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1.0 INTRODUCTION

AVISTA Corporation, in conjunction with U.S. Forest Service (USFS) and Green Mountain
Conservation District (GMCD) retained River Design Group, Inc. (RDG) to design and
implement stream restoration activities on approximately 0.25 miles of Crow Creek near
Thompson Falls, Montana. An important bull trout and westslope cutthroat migratory corridor,
Crow Creek has been substantially altered by the Bonneville Power Administration
transmission line that extends up the lower valley bottom of the main stem from County
Highway No. 471 to the confluence of the East and West Forks Crow Creek (upstream of
project area). Commercial timber harvest has occurred across the Crow Creek watershed with
the exception of the alpine glaciated valleys in the headwaters of both forks (RDG, USGS
2004).

Historically, the Crow Creek valley bottom was dominated by dense stands of large cedar
(Figure 1-1). Large cedar stumps within the project area provide evidence of this historical
condition. Riparian areas in Crow Creek and within the project area have experienced
persistent loss of vegetation from maintenance of the road system and the transmission line.
Within the project area, riparian harvest and encroachment on the floodplain have resulted in
loss of vegetation, bank instability, lateral migration, downcutting and increased sediment

supply.

Figure 1-1. Representative channel and riparian conditions in the project area. Note the BPA
transmission line, lack of wood riparian species, and remnant cedar stumps.

There is marginal riparian vegetation in the project area due to the presence of the BPA
transmission line. Prior to construction, the reach classified is an over-widened C stream type
transitioning to an F channel type. The post construction condition is characterized by a
moderately entrenched, riffle-pool, gravel-cobble dominated B3/4 stream type.

A comprehensive assessment and stream restoration design were completed by River Design
Group, Inc. in February 2006. The design specified reconstructing the channel using natural
channel design techniques. In October 2007, the project was implemented under the auspices
of RDG in consultation with USFS, GMCD and the U.S. Fish & Wildlife Service. The following
monitoring report describes the post-construction or “as-built” channel conditions of the project
area. Future monitoring in 2008 after spring runoff will document channel conditions and
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trends in channel geomorphology. These data will be compared to the as-built monitoring
dimensions to evaluate channel response over time.

1.1 Construction Overview

During October 2007, approximately 1,200 ft of new channel was constructed within the project
area. The design incorporated Natural Channel Design (NCD) methods and fundamental civil
and hydraulic engineering principles to re-establish the expected dimension, pattern and profile
of Crow Creek. Channel features observed in stable sections of Crow Creek such as riffles,
runs, pools and glides were constructed, their dimension based on their naturally-occurring
form as determined from empirical, analog, and analytical based methods. Grade control
structures including native cobble patches, boulder clusters, log and rock cross-vanes, and log
J-hook vanes were installed to maintain the design channel dimensions until riparian vegetation
can establish and lend permanence to the constructed project. Large woody debris structures
were added to dissipate energy in pools and meander bends and to enhance aquatic habitat.

Table 1-1 summarizes the types and quantities of structures constructed in the Crow Creek
project area.

Table 1-1. Types and numbers of structures built
in the Crow Creek project area.

Structure Type Quantity
Log j-hook vane 1
Log vane 4
Engineered log jam 12
Cobble grade control 19
Log cross vane 2

Rock cross vane

Channel spanning log 3
Rootwad composite 12
Habitat pieces 8
Vegetated soil lift (LF) 669
Willow cuttings ~1750
Rooted plant stock ~1,250

1.2  Monitoring Goals and Objectives

The following monitoring objectives and performance standards are proposed to evaluate
project success in achieving the stated project objectives. Project monitoring will occur in 2007
(as-built survey, this report), and in 2008 (post-runoff survey) assuming Crow Creek
experiences a peak event approximating bankfull discharge. If a bankfull event is not realized
in 2008, monitoring will be postponed. For the purposes of this monitoring program, stability
will be defined as the ability of Crow Creek to adjust to hydrologic conditions and physical
inputs within the watershed while maintaining its design dimensions, pattern and profile over
time. Section 1.2.1 defines the monitoring objectives and performance standards. These

2



SUPPLEMENTAL REPORT Crow Creek phase 2 stream restoration 003-2019

Crow Creek Restoration Project As-Built Monitoring Report

performance standards will be applied to evaluate the channel response following the first
bankfull or greater runoff event (2008).

