13.5 Mean: 18.5
6 Riffle Width, ft (W) Min: Min: 12.0 Min: 16.3
Max: Max: 15.0 Max: 19.9
Mean: 0.48 Mean: 0.99 Mean: 1.04
7 Riffle Mean Depth, ft (dy) Min: Min: 0.89 Min: 0.89
Max: Max: 1.09 Max: 1.19
Mean: 60.5 Mean: 13.7 Mean: 18.1
8 Riffle WIdth/Depth Ratio (kaf/dbkf) Min: Min: 11.0 Min: 13.7
" Max: Max: 16.9 Max: 21.8
c . M : . Mean: 13.3 Mean: 19.2
.2 Riffle Cross-Sectional Area, ft? ge}n 14.0 o
%) 9 Min: Min: 17.3
c (Ai) ) )
OEJ Max: Max: 20.9
3 Mean: 1.12 Mean: 1.70 Mean: 1.64
o | 10 Riffle Maximum Depth (dmax) Min: Min: 1.55 Min: 1.40
E Max: Max: 1.85 Max: 1.81
Riffle Maximum Depth to Riffle  |Mea"" 2333 Mean: L.rir |Mean: 1.575
11 Min: Min: 1.566 Min: 1.429
Mean Depth (dax/dpk)
Max: Max: 1.869 Max: 1.724
12 Width of Flood-Prone Area at m_eén: Sl mfae.m: ;g? m.ea.n: Z?g
Elevation of 2 * dyay, ft (Wipa) n: n: ’ n: ’
Max: Max: 81.0 Max: 69.4
Mean: 2.0 Mean: 3.0 Mean: 3.2
13 Entrenchment Ratio (W o/ W i) Min: Min: 2.2 Min: 2.2
Max: Max: 6.0 Max: 4.0
Mean: 14.4 Mean: 6.5 Mean: 11.4
14 Riffle Inner Berm Width, ft (Wj,) Min: Min: 5.0 Min: 10.4
Max: Max: 8.0 Max: 12.9
Riffle Inner Berm Width to Riffle | MS2" 0496 Mean: 0.481 Mean: 0.619
15 . Min: Min: 0.370 Min: 0.522
Width (Wib/kaf)
& Max: Max: 0.593 Max: 0.668
= . Mean: 0.35 Mean: 0.74 Mean: 0.57
%) Riffle Inner Berm Mean Depth, ft ) . .
S| 16 (d) s Min: Min: 0.50 Min: 0.38
-E P Max: Max: 0.90 Max: 0.73
= 17 Riffle Inner Berm Mean Depth to M?"’_‘“: 0.729 mgén: ggg; m.ea.m: ggi;
o Riffle Mean Depth (diy/dy) n: n: ' n: '
T Max: Max: 0.909 Max: 0.820
(] . a .
= Riffle Inner Berm Width/Depth Mgan. g Mgan. 8.8 Mgan. 213
= 18 Rati Min: Min: 5.6 Min: 17.6
o) atio (Wib/dib)
= Max: Max: 12.0 Max: 28.7
o Riffle Inner Berm Cross-Sectional Mgan: 50 Mean: 48 Mean: 6.5
19 Min: Min: 3.2 Min: 4.1
Area (Ayp)
Max: Max: 6.8 Max: 9.4
Riffle Inner Berm Cross-Sectional |Mean: 0.358 Mean: 0.361 Mean: 0.349
20 Area to Riffle Cross-Sectional Min: Min: 0.241 Min: 0.214
Area (Ain/Apks) Max: Max: 0.511 Max: 0.542
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Table 10 (Page 2). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach PropoRs::CI;)e&gn Reference Reach
Mean: 16.3 Mean: 13.4 Mean: 26.5
21 Pool Width, ft (W) Min: Min: 13.0 Min:
Max: Max: 14.0 Max:
Pool Width to Riffle Width Mean: 0563 |Mean: 0.993 —Mean: 1.432
22 (Wi W) Min: Min: 0.963 Min:
bk 7 b Max: Max: 1.037 Max:
Mean: 0.81 Mean: 1.39 Mean: 1.02
23 Pool Mean Depth, ft (dyp) Min: Min: 1.20 Min:
Max: Max: 1.40 Max:
Pool Mean Depth to Riffle Mean Mgan: eSS Mgan: {0 Mgan: LS
24 Depth (duyio/dog) Min: Min: 1.212 Min:
AP Max: Max: 1.414 Max:
12} . . .
5 Pool Width/Depth Ratio Mean: 202 Mean: 9.6 Mean: 26.0
» | 25 (Woso/ o) Min: Min: 9.3 Min:
é bkip'bkip Max: Max: 11.7 Max:
= . Mean: 13.3 Mean: 18.6 Mean: 27.1
a Pool Cross-Sectional Area, ft? o o .
= 26 (Aoc) Min: Min: 16.0 Min:
g HAp Max: Max: 22.0 Max:
Mean: 0.951 Mean: 1.398 Mean: 1.409
27 Pool Area to Riffle Area (Apsp/Anks) |Min: Min: 1.203 Min:
Max: Max: 1.654 Max:
Mean: 1.54 Mean: 3.10 Mean: 2.91
28 Pool Maximum Depth (dmaxp) Min: Min: 2.80 Min:
Max: Max: 3.50 Max:
29 Pool Maximum Depth to Riffle msf_m: 3.208 m;e.m: 2;2; m;ﬁn: 2798
Mean Depth (d,;.x/d ) ) : )
P (Armaep/ i) Max: Max: 3.535 Max:
Mean: 0.220 Mean: 0.350 Mean: 0.260
30 Point Bar Slope (Spp) Min: Min: 0.260 Min:
Max: Max: 0.400 Max:
Mean: 12.7 Mean: 8.2 Mean: 9.4
31 Pool Inner Berm Width, ft (W) Min: Min: Min:
Max: Max: Max:
Pool Inner Berm Width to Pool Mgan: e Mgan: gl Mgan: s
32 - Min: Min: Min:
Wldth (Wibp/kafp) ) i X
5 Max: Max: Max:
5 ; B B
' Pool Inner Berm Mean Depth, ft Mgan. 050 Mgan. 1.39 Mgan. 0.92
c | 33 Min: Min: Min:
o (dibp) . . .
£ Max: Max: Max:
o) . . .
E| a4 Pool Inner Berm Mean Depth to mie:_m' Loy m;e_m' L m;a_m' itz
@ Pool Mean Depth (di,,/d ‘ ' '
@ Pt (ding/Chicy) Max: Max: Max:
g 35 Pool Inner Berm Width/Depth m.ea.m: 25.4 m.ea.m: 59 m.ea.m: 10.2
= Ratio (Wipp/dipp) n: n: n:
8 Max: Max: Max:
g ; B B
Pool Inner Berm Cross-Sectional Mgan. ea Mgan. e Mgan. e
36 Min: Min: Min:
Area (Aipp)
Max: Max: Max:
Pool Inner Berm Cross-Sectional |Mean: 0.483 Mean: 0.490 Mean: 0.319
37 Areato Pool Cross-Sectional Area |Min: Min: Min:
(Aipp/Abiip) Max: Max: Max:
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Table 10 (Page 3). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: N/A Mean: 12.5 Mean: 24.2
38 Run Width, ft (W) Min: Min: Min:
Max: Max: Max:
Run Width to Riffle Width M.ean: N/A Mgan: 0.926 Mean: 1.308
39 (Wi W) Min: Min: Min:
kT DkE Max: Max: Max:
Mean: N/A Mean: 1.38 Mean: 0.62
40 Run Mean Depth, ft (dpks) Min: Min: 1.30 Min:
Max: Max: 1.40 Max:
Run Mean Depth to Riffle Mean Mf—:'an: NIA Mfean: 1.394 Mgan: 0.59
n | 41 Depth (dur/die) Min: Min: 1.313 Min:
S Kokt Max: Max: 1.414 Max:
2 Mean: N/A Mean: 9.1 Mean: 39.1
£ | 42 RunWidth/Depth Ratio (W /dy) [Min: Min: Min:
a Max: Max: Max:
S . Mean: Mean: ) Mean: .
T Run Cross-Sectional Area, ft* i NA . 7.2 o 151
43 (Au) Min: Min: Min:
i Max: Max: Max:
Mean: N/A Mean: 1.293 Mean: 0.785
44 Run Area to Riffle Area (Aus/Ankr) |Min: Min: Min:
Max: Max: Max:
Mean: N/A Mean: 2.00 Mean: 1.50
45 Run Maximum Depth (dpax) Min: Min: Min:
Max: Max: Max:
46 Run Maximum Depth to Riffle mi?n: il msfn: 202 m;ena'm: At
Mean Depth (dax/d ) ) )
P (Gmas/ o) Max: Max: Max:
Mean: N/A Mean: 14.6 Mean: 22.0
47 Glide Width, ft (W) Min: Min: 14.0 Min:
Max: Max: 15.0 Max:
Glide Width to Riffle Width Mean: NIA Mean: 1.081  Mean: 1.189
48 (Wikia/ W) Min: Min: 1.037 Min:
st Max: Max: 1.111 Max:
Mean: N/A Mean: 0.80 Mean: 0.98
49 Glide Mean Depth, ft (dpg) Min: Min: Min:
Max: Max: Max:
w | 50 Glide Mean Depth to Riffle Mean m;a.ln: i m;ana_\n: ULl msﬁm: ez
c Depth (dyso/d ) ) )
2 Pt (G i) Max: Max: Max:
& Glide Width/Depth Ratio Mean: N/A - |Mean: 18.25  Mean: 225
g |51 Wi/ o) Min: Min: Min:
?, bkfg™bkig Max: Max: Max:
2 B : ;
= Glide Cross-Sectional Area, ft? M.ea.m. YA Mg:;.ln. gL M.ea-n. s
O | 52 Puc) Min: Min: Min:
bkig Max: Max: Max:
Glide Area to Riffle Area Mgan: N/A Mgan: 0.872 Mgan: 1122
53 (Aueia/Aor) Min: Min: Min:
kg ok Max: Max: Max:
Mean: N/A Mean: 1.10 Mean: 1.62
54 Glide Maximum Depth (dmaxg) Min: Min: Min:
Max: Max: Max:
55 Glide Maximum Depth to Riffle m;a.m: N/A m;ane.\n: 11 m;ane_m: 1.558
Mean Depth (dp,axq/d ) ) )
P (Amag/Goic) Max: Max: Max:
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 10 (Page 4). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach PropoRs::CI;)e&gn Reference Reach
Mean: N/A Mean: 8.2 Mean: 12.9
56 Glide Inner Berm Width, ft (Wi,g)  [Min: Min: Min:
Max: Max: Max:
57 Glide Inner Berm Width to Glide miia_n: NIA mﬁi‘n: 0.562 m;a.m: 0.583
” Width (Wipg/Wisg) . - .
Z Max: Max: Max:
o 3 B B
‘® Glide Inner Berm Mean Depth, ft Mgan. A Mgan. 0.56 Mgan. 0.48
S| 58 (die) Min: Min: Min:
E = Max: Max: Max:
o . K .
£ 59 Glide Inner Berm Mean Depth to m;a:_m' N/A mie;a.m. 0.700 m;“:’.m' 0.490
o Glide Mean Depth (dy,,/d : : '
@ Pt (ding i) Max: Max: Max:
q) . . .
= Glide Inner Berm Width/Depth Mgan. a Mgan. 146 Mgan. 26.8
= | 60 ka0 (Wip/dipe) Min: Min: Min:
3 bgbg Max: Max: Max:
@ Glide Inner Berm Cross-Sectional Mgan: NIA Mgan: 46 Mgan: 6.2
61 Min: Min: Min:
Area (Ajpg)
Max: Max: Max:
62 Glide Inner Berm Area to Glide mierfn: e mierfn: e miena.m: Sl
Area (Ai/A ) ) )
(g Aok Max: Max: Max:
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Table 10 (Page 5). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable Existing Reach Propo;s:ci)e&gn Reference Reach
Mean: 89.1 Mean: 96.0 Mean: 84.5
72 Linear Wavelength, ft (L) Min: Min: 75.0 Min: 62.0
Max: Max: 117.0 Max: 114.5
Linear Wavelength to Riffle Width Mgan: 3.070 Mean: 7.111 Mean: 4.558
73 (MWo) Min: Min: 5.556 Min: 3.345
K. Max: Max: 8.667 Max: 6.178
Mean: 123.0 Mean: 138.0 Mean: 104.6
74 Stream Meander Length, ft (L) Min: Min: 108.0 Min: 72.6
Max: Max: 168.0 Max: 161.0
Stream Meander Length Ratio Mgan: 4.238 Mgan: 10.222 Mgan: 5.645
75 Min: Min: 8.000 Min: 3.917
(Lin/W pir) ) . .
Max: Max: 12.444 Max: 8.687
Mean: 40.1 Mean: 60.0 Mean: 66.1
76 Belt Width, ft (W) Min: 24.1 Min: 40.5 Min: 42.8
Max: 48.2 Max: 82.0 Max: 82.8
Mean: 1.382 Mean: 4.444 Mean: 3.567
77 Meander Width Ratio (W/Wp)  [Min: 0.830 Min: 3.000 Min: 2.309
Max: 1.661 Max: 6.074 Max: 4.468
Mean: 34.2 Mean: 42.0 Mean: 31.1
78 Radius of Curvature, ft (R;) Min: 19.5 Min: 36.0 Min: 23.9
Max: 55.3 Max: 56.0 Max: 41.7
= . . . Mean: 1.178 Mean: 3.111 Mean: 1.677
Radius of Curvature to Riffle Width
g 79 Min: 0.672 Min: 2.667 Min: 1.290
© (Re/Wiy) . . .
E Max: 1.906 Max: 4,148 Max: 2.250
= Mean: N/A Mean: 27.4 Mean: 37.7
S | 80 ArcLength, ft (L) Min: Min: 14.6 Min: 20.1
5 Max: Max: 3315 Max: 46.0
Mean: N/A Mean: 2.033 Mean: 2.033
81 Arc Length to Riffle Width (Lo/W ) [Min: Min: 1.085 Min: 1.085
Max: Max: 2.482 Max: 2.482
Mean: 18.8 Mean: 30.4 Mean: 23.1
82 Riffle Length (L)), ft Min: 16.1 Min: 135 Min: 8.5
Max: 23.2 Max: 54.0 Max: 82.4
Riffle Length to Riffle Width Mean: 0648 Mean: 2.252 Mean: 1.245
83 Min: 0.555 Min: 1.000 Min: 0.459
(Le/W i) ) . .
Max: 0.799 Max: 4.000 Max: 4.446
Mean: 6.7 Mean: 20.3 Mean: 17.6
84 Individual Pool Length, ft (L) Min: 2.0 Min: 135 Min: 8.5
Max: 12.0 Max: 27.0 Max: 27.5
Pool Length to Riffle Width Mean: 0232 Mean: 1.504  jMean: 0.949
85 Min: 0.067 Min: 1.000 Min: 0.459
(Lp/ W) ) ) .
Max: 0.414 Max: 2.000 Max: 1.485
Mean: 33.4 Mean: 75.0 Mean: 55.5
86 Pool to Pool Spacing, ft (Pg) Min: 8.8 Min: 60.0 Min: 22.0
Max: 131.0 Max: 90.0 Max: 107.5
. . Mean: 1.151 Mean: 5.556 Mean: 2.996
Pool to Pool Riffl
87 00 to Pool Spacing to Riffle Min: 0.303 Min: 4.444 Min: 1.187
Width (Ps/W )
Max: 4514 Max: 6.667 Max: 5.800
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 10 (Page 6). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
° 88 Stream Length (SL) 300.0 300.0 567.7
(o}
UQ) 89 Valley Length (VL) 217.4 217.4 411.3
©
E 90 Valley Slope (S,qa) 0.0200 0.0200 0.0061
= ; .
g | o1 sinuosity (0 ?/EQ/S" i:gg SLVL: 1.38 ?/LSA//SL 1:22
(%) S =S,k
92 Average Water Surface Slope (S) 0.0145 0.0145 0.0044
£ Mean: 59.2 Mean: 40.5 Mean: 40.7
A | 93 Flood-Prone Area Width, ft (W) [Min: Min: Min:
5 Max: Max: Max:
i Flood-Prone Area Mean Depth, ft Mfean: (00 Mgan: — Mgan: —
c | 94 (dioa) Min: Min: Min:
QE_ i Max: Max: Max:
'g 95 Flood-Prone Area Cross-Sectional m;?n: 59.0 Miena'n: 3.1 miena'n: 6.8
T Area, ft° (Apa) Max: Max: Max:
9 Mean: N/A Mean: N/A Mean: N/A
© | 96 Floodplain Width, ft (W) Min: Min: Min:
g Max: Max: Max:
IS Mean: N/A Mean: N/A Mean: N/A
QO | 97 Floodplain Mean Depth, ft (d;) Min: Min: Min:
'% Max: Max: Max:
=1 Floodplain Cross-Sectional Area, Mgan: i Mgan: e Mgan: e
g 98 i (A) Min: Min: Min:
LL Max: Max: Max:
Mean: N/A Mean: N/A Mean: N/A
g 99 Low Terrace Width, ft (W,) Min: Min: Min:
a) Max: Max: Max:
= Mean: N/A Mean: N/A Mean: N/A
€ | 100 Low Terrace Mean Depth, ft (dy)  [Min: Min: Min:
2 Max: Max: Max:
= Low Terrace Cross-Sectional Mean: N/A Mean: N/A Mean: N/A
- | 101 Area. ft2 (A Min: Min: Min:
' Max: Max: Max:
Mean: 1.33 Mean: 2.10 Mean: 1.60
§ | 102 Low Bank Height (LBH) Min: 1.12 Min: 1.10 Min: 1.40
» Max: 1.54 Max: 3.10 Max: 1.80
E Maximum Bankfull Depth (d,.x) at |Mean: 1.33 Mean: 2.10 Mean: 1.60
‘6 | 103 Same Location as Low Bank Min: 112 Min: 1.10 Min: 1.40
= Height (LBH) Measurement Max: 1.54 Max: 3.10 Max: 1.80
’éa Mean: 1.00 Mean: 1.00 Mean: 1.00
A | 104 Bank-Height Ratio (LBH/dyay) Min: 1.00 Min: 1.00 Min: 1.00
Max: 1.00 Max: 1.00 Max: 1.00
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Table 10 (Page 7). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
) Riffle Slope (water surface facet Mgan: 0.0160 Mgan: 0.0148 Mfean: 0.0045
5 | 105 slope) (Sy) Min: Min: 0.0094 Min: 0.0029
a " Max: Max: 0.0179  [Max: 0.0054
g 106 Riffle Slope to Average Water m.ea.n: LAres meén: 3231(7)3 m.ea.n: égjgg
b Surface Slope (S;/S) |n._ |n.. : |n._ :
ge) Max: Max: 1.2341 Max: 1.2341
5:5 Pool Slope (water surface facet Mgan: 0.0110 Mgan: 0.0076 Mgan: 0.0023
o | 107 slope) (S,) Min: Min: 0.0027 Min: 0.0008
8 b Max: Max: 0.0125  |Max: 0.0038
S Mean: 0.7586 Mean: 0.5250 Mean: 0.5250
2 Pool Slope to Average Water ) . .
% 108 Surface Slope (S,/S) Mm.. Mm.- 8;2;(15 mln.. 8;2:(15
£ ax: ax: . ax: .
B Mean: 0.0240 Mean: 0.0371 Mean: 0.0113
Run Slope (water surface facet ) . )

2 109 slope) (Su) Min: Min: 0.0218 Min: 0.0066
o n Max: Max: 0.0460  [Max: 0.0140
q) . . .
= 110 Run Slope to Average Water m.eé_m' (e m.ea_m. iggég m.ea.m. iggég
%) Surface Slope (S,,/S) |n.. |n.' : |n.. :
§ Max: : Max: : 3.1705 Max: : 3.1705
o~ Glide Slope (water surface facet Mgan. 0.0170 Mfsan. 0.0112 Mgan. 0.0034
= 111 slope) (S) Min: Min: 0.0086 Min: 0.0026
8 9 Max: Max: 0.0129  [Max: 0.0039
(7:; 112 Glide Slope to Average Water ,\'\;:_eén: e m.ee}n: 8;;38 m?én: ggggg
o Surface Slope (S4/S) Mm.- |n.. ) |n.. ’
= ax: Max: 0.8864 Max: 0.8864
% Step Slope (water surface facet Mgan: N/A Mgan: N/A Mgan: NIA
5 113 slope) (S.) Min: Min: Min:
= S Max: Max: Max:
() . . 5
"t'; 114 Step Slope to Average Water m.ea.m. A m,ea_m' N mjea_n. La
= Surface Slope (S¢/S) M':' MI:. MI:

X: X: X:
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 10 (Page 8). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

pavement

Reach

° Mean: 1.56 Mean: 1.70 Mean: 1.60
£ | 115 Riffle Maximum Depth, ft (dma) ~ |Min: 1.34 Min: 1.41 Min: 1.40
053 Max: 1.71 Max: 1.80 Max: 1.75
1S Riffle Maximum Depth to Riffle Mean: e Mgan: Lt Mgan: 1.534
© | 116 Min: 2.792 Min: 1.424 Min: 1.342
= Mean Depth (dya/dois)
9 Max: 3.563 Max: 1.818 Max: 1.677
= Mean: 1.77 Mean: 3.10 Mean: 2.46
@ | 117 Pool Maximum Depth, ft (dmaxp) Min: 1.60 Min: 2.80 Min: 2.12
2 Max: 1.99 Max: 3.50 Max: 2.95
= . . Mean: 3.688 Mean: 3.131 Mean: 2.358

Pool Maximum Depth to Riffle
-(,9, 118 Mean Depth (d ?d ) Min: 28333 Min: 2.828 Min: 2.038
& maxp bkt Max: 4146  |Max: 3535  [Max: 2.837
-§ Mean: 1.50 Mean: 2.00 Mean: 1.74
< | 119 Run Maximum Depth, ft (dmax) Min: 1.35 Min: 1.50 Min: 1.57
g Max: 1.65 Max: 2.20 Max: 1.95
0 5 5 o
% 120 Run Maximum Depth to Riffle m_ea_m' 2;?2 m.ea_m. igig m.ea_m. 1222
£ Mean Depth (dymax/dok) n: : in: : in: :
o Max: 3.438 Max: 2.222 Max: 1.869
= Mean: 1.66 Mean: 1.10 Mean: 1.25
S | 121 Glide Maximum Depth, ft (dna) | Min: 1.59 Min: 1.00 Min: 1.00
= Max: 182 [Max: 130 |Max: 1.40
a . . . Mean: 3.458 Mean: 1.111 Mean: 1.200

Glide Maximum Depth to Riffle
8 122 0 Depth (d p \ Min: 3313 |Min: 1.010  [Min: 0.960
3 i Max: 3.792  |Max: 1.313  |Max: 1.340
% Mean: N/A Mean: N/A Mean: N/A
5 | 123 Step Maximum Depth, ft (diaxs) Min: Min: Min:
& Max: Max: Max:
B | 124 Step Maximum Depth to Riffle m:ena.\n. NIA mie:m. NIA miena.m. N/A
m Mean Depth (d,,.x/d ’ ) )

P (Amas/ Do) Max: Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement

D16 (Mm) 1.9 1.9 43

D35 (mm) 5.0 5.0 7.1

D5 (Mmm) 7.2 7.2 9.7

Dg, (M) 18.3 18.3 26.4
@ Dgs (MM) 50.1 50.1 42,5
3 Digo (Mm) 90.0 90.0 180.0
©
E 126 Particle Size Distribution of Bar Material or Sub-pavement
(]
% Ds6 (MM) 0.0 0.0 0.0
G Das (Mm) 0.0 0.0 45

Dsg (mm) 4.2 4.2 7.7

Dg, (Mm) 53.2 53.2 41.7

Dgs (mm) 89.8 89.8 69.6

Dnax: Largest size particle at the

toe (lower third) of bar (mm) or sub- 110.0 110.0 74.0
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Table 10 (Page 9). The morphological characteristics of the existing, proposed design and reference

reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design
Reach

Reference Reach

Hydraulics

127

Estimated Bankfull Mean Velocity,
ft/sec (Ubkf)

3.41

3.0

3.0

128

Estimated Bankfull Discharge, cfs
(Quiy); Compare with Regional
Curve

47.6

40.0

51.6

Sediment Competence

129

Calculated bankfull shear stress value,
Ibs/ft® (t)

0.419

0.896

0.327

130

Predicted largest moveable particle
size (mm) at bankfull shear stress, ,
using the original Shields relation

30.0

70

24.0

131

Predicted largest moveable particle
size (mm) at bankfull shear stress, ,
using the Colorado relation

80.0

140

70.0

132

Largest particle size to be moved
(Dimax) (Mm) (see #126: Particle Size
Distribution of Bar Material)

110

110

74.0

133

Predicted shear stress required to
initiate movement of D5, (Mm) using
the original Shields relation

1.600

1.391

1.000

134

Predicted shear stress required to
initiate movement of D,,,,, (mm) using
the Colorado relation

0.660

0.644

0.350

135

Predicted mean depth required to
initiate movement of D, (Mm), d =
t/yS (r = predicted shear stress, y = 62.4, S
= existing or design slope) (Shields)

1.83

1.54

3.64

136

Predicted mean depth required to
initiate movement of D, (Mm), d =
t/yS (r = predicted shear stress, y = 62.4, S
= existing or design slope) (Colorado)

1.83

0.71

3.64

137

Predicted slope required to initiate
movement of Dy, (Mm) S=1/yd (=
predicted shear stress, y =62.4, d =
existing or design depth) (Shields)

0.0534

0.0225

0.0135

138

Predicted slope required to initiate
movement of D, (MM) S=t/vd (x =
predicted shear stress, y =62.4, d =
existing or design depth) (Colorado)

0.0220

0.0104

0.0047

139

Bankfull dimensionless shear stress
(t*) (see competence form)

N/A

N/A

N/A

140

Required bankfull mean depth dy (ft)
using dimensionless shear stress
equation: dy = t™(vs - 1)Dnax/S (Note:
Dinay in ft)

N/A

N/A

N/A

141

Required bankfull water surface slope
S (ft) using dimensionless shear stress
equation: S = t*(ys - 1)Dyaddye  (Note:
Drnax in ft)

N/A

N/A

N/A
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 10 (Page 10). The morphological characteristics of the existing, proposed design and reference
reaches for the C4 Poor to C4 Stable conversion in a Valley Type VIII.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

" sediment supply bankful
sediment rating curves vs "Poor" as a result of converting from

Reach
. . . Proposed Design Difference in
* *

Sediment Yield (FLOWSED) Existing Reach Reach* Sediment Yield*
% 141 Bedload Sediment Yield (tons/yr) 5,416.0 144.0 5,272.0
-
S | 142 Suspended Sediment Yield (tons/yr) 18,774.4 700.5 18,073.9
s
S : .
& | 143 Suspended Sand Sediment Yield 9.387.2 350.3 9.037.0

(tonslyr)
144 Total Annual Sediment Yield (tons/yr) 24,190.4 844.6 23,345.8
*Reduction in sediment supply due to using "Good

| values by drainage area and "Good" dimensionless
the C4 (Poor) to C4 (Good) stream type.

Streambank Erosion

Existing Reach

Proposed Design

Reference Reach

Bank Erosion

Reach
145 Stream Length Assessed (ft) 300 300 463
146 SRR OGRS Colorado Colorado Colorado
or Colorado)
147 Streambank Erosion (tons/yr) 14.15 1.90 2.94
148 Streambank Erosion (tons/yr/ft) 0.0472 0.0063 0.0063
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Worksheet 10. The mean velocity estimates for the proposed C4 Stable reach to be converted from the existing,
C4 Poor condition stream type, Valley Type VIII.

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: IProposed B4 from Existing G4 || Location: |Lower Trail Creek above Mouth |
| Date: ‘3/15/2011 Stream Type: | B4 ‘ | Valley Type: |VIII |
| Observers: IRosgen etal. || HUC: ‘__‘__‘__‘__‘__‘__‘__‘__’__‘__’__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional|| - ¢ oy | Ao || gankfull Riffle Mean DEPTH | 0.85 | dox
AREA (ft?) (ft)
Bankfull Riffle WIDTH 104 | Wox U A SIS 1200 | We
(ft) ~ (2% dys ) + Wiy (f)
Protrusion Height of Dunes 61.0 an‘i‘) Prot. Height (mm) / 304.8 0.20 [2;)‘4
Bankfull SLOPE 0.0241 | Sbu Hydraulic RADIUS 073 [R @
(ft / ft) Api I W
. . g Relative Roughness
Gravitational Acceleration 32.2 e R(F) / D g, (f1) 3.64 R/Dg,
. Shear Velocit
Drainage Area 15.9 D'_? " y 0.751 U
(mi®) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Fricti i * 3
Farcl(t:g%sue;fr?éis u=[2.83+566*Log{R/Dg }1u*| 451 | ft/sec || 39.70 cfs
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
. ft . i
Roughness (Figs. 5-7, 5-8) u=149R**s/n  n=| 0.048 3.90 /'sec 3431 os
2. Roughness Coefficient: u=149R%3**s'?
b) Manning'sn from Stream Type (Fig. 5-9) n= 0.058 3.23 ft/sec 28.39 cfs
2. Roughness Coefficient: u=1.49"R?3+s1?
c) Manning'sn from Jarrett (USGS): n = 0.39*S 038 xR 016 N/A ft/sec N/A cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble- and boulder-dominated stream systems; i.e., for N = N/A
Stream Types Al, A2, A3, B1, B2, B3,C2 & E3
|3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) | ft / sec ofs
|3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) | i p— ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A
Return Period for Bankfull Dis. Q= year lifess ek
4. Continuity Equations: b) Regional Curves u=Q/A 455 ft / sec 40.0 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 Dg, sand dune protrusion height in ft for the Dg, 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 top
PUON 2. 4f the 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
PLioN 3. ahove 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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Plan View Alignment

The proposed C4 Stable alignment over the existing reach is shown on the aerial photograph in
Figure 82, which corresponds with the proposed pattern values developed from the dimensionless
ratios of the C4 Reference Reach in Table 10. The existing cross-section locations of the C4 Poor
condition stream type are also shown in Figure 82.

Cross-Section Dimensions

Table 10 includes the proposed dimensions for riffles, pools, glides and runs for the proposed C4
design reach that were developed and scaled from the reference reach dimensionless relations.
The overlay of the existing C4 Poor cross-section 0+27 vs. proposed C4 riffle cross-section,
indicating the proposed reach dimensions and cut and fill requirements, is shown in Figure 83.
This overlay also shows the reduction of the bank-height ratio to reconnect the proposed channel
with the active floodplain. Similarly, the existing C4 Poor cross-section 1+27.3 vs. the proposed

C4 pool cross-section is shown in Figure 84. The locations of cross-section 0+27 and cross-section
1+27.3 are indicated in Figure 82. Typical design cross-sections and dimensions are also shown for
a glide in Figure 85, and for a run in Figure 86.

Longitudinal Profile

The typical longitudinal profile for the proposed C4 Stable design reach is shown in Figure 87
compared to the existing C4 Poor profile. The proposed elevations of the streambed and bankfull
stage, the energy slope, and the typical locations of the various bed features that correspond to the
plan view are also shown (Figure 87). Additionally, the locations of the cross-section overlays in
Figure 83 and Figure 84 are depicted on the typical longitudinal profile that corresponds with the
proposed design bed features.
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Insert 11 x 17
Figure 82 Here

Figure 82. Plan view of the alignment for the proposed C4 stream type, including the existing cross-section
locations of the C4 Poor condition stream type.
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Insert 11 x 17
Figure 82 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Proposed C4 Riffle vs. Existing C4 XS 0+22.7

Proposed C4 € Bankfull V Water Surface /A C4 Poor XS
Riffle XS Indicators Points 0+22.7
Wbkf = 13.5 Dbkf = .99 Abkf = 13.3
1543
ﬁA
/
| A
—~ 7541+ &
- I B SO 7/ o
o I _» Existing C4
"C_U" 7539 \g&”’”’ﬁ\ﬂ e XS 0+22.7
> ”,
2 A
LL
1537+
Proposed C4
Dimensions
7535 | | | | |
0 20 40 60 80 100

Horizontal Distance (ft)

Figure 83. The proposed C4 Stable riffle cross-section compared to the existing C4 Poor cross-section 0+27 showing the cut
and fill recommendations and reconnecting the channel with the floodplain.
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Proposed C4 Pool vs. Existing C4 XS 1+27.3

Proposed C4 € Bankfull V Water Surface /A C4 Poor XS
Pool XS Indicators Points 1+27.3
Wbk¥f = 13.4 Dbkf = 1.39 Abkf = 18.6
7542+ ;
=
7540—;A /
Q &\ e DI —A- —A
P A Existing C4
c | XS 1+27.3
o 7538 » /{A
= ]
©
>
D 7536
LL]
7534
Proposed C4
Dimensions
7532 | | | | | |
0 10 20 30 40 50 60

Horizontal Distance (ft)

Figure 84. The proposed C4 Stable pool cross-section compared to the existing C4 Poor cross-section 1+27.3 showing the cut
and fill recommendations and reconnecting the channel with the floodplain.
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

C4 Proposed Glide XS

O Ground e Bankfull v Water A lnner Berm

Points Indicators Surface Indicators
Points
Wbkf = 14.6 Dbkf = _8 Abkf = 11.6
P37 wib = 8.2 Dib = .56  Aib = 4.56
"
T 7535+
c
O
o
©
> -
@
W 75331
7531 | | | | |
20 30 40 50 60 70

Horizontal Distance (ft)

Figure 85. The typical glide cross-section for the proposed C4 Stable design converted from the existing C4 Poor condition
stream type.
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C4 Proposed Run XS

O Ground < Bankfull v Water A Inner Berm

Points Indicators Surface Indicators
Points
Wokf = 12.5 Dbkf = 1.38 Abkf = 17.2
75387 Wib = 0 Dib = 0 Aib = 0
7536+
N
dd
N
- -
5 7534
dd
]
>
D 75321
LLI
7530+
7528 | | | | |
20 30 40 50 60 70

Horizontal Distance (ft)

Figure 86. The typical run cross-section for the proposed C4 Stable design converted from the existing C4 Poor condition
stream type.
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Structures

The recommended structures for the C4 design reach include converging rock clusters (Figure

22); the root wad, log vane, J-hook (Figure 9); the rock vane, J-hook (Figure 8); and the toe wood
structure with sod mats and riparian transplants (Figure 15 and Figure 16). These structures

are recommended for streambank stabilization, flow resistance, grade control and fish habitat
enhancement as shown on the plan view layout in Figure 88. The materials for these structures
will be obtained from on-site sources. Many of the burned logs will be salvaged to use for the root
wad, log vane, J-hook and toe wood structures. Riparian transplants will be salvaged from local
excavation disturbance.

Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along

this corridor. This is accomplished by planting willow cuttings and transplants. The toe wood
structure provides a site for transplanted willow and alder, or willow cuttings. Native grasses of
Carex and Juncus where available will be transplanted to the stream-adjacent toe wood structures
or seeded along the lower elevation, wet sites. Native bunch grasses, such as big mountain brome,
are recommended for seeding the flood-prone areas that do not have soil saturation and are
droughty. The revegetation is critical for the long-term physical stability and biological function.

Cut & Fill Computations

The cut and fill computations are obtained from the existing vs. proposed cross-sections for that
particular bed feature with lengths obtained from the plan and profile data of the proposed design.
The proposed design results in approximately 278 yds3 of excavation and 300 yds3 of fill required
with a balance of 22 yds3. The fill related to the structures planned for this 300 ft reach involving
rock, logs and woody material is approximately 30 yds3. Thus the revetment and enhancement
material will balance the excavation and fill requirements for this reach; subsequently, end-hauling
to dispose of material is not necessary.

Streambank Erosion

The streambank erosion that is expected for the proposed C4 design reach is 1.9 tons/yr for 300
ft of designed channel vs. the existing 14.2 tons/yr for 300 ft of the existing condition (Table 10),
representing a potential reduction of 12.3 tons/yr for this reach. These values are based on the
erosion rate of 0.0472 tons/yr/ft for the C4 Poor Representative Reach and the extrapolation of the
erosion rate of 0.0063 tons/yr/ft for the C4 Reference Reach to the proposed reach. For one mile of
restoration of this scenario, a reduction of 216 tons/yr, or an 87% decrease, of streambank erosion
would be expected. These significant reductions in streambank erosion are extremely important as
84% of the total sediment source of the Trail Creek Watershed is from streambank erosion. Thus
the proposed restoration can not only regain the physical and biological function of the stream
channel and riparian system, but can also significantly reduce downstream and off-site adverse
sediment impacts.

The sediment reduction assumes that the various structures designed and located on the plan view
map in Figure 87 are implemented, such as the toe wood and the J-hook structures. The BEHI
ratings can be greatly reduced with toe wood and NBS is also reduced with both the rock and log
J-hook vanes. These structures have proven to reduce streambank erosion rates by three orders of
magnitude, and also provide for flow resistance and fish habitat enhancement.
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Insert 11 x 17
Figure 83 Here

Figure 88. Plan view of the alignment for the proposed C4 stream type, including stream stabilization and fish
enhancement structures.
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Insert 11 x 17
Figure 33 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good” condition
throughout the watershed, the flow-related sediment yields would be reduced from 24,190.4 tons/yr
(Worksheet 11a) to 844.6 tons/yr (Worksheet 11b) as a result of the restoration. The corresponding
sediment supply reductions based on converting from “Poor” to “Good” conditions are 5,272 tons/
yr for bedload and 18,073.9 tons/yr for suspended sediment, representing a total sediment reduction
of 23,345.8 tons/yr. These sediment reductions are still assuming a high post-fire runoff response
and continued increased stormflow peak runoff. These reductions are also associated with treating
the majority of the stream length of the watershed above this reach.

The reductions in sediment supply associated with restoring 300 ft of the existing C4 Poor stream
type to 300 ft of the proposed C4 Stable design reach are 12.3 tons/yr of streambank erosion, 30.0
tons/yr of bedload, 102.7 tons/yr of suspended sediment and 132.6 tons/yr of total sediment yield
reduction (Table 6). The total sediment yield value includes streambank erosion contributions and
streambed sources. The sediment reductions associated with the local channel source sediment for
this design scenario are based on sediment yield rates determined from taking the sediment yield
values generated from FLOWSED and dividing by the total stream length of potential sediment
contributions. For this scenario, it was determined that approximately 10 miles (52,800 ft) of the
mainstem Trail Creek is potentially contributing sediment. The tributaries also contribute sediment
but at a lower rate; thus their stream lengths were not included in the unit sediment transport rate.
The resultant sediment yield rates were then multiplied by the existing and proposed design reach
lengths for this scenario to obtain the local sediment reductions.

The POWERSED model to evaluate sediment transport capacity indicates that approximately
85% of the C4 Poor sediment supply would be transported rather than deposited if converted

to a C4 Stable reach due to reducing the existing high width/depth ratio with the design. The
existing longitudinal profile as shown in Figure 87 indicates several sites of deposition and the
overall stability evaluation of aggradation for the C4 Poor Representative Reach coincide with the
POWERSED results. The lower width/depth ratio of the design will prevent further aggradation,
yet will allow the transport of a lower sediment supply.

Sediment Competence

The sediment competence calculations based on the proposed design indicate a stable bed
(Worksheet 12). Converging rock clusters for grade control are designed at the head of riffles to
further ensure bed stability.
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Worksheet 12. The sediment competence calculations indicating bed stability for the proposed C4 Stable design to
be converted from the C4 Poor reach, lower Trail Creek.

Stream: C4 Stable converted from C4 Poor Stream Type: C4
Location: Lower Trail Creek above Mouth Valley Type: VIII
Observers: Rosgen et al . Date: 3/15/11

Enter Required Information for PROPOSED Design Condition

7.2 D5 Median particle size of riffle bed material (mm)

4.2 D/5\0 Median particle size of bar or sub-pavement sample (mm)

0.26 D max Largest particle from bar sample (ft) 110 (mm) fnori}ﬁ
0.0145 S Proposed design bankfull water surface slope (ft/ft)

0.99 d Proposed design bankfull mean depth (ft)

1.65 ys-y/y Immersed specific gravity of sediment

Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress

1.33 D.,/Df,| Range: 3-7 Use EQUATION 1 1*=0.0834 ( D, /DY) —0.872
10.00 D nax/Dsg| Range: 1.3-3.0 Use EQUATION 2: T* = 0.0384 (D 1o /D 50) 2%
N/A ol Bankfull Dimensionless Shear Stress EQUATION USED: N/A

Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample

N/A

_ T*(P-1)Drax

d Required bankfull mean depth (ft) d S

(use D pay in ft)

Calculate Bankfull Water

Surface Slope Required for Entrainment of Largest Particle in Bar Sample

N/A

S Required bankfull water surface slope (ft/ft) S = (use D pa in ft)

T*(),-1)Dmax
d

Check: " Stable [T Aggrading [~ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T =ydsS (Ibs/ft?) (substitute hydraulic radius, R, with mean depth, d )

0.896
Y = 62.4, d = proposed design depth, S = proposed design slope
Shields (e{e]
69.52 | 140.2 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 5-49)
Shields Cco ) ) o )
1.391 | 0.644 Predicted shear stress required to initiate movement of measured D ,,, (mm) (Figure 5-49)
Shields co Predicted mean depth required to initiate movement of measured D 5, (Mmm) do T
154 | 0.71 T = predicted shear stress, Y = 62.4, S = proposed design slope VS
Shields co Predicted slope required to initiate movement of measured D 5, (Mm) S T
0.022510.0104| 1= predicted shear stress, Y = 62.4, d = proposed design depth V

Check: ¥ Stable [T Aggrading [ Degrading
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Restoration Plan for Channel Processes — Typical Design Scenario 4: C4 Poor to C4 Stable Conversion (VT VIlI)

Summary of the C4 Poor to C4 Stable Conversion

Many stream types exist that have not changed their morphological description (stream type) but
have become highly unstable. The existing, impaired C4 Poor stream type has instability associated
with both streambank and streambed erosion. The stable end-point of stream succession is a

C4 stream type; however, the stable features of the C4 Reference Reach must be integrated into

the restoration proposal for this reach. The proposed structures for habitat will also be effective

at reducing streambank and streambed erosion. The toe wood structure with sod mats and
transplants also add flow resistance and create undercut banks for instream cover for fish. By
stabilizing the streambanks and road fills with toe wood, the encroachment and corresponding
high sediment supply from road fills can be greatly reduced and will concurrently accelerate the
recovery of the riparian community.

This design scenario can be extrapolated to the various C4 Poor condition stream types that exist
in the mainstem Trail Creek in a Valley Type VIII. These stream types and conditions are mapped
for the mainstem Trail Creek in Appendix D of the Trail Creek WARSSS analysis (Rosgen, 2011).
The general procedure for extrapolation is discussed in the Extrapolation of Typical Scenarios to other
Locations section. An example of extrapolating this design scenario to locations within lower Trail
Creek is presented as follows.

Extrapolation of Design to Lower Trail Creek

Similar conditions persist both upstream and downstream of the impaired C4 Poor Representative
Reach that are in need of restoration. This typical design scenario is used to demonstrate the
extrapolation of the design to these locations with similar conditions but without the detailed
representative reach data. This demonstration is important as the restoration of the entire
watershed can apply the typical design scenarios without the extensive detail conducted at this
representative reach demonstration site. Because reference reach data is established to obtain
dimensionless relations and the regional hydrology and sediment curves are developed, it is
possible to design and to verify bankfull discharge, bedload and suspended sediment values
elsewhere in the Trail Creek Watershed. Approximately 1,940 ft of impaired C4 stream type exists
above and below the C4 Poor demonstration reach that will also be designed in a similar manner
following the C4 Poor to C4 Stable conversion scenario.

The objectives of the restoration of the impaired C4 reach are to reduce streambank erosion,
improve river stability, enhance fish habitat and diversity, stabilize the toe of slopes and alluvial
fans from existing erosion, create habitat for beaver, re-establish floodplain connectivity and reduce
localized channel incision. Oxbows are designed on floodplains and interconnected with the river
for fish access and off-channel beaver habitat. The material excavated from the oxbows is needed to
replace eroded material from the lower one-third of slopes including alluvial fans.

The proposed channel dimensions can be scaled from the C4 Reference Reach; however, this reach
has the same valley slope and a similar bankfull discharge as the C4 Poor Representative Reach. Thus
the cross-sections for riffles, runs, pools and glides, in addition to the longitudinal profile shape and
slope, are the same as designed in the typical C4 Poor to C4 Stable design scenario as documented in
Table 10. The pattern variables are also the same as the proposed C4 Stable reach and are shown in
the proposed plan view layout in Figure 41, Figure 42 and Figure 43 as presented in the Lower Trail
Creek Design Concept section. The impaired C4 condition begins at the proposed station 0+00 in
Figure 41 and continues downstream to the typical design scenario C4 Poor to C4 Stable at proposed
station 17+00 (Figure 42). This typical design scenario is then also extrapolated to the impaired
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

C4 condition below the demonstration site at proposed station 20+00 and extends to station 22+40,
which is the start of the typical design scenario for the G4 to B4 stream type conversion (Figure 43).

The design of the plan view layout is to move the active channel away from very high eroding
banks against an alluvial fan (Figure 42). This will help reduce some high sediment source areas
that are presently contributing sediment to the mainstem Trail Creek. The proposed structures are
also similar to the proposed C4 stable reach in the typical design scenario and are also depicted

in the plan view layouts. The amount of cut and fill will be proportionately calculated assuming
similarity of the downstream reach conditions. The proposed cut for 2,000 ft of channel is 1,853 yds3
and the fill is estimated at 2,000 yds3. The material should balance with the cubic yards of added
stabilization and enhancement structures. The riparian vegetation plan is also similar to the typical
C4 Poor to C4 Stable design scenario.

The streambank erosion rate reduction for this proposed restoration will potentially reduce the
estimated existing erosion from 91.6 tons/yr to 12.2 tons/yr. This savings of bank erosion of 79.4 tons/
yr for 1,940 ft of restored channel is equivalent to 103 yds3, or ten, 10-yard end dump truck loads of
sediment per year.

To obtain material to stabilize and vegetate the toe of slopes including alluvial fans, oxbows will be
excavated in parts of abandoned channels and sediment deposition sites. The oxbow locations are
shown in Figure 41 and Figure 42. Small interconnected channels will be constructed to provide
season-long access to these oxbows. The depth of the oxbows will be 9-14 ft, except for a 15 ft wide
and shallow (1.5-2.0 ft) safety shelf (littoral zone for fisheries). This provides fishing opportunities
for recreationists, a greater diversity of habitat and low water refugia. The oxbows also create
terrestrial habitat for wildlife, waterfowl and amphibians. Beaver are particularly fond of oxbows
and move out of stream channels to establish permanent residence in the oxbows by making their
lodge in the submerged banks. The oxbows also help raise the local water table and improve the
riparian vegetation community. Beaver also eat the aquatic vascular plants that occupy the shallow
areas of the ponds. The deeper sections of the ponds are important to maintain cooler water by
exchanges with ground water and to prevent dissolved oxygen depletion problems during plant
die off. The four oxbows along this short reach are 30-50 ft across and comprise of approximately
6,000 ft? or 0.14 acres.
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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Typical Design Scenario 5:
Tributary F4b to D4 Stream Type Conversion (VT III)

General Description & Morphological Data

This typical design scenario is a stream type conversion from an F4b tributary reach to a D4 stream
type on a long and wide alluvial fan (Valley Type III). This impaired F4b tributary reach is located
one-third mile upstream from the mouth of Trail Creek, draining the Sheep Nose area of Sub-
Watershed 6. This sub-watershed has the highest priority for restoration of the 59 sub-watersheds
(Table 2) due to the large, combined sediment yields from roads, surface erosion, streambank
erosion and post-fire excess peak flows. The majority of the channels within this sub-watershed
are incised, confined and associated with headcuts.

The existing, impaired tributary in this design scenario is the F4b Poor Trib. Representative Reach
depicted in Figure 89 and located on the general map in Figure 7. The detailed characteristics
and stability evaluation of this representative reach are documented in Appendix C16 of the Trail
Creek WARSSS analysis (Rosgen, 2011, pp. C16-1 to C16-38). The tributary is associated with
accelerated streambank erosion rates and accelerated channel source sediment that is delivered
to the mainstem Trail Creek. Furthermore, an advancing headcut is evident on the existing F4b
longitudinal profile.

The overall direction of the design is to reduce the delivered sediment to Trail Creek by
developing a braided, D4 stream type. Until the sediment in this high priority sub-watershed

can be reduced by restoring the entire sub-watershed, it is recommended to store the sediment

on the fan and in the sediment detention basins. Thus a B4 Stable stream type conversion is not
recommended for the existing conditions because a B4 stream type would route this high sediment
supply generated above the existing reach directly to the mainstem Trail Creek. The braided,

D4 channel is characterized by bar deposition that is associated with convergence/divergence

bed features to deposit the high sediment supply on the alluvial fan surface and by storing
sediment in detention basins. The D4 stream type is the preferred stream type for alluvial fans
and functions well unless the fan has been cut off at the lower end due to road encroachment or
lateral migration by the main trunk stem. The alluvial fan for this existing reach is adequately-
sized to accommodate the D4 stream type and usable depositional area. Because the majority of
the fans within the Trail Creek Watershed are ephemeral, they do not need to provide fish habitat
enhancement or fish migration; hence, the design is intended to store as much sediment produced
from upstream as possible on the valley flat.

The specific objectives and direction for this design scenario are as follows:

e Store sediment before it is delivered to Trail Creek

e Reduce the accelerated streambank erosion rates

¢ Eliminate any advancing headcuts

* Develop sediment detention storage basins in three locations

If the proposed design of converting the F4b tributary to a braided, D4 stream type is not
implemented, the existing reach will continue to headcut and provide high sediment yields

to Trail Creek. A D4 “reference reach” was not established for this project and therefore the
proposed characteristics of the D4 stream type for this scenario are adapted from D4 characteristics
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studied in detail by the restoration practitioner. The resultant morphology and design parameters
for the proposed D4 reach are documented in Table 11. Additionally, this table also includes the
morphological descriptions of the existing F4b Poor Tributary Representative Reach. The following
sections include the proposed design details of the braided, D4 stream type.

Figure 89. The existing, F4b Poor tributary showing the unstable banks and the high width/depth ratio channel that
encourages increased sediment deposition in the streambed.
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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Table 11. The morphological characteristics of the existing, F4b tributary and the
proposed D4 design reach for this stream type conversion in a Valley Type IIl.

Existing Reach Stream & Location:

F4b Poor Trib., Lower Trail Creek

Reference Reach Stream & Location:

N/A

Entry Number & Variable

Existing Reach

Proposed Design

Reach
1 Valley Type 1 11
2 Valley Width 40-50 40-50
3 Stream Type F4b D4
4 Drainage Area, mi? 15 2.5
5 Bankfull Discharge, cfs (Qyu;) 8.43 13
Mean: 12.8 Mean: 29.0
6 Riffle Width, ft (W) Min: 11.4 Min: (3.6 Wbkf for
Max: 14.9 Max: 8 channels)
Mean: 0.19 Mean: 0.29
7 Riffle Mean Depth, ft (dyys) Min: 0.16 Min: for each
Max: 0.24 Max: channel
Riffle Width/Depth Ratio Mean: 684 Mean: 100.0
8 (Wi/dg) Min: 47.3 Min:
" ok Max: 77.4 Max:
< Mean: 2.4 Mean: 8.4
= Riffle Cross-Sectional Area, ft? -
%) 9 Min: 2.0
o (Apk)) .
£ Max: 2.9
a Mean: 0.34 Mean: 0.29
o | 10 Riffle Maximum Depth (diay) Min: 0.27 Min:
'B:: Max: 0.41 Max:
L, Riffle Maximum Depth to Riffle m"f‘”: 1;2; mﬁ]‘f‘”: 1.000
Mean Depth (d,,./d ) ’ )
P (dhn/Ch) Max: 2.063  |Max:
12 Width of Flood-Prone Area at ma"’.\n: 132 mﬁfn: .
Elevation of 2 * dp,ay ft ) ’ ’
max, ft Wipa) Max: 15.4 Max:
Mean: 1.1 Mean: N/A
13 Entrenchment Ratio (W,a/Wpi) — [Min: 1.0 Min:
Max: 1.2 Max:
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Table 11 (page 2). The morphological characteristics of the existing, F4b tributary
and the proposed D4 design reach for this stream type conversion in a Valley Type IIl.

Entry Number & Variable Existing Reach PropoRs::C[r:esign

° 88 Stream Length (SL) 337.0 337.0

&

o | 89 Valley Length (VL) 324.0 337.0

o

S | 90 Valley Siope (Sua) 0.0430 0.0430

é 91 Sinuosity (k) ?/LS/YSL 1:8; SLVL:  1.00

(%) S = S.alk

92 Average Water Surface Slope (S) 0.0410 0.0430
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement

Dis (Mm) 0.6 0.6
D3s (Mm) 1.0 1.0
Dso (Mmm) 2.3 2.3
Dgy (Mm) 7.1 7.1

r_wu Dgs (mm) 10.3 10.3

% D1g0 (MmM) 16.0 16.0

§ 126 Particle Size Distribution of Bar Material or Sub-pavement

g D, (Mm) 0.6 0.6

i

o Dgs (mm) 1.0 1.0
Ds5o (Mm) 2.3 2.3
Dg, (mm) 7.1 7.1
Dgs (mm) 10.3 10.3
Dax: Largest size particle at the
toe (lower third) of bar (mm) or 16.0 16.0
sub-pavement
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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Table 11 (page 3). The morphological characteristics of the existing, F4b tributary

and the proposed D4 design reach for this stream type conversion in a Valley Type III.

Entry Number & Variable

Existing Reach

Proposed Design
Reach

Hydraulics

127

Estimated Bankfull Mean Velocity,
ft/sec (Upr)

3.16

15

128

Estimated Bankfull Discharge, cfs
(Quki); Compare with Regional
Curve

8.4

13.0

Sediment Competence

129

Calculated bankfull shear stress
value, Ibs/ft? (1)

0.599

0.778

130

Predicted largest moveable particle
size (mm) at bankfull shear stress, ,
using the original Shields relation

43.0

60

131

Predicted largest moveable particle
size (mm) at bankfull shear stress, ,
using the Colorado relation

105.0

126

132

Largest particle size to be moved
(Dimax) (Mm) (see #126: Particle Size
Distribution of Bar Material)

16

16

133

Predicted shear stress required to
initiate movement of D, (MmM) using
the original Shields relation

0.210

0.219

134

Predicted shear stress required to
initiate movement of D,,,, (Mm) using
the Colorado relation

0.043

0.047

135

Predicted mean depth required to
initiate movement of Dy, (Mm), d =
t/yS (t = predicted shear stress, y = 62.4,
S = existing or design slope) (Shields)

0.08

0.08

136

Predicted mean depth required to
initiate movement of Dy, (Mm), d =
t/yS (t = predicted shear stress, y = 62.4,
S = existing or design slope) (Colorado)

0.08

0.02

137

Predicted slope required to initiate
movement of Dy, (MM) S=t/vd (x =
predicted shear stress, y = 62.4, d =
existing or design depth) (Shields)

0.0140

0.0121

138

Predicted slope required to initiate
movement of Dy, (MM) S=t/vd (x =
predicted shear stress, y = 62.4, d =
existing or design depth) (Colorado)

0.0029

0.0026

139

Bankfull dimensionless shear stress
(t*) (see competence form)

N/A

N/A

140

Required bankfull mean depth dy,; (ft)
using dimensionless shear stress
equation: dyg = t™(ys - 1)DmadS  (Note:
Dinax i ft)

N/A

N/A

141

Required bankfull water surface slope
S (ft) using dimensionless shear
stress equation: S = t*(ys - 1)Dyna/ Aot
(Note: Dy in ft)

N/A

N/A
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Table 11 (page 4). The morphological characteristics of the existing, F4b tributary
and the proposed D4 design reach for this stream type conversion in a Valley Type IIl.

Entry Number & Variable Existing Reach FIICEEY DS
Reach
Sediment Yield (FLOWSED) Existing Reach IR LS
Reach
% 141 Bedload Sediment Yield (tons/yr) 1,064.0 1,064.0
&
S | 142 Suspended Sediment Yield (tons/yr) 4,197.0 4,197.0
IS
5 - -
$ 143 Suspended Sand Sediment Yield 2.098.5 20985
(tons/yr)
144 Total Annual Sediment Yield (tons/yr) 5,261.0 5,261.0
Streambank Erosion Existing Reach Proposed Design
Reach
S | 145 Stream Length Assessed (ft) 337.0 337.0
%)
o
5 | 146 Graph/Curve Used (e.g., Yellowstone Callarzils SollsEils
'~ or Colorado)
c
©
0 | 147 Streambank Erosion (tons/yr) 132.4 12.8
148 Streambank Erosion (tons/yr/ft) 0.3929 0.0380
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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 2.5 mi? for the proposed D4 stream type, the bankfull discharge is 13 ¢fs and
the proposed bankfull riffle cross-sectional area is 8.7 ft? as shown in Table 11. The cross-sectional
area is divided among eight channels, each designed as having 3.6 ft of width and 0.29 ft of depth.
Using continuity, the corresponding mean velocity for the multiple-channel, D4 stream type is 1.5
ft/sec as shown in Worksheet 13. Velocities of 1.5 ft/sec are common for braided channels on similar
slopes with similar bed material for depths less than 0.5 ft.

Plan View Alignment & the B2, Step/Pool Stream Type

The overlay of the alignment and design of the proposed conversion of the F4b to D4 stream type is
shown in Figure 90 and is based on the channel pattern data that is consistent for multiple-thread,
braided channels whose features are scaled for this drainage area and bankfull discharge (Table
11). The existing cross-section locations of the F4b tributary are also shown Figure 90. Sediment
detention (storage) basins designed with log sills to prevent headcuts are also part of the design

to store sediment (Figure 90). Potential maintenance of the basins may be required with a good
stockpile repository area at the toe of the remaining fan where Trail Creek has previously removed
thousands of yards of material. The proposed design routes Trail Creek away from the toe of the
fan to prevent further lateral erosion.

Furthermore, the lower end of the fan at the outflow of the last sediment detention basin is
designed to be a B2, step—pool channel. This stream type is designed to prevent headcutting at

the toe of the fan and to transition the concentrated flow from the sediment detention basin into a
single-thread step—pool channel. The B2 stream type is also designed to dissipate energy and route
water from the last sediment detention basin to Trail Creek. The dimension, pattern and profile
for the B2 channel are summarized in Table 12. A design sketch in Figure 91 indicates the cross-
section, plan and profile views of the proposed B2 step—pool design.
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Worksheet 13. The mean velocity estimates for the proposed D4 reach converted from the existing, F4b stream type.

| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: |D4 Proposed Reach || Location: |F4b Trib., Lower Trail Creek |
| Date: |3/15/2011 | Stream Type: | D4 || Valley Type: |III |
| Observers: |Rosgen et al. || HUC: ‘__‘__‘__‘ __ ‘__‘__‘__‘__‘ __ ‘__‘__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
2 e Cross-Sectional|| g, | Ao || Bankfull Riffle Mean DEPTH || 0.29 | okt
AREA (%) (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 20.0 | Wou : 2058 | W
(ft) ~ (2% dpkr ) + Wit (ft)
D, at Riffle 71 Dia. D g4 (Mm) / 304.8 0.02 D4
(mm) (ft)
Hydraulic RADI
Bankfull SLOPE 0.0430 | Sbwi ydraulic RADIUS 028 |[R @
(ft/ ) Aoki I Wy
o . Relative Roughness
Gravitational Acceleration 32.2 9 12.17 | R/D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area 2.5 D'j‘ " y 0.626 u
(mi®) u* = (gRS) (ft/sec)
ESTIMATION METHODS Bankfull VELOCITY Bankfull
DISCHARGE
1. Friction Relative _ o .
oy eRate | u=[283+566%Log (RIDuwt| NA | ftisec | NA | o
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
. —— ft / sec cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S"“/n n=
2. Roughness Coefficient: u=149*R?**s2
rap R ft / sec cfs
b) Manning's n from Stream Type (Fig. 5-9) n=
2. Roughness Coefficient: u=149*R?**s?/n
¢) Manning's n from Jarrett (USGS): n = 0.39*g %38 xR 016 0.92 ft/sec 7.70 cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems;i.e., for n= 0144
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec ofs
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A ft/ ¢
Return Period for Bankfull Q Q= I:l year Sec cis
= —
4. Continuity Equations: b) Regional Curves u=Q/A < 1.5 ft / sec 13 > cfs
R
Protrusion Height Options for the Dg, Term in the Relative Roughness Relation 2575843— 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
OptioNn 2. f 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. ahove 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
Option 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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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Insert 11 x 17
Figure 90 Here

Figure 90. Plan view of the proposed conversion of the F4b to D4 stream type, including the existing F4b cross-
section locations, the designed sediment detention basins and the proposed B2 step—pool channel.
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Insert 11 x 17
Figure 90 Here
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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Table 12. The proposed dimensions, pattern and profile
for the B2 stream type.

Proposed B2 Stream Type:
Morphological Characteristics

Bankfull Discharge 13 cfs
Bankfull Cross-Sectional Area 5.2 ft’
Bankfull Width 12.0 ft
Bankfull Mean Depth 0.7 ft
Width/Depth Ratio 8.0
Bankfull Maximum Depth 1.0 ft
Average Water Surface Slope 0.033 ft/ft
Bankfull Velocity 2.5 ft/sec
Pool Length 12-16 ft
Rapid Length 18-25 ft
Step Length 2-4 ft
Pool-to-Pool Spacing 20-30 ft
Sinuosity 1.2
Belt Width 20 ft
Radius of Curvature 50-80 ft
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L 9k 741

Figure 91. Typical cross-section, plan and profile views of the proposed B2 stream type and associated structures.
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Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

Cross-Section Dimensions

The proposed channel dimensions for the multiple-thread, braided D4 stream type are included in
Table 11. The total designed bankfull width is 29 ft with a corresponding mean depth of 0.29 ft as
determined from the bankfull cross-sectional area of 8.4 ft* and width/depth ratio of 100. The total
bankfull width of 29 ft is distributed over eight channels, each with 3.6 ft of width and 0.29 ft of
depth.

The locations of existing cross-sections are displayed in Figure 90. Figure 92 depicts the multiple
channels and dimensions of the proposed D4 stream type. This figure also shows the overlay of
the existing F4b cross-section 0+40.2 and the extensive fill required to raise the bed level to obtain
connectivity to the alluvial fan. The fill material is obtained from the excavation of the sediment
detention basins as shown in Figure 90. The raised bed elevation is also to encourage deposition
from the braided D4 stream type through the convergence/divergence bed features of building bars
on alluvial fan surfaces. The overlay of the existing F4b cross-section 2+10.7 vs. proposed D4 cross-
section, also indicating the new bankfull elevation and extensive fill requirements, is shown in
Figure 93. Additional cross-section overlays are also included for the locations associated with the
existing F4b cross-section 2+47 (Figure 94) and cross-section 2+80 (Figure 95). These overlays are
used to compute the fill required for the design based on the total proposed reach length.

Longitudinal Profile

The longitudinal profile in Figure 96 compares the existing vs. proposed bed elevations, the
extensive fill required and the energy slope, and also shows a sediment detention basin to store
the excess sediment. The plan view layout in Figure 90 shows three basins for an extended length
of restoration beyond the representative reach displayed in Figure 96 to help reduce delivered
sediment to Trail Creek from the excess sediment disproportionately produced by the impaired
Sub-Watershed 6. Additionally, the locations of the cross-section overlays in Figures 92-95 are
depicted on the typical longitudinal profile in Figure 96. The schematic longitudinal profile in
Figure 97 shows the three sediment detention basins along with the proposed D4 and B2 (step—
pool) channels.

Structures

This design requires that buried, log sills are placed at the top and bottom of each sediment
detention basin as indicated in Figure 90 and Figure 97. The log sills will prevent any potential
headcutting associated with this design and the B2 stream type that connects the toe of the fan with
Trail Creek.

Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along
this proposed D4 stream type. The vegetation will add flow resistance, will induce long-term
deposition and will prevent excess lateral adjustment due to braiding. In addition to establishing
a woody vegetation community, native bunch grasses, such as big mountain brome, are
recommended for seeding the alluvial fan.

Cut & Fill Computations

The cut and fill computations are obtained from the existing vs. proposed cross-sections and the
sediment detention basins with corresponding lengths obtained from the proposed plan and
profile. The proposed design results in approximately 1,685 yds? of fill and 1,600 yds3 of excavated
sediment basin material for the proposed restoration.
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Proposed D4 vs. F4b XS 0+40.2
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Figure 92. The typical, proposed D4 cross-section dimensions compared to the existing F4b cross-section 0+40.2, indicating
the extensive fill requirements and new bankfull elevation.
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Proposed D4 vs. F4b XS 2+10.7
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Figure 93. The typical, proposed D4 cross-section dimensions compared to the existing F4b cross-section 2+10.7, indicating
the extensive fill requirements and new bankfull elevation.
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Proposed D4 vs. F4b XS 2+47
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Figure 94. The typical, proposed D4 cross-section dimensions compared to the existing F4b cross-section 2+47, indicating

the extensive fill requirements and new bankfull elevation.
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Proposed D4 vs. F4b XS 2+80
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Figure 95. The typical, proposed D4 cross-section dimensions compared to the existing F4b cross-section 2+80, indicating
the extensive fill requirements and new bankfull elevation.

221



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

9dA} weans q pasodoud
*SA Q74 BunsIxa ay3 jo syuswalinbai ||y pue ‘sadojs ‘suoiead]d syl bupedwod os|e pue uiseq UOIUISP JUBWIPIS e buimoys ajyoid [euipniibuo| sy 96 3inbid4

i) weauys Buoje sousysg
Bk 2% i T 5T T ] i il T i 5t o 5 8
- | | | | | ] Li | 1 * | | | i
| = | | | | ] | | | | | 1 |
TG
- -
Hil. ofall + e
=m0
S S
= Wl
L.
i m
£ & bain =
o R
R
.rr.. & |
- e - - n IRE
h h. -} - R g r t. d
i { i : =
k=
b i i i * Nl # s
e irl
: i ; ™ ;
2 & = .. 5
i ——0

ajyoid [euipnyiBuc qu Jood Qi

222



Restoration Plan for Channel Processes — Typical Design Scenario 5: Tributary F4b to D4 Stream Type Conversion (VT Ill)

‘|]ouueyd jood—dais ‘zg paubisap

9Y3} pue suiseq UOIIUDIDP JUSWIPSS 92443 9y} BUuIMOYs UoIsIaAU0D 9dA) wealis g 03 g4 Y3 Jo 3jyoid jeurpniibuo] pasodoid ayi jo dewayds y *Le a4nbig

I|I|

+F oo

S|
T

IR

|

._ﬂ._uw._- |

—

eAM Y

K

—=

. SUWIBEE e
o woguay e nlmu. > ..,,..
Judwi pas, _ \
ﬂ \
o 20A3 __ |
=" oy,

223



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Streambank Erosion

The streambank erosion that is expected for the proposed D4 design reach is 12.8 tons/yr for 337 ft
of designed channel vs. 132.4 tons/yr for the existing condition (Table 11), representing a reduction
of 119.6 tons/yr for this reach. These values are based on the erosion rate of 0.3929 tons/ft/yr for the
F4b Poor Trib. Representative Reach and 0.038 tons/yr/ft for the proposed D4 reach. The erosion rate
for the proposed D4 reach was extrapolated from other D4 stream types but was decreased an order
of magnitude by splitting the flow into multiple channels that would reduce the amount of flow
convergence in each channel.

Flow-Related Sediment

The FLOWSED model does not indicate a change in the flow-related sediment yields as a result

of the proposed F4b to D4 conversion because the proposed D4 channel is not being restored to a
“Good” condition. The flow-related sediment yields are 1,064 tons/yr for bedload, 4,197 tons/yr for
suspended sediment for a total annual sediment yield of 5,261 tons/yr for both the F4b tributary and
the proposed D4 channel (Worksheet 14). These values represent the sediment yield produced from
all upstream sources from approximately 17,770 ft of stream channel and are generated using the
dimensionless sediment rating curves and bankfull sediment values related to “Poor” stability for a
given drainage area.

However, rather than route the sediment directly into Trail Creek, the D4 stream type was designed
specifically to deposit the high flow-related sediment onto the alluvial fan surface and into sediment
detention basins. The POWERSED model indicates that approximately 84% of the upstream
delivered sediment will be deposited with the designed, braided D4 stream type. If the fan surface
is reactivated, approximately 15,600 tons/yr can be stored on the fan. The storage capacity of the
sediment detention basins is approximately 6,474 tons. Thus, the annual sediment yield of 5,261 tons/
yr can be stored on the fan surface and detention basins for approximately 3.3 years (Table 6). At this
time, the detention basins could be re-excavated to regain storage capacity, but the best solution is

to reduce the sediment supply at its source. By relocating Trail Creek away from the toe of the fan,
additional sediment storage could be accommodated by the Trail Creek floodplain. Nonetheless, this
large sediment-producing tributary can be mitigated most successfully for the long-term, sustainable
benefits if the hillslope and channel process restoration is implemented above this reach.

Overall, sub-watershed 6, being the highest priority for restoration due to the excessive sediment
supply from flow-related sediment, surface erosion and roads, is responsible for adverse downstream
impairment and active sediment delivery to the mainstem Trail Creek. The recommended
restoration practices for this sub-watershed are critical to implement soon if the proposed restoration
of this F4b to D4 stream type conversion is to have long term benefits.

Sediment Competence

The typical sediment competence calculations are not appropriate as the relations are for single-
thread channels and therefore do not accurately reflect the shear stress for bankfull discharge
distributed into multiple channels. The design of D4 stream types is to induce sediment deposition
due to the typical bed forms of convergence/divergence (bars that form and reform with each storm).
Due to the steepness of the slope of the fan, log sills are used on both the upper and lower ends of the
sediment detention basins (Figure 90). The B4 stream type that is designed to connect the last debris
basin with the mainstem Trail Creek incorporates grade control and high flow resistance based on
the designed structures (Figure 90, Figure 91 and Figure 97).
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Restoration Plan for Channel Processes — Typical Design Scenario 5.

(1A/suoy) (1A/suoy) (1A/suoy) (y-a108)
£'90v'C .
0'T92'S 0790'T 0L6T'Y (1) eyl (AL
ZETC'T
79'€C 0T'€C 50 433 €90 ¢L00 100 6600 8200 7’0 05'9¢€ %00°0T %00°S 10 %00T
v've LE'EC 80T 7'9¢ 790 €.0°0 €00 660°0 950°0 L0 05'9¢€ %00°0T %00°'S 90 %06
96'17¢ T19°€C GE'T 6'CE S9°0 72,00 70'0 6600 690°0 60 05'9¢€ %00°0T %00°'S 80 %08
G5'G¢C €6'EC 29T S'6€ 990 G600 70'0 660°0 €80°0 TT 05'9¢€ %00°0T %00°S 0T %0.L
T1,.°9¢ €9'v¢ 80'C S'0S 190 1200 900 6600 90T°0 7'T 05'9¢€ %00°0T %00°'S T %09
9.'8¢ 70'9¢ [5x4 6'99 1.0 1800 200 00T'0 6ET°0 8'T 05'9¢€ %00°0T %00°'S 97 %085
¢T'Ee 7€'6¢ LL'E 0'06 080 1600 0T'0 T0T'0 06T°0 S'¢C 05'9¢€ %00°0T %00°'S 0¢ %0%
0S¥ €9'8¢€ 18'S 8'TET 90T 0ZT'0 9T'0 L0T°0 8.2°0 9'€ 05'9¢€ %00°0T %00°'S 6°¢C %0€
6.'C6 0T'82 69'1T 0'vee | 4%4 €vC0 0v'0 85T°0 2340 T9 05'9¢€ %00°0T %00°'S 1504 %02
¢S'6TT 2906 06'8¢ 9v.T L6V G950 89T 66€°0 9€L°0 9'6 G2'8T %00°S %0S5°C 6L %0T
28'¢y G6'8¢ 98'E€T S'EV €6'L 206°0 08'¢€ 89.°0 9T6°0 6'TT G9°¢ %00'T %050 1T %S
69'09 99'/€ €0'EC 0’67 ¢€0T €LT'T 1€9 EET'T [400% V'ET S9'€ %00'T %050 9'¢CT %t
89°'€6 6€'TS (%44 2’99 80T T09'T 6S'TT Z18'T S8T'T v'ST G9°¢ %00'T %0S5°0 a4 %€
€08 (WA €97y C'EE GS'0C LEE'C or've 9€C’E 86E'T 2'8T €8T %0S5°0 %520 99T %<
8T'8T¢ 7169 70’671 434 88'LE 80€'Y 1918 2ce’8 6T8'T 9'€C €8T %0S°0 %520 L'6T %S'T
vE€'€LC S0'6S 62V1¢C x4 T.'79 8G€L 78'vEC 670'6T G8¢'¢ L'6¢ 160 %520 %ET'0 9'/¢ %T
T¥'81S 87’8 €6'CEY 9'TE 85'C6 8¢5°0T vS'SLY LET'EE 099°¢ 9'vE 160 %520 %ET'0 6'T€ %S.°0
22’666 68'0CT €€'8/8 L'9€ 87'CET G90°'ST GG'296 L€9°LS S60°€ (404 160 %S2°0 %ET 0 €'.E %050
v¥7'8ETT 1€20T E€T'9€0T G'SC 98'98T 6vC'TC 87'¢68T 666',6 6.S°€ S'9v S50 %ST°0 %80°0 (44 %520
LT'06ET GZ'16 26'86¢T G'8T 16'59¢ 2 0€ 28'G8.¢E 8T6'89T VST’V 0'vS €0 %600 %S0°0 6'67 %0T°0
1'89 %0
(suoy) (suoy) (suoy) (sp) (Kep/suoy) ("9/°q) (Kepysuoy) (Ms/s) ("0/0) (sp) (skep) (%) (%) (sy0) (%)
abreydsiq
[(rD)+(ET)] [(9)x(3)] uBwIpas|
juawipas [(TT)*(5)] [(6)x(5)]] mopyweans abreyosiq abreyosiq abireyosiq| peapuadsng| mopweans (sKep) (yuaosad)
peojpag uswipas uswipas paisnipy| JuswIpas peojpag juswIpas SS9| sso||  mopweans JuswiaIdu| JuswiaIou| abreyosig ETN
+ papuadsns peojpag papuadsns awil peojpag| ssa| -uoisuawiq papuadsng| -uoisuswial -uoisuswi@| areulpiO-pIA awi] awil| areulpiO-pIN|  ues Ajrea| Jo abejusdlad
(s1) (1) (eT) (z1) (1) (o1) (6) (8) (2) (9) (9) ) (e) (@) @)
PIBIA JUBWIPSS are|nded a1e|noed saAInD Buljey Juswipas wolq 9AIND UONBING-MO|4 [eUOISUSWIQ WOIH
scoe XETZ6°0+6860°0 = A esobed ,J00d,, JusWIpas papuadsns g
TL'€ST €¢60°0 €T
22082 X9LTCO'T+9LTLO0 = A esobed ,l00d, JuswIpas peo|pag ‘T
(i/6w) s wipas (5/6%) Juswipas (s40) abreyosiqg |Inpjueg uoirenb3 92In0S uolenb3y adA] uoirenb3y
papuadsns |npjueg peojpag [Inpjueg : : : :

ECINETEIN

A % qp4 :2dAL weans

abeo 39a1) 9S009 :# uoneis aden

‘e 10 uabsoy :SI9AIBSIO

TT/ST/€ :31ed

UINO SA0QE “qli] %88 |ledl J9MOT :uonedxo]

@ pasodold % yoeay aAlreluasalday Areinglil 100d qyd

[Weans

"UOIIIPUOD , 1004, BY} 03 P3E|2J SAN|RA JUSWIPSS [|NHjURY PUER SIAIND Bullel JUSWIPS

ssa|uolsuswip 3yl buisn Aq pazessuab pue [opow gISMOT4 Y3 Buisn A|ddns Juswipas g pasodoid ay) pue gy ‘Bunnsixa ay| 1L 393YsH10M

225



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Summary of the Tributary F4b to D4 Stream Type Conversion

Many restoration solutions are founded in basic geomorphological features. Active alluvial

fans and braided channels are the natural solution to sediment detention of the upper slopes to
prevent direct sediment introduction into the main trunk stream. D4 stream types are often the
natural stable form in such environments. When stream channels become incised in alluvial fans,
they become high supply and high transport systems; thus the sediment yield is not only routed
from farther upstream but is cut through portions of the fan deposit as well. Additionally, when
the upstream sediment supply due to the elevated post-fire sediment yields is excessive, the
construction of deep sediment detention basins can add storage capacity to the fan. One or more
of these constructed sediment detention basins will provide additional time to reduce delivered
sediment yields until post-fire, flow-related sediment yields are eventually reduced. The basins
also reduce the required depositional storage requirement of the fan. The transition B2 stream
type at the toe is designed to transfer the concentrated water from the last basin into a stable,
single-thread, step—pool channel to join Trail Creek. This restoration is implemented under the
assumption that the mainstem Trail Creek will be relocated away from the toe of this large fan to
allow for full function and to keep sediment from entering Trail Creek.