1.2.1 Channel Stability and Morphology

Objective 1: Channel cross-sections will remain within 20 percent of the as-built dimensions
after three years.

Performance Standard 1: Four channel cross-sections were established in the reconstructed
reach. Cross-sections are located at pool and riffle units. Cross-sections will be re-surveyed
in 2008 if a bankfull discharge event occurs in that time span. Photo points were established
at each channel cross-section, and in select areas to document overall reach conditions.

Objective 2: The design channel profile will remain within 20 percent of the as-built dimensions
after three years.

Performance Standard 2: One longitudinal channel profile was established in the
reconstructed reach. The profile encompasses a minimum of 20x the bankfull channel width of
Crow Creek, or two meander wavelengths. The as-built survey captured all pertinent design
thalweg points on the profile including top and bottom of riffle units, maximum pool depths, and
pool crest/glide units. In addition to the physical channel bed, water surface and design
bankfull elevations were surveyed. The post-runoff survey will be compared to the as-built
profile to evaluate vertical bed stability.

1.2.2 Long-term Maintenance and Monitoring

The project is designed to require minimal maintenance. However, repairs to the new channel
sections or plugs in the old channel may be necessary in the future. The participating
sponsoring agencies and RDG will collaborate on future repairs.

2.0 CHANNEL DESIGN DIMENSIONS

Final design dimensions were determined from a variety of methods including reference reach
data, analytical based procedures including hydraulic modeling, and empirically derived
hydraulic geometry relationships. Longitudinal profile and cross-sectional dimensions were
validated with HEC-RAS (USACE 2003). HEC-RAS computes water surface profiles and
hydraulic variables in a one dimensional steady flow system, and also supports calculation of
maximum scour based on the empirical methods of HEC-18. Design plan form, longitudinal
profile, and cross-sectional channel dimensions are summarized in Tables 2-1, 2-2, and 2-3.
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Table 2-1. The design bankfull cross-section dimensions for Crow Creek stratified

by channel unit”.

Variable Pool Riffle Run
Bankfull discharge (cfs) 180 180 180
Width (ft) 27.5-32.6 (30.0) 23.0-26.9 (25.0) 20.2-23.9 (21.9)
Average depth (ft) 1.0-1.2 (1.2) 1.2-1.4 (1.3) 1.4-1.7 (1.6)
Maximum depth (ft) 2.3-4.0 (3.3) 1.5-1.8 (1.7) 1.8-2.1 (2.0)
Predicted scour depth (ft) 4.2 2.1 2.4
Cross-sectional area (ft?) 38.0 33.0 34.7
Bankfull velocity (ft/s) 4.8 5.3 5.0
Design Channel Type B4c

ARiver Design Group, Inc. 2007.

Table 2-2. The design plan form dimensions for Crow Creek?.

Variable

Range (Average Value)

Meander length (ft)
Radius of curvature (ft)
Belt width (ft)
Sinuosity

225-340 (286)
61.9-87.7 (69.4)
50-104 (70.4)
1.19

ARiver Design Group, Inc. 2007.

Table 2-3. The design longitudinal profile dimensions for Crow

Creek”.

Variable

Range (Average Value)

Average bankfull slope (ft/ft)
Riffle slope (ft/ft)
Pool slope (ft/ft)

0.0216
0.032-0.043 (0.037)
0.0021-0.0049 (0.0026)

ARiver Design Group, Inc., 2007.
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3.0 2007 AS-BUILT MONITORING SURVEY
3.1 Methods

As-built monitoring data collection metrics and methods are summarized in Table 3-1.

Table 3-1. Summary of as-built data collection metrics and methods.

Channel Metric No. of Samples

Cross-sections (Harrelson et al., 1994) 4 (2 pools, 2 riffles)

Longitudinal profiles (Harrelson et al., 1994) 675 ft (10 pool-riffle sequences)
Substrate characterization (Wolman, 1954) 2 (100 count composite samples)
Photo Points (Hall, 2002) 6

Bank Erodibility Hazard Index (D. Rosgen, 2001) 3 sites

3.1.1 Longitudinal Channel Profile

As summarized in Table 3-1, the as-built longitudinal channel profile included 675 ft or 56% of
the total project length. Approximately 10 contiguous pool and riffle sequences were sampled.
Longitudinal profile and cross-sections were measured using a calibrated total station and rod.
Upper and lower reach termini were monumented with rebar and benchmarks serving as
horizontal and vertical reference points. Longitudinal profiles included thalweg or bed surface
elevations that define the morphology of the channel bed features. Water surface elevations
were obtained to derive individual channel facet slopes and to develop an energy grade line for
the constructed channel. Bankfull elevations were determined from design indicators such as
the tops of banks, floodplain extents, slope breaks, and other features.