Many fans can be restored back to their intended function following this typical design scenario.
The numerous tributary channels associated with F4b stream types and alluvial fans that are long
and wide enough are candidates for this design to reduce the associated high sediment yields
that are transported directly to the mainstem Trail Creek. The tributary channels and associated
conditions are mapped by sub-watershed in Appendix D of the Trail Creek WARSSS analysis
(Rosgen, 2011).

226



Restoration Plan for Channel Processes — Typical Design Scenario 6: Tributary F4b to B4 Stream Type Conversion (VT Ill)

Typical Design Scenario 6:
Tributary F4b to B4 Stream Type Conversion (VT III)

General Description & Morphological Data

This typical design scenario is a stream type and stability conversion from an F4b Poor condition
tributary to a B4 Stable stream type within a “short” alluvial fan, Valley Type IIl. The existing,
impaired F4b tributary is located at the mouth of Sub-Watershed 63 (Figure 98). This channel is
deeply incised, confined and entrenched, and cuts through an alluvial fan as depicted in Figure 99.
The increased, post-fire floods continue to downcut and laterally erode this reach, and a headcut is
advancing in this lower channel. The face of the fan has also been eroded by Trail Creek, and the
“short” fan exists due to the channel encroachment created by the Trail Creek road. Consequently,
building out the alluvial fan and creating a braided channel on the fan surface to naturally deposit
sediment is not feasible at this site. However, the secondary option is to convert the F4b Poor
condition to a B4 Stable stream type for approximately 500 ft of reach length.

The specific objectives and direction of this design scenario to stabilize the reach are as follows:

* Reduce the sediment supply from the flow-related sediment yield increase

* Reduce the accelerated streambank erosion rates

* Incorporate grade control measures to stop the advancing headcut

* [Establish a stable toe of the alluvial fan and the road fill that are both being eroded by
Trail Creek

* Restore the riparian function

The characteristics of Sub-Watershed 63 that contains the existing F4b tributary are included in Table
13, which indicate the drainage area, streambank erosion rates and the overall erosion summary for
the sub-watershed. However, a detailed survey and corresponding stability assessment were not
completed on the existing F4b reach in this sub-watershed as was done on the representative reaches.
Consequently, the F4b Poor Trib. Representative Reach data was extrapolated to this existing site
because of the similar stream type, condition and valley type. Reviewing the stability analysis of the
representative reach is helpful to understand the unstable characteristics of the existing reach in Sub-
Watershed 63 for design purposes. The location of the F4b Poor Trib. Representative Reach is shown in
Figure 7 and the morphology and stability evaluation are documented in Appendix C14 of the Trail
Creek WARSSS analysis (Rosgen, 2011, pp. C14-1 to C14-34).

The dimensionless relations of the B4 Reference Reach are used to generate the proposed B4 Stable
design criteria by scaling the relations to the proposed bankfull discharge and area. The location
of the B4 Reference Reach is shown in Figure 7 and the detailed characteristics and stability
evaluation are documented in Appendix B3 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp.
B3-1 to B3-36).

The resultant proposed dimension, pattern and profile for the stable B4 stream type are
documented in Table 14 using the procedure in Appendix I. Additionally, this table also includes
a summary of the morphological descriptions and corresponding analyses of the existing F4b
reach, the F4b Poor Trib. Representative Reach, and the B4 Reference Reach. The following sections
include the proposed details of the stable B4 design reach.
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Relative Condition
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Restoration Plan for Channel Processes — Typical Design Scenario 6: Tributary F4b to B4 Stream Type Conversion (VT Ili)

Figure 99. The eX|st|ng F4b Poor tributary at the confluence W|th Tra|I Creek at the Iower end of Sub-Watershed 63.
Note the incised channel in the fan and the erosion of the fan by Trail Creek.
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Table 13. The summary of Sub-Watershed 63 including watershed characteristics, streambank erosion rates and
the overall sediment yield summary.

Watershed Summary Stream: Trail Creek Watershed Sub-Watershed: 63
" [Drainage Area (mi®) | 0.34 | High Moderate Low Unburned
=8 [ Burn Severity (%) 7.2% 90.5% 2.3% 0.0%
5 - -
20 [Drainage Density | 11.8 |
g g N NE E SE S SW w NW
Q
T |Percent of Aspect 29% 7% 0% 0% 0% 0% | 20% | 43%
=
) Aat | A B C D |Da+t| E F | F | G
|Stream Types (%) 0% 29% 0% 0% : 23% i 0% 0% 0% | 45% i 2%
Good | Fair | Poor
X
c - -
g g |Percent of Stream Conditions 3% 25% | 72% Total Erosion (tons/yr) | 1,931
E0 Erosion Rate 0.001- | 0.005- | 0.01-
c O 0 0-0.001 | ) . 0.05-0.1| 0.1-0.5 | 0.5-1.0 >1.0
o Llj (tons/yr/ft) 0.005 0.01 0.05
173} Percent of Erosion Categories 0% 0% 0% { 29% i 34% | 2% i 35% i 0% 0%
© T
g | Length of Road (ft) i 3,750 I | Sediment from Surface Erosion (tons/yr) | 52
% | Total Sediment from Roads (tons/yr) | 5.2 | | Total Introduced Sediment (tons/yr) I 57.2 |
) Zone A NA NA NA NA
Quects[3.41] pam®) [ 0.173] Post  [Quects| DA (mi?) Post-  |Quecfs| DA (mi?) Post  |Quects | DA (mi?) Post  |Quecfs | DA (mi?) Post-
Pre-Fire_|Post-Fire| Restoration Pre-Fire_|Post-Fire| Restoration Pre-Fire_|Post-Fire| Restoration Pre-Fire_|Post-Fire| Restoration | Pre-Fire_|Post-Fire| Restoration
N S RS [Wwater }"')e"’ (@ Water Yield (ac-ft) Water Yield (ac-f) Water Yield (ac-ft)
=
S || Flow-Retated Flow-Related .
S - Flow-Related Flow-Related Sediment] Flow-Related Sediment
5 S(:::'S";”;’ | Zx & S(;"::'s";';t Sediment (tons/yr) (tonslyr) (tonsiyr)
I
Pre-Fire Post-Fire Total Increase |Post-Restoration| Reduction Post-Rest.
Totals from all
Zones Water Yield (ac-ft) 372 423 51 423
Flow-Related Sediment (tons) 12 231 219 71 -160
Banks | Roads Surfgce Streambed
. Erosion Deposition or
o Total Existing Water Yield (ac-ft; 423 i Scour
g £ I Ex g » ‘ (ac-ft) | Sediment 1031 3 = 4757
= g I Total Existing Sediment Yield (tons/yr) | 231 (tons/yr) -
w3 Deposition
Percen_t of Total 97% 0% 3% 88%
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Table 14. The morphological characteristics of the existing, proposed design, reference and representative
reaches for the F4b tributary to B4 stream type conversion in a Valley Type Ill - short alluvial fan.

Existing Reach Stream & Location:

F4b Poor Tributary to Mainstem Trail Creek in Sub-Watershed 63

Reference Reach Stream & Location:

B4 Reference Reach, Trail Creek

. . F4b Poor Trib. Proposed Reference
Entry Number & Variable Existing Reach S R e Reach
1 \Valley Type Il - Short Fan I Il - Short Fan Vil
2 Valley Width 40-50 70
3 Stream Type Fab Fab B4 B4
4 Drainage Area, mi® 0.34 15 0.34 14.3
5 Bankfull Discharge, cfs (Qy) 4.8 8.43 4.8 32.78
Mean: N/A Mean: 12.8 |Mean: 550 |Mean: 11.8
6 Riffle Width, ft (W) Min: Min: 11.4 |Min: 5.00 [Min: 9.3
Max: Max: 14.9 |Max: 6.00 |Max: 14.2
Mean: N/A  |Mean: 0.19 |Mean: 0.440 |Mean: 0.75
7 Riffle Mean Depth, ft (dyys) Min: Min: 0.16 |Min: 0.400 [Min: 0.74
Max: Max: 0.24 |Max: 0.480 |Max: 0.76
. . . Mean: N/A  |Mean: 68.4 |Mean: 125 |Mean: 12.60
/Depth Rat ) . .
8 ('?,'\];ﬂef/:jlv";th epih Ratio Min: Min: 473 |Min: 104 |Min: 1258
" PRFDKE Max: Max: 77.4  |Max: 150 |[Max:  12.62
= Mean: N/A  |Mean: 2.4 Mean: 2.4 Mean: 7.1
o ; _ : 2
g 9 I(?Alfﬂ(; Cross-Sectional Area, ft Min: Min: 20 Min: 6.9
Z ki Max: Max: 2.9 Max: 7.3
a Mean: N/A Mean: 0.34 [Mean: 0.66 |Mean: 1.13
o | 10 Riffle Maximum Depth (day) Min: Min: 0.27 |Min: 0.63 [Min: 1.08
B—': Max: Max: 0.41 ([Max: 0.70 |Max: 1.18
. . . Mean: N/A  |Mean: 1.752 |Mean: 1.508 |Mean: 1.508
Depth to Riffl )
17 Riffle Maximum Depth to Riffle . Min: 1588 [Min: 1421 |[Min: 1421
Mean Depth (dax/dbk)
Max: Max: 2.063 |Max: 1.595 [Max: 1.595
12 Width of Flood-Prone Area at mga}n: M m.ea.ln: igg m.ea.m: Zg m.ee_m: 1?1‘21
Elevation of 2 * dya, ft (Wip) n: in: : n: : n- :
Max: Max: 15.4 |Max: 11.0 |Max: 18.5
Mean: N/A  |Mean: 1.1 Mean: 1.7 Mean: 1.7
13 Entrenchment Ratio (Wpa/Wyp) — |Min: Min: 1.0 |Min: 1.5 [Min: 15
Max: Max: 1.2 Max: 2.0 Max: 2.0
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Table 14 (Page 2). The morphological characteristics of the existing, proposed design, reference and
representative reaches for the F4b tributary to B4 stream type conversion in a Valley Type Il - short alluvial fan.

. o F4b Poor Trib. Proposed Reference
Entry Number & Variable Existing Reach Rep.Reach BesiqniReach Reach
Mean: N/A  [Mean: N/A  [Mean: 6.0 Mean: 14.0
21 Pool Width, ft (W) Min: Min: Min: 3.8 |Min: 8.2
Max: Max: Max: 9.9 Max: 21.1
. . . Mean: N/A  [Mean: N/A  [Mean: 1.091 [Mean: 1.190
22 (F\)/‘\JIOI V/V\/'\?th)to Riffle Width Min: Min: Min:  0.695 |Min:  0.695
biap b Max: Max: Max: 1.792 |Max: 1.792
Mean: N/A  [Mean: N/A  [Mean: 0.52 |Mean: 0.80
23 Pool Mean Depth, ft (dgysp) Min: Min: Min: 0.44 |Min: 0.59
Max: Max: Max: 0.62 |Max: 1.05
Pool Mean Depth to Riffle Mean Mgan: N/A Mgan: N/A Mfaan: 1.180 Mgan: 1.067
24 Min: Min: Min: 1.000 |Min: 0.787
Depth (dpp/Ooks) . i . :
Max: Max: Max: 1.400 |Max: 1.400
1)
= . . Mean: N/A  [Mean: N/A  [Mean: 11.5 [Mean: 17.5
Pool Width/Depth R ) . .
-% 25 (V?/O /dldt )/ epth Ratio Min: Min: Min: 6.2 [Min: 7.8
é bkip”okfp Max: Max: Max: 22.4 |Max: 35.8
= Mean: N/A  [Mean: N/A  [Mean: 3.1 Mean: 8.9
a - i 2
= | 26 (PAOO' )Cross Sectional Area, ft™yin. Min: Min: 29 [Min: 85
2 s Max: Max: Max: 3.2 |Max: 9.6
. Mean: N/A  [Mean: N/A  [Mean: 1.300 [Mean: 1.248
o7 PoolAreatoRiffle Area Min: Min: Min:  1.189 |Min:  1.189
(Abkfp/ Abkf) . . . .
Max: Max: Max: 1.348 |Max: 1.348
Mean: N/A  [Mean: N/A  [Mean: 1.00 ([Mean: 1.56
28 Pool Maximum Depth (dmaxp) Min: Min: Min: 0.90 [Min: 1.33
Max: Max: Max: 1.10 |Max: 1.85
Pool Maximum Depth to Riffle Mean: N/A M.ean: N/A Mgan: 2.273 Mean: 2.080
29 Min: Min: Min: 2.045 |Min: 1.773
Mean Depth (dpaxp/dpis)
Max: Max: Max: 2.500 |Max: 2.467
Mean: N/A  [Mean: N/A  [Mean: 0.380 |Mean: 0.290
30 Point Bar Slope (Sp,) Min: Min: Min: 0.280 [Min: 0.220
Max: Max: Max: 0.400 |Max: 0.360
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Table 14 (Page 3). The morphological characteristics of the existing, proposed design, reference and

representative reaches for the F4b tributary to B4 stream type conversion in a Valley Type Il - short alluvial fan.

. . F4b Poor Trib. Proposed Reference
Entry Number & Variable Existing Reach Rep. Reach Design Reach Reach
Mean: N/A  [Mean: N/A Mean: 48.6 |Mean: 104.0
72 Linear Wavelength, ft (A) Min: Min: Min: 40.6 [Min: 87.0
Max: Max: Max: 60.3 |Max: 129.0
Linear Wavelength to Riffle Width Mean: N/A Mfean: N/A Mfaan: 8.832 Mgan: 8.832
73 (MW Min: Min: Min: 7.389 |Min: 7.389
bkf Max: Max: Max:  10.955 |Max: 10.955
Mean: N/A  [Mean: N/A  |Mean: 52.3 |Mean: 112.0
74 Stream Meander Length, ft (L) |Min: Min: Min: 441 [Min: 94.5
Max: Max: Max: 63.1 |Max: 135.0
. Mean: N/A  [Mean: N/A  |[Mean: 9.512 |Mean: 9.512
75 Steam MeanderLength Ratio . Min: Min: 8025 |Min: 8025
(LW ko) . ) ) .
Max: Max: Max: 11.465 |Max: 11.465
Mean: N/A  [Mean: 18.3 |Mean: 12.7 [Mean: 27.2
76 Belt Width, ft (W) Min: Min: 14.0 ([Min: 6.8 |Min: 14.6
Max: Max: 27.4 |Max: 28.0 |Max: 60.0
Mean: N/A  [Mean: 1.427 |Mean: 2.306 |Mean: 2.306
77 Meander Width Ratio (Wp/Wp)  [Min: Min: 1.092 |Min: 1.237 |Min: 1.237
Max: Max: 2.136 |Max: 5.096 |Max: 5.096
Mean: N/A  [Mean: N/A  |Mean: 23.7 |Mean: 50.7
78 Radius of Curvature, ft (R;) Min: Min: Min: 11.6 |Min: 21.8
Max: Max: Max: 35.5 |Max: 76.0
= . . . .
@ Radius of Curvature to Riffle M_ean. NIA Mgan. N/A M.ea”' 4.300 Mgan. 4.300
= | 79 . Min: Min: Min: 2.100 |Min: 2.100
© Width (Re/W k)
E Max: Max: Max: 6.454 |Max: 6.454
o Mean: N/A  |Mean: N/A  |Mean: 18,5 |Mean: 39.6
& | 80 ArcLength, ft (L) Min: Min: Min: 4.7  |Min: 10.0
5 Max: Max: Max: 33.1 [Max: 70.9
. . Mean: N/A  [Mean: N/A  [Mean: 3.363 |Mean: 3.363
gy ArcLength to Riffle Width Min: Min: Min:  0.849 |Min:  0.849
(La/W i) , . ) .
Max: Max: Max: 6.021 |Max: 6.021
Mean: N/A  [Mean: N/A  [Mean: 8.2 Mean: 14.7
82 Riffle Length (L,), ft Min: Min: Min: 1.6* |Min: 2.7
*Refers to a Step Length - Not Riffle Max: Max: Max: 15.0 |Max: 28.2
. . . Mean: N/A  [Mean: N/A  |Mean: 1.500 ([Mean: 1.248
Riffle Length to Riffle Width ) ) ) .
83 (LIN(\E/ E):ng o ! Min: Min: Min: 0.300* [Min: 0.229
bkf.
*Refers to a Step Length - Not Riffle Max: Max: Max: 2.800 |Max: 2.395
Mean: N/A Mean: N/A  [Mean: 28.1 |Mean: 60.1
84 Individual Pool Length, ft (L) Min: Min: Min: 10.7  |Min: 23.0
Max: Max: Max: 47.2 |Max: 101.0
. . Mean: N/A  [Mean: N/A  |Mean: 5.104 |Mean: 5.104
gs 0ol Lengthto Riffle Width Min: Min: Min: 1953 |Min:  1.953
(Lp/W o) ) . . .
Max: Max: Max: 8.577 |Max: 8.577
Mean: N/A  [Mean: N/A  |Mean: 15.0 ([Mean: 28.1
86 Poolto Pool Spacing, ft (Ps) Min: Min: Min: 7.0 [Min: 12.2
Max: Max: Max: 26.0 |Max: 47.3
. . Mean: N/A  [Mean: N/A  |Mean: 2.788 |Mean: 2.387
g7 PooltoPoolSpacing toRiffle Min: Min:  1.190 |Min:  1.039
Width (Ps/W i)
Max: Max: Max: 4.615 |Max: 4.020
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Table 14 (Page 4). The morphological characteristics of the existing, proposed design, reference and
representative reaches for the F4b tributary to B4 stream type conversion in a Valley Type Il - short alluvial fan.

. . F4b Poor Trib. Proposed Reference
Entry Number & Variable Existing Reach Rep. Reach Design Reach Reach
88 Stream Length (SL) N/A 304.3 500 514.1
(&)
o
UQ, 89 Valley Length (VL) 455.0 293.4 455 455.0
©
5 90 Valley Slope (Sa) 0.035 0.0430 0.035 0.0264
% . . SL/VL: N/A SL/VL: 1.04 SL/VL: 1.3
=4 SL/VL:  1.10
S | 9 Sinuosity (0 vsis: NIA | vsis: 1.05 VSIS 1.09
.U_) S= Sva|/k
92 Average Water Surface Slope (S) N/A 0.0410 0.0320 0.0242
o . Mean: N/A Mean: 0.0690 [Mean: 0.0449 |Mean: 0.0340
= | 105 gggg)s(lgp)e (water surface facet ;. Min:  0.0280 [Min: 00211 |Min:  0.0159
& i Max: Max:  0.0880 |Max:  0.0774 |Max:  0.0585
€ . Mean: N/A  [Mean: 1.6829 [Mean: 1.4037 |Mean: 1.4037
<) Riffle Slope to Average Water o o o o
; 106 Surface Slope (S,/S) Mln.' Mln.. 0.6829 Mln.. 0.6587 Mln.' 0.6587
o Max: Max: 2.1463 |Max: 2.4182 |Max: 2.4182
§ Pool Slope (water surface facet Mean: N/A  [Mean: N/A  [Mean: 0.0036 |[Mean: 0.0027
@ 107 slope) (S;) Min: Min: Min: 0.0001 |Min: 0.0001
@ Max: Max: Max: 0.0131 [Max: 0.0099
S Mean: N/A  [Mean: N/A [Mean: 0.1124 |Mean: 0.1124
) Pool Slope to Average Water
@ | 108 Min: Min: Min: 0.0041 |Min: 0.0041
5 Surtace Slope (S,/S) Max: Max: Max:  0.4107 |Max:  0.4107
£ : : : . : ’
A Mean: N/A  |Mean: N/A  |Mean: N/A  [Mean: N/A
= | 109 Run Slope (water surface facet Min- Min- Min- Min-
= slope) (Sun) ) ) ) )
S ran Max: Max: Max: Max:
[} 2 B B B
= 110 Run Slope to Average Water m.ea_n. b m.ea.m. A mfea.m. ple mea-n. A
n Surface Slope (S,,./S) |n.' |n.. |n.. |n.'
§ Max: Max: : Max: . Max :
i 111 Glide Slope (water surface facet m.ea'\n. N/A m.ea_m' N/A m§a}n. NIA M.ea_m' N/A
8 slope) (So) MZ;- M;;' Mg;- Mla:;'
It . . . .
= Glide Slope to Average Water Mgan: N/A Mgan: N/A M_ean: N/A Mgan: N/A
112 Min: Min: Min: Min:
3 Surface Slope (Sy/S) Maxc: M Manc: Mao:
= Mean: N/A  [Mean: N/A  [Mean: 1.4017 |Mean: 1.0600
© | 193 Step Slope (water surface facet |, Min: Min:  1.2298 |[Min:  0.9300
S slope) (Ss) ) ) ) ' ' '
§ Max: Max: Max: 1.5603 |Max: 1.1800
s Step Slope to Average Water Mean: N/A  [Mean: N/A  [Mean: 43.8017 |Mean: 43.8017
cqs 114 Surface Slope (S/S) Mln.. Mln.' Mln.. 38.4298 Mln.' 38.4298
Max: Max: Max:  48.7603 [Max:  48.7603
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Table 14 (Page 5). The morphological characteristics of the existing, proposed design, reference and

representative reaches for the F4b tributary to B4 stream type conversion in a Valley Type Il - short alluvial fan.

Entry Number & Variable Existing Reach FLI‘PQZE.OS;;J;P. Del?sriZEoRs::ch Rig;ir;]ce
° Mean: N/A  [Mean: 0.34 [Mean: 0.62 |Mean: 1.06
= | 115 Riffle Maximum Depth, ft (dpa) — [Min: Min: 0.27 [Min: 0.55 |Min: 0.93
£ Max: Max: 041 |Max: 0.69 |Max: 1.18
. . . Mean: N/A  [Mean: 1.740 |Mean: 1.413 [Mean: 1.413

5 | 116 ,\R/I'f"e Maximum Depth to Riffle .. Min: 1403 [Min:  1.240 [Min:  1.240
= ean Depth (dpa/doks)
9 Max: Max: 2.130 [Max: 1.573 [Max: L5578
= Mean: N/A  [Mean: N/A  |Mean: 0.89 [Mean: 1.52
% 117 Pool Maximum Depth, ft (dmaxp) Min: Min: Min: 0.78 [Min: 1.33
2 Max: Max: Max: 1.09 |Max: 1.85
S Pool Maximum Depth to Riffle M_ean: N/A Mgan: N/A Mgan: 2.027 M_ean: 2.027
‘» | 118 Mean Depth (dyu/der) Min: Min: Min: 1.773 [Min: 1.773
] e Max: Max: Max: 2467 |Max:  2.467
-‘DE Mean: N/A  [Mean: N/A  |Mean: N/A  [Mean: N/A
- | 119 Run Maximum Depth, ft (dyayx) Min: Min: Min: Min:
g Max: Max: Max: Max:
fé’ Run Maximum Depth to Riffle Mfaan: N/A Mgan: N/A Mgan: N/A Mgan: N/A
QEJ 120 Mean Depth (dya/dere) Min: Min: Min: Min:
o Max: Max: Max: Max:
§ Mean: N/A  [Mean: N/A  |Mean: N/A  [Mean: N/A
o | 121 Glide Maximum Depth, ft (dmayg) — |Min: Min: Min: Min:
E Max: Max: Max: Max:
'g Glide Maximum Depth to Riffle Mgan: N/A Mgan: N/A Mgan: N/A Mgan: N/A
0 | 122 Mean Depth (dyae/der) Min: Min: Min: Min:
3 maxg bk Max: Max: Max: Max:
= Mean:  N/A |Mean: N/A |Mean: N/A [Mean:  N/A
S | 123 Step Maximum Depth, ft (dimaxs) ~ |Min: Min: Min: Min:
§ Max: Max: Max: Max:
% | 15, Stop Maximum Depth o Riffle mien‘?”' N/A mﬁfn' NA m;"’_‘”' N/A mien‘?”' NIA

Mean Depth (s doi) Max: Max: Max: Max:
E_B 127 E/s;‘tén;ezi:)Bankfull Mean Velocity, N/A 316 20 47
=)
g Estimated Bankfull Discharge, cfs
2| 128 (Qu); Compare with Regional 4.8 8.4 4.8 32.8

Curve
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Table 14 (Page 6). The morphological characteristics of the existing, proposed design, reference and
representative reaches for the F4b tributary to B4 stream type conversion in a Valley Type Il - short alluvial fan.

. . e : Difference in
Sediment Yield (FLOWSED) Existing Reach Proposed Design Reach Sediment Yield
% 141 Bedload Sediment Yield (tons/yr) 650.8 86.5 564.3
=
& | 142 Suspended Sediment Yield (tons/yr) 4,256.3 7.6 4,248.7
S
S . )
% 143 Suspended Sand Sediment Yield 21282 3.8 21244
(tonslyr)
144 Total Annual Sediment Yield (tons/yr) 4,907.1 94.1 4,813.0
. . Representative Proposed Reference
Streambank Erosion Existing Reach Reach Design Reach Reach
5 145 Stream Length Assessed (ft) 500.0 337.0 500 406.0
‘®
o
i | 146 Graph/Curve Used (e.g., Yellowstone Colorado Colorado Colorado Colorado
~ or Colorado)
=
©
m | 147 Streambank Erosion (tons/yr) 196.45 132.39 2.42 1.96
148 Streambank Erosion (tons/yr/ft) 0.3929 0.3929 0.0048 0.0048
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Bankfull Discharge, Cross-Sectional Area and Mean Velocity

With a drainage area of 0.34 mi? for the proposed B4 stream type, the bankfull discharge is 4.8
cfs and the proposed bankfull riffle cross-sectional area is 2.4 ft? as shown in Table 14. Using
continuity, the corresponding mean velocity for the proposed design reach is 2.0 ft/sec as shown
in Worksheet 15.

Plan View Alignment, Cross-Section Dimensions & Longitudinal Profile

The plan view alignment for the proposed B4 reach is shown in Figure 100, which follows the
pattern data for the stable B4 stream type developed from dimensionless relations of the B4
Reference Reach (Table 14).

The proposed B4 channel dimensions are also recorded in Table 14 as derived from scaled
values of the B4 Reference Reach data. The typical cross-sections that correspond to the plan
view and longitudinal profile are also shown in Figure 100. The typical proposed riffle and
pool cross-sections of the proposed B4 stream type compared to the F4b stream type are
illustrated in Figure 101.

The typical longitudinal profile for the proposed B4 stream type illustrates the depths, slopes,
lengths and spacing of bed features in addition to the placement locations and types of
structures for this design scenario (Figure 100).

Structures

The proposed structures for streambank stabilization, flow resistance and grade control are
shown in the plan, cross-section and longitudinal views in Figure 100. The structures include
converging rock clusters (Figure 22); the root wad, log vane, J-hook (Figure 9); the “Rock &
Roll” log structure (Figure 19); the toe wood structure with sod mats and riparian transplants
(Figure 15 and Figure 16); and the rock step—pool structure (Figure 20). The materials for these
structures will be obtained from on-site sources. Many of the burned logs will be salvaged to
use for the “Rock & Roll” log structure, the root wad, log vane, J-hook and toe wood structures.
Local rock sources will be used for the converging rock clusters and the rock step—pool
structure. Riparian transplants of willow and alder will be salvaged from local donor areas.

Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along
this B4 stream type. This is accomplished by transplanting from available nearby donor areas.
Native bunch grasses, such as big mountain brome, are recommended for seeding the side
slopes. The revegetation is critical for the long-term physical stability of the reach.

Cut & Fill Computations

The cut and fill material is generally balanced by sloping the upper banks and shaping the B4
channel in this stream type conversion as illustrated in Figure 101. The fill associated with the
structures for this size would vary from 35-55 yds3 for the 500 ft of channel. The anticipated
excavation and fill are generally balanced with this design without requiring disposal or end-
hauling.
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Worksheet 15. The mean velocity estimates for the proposed B4 Stable reach to be converted from the existing,
F4b Poor condition tributary at the mouth of Sub-Watershed 63 and the confluence of Trail Creek.

| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: |Proposed B4 from F4b Trib || Location: |Sub-Watershed 63 |
| Date: |3/15/2011 | Stream Type: | B4 || Valley Type: |III - Short Alluvial Fan |
| Observers: |Rosgen etal. || HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
2.4 Aokt || Bankiull Riffle Mean DEPTH || 044 | Yok
AREA (%) (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 55 | Wou N 637 | Wo
(ft) ~ (2 dyys ) + Wi (ft)
D g at Riffle nA | Dia D g4 (Mm) / 304.8 na | P
84 84 .
(mm) (ft)
Hydraulic RADIUS
Bankfull SLOPE 0.0320 | Stk y 038 [R
(ft/ 1) Apki | Wy
o . Relative Roughness
Gravitational Acceleration 32.2 9 N/A R /D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area 0.34 D'_? v o 0.623 u
(mi?) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction " Relative U=[2.83+566*Log {R/Dg }]u* ft/
=[2. . sec cfs
FaCtoerughness [ o o }
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
) B v U2 ft/ sec cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S"“/n n=
2. Roughness Coefficient: u=149*R***s¥?
b) Manning'sn from Stream Type (Fig. 5-9) n= 0.062 2.24 ft/ sec >.38 cfs
2. Roughness Coefficient: u=1.49*R***s
c) Manning'sn from Jarrett (USGS): n = 0.39*g 038 xR 016 1.13 ft/sec 2.71 cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = 0.123
Stream Types Al, A2, A3,B1,B2,B3,C2 & E3
|3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) | ft | sec ofs
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A ft/ ¢
Return Period for Bankfull Q Q= year sec cis
— ]
4. Continuity Equations: b) Regional Curves u=Q/A < 2.00 ft/ sec 4.8 > cfs
27/
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 Dg, sand dune protrusion height in ft for the Dg, term in method 1.
. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top
Option 2. 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 the
Option 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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Figure 101. The typical riffle and pool cross-sections for the proposed B4 reach to be converted from the existing F4b
tributary at the mouth of Sub-Watershed 63.
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Streambank Erosion

The streambank erosion that is expected for the proposed B4 design reach is 2.4 tons/yr for 500 ft
of designed channel vs. the existing 196.5 tons/yr for the F4b Poor tributary (Table 14), representing
a significant, potential reduction of 194.1 tons/yr for this reach. These values are based on the
extrapolation of annual erosion rates of the B4 Reference Reach (0.0048 tons/yr/ft) and the F4b Poor
Trib. Representative Reach (0.3929 tons/yr/ft). This reduction assumes that the various structures
designed and located in Figure 100 are implemented, such as the toe wood, J-hook and “Rock &
Roll” log structures. These structures have proven to reduce streambank erosion rates in similar
designs. These significant reductions in streambank erosion are extremely important as 84% of the
total sediment source of the watershed is from streambank erosion. Thus restoration can not only
regain the physical and biological function of the stream channel and riparian system, but can also
significantly reduce downstream and off-site adverse sediment impacts.

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good” condition
throughout the sub-watershed, the flow-related sediment yields would be reduced from 4,907.1
tons/yr (Worksheet 16a) to 94.1 tons/yr (Worksheet 16b) as a result of the restoration. The
corresponding sediment supply reductions based on converting from “Poor” to “Good” conditions
are 564.3 tons/yr for bedload and 4,248.7 tons/yr for suspended sediment, representing a total
sediment reduction of 4,813 tons/yr. These sediment reductions are still assuming a high post-

fire runoff response and continued increased stormflow peak runoff. These reductions are also
associated with treating the majority of the stream length of the sub-watershed above this reach.

The reductions in sediment supply associated with restoring 500 ft of the existing F4b Poor tributary
to the proposed B4 Stable design reach are 194.1 tons/yr of streambank erosion, 68.8 tons/yr of
bedload, 518.1 tons/yr of suspended sediment and 587 tons/yr of total sediment yield reduction
(Table 6). The total sediment yield value includes streambank erosion contributions and streambed
sources. The sediment reductions associated with the local channel source sediment for this

design scenario are based on sediment yield rates determined from taking the sediment yield
values generated from FLOWSED and dividing by the total stream length of potential sediment
contributions. For this scenario, it was determined that approximately 4,100 ft of tributary reach

is potentially contributing sediment. The resultant sediment yield rates were then multiplied

by the existing and proposed design reach lengths for this scenario to obtain the local sediment
reductions.

The POWERSED model could not be used for this scenario because no existing cross-sections of the
F4b Poor tributary were surveyed. However, characteristic of the F4b stream type is a high width/
depth ratio. By lowering the width/depth ratio with the proposed B4 design, the POWERSED
model would indicate that a large percentage of the sediment supply would be transported

rather than deposited. In the similar F4 to B4 stream type conversion scenario in a Valley Type

VIII (previously presented), the POWERSED model indicated that 83% more sediment would be
transported for the B4 design reach compared to the F4 stream type.

Sediment Competence

Based on the small particle sizes and the steeper slopes in the tributary channels in the Trail
Creek Watershed, the sediment competence would show excess energy for this proposed design.
Thus grade control structure are recommended and designed to add flow resistance and prevent
downcutting to counteract the increased shear stress.
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Tributary F4b to B4 Stream Type Conversion (VT III)

Restoration Plan for Channel Processes — Typical Design Scenario 6
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Summary of the Tributary F4b to B4 Conversion

Numerous F4b reaches exist within the Trail Creek Watershed that suffer similar impacts and
consequences, yet do not have the detailed assessment as performed for the representative reaches.
This scenario is an example of extrapolating the F4b Poor Trib. Representative Reach stability analysis
to the existing F4b Poor reach condition and extrapolating the dimensionless relations of the B4
Reference Reach to develop the design criteria.

The remaining F4b tributary reaches are prime candidates for this conversion scenario that exist
in cut-off or “short” alluvial fans, Valley Type III, where designing a D4 braided channel is not an
option. If proportionate savings in the sediment supply can result, then restoring similar reaches
will help meet the Trail Creek Watershed objective of sediment reduction. The Fb tributaries and
associated conditions are mapped by sub-watershed in Appendix D of the Trail Creek WARSSS
analysis (Rosgen, 2011). The calculation of bankfull discharge and cross-sectional area using
drainage area from regional curves will allow scaling of the dimensionless ratios using the
reference condition B4 stream type as was done for this scenario example. The general procedure
to extrapolate this design scenario to other F4b stream types is included in the Extrapolation of
Typical Scenarios to other Locations section using the scaling and Natural Channel Design procedure
detailed in Appendix I.
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Restoration Plan for Channel Processes — Typical Design Scenario 7: Tributary A4a+ Poor to A4a+ Stable Conversion (VTI)

Typical Design Scenario 7:
Tributary A4a+ Poor to A4a+ Stable Conversion (VT I)

General Description & Morphological Data

This typical design scenario is a stability conversion of an A4a+ Poor condition tributary to an A4a+
Stable condition. The existing, impaired stream used for the typical design is the A4a+ Poor Stability
South Representative Reach that is depicted in Figure 102 and located on the general map in Figure
7. The detailed characteristics and stability evaluation of this representative reach are documented
in Appendix C4 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp. C4-1 to C4-32). The
increased post-fire floods and the poor riparian condition in this reach have created accelerated
streambank and streambed erosion. The existing channel is deeply incised, confined and
entrenched, and is associated with a headcut at the lower end that is advancing toward the stable
A4a+ Reference Reach that is immediately upstream. This headcut is shown in Figure 103. The
reach length to be converted from the existing, impaired A4a+ Poor reach to an A4a+ Stable stream
type is approximately 175 ft, which begins at the start of the A4a+ Poor Stability South Representative
Reach and extends approximately an additional 100 ft downstream of the reach.

The specific objectives and direction of this design scenario to stabilize the reach are as follows:

* Reduce the sediment supply from the accelerated bed scour (degradation)
* Reduce the accelerated streambank erosion rates

¢ Initiate grade control measures to stop the advancing headcut

* Restore the riparian function

The dimensionless relations of the A4a+ Reference Reach are used to generate the stable, proposed
reach design criteria. This reach is located immediately above the existing reach and thus scaling
of the dimensionless relations is not required (Figure 7). The detailed characteristics and stability
evaluation of the A4a+ Reference Reach are documented in Appendix B2 of the Trail Creek WARSSS
analysis (Rosgen, 2011, pp. B2-1 to B2-32).

The resultant proposed dimension, pattern and profile for the stable A4a+ design reach are
documented in Table 15 using the procedure in Appendix I. Additionally, this table also includes
a summary of the morphological descriptions and corresponding analyses of the existing A4a+
Poor Stability South Representative Reach and the A4a+ Reference Reach. Due to the high gradient and
nature of the Ad4a+ stream type, step—pool data was utilized from the longitudinal profile of the
reference reach to assist in establishing the proper depth, slope and spacing of the steps and pools
that occur frequently for the stable stream type (Table 15). The following sections include the
proposed design details of the stable Ad4a+, step—pool stream type.

Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 0.002 mi? for the proposed A4a+ stream type, the bankfull discharge is 0.36
cfs and the proposed bankfull riffle cross-sectional area is 0.736 ft* as shown in Table 15. Using
continuity, the corresponding mean velocity for the proposed design reach is 0.5 ft/sec as shown in
Worksheet 17.
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 15. The morphological characteristics of the existing, proposed design and reference reaches for the
Ada+ Poor Tributary to Ada+ Stable stream type conversion in a Valley Type I.

Existing Reach Stream & Location:

Ada+ Poor South Tributary to Mainstem Trail Creek

Reference Reach Stream & Location:

Ada+ Reference Reach, Tributary to Mainstem Trail Creek

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
1 Valley Type | | |
2 Valley Width
3 Stream Type Ada+ Ada+ Ada+
4 Drainage Area, mi? 0.002 0.002 0.002
5 Bankfull Discharge, cfs (Qps) 0.32 0.36 0.36
Mean: 1.7 Mean: 2.3 Mean: 3.0
6 Riffle Width, ft (Wy) Min: 1.4 Min: 2.0 Min: 2.3
Max: 2.0 Max: 2.6 Max: 3.6
Mean: 0.20 Mean: 0.32 Mean: 0.22
7 Riffle Mean Depth, ft (dyys) Min: 0.18 Min: 0.28 Min: 0.18
Max: 0.22 Max: 0.37 Max: 0.26
2] . . . Mean: 8.4 Mean: 7.2 Mean: 11.2
=
S| g Rifle Width/Depth Ratio Min: 7.8 Min: 5.4 Min: 11.0
() (W i/ Aet) . . .
o Max: 9.0 Max: 9.2 Max: 11.4
£ ) ) 2 Mean: 0.3 Mean: 0.736 Mean: 0.6
E 9 (I?An‘ﬂ? Cross-Sectional Area, ft Min: 0.3 Min: 05
= bkt Max: 0.4 Max: 0.8
5 Mean: 0.40 Mean: 0.50 Mean: 0.33
S | 10 Riffle Maximum Depth (dmay) Min: 0.37 Min: 0.41 Min: 0.27
§ Max: 0.43 Max: 0.60 Max: 0.39
= . . . Mean: 2.005 Mean: 1.558 Mean: 1.558
Riffle M Depth to Riffl ) ) )
& | qq [rheMaxmum DEpnio Rie . 1955  |Min: 1286  |Min: 1.286
= Mean Depth (dmax/dbkf)
[1d Max: 2.056 Max: 1.889 Max: 1.889
12 Width of Flood-Prone Area at m.ea.\n: igg mgén: 2(7) m'eén: 222
Elevation of 2 * dyay, ft (Wipa) n: : n: ’ n: ’
Max: 2.91 Max: 5.9 Max: 5.85
Mean: 141 Mean: 1.55 Mean: 1.55
13 Entrenchment Ratio (Wga/Whie) — |Min: 1.35 Min: 1.53 Min: 1.53
Max: 1.47 Max: 1.58 Max: 1.58

248




Restoration Plan for Channel Processes — Typical Design Scenario 7: Tributary A4a+ Poor to A4a+ Stable Conversion (VTI)

Table 15 (Page 2). The morphological characteristics of the existing, proposed design and reference
reaches for the Ada+ Poor Tributary to Ada+ Stable stream type conversion in a Valley Type I.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: N/A Mean: 2.9 Mean: 2.9
21 Pool Width, ft (W) Min: Min: 2.8 Min: 2.8
Max: Max: 3.0 Max: 3.0
Pool Width to Riffle Width Mean: s 1.261 Mean: 1.261
22 Min: Min: 1.217 Min: 1.217
(W it/ Wipir) . . .
Max: Max: 1.304 Max: 1.304
Mean: N/A Mean: 0.80 Mean: 0.80
23 Pool Mean Depth, ft (dpp) Min: Min: 0.60 Min: 0.60
Max: Max: 1.00 Max: 1.00
Pool Mean Depth to Riffle Mean | Mea™" Ay ELE 1.200 —Mean: 1.200
24 Min: Min: 1.100 Min: 1.100
Depth (dpsp/0pks) ) . .
” Max: Max: 1.300 Max: 1.300
c . . Mean: N/A Mean: 3.6 Mean: 3.6
Pool Width/Depth Ratio . . .
-% 25 (W i/ P Min: Min: 2.8 Min: 2.8
é biip"okip Max: Max; 5.0 Max: 5.0
= Mean: N/A Mean: 2.3 Mean: 2.3
N _ - 2
= 26 a)ol §3ross Sectional Area, ft Min: Min: 16 Min: 16
2 e Max: Max: 3.0 Max: 3.0
Pool Area to Riffle Area Mfean: N/A Mgan: 8125 Mgan: 8125
27 Min: Min: 2.174 Min: 2.174
(Apkip/ Aoks) . . .
Max: Max: 4,076 Max: 4.076
Mean: N/A Mean: 1.20 Mean: 1.20
28 Pool Maximum Depth (dyaxp) Min: Min: 1.10 Min: 1.10
Max: Max: 1.30 Max: 1.30
Pool Maximum Depth to Riffle Mgan: N/A Mgan: 3.750 Mgan: 3.750
29 Mean Depth (d;yao/dey) Min: Min: 3.438 Min: 3.438
mapTbKE Max: Max: 4.063  |Max: 4.063
Mean: N/A Mean: N/A Mean: N/A
30 Point Bar Slope (S,) Min: Min: Min:
Max: Max: Max:
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Table 15 (Page 3). The morphological characteristics of the existing, proposed design and reference
reaches for the Ada+ Poor Tributary to Ada+ Stable stream type conversion in a Valley Type I.

Entry Number & Variable Existing Reach Propo;sgcﬁeagn Reference Reach
Mean: N/A Mean: N/A Mean: N/A
72 Linear Wavelength, ft (A) Min: Min: Min:
Max: Max: Max:
Linear Wavelength to Riffle Width [Méan: N/A Mean: N/A Mean: N/A
73 AMWo) Min: Min: Min:
(A Wiig Max: Max: Max:
Mean: N/A Mean: N/A Mean: N/A
74 Stream Meander Length, ft (L)  |Min: Min: Min:
Max: Max: Max:
Stream Meander Length Ratio Mgan: N/A Mgan: NIA Mgan: N/A
75 L/ W) Min: Min: Min:
Max: Max: Max:
Mean: 2.6 Mean: 4.5 Mean: 4.5
76 Belt Width, ft (W) Min: Min: Min:
Max: Max: Max:
Mean: 1.509 Mean: 1.500 Mean: 1.515
77 Meander Width Ratio (an/kaf) Min: Min: Min:
Max: Max: Max:
Mean: N/A Mean: N/A Mean: N/A
78 Radius of Curvature, ft (R;) Min: Min: Min:
Max: Max: Max:
= . . .
g 79 Radius of Curvature to Riffle mierfn' N/A miena.\n. N/A m?:_m' NIA
© Width (Ro/W ) ) ) )
a8 Max: Max: Max:
TC’ Mean: N/A Mean: 5.1 Mean: 5.1
S | 80 Rapid (Riffle) Length, ft (L,) Min: Min: 35 Min: 35
5 Max: Max: 6.9 Max: 6.9
. . . Mean: N/A Mean: 2.200 Mean: 2.200
gy Rapid (Riffle) Lengthto Riffle . - Min: 1500  |Min: 1.500
Width (LaAkaf)
Max: Max: 3.000 Max: 3.000
Mean: N/A Mean: 0.75 Mean: 0.8
82 Step Length (L)), ft Min: Min: 0.50 Min: 0.5
Max: Max: 1.00 Max: 1.0
. . Mean: N/A Mean: 0.326 Mean: 0.326
gz Step Length to Riffle Width Min: Min: 0217  |Min: 0.217
(L/Wiys) . , ,
Max: Max: 0.435 Max: 0.435
Mean: N/A Mean: 2.2 Mean: 2.2
84 Individual Pool Length, ft (L) Min: Min: 1.0 Min: 1.0
Max: Max: 3.0 Max: 3.0
. . Mean: N/A Mean: 0.960 Mean: 0.960
gs ool Lengthto Riffle Width Min: Min: 0450  |Min: 0.450
(Lp/Wikr) . : :
Max: Max: 1.300 Max: 1.300
Mean: N/A Mean: 3.9 Mean: 3.9
86 Pool to Pool Spacing, ft (Ps) Min: Min: 1.8 Min: 1.8
Max: Max: 6.0 Max: 6.0
. . Mean: N/A Mean: 1.700 Mean: 1.700
87 5\;’.0' to Pool Spacing to Riffle ;. Min: 0800  |Min: 0.800
idth (Ps/W )
Max: Max: 2.600 Max: 2.600
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Restoration Plan for Channel Processes — Typical Design Scenario 7: Tributary A4a+ Poor to A4a+ Stable Conversion (VTI)

Table 15 (Page 4). The morphological characteristics of the existing, proposed design and reference
reaches for the Ad4a+ Poor Tributary to Ad4a+ Stable stream type conversion in a Valley Type I.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach

88 Stream Length (SL) 175 175 70
(0]
©L
2 | 89 Valley Length (VL) 173 173 63
©
=
: 90 Valley Slope (Sya) 0.1293 0.1293 0.2200
%” . . SL/VL: 1.01 SL/VL: 1.11
o 1 k L/VL: 1.01
S | 91 Sinuosity (k) VS/s:  1.01 st/ 0 vsis: 111
.(/_) S= Sva|/k

92 Average Water Surface Slope (S) 0.128 0.128 0.198
o Riffle (Rapid) Slope (water Mean: N/A Mean: 0.1280 Mean: 0.1980
'S 105 g rface facet slope) (Sy) Min: Min: Min:
o Max: Max: Max:
g 106 Riffle (Rapid) Slope to Average m.ea.n: . m.ee.m: LY m;;;:tn: Lonor
o Water Surface Slope (S;#/S) n: n: n:
o Max: Max: Max:
§ Pool Slope (water surface facet Mean: N/A Mean: 0.0450 Mean: 0.1041
™ | 107 P Min: Min: 0.0300  |Min: 0.0465
2 slope) (Sp)
@ Max: Max: 0.0600 Max: 0.0931
_5 Pool Slope to Average Water Mean: N/A Mean: 0.3515 Mean: 0.5260
® | 108 Surface Slope (S,/S) Min: Min: 0.2343 Min: 0.2351
g Max: Max: 0.4687 Max: 0.4701
2 Run Slope (water surface facet Mgan: NIA Mgan: N/A Mgan: NIA
2 109 slope) (Syun) Min: Min: Min:
o run Max: Max: Max:
i : ; ;
3 110 Run Slope to Average Water m.ea.m. A mga}n. b m.ea.m' s
%) Surface Slope (S,u/S) In: In: n:
& Max: Max: Max:
[$) . . .
® Glide Slope (water surface facet Mgan. N/A Mean. N/A Mean. N/A
o | 111 slope) (S,) Min: Min: Min:
E 9 Max: Max; Max;
5’; 112 Glide Slope to Average Water m.eé_m: A m.eén: a0 m§§n: N/A
5 Surface Slope (S4/S) In: In: In:
i Max: Max: Max:
= Step Slope (water surface facet Mean: N/A Mean: 0.0384 Mean: 0.0594
2 l113 Min: Min: 0.0320 Min: 0.0495
S slope) (Ss)
§ Max: Max: 0.0448 Max: 0.0693
L Mean: N/A Mean: 0.3000 Mean: 0.3000
= Step Slope to Average Water o o o
g 114 Surface Slope (S/S) Mln.. Mln.. 0.2500 Mln.. 0.2500

Max: Max: 0.3500 Max: 0.3500
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Table 15 (Page 5). The morphological characteristics of the existing, proposed design and reference
reaches for the Ada+ Poor Tributary to Ada+ Stable stream type conversion in a Valley Type I.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

sub-pavement

Reach
. . . Mean: 0.48 Mean: 0.49 Mean: 0.38
Riffle (Rapid) Maximum Depth, ft . . .
2 | 115 (d' x)( pid) Maximum Dep Min: 037  |Min: 035  |Min: 0.27
2 m Max: 0.61 Max: 0.63 Max: 0.49
= Riffle (Rapid) Maximum Depth to Mean: 2.400 Mean: 1.520 Mean: 1.520
5 o o o
= 116 Riffle Mean Depth (dyyay/dy) Min: 1.850 Min: 1.080 Min: 1.080
@ Max: 3.050 Max: 1.960 Max: 1.960
= Mean: N/A Mean: 1.20 Mean: 1.20
?/:; 117 Pool Maximum Depth, ft (dya) — [Min: Min: 1.10 Min: 1.10
@ Max: Max: 1.30 Max: 1.30
_E Pool Maximum Depth to Riffle Mgan: bl Mgan: SR Mfean: Sy
» | 118 Mean Depth (d,o/de) Min: Min: 3.438 Min: 3.438
] maxp bk Max: Max: 4.063 Max: 4.063
-g Mean: N/A Mean: N/A Mean: N/A
< | 119 Run Maximum Depth, ft (dyax) Min: Min: Min:
=
I Max: Max: Max:
(2] 5 o o
% 120 Run Maximum Depth to Riffle m;a_m' bl m;e:.‘n' bt mﬁi‘n' bt
€ Mean Depth (d,a/d ’ ) )
o pth (dmax/dpkr) Max: Max: Max:
7 Mean: N/A Mean: N/A Mean: N/A
é 121 Glide Maximum Depth, ft (dmaxg)  [Min: Min: Min:
= Max: Max: Max:
gf 122 Glide Maximum Depth to Riffle m%e_m: e miﬁmz bt mﬁi‘n: bt
Mean Depth (da/d ) ) )
3 P (dmasf/ doi) Max: Max: Max:
% Mean: N/A Mean: N/A Mean: N/A
E; 123 Step Maximum Depth, ft (dpaxs) Min: Min: Min:
lqij Max: Max: Max:
IS 124 Step Maximum Depth to Riffle '\I\:iena_n: b mﬁf_‘n: N m;a:n: N
o Mean Depth (diaxs/d ) ' '
PN (Amas/ o) Max: Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement
Dig (mm) 1.0 1.0 1.3
D35 (mm) 24 24 3.0
Dso (Mm) 48 48 6.4
Dgs (mm) 104 10.4 13.0
% Dgs (mm) 14.4 14.4 23.9
% D100 (MM) 90.0 90.0 256.0
E 126 Particle Size Distribution of Bar Material or Sub-pavement
(]
% Dy (Mm) N/A N/A N/A
=
O D35 (Mm) N/A N/A N/A
Ds, (MM) N/A N/A N/A
Dgy (MmM) N/A N/A N/A
Dgs (Mm) N/A N/A N/A
Dax Largest size particle at the
toe (lower third) of bar (mm) or N/A N/A N/A
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Table 15 (Page 6). The morphological characteristics of the existing, proposed design and reference
reaches for the Ada+ Poor Tributary to Ada+ Stable stream type conversion in a Valley Type I.

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Curve

Reach

Estimated Bankfull Mean Velocity
(%] ’
ki 127 ft/sec (Uy) 0.73 0.5 0.75
>
©
S Estimated Bankfull Discharge, cfs
£ | 128 (Qu); Compare with Regional 0.32 0.36 0.36

Sediment Yield (FLOWSED)

Existing Reach

Proposed Design

Difference in

Reach Sediment Yield
% 141 Bedload Sediment Yield (tons/yr) 33.9 19.6 14.2
&
$ | 142 Suspended Sediment Yield (tons/yr) 141.4 0.0 141.4
=
S . .
% 143 Suspended Sand Sediment Yield 70.7 0.0 70.7
(tons/yr)
144 Total Annual Sediment Yield (tons/yr) 175.3 19.6 155.7
Streambank Erosion Existing Reach Propos::claemgn Reference Reach
S | 145 Stream Length Assessed (ft) 175 175 70.0
®
o
i | 146 S:g%?éf:(;;‘; Used (e.g., Yellowstone Colorado Colorado Colorado
=
<
m | 147 Streambank Erosion (tons/yr) 6.21 0.30 0.12
148 Streambank Erosion (tons/yr/ft) 0.0355 0.0017 0.0017
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Worksheet 17. The mean velocity estimates for the proposed A4a+ Stable reach to be converted from the
existing, A4+ Poor stream type.

Bankfull VELOCITY & DISCHARGE Estimates |

| Stream: |A4a+ Stable from Ada+ Poor || Location: |A4a+ Poor Stability South Reach |
| Date: |3/15/2011 | Stream Type: | Ada+ || Valley Type: |I |
|Observers: |Rosgen etal. ||HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘

Input Variables for PROPOSED Design

|| Output Variables for PROPOSED Design |

Bankfull Riffle Cross-Sectional .
0.736 | e || Bankfull Riffle Mean DEPTH || 032 | bk
AREA () (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 23 Wi : 2.94 Wy
(ft) ~ (2% dpys ) + Wi (ft)
i D|a D 84
D g, at Riffle 10.4 D g, (mm) / 304.8 0.03
(mm) (ft)
Hydraulic RADIUS
Bankfull SLOPE 0.1280 Sbki y 0.25 [R (f)
(ft / ft) Apii I W,
o . Relative Roughness
Gravitational Acceleration 32.2 9 7.32 R/D
(ft / sec?) R(ft) / D g, (ft) &
: Shear Velocit *
Drainage Area 0.002 Dﬁ‘ % ‘ 1.016 u
(mi) u* = (gRS) (fsec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relative _ s o
u=[2.83+566*Log{R/Dg }]u ft / sec cfs
FaCtoerug hness 4
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
) 23y 112 ft/ sec cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S~“/n n=
2. Roughness Coefficient: u=149*R**s¥2 ) o :
b) Manning'sn from Stream Type (Fig. 5-9) n= S £
2. Roughness Coefficient: u = 1.49*R*F*s 2
¢) Manning'sn from Jarrett (USGS): n = 0.39*s 038xR 016 0.95 ft/sec 0.70 cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = 0.223
Stream Types Al, A2, A3,B1,B2,B3,C2 & E3
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.
(Hey Y Y ) | ft / sec cfs
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.
| (Hey Y Y ) | ft/ sec cfs
4. Continuity Equations: a) USGS Gage Data u=Q/A
) o ) ¢ B Q ft / sec cfs
Return Period for Bankfull Q Q= year
L I
4. Continuity Equations: b) Regional Curves u=Q/A q 0.5 ft / sec 0.36 > cfs
7/
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 Dg, term in method 1.
. For boulder-dominated channels: Measure 100 “protrusion heights" of boulders on the sides from the bed elevation to the top
Option 2. 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.
ion 4 For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of the
Option 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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Plan View Alignment

The proposed plan view of the alignment for the Ada+ Poor stream type to stable A4a+ step—pool
conversion is shown in Figure 104, which follows the reference reach data for the stable A4a+
stream type (Table 15). Individual typical cross-sections and structures are also shown on this plan
view.

Cross-Section Dimensions

The channel dimensions for the proposed A4a+ Stable step—pool design are derived from the A4a+
Reference Reach in Table 15. Figure 104 illustrates the typical cross-sections in relation to the plan
view. The typical rapid/chute (riffle) cross-section dimensions are shown in Figure 105. The
overlay of the existing A4a+ Poor cross-section 0+99.1 vs. proposed A4a+ Stable pool cross-section,
indicating the proposed pool dimensions, new bankfull elevation, and associated cut and fill
requirements, is shown in Figure 106. Similarly, the overlay of the existing cross-section 1+52.7 vs.
proposed pool cross-section is shown in Figure 107. These overlays are used to compute the cut
and fill required for the design based on the reach length.

Longitudinal Profile

A typical longitudinal profile for 10 ft of channel length of the proposed A4a+ Stable design is
shown in Figure 108. The depths, slopes, lengths and spacing of bed features, in addition to
the placement locations and types of structures, are illustrated. The typical longitudinal profile
corresponds to the plan and cross-section views in Figure 104.

Figure 109 depicts the existing vs. proposed longitudinal profile that shows the proposed elevations
of the bed and bankfull stage and the energy slope. The location and scaling of the step—pool

bed features are also depicted in Figure 109 as derived from Table 15. The upper section of the
profile is slightly steeper to transition between the A4a+ Reference Reach with a slope of 0.198

and the existing A4a+ Poor reach with a slope of 0.128. The last 25 ft of the profile indicates a fill
requirement to gradually lower the bank height of a local headcut section. The fill can be obtained
by shaping the upper banks as indicated in the cross-section overlays (Figure 106 and Figure 107).

Structures

This typical design scenario recommends converging rock clusters (Figure 22), “Rock & Roll”

log structures (Figure 19), and rock step—pool structures (Figure 20) for streambank stabilization,
energy dissipation and grade control. The location of these recommended structures are illustrated
in Figure 104, Figure 108 and Figure 109. The materials for these structures can be obtained

from on-site sources. Many of the burned logs will be salvaged to use for the “Rock & Roll” log
structure, and local rock will be used for the converging rock clusters and boulder step—pool
structures. Vegetation transplants of alder and aspen will be salvaged from the local excavation
required to reshape the banks.
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Typical Proposed A4a+ Rapid (Riffle) XS

o Ground Points ¢ Bankfull v Water Surface
Indicators Points
Wbkf = 2.31 Dbkf = .32 AbkFf = .74

8170

8169
~~
e
N
c |
I5 8168
dd
S
>
QD 8167-
LL
8166
8165 | | | |
0 5 10 15 20

Horizontal Distance (ft)

Figure 105. The typical rapid/chute (riffle) cross-section for the proposed A4a+ Stable step—pool design.
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Proposed A4a+ Pool vs. Ad4a+ Poor XS 0+99.1

Proposed € Bankfull V Water Surface /A A4a+ Poor XS
A4a+ Pool XS Indicators Points 0+99.1
Wbkf = 2.9 Dbkf = .8 Abkf = 2.31
8174+
8173+
A
‘ A
8172~ o
3= 5
— 8171- y Existing Ada+
o XS 0+99.1
T 8170~
> 0 0 ——— — Cut— s — —-
)
L 8169-
8168
8167+
8166 | | | | | | |
0 5 10 15 20 25 30 35

Horizontal Distance (ft)

Figure 106. The overlay of the existing cross-section 0+99.1 vs. proposed pool cross-section indicating the cut and fill
recommendations for the Ad4a+ Poor to A4a+ Stable step—pool conversion.
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Proposed A4a+ Pool vs. Ada+ Poor XS 1+52.7

Proposed @ Bankfull V Water Surface /A A4a+ Poor XS
Ada+ Pool XS Indicators Points 1+52.7

Wbkf = 2.9 Dbkf = _8 Abkf = 2.31

8164+
A
/
8163+ e
T N %Existing Ada+
Naw) XS 0+1+452.7
C 8162+ N —A
2 O
‘;5 cut \{
D 161
LLI
Proposed Ada+
8160~ Pool XS
8159 | | | |
0 5 10 15 20

Horizontal Distance (ft)

Figure 107. The overlay of the existing cross-section 1+52.7 vs. proposed pool cross-section indicating the cut and fill
recommendations for the Ad4a+ Poor to A4a+ Stable step—pool conversion.
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Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of aspen and alder along this
steep and narrow riparian corridor. This is accomplished by transplanting from available nearby
plants. Native bunch grasses, such as big mountain brome, are recommended for seeding the side
slopes.

Cut & Fill Computations

The cut and fill balance is obtained from the existing vs. proposed cross-sections with lengths
obtained from the proposed design profile. For this design, the cut and fill balance will not require
any end-haul in or out of the site as there is approximately 32 yds? of cut and fill within the 175 ft
of restoration. The fill related to the structures planned for this reach involving rock and logs is
included in the cut and fill balance.

Streambank Erosion

By converting the A4a+ Poor reach to the A4a+ Stable form, the estimated streambank erosion is
reduced from 6.2 tons/yr to 0.3 tons/yr, representing a 95% reduction for 175 ft of distance (Table
15). These values are based on the annual erosion rate of 0.0355 tons/yr/ft for the A4a+ Poor Stability
South Representative Reach and the extrapolation of the erosion rates of 0.0017 tons/yr/ft for the A4+
Reference Reach to the proposed design reach. This sediment reduction assumes that the various
structures designed and located on the plan view map in Figure 104 are implemented. These
structures have been proven to reduce streambank erosion rates in similar design scenarios.

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good” condition
throughout the sub-watershed, the flow-related sediment yields would be reduced from 175.3 tons/
yr (Worksheet 18a) to 19.6 tons/yr (Worksheet 18b) as a result of the restoration. The corresponding
sediment supply reductions based on converting from “Poor” to “Good” conditions are 14.2 tons/
yr for bedload and 141.4 tons/yr for suspended sediment, representing a total sediment reduction

of 155.7 tons/yr. These sediment reductions are still assuming a high post-fire runoff response and
continued increased stormflow peak runoff. These reductions also assume that the majority of the
existing reaches in the sub-watershed are associated with a “Poor” condition, and that the restored
values are associated with treating the majority of the stream length of the watershed above this
reach.

The reductions in sediment supply associated with restoring 175 ft of the existing A4a+ Poor
stream type to the proposed A4a+ Stable design reach are 5.9 tons/yr of streambank erosion, 5.0
tons/yr of bedload, 49.5 tons/yr of suspended sediment and 54.5 tons/yr of total sediment yield
reduction (Table 6). The total sediment yield value includes streambank erosion contributions and
streambed sources. The sediment reductions associated with the local channel source sediment for
this design scenario are based on sediment yield rates determined from taking the sediment yield
values generated from FLOWSED and dividing by the total stream length of potential sediment
contributions. For this scenario, it was determined that approximately 500 ft of tributary channel
is potentially contributing sediment. The resultant sediment yield rates were then multiplied

by the existing and proposed design reach lengths for this scenario to obtain the local sediment
reductions.
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The POWERSED model was not run for this scenario because the existing reach has the same
stream type and similar slope as the reference reach that is located immediately above the existing
reach. A large portion of the 54.4 tons/yr of flow-related sediment is coming from the streambanks
and from the short headcut area. The sediment reductions will be generated by implementing the
design structures to greatly reduce bed and bank erosion. The proposed A4a+ Stable design reach
will prevent further channel degradation and will protect the upstream A4a+ Reference Reach from
the advancing headcut.

Sediment Competence

Ada+ stream types are high energy systems because of the steep slopes associated with this stream
type; thus sediment competence calculations would indicate excess energy. Therefore grade
control is warranted and recommended using converging rock clusters and the “Rock & Roll” log
structures as designed in Figure 104 and Figure 108.
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Summary of the Tributary A4a+ Poor to A4a+ Stable Conversion

This proposed design scenario can be effective at reducing disproportionately high sediment
sources from the numerous small headcut streams that are similar to this scenario. The increased
flows due the fire will continue but the flow-related sediment increases in this actively downcutting
channel will be potentially reduced by 54.5 tons/yr (seven, 10-yard end-dump truck loads per year)
for treating just 175 ft of this small, but highly unstable stream type.

Several miles of similar stream systems occur within the Trail Creek Watershed; some of them

are small enough to use hand labor, but must still follow consistent restoration criteria. If
proportionate savings in the sediment supply can result, then additional design reaches will help
meet the overall objective of sediment reduction. The other incising A4a+ Poor stream types that
are mapped in Appendix D of the Trail Creek WARSSS analysis (Rosgen, 2011) will follow a similar
design, scaled for the local drainage area and corresponding bankfull discharge.
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Typical Design Scenario 8:
Tributary A4a+ to D4 Stream Type Conversion (VT III)

General Description & Morphological Data

This typical design scenario is a stream type conversion of an A4a+ Poor condition tributary to

a braided, D4 stream type within a wide and long alluvial fan (Valley Type III). The existing,
impaired tributary is the A4a+ Poor Stability Downstream Representative Reach, as identified in

the general map in Figure 7. The tributary is located at the mouth of a face drainage south of
Sub-Watershed 6 as shown in Figure 110. The detailed characteristics and stability evaluation
of this representative reach are documented in Appendix C5 of the Trail Creek WARSSS analysis
(Rosgen, 2011, pp. C5-1 to C5-32). This channel is deeply incised, confined and entrenched, and
is associated with advancing headcuts, which are typical in the majority of A4a+ reaches in the
presence of post-fire, peak flows. The A4a+ Poor Downstream Representative Reach is only 60 ft

in length; however, a 300 ft reach is used for this typical design scenario to include the alluvial
fan at the outflow onto the valley floor and the confluence with Trail Creek. Hence, this design
scenario demonstrates the recommended restoration for this ephemeral stream system that can be
appropriately applied to numerous other similar systems with large alluvial fans.

Figure 111 depicts the incised and actively eroding A4a+ stream type cut through an alluvial

fan. The high peak flows of the post-fire floods and the over-steepening of the toe of the fan from
Trail Creek have accelerated this erosion. The toe of the alluvial fan has also been eroded away

by Trail Creek; thus part of the long-term solution is to relocate Trail Creek away from the fan.

The designed relocation of Trail Creek at this location is included in Figure 41 in the Lower Trail
Creek Design Concept section that converts the existing C4 Poor condition stream type to its stable
form. Because the existing A4a+ tributary drains onto a large alluvial fan, and the location of Trail
Creek will be relocated away from the toe of the fan, the proposed solution at this site is to create a
braided, D4 stream type on the fan surface to naturally deposit sediment and to store sediment in a
detention basin.

The specific objectives and direction of this design are as follows:

* Reduce the sediment supply from the accelerated bed scour (degradation)

* Reduce the accelerated streambank erosion rates

¢ Store sediment before it is transmitted to Trail Creek

¢ Build out and establish a stable toe of the alluvial fan in conjunction with the relocation of
Trail Creek.

The proposed restoration of converting the A4a+ Poor reach to a braided D4 stream type involves
300 ft of length starting at the confluence with the valley floor and floodplain of Trail Creek and
extending upstream. If this reach is not restored, it will continue to headcut and provide high
sediment yields to Trail Creek. The increased post-fire floods will continue to downcut and
laterally erode this reach unless the impairment is reversed. A D4 “reference reach” was not
established for this project and therefore the proposed characteristics of the D4 stream type for this
scenario are adapted from D4 characteristics studied in detail by the restoration practitioner.

The resultant morphology and design parameters for the proposed D4 reach are documented in
Table 16. Additionally, this table also includes the morphological descriptions and corresponding
analyses of the existing A4a+ Poor Stability Downstream Representative Reach. The following sections
include the proposed design details of the braided, D4 stream type.
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Restoration Plan for Channel Processes — Typical Design Scenario 8: Tributary A4a+ to D4 Stream Type Conversion (VT Ill)

Figure 111. The existing, incised A4a+ Poor Stability Downstream Representative Reach showing the active erosion and
transport of sediment near the mouth of the reach on an alluvial fan.
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Table 16. The morphological characteristics of the existing and proposed design
reaches for the Ada+ tributary to D4 stream type conversion in a wide and long
alluvial fan - Valley Type IIl.

Existing Reach Stream & Location: Trail Creek Trib., Ada+ Poor Downstream
Reference Reach Stream & Location: Typical D4 characteristics used
Entry Number & Variable Existing Reach S Rt I
Reach
1 Valley Type 1l 1]
2 Valley Width
3 Stream Type Ada+ D4
4 Drainage Area, mi? 0.0027 0.0027
5 Bankfull Discharge, cfs (Qpf) 0.412 0.412
Mean: 2.2 Mean: 8.0
6 Riffle Width, ft (W) Min: 1.7 Min:
Max: 2.7 Max:
Mean: 0.19 Mean: 0.10
7 Riffle Mean Depth, ft (dpy) Min: 0.17 Min:
Max: 0.24 Max:
Riffle Width/Depth Ratio Mean: 1.7 [Mean: 80.0
8 (WD) Min: 9.2 Min:
" DRk Max: 15.7 Max:
c Mean: 0.4 Mean: 0.8
S Riffle Cross-Sectional Area, ft? i
) 9 Min: 0.3
5 (Aokr) .
z Max: 0.5
a Mean: 0.29 Mean: 0.15
o | 10 Riffle Maximum Depth (day) Min: 0.24 Min:
-E Max: 0.40 Max:
1 Riffle Maximum Depth to Riffle mi?n: iji m;a_m: 1.500
Mean Depth (d,a/d ) : )
P (Gnar/ o) Max: 1.667 Max:
12 Width of Flood-Prone Area at m;a'n: gg mie:m: S
Elevation of 2 * d,a, ft (W ) ’ )
mae ft (Wipa) Max: 4.0 Max:
Mean: 1.3 Mean: N/A
13 Entrenchment Ratio (W g,/ W) |Min: 1.2 Min:
Max: 1.5 Max:
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Table 16 (page 2). The morphological characteristics of the existing and proposed
design reaches for the Ada+ tributary to D4 stream type conversion in a wide and
long alluvial fan - Valley Type III.

Entry Number & Variable Existing Reach FUCIZOEES PRI
Reach
88 Stream Length (SL) 72.1 300.0
(8]
o
(‘,—3, 89 Valley Length (VL) 66.0 300.0
©
S | 90 Valley Siope (Sa) 0.1347 0.1347
@ — SLVL:  1.09
o
S 91 Sinuosity (k) VS/S:  1.09 1.00
.(7) SE Sva|/k
92 Average Water Surface Slope (S) 0.1236 0.1347
Mean: 2.05 Mean: 0.15
§ | 102 Low Bank Height (LBH) Min: Min:
‘» Max: Max:
E Maximum Bankfull Depth (d,.,) at [Mean: 0.40 Mean: 0.15
‘6 | 103 Same Location as Low Bank Min: Min:
) Height (LBH) Measurement Max: Max:
;5; Mean: 5.10 Mean: 1.00
O | 104 Bank-Height Ratio (LBH/d,;5,) Min: Min:
Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement
D16 (Mm) 1.3 1.3
D3s (mm) &3 3.3
Dso (Mm) 6.0 6.0
Dg4 (Mm) 10.8 10.8
% Dgs (mm) 42.1 42.1
% D1oo (Mm) 362.0 362.0
E 126 Particle Size Distribution of Bar Material or Sub-pavement
(0]
§ Dy (MM) N/A N/A
=
O D3s (mm) N/A N/A
Dso (Mm) N/A N/A
Dg4 (Mm) N/A N/A
Dgs (Mm) N/A N/A
Dax: Largest size particle at the
toe (lower third) of bar (mm) or N/A N/A
sub-pavement
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Table 16 (page 3). The morphological characteristics of the existing and proposed
design reaches for the A4a+ tributary to D4 stream type conversion in a wide and
long alluvial fan - Valley Type III.

Entry Number & Variable

Existing Reach

Proposed Design

Curve

Reach
Estimated Bankfull Mean Velocity
(9] )
° 127 ft/sec (Uyy) 0.78 0.52
>
T
S Estimated Bankfull Discharge, cfs
2 | 128 (Qu); Compare with Regional 0.412 0.412

Sediment Yield (FLOWSED)

Existing Reach

Proposed Design

Reach
% 141 Bedload Sediment Yield (tons/yr) 36.9 36.9
<
$ | 142 Suspended Sediment Yield (tons/yr) 169.8 169.8
(S
5 - ;
% 143 Suspended Sand Sediment Yield 84.9 84.9
(tons/yr)
144 Total Annual Sediment Yield (tons/yr) 206.7 206.7
Streambank Erosion Existing Reach FAC] I
Reach
= 145 Stream Length Assessed (ft) 300 300
‘©
o
5 | 146 Graph/Curve Used (e.g., Yellowstone Sellsreels Sl
~ or Colorado)
c
[
0 [ 147 Streambank Erosion (tons/yr) 23.55 11.40
148 Streambank Erosion (tons/yr/ft) 0.0785 0.038
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Bankfull Discharge, Cross-Sectional Area & Mean Velocity

With a drainage area of 0.0027 mi? for the proposed D4 stream type, the bankfull discharge is

0.412 cfs and the proposed bankfull riffle cross-sectional area is 0.8 ft2 as shown in Table 16. Using
continuity, the corresponding mean velocity for the proposed design reach is 0.52 ft/sec as shown in
Worksheet 19.

Plan View Alignment

The design sketch in Figure 112 shows the plan and cross-section views of the proposed restoration
design, including the designed sediment detention basin and the stabilization of the toe of the
alluvial fan.

Cross-Section Dimensions

Table 16 includes the proposed dimensions for the proposed D4 design reach. The overlay of

the existing A4a+ cross-section 0+9.84 vs. proposed D4 cross-section, indicating the extensive fill
requirements, is shown in Figure 113. The proposed sediment detention basin is shown in Figure
114 where it is planned to be excavated at the existing A4a+ cross-section 0+30.8. The comparison
of an additional proposed D4 cross-section vs. the existing, entrenched A4a+ cross-section 0+53.9 is
shown in Figure 115.

Longitudinal Profile

A schematic of the slope profile for the proposed A4a+ to D4 stream type conversion within an
alluvial valley is shown in Figure 116. The sketch illustrates the cut and fill requirements, the
proposed sediment detention basin, and the fill required for the toe of the fan. The elevation of the
bed is raised to near the fan surface to allow for sufficient, shallow depth for the multiple-thread,
braided, D4 stream type. This connection allows the fan to serve its purpose of storing sediment
produced from upstream. The D4 stream type will also deposit sediment on the fan surface by

the development of divergence and convergence bed features of sediment bars. The sediment
detention basin will provide additional storage and will provide the fill to raise the existing A4a+
stream type up to the fan surface.

The longitudinal profile in Figure 117 for the surveyed section of the A4a+ tributary shows the
existing vs. proposed elevations of the bed and bankfull stage, the energy slope and sediment
detention basin that correspond with the plan view in Figure 112.

Structures

Log sills are required for the sediment detention basin on both the upper and lower banks to
prevent headcutting. The material for the sills will be obtained from on-site sources. No other
structures are recommended.
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Worksheet 19. The mean velocity estimates for the proposed D4 stream type to be converted from the existing,

A4da+ tributary within an alluvial fan.

| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: |Proposed D4 from Ada+ Poor H Location: |A4a+ Poor Downstream Rep. Reach |
| Date: |3/15/2011 | Stream Type: | D4 | ‘ Valley Type: |III |
| Observers: |Rosgen etal. H HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
08 | A || Bankfull Riffle Mean DEPTH || 0.10 | Yo
AREA (ft?) (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 8.0 Wik ; 8.20 W,
(ft) ~ (2% dyis ) + Wiy (f)
i D|a D 84
D g, at Riffle 10.8 D g, (mm) / 304.8 0.04
(mm) (ft)
Hydraulic RADIUS
Bankfull SLOPE 0.1347 Sbid y 0.10 (R (o)
(ft / ft) Apii | Wy
L . Relative Roughness
Gravitational Acceleration 32.2 9 2.76 R /D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area 0.0027 D'_? " Y 0.651 u
(mi?) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1-FF”f“°n/ReIative U=[283+5.66*Log{R/Dgy}]u* N/A ft/ sec N/A cfs
actor Roughness
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
. B e T2 ft/ sec cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S~“/n n=
2. Roughness Coefficient: u=1.49*R?*s 2/
raf 3 ft/ sec cfs
b) Manning'sn from Stream Type (Fig. 5-9) n=
2. Roughness Coefficient: u =1.49*R?**s ¥/
c) Manning'sn from Jarrett (USGS): n = 0.39*S 038xR 016 0.44 ft/sec 0.35 cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = 0.264
Stream Types Al, A2, A3,B1, B2, B3, C2 & E3
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft ] sec ofs
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
| er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft | sec ofs
4. Continuity Equations: a) USGS Gage Data u=Q/A
Return Period for Bankfull Q Q= year ithese G
4. Continuity Equations b) Regional Curves Q/A I/OSZ ft/ 0 4]?) f
. inuity Equati : i urvi u= . sec . CIs
N A
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
Option 2. 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 the
Option 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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I:-.uu.w.ﬂ&.t

L

Figure 112. The plan and cross-section views of the proposed Ada+ to D4 stream type conversion with a sediment detention
basin, Valley Type Il

275



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Proposed D4 vs. Ada+ XS 0+9.84

Horizontal Distance (ft)

Proposed D4 @ Bankfull V Water Surface A Ada+ XS
Indicators Points 0+9.84
Wbkf = 8.09 Dbkf = .1 Abkf = .8
7590 =
\
A
7589 g\ Proposed D4 Dimensions
&8 G R B
= A %/
T 7588 ] Vs
- \ Fill y,
O \\ e
© 7587+ \ s
>
ks NS
W 75g6 - .
\\ Existing Ada+
BN ‘ZA XS 0+9.84
7585+ B3
7584 | | | | |
0 5 10 15 20

Figure 113. The proposed D4 cross-section vs. the existing Ad4a+ cross-section 0+9.84 indicating the extensive fill
requirements.
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Sediment Detention Basin vs. A4a+ XS 0+30.8

Proposed @ Bankfull V¥ Water Surface /A Ada+ XS
Sediment Basin Indicators Points 0+30.8
Wbk = 20 Dbkf = 8.49 Abkf = 169.7
7588 .
A
I Proposed Sediment Detention Basin
7586
A\&Emstmg A4a+
— 7584+ XS 0+30.8
N /
C
O 7582+
—
S
Q© 7580+
LLI
7578+
1576
7574 | | | | | |
0 5 10 15 20 25 30

Horizontal Distance (ft)

Figure 114. The proposed sediment detention basin located at the existing A4a+ cross-section 0+30.8.
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Proposed D4 vs. A4a+ XS 0+53.9

Horizontal Distance (ft)

Proposed D4 € Bankfull V¥ Water Surface A Ada+ XS
Indicators Points 0+53.9
Wbkf = 8.09 Dbkf = .1 Abkf = .8
7584— 74
/
Proposed D4 Dimensions /l
7583+ \
. KA
= \ [
= 3 ﬁf
C 7582+ \ Fill /
S 4 i
E \\\
> A |
D 7581 \ X
LLI \ ]
4 /
\ A
/
1 \
7580 &%\ | é .
==-7 Existing Ada+
- ﬁZ XS 0+53.9
7579 | | | | |
0 5 10 15 20

25

Figure 115. The proposed D4 cross-section vs. the existing Ad4a+ cross-section 0+53.9 indicating the extensive fill
requirements.
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Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along
this proposed D4 stream type. The vegetation will add flow resistance, will induce long-term
deposition and will prevent excess lateral adjustment due to braiding. In addition to establishing
a woody vegetation community, native bunch grasses, such as big mountain brome, are
recommended for seeding the alluvial fan.

Cut & Fill Computations

The cut and fill material is balanced by excavating what is needed from the sediment detention
basin to raise the bed of the A4a+ channel up to the fan surface and to build out the toe of the fan. It
is estimated that 155 yds? will be needed for both.

Streambank Erosion

The streambank erosion that is expected for 300 ft of the proposed D4 design reach is 11.4 tons/

yr compared to 23.6 tons/yr for the existing condition (Table 16), representing a reduction of 12.2
tons/yr for this proposed design scenario (a 50% reduction). These values are based on the erosion
rate of 0.0785 tons/yr/ft for the A4a+ Poor Downstream Representative Reach and the erosion rate of
0.0380 tons/yr/ft for the proposed D4 design reach. The erosion rate for the proposed D4 reach was
extrapolated from other D4 stream types but was decreased an order of magnitude by splitting the
flow into multiple channels that would reduce the amount of flow convergence in each channel.
However, because the majority of the streambank erosion from upstream sources will be deposited
in sediment detention basin, potentially 99% of the delivered sediment to the mainstem Trail Creek
from streambank erosion will be reduced.

Flow-Related Sediment

The FLOWSED model does not indicate a change in the flow-related sediment yields as a result

of the proposed A4a+ to D4 stream type conversion because the proposed D4 channel is not being
restored to a “Good” condition. However, rather than route the sediment directly into Trail
Creek, the D4 stream type is specifically designed to deposit the high flow-related sediment onto
the alluvial fan surface and detention basin. The flow-related sediment yields are 36.9 tons/yr for
bedload, 169.8 tons/yr for suspended sediment for a total annual sediment yield of 206.7 tons/yr for
both the A4+ tributary and the proposed D4 channel (Worksheet 20). These values are generated
using the dimensionless sediment rating curves and bankfull sediment values related to “Poor”
stability for a given drainage area.

The POWERSED model indicates a reduction in transport capacity by inducing deposition (by
design) due to the high width/depth ratio of the D4 stream type. The alluvial fan with the braided,
D4 stream type has the capacity to hold approximately 1,481 yds3, and the sediment detention basin
can hold approximately 3,407 yds3, for a total capacity of approximately 3,407 yds® (Table 6). Based
on the total annual sediment yield of 206.7 tons/yr (159 yds3), the combined storage would last for
approximately 21.4 years. This design scenario and associated sediment reduction would not only
reduce the delivered sediment to the mainstem Trail Creek, but it also buys time for the vegetation
to recover with a corresponding reduced sediment supply due to the fire.
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Sediment Competence

The typical sediment competence calculations are not appropriate as the relations are for single-
thread channels and therefore do not accurately reflect the shear stress for bankfull discharge
distributed into multiple channels. The design of D4 stream types is to induce sediment deposition
due to the typical bed forms of convergence/divergence (bars that form and reform with each
storm). The sediment competence based on the proposed design would show insufficient energy
relating to deposition due to placing the bankfull discharge into four separate channels that greatly
disperses flow energy compared to single-thread channels on the same slope. Due to the steepness
of the slope of the fan, log sills are used on both the upper and lower ends of the sediment
detention basin to prevent headcutting.
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Summary of the Tributary A4a+ to D4 Stream Type Conversion

For many of the Trail Creek tributaries that occur within long and wide alluvial fans, this proposed
design to increase the sediment storage on the fan and deposit sediment in the detention basin is a
feasible solution to reduce the delivered sediment to Trail Creek. For the areas with short fans, the
conversion recommendations are associated with B4 stream types. Although other reaches may
not have the detailed representative data, the relations established in this typical design scenario
can be extrapolated to similar stream types and conditions. The numerous A4a+ reaches and their
associated stability conditions are mapped by sub-watershed in Appendix D of the Trail Creek
WARSSS analysis (Rosgen, 2011).
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Typical Design Scenario 9:
Tributary A4a+ to B4a Stream Type Conversion (VT III)

General Description & Morphological Data

This typical design scenario is a stream type and stability conversion from an A4a+ Poor condition
tributary to a B4a Stable stream type within a “short” alluvial fan, Valley Type IIl. This scenario is
recommended for incised channels that do not have sufficient capacity of their downstream fans to
store sediment through the use of braided, D4 stream types. The B4a design reduces the channel
source sediment of streambank and streambed erosion typical of the A4a+ stream types.

The existing, impaired A4a+ tributary is located at the mouth of a face drainage to Trail Creek
within the north-east part of Sub-Watershed 4 (Figure 118). The reach begins at the mouth and
confluence with Trail Creek and extends upstream approximately 300 ft in reach length (Figure
119). The A4a+ tributary is deeply incised, confined and entrenched, creating accelerated
streambed and streambank erosion. The toe slope of the fan has been eroded away by Trail Creek
resulting in a “short” fan and precluding the option to construct a D4 stream type. If this reach is
not restored, the increased post-fire floods will continue to downcut and laterally erode this reach.

The specific objectives and direction of this design scenario to stabilize the reach are as follows:

* Reduce the high sediment supply from the accelerated bed scour (degradation),
* Reduce the accelerated streambank erosion rates
* Incorporate grade control measures to stop potentially advancing headcuts

The existing A4a+ tributary was assessed as a Poor condition reach due to the obvious streambank
erosion, the existing morphology and high sediment supply observed. The drainage area and
bankfull discharge for this existing reach are documented in Table 17. However, a detailed
survey and corresponding stability assessment were not completed on the existing A4a+ tributary
as was done on the representative reaches. Consequently, the A4a+ Poor Stability Downstream
Representative Reach data was extrapolated to the existing site because of the similar characteristics,
including the same stream type, condition and valley type. Reviewing the stability analysis of
the representative reach is helpful to understand the unstable characteristics of the existing A4a+
tributary for design purposes. The location of the A4a+ Poor Stability Downstream Representative
Reach is shown in Figure 7 and the morphology and stability evaluation are documented in
Appendix C5 of the Trail Creek WARSSS analysis (Rosgen, 2011, pp. C5-1 to C5-32).

Because of the similarities between B4a and B4 stream types, the dimensionless relations of the B4
Reference Reach are used to generate the proposed B4a stable design criteria by scaling the relations
to the proposed bankfull discharge and area. The location of the B4 Reference Reach is shown in
Figure 7 and the detailed characteristics and stability evaluation are documented in Appendix B3
of the Trail Creek WARSSS analysis (Rosgen, 2011, pp. B3-1 to B3-36). However, the B4a stream
type has a steeper slope than the B4 stream type; hence, some of the stable design criteria requires
adjustment from the reference reach values to agree with the morphology of channels with steeper
slopes, including pool-to-pool spacing, sinuosity and width/depth ratio. Pools occur much closer
together on steeper slopes and consequently the pool-to-pool spacing lengths are lower for the B4a
stream type based on the relation in Figure 120. The sinuosity is also much lower with steeper
slopes as shown the relationship in Figure 121. Width/depth ratio is also adjusted to the lower
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range for the B4a stream type. The steeper gradient also requires grade control and increased bed
roughness (flow resistance) by log and rock structures to accommodate the increase in bankfull
shear stress. These changes are necessary for the steeper B4a stream types to ensure a sustainable
morphology based on their central tendency.

The resultant proposed dimensions, pattern and profile for the stable B4a design reach are
documented in Table 17. Additionally, this table also includes a summary of the morphological
descriptions of the existing A4a+ Poor reach, the A4a+ Poor Stability Downstream Representative Reach,
and the B4 Reference Reach. The following sections include the proposed design details of the stable
B4 stream type.
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Restoration Plan for Channel Processes — Typical Design Scenario 9: Tributary A4a+ to B4a Stream Type Conversion (VT Ill)

Channel Slope (S) vs. Pool to Pool Spacing to Bankfull Riffle Width (P / W)
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Figure 120. The ratio of pool-to-pool spacing to bankfull width as a function of channel slope.

lope for Natural Rivers

Figure 121. Relation of sinuosity to slope for natural rivers (Rosgen, 2001b).
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Table 17. The morphological characteristics of the existing, proposed design and reference reaches for the Ada+
Poor Tributary to B4a Stable stream type conversion within a short alluvial fan — Valley Type IlI.

Existing Reach Stream & Location:

Ada+ Poor Tributary to Mainstem Trail Creek North of SW 4

Reference Reach Stream & Location:

B4 Reference Reach, Trail Creek

. L Ada+ Poor Dwn. | Proposed B4a Reference
Entry Number & Variable Existing Reach - e - Reach
1 Valley Type Il - Short Fan Il - Short Fan Il - Short Fan Vil
2 Valley Width 70
3 Stream Type F4b Ada+ B4da B4
4 Drainage Area, mi’ 0.119 0.0027 0.119 14.3
5 Bankfull Discharge, cfs (Qyuys) 2.8 0.412 2.8 32.78
Mean: N/A  [Mean: 2.2 Mean: 5.00 |Mean: 11.8
6 Riffle Width, ft (W) Min: Min: 1.7 Min: Min: 9.3
Max: Max: 2.7 Max: Max: 14.2
Mean: N/A  [Mean: 0.19 Mean: 0.41 |Mean: 0.75
7 Riffle Mean Depth, ft (dys) Min: Min: 0.17  |Min: Min: 0.74
Max: Max: 0.24 Max: Max: 0.76
. . . Mean: N/A  [Mean: 11.7 Mean: 12.2 |Mean: 12.60
g Rifle Width/Depth Ratio Min: Min: 92  |Min: Min: 12,58
(kaf/dbkf) M . 3 . .
" ax: Max: 15.7 Max: Max: 12.62
5 Riffle C Sectional A 2 Mean: N/A  |Mean: 0.4 Mean: 2.05 |Mean: 7.1
3| 9 (A' ? ross-sectional Area, Min: Min: 0.3 Min: 6.9
g Dk Max; Max: 0.5 Max: 7.3
a Mean: N/A Mean: 0.29 Mean: 0.62 |Mean: 1.13
o | 10 Riffle Maximum Depth (d a0 Min: Min: 0.24 Min: Min: 1.08
-E Max: Max: 0.40 Max: Max: 1.18
Riffle Maximum Depth to Riffle Mgan: N/A Mean: 1.497 Mgan: 1.508 Mgan: 1.508
11 Min: Min: 1.411 |Min: Min: 1.421
Mean Depth (dax/dpk)
Max: Max: 1.667 Max: Max: 1.595
12 Width of Flood-Prone Area at m_ea.\n: s m.ea'\n: ;g m.ea.\n: 32 l\'\:ge}n: 12‘2"
Elevation of 2 * dya ft (Wip) n: n: : n- - n- :
Max: Max: 4.0 Max: 10.0 |Max: 18.5
Mean: N/A  [Mean: 1.3 Mean: 1.7 Mean: 1.7
13 Entrenchment Ratio (Wspo/Wy) — |Min: Min: 1.2 Min: 1.5 [Min: 15
Max: Max: 1.5 Max: 2.0 Max: 2.0
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Table 17 (page 2). The morphological characteristics of the existing, proposed design and reference reaches for

the Ada+ Poor Tributary to B4a Stable stream type conversion within a short alluvial fan — Valley Type Il

. . Ada+ Poor Dwn. | Proposed B4a Reference
Entry Number & Variable Existing Reach Rep. Reach Desiqn Reach Reach
Mean: N/A Mean: N/A Mean: 6.0 Mean: 14.0
21 Pool Width, ft (W) Min: Min: Min: 3.5 |Min: 8.2
Max: Max: Max: 9.0 Max: 21.1
. . . Mean: N/A  [Mean: N/A Mean: 1.200 ([Mean: 1.190
2P0l Width to Riffle Width Min: Min: Min:  0.695 |Min:  0.695
(W pieip/ W pier) . i . .
Max: Max: Max: 1.792 |Max: 1.792
Mean: N/A  [Mean: N/A Mean: 0.52 |Mean: 0.80
23 Pool Mean Depth, ft (dpp) Min: Min: Min: 0.44 [Min: 0.59
Max: Max: Max: 0.57 |Max: 1.05
Pool Mean Depth to Riffle Mean Mgan: N/A Mgan: N/A Mgan: 1.180 Mgan: 1.067
24 Min: Min: Min: 1.000 |Min: 0.787
Depth (dpkp/dks) . . ) .
Max: Max: Max: 1.400 |Max: 1.400
(2]
c . . Mean: N/A  [Mean: N/A Mean: 11.5 |Mean: 17.5
Pool Width/Depth Rati ) ) . .
-% 25 (V?/o /dld )/ P atio Min: Min: Min: 6.1 Min: 7.8
g bk bldp. Max: Max: Max: 204 |Max: 35.8
= Mean: N/A  [Mean: N/A Mean: 3.1 Mean: 8.9
e _ . 2
= | 26 (PAOO' ;3“’35 Sectional Area, ft™ 1 yjn. Min: Min: 24 |Min: 85
2 i Max: Max; Max: 2.8 |Max: 9.6
. Mean: N/A  [Mean: N/A Mean: 1.522 |Mean: 1.248
g7 PoolAreatoRiffle Area Min: Min: Min: 1189 |Min:  1.189
(Abkfp/ Abkf) . . . .
Max: Max: Max: 1.348 |[Max: 1.348
Mean: N/A  [Mean: N/A Mean: 1.00 ([Mean: 1.56
28 Pool Maximum Depth (dmayp) Min: Min: Min: 0.90 [Min: 1.33
Max: Max: Max: 1.10 [Max: 1.85
Pool Maximum Depth to Riffle Mgan: N/A Mgan: N/A Mgan: 2.439 Mean: 2.080
29 Min: Min: Min: 2.195 |Min: 1.773
Mean Depth (dmayy/dokr)
Max: Max: Max: 2.683 |Max: 2.467
Mean: N/A  [Mean: N/A Mean: 0.380 |Mean: 0.290
30 Point Bar Slope (Sg) Min: Min: Min: 0.280 [Min: 0.220
Max: Max: Max: 0.400 |Max: 0.360
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Table 17 (page 3). The morphological characteristics of the existing, proposed design and reference reaches for
the Ada+ Poor Tributary to B4a Stable stream type conversion within a short alluvial fan - Valley Type IIl.

: L Ada+ Poor Dwn. | Proposed B4a Reference
Entry Number & Variable Existing Reach Rep. Reach Design Reach Reach
Mean: N/A  [Mean: N/A Mean: 44.2 |Mean: 104.0
72 Linear Wavelength, ft (A) Min: Min: Min: 36.9 |Min: 87.0
Max: Max: Max: 54.8 |Max: 129.0
Linear Wavelength to Riffle Width Mgan: N/A Mean: N/A Mgan: 8.832 Mgan: 8.832
73 MW Min: Min: Min: 7.389 |Min: 7.389
bkt Max: Max: Max:  10.955 |Max: 10.955
Mean: N/A  [Mean: N/A Mean: 47.6 |Mean: 112.0
74 Stream Meander Length, ft (L) [Min: Min: Min: 40.1 [Min: 94.5
Max: Max: Max: 57.3 |Max: 135.0
. Mean: N/A  [Mean: N/A Mean: 9.512 |[Mean: 9.512
75 Steam MeanderLength Ratio )y, Min: Min: 8025 |Min: 8025
(Lin/W i) ) . ) .
Max: Max: Max: 11.465 |Max: 11.465
Mean: N/A  [Mean: 13.8 Mean: 11.5 [Mean: 27.2
76 Belt Width, ft (W) Min: Min: Min: 6.2 |Min: 14.6
Max: Max: Max: 255 |Max: 60.0
Mean: N/A  [Mean: 6.301 [Mean: 2.306 |Mean: 2.306
77 Meander Width Ratio (Wy/Wpy)  [Min: Min: Min: 1.237 |Min: 1.237
Max: Max: Max: 5.096 |Max: 5.096
Mean: N/A  [Mean: N/A Mean: 215 |Mean: 50.7
78 Radius of Curvature, ft (R;) Min: Min: Min: 10.5 |Min: 21.8
Max: Max: Max: 32.3 |Max: 76.0
= . . . .
@ Radius of Curvature to Riffle Mgan. NIA Mgan. N/A Mgan. 4.300 Mgan. 4300
2| 79 . Min: Min: Min: 2.100 |Min: 2.100
© Width (Re/W )
E Max: Max: Max: 6.454 |Max: 6.454
g Mean: N/A  |Mean: N/A Mean: 16.8 |Mean: 39.6
& | 80 ArcLength, ft (L) Min: Min: Min: 4.2 |Min: 10.0
5 Max: Max: Max: 30.1 |Max: 70.9
. . Mean: N/A  [Mean: N/A Mean: 3.363 [Mean: 3.363
gy Arc Length to Riffle Width Min: Min: Min:  0.849 |Min:  0.849
(La/ W) . . . .
Max: Max: Max: 6.021 |Max: 6.021
Mean: N/A  [Mean: N/A Mean: 7.5 Mean: 14.7
82 Riffle Length (L,), ft Min: Min: Min: 6.5 |Min: 2.7
Max: Max: Max: 14.0 |Max: 28.2
. . . Mean: N/A  [Mean: N/A Mean: 1.500 ([Mean: 1.248
83 Riffle Length to Riffle Width Min: Min: Min: 1.300 |Min: 0.229
(L/ W) . _ . _
Max: Max: Max: 2.800 |Max: 2.395
Mean: N/A Mean: N/A Mean: 15.0 ([Mean: 60.1
84 Individual Pool Length, ft (L) Min: Min: Min: 10.0 |Min: 23.0
Max: Max: Max: 20.0 |Max: 101.0
. . Mean: N/A  [Mean: N/A Mean: 3.0 Mean: 5.104
g5 ool Length to Riffle Width Min: Min: Min: 20 |Min:  1.953
(Lp/ W) . . ) .
Max: Max: Max: 4.0 Max: 8.577
Mean: N/A  [Mean: N/A Mean: 3.5 Mean: 28.1
86 Pool to Pool Spacing, ft (Ps) Min: Min: Min: 25 |Min: 12.2
Max: Max: Max: 4.5 Max: 47.3
. . Mean: N/A  [Mean: N/A Mean: 0.700 [Mean: 2.387
g7 Poolto Pool Spacing to Riffle ). Min: Min: 0500 |Min:  1.039
Width (Ps/W )
Max: Max: Max: 0.900 |Max: 4.020
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Table 17 (page 4). The morphological characteristics of the existing, proposed design and reference reaches for
the Ada+ Poor Tributary to B4a Stable stream type conversion within a short alluvial fan — Valley Type Il

. . Ada+ Poor Dwn. | Proposed B4a Reference
Entry Number & Variable Existing Reach Rep. Reach Design Reach Reach
88 Stream Length (SL) N/A 72.1 300 514.1
()
o
7 | 89 Valley Length (VL) 273 66.0 273 455.0
©
i 90 Valley Slope (S,a) 0.1320 0.1347 0.132 0.0264
5 . . SL/VL: N/A SL/VL: 1.09 SL/VL: 1.3
=4 SL/VL:  1.10
S | 91 Sinuosity (0 VS/s: NIA | vs/s:  1.09 VS/S:  1.09
.U_) S= SVaI/k
92 Average Water Surface Slope (S) N/A 0.1236 0.1200 0.0242
) . Mean: N/A  |Mean: N/A Mean: 0.1684 |Mean: 0.0340
= Riffle Slope (water surface facet o o . -
§ 105 slope) (Sy) Min: Min: Min: 0.0790 |Min: 0.0159
o Max: Max: Max: 0.2902 |Max: 0.0585
= . Mean: N/A  [Mean: N/A Mean: 1.4037 |Mean: 1.4037
o Riffle Slope to Average Water . . . .
&= | 106 Min: Min: Min: 0.6587 |Min: 0.6587
@ Surtace Slope (Sq/S) Max: Max: Max:  2.4182 |Max:  2.4182
IS Mean: N/A  |Mean: N/A Mean: 0.0135 |Mean: 0.0027
o 107 Pool Slope (water surface facet Min- Min- Min- 0.0005 |Mmin: 0.0001
& slope) (Sp) g - 3 . ] .
@ Max: Max: Max: 0.0493 |Max: 0.0099
S Mean: N/A  [Mean: N/A Mean: 0.1124 [Mean: 0.1124
) Pool Slope to Average Water
© | 108 Min: Min: Min: 0.0041 |Min: 0.0041
E Surface Slope (S/S) Max: Max: Max:  0.4107 |Max:  0.4107
_% 109 Run Slope (water surface facet m.ea.m: NIA m_ea.\n: N/A m.ea.m: NIA m.ea.\n: N/A
2 slope) (Syuy) in: in: in: in:
g Max: Max: Max: Max;
[ a a a 5
= 110 Run Slope to Average Water mfaa.m. it mga}n. A m.ea_m' A m.ea.m. A
%) Surface Slope (S,,/S) M;; M:an. M;; M::);
= : X: : :
()
(&) . . . .
i 111 Glide Slope (water surface facet m.ea_tn. N/A m.ea_m. N/A m.ea_n. N/A m.e"_‘”' NIA
2 slope) (S,) Mln. Mln. Mln. Ml;;
© ax: ax: ax: :
u:) Glide Slope to Average Water Mgan: N/A Mgan: N/A Mgan: N/A M_ean: N/A
112 Min: Min: Min: Min:
5 Surface Slope (Sy/S) )
= Max: Max: Max: Max:
= Mean: N/A  |Mean: N/A  |Mean: 5.2562 |Mean: 1.0600
© | 113 Step Slope (water surface facet | . Min: Min:  4.6116 |Min:  0.9300
S slope) (Ss) ’ ) ’ ’ ) :
‘g‘ Max: Max: Max: 5.8512 |Max: 1.1800
L Mean: N/A  [Mean: N/A Mean: 43.8017 |Mean: 43.8017
Step Slope to Average Water ) ) ) .
3 114 Surface Slope (S/S) Mln.' Mln.' Mln.' 38.4298 Mln.. 38.4298
Max: Max: Max:  48.7603 [Max: 48.7603
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Table 17 (page 5). The morphological characteristics of the existing, proposed design and reference reaches for
the Ada+ Poor Tributary to B4a Stable stream type conversion within a short alluvial fan - Valley Type IIl.

. . Ada+ Poor Dwn. | Proposed B4a Reference
Entry Number & Variable Existing Reach S, e Design Reach Reach

° Mean: N/A  |Mean: N/A Mean: 0.58 |Mean: 1.06
= | 115 Riffle Maximum Depth, ft (dma)  |Min: Min: Min: 0.51 |Min: 0.93
£ Max: Max: Max: 0.65 |Max: 1.18
c Riffle Maximum Depth to Riffle Mgan: N/A Mfaan: N/A Mgan: 1.413 M_ean: 1.413
© | 116 Min: Min: Min: 1.240 |Min: 1.240
= Mean Depth (dax/dpis)
9 Max: Max: Max: 1.573 |[Max: 1.573
= Mean: N/A  |Mean: N/A Mean: 0.83 |Mean: 1.52
% 117 Pool Maximum Depth, ft (dmaxp)  |Min: Min: Min: 0.73 [Min: 1.33
@ Max: Max: Max: 1.01 [Max: 1.85
S Pool Maximum Depth to Riffle Mgan: N/A Mgan: N/A Mgan: 2.027 M_ean: 2.027
‘» | 118 Mean Depth (dyue/de) Min: Min: Min: 1.773 [Min: 1.773
5] R Max: Max: Max: 2467 |[Max: 2467
'g Mean: N/A  |Mean: N/A Mean: N/A  [Mean: N/A
- | 119 Run Maximum Depth, ft (dyax) Min: Min: Min: Min:
& Max: Max: Max: Max:
(2] . . 5 a
= Run Maximum Depth to Riffle Mgan. N/A Mgan. N/A Mgan. N/A Mfaan. N/A
g 120 Mean Depth (da/dy) Min: Min: Min: Min:
o e bkE Max: Max: Max: Max:
§ Mean: N/A  |Mean: N/A Mean: N/A  [Mean: N/A
g 121 Glide Maximum Depth, ft (dmayg) — [Min: Min: Min: Min:
= Max: Max: Max: Max:
) Glide Maximum Depth to Riffle Mgan: bl M_ean: N Mgan: a Mgan: I
o | 122 Mean Depth (dyae/de) Min: Min: Min: Min:
3 maxg bk Max: Max: Max: Max:
f Mean: N/A  [Mean: N/A Mean: N/A  [Mean: N/A
5 | 123 Step Maximum Depth, ft (dimaxs) ~ |Min: Min: Min: Min:
o Max: Max: Max: Max:
L . : . ;
B | 104 Step Maximum Depth to Riffle m%"_‘“' A mﬁf_‘”' A m%"_‘“' A mﬁi‘”' Ao
6 Mean Depth (dpaxs/d : ) ) )

P (Gas/Chic) Max: Max: Max: Max:

q AR Ada+ Poor Dwn. Proposed B4a Reference
Entry Number & Variable Existing Reach Rep. Reach Design Reach E——
g | 127 fIi/stimated Bankfull Mean Velocity, N/A 0.78 14 a7
= sec (Upks)
%‘ Estimated Bankfull Discharge, cfs
T | 128 (Quy); Compare with Regional 2.8 0.4 2.8 32.8
Curve
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Table 17 (page 6). The morphological characteristics of the existing, proposed design and reference reaches for

the Ada+ Poor Tributary to B4a Stable stream type conversion within a short alluvial fan - Valley Type IIl.

Entry Number & Variable

Existing Reach

Ada+ Poor Dwn.
Rep. Reach

Proposed B4a
Design Reach

Reference
Reach

Sediment Yield (FLOWSED)

Existing Reach

Proposed Design Reach

Difference in
Sediment Yield

% 141 Bedload Sediment Yield (tons/yr) 180.3 33.8 146.5
&
& | 142 Suspended Sediment Yield (tons/yr) 564.1 0.7 563.4
=
S . .
% 143 Suspended Sand Sediment Yield 282.1 0.4 281.7
(tonslyr)
144 Total Annual Sediment Yield (tons/yr) 744.4 34.5 709.9
: o Representative Proposed Reference
Streambank Erosion Existing Reach Reach Design Reach Reach
S 145 Stream Length Assessed (ft) 300.0 58.0 300 406.0
‘©
o
| 146 oGrraC%Téf:c:\s Used (.., Yellowstone Colorado Colorado Colorado Colorado
=
[
M | 147 Streambank Erosion (tons/yr) 23.55 4.55 1.45 1.96
148 Streambank Erosion (tons/yr/ft) 0.0785 0.0785 0.0048 0.0048
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Bankfull Discharge, Cross-Sectional Area & Mean Velocity

The bankfull discharge and cross-sectional area were determined from regional curves based on a
drainage area of 0.119 mi? resulting in a bankfull discharge of 2.8 ¢fs and a cross-sectional area 2.0
ft?. The corresponding velocity is predicted at 1.4 ft/sec using the continuity equation as shown in
Worksheet 21.

Plan View Alignment & Cross-Section Dimensions

The proposed plan view of the alignment is shown in Figure 122, which follows the proposed
stable B4a stream type values developed from scaled dimensionless ratios of the B4 Reference
Reach with adjustments for sinuosity and slope relations (Table 17). The proposed streambank
stabilization structures are also shown on the plan view in Figure 122, in addition to the
corresponding cross-section designs.

Longitudinal Profile

The typical longitudinal profile in Figure 123 illustrates the depths, slopes, lengths and spacing of
bed features in addition to the placement locations and types of structures for the proposed B4a
design reach. These values are derived from Table 17 with adjustments for pool-to-pool spacing
and step and pool lengths from Figure 120. An existing vs. proposed cross-section is also illustrated
in Figure 123 indicating the shaping of the proposed stream channel and structure placement.

Structures

The proposed structures for streambank stabilization, flow resistance and grade control are shown
in the plan, cross-section and longitudinal views in Figure 122 and Figure 123. The structures
include converging rock clusters (Figure 22); the “Rock & Roll” log structure (Figure 19); the toe
wood structure with sod mats and riparian transplants (Figure 15 and Figure 16); and the rock
step—pool structure (Figure 20). The materials for these structures will be obtained from on-site
sources. Many of the burned logs will be salvaged to use for the “Rock & Roll” log structure and
toe wood structures. Local rock sources will be used for the converging rock clusters and the rock
step—pool structure. Riparian transplants of willow and alder will be salvaged from local donor
areas.

296



Restoration Plan for Channel Processes — Typical Design Scenario 9: Tributary A4a+ to B4a Stream Type Conversion (VT Ill)

Worksheet 21. The mean velocity estimates for the proposed B4a design reach to be converted from the
existing, Ada+ Poor condition tributary within Sub-Watershed 4 at the confluence of Trail Creek.

| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: |Proposed B4a from Ada+ Poor H Location: |Tributary in Sub-Watershed 4 |
| Date: |3/15/2011 | Stream Type: | B4a H Valley Type: |III - Short Alluvial Fan |
| Observers: |Rosgen etal. H HUC: ‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘__‘
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
205 | Aok || Bankfull Riffle Mean DEPTH || 041 | Hou
AREA (%) (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH 50 | Wou N sg2 | We
(ft) ~ (2% dyys ) + Wiy (f)
i D|a. D 84
D g, at Riffle N/A D g, (mm) / 304.8 N/A
(mm) (ft)
Hydraulic RADIUS
Bankfull SLOPE 0.120 | Sek y 035 [R
(ft/ ) Apii | Wy
o . Relative Roughness
Gravitational Acceleration 32.2 9 N/A R /D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area 0.119 D'_? " o 1.167 u
(mi?) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction " Relative U=[2.83+566*Log {R/Dg }]u* ft/
=[2. . sec cfs
FaCtoerughness [ 9 o }
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
) B oy U ft / sec cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S~“/n n=
2. Roughness Coefficient: u=1.49*R?*s 2/ ft/ ¢
b) Manning'sn from Stream Type (Fig. 5-9) n= sec cis
2. Roughness Coefficient: u=1.49*R?**s¥
c) Manning'sn from Jarrett (USGS): n = 0.39*g 038 xR 016 1.25 ft/sec 2.56 cfs
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble-and boulder-dominated stream systems; i.e., for N = 0.206
Stream Types Al, A2, A3,B1,B2,B3,C2 & E3
|3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) | ft | sec ofs
3. Other Methods (Hey, D -Weisbach, Ch C, etc.
er Methods (Hey, Darcy-Weisbac ezy C, etc.) | ft / sec cfs
4. Continuity Equations: a) USGS Gage Data u=Q/A ft/ ¢
Return Period for Bankfull Q Q= year sec cls
= B—
4. Continuity Equations:  b) Regional Curves u=Q/A < 1.4 ft / sec 2.8 > cfs
27/
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 Dg, sand dune protrusion height in ft for the Dg, term in method 1.
. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top
Option 2. 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 the
Option 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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Existing TYPical
PY4a+ Streawn

7 _/.{(‘ 'S'hz_P/Hml
i th’ﬁ boulders

Existing bed

Figure 123. Typical longitudinal profile for the proposed B4a design reach to be converted from the A4a+ Poor condition
tributary in Sub-Watershed 4.
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Riparian Vegetation

It is a key requirement to re-establish a woody riparian community of willow and alder along this
B4a stream type. This is accomplished by transplanting from available nearby donor areas. Native
bunch grasses, such as big mountain brome, are recommended for seeding the side slopes. The
revegetation is critical for the long-term physical stability of the reach.

Cut & Fill Computations

The cut and fill material is generally balanced by sloping the upper banks and shaping the B4a
channel in this stream type conversion. The fill associated with the structures for this size would
vary from 25-45 yds3 for the 300 ft of proposed channel. The anticipated excavation and fill are
generally balanced with this design without requiring disposal or end-hauling.

Streambank Erosion

The streambank erosion that is expected for the proposed B4a design reach is 1.45 tons/yr for 300
ft of designed channel vs. the estimated 23.6 tons/yr for the existing A4a+ Poor tributary (Table

17), representing a potential reduction of 22.1 tons/yr for this reach. These values are based on

the extrapolation of annual erosion rates of the B4 Reference Reach (0.0048 tons/yr/ft) and the A4a+
Poor Downstream Representative Reach (0.0785 tons/yr/ft). This reduction assumes that the various
structures designed and located in Figure 122 and Figure 123 are implemented, such as the toe
wood and “Rock & Roll” log structures. These structures have proven to reduce streambank
erosion rates in similar designs. These significant reductions in streambank erosion are extremely
important as 84% of the total sediment source of the watershed is from streambank erosion. Thus
restoration can not only regain the physical and biological function of the stream channel and
riparian system, but can also significantly reduce downstream and off-site adverse sediment
impacts.

Flow-Related Sediment

The FLOWSED model indicates that by converting from a “Poor” condition to a “Good” condition
throughout the sub-watershed, the flow-related sediment yields would be significantly reduced
from 744.4 tons/yr (Worksheet 22a) to 34.5 tons/yr (Worksheet 22b) as a result of the restoration.
The corresponding potential sediment supply reductions based on converting from “Poor”

to “Good” conditions are 146.5 tons/yr for bedload and 563.4 tons/yr for suspended sediment,
representing a total sediment reduction of 709.9 tons/yr. These sediment reductions are still
assuming a high post-fire runoff response and continued increased stormflow peak runoff. These
reductions are also associated with treating the majority of the stream length of the sub-watershed
above this reach.

The reductions in sediment supply associated with restoring 300 ft of the existing A4a+ Poor
tributary to the proposed B4a Stable design reach are 22.1 tons/yr of streambank erosion, 24.4
tons/yr of bedload, 93.9 tons/yr of suspended sediment and 118.3 tons/yr of total sediment yield
reduction (Table 6). The total sediment yield value includes streambank erosion contributions and
streambed sources. The sediment reductions associated with the local channel source sediment for
this design scenario are based on sediment yield rates determined from taking the sediment yield
values generated from FLOWSED and dividing by the total stream length of potential sediment
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contributions. For this scenario, it was determined that approximately 1,800 ft of tributary reach
is potentially contributing sediment. The resultant sediment yield rates were then multiplied
by the existing and proposed design reach lengths for this scenario to obtain the local sediment
reductions.

The POWERSED model could not be used for this scenario because no existing cross-sections of the
Ada+ Poor tributary were surveyed. However, a large portion of the 118.3 tons/yr of flow-related
sediment is coming from the streambanks and the bed due to channel incision and advancing
headcuts. The potential sediment reductions will be generated by implementing the design
structures to greatly reduce the bed and bank erosion. The proposed B4a Stable design reach will
prevent further channel degradation and will eliminate future advancing headcuts.

Sediment Competence

Based on the small particle sizes and the steeper slopes in the tributary channels in the Trail
Creek Watershed, the sediment competence would show excess energy for this proposed design.
Thus grade control structure are recommended and designed to add flow resistance and prevent
downcutting to counteract the increased shear stress (Figure 122 and Figure 123).
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Summary of Tributary A4a+ Poor to B4a Conversion

Numerous A4a+ reaches exist within the Trail Creek Watershed that suffer similar impacts and
consequences, yet do not have the detailed assessment as performed for the representative reaches.
This scenario is an example of extrapolating the A4a+ Poor Stability Downstream Representative Reach
stability analysis to the existing Ada+ Poor reach condition and extrapolating the dimensionless
relations of the B4 Reference Reach to develop the design criteria with appropriate adjustments due
to the steeper slope.

The remaining A4a+ tributary reaches are prime candidates for this conversion scenario that exist
in cut-off or “short” alluvial fans, Valley Type III, where designing a D4 braided channel is not
an option. If proportionate savings in the sediment supply can result, then additional restoring
similar reaches will help meet the Trail Creek Watershed objective of sediment reduction. The
Aa+ tributaries and associated conditions are mapped by sub-watershed in Appendix D of the Trail
Creek WARSSS analysis (Rosgen, 2011). The calculation of bankfull discharge and cross-sectional
area using drainage area from regional curves will allow scaling of the dimensionless ratios
using the reference condition B4 stream type as was done for this scenario example. The general
procedure to extrapolate this design scenario to other A4a+ Poor stream types is included in the
Extrapolation of Typical Scenarios to other Locations section using the scaling and Natural Channel
Design procedure detailed in Appendix I.
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Extrapolation of Typical Scenarios to other Locations

The design concepts of applying reference reach relations to restore the high priority reaches and
sub-watersheds can be applied using the representative reaches and by extracting the various
restoration scenarios. The key to applying the various scenarios to other reach locations is to
understand the causes of impairment and to implement similar restoration scenarios consistent
with the existing and proposed stream types as presented. The user is advised to review Table 3
that lists the stream type conversion recommendations by valley type. The following discussion
provides the general procedure to extrapolate the typical design scenarios and includes the
recommendations for the remaining representative reaches and stream types and conditions within
the Trail Creek Watershed that were not formally addressed with the typical design scenarios.

The reaches that rate “Good-Fair” generally have a good recovery potential without requiring
direct intervention. These reaches are a low priority for restoration or stabilization as their
sediment contributions are not as significant as those stream types that rate “Fair” to “Poor.” The
boundary conditions that may affect reach morphology must be examined for the reaches that

rate “Fair” condition. Depending on the boundary conditions, these reaches may require spot
stabilization of various eroding banks rather than realigning and creating a new channel. The
transplants of riparian vegetation on bankfull benches are treatment scenarios that can be especially
effective at accelerating the recovery of impaired streams and also reducing the corresponding
streambank erosion. For example, the B4 Fair and C4 Fair Representative Reaches are recovering with
vegetation-related stability but have areas with streambank erosion that led to the rating of “Fair”.
Rather than realign these reaches and disturb the existing riparian vegetation, spot stabilization
work is recommended for the streambank erosion sites. However, if channel realignment is
necessary for any condition, flexibility must be initiated in the application of dimensionless
relations from the reference reach that may not be universal for a variety of boundary conditions.

The reaches that rate “Fair-Poor” or “Poor” that have similar impairments and stream types can
apply the appropriate typical restoration scenario as presented. For example, the F4b Fair-Poor
Representative Reach and the F4b Poor Mainstem Representative Reach are both in a confined, Valley
Type VIIL It is recommended that these representative reaches are converted to B4 stream types
because of the confined valley. The design plan for this stream type conversion is detailed in

the previously presented F4 Poor to B4 stream type conversion in design scenario 2. The similar
application of applying dimensionless ratios from the B4 Reference Reach is recommended using the
procedure detailed in Appendix I.

The D4a+ Poor Representative Reach, however, is not recommended for restoration because the reach
is located on an actively building alluvial fan, which is the appropriate stream type that can exist.
The deposition due to the convergence/divergence bed features is a positive process as it reduces
the sediment delivery efficiency to Trail Creek.

G4 Poor stream types in a Valley Type III have similar restoration solutions as the F4b Poor and
Ada+ Poor reaches. Within short alluvial fans, the G4 Poor reach should be converted to B4, similar
to the F4b Poor to B4 and A4a+ Poor to B4a conversions in the typical design scenarios 6 and 9.
However, G4 Poor stream types that are cut into long and wide alluvial fans should be converted
to D4, similar to the F4b Poor to D4 and A4a+ Poor to D4 conversions in the typical design scenarios
5 and 8. This conversion provides sediment storage on the fan surface and into sediment settling
basins.
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The natural channel design procedure included in Appendix I must be followed to develop the
proposed design criteria. Because detailed assessments have already been conducted for the stream
types and conditions that exist within the Trail Creek Watershed, advancing through the design
phases will be accelerated. The dimensionless relations from the reference reach must be scaled
and normalized to develop the dimensional values of the proposed reach. The drainage area,
corresponding bankfull discharge and sediment supply by stability condition are necessary in the
extrapolation of relations to apply the design details and principles elsewhere in the watershed.
The following is the general procedure to extrapolate the typical design scenarios to locations with
similar conditions:

a. Review the stream type and condition as mapped for all locations in Appendix D in the
Trail Creek WARSSS analysis (Rosgen, 2011). Streams with mapped conditions of “Fair”,
“Fair-Poor” and “Poor” require restoration or stabilization. The “Good-Fair” streams will
not require restoration as the succession scenario is trending toward a stable state and the
magnitude of instability and corresponding impairment are not as severe.

b. Determine the Valley Type. If a Valley Type III, determine if the alluvial fan is short or
large.

c. Determine the appropriate stream type conversion scenario (Table 3)

d. Determine the bankfull discharge and cross-sectional area for the proposed design
reach using the regional curves (Figure 37 and Figure 38) and continuity to check for
reasonableness among velocity, discharge and area

e. Obtain the dimensionless ratios representing the dimension, pattern and profile from the
appropriate reference reach in the stream type conversion scenario

f. Convert the dimensionless ratios to the proposed, dimensional values following the
procedure in Appendix I (Note: caution must be exercised in the extrapolation of
dimensionless relations from the reference reach if the stream being designed is very small
or other boundary conditions and controlling variables necessitate modification of the
design variables)

Select the appropriate structures for the proposed design reach

7 o

Layout the proposed cross-sections, pattern and profile over the existing conditions to
estimate the extent of excavation and fill requirements

i. Define the riparian vegetation establishment

j.  Estimate the costs of the proposed restoration and set priorities for implementation

Overall, the cumulative effects of sediment reduction and meeting restoration objectives
simultaneously are the key to this master plan for a watershed-based restoration. Typical
conditions by stream type and stability condition are mapped for the 178 miles of stream channels
in the Trail Creek Watershed; the typical design scenarios can be extrapolated to the various stream
types and conditions at a given location with details suitable for implementation.
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Additional Restoration Recommendations for Various Scenarios & Locations

Headcuts

There are numerous A4a+, A4 and G4 stream types that are actively advancing headward

making the upstream reaches susceptible to accelerated sediment supply by both streambed and
streambank erosion processes. The headcuts shown in Figure 124 and Figure 125 are typical
examples of an acceleration of streambed and streambank erosion that can be effectively reduced.
The methods to reduce the sediment from these systems include installing rock step—pool
structures (Figure 20) for grade control as presented in many of the typical design scenarios. Some
of the tributaries are sufficiently small enough that hand crews can perform the work. On larger
systems, excavators with hydraulic thumbs are recommended. The work will greatly reduce
sediment yields and minimize the adverse impacts of post-fire, flow-related sediment.

. 'y -_:“_ x '. = i 4‘.\& ”
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Figure 124. An actively advancing headcut adding accelerated sediment supply and
potentially leading to increased enlargement from post-fire flooding.
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Figure 125. An actively advancing headcut adding accelerated sediment supply and potentially
leading to increased enlargement from post-fire flooding.

Accelerated Streambank Erosion Sites

Some streams are recovering with vegetation-related stability, but many reaches are still
introducing excessive sediment yields from streambank erosion as depicted in Figures 126-129.
The following design recommendations will accelerate the recovery process and reduce the
sedimentation in the sites with accelerated streambank erosion:

1. Construct a bankfull bench
2. Install toe wood structures with sod mats and willow transplants (Figure 15 and Figure 16)

3. Slope the upper bank and reseed to accelerate the recovery process and keep the soil intact
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Figure 127. Accelerated streambank erosion on a C4 stream type on Trail Creek.
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Figure 129. Accelerated streambank erosion on a C4 stream type on Trail Creek.
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Road Encroachment & Streambank Road Fill Problems

The Trail Creek road in numerous locations requires an accelerated program of fill stabilization as
shown in Figure 130. The solution to the problem in Figure 130 is to relocate the channel so that a
floodplain and bankfull bench can buffer the road fill and opposite banks. Incorporating toe wood
structures with sod mats is a much cheaper solution than rip-rap bank stabilization methods; the
toe wood structure has proven to be an effective bank stabilization structure.

The Trail Creek road 336 located approximately 1.2 miles above the mouth of Trail Creek is
associated with a major road erosion and sedimentation problem. Road 336, as located in Figure
30, is within the watercourse of a major drainage that is associated with excess road drainage and
road surface gullies with significant sediment transport onto the Trail Creek road and into the
mainstem Trail Creek immediately below. A ford crossing exists but is within an entrenched F4b
to G4 transition stream type that promotes major road crossing problems. The road surface and fill
continue to erode with associated gullies down the road into Trail Creek. The existing road and
stream alignment are shown in Figure 131.

The recommended restoration for this site is also illustrated in Figure 131 and described as follows:

1) Relocate the existing road 336 away from the drainage (as relocated onto a ridge route away
from stream courses presented in Figure 30)

2) Route the Trail Creek road on the abandoned road 336 on the North side of the ford

3) Cross the drainage and place rock over the single-thread, B4 stream type for a stable ford
father upstream from its present location

4) Continue the Trail Creek road at the toe of a slope until it connects with the existing road

5) Construct a braided, D4 stream type on the alluvial fan as previously described in the typical
design scenario 5

6) Abandon the short section of Trail Creek road and remove the road fill and grade to the fan
surface below the new ford

7) Install a sediment detention basin to provide material to fill the entrenched, ephemeral
channel to create the D4 stream type and to catch the excess sediment below road 336 that
presently exists

8) Convert the existing F4b and G4 stream type (gully) to a stable step—pool, B4 stream type as
previously described in the typical design scenarios 2 and 3.

Overall, this proposed restoration for road 336 improves the road alignment, decreases the very
steep slope of the existing Trail Creek road grade, and reduces the existing rill, gully and fill erosion
causing sediment introduction directly below the road into Trail Creek.

311



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

312



Restoration Plan for Channel Processes

gk }ﬁ Proposal
5 BY - Stream

TxJP-:a

Sedment

//\ lﬁﬁﬁb
We /9,
Alluvia I N WY
Fan & x
ConSiruct DY “ . ,
(braded Channel) ' Remoe
4 Existing
[ Road 11l
and Pﬁjm

A
(-" #
xa %“‘"ﬂ'\ b ) ’m"
5 P\ 0
S \ %ﬁ?
\%-’
= Roc k -
D Lined. 7
uhf Ford. .
f:rr::-ss.-.nc‘ H J’Iﬁ.ﬂ CloSe ORV Rﬂai
M [*B6b - Relocate

" v )
\

Figure 131. Road 336 relocation to prevent existing road surface and fill erosion in conjunction with converting the F4b
to D4 stream type with a sediment detention basin on the alluvial fan and drained by a step—pool, B4 stream type.
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Sediment Detention Basins on Alluvial Fans

Sediment detention basins are recommended for the sites with braided, D4 stream types on alluvial
fans (Figure 132) that deliver significant sediment to Trail Creek. The material excavated for the
basin can be used downstream to construct the toe of alluvial fans that have been eroded away as
discussed in the following sections.

Figure 132. A braided, D4 stream type on an alluvial fan that is a prime candidate for a sediment detention basin.
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Alluvial Fan Reconstruction

Many alluvial fans have been cut into and have become dysfunctional. Many can be rebuilt to help
store the erosional debris from upslope. The alluvial fan depicted in Figure 133 is evidently not
functioning and can be rebuilt.
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Figure 133. A dysfunctional alluvial fan that is actively eroding and can be readily restored back to naturally store
sediment.
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Channel Migration into Large Sediment Sources

Priorities can be set where channels are migrating into large sediment sources, such as actively eroding
alluvial fans as displayed in Figure 134. The solution is to stabilize and relocate the channel away
from such slopes. The alluvial fan in Figure 134 is intended to naturally store sediment from upstream
routing; however, the fan is now being eroded by the mainstem channel. These are localized problems
that contribute a disproportionate amount of sediment that can be greatly reduced. A debris basin can
be constructed in the middle of the fan with the material used to reconstruct the fan as discussed in
the previous sections. Sufficient area exists for the channel in Figure 134 to be relocated in conjunction
with constructing a bankfull bench with toe wood structures.

el it e r L e ey il
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Figure 134. An actively eroding alluvial fan that can be restored by rebuilding the fan, relocating the channel and
constructing a bankfull bench with toe wood structures.
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Water Quality Control
Sediment control during design implementation can be accomplished by the following measures:

1. Install a flow diversion at the mouth that naturally treats settleable sediment by routing into
a wetland and constructed shallow detention basins on the Trail Creek alluvial fan at the
confluence with West Creek (Figure 46)

2. Route water to by-pass flows where possible using in-channel berms to isolate channel
construction, road fill repair and streambank stabilization

3. For road relocations, construct the new channel first, and then route water into the new
channel prior to placing fill in the new road relocation

4. Implement construction during low flow periods when it is easier to reduce sediment
transport

5. Install sediment detention basins as soon as possible on restoration sites associated with
perennial tributaries on alluvial fans (Valley Type III) to trap any sediment generated from
new channel construction

Monitoring & Maintenance Plan

Watershed and river assessments leading to restoration involve complex process interactions,
making accurate predictions somewhat precarious. Measured data from monitoring that reflects
specific processes will continually improve understanding and prediction of sedimentological,
hydrological, morphological, and biological process relations. Another great benefit resulting from
monitoring is the demonstration of the effectiveness of reduced sediment problems and improved
river stability due to management or mitigation, which is the central purpose of watershed and
sediment assessments and restoration. The rationale for post-restoration monitoring is to evaluate
not only the criteria used, but how well the criteria met the objectives. The following types of
monitoring objectives are recommended.

Implementation

Implementation monitoring determines if the design variables, structures and riparian plantings
were constructed correctly. The natural variability of stream type morphological data should be
used to help evaluate if the dimension, pattern and profile was implemented within the range that
matches the natural variability as documented within the dimensionless ratios of the reference
reach data. The structures must be evaluated for the design criteria actually installed (e.g., slopes,
angles, footer placement and rock sizes). Riparian vegetation success is often evaluated by selected
planting methods, species and age classes where appropriate.

Effectiveness

Effectiveness monitoring evaluates if the intended objectives of the restoration were met.
Monitoring will also determine if post-runoff channel adjustments following restoration fall within
the range of natural variability for dimension, pattern and profile data.
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Validation

Validation monitoring evaluates if the predictions match the post-restoration response. This
monitoring is directed at the response of post runoff, such as streambank erosion reduction and bed
stability vs. the predicted response.

Physical & Biological Monitoring

Physical monitoring involves resurveys of cross-sections and longitudinal profiles. Permanent
monitoring sites must be established to check both post-restoration construction (implementation)
vs. post-runoff response (effectiveness). Bank pins and scour chains assist in validating pre- vs.
post-runoff bank erosion rates and particle entrainment. All of the physical monitoring methods
and examples are included in WARSSS (Rosgen, 2006/2009).

The biological monitoring should include pre- and post-restoration population estimates and
macro-invertebrate inventories. Vegetative mortality and survival plots will establish post-
restoration success response.

Maintenance Plan

A maintenance plan is necessary to ensure that the implemented design is successful. The
maintenance plan for the Trail Creek Watershed includes the following:

¢ Survival of the riparian vegetation reestablishment—replanting or seeding may be necessary.

¢ Structure stability —Post-runoff inspections must be conducted of structures for grade control,
bank stabilization and/or fish habitat enhancement. Maintenance needs are assessed and
implemented to prevent future failures and to secure proper function.

¢ The dimension, pattern, and profile of the design reaches must stay within the natural
variability or range as depicted in the summary tables within each typical design scenario.
Maintenance of these variables is recommended only if the values exceed the design channel
ranges.

¢ Biological maintenance may be necessary to reestablish populations of various age classes or
species of fish and food sources.

Overall, monitoring is essential to evaluate if the natural channel design methods, if correctly
implemented, meet the stated objectives. Monitoring will also direct any necessary modifications
or improvements for future work. It is also important to validate the models used for assessment
leading to the design to ensure that predictions are correct in relation to observations.
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Summary of Sediment Reductions with the Master Plan

Hillslope Processes

Surface Erosion

Implementing the recommended practices for surface erosion prevention would potentially reduce
the sediment introduction from this erosional process by approximately 1,270 tons/yr. These
beneficial recommendations include increasing the ground cover to over 65% in riparian areas and
constructing stable, bankfull bench “catches”.

Trail Creek Road

The proposed rerouting of Trail Creek at three locations (Figures 24-28 and Figure 131) associated
with eliminating six fords, in addition to the recommended fill stabilization, channel alignment
away from road fills, stabilization of ditch-line induced tributary “headcuts” and better drainage,
will potentially reduce the sediment yields by approximately 413 tons/yr.

ORV Roads & Trails

The proposed restoration and rerouting of the existing ORV roads and trails (Figures 30-32) would
potentially reduce the annual sediment yield by 200 tons/yr. This recommended work involves
closing, sloping, draining and seeding the abandoned roads and trails in addition to good drainage
and erosion control features. Additionally, Best Management Practices (BMPs) are necessary for
the new ridge route locations for the roads and trails.

Channel Processes

The sediment reduction potential by implementing the proposed stream restoration design
scenarios involving 3,025 ft of stream channel is approximately 1,600 tons/yr for 7 of the 9 scenarios
(Table 6). The remaining two scenarios that convert A4a+ and F4b stream types to D4 stream
types with sediment detention basins are related to substantial sediment savings as they would
store sediment on alluvial fans and in sediment detention basins rather than route the sediment
directly to Trail Creek; the reductions are approximately 1,101 tons/yr of bedload, 4,367 tons/yr of
suspended sediment and 5,468 tons/yr of total sediment. In total, over 7,000 tons/yr of sediment
could be kept out of Trail Creek per year based on the implementation of the nine scenarios
presented. This represents approximately 29% of the total annual sediment yield in the Trail Creek
Watershed. This reduction involves only channel source sediment and not the hillslope processes.
The sediment reductions, however, require implementation of both hillslope and channel process
restoration, particularly in Sub-Watershed 6 as the storage capacity of the basins and fans of that
drainage could soon be exceeded as previously discussed.
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Total Potential Sediment Reductions

The potential sediment reductions associated with implementing the nine typical design scenarios
and the recommendations for hillslope processes are presented in Table 18. The total potential
reduction is approximately 8,853 tons/yr, representing approximately 37% of the total annual
sediment yield.

Table 18. The potential sediment reductions by
implementing the recommendations for hillslope
and channel processes.

Total Sediment Contribution Reductions

Hillslope Processes

Surface Erosion 1,270 tons/yr

Trail Creek Road 413 tons/yr

ORV Roads & Trails 200 tons/yr
Channel Processes

The Nine Typical 7,000 tons/yr

Design Scenarios

Total Potential Reduction 8,853 tons/yr

Implementation Sequencing

The sub-watershed priorities for restoration in Table 2 are used as a general guide for the
sequencing of the design implementation. The highest priorities are associated with the highest
accelerated sediment supply. Restoring Trail Creek first from the mouth and extending upstream
one mile is recommended. The lower Trail Creek restoration will improve fish migration, reduce
sediment supply and realign Trail Creek away from the alluvial fans. This realignment will allow
the design of D4 stream types of selected high risk tributaries that can utilize the full dimensions
of their alluvial fans. The proposed work on the roads, sub-watersheds and trail relocations can all
proceed concurrently with the main channel restoration. Beyond the lower mainstem Trail Creek
design being implemented first, the remaining priorities for restoration can be implemented in any
order.
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Discussion & Summary

The Trail Creek Watershed master plan for stream restoration and sediment reduction is the

result of a detailed watershed assessment that has directed the proposed restoration to impaired
streams. The assessment has also identified the source of impairment including hillslope,
hydrology and channel processes. The master plan has identified priorities of restoration based

on disproportionate sediment supply contributions and the various sources, including streambed
and streambank erosion from post-fire related streamflow increases, and direct introduction by
surface erosion and roads and trails. These various erosional processes were identified and specific
restoration scenarios are proposed to reduce the sediment supply and restore the physical and
biological function.

Each of the 17 specific, multiple objectives for this master restoration design for the Trail Creek
Watershed are potentially met with the implementation of the various scenarios and locations
proposed. The monitoring plan will validate if these objectives were indeed met. Overall, the
various restoration scenarios within the Trail Creek watershed were developed to:

1) Extrapolate general hydrology, sedimentological and morphological relations and create the
dimension, pattern and profile of stable stream types scaled for individual reaches

2) Secure a 404 permit to implement the designs

3) Plan construction in 2011 to implement these typical designs and to initiate a monitoring plan
to provide a demonstration of the methods and associated effectiveness of meeting the stated
goals of restoration

These subsequent designs are intended to accelerate the recovery of the Trail Creek Watershed
from the adverse impacts of the Hayman fire. The proposed design scenarios and subsequent
implementation will potentially direct the future of watershed restoration following large wildfires.
The procedures can also be used for other watersheds that are currently impaired due to the
Hayman fire in the South Platte Basin. The implementation of this plan will provide a framework
to demonstrate the nature of the restoration that could be applied elsewhere. Additional research
and monitoring opportunities can be utilized to provide an additional understanding of the
benefits of restoration in relation to accelerating watershed recovery.
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The Natural Channel Design Procedure

The Trail Creek Watershed master plan for stream restoration and sediment reduction is based
on the Natural Channel Design (NCD) methodology as depicted in Flowchart 1 in the main
report (Rosgen, 2007). The NCD approach is divided into ten major sequential phases:

Phase 1 Define Restoration Objectives

Phase I1 Develop Local & Regional Relations

Phase III  Conduct Watershed, River & Biological Assessments

Phase IV Consider Passive Recommendations for Restoration

Phase V Develop Conceptual Design Plan

Phase VI Develop & Evaluate the Preliminary Natural Channel Design
Phase VII  Design Stabilization & Enhancement Structures

Phase VIII Finalize Natural Channel Design

PhaseIX  Implement Natural Channel Design

Phase X Conduct Monitoring & Maintenance

Phases I-V have been completed and are documented in the Trail Creek WARSSS analysis
report (Rosgen, 2011). Phase VI that develops and evaluates the preliminary natural channel
design using the dimensionless relations from reference reaches is presented in this appendix.
The remaining phases VII-X are addressed in the main report, including the stabilization and
enhancement structures, the final designs for the typical scenarios, design implementation and
the monitoring and maintenance plans.

Phase VI — Develop & Evaluate the Preliminary Natural
Channel Design

Phase VI includes the computational sequence to obtain and evaluate the morphological
characteristics for the preliminary natural channel design. Phase VI combines the results of
Phase II and Phase III. A good design can only follow a good assessment to provide solutions
to restoration that will offset the cause of the problem and allow for the river to be self-
maintaining. The objectives that led to the conceptual design must also be consistent and be
designed with more detail at this phase. The computational sequence incorporates the
watershed and river assessment that predicts the consequence of streamflow, sediment supply
and channel change. A key to the development of this design phase is the reference reach data
that represents similar potential controlling variables (boundary conditions), including valley
type, riparian vegetation and sediment and flow regime. The early sequence calculates the
required variables to initially test whether the hydraulic and sediment relations associated with
the existing condition and the reference reach are compatible prior to advancing through the
entire computational sequence.
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Along with mean values of morphological characteristics, the minimum and maximum values are
also calculated. Natural channel design uses the range of values to account for the natural
variability in river systems. This allows for the flexibility in design necessary as boundary
conditions and constraints often change or are discovered at this phase. For example, if the
valley width was constrained and the entrenchment ratio ranged from 3-5, using the minimum
width/depth ratio value with the minimum entrenchment ratio would generate the greatest
corresponding channel depth. Consequently, shear stress, velocity and stream power would be
higher and flood levels would be increased in a reach that was laterally constrained.
Adjustments in the dimensionless relations are often required, as a variation in ratios occur in
natural laterally constrained river valleys that still exhibit natural stability. If the valley slope
was relatively steep associated with a coarse, high bedload sediment supply regime, a large
radius of curvature to width ratio would be observed along with and an arc length ratio of 34
widths forming a compound pool; these relations need to be reflected in the design. In this
case, the width/depth ratio corresponding to the above controlling variables would require the
maximum value in the range rather than the minimum value. Thoroughly reviewing the field
data and the corresponding basic reference reach data ranges and pattern relations will help in
determining which combination of values (mean, minimum or maximum) to select.

Computational Sequence

The computational sequence outlined in Flowchart 1 determines and evaluates the dimension,
pattern and profile variables for the preliminary natural channel design. All morphological
characteristics are recorded in Table 1 for the existing, proposed design and reference reaches.
References to specific entry items in Table 1 are included throughout the sequence to locate
where to record the proposed design reach variables. A detailed discussion of each procedural
sequence follows Flowchart 1 and Table 1.
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Appendix | - The Natural Channel Design Procedure

Computational Sequence

v v

1 - 4: Gather Phase Il Relationships & 5. Organize Existing Reach Data including the
Organize Reference Reach Data Detailed Morphological Characterization &
including Dimensionless Relations Analyses

| |
v

6 —17: Calculate proposed Riffle Channel Dimensions
(Include Rapids and Chutes for Rapids-Dominated and
Step—Pool Systems)

A 4
e M
18 — 25: Calculate Channel Pattern Variables
- J
p v §
26: Layout Channel Pattern Variables
(& J
v
( )\
27 — 30: Calculate Sinuosity & Slope
|\ J
v
31- 39: Design the Floodplain & Flood-Prone Area
e ‘y N\
40: Plot Typical Three- or Four-Stage Channel
v
( )
41 — 44: Ensure the Hydraulic & Sediment Competence
& Capacity Calculations Match Continuity

v
[ 45: Calculate Flood-Prone Area Capacity ]

\ 4

e B
46 — 75: Calculate Remaining Applicable Bed Feature Dimensions
(e.g., pool, run, glide and step features)

& J
'a ‘y ™\
76 — 85: Calculate Longitudinal Profile Facet Slopes & Maximum Depths
(& J

[ 86: Plot Typical Longitudinal Profile ]

Flowchart 1. Computational sequence to determine and evaluate the dimension, pattern & profile
variables for the preliminary natural channel design.
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Existing Reach Stream & Location:
Reference Reach Stream & Location:
Entry Number & Variable Existing Reach PropoRsssclaeggn Reference Reach
1 Valley Type
2 Valley Width
3 Stream Type
4  Drainage Area, mi
5 Bankfull Discharge, cfs (Quxf)
Mean: Mean: Mean:
6 Riffle Width, ft (Wps) Min: Min: Min:
Max: Max: Max:
Mean: Mean: Mean:
7 Rifle Mean Depth, ft (dyxs) Min: Min: Min:
Max: Max: Max:
Riffle Width/Depth Ratio AT U Mean:
8 (Wi/do) Min: Min: Min:
bkfT okt Max: Max: Max:
1) . . .
s Riffle Cross-Sectional Area, ft? M.ean. Mean: Mgan.
‘® 9 Poie) Min: Min:
é ki Max: Max:
a Mean: Mean: Mean:
o | 10 Rifle Maximum Depth (dmax) Min: Min: Min:
-B:: Max: Max: Max:
1 Riffle Maximum Depth to Riffle mean: m.ean: mgan:
in: in: in:
Mean Depth (dnax/d
P (Aman/ o) Max: Max: Max:
. Width of Flood-Prone Area at mgan: m?san: m_ean:
. in: in: in:
Elevation of 2 * dpax, ft
maxs ft (Wipa) Max: Max: Max:
Mean: Mean: Mean:
13 Entrenchment Ratio (Wi pa/ W) |Min: Min: Min:
Max: Max: Max:
Mean: Mean: Mean:
14 Riffle Inner Berm Width, ft (Wj,) |Min: Min: Min:
Max: Max: Max:
15 Riffle Inner Berm Width to Riffle mea.\n: m.ea.m: m.ea.m:
Width (Wi/ W) n- n: n:
n Max: Max: Max:
c
-% Riffle Inner Berm Mean Depth, ft Mfean. M.ean. M.ean.
g 16 () Min: Min: Min:
= i Max: Max: Max:
) - ; ;
= 17 Riffle Inner Berm Mean Depth to m?f‘”- m‘ee.m. m‘ee.m.
5 Riffle Mean Depth (/) n: n- "
m Max: Max: Max:
(J) . c 5
= Riffle Inner Berm Width/Depth Mgan. M.ean. M.ean.
= 18 Ratio (Wiy/dy) Min: Min: Min:
= e Max: Max: Max:
Riffle Inner Berm Cross-Sectional Mgan. M.ean. M.ean.
19 Min: Min: Min:
Area (Ap)
Max: Max: Max:
Riffle Inner Berm Cross-Sectional|Mean: Mean: Mean:
20 Area to Riffle Cross-Sectional Min: Min: Min:
Area (Aip/Apks) Max: Max: Max:
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Appendix | - The Natural Channel Design Procedure

Table 1. Morphological characteristics of the existing, proposed design & reference reaches. Page 2/10

Entry Number & Variable Existing Reach Propo;:iclaeygn Reference Reach
Mean: Mean: Mean:
21 Pool Width, ft (Wpsp) Min: Min: Min:
Max: Max: Max:
, Pool Widih to Riffle Width M?ani m?a”: m?a”:
in: in: in:
/W
(Woktp/ Wokr) Max: Max: Max:
Mean: Mean: Mean:
23 Pool Mean Depth, ft (dksp) Min: Min: Min:
Max: Max: Max:
o Pool Mean Depth to Riffle Mean mean: maan: mean:
in: in: in:
Depth (dpksp/d
PN (Goitp/ o) Max: Max: Max:
(2] . . .
< Pool Width/Depth Ratio Mean: Mean: Mean:
‘s | 25 (Waso/ Aot Min: Min: Min:
g okip!Tbkfp Max: Max: Max:
a Pool Cross-Sectional Area, ft? Mgan: Mgan: Mgan:
S | 26 (Poxro) Min: Min: Min:
= Lie Max: Max: Max:
27 Pool Area to Riffle Area mgan: m,ean: m§an:
in: in: in:
Apksol A
(Aokip/Ankr) Max: Max: Max:
Mean: Mean: Mean:
28 Pool Maximum Depth (dmaxp) Min: Min: Min:
Max: Max: Max:
20 Pool Maximum Depth to Riffle mgan: mean: mean:
in: in: in:
Mean Depth (d /d
PN (Amap/ i) Max: Max: Max:
Mean: Mean: Mean:
30 Point Bar Slope (Spp) Min: Min: Min:
Max: Max: Max:
Mean: Mean: Mean:
31 Pool Inner Berm Width, ft (Wip,) [Min: Min: Min:
Max: Max: Max:
- Pool Inner Berm Width to Pool m_ean: mean: m_ean:
. in: in: in:
Width (Wibp/kafp) Max: : .
@ ax: Max: Max:
= R . .
-g Pool Inner Berm Mean Depth, ft Mean. Mean. Mean.
= | 33 Min: Min: Min:
(5} (dibp) . . .
IS Max: Max: Max:
£ | 34 Pool Inner Berm Mean Depth to mfean. m_ean. m_ean.
= in: in: in:
Pool Mean Depth (di,,/d
@ PN (Clop/ i) Max: Max: Max:
o : ; :
c Pool Inner Berm Width/Depth Mean. Mean. Mean.
£] 35 Ratio Wiy /i) Min: Min; Min:
g ibp’=iop. Max: Max: Max:
o - ; ;
Pool Inner Berm Cross-Sectional Mgan. Mfaan. Mfaan.
36 Min: Min: Min:
Area (Aipp)
Max: Max: Max:
Pool Inner Berm Cross-Sectional |Mean: Mean: Mean:
37 Areato Pool Cross-Sectional Min: Min: Min:
Area (Aipp/Apkip) Max: Max: Max:
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Page 3/10

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: Mean: Mean:
38 Run Width, ft (Wysr) Min: Min: Min:
Max: Max: Max:
4o RUN Width to Riffe Width mean: mean: mean:
in: in: in:
/W
(Wokto/ Wokr) Max: Max: Max:
Mean: Mean: Mean:
40 Run Mean Depth, ft (dpksr) Min: Min: Min:
Max: Max: Max:
a1 Run Mean Depth to Riffle Mean mgan: mean: mean:
in: in: in:
] Depth (dpys,/d
< pth (dpkse/dyks) Max: Max: Max:
‘» ; . ;
S Run Width/Depth Ratio IR Mean: Mean:
c | 42 (Wit /Do) Min: Min: Min:
A bk r/ Obkfr, Max: Max: Max:
= . . B
& Run Cross-Sectional Area, ft2 Mgan. Mgan. Mgan.
43 Poi) Min: Min: Min:
bkfr Max: Max: Max:
" Run Area to Riffle Area mean: mean: mean:
in: in: in:
Apksrd A
(Apkre/ Apkr) Max: Max: Max:
Mean: Mean: Mean:
45 Run Maximum Depth (dmaxr) Min: Min: Min:
Max: Max: Max:
/G Run Maximum Depth to Riffle m_ean: mean: mean:
in: in: in:
Mean Depth (dyax/d
p ( maxr bkf) Max: Max: Max:
Mean: Mean: Mean:
47 Glide Width, ft (Wpisg) Min: Min: Min:
Max: Max: Max:
4 Clide Width to Riffe Width M?ani m?a”: m?a”:
in: in: in:
/W
(W okt g/ W pks) Max: Max: Max:
Mean: Mean: Mean:
49 Glide Mean Depth, ft (dpksg) Min: Min: Min:
Max: Max: Max:
o Glide Mean Depth to Riffle Mean mgan: mgan: mgan:
n in: in: in:
Depth (dpkso/d
_5 PN (dokrgf Do) Max: Max: Max:
1) N . .
5 Glide Width/Depth Ratio Mean: Mean: Mean:
£ ] 51 (Waso/dgrc) Min: Min: Min:
a bkf g™ bk g Max: Max: Max:
= Glide Cross-Sectional Area, ft? Mfean. Mgan. Mgan.
O 52 Aucc) Min: Min: Min:
bkfg Max: Max: Max:
53 Glide Area to Riffle Area mean: mgan: mean:
in: in: in:
Abkigl A
(Aoke g/ Avkr) Max: Max: Max:
Mean: Mean: Mean:
54 Glide Maximum Depth (dmaxg) Min: Min: Min:
Max: Max: Max:
55 Glide Maximum Depth to Riffle mfean: mgan: mfaan:
in: in: in:
Mean Depth (d /d
p ( maxg' bkf) Max: Max: Max:
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Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Appendix | - The Natural Channel Design Procedure

Page 4/10

Entry Number & Variable Existing Reach Propossgclaeﬂgn Reference Reach
Mean: Mean: Mean:
56 Glide Inner Berm Width, ft (Wiyg) |Min: Min: Min:
Max: Max: Max:
57 Glide Inner Berm Width to Glide M?ani m?an: m?an:
. in: in: in:
Width (Wipg/W
” (Wiog/Woro) Max: Max: Max:
=
-g Glide Inner Berm Mean Depth, ft Mean. M.ean. Mean.
c | 58 Min: Min: Min:
o (dibg) . . .
e Max: Max: Max:
a : ; ;
E| g Glide Inner Berm Mean Depth to mgan. mgan. mgan.
= . in: in: in:
[} Glide Mean Depth (di,,/d
[l Pt (Ging/Chro) Max: Max: Max:
() . 5 5
< Glide Inner Berm Width/Depth M.ean. Mgan. Mgan.
> 60 Ratio (Wipe/dipe) Min: Min: Min:
o lbg™ibg Max: Max: Max:
© Glide Inner Berm Cross- m.ea.m: mea.\n: mee.\n:
61 Sectional Area (Ajpg) n- - n-
Max: Max: Max:
- Glide Inner Berm Area to Glide mgan: mean: mean:
in: in: in:
Area (Aipg/ A
(AivglAvicto) Max: Max: Max:
Mean: Mean: Mean:
63 Step Width, ft (Wpss) Min: Min: Min:
Max: Max: Max:
6 Step Width to Riffle Width m?an: mean: mean:
in: in: in:
/W
(Wikss/Wikr) Max: Max: Max:
Mean: Mean: Mean:
65 Step Mean Depth, ft (dyss) Min: Min: Min:
Max: Max: Max:
- Step Mean Depth to Riffle Mean mgan: mgan: mgan:
in: in: in:
@ Depth (dpkss/d
E pth (dpkts/dpks) Max: Max: Max:
1) . . .
S Step Width/Depth Ratio Mfean. M.ean. Mgan.
e | 67 (W o/ Do) Min: Min: Min:
a bkfsTbkts Max: Max: Max:
=3 ; : :
% Step Cross-Sectional Area, ft? Mgan. Mgan. Mfean.
68 (Posre) Min: Min: Min:
bkfs Max: Max: Max:
Step Area to Riffle Area Mean: Mfean: Mfean:
69 (Aorre/Anr) Min: Min: Min:
pkfsT7 okt Max: Max: Max:
Mean: Mean: Mean:
70 Step Maximum Depth (dyaxs) Min: Min: Min:
Max: Max: Max:
= Step Maximum Depth to Riffle mgan: mgan: mgan:
in: in: in:
Mean Depth (dmaxs/d
p ( maxs bkf) Max: Max: Max:
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Page 5/10

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Channel Pattern

Reach

Mean: Mean: Mean:
72 Linear Wawelength, ft (A) Min: Min: Min:
Max: Max: Max:

Linear Wawelength to Riffle Width Mfean: M?an: M?an:
73 OJWer) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
74 Stream Meander Length, ft (L,) |Min: Min: Min:
Max: Max: Max:

Stream Meander Length Ratio Mfean: Mfean: Mgan:
75 (L Werr) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
76 Belt Width, ft (W) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
77 Meander Width Ratio (W /W) |Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
78 Radius of Curvature, ft (Rc) Min: Min: Min:
Max: Max: Max:

Radius of Curvature to Riffle Mgan: Mgan: Mgan:
79 Width (Re/Wi) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
80 Arc Length, ft (Ly) Min: Min: Min:
Max: Max: Max:

Arc Length to Riffle Width M_ean: M_ean: M?an:
81 (La/ W) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
82 Riffle Length (L)), ft Min: Min: Min:
Max: Max: Max:

Riffle Length to Riffle Width Mean: Mean: Mean:
83 (L/ W) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
84 Individual Pool Length, ft (L) Min: Min: Min:
Max: Max: Max:

Pool Length to Riffie Width Mean: Mean: Mean:
85 (Lo/Wier) Min: Min: Min:
Max: Max: Max:

Mean: Mean: Mean:
86 Pool to Pool Spacing, ft (Ps) Min: Min: Min:
Max: Max: Max:

Pool to Pool Spacing to Riffle Mean: Mean: Mean:
87 Width (Po/Wi) Min: Min: Min:
Max: Max: Max:

Appendix I-8



Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Appendix | - The Natural Channel Design Procedure

Page 6/10

Entry Number & Variable Existing Reach Propossgclaeﬂgn Reference Reach
88 Stream Length (SL)
a
(‘,_3) 89 Valley Length (VL)
©
§ 90 Valley Slope (Sya)
(%] . .
g 91 Sinuosity (k) ?/LS/YSL SL/VL: f/LS/YSL
2 S = S,alk
92 Awerage Water Surface Slope (S)
= Flood-Prone Area Width, ft M?E.m: Mga'm: Mga'm:
= 93 (Wipa) Min: Min: Min:
© Max: Max: Max:
()
< Flood-Prone Area Mean Depth, ft Mgan: Mgan: Mgan:
Q[ 94 (ron) Min: Min: Min:
08_ . Max: Max: Max:
'g o5 Flood-Prone AreaZCross- m:'::m: m?:_m: m?jn:
i Sectional Area, ft (A¢pa) Maoc: Manc: Manc:
» Mean: Mean: Mean:
_S 96 Floodplain Width, ft (W) Min: Min: Min:
2 Max: Max: Max:
8 Mean: Mean: Mean:
8| g7 Floodplain Mean Depth, ft (df) Min: Min: Min:
E Max: Max: Max:
§' Floodplain Cross-Sectional Area, Mgan: Mgan: Mgan:
ol 98 .» Min: Min: Min:
i ft= (Ar) , , ,
Max: Max: Max:
Mean: Mean: Mean:
. | 99 Low Terrace Width, ft (W) Min: Min: Min:
-g Max: Max: Max:
@ Mean: Mean: Mean:
© | 100 Low Terrace Mean Depth, ft (dy) [Min: Min: Min:
E Max: Max: Max:
§ 101 Low Terrace Cross-Sectional Miia'n: mie:n: mier?n:
Area, ftZ (Ay) ' ' '
Max: Max: Max:
Mean: Mean: Mean:
= | 102 Low Bank Height (LBH) Min: Min: Min:
'09, Max: Max: Max:
2 Maximum Bankfull Depth (dna) |Mean: Mean: Mean:
s | 103 at Same Location as Low Bank [Min: Min: Min:
2 Height (LBH) Measurement Max: Max: Max:
08)) Mean: Mean: Mean:
0O | 104 Bank-Height Ratio (LBH/dnax) Min: Min: Min:
Max: Max: Max:
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Page 7/10

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Bed Feature Water Surface Facet Slopes and Dimensionless Ratios from Profile

Reach
Riffle Slope (water surface facet M.ean: M.ean: M.ean:
5 slope) (Sy) Min: Min: Min:
it Max: Max: Max:
o Riffle Slope to Average Water M?"{‘”i m?én: m?én:
Surface Slope (S//S) n- n- n:
Max: Max: Max:
Pool Slope (water surface facet Mean: Mean: Mean:
107 Min: Min: Min:
slope) (Sp)
Max: Max: Max:
G Pool Slope to Average Water mea.m: m.ea.m: m.ea.\n:
Surface Slope (Sy/S) n- n: n:
Max: Max: Max:
Run Slope (water surface facet Mgan: Mgan: Mgan:
109 slope) (Sur) Min: Min: Min:
run Max: Max: Max:
51 Run Slope to Average Water mea.m: mea.\n: mea.\n:
Surface Slope (Syun/S) n- n- n
Max: Max: Max:
Glide Slope (water surface facet Mgan: Mgan: Mgan:
111 slope) (Sy) Min: Min: Min:
¢ Max: Max: Max:
165 Glide Slope to Average Water m.ea.n: mee.m: mee.ln:
Surface Slope (Sy/S) n- n- n
Max: Max: Max:
Step Slope (water surface facet Mgan: Mgan: Mgan:
113 Min: Min: Min:
slope) (Ss)
Max: Max: Max:
Step Slope to Average Water M.ean: M.ean: M.ean:
114 Min: Min: Min:
Surface Slope (Ss/S)
Max: Max: Max:
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Table 1. Morphological characteristics of the existing, proposed design & reference reaches.

Appendix | - The Natural Channel Design Procedure

Page 8/10

Entry Number & Variable

Existing Reach

Proposed Design

Reference Reach

Reach
Mean: Mean: Mean:
115 Riffle Maximum Depth, ft (dnha) |Min: Min: Min:
;‘1__) Max: Max: Max:
o . o o
a 116 Rifle Maximum Depth to Riffle m_ee_m' m.ea-\n. m.ea-\n.
£ Mean Depth (da/d n n n
IS P (Amax o) Max: Max: Max:
Z Mean: Mean: Mean:
® | 117 Pool Maximum Depth, ft (dmaxp) |Min: Min: Min:
% Max: Max: Max:
0 o o o
2 118 Pool Maximum Depth to Riffle mea.m. mea.m. mea.m.
) Mean Depth (dmaxp/d n- In: in:
7z P (Amap/ Do) Max: Max: Max:
g Mean: Mean: Mean:
B | 119 Run Maximum Depth, ft (dmax) |Min: Min: Min:
% Max: Max: Max:
*2 120 Run Maximum Depth to Riffle mgan: mean: mean:
S in: in: in:
Mean Depth (dmax/d
£ pth (dmax/dokr) Maoc Maoc Maoc
; Mean: Mean: Mean:
8 | 121 Glide Maximum Depth, ft (dmaxg) [Min: Min: Min:
E Max: Max: Max:
§' 5% Glide Maximum Depth to Riffle mzaan: mean: mean:
in: in: in:
Mean Depth (d /d
§ pth ( L bi) Max: Max: Max:
) Mean: Mean: Mean:
% 123 Step Maximum Depth, ft (dmaxs) |Min: Min: Min:
@ Max: Max: Max:
E e Step Maximum Depth to Riffle m_ean: m_ean: m_ean:
in: in: in:
Mean Depth (d /d
p ( maxs bkf) Max: Max: Max:
125 Particle Size Distribution of Channel Material (Active Bed) or Pavement
D1 (MM)
D35 (mm)
Dso (mm)
Dg4 (Mm)
%) Dgs (Mm)
8
f5i D1go (Mm)
©
= | 126 Particle Size Distribution of Bar Material or Sub-pavement
©
= D1s (mm)
2
(@) D3 (Mm)
Dso (mm)
Dgs (Mm)
Dgs (mm)

Dmax: Largest size particle at the
toe (lower third) of bar (mm) or
sub-pavement
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Table 1. Morphological characteristics of the existing, proposed design & reference reaches. Page 9/10

Entry Number & Variable

Existing Reach

Proposed Design
Reach

Reference Reach

127

Estimated Bankfull Mean Velocity,
ft/sec (Upky)

Hydraulics

128

Estimated Bankfull Discharge, cfs
(Quks); Compare with Regional
Curve

129

Calculated bankfull shear stress
value, Ibs/ft? (T)

130

Predicted largest moveable particle
size (mm) at bankfull shear stress, t,
using the original Shields relation

131

Predicted largest moveable particle
size (mm) at bankfull shear stress, t,
using the Colorado relation

132

Largest particle size to be moved
(Dinax) (mm) (see #126: Particle Size
Distribution of Bar Material)

133

Predicted shear stress required to
initiate movement of Dy,,, (Mm) using
the original Shields relation

134

Predicted shear stress required to
initiate movement of D,,,, (Mm) using
the Colorado relation

135

Predicted mean depth required to
initiate movement of Dy, (MM), d =
t/yS (t = predicted shear stress, y = 62.4, S
= existing or design slope) (Shields)

136

Sediment Competence

Predicted mean depth required to
initiate movement of D, (Mm), d =

t/yS (t = predicted shear stress, y = 62.4, S
= existing or design slope) (Colorado)

137

Predicted slope required to initiate
movement of Dy, (MM) S=t/vd (x =
predicted shear stress, y = 62.4,d =
existing or design depth) (Shields)

138

Predicted slope required to initiate
movement of Dy, (Mm) S=t/yd (x =

predicted shear stress, y = 62.4, d =
existing or design depth) (Colorado)

139

Bankfull dimensionless shear stress
(*) (see competence form)

140

Required bankfull mean depth d; (ft)
using dimensionless shear stress
equation: dy = t™(ys - 1)DmadS  (Note:
Dnax in ft)

141

Required bankfull water surface slope
S (ft) using dimensionless shear
stress equation: S = t*(ys - 1)Dyax/ds
(Note: D,y in ft)
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Appendix | - The Natural Channel Design Procedure

Table 1. Morphological characteristics of the existing, proposed design & reference reaches. Page 10/10

Proposed Design Difference in

Sediment Yield (FLOWSED) Existing Reach Reach Sediment Yield

141 Bedload Sediment Yield (tons/yr)

Suspended Sediment Yield

e (tons/yr)

Suspended Sand Sediment Yield
(tons/yr)

Sediment Yield

143

Total Annual Sediment Yield

S (tons/yr)

Proposed Design

Streambank Erosion Existing Reach
Reach

Reference Reach

145 Stream Length Assessed (ft)

Graph/Curve Used (e.g.,

88 Yellowstone or Colorado)

Bank Erosion

147 Streambank Erosion (tons/yr)

148 Streambank Erosion (tons/yr/ft)
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The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Computational Sequence 1 — 4. Gather Phase Il Relationships &
Reference Reach Data

1 — Obtain & Verify Regional Curves

Obtain and verify regional curves of bankfull dimensions and bankfull discharge versus
drainage area as developed in Phase II (Figure 37 and Figure 38). The regional curves must be
located in the same hydro-physiographic province as that of the existing or proposed design
reach. The regional curves are used to determine bankfull discharge and cross-sectional area of
the proposed design reach. Regional curves of cross-sectional area versus drainage area
generally have an excellent correlation coefficient and low variance making it acceptable to
determine the cross-sectional area of the proposed design reach. However, predicting bankfull
width and bankfull depth from regional curves is discouraged due to the consistent higher error
term in the relation and the fact that the regional curves are not stratified by stream type
(reflecting the variation in width/depth ratio).

2 — Obtain Dimensionless Flow-Duration Curves

Obtain the dimensionless flow-duration curves created or acquired in Phase II. This curve is
derived from gage site data that represents a similar hydro-physiographic province as the
restoration site. A dimensional flow-duration curve is obtained at the gage site and is made
dimensionless by dividing all flow values by the mean daily bankfull discharge at the gage site.

Post-fire flow-duration curves were developed from a water yield model that utilized the Goose
Creek gage station data as presented in the Trail Creek WARSSS analysis (Rosgen, 2011). The
flow-duration curves are used in the FLOWSED model to predict the sediment yields for the
existing vs. proposed reaches as discussed in the typical design scenarios.

3 — Obtain Sediment Relations

The sediment transport capacity of the proposed design reach must be checked using the
FLOWSED and POWERSED models, which require measured bankfull stage bedload,
suspended and suspended sand concentrations. Regional sediment relations of bankfull
bedload and suspended sediment were developed as a function of drainage area for the Trail
Creek Watershed as presented in the Trail Creek WARSSS analysis (Rosgen, 2011). These
regional bankfull sediment curves are delineated by major geologic province and stream
stability rating by stream type inferring sediment supply.

4 — Obtain & Organize the Reference Reach Data

Obtain the reference reach data collected in Phase II and in the Trail Creek WARSSS analysis
(Rosgen, 2011). Be certain to stratify the reference reach by a similar valley type, flow regime,
sediment regime, bank type and riparian vegetation type to match boundary conditions that are
associated with the controlling variables as the proposed design reach. Complete the Reference
Reach Column in Table 1 to organize all morphological characteristics and analyses. The
reference reach data represents the dimensionless ratios used to generate design values; thus
the dimension, pattern and profile data is critical to be representative of a stable reach.
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Appendix | - The Natural Channel Design Procedure

Computational Sequence 5: Obtain & Organize Existing Reach Data

5 — Obtain & Organize the Existing Reach Data

Complete the Existing Reach Column in Table 1 to organize all morphological characteristics
and analyses. Stability assessments conducted on representative reaches can be extrapolated to
locations without the detailed assessments given that the stream and valley types are similar.
Regardless, basic data is required for existing locations, including the valley slope and
boundary conditions.

Computational Sequence 6 — 18: Calculate Riffle Channel Dimensions

6 — Obtain the Drainage Area
Obtain the drainage area (mi?) for the proposed design reach (Record in Table 1, Entry 4).

7 — Obtain Bankfull Discharge & Corresponding Cross-Sectional Area (Apkf)

Obtain the bankfull discharge (Qv) for the proposed design reach using the determined
drainage area and the obtained regional curves (Record in Table 1, Entry 5). Determine the
corresponding cross-sectional area (Aws) using the regional curves and checking for reasonabless
of the variables using continuity (Record in Table 1, Entry 9). Note: The cross-sectional area is
recorded as the “mean” value in Entry 9 and this value is used in remaining computations that
involve riffle area. Cross-sectional area can be calculated from continuity (Aws= Qer/ uvif) by
knowing bankfull discharge and either knowing or estimating the bankfull mean velocity (uu).
Be sure to check the reasonableness of the mean velocity; generally the bankfull velocity is
between 3-5 ft/sec with an average of 4 ft/sec for the majority of stream types. The bankfull
mean velocity of the proposed design reach will be checked with resistance and roughness
relations later in the sequence after riffle channel dimensions and average water surface slope
are calculated.

8 — Calculate Bankfull Riffle Width (Wys)

Calculate the bankfull riffle width (W) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 6):

Mean Wik = [(Weks | dvig)rer * Avis ]2 Equation 1
where:
(Wi / duks)ref = mean reference reach bankfull riffle width/depth ratio
Avif = mean bankfull riffle cross-sectional area of the proposed design reach

Minimum Wiks = [(Woks [ dvig)rer * Avks ]12 Equation 2
where:
(Wit | dvig)ref = minimum reference reach bankfull riffle width/depth ratio
Awis = mean bankfull riffle cross-sectional area of the proposed design reach
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Maximum Weks = [(Waig | dekp)rer * Auvir ]2 Equation 3
where:
(Wi / dukt)ref = maximum reference reach bankfull riffle width/depth ratio
Avif = mean bankfull riffle cross-sectional area of the proposed design reach

The mean value of the riffle width will be used to convert dimensionless relations that follow.
However, the reason for the range in riffle width computations is to provide the designer with
some options that occur in nature and to provide an understanding of the range of bankfull riffle
widths to be used for monitoring and maintenance criteria. The channel width adjustment
following runoff should stay within the range of widths based on natural, stable stream types.

9 — Calculate Bankfull Riffle Mean Depth (dps)

Calculate the bankfull riffle mean depth (duw) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 7):

Mean dewg= Avr/ Woks Equation 4
where:
Avir = mean bankfull riffle cross-sectional area of the proposed design reach
Wik = mean bankfull riffle width of the proposed design reach
or
Mean dog = Wiks/ (Wks | dke)rer Equation 5
where:
Wik = mean bankfull riffle width of the proposed design reach
(Wois/ duit)ref = mean reference reach bankfull riffle width/depth ratio

Minimum ds = Avkr/ Wi Equation 6
where:
Avif = mean bankfull riffle cross-sectional area of the proposed design reach
Wik = maximum bankfull riffle width of the proposed design reach
or
Minimum doks = Wikr/ (Whks | dokf)ref Equation 7
where:
Whks = maximum bankfull riffle width of the proposed design reach
(Woig/ dvit)re = maximum reference reach bankfull riffle width/depth ratio

Maximum doks = Avkr/ Wiy Equation 8
where:
Avir = mean bankfull riffle cross-sectional area of the proposed design reach
Whks = minimum bankfull riffle width of the proposed design reach
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or
Maximum dokr= Wiks | (Whir / dokf)ref Equation 9
where:
Wik = minimum bankfull riffle width of the proposed design reach
(Woig/ dvit)ref = minimum reference reach bankfull riffle width/depth ratio

10 — Calculate Bankfull Riffle Width/Depth Ratio (Wpki/dpks)

Calculate the bankfull riffle width/depth ratio (Weu/dey) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 8).

Mean Weks/dokr = Whir [ doks Equation 10
where:
Wiis = mean bankfull riffle width of the proposed design reach
dw = mean bankfull riffle mean depth of the proposed design reach

Minimum Wk /dokg = Wk | dr Equation 11
where:
Whks = minimum bankfull riffle width of the proposed design reach
dvy = maximum bankfull riffle mean depth of the proposed design reach

Maximum Whks/dor = Woks / doks Equation 12
where:
Wik = maximum bankfull riffle width of the proposed design reach
dvy = minimum bankfull riffle mean depth of the proposed design reach

11 — Calculate Bankfull Riffle Maximum Depth (dmax)

Obtain the bankfull riffle maximum depth (dma«) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 10):

Mean dimax = [(dmax ! dvkp)rer ] * doks Equation 13
where:
(dmax / dvig)rer = mean reference reach bankfull riffle maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

Minimum duax = [(dmax/ dvig)rer ] * dor Equation 14
where:
(dmax | doig)rer = minimum reference reach bankfull riffle maximum depth to
bankfull riffle mean depth
dw = mean bankfull riffle mean depth of the proposed design channel
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Maximum dumax = [(dmax [ dokp)rer ] * Aok Equation 15
where:
(dmax / dekf)ref = maximum reference reach bankfull riffle maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

Riffle Inner Berm Channel Dimensions (Applicable to B and C Stream Types)

The inner berm (Stage 1 of the multi-stage channel design often associated with mean annual
discharge and a flow 30-40% of the bankfull channel) characterizes the low flow channel and
assists in defining the shape of the channel beyond the bankfull width, mean depth and
maximum depth. The inner berm also improves the sediment transport capacity due to its
influence on the hydraulic geometry, shear stress and stream power of the channel. Inner
berms are most prominent in B and C Stream Types and are most commonly found in riffles,
pools and glides.

12 — Calculate Riffle Inner Berm Width (W)

Calculate the riffle inner berm width (Ww) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 14):
Mean Wis = (Wi | Wikp)rer * Wi Equation 16
where:
(Wiv | Whig)rer = mean reference reach riffle inner berm width to bankfull
riffle width
Wik = mean bankfull riffle width of the proposed design reach

Minimum Wiv = (Wiv | Wokg)rer * Woks Equation 17
where:
(Wiv | Whig)rer = minimum reference reach riffle inner berm width to bankfull
riffle width
Wiks = mean bankfull riffle width of the proposed design reach

Maximum Wi = (Wiv [ Wikp)rer * Wks Equation 18
where:
(Wiv | Wiks)rer = maximum reference reach riffle inner berm width to bankfull
riffle width
Wiks = mean bankfull riffle width of the proposed design reach

13 — Calculate Riffle Inner Berm Mean Depth (djy)

Calculate the riffle inner berm mean depth (div) for the mean, minimum and maximum values
(Record in Table 1, Entry 16):
Mean div = (div | dvkp)rer * doks Equation 19
where:
(dw | dvi)rer = mean reference reach riffle inner berm mean depth to bankfull
riffle mean depth
diy = mean bankfull riffle mean depth of the proposed design reach
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Minimum div = (div | dok)rer * dixs Equation 20
where:
(div | dvip)re = minimum reference reach riffle inner berm mean depth to
bankfull riffle mean depth
duvy = mean bankfull riffle mean depth of the proposed design reach

Maximum div = (div | dvkp)rer * diks Equation 21
where:
(div | dvi)rer = maximum reference reach riffle inner berm mean depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

14 — Calculate Riffle Inner Berm Area (Aip)

Calculate the riffle inner berm cross-sectional area (Aw) for the mean, minimum and maximum values
(Record in Table 1, Entry 20):
Mean A= (A | Avig)rer * Avks Equation 22
where:
(A | Avis)ref = mean reference reach riffle inner berm cross-sectional area to
bankfull riffle cross-sectional area
Auwy = mean bankfull riffle cross-sectional area of the proposed design reach

Minimum A = (Aiv | Avkpres * Avks Equation 23
where:
(Aiv | Avkf)ref = minimum reference reach riffle inner berm cross-sectional
area to bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

Maximum A = (A | Avip)rer * Avis Equation 24
where:
(Aiv | Avkf)ref = maximum reference reach riffle inner berm cross-sectional
area to bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

15 — Calculate Riffle Inner Berm Width/Depth Ratio (W;,/dip)

Calculate the riffle inner berm width/depth ratio (Wi/div) for the mean, minimum and maximum
values (Record in Table 1, Entry 18):
Mean Wi/di= Wi / div Equation 25
where:
Wiv = mean riffle inner berm width of the proposed design reach
di» = mean riffle inner berm mean depth of the proposed design reach
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Minimum Wi/div= Wi / div Equation 26
where:
Wiv = minimum riffle inner berm width of the proposed design reach
div = maximum riffle inner berm mean depth of the proposed design reach

Maximum Wiv/di= Wi / div Equation 27
where:
Wiv = maximum riffle inner berm width of the proposed design reach
div = minimum riffle inner berm mean depth of the proposed design reach

Vertical Containment
Entrenchment ratio is used to describe the degree of vertical containment of river channels and
is defined as the ratio of the flood-prone area width to the bankfull riffle width. Flood-prone
area width is determined at an elevation at two times the maximum bankfull depth and is
controlled by the valley width and local valley configuration. The area at this elevation often
includes a low terrace or portions of a colluvial slope where infrequent flooding occurs on the
higher surfaces. This elevation does not have a particular flood frequency relation but describes
the area that is available to the river for flooding within the valley. The flood-prone area width
will also be used in the flood capacity computations of the proposed design.

16 — Determine Flood-Prone Area Width (W;p,).

Calculate the flood-prone area width (Wj«) at an elevation of twice the bankfull riffle maximum
depth of the proposed design at a riffle section for the mean, minimum and maximum values
(Record in Table 1, Entry 12).

17 — Calculate Entrenchment Ratio (ER)

Calculate the Entrenchment Ratio (ER) of the proposed design reach at a riffle section for the
mean, minimum and maximum values (Record in Table 1, Entry 13). Note that the width of the
flood-prone area (Wp.) and bankfull riffle width (W) must be at the same riffle location within
the valley to calculate the entrenchment ratios. The mean, minimum and maximum values can
then be determined by ordering the various entrenchment ratio values calculated for the entire
proposed design reach.

ER = Wpga | Whs Equation 28
where:
Win=width of the flood-prone area of the proposed design reach
Wik = bankfull riffle width of the proposed design reach at same location as the
width of the flood-prone area (Wjx)
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Computational Sequence 18 — 25: Calculate Channel Pattern Variables

18 — Calculate Linear Wavelength (1)

Calculate the linear wavelength () for the proposed design reach for the mean, minimum and
maximum values (Record in Table 1, Entry 72):

Mean A= (1] Wek)rer * Woks Equation 31
where:
(A ] Weig)rs = mean reference reach linear wavelength to bankfull riffle width
Wiks = mean bankfull riffle width of the proposed design reach

Minimum A= (A Wakp)rer * Wiy Equation 32
where:
(A ] Weigdrs = minimum reference reach linear wavelength to bankfull riffle
width
Wik = mean bankfull riffle width of the proposed design reach

Maximum A= (A ] Wekprer * Wiy Equation 33
where:
(A / Weip)ref = maximum reference reach linear wavelength to bankfull riffle width
Wiiks = mean bankfull riffle width of the proposed design reach

19 — Calculate Stream Meander Length (L)

Calculate the stream meander length (L) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 74):

Mean Lm = MLRre* Wiks Equation 34
where:
MLRrs = mean reference reach Meander Length Ratio = (Ln/Woekf)ref
Wiks = mean bankfull riffle width of the proposed design reach

Minimum Lm = MLRre* Wik Equation 35
where:
MLRy = minimum reference reach Meander Length Ratio = (Lmn/Woks)ret
Wiks = mean bankfull riffle width of the proposed design reach

Maximum Ln = MLRrer* Wiy Equation 36
where:
MLRvs = maximum reference reach Meander Length Ratio = (Lm/Wokf)ret
Wik = mean bankfull riffle width of the proposed design reach
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20 — Calculate Belt Width (W)

Calculate the belt width (Wur) for the proposed design reach for the mean, minimum and
maximum values (Record in Table 1, Entry 76):

Mean Weir= MWR ref * Wiy Equation 37
where:
MWRyes = mean reference reach Meander Width Ratio = (Wat/ Wokp)rer
Wiks = mean bankfull riffle width of the proposed design reach

Minimum W= MWR rer * Wos Equation 38
where:
MWRyef = minimum reference reach Meander Width Ratio = (Woit/Woke)ret
Wiis = mean bankfull riffle width of the proposed design reach

Maximum Wor= MWR rer * Wks Equation 39
where:
MWRyef = maximum reference reach Meander Width Ratio = (Whoit/Woke)ret
Wiis = mean bankfull riffle width of the proposed design reach

21 — Calculate Radius of Curvature (R¢)

Calculate the radius of curvature (Rc) for the proposed design reach for the mean, minimum and
maximum values (Record in Table 1, Entry 78):

Mean Re= (Rc/ Whig)rer * Wiks Equation 40
where:
(Re/ Wakp)rer = mean reference reach radius of curvature to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Minimum Re = (Re/ Wikp)rer * Wiy Equation 41
where:
(Re/ Wakplrer = minimum reference reach radius of curvature to bankfull riffle
width
Wiks = mean bankfull riffle width of the proposed design reach

Maximum Re = (Re/ Wokp)rer * Wis Equation 42
where:
(Rc/ Wekp)res = maximum reference reach radius of curvature to bankfull riffle
width
Wik = mean bankfull riffle width of the proposed design reach
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22 — Calculate Arc Length (L)

Calculate the arc length (La) for the proposed design reach for the mean, minimum and maximum
values (Record in Table 1, Entry 80):

Mean La= (La/ Wakp)rer * Wiks Equation 43
where:
(La/ Wekt)rf = mean reference reach arc length to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Minimum La = (La/ Wokp)rer ¥ Wiy Equation 44
where:
(La/ Whig)ref = minimum reference reach arc length to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Maximum La = (La/ Wokp)rer ¥ Wiy Equation 45
where:
(La/ Wkt)rg = maximum reference reach arc length to bankfull riffle width
Wiis = mean bankfull riffle width of the proposed design reach

23 — Calculate Riffle Length (L;)

Calculate the riffle length (L) for the proposed design reach for the mean, minimum and
maximum values (Record in Table 1, Entry 82):

Mean Lr = (Lr/ Whkp)rer * Woks Equation 46
where:
(L+/ Weig)res = mean reference reach riffle length to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Minimum Lr = (Lr/ Wokp)rer * Wks Equation 47
where:
(Lr/ Weip)res = minimum reference reach riffle length to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Maximum Lr = (Lr/ Woké)ret * Wk Equation 48
where:
(L / Weks)ret = maximum reference reach riffle length to bankfull riffle width
Wkt = mean bankfull riffle width of the proposed design reach
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24 — Calculate Individual Pool Length (Lp)

Calculate the pool length (Ly) for the proposed design reach for the mean, minimum and
maximum values (Record in Table 1, Entry 84):

Mean Ly = (Lp/ Wokp)rer * Wiy Equation 49
where:
(Ly/ Whig)rs = mean reference reach pool length to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Minimum Ly = (Lp/ Wikp)rer * Wiy Equation 50
where:
(Ly/ Weigdrs = minimum reference reach pool length to bankfull riffle width
Wik = mean bankfull riffle width of the proposed design reach

Maximum Ly = (Lp/ Wikprer * Whas Equation 51
where:
(Ly/ Wekplres = maximum reference reach pool length to bankfull riffle width
Wiis = mean bankfull riffle width of the proposed design reach

25 — Calculate Pool to Pool Spacing (Ps)

Calculate the pool to pool spacing (Ps) for the proposed design reach for the mean, minimum and
maximum values (Record in Table 1, Entry 86):

Mean Ps = (Ps/ Wkp)ref * Wiy Equation 52
where:
(Ps / Wekg)ref = mean reference reach pool to pool spacing to bankfull riffle
width
Wik = mean bankfull riffle width of the proposed design reach

Minimum Ps = (Ps/ Whkg)rer * Woks Equation 53
where:
(Ps | Wikg)rs = minimum reference reach pool to pool spacing to bankfull
riffle width

Wik = mean bankfull riffle width of the proposed design reach

Maximum Ps = (Ps/ Whkp)rer * Wiy Equation 54
where:
(Ps | Wikg)rs = maximum reference reach pool to pool spacing to bankfull
riffle width

Wiks = mean bankfull riffle width of the proposed design reach
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Computational Sequence 26: Layout Channel Pattern Variables

26 — Layout Channel Pattern Variables

Layout the design channel’s meander geometry that includes the range of values for the linear
wavelength (1), stream meander length (L), belt width (War), radius of curvature (R.), arc
length (L.), riffle length (L), individual pool length (L) and pool to pool spacing (Ps) on a
detailed topographic map or an aerial photo that depicts vegetation, channel features and
terrain character. Adjust the pattern to utilize terrain features and existing vegetation where
possible within the range of the pattern variables.

Computational Sequence 27 — 30: Calculate Sinuosity & Slope

27 — Measure Stream Length (SL) & Valley Length (VL)

Measure Stream Length (SL) of the proposed design reach and Valley Length (VL) (Note:
Measure Valley Length (VL) following the fall line of the valley rather than straight line
segments between meanders) (Record in Table 1, Entries 88 and 89).

28 — Calculate Sinuosity (k)
Calculate sinuosity (k) of the proposed design reach (Record in Table 1, Entry 91):

k=SL/VL Equation 55

29 — Calculate Valley Slope (Sva)

Calculate valley slope (Sui) (Record in Table 1, Entry 90). Measure the water surface elevation
difference (DE) between the same bed features along the fall line of the valley using Valley
Length (VL), where:

Sva=DE / VL Equation 56

30 — Calculate Average Water Surface Slope (S)

Calculate the average water surface slope (S) for the proposed design channel (Record in Table
1, Entry 92):

S =Suilk Equation 57
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Computational Sequence 31 — 32: Design the Flood-prone Area

The first approximation of flood-prone area is determined at an elevation at two times the
bankfull riffle maximum depth of the proposed channel. Three-stage channels comprise of just
the flood-prone area (Stage 3) while four-stage channels are composed of the active floodplain
(Stage 3) and the low terrace feature (Stage 4), which together make up the flood-prone area. If
a low terrace feature is within the approximated flood-prone area, then the active floodplain
and low terrace dimensions can be calculated as part of a four-stage channel design.

Generally, the flood-prone area in three-stage channels should accommodate the largest flood
possible within imposed constraints; the minimum would be the 100-year flood. For four-stage
channels, the active floodplain should accommodate the 20-year flood or frequent floods with a
low terrace to accommodate the 100-year or larger flood. Calculations of flood-prone area
capacity are necessary in this computational sequence, which may indicate that the active
floodplain, low terrace and/or flood-prone area dimensions need to be adjusted.

Floodplains, low terraces and flood-prone areas must be developed for the following various
scenarios:
a) For braided rivers converted to meandering channels (D to C Stream Type) in a Valley
Type VIII
b) For Priority 1 (Gc to C Stream Type) or Priority 2 (F to C or E Stream Type) restorations
that reconnect the channel with floodplain and fluvial features
c) For Priority 3 restorations that convert G to B Stream Types or F to Bc Stream Types
d) Developing flood-prone areas for G or B Stream Types in Valley Type II and for A
Stream Types in Valley Types I and 1L

Flood-Prone Area Dimensions
The preliminary flood-prone area is approximated at a riffle cross-section at an elevation of two
times the bankfull riffle maximum depth of the proposed channel. The flood-prone area width,
mean depth and cross-sectional area can then be calculated at this elevation based on the valley
dimensions of the existing or proposed condition.

31 — Calculate Flood-Prone Area Width (Wipa)

Calculate the flood-prone area width (Wps) for the proposed design channel for the mean,
minimum and maximum values. The flood-prone area width is obtained by selecting the flood-
prone area elevation at two times the maximum bankfull depth of the proposed channel
(Record in Table 1, Entry 93).

32 — Calculate Flood-Prone Area Mean Depth (dspa)

Calculate the flood-prone area mean depth (ds.) for the proposed design channel for the mean,
minimum and maximum values (Record in Table 1, Entry 94).
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33 — Calculate Cross-Sectional Area of Flood-Prone Area (Apa)

Calculate the cross-sectional area of the flood-prone area (As.) for the proposed design channel
for the mean, minimum and maximum values (Record in Table 1, Entry 95).

Floodplain Dimensions (Applicable to Four-Stage Channels, e.g., most
commonly C channels in Valley Type VIII)

34 — Calculate Floodplain Width (W)

Calculate the floodplain width (Wj) for the proposed design channel for the mean, minimum and
maximum values (Record in Table 1, Entry 96).

35 — Calculate Floodplain Mean Depth (dy)

Calculate the mean floodplain depth (dy) for the proposed design channel for the mean, minimum
and maximum values (Record in Table 1, Entry 97).

36 — Calculate Floodplain Cross-Sectional Area (Ay)

Calculate the floodplain cross-sectional area (4y) for the proposed design channel for the mean,
minimum and maximum values (Record in Table 1, Entry 98).

Low Terrace Dimensions (Applicable to Four-Stage Channels, e.g., most
commonly C channels in Valley Type VIII)

37 — Calculate Low Terrace Width (W)

Calculate the low terrace width (W) for the proposed design channel for the mean, minimum
and maximum values (Record in Table 1, Entry 99).

38 — Calculate Mean Low Terrace Mean Depth (dy)

Calculate the low terrace mean depth (dx) for the proposed design channel for the mean,
minimum and maximum values (Record in Table 1, Entry 100).

39 — Calculate Low Terrace Cross-Sectional Area (Ay)

Calculate the low terrace cross-sectional area (Ar) for the proposed design channel for the mean,
minimum and maximum values (Record in Table 1, Entry 101).

Computational Sequence 40: Plot Typical Multi-Stage Channel Dimensions

40 — Plot Typical Multi-Stage Channel Cross-Sections

Plot the typical multi-stage channel cross-sections. Overlaying the proposed cross-section over
the existing cross-section is often useful if the proposed channel design is within proximity of
the existing channel.
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Computational Sequence 41- 44: Ensure the Hydraulic & Sediment
Competence & Capacity Calculations Match Continuity

41 — Calculate Bankfull Velocity (Upkf)

Calculate the bankfull velocity (uws) and corresponding bankfull discharge for the proposed
design reach estimated in Worksheet 1 (Record in Table 1, Entries 127 and 128). Check that the
estimated bankfull discharge is similar to the bankfull velocity calculated using the continuity
equation from regional curves:

u=Q /A (continuity) Equation 85

42 — Calculate Stream Competence / Entrainment

Calculate the stream competence/entrainment for the proposed design reach using Worksheet 2
(Record in Table 1, Entries 129-139). The competence calculation using Worksheet 2 uses the
design channel’s bankfull water surface slope (S) and bankfull mean depth (de) to assess
whether the design channel can transport the largest particle made available from the
immediate upstream supply. The existing riffle bed material Dso, the bar (or sub-pavement)
sample D"s and the largest particle from the bar (or sub-pavement) sample Duax of the existing
reach are used. Calculate both dimensional and dimensionless shear stress.
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Worksheet 1. Computations of velocity and bankfull discharge using various methods for the

proposed design reach.

| Bankfull VELOCITY & DISCHARGE Estimates |
| Stream: | || Location: | |
| Date: | | Stream Type: | || Valley Type: | |
[Oservers: ] I O R R O o
| Input Variables for PROPOSED Design || Output Variables for PROPOSED Design |
Bankfull Riffle Cross-Sectional .
Abit Bankfull Riffle Mean DEPTH ok
AREA (%) (ft)
. Wetted PERMIMETER
Bankfull Riffle WIDTH W ; Wy
(ft) ~ (2% dpyt ) + Wit (ft)
D g, at Riffle Dia. D g4 (Mm) / 304.8 Das
(mm) (ft)
Hydraulic RADIUS
Bankfull SLOPE Sbii y R @
(it / ft) Apii | W,
L . Relative Roughness
Gravitational Acceleration 32.2 9 R/D
(ft / sec?) R(ft) / D g4 (ft) 84
. Shear Velocit *
Drainage Area D(j 7 y u
(mi%) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relative _
u=[283+566*Log{R/D u* ft/ sec cfs
FaCtoerughness [ 9 o }1
2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative
. B ems AR ft/ sec cfs
Roughness (Figs. 5-7, 5-8) u=149*R“°*S~"“/n n=
2. Roughness Coefficient: u=149R***s¥2 .
b) Manning's n from Stream Type (Fig. 5-9) n= ft/sec GE
e . _ *D 23 xc 112
2. Roughness Coefficient: u=149*R“°*S"“/n y ‘
¢) Manning's n from Jarrett (USGS): n = 0.39*g %38 xR 016 S 98
Note: This equation is applicable to steep, step/pool, high boundary
roughness, cobble- and boulder-dominated stream systems; i.e., for N = | |
Stream Types Al, A2, A3, B1, B2, B3, C2 & E3
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.
| (Hey Y Y ) | ft/ sec cfs
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.
| (Hey £ £ ) | ft/ sec cfs
4. Continuity Equations: a) USGS Gage Data u=Q/A
3 . . ) 2 _ Q ft/ sec cfs
eturn Period for Bankfull Q Q= | | year
4. Continuity Equations: b) Regional Curves u=Q/A ft / sec 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 Dg, sand dune protrusion height in ft for the Dg, 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. tne 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. 3pove 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
Option 4. log on upstream side if embedded. Substitute the Dg, protrusion height in ft for the Dg, term in method 1.

Appendix 1-29



The Trail Creek Watershed Master Plan for Stream Restoration & Sediment Reduction

Worksheet 2. Sediment competence calculations to assess bed stability for the proposed design reach.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:

Enter Required Information for PROPOSED Design Condition

D5 Median particle size of riffle bed material (mm)
D/s\o Median particle size of bar or sub-pavement sample (mm)
D max Largest particle from bar sample (ft) (mm) ?nori)?t
S Proposed design bankfull water surface slope (ft/ft)
d Proposed design bankfull mean depth (ft)
1.65 YS-Y/Y Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
D.,/D.,| Range: 3-7 Use EQUATION 1: 1" =0.0834 ( D,,/D/) -0.872
D max/Dso| Range: 1.3-3.0 Use EQUATION 2: 7" = 0.0384 (D ax/D 50) %%

T* Bankfull Dimensionless Shear Stress EQUATION USED:

Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T* (), - 1)Dmax
S

d Required bankfull mean depth (ft) d= (use D ok in ft)

Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample

T*(). -1)Drar
d

S Required bankfull water surface slope (ft/ft) S = (use D a in ft)

Check: ™ Stable [T Aggrading [~ Degrading

Sediment Competence Using Dimensional Shear Stress

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

Y = 62.4, d = proposed design depth, S = proposed design slope
Shields [ CO

Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 5-49)
Shields CcoO

Predicted shear stress required to initiate movement of measured D ., (mm) (Figure 5-49)
Shields Co Predicted mean depth required to initiate movement of measured D 5, (Mmm) do T

T = predicted shear stress, Y = 62.4, S = proposed design slope VS
Shields Co Predicted slope required to initiate movement of measured D 5, (Mm) S T

T = predicted shear stress, Y = 62.4, d = proposed design depth - V

Check: [~ Stable [~ Aggrading [~ Degrading
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43 — Compute Sediment Transport Capacity

Compute sediment transport capacity using the FLOWSED and POWERSED models detailed in
Rosgen (2006/2009) for the proposed design reach (Record in Table 1, Entries 140-143).

44 — Evaluate the Sediment Competence and Transport Capacity Results

Evaluate the sediment competence and transport capacity results for the proposed design reach.
To maintain stability, a stream must be competent to transport the largest size of sediment and
have the capacity to transport the load on an annual basis. If both the competence and capacity
calculations indicate a stable channel, then continue with the computational sequence. If either
the competence evaluation or the capacity calculation indicates an aggrading or degrading
channel, the depth and/or slope need to be adjusted by recalculating the computational
sequence items 8 through 43 until both competence and capacity indicate stability.

The preliminary calculated values for the proposed design channel often are modified for the
final design to satisfy sediment continuity and stability. If the proposed design’s dimension,
pattern and profile does not satisfy the sediment competence and/or capacity by indicating
insufficient energy or aggradation, then the shear stress, velocity, unit power and/or slope must
be increased. The first recommendation to increase sediment transport is to decrease
width/depth ratio. This will increase the mean depth and consequently will increase shear
stress, velocity and unit stream power. If this is not sufficient and the width/depth ratio is
decreased too far below expected values for a particular stream type, then the next
recommendation is to revise the plan-view layout and change pattern to decrease sinuosity to
increase slope. The designer should stay within the natural range of pattern variables but select
the values that will generate a lower sinuosity.

If the sediment competence and/or capacity indicate excess energy or potential degradation,
then shear stress, velocity, unit power and/or slope must be decreased. The first
recommendation is to increase width/depth ratio. Then, if needed, pattern would be adjusted to
increase sinuosity to decrease slope.

Computational Sequence 45: Calculate Flood-Prone Area Capacity

45 — Calculate Flood-Prone Area Capacity

Calculate flood-prone area capacity. This involves estimating velocity associated with the cross-
sectional area and slope of the stream channel and flood-prone area. Determine cross-sectional
area of the flood-prone area. Plot the bankfull cross-section and flood-prone area elevation
(2xdmar) and width. Use valley slope for hydraulic calculations for the flood-prone area.
Estimate roughness from Manning’s equation based on vegetative cover and other roughness
elements. HEC-2, HEC-RAS or other models can be used to obtain the corresponding
discharge of the flood-prone area. Calculate the 50- and 100-year flood levels based on the
proposed design. Use the bankfull channel capacity from computational sequence item 41.
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Computational Sequence 46 — 75: Calculate and Plot Remaining
Applicable Bed Feature Dimensions

Pool Dimensions (Lateral Scour, Step—Pool, Contraction Scour or
Convergence Pools)

46 — Calculate Bankfull Pool Width (Wpxip)

Calculate the bankfull pool width (Wip) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 19):

Mean Wk = (Wiksy | Woig)rer * Wiks Equation 86
where:
(Wi | Whig)ref = mean reference reach bankfull pool width to bankfull riffle
width
Wiks = mean bankfull riffle width of the proposed design reach

Minimum Wik = (Wi | Wokp)rer * Ws Equation 87
where:
(Wekss | Whkglref = minimum reference reach bankfull pool width to bankfull
riffle width
Wik = mean bankfull riffle width of the proposed design reach

Maximum Wokp = (Wikgy | Whig)rer * Wks Equation 88
where:
(Wi | Weig)rer = maximum reference reach bankfull pool width to bankfull
riffle width
Wik = mean bankfull riffle width of the proposed design reach

47 — Calculate Bankfull Pool Mean Depth (dpxip)

Calculate the bankfull pool mean depth (dus) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 21):

Mean dvg = (dvkp | dvi)rer * dors Equation 89
where:
(dvksy / deis)rer = mean reference reach bankfull pool mean depth to bankfull
riffle mean depth
duy = mean bankfull riffle mean depth of the proposed design reach

Minimum dixgy = (diksy | dvig)rer * doks Equation 90
where:
(dvksp / deis)res = minimum reference reach bankfull pool mean depth to
bankfull riffle mean depth
duiy = mean bankfull riffle mean depth of the proposed design reach
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Maximum dukgy = (duksp | dvit)rer * doks Equation 91
where:
(dvksp / des)rer = maximum reference reach bankfull pool mean depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

48 — Calculate Bankfull Pool Cross-Sectional Area (Apxsp)

Calculate the bankfull pool cross-sectional area (Aus) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 24).

Mean Avkpy = (Avko | Avkprer * Avks Equation 92
where:
(Avifo | Avi)rer = mean reference reach bankfull pool cross-sectional area to
bankfull riffle cross-sectional area
Awvir = mean bankfull riffle cross-sectional area of the proposed design reach

Minimum Awvkp = (Avisp | Avk)rer * Avks Equation 93
where:
(Avkfy | Avit)ref = minimum reference reach bankfull pool cross-sectional area
to bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

Maximum Avkpy = (Avko | Avkpres * Avks Equation 94
where:
(Avifo | Avip)rer = maximum reference reach bankfull pool cross-sectional area
to bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

49 — Calculate Bankfull Pool Width/Depth Ratio (Wpykip/dpkip)

Calculate the bankfull pool width/depth ratio (Wis/des) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 23):

Mean Wegp/dvgy= Worg | diks Equation 95
where:
Wiy = mean bankfull pool width of the proposed design reach
dwsy = mean bankfull pool mean depth of the proposed design reach

Minimum Wikl dvkgy= Wikso | dvksy Equation 96
where:
Wik = minimum bankfull pool width of the proposed design reach
dwky = maximum bankfull pool mean depth of the proposed design reach
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Maximum Whkgp/ dvkgy= Wkso | doksy Equation 97
where:
Wik = maximum bankfull pool width of the proposed design reach
dvgy = minimum bankfull pool mean depth of the proposed design reach

50 — Calculate Bankfull Pool Maximum Depth (dmaxp)

Calculate the bankfull maximum pool depth (dmar) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 26):

Mean dimaxp = (dmaxp ! dokp)rer * dbks Equation 98
where:
(dmaxp | dvig)rer = mean reference reach bankfull pool maximum depth to
bankfull riffle mean depth
du = mean bankfull riffle mean depth of the proposed design channel

Minimum dimaxp = (dmaxp / Avit)rer * doks Equation 99
where:
(dmaxp I dvig)res = minimum reference reach bankfull pool maximum depth to
bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design channel

Maximum dimaxp = (dmaxp | dvkp)rer * doks Equation 100
where:
(dmaxp | doig)rer = maximum reference reach bankfull pool maximum depth to
bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design channel

Pool Inner Berm Channel Dimensions (Applicable to B & C Stream Types)

51 — Calculate Pool Inner Berm Width (Wjyp)

Calculate the pool inner berm width (Wip) for the proposed channel for the mean, minimum and
maximum values (Record in Table 1, Entry 29):

Mean Wiy = (Wivp | Wiksp)ref * Wsp Equation 101
where:
(Wiep | Woip)ref = mean reference reach pool inner berm width to bankfull
pool width
Wik = mean bankfull pool width of the proposed design reach

Minimum Wiy = (Wivp | Whisp)rer * Wik Equation 102
where:
(Wivp | Wigp)rer = minimum reference reach pool inner berm width to
bankfull pool width
Wik = mean bankfull pool width of the proposed design reach
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Maximum Wiy = (Wivp | Whigp)rer * Wiy Equation 103
where:
(Wiep | Woip)ref = maximum reference reach pool inner berm width to
bankfull pool width

Wik = mean bankfull pool width of the proposed design reach

52 — Calculate Pool Inner Berm Mean Depth (diyp)

Calculate the pool inner berm mean depth (dwy) for the proposed channel for the mean, minimum
and maximum values (Record in Table 1, Entry 31):

Mean divp = (divp / dokso)rer * dvisp Equation 104
where:
(divp / dvigp)ref = mean reference reach pool inner berm mean depth to
bankfull pool mean depth
dwky = mean bankfull pool mean depth of the proposed design reach

Minimum divp = (divy [ vigp)rer * dviso Equation 105
where:
(divp / dvip)ref = minimum reference reach pool inner berm mean depth to
bankfull pool mean depth
dwkp = mean bankfull pool mean depth of the proposed design reach

Maximum divp = (divp | dvksp)ref * diksp Equation 106
where:
(dip / dvigp)rer = maximum reference reach pool inner berm mean depth to
bankfull pool mean depth
duigy = mean bankfull pool mean depth of the proposed design reach

53 — Calculate Pool Inner Berm Cross-Sectional Area (Aipp)

Calculate the pool inner berm cross-sectional area (Aip) for the proposed channel for the mean,
minimum and maximum values (Record in Table 1, Entry 34):

Mean Aiwp = (Aivp | Avkpp)rer * Avikp Equation 107
where:
(Aivp | Avigp)ref = mean reference reach pool inner berm cross-sectional area to
bankfull pool cross-sectional area
Awkpy = mean bankfull pool cross-sectional area of the proposed design reach

Minimum Aip = (Aip | Avigp)res * Avip Equation 108
where:
(Aivp | Avigp)res = minimum reference reach pool inner berm cross-sectional
area to bankfull pool cross-sectional area
Awkpy = mean bankfull pool cross-sectional area of the proposed design reach
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Maximum Ay = (Aip | Avkfp)ref * Avisy Equation 109
where:
(Aivp | Avigp)ref = maximum reference reach pool inner berm cross-sectional
area to bankfull pool cross-sectional area
Auwy = mean bankfull pool cross-sectional area of the proposed design reach

54 — Calculate Pool Inner Berm Width/Depth Ratio (Wipp/dipp)

Calculate the pool inner berm width/depth ratio (Wiy/d ip) for the proposed channel for the
mean, minimum and maximum values (Record in Table 1, Entry 33):

Mean Wivp/divp= Winp/ divp Equation 110
where:
Wizp=mean pool inner berm width of the proposed design reach
dwp = mean pool inner berm mean depth of the proposed design reach

Minimum Wiw/divp= Wiy | divp Equation 111
where:
Winy = minimum pool inner berm width of the proposed design reach
dip = maximum pool inner berm mean depth of the proposed design reach

Maximum Wivpldivpy= Winp / divp Equation 112
where:
Winp = maximum pool inner berm width of the proposed design reach
diep = minimum pool inner berm mean depth of the proposed design reach

55 — Determine Point Bar Slope (Syp)

Determine the point bar slope (Sp) for the proposed design reach based on the reference reach
point bar slope. Record the mean, minimum and maximum values in Table 1, Entry 28:

Mean Spp= (Spb)ref Equation 113
where:
(Spv)ref = mean reference reach point bar slope

Minimum Spo= (Spv)ref Equation 114
where:
(Spv)ref = minimum reference reach point bar slope

Maximum Spv= (Spb)ref Equation 115
where:
(Spv)ref = maximum reference reach point bar slope
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Run Dimensions (Riffle—Pool Systems)

56 — Calculate Bankfull Run Width (W)

Calculate the bankfull run width (W) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 36):

Mean Wk = (Woksr | Wokprer * Wks Equation 116
where:
(Wiksr | Wikp)rer = mean reference reach bankfull run width to bankfull riffle
width
Wiks = mean bankfull riffle width of the proposed design reach

Minimum Wk = (Wikfr | Wokp)rer * Wiy Equation 117
where:
(Wktr | Wikprer = minimum reference reach bankfull run width to bankfull
riffle width
Wiks = mean bankfull riffle width of the proposed design reach

Maximum Wik = (Wiksr | Wokp)rer * Wiy Equation 118
where:
(Wiksr | Wekp)rer = maximum reference reach bankfull run width to bankfull
riffle width
Wiks = mean bankfull riffle width of the proposed design reach

57 — Calculate Bankfull Run Mean Depth (dps)

Calculate the bankfull run mean depth (duws) for the proposed design reach for the mean,
minimum and maximum (Record in Table 1, Entry 38):

Mean dws = (dvks / dokp)rer * dorr Equation 119

where:
(dvise | dvip)rer = mean reference reach bankfull run mean depth to bankfull riffle
mean depth
duiy = mean bankfull riffle mean depth of the proposed design channel

Minimum duks = (doksr / dokg)rer * ks Equation 120
where:
(dvisr | dvip)rer = minimum reference reach bankfull run mean depth to bankfull
riffle mean depth
duiy = mean bankfull riffle mean depth of the proposed design channel
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Maximum duksr = (doksr / dokp)rer * doks Equation 121
where:
(dvisr /| dvip)rer = maximum reference reach bankfull run mean depth to bankfull
riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

58 — Calculate Bankfull Run Cross-Sectional Area (Apkir)

Calculate the bankfull run cross-sectional area (Aus) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 41).

Mean Avksr = (Avksr | Avkf)rer * Avks Equation 122
where:
(Avisr | Avkp)ref = mean reference reach bankfull run cross-sectional area to
bankfull riffle cross-sectional area
Awvir = mean bankfull riffle cross-sectional area of the proposed design reach

Minimum Aviy = (Avkfr | Avig)rer * Avis Equation 123
where:
(Avkfr | Avkp)rer = minimum reference reach bankfull run cross-sectional area
to bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

Maximum Avis = (Avkfr | Avip)rer * Aviy Equation 124
where:
(Avksr | Avikp)rer = maximum reference reach bankfull run cross-sectional area
to bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

59 — Calculate Bankfull Run Width/Depth Ratio (Wyks/dpkir)

Calculate the bankfull run width/depth ratio (Wis/dus) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 40):

Mean Was! dvis-= Whis | dsr Equation 125
where:
Wikt = mean bankfull run width of the proposed design reach
dusr = mean bankfull run mean depth of the proposed design reach

Minimum W/ dvkgr = Wk [ dokse Equation 126
where:
Wik = minimum bankfull run width of the proposed design reach
A = maximum bankfull run mean depth of the proposed design reach
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Maximum Whks/ dos- = Whis | doisr Equation 127
where:
Wik = maximum bankfull run width of the proposed design reach
dvgr = minimum bankfull run mean depth of the proposed design reach

60 — Calculate Bankfull Run Maximum Depth (dyaxr)

Obtain the bankfull run maximum depth (dmaxr) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 43):

Mean dimaxr = (dmaxr /| Avig)rer * doks Equation 128
where:
(Amaxr | dvig)rer = mean reference reach bankfull run maximum depth to
bankfull riffle mean depth
dv = mean bankfull riffle mean depth of the proposed design channel

Minimum dumaxr = (dmaxr | Avig)rer * doks Equation 129
where:
(dmaxr | dvig)ref = minimum reference reach bankfull run maximum depth to
bankfull mean riffle depth
diy = mean bankfull riffle mean depth of the proposed design channel

Maximum dumaxr = (Amaxr I dvkp)rer * ks Equation 130
where:
(dmaxr | dvip)ref = maximum reference reach bankfull run maximum depth to
bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design channel

Glide Dimensions (Riffle—Pool Systems)

61 — Calculate Bankfull Glide Width (Wpxsg)

Calculate the bankfull glide width (W) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 45):

Mean W = (Whigg | Whig)rer * Wiks Equation 131
where:
(Whise | Wekg)ref = mean reference reach bankfull glide width to bankfull riffle
width
Wiis = mean bankfull riffle width of the proposed design reach

Minimum Wikt = (Whksg | Wkp)rer * Wks Equation 132
where:
(Whise | Wekplrer = minimum reference reach bankfull glide width to bankfull
riffle width

Wik = mean bankfull riffle width of the proposed design reach
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Maximum Weig = (Wiksg | Wokg)rer * Whie Equation 133

where:
(Woige | Weip)ref = maximum reference reach bankfull glide width to bankfull

riffle width
Wiks = mean bankfull riffle width of the proposed design reach

62 — Calculate Bankfull Glide Mean Depth (dyg)

Calculate the bankfull glide mean depth (dus) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 47):

Mean diksg = (dikfg / dikg)rer * dons Equation 134

where:
(dvifs / derf)rer = mean reference reach bankfull glide mean depth to bankfull

riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

Minimum diks = (dukse / dokp)rer * Ak Equation 135
where:
(dvifg / dekf)rer = minimum reference reach bankfull glide mean depth to

bankfull riffle mean depth
dw = mean bankfull riffle mean depth of the proposed design channel

Maximum dukss = (doksg / dokp)rer ™ doks Equation 136

where:
(dvisg / derp)rer = maximum reference reach bankfull glide mean depth to

bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design channel

63 — Calculate Bankfull Glide Cross-Sectional Area (Apkig)

Calculate the bankfull glide cross-sectional area (Awg) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 50):

Mean Avg = (Avksg | Avkpres * Avis Equation 137
where:
(Avifg | Avip)rer = mean reference reach bankfull glide cross-sectional area to
bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

Minimum Awkz = (Avksg | Avkf)rer * Avkf Equation 138
where:
(Avifs | Avit)re = minimum reference reach bankfull glide cross-sectional area
to bankfull riffle cross-sectional area
Ay = mean bankfull riffle cross-sectional area of the proposed design reach
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Maximum Avksg = (Avkfg | Avkplrer * Avis Equation 139
where:
(Avif | Avip)rer = maximum reference reach bankfull glide cross-sectional area
to bankfull riffle cross-sectional area
Awvir = mean bankfull riffle cross-sectional area of the proposed design reach

64 — Calculate Bankfull Glide Width/Depth Ratio (Wykg/dpkig)

Calculate the bankfull glide width/depth ratio (Weks/dus) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 49):

Mean Wks/dvke= Wik | dikss Equation 140
where:
Wiigs = mean bankfull glide width of the proposed design reach
dwkz = mean bankfull glide mean depth of the proposed design reach

Minimum Wkse/dikse = Whise | dbisg Equation 141
where:
Wik = minimum bankfull glide width of the proposed design reach
duige = maximum bankfull glide mean depth of the proposed design reach

Maximum Whkse/ dvkss = Wkss | dikse Equation 142
where:
Wik = maximum bankfull glide width of the proposed design reach
dvige = minimum bankfull glide mean depth of the proposed design reach

65 — Calculate Bankfull Glide Maximum Depth (dmaxg)

Obtain the bankfull glide maximum depth (dmaxg) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 52):

Mean dmaxg = (dmaxg / dvk)rer * dorr Equation 143
where:
(dmaxg ! dvig)rer = mean reference reach bankfull glide maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

Minimum dimaxg = (dmaxg / dvkp)rer * dors Equation 144
where:
(dmaxg ! dvi)rer = minimum reference reach bankfull glide maximum depth to
bankfull riffle mean depth
dw = mean bankfull riffle mean depth of the proposed design channel
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Maximum dimaxg = (dmaxg | dvkp)rer * Aok Equation 145
where:
(dmaxg / dokp)rer = maximum reference reach bankfull glide maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

Glide Inner Berm Channel Dimensions (Applicable to B & C Stream Types)
66 — Calculate Glide Inner Berm Width (Wi,)

Calculate the glide inner berm width (Wiy) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 54):

Mean Wi = (Wivg | Whisg)rer * Wkse Equation 146
where:
(Wivg /| Whige)rer = mean reference reach glide inner berm width to bankfull
glide width
Wik = mean bankfull glide width of the proposed design reach

Minimum Wiv = (Wing [ Whkse)rer * Wi Equation 147
where:
(Wing | Whige)rer = minimum reference reach glide inner berm width to
bankfull glide width
Wik = mean bankfull glide width of the proposed design reach

Maximum Wi = (Wivg | Whkge)rer * Whisg Equation 148
where:
(Wivg | Wige)rer = maximum reference reach glide inner berm width to
bankfull glide width
Wik = mean bankfull glide width of the proposed design reach

67 — Calculate Glide Inner Berm Mean Depth (dipg)

Calculate the glide inner berm mean depth (dig) for the proposed reach for the mean, minimum
and maximum values (Record in Table 1, Entry 56):

Mean divg = (divg / dokfe)res * dvrsg Equation 149
where:
(divg / dvigg)ref = mean reference reach glide inner berm mean depth to
bankfull glide mean depth
dusz = mean bankfull glide mean depth of the proposed reach

Minimum divg = (divg [ dvisg)rer * diise Equation 150
where:
(divg / dvige)ref = minimum reference reach glide inner berm mean depth to
bankfull glide mean depth
dusz = mean bankfull glide mean depth of the proposed reach
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Maximum divg = (divg | dvkfe)rer * diisg Equation 151
where:
(divg / dvige)rer = maximum reference reach glide inner berm mean depth to
bankfull glide mean depth
duigy = mean bankfull glide mean depth of the proposed reach

68 — Calculate Glide Inner Berm Cross-Sectional Area (Aipg)

Calculate the glide inner berm cross-sectional area (Aisg) for the proposed reach for the mean,
minimum and maximum values (Record in Table 1, Entry 59):

Mean Aivg = (Aivg | Avkse)rer * Avisg Equation 152
where:
(Aing | Avigg)rs = mean reference reach glide inner berm cross-sectional area
to bankfull glide cross-sectional area
Awig = mean bankfull glide cross-sectional area of the proposed design reach

Minimum Aig = (Aivg | Avkfe)rer * Avisg Equation 153
where:
(Aing | Avig)res = minimum reference reach glide inner berm cross-sectional
area to bankfull glide cross-sectional area
Awie = mean bankfull glide cross-sectional area of the proposed design reach

Maximum Aivg = (Aivg | Avkfe)rer * Avise Equation 154
where:
(Aing | Avisg)r = maximum reference reach glide inner berm cross-sectional
area to bankfull glide cross-sectional area
Awg = mean bankfull glide cross-sectional area of the proposed design reach

69 — Calculate Glide Inner Berm Width/Depth Ratio (Wipg/dipg)

Calculate the glide inner berm width/depth ratio (Wug/ding) for the proposed reach for the mean,
minimum and maximum values (Record in Table 1, Entry 58):

Mean Wivg/ding= Wing/ divg Equation 155
where:
Wing= mean glide inner berm width of the proposed design reach
divg = mean glide inner berm mean depth of the proposed design reach

Minimum Wisg/divg= Wing | divg Equation 156
where:
Wing = minimum glide inner berm width of the proposed design reach
divg = maximum glide inner berm mean depth of the proposed design reach
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Maximum Wivgldivg= Wing / dig Equation 157
where:
Wing = maximum glide inner berm width of the proposed design reach
divg = minimum glide inner berm mean depth of the proposed design reach

Step Dimensions (Step—Pool Systems)

70 — Calculate Bankfull Step Width (Whss)

Calculate the bankfull step width (Wus) for the proposed design reach for the mean, minimum
and maximum (Record in Table 1, Entry 61):

Mean Weks = (Wakss | Wokpres * (Woks) Equation 158
where:
(Woigs / Woig)ref = mean reference reach bankfull step width to bankfull riffle
width
Wiks = mean bankfull riffle width of the proposed design reach

Minimum Wikgs = (Wikgs | Wikp)rer * (Wiikp) Equation 159
where:
(Weis | Waig)res = minimum reference reach bankfull step width to bankfull
riffle width
Wik = mean bankfull riffle width of the proposed design reach

Maximum Wik = (Wikts [ Wikprer * (Wiikp) Equation 160
where:
(Woigs | Wop)rer = maximum reference reach bankfull step width to bankfull
riffle width
Wiiks = mean bankfull riffle width of the proposed design reach

71 — Calculate Bankfull Step Mean Depth (dpkss)

Calculate the bankfull mean step depth (dus) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 63):

Mean dokss = (dokss / dokp)rer * (dokp) Equation 161

where:
(dvkss / dokg)re = mean reference reach bankfull step mean depth to bankfull
riffle mean depth
duviy = mean bankfull riffle mean depth of the proposed design reach
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Minimum dikgs = (dokss | dokp)rer * (diis) Equation 162
where:
(dvkss / dokg)re = minimum reference reach bankfull step mean depth to
bankfull riffle mean depth
duvy = mean bankfull riffle mean depth of the proposed design reach

Maximum dokss = (dvkss / dvkp)rer * (doks) Equation 163
where:
(dviss / durg)rer = maximum reference reach bankfull step mean depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

72 — Calculate Bankfull Step Cross-Sectional Area (Apkss)

Calculate the bankfull step cross-sectional area (Awus) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 66):

Mean Avkss = (Avkss | Avkprer * (Avis) Equation 164
where:
(Avigs | Avig)rs = mean reference reach bankfull step cross-sectional area to
bankfull riffle cross-sectional area
Awis = mean bankfull riffle cross-sectional area of the proposed design reach

Minimum Awvks = (Avkss | Avkprer * (Avis) Equation 165
where:
(Avigs | Avig)rg = minimum reference reach bankfull step cross-sectional area
to bankfull riffle cross-sectional area
Awif = mean bankfull riffle cross-sectional area of the proposed design reach

Maximum Avigs = (Avkss [ Avip)rer * (Avkp) Equation 166
where:
(Avikss | Aviplref = maximum reference reach bankfull step cross-sectional area
to bankfull riffle cross-sectional area
Ay = mean bankfull riffle cross-sectional area of the proposed design reach

73 — Calculate Bankfull Step Width/Depth Ratio (Wpkss/dpkss)
Calculate the bankfull step width/depth ratio (Weus/des) for the proposed design reach for the

mean, minimum and maximum values (Record in Table 1, Entry 65):

Mean Woks/doks = Wss [ dviss Equation 167
where:
Whiss= mean bankfull step width of the proposed design reach
dwss = mean bankfull step mean depth of the proposed design reach
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Minimum Wi/ dons = Whiss [ dviss Equation 168
where:
Wikt = minimum bankfull step width of the proposed design reach
dvss = maximum bankfull step mean depth of the proposed design reach

Maximum Wokgs/dows = Whiss [ diss Equation 169
where:
Wi = maximum bankfull step width of the proposed design reach
duigs = minimum bankfull step mean depth of the proposed design reach

74 — Calculate Bankfull Step Maximum Depth (daxs)

Obtain the bankfull step maximum depth (dwmaxs) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 68):

Mean dimaxs = (dmaxs | dvig)rer * doks Equation 170
where:
(dmaxs | deif)rs = mean reference reach bankfull step maximum depth to
bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design channel

Minimum diaxs = (dmaxs [ dvkp)rer * dorr Equation 171
where:
(dmaxs | deif)res = minimum reference reach bankfull step maximum depth to
bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design channel

Maximum dumaxs = (dmaxs | dvkp)rer * Aok Equation 172
where:
(dmaxs | dvkt)ref = maximum reference reach bankfull step maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design channel

Plot Typical Bed Feature Cross-Sections

75 — Plot Typical Cross-Sections

Plot typical cross-sections for all applicable remaining bed features (i.e., runs, pools, glides and
steps).

Appendix 1-46



Appendix | - The Natural Channel Design Procedure

Computational Sequence 76 — 85: Calculate Longitudinal Profile Facet
Slopes & Maximum Depths

Bed Feature Facet Slopes

76 — Calculate Riffle Facet Slope (Syi)

Calculate the riffle slope (Sr¥) (water surface facet slope) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 105):

Mean Sri;= (Srig/ S)rs * S Equation 173
where:
(Srit/ S)ref = mean reference reach riffle facet slope to average water surface
slope
S = average water surface slope of proposed design reach

Minimum Srir= (Srir/ S)res * S Equation 174
where:
(Srif/ S)rf = minimum reference reach riffle facet slope to average water surface
slope
S = average water surface slope of proposed design reach

Maximum Srir= (Sris/ S)res * S Equation 175
where:
(Srif/ S)rf = minimum reference reach riffle facet slope to average water surface
slope
S =average water surface slope of proposed design reach

77 — Calculate Pool Facet Slope (Sp)

Calculate the pool slope (Sp) (water surface facet slope) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 107):

Mean Sp=(Sp/ S)res * S Equation 176
where:
(Sp/ S)rf = mean reference reach pool facet slope to average water surface slope
S = average water surface slope of proposed design reach

Minimum Sp = (Sp/ S)ef * S Equation 177
where:
(Sp/ S)rer = minimum reference reach pool facet slope to average water
surface slope
S = average water surface slope of proposed design reach
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Maximum Sp=(Sp/ S)ref * S Equation 178
where:
(Sp/ S)re = maximum reference reach pool facet slope to average water
surface slope
S = average water surface slope of proposed design reach

78 — Calculate Run Facet Slope (Syun)

Calculate the run slope (Snn) (water surface facet slope) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 109):

Mean Srun = (Srun/ S)ref * S Equation 179
where:
(Srun/ S)ref = mean reference reach run facet slope to average water surface slope
S = average water surface slope of proposed design reach

Minimum Srun = (Srun/ S)rer * S Equation 180
where:
(Srun! S)ref = minimum reference reach run facet slope to average water
surface slope
S = average water surface slope of proposed design reach

Maximum Srun = (Srun/ S)ref * S Equation 181
where:
(Srun! S)ref = maximum reference reach run facet slope to average water
surface slope
S = average water surface slope of proposed design reach

79 — Calculate Glide Facet Slope (S,)

Calculate the glide slope (Ss) (water surface facet slope) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 111):

Mean Sg=(Sg/ S)ref* S Equation 182
where:
(Sg/ S)rf = mean reference reach glide facet slope to average water surface slope
S = average water surface slope of proposed design reach

Minimum Sg=(S¢/ S)ref * S Equation 183
where:
(Sg/ S)ref = minimum reference reach glide facet slope to average water
surface slope
S = average water surface slope of proposed design reach
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Maximum Sg=(Sg/ S)ref * S Equation 184
where:
(Sg/ S)re = maximum reference reach glide facet slope to average water
surface slope
S = average water surface slope of proposed design reach

80 — Calculate Step Facet Slope (Sy)

Calculate the step slope (Ss) (water surface facet slope) for the proposed design reach for the
mean, minimum and maximum values (Record in Table 1, Entry 113):

Mean Ss=(Ss/ S)res * S Equation 185
where:
(Ss/ S)rs = mean reference reach step facet slope to average water surface slope
S = average water surface slope of proposed design reach

Minimum Ss=(Ss/ S)rr * S Equation 186
where:
(Ss/ S)rer = minimum reference reach step facet slope to average water surface
slope
S = average water surface slope of proposed design reach
Maximum Ss=(Ss/ S)ref * S Equation 187

where:
(Ss/ S)rer = maximum reference reach step facet slope to average water surface
slope
S = average water surface slope of proposed design reach

Bed Feature Maximum Depths

81 — Calculate Bankfull Riffle Maximum Depth (dyax)

Calculate the bankfull riffle maximum depth (dma) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 115):

Mean dmax = (dmax [ dvkp)rer * drs Equation 188
where:
(dmax / doip)rer = mean reference reach bankfull riffle maximum depth to
bankfull riffle mean depth
d = mean bankfull riffle mean depth of the proposed design reach

Minimum dmax = (dmax | dvkp)rer * diks Equation 189
where:
(dmax [ dekf)rer = minimum reference reach bankfull riffle maximum depth to
bankfull riffle mean depth
d = mean bankfull riffle mean depth of the proposed design reach
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Maximum dmax = (Amax | dvkp)rer * doks Equation 190
where:
(dmax / derf)res = maximum reference reach bankfull riffle maximum depth to
bankfull riffle mean depth
d = mean bankfull riffle mean depth of the proposed design reach

82 — Calculate Bankfull Pool Maximum Depth (dmaxp)

Calculate the bankfull pool maximum depth (dmayp) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 117):

Mean dwaxp = (Amaxp | dvkf)rer * doks Equation 191
where:
(dmaxp | dveif)res = mean reference reach bankfull pool maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

Minimum dmaxp = (Amaxp [ Avig)rer * doks Equation 192
where:
(dmaxp I dvig)rer = minimum reference reach bankfull pool maximum depth to
bankfull riffle mean depth
dw = mean bankfull riffle mean depth of the proposed design reach

Maximum dmaxp = (Amaxp | Avit)rer * doks Equation 193
where:
(dmaxp | dvig)rer = maximum reference reach bankfull pool maximum depth to
bankfull riffle mean depth
diy = mean bankfull riffle mean depth of the proposed design reach

83 — Calculate Bankfull Run Maximum Depth (dmaxr)

Calculate the bankfull run maximum depth (dmar) for the proposed design channel for the mean,
minimum and maximum values (Record in Table 1, Entry 119):

Mean dmaxr = (dmaxr | dvkp)res * dor Equation 194
where:
(dmaxr | dvig)ref = mean reference reach bankfull run maximum depth to
bankfull riffle mean depth
diy = mean bankfull riffle mean depth of the proposed design reach

Minimum dmaxr = (Amaxr | dvkp)rer * doks Equation 195
where:
(Amaxr | dvip)rer = minimum reference reach bankfull run maximum depth to
bankfull riffle mean depth
duiy = mean bankfull riffle mean depth of the proposed design reach
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Maximum dmaxr = (dmaxr [ dvkprer * dor Equation 196
where:
(dmaxr | dvp)ref = maximum reference reach bankfull run maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

84 — Calculate Bankfull Glide Maximum Depth (dmaxg)

Calculate the bankfull glide maximum depth (dmag) for the proposed design reach for the mean,
minimum and maximum values (Record in Table 1, Entry 121):

Mean dmaxg = (Amaxg | dvkp)rer * doks Equation 197
where:
(dmaxg / derf)rer = mean reference reach bankfull glide maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

Minimum dmaxg = (dmaxg [ Avig)rer * doks Equation 198
where:
(dmaxg ! dvr)rer = minimum reference reach bankfull glide maximum depth to
bankfull riffle mean depth
dw = mean bankfull riffle mean depth of the proposed design reach

Maximum dmaxg = (dmaxg | dvkf)rer * doks Equation 199
where:
(dmaxg ! dvig)rer = maximum reference reach bankfull glide maximum depth to
bankfull riffle mean depth
diy = mean bankfull riffle mean depth of the proposed design reach

85 — Calculate Bankfull Step Maximum Depth (dmyaxs)

Calculate the maximum step depth (dmaxs) for the proposed design reach for the mean, minimum
and maximum values (Record in Table 1, Entry 123):

Mean dmaxs = (dmaxs | dvkp)rer * dors Equation 200
where:
(dmaxs | deif)ref = mean reference reach bankfull step maximum depth to
bankfull riffle mean depth
dviy = mean bankfull riffle mean depth of the proposed design reach

Minimum dmaxs = (Amaxs | dvkp)rer * dikf Equation 201
where:
(dmaxs | dvig)ref = minimum reference reach bankfull step maximum depth to
bankfull riffle mean depth
duiy = mean bankfull riffle mean depth of the proposed design reach
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Maximum dmaxs = (dmaxs | dvkp)rer * bk Equation 202
where:
(dmaxs | dvkt)ref = maximum reference reach bankfull step maximum depth to
bankfull riffle mean depth
dvy = mean bankfull riffle mean depth of the proposed design reach

Computational Sequence 86: Plot Typical Longitudinal Profile

86 — Plot Typical Longitudinal Profile
Plot a typical longitudinal profile of the proposed design reach.

Computational Sequence 87: Prepare a Riparian Vegetation Plan

87 — Prepare a Riparian Vegetation Plan

Prepare a vegetation plan compatible with native plants, soil and site conditions. Make
recommendations on vegetative maintenance and management for long-term solutions.

Summary

The nine typical design scenarios utilized the procedures detailed in this appendix to determine
the final restoration designs. These typical design scenarios can be extrapolated to the various
stream types and conditions at a given location by following this procedure. The stream types
and conditions are mapped for the 178 miles of stream channels in the Trail Creek Watershed in
Appendix D of the Trail Creek WARSSS analysis (Rosgen, 2011).
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