3.1.2 Channel Cross-Sections

Four channel cross-sections were measured and monumented according to methods
described by Harrelson et al. (1994). To establish a range of values for each feature, two
cross-sections for riffle and pool units were measured in the project area. The lateral limits of
each cross-section corresponded to the top of terraces, where feasible, and included all
important features such as active floodplain, top of bank, bankfull elevation, water surface and
channel bottom elevations.

3.1.3 Channel Substrate Composition

Channel materials were sampled in the project area to characterize existing bed material
characteristics as well as to complement future hydraulic and sediment transport monitoring
validation. The Wolman method (Wolman, 1954) was used to characterize the particle size
distribution of channel materials. The material sampling locations were established on riffle
habitat units. The intermediate axes of the particles were measured (Wolman, 1954).

3.1.4 Bank Erodibility Monitoring and Sediment Reduction Analysis

RDG will assess sediment load reductions resulting from the restoration project using
methodologies outlined in Watershed Assessment of River Stability and Sediment Supply
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(WARSS). Specifically, the Bank Assessment for Non-point Source Consequences of
Sediment (BANCS) model will be used to predict pre and post bank erosion rates within the
project area. The application evaluates the pre and post construction bank characteristics and
flow distribution along the river reach and maps BEHI and NBS risk ratings commensurate with
streambank and channel changes. Annual pre construction, predicted post-construction, and
measured post-construction bank erosion rates and sediment loading estimates are presented
in Section 4 of this report. Methods are further described in the Crow Creek Restoration
Project: Project Monitoring Program Quality Assurance Project Plan (RDG, August 3, 2007).

3.1.5 Photo Points

Photo points will be established at all monitoring sites according to techniques outlined in Hall
(2002). During each monitoring visit, photos will be taken from monumented photo point
locations in addition to other locations. Photo number, numbered photo point location, and
direction will be noted in the field notes.

3.1.6 Vegetation Monitoring

Site revegetation was a critical component of the restoration plan. The restoration plan
included four primary revegetation components, including: 1) use of vegetated soil lifts to
stabilize and promote woody shrub development on critical reconstructed streambanks, 2)
planting of rooted shrub stock, 3) transplanting of existing mature shrubs, and 4) seeding of
disturbed areas.

Vegetation survival will be assessed in 2008 as part of the year one monitoring report. Section
3.2.4 summarizes the implemented revegetation strategies in the project area.

3.2 Results

The monitoring reach extends from the top of riffle feature, approximately 400 ft downstream of
the West Fork Crow Creek Road Bridge, to the lower terminus of the project, at station 12+00.
The reach encompasses nearly 675 ft of reconstructed channel. This reach was previously
characterized as an over-widened C stream type transitioning to an F channel type. The post
construction condition is characterized by a slightly meandering, riffle pool, cobble dominated
B4c channel type.

3.2.1 Channel Dimensions (Cross-sections)

As-built cross-section metrics are summarized in Table 3-2. Bankfull channel width was
greater in pool features than in riffles, as expected. Floodprone width values derived from riffle
cross-sections ranged from 90 ft to 100 ft. Corresponding entrenchment ratios at riffles ranged
from 3.2 to 3.6. The variability in entrenchment ratios was related to the influence of the
Holocene terraces on the floodplain width.
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Table 3-2. As-built bankfull channel dimensions for riffle (n=2) and pool (n=2)
cross-sections in Crow Creek. Range and average values reported.

Variable Riffle Pool
Bankfull Width (ft) 23.9-31.7 (27.8) 30.4-30.9 (30.7)
Floodprone Width (ft) 90.0-100 (95.0) n/a
Entrenchment Ratio 3.2-3.6 (3.4) n/a
Mean Depth (ft) 1.5-1.5 (1.5) 1.7-2.0 (1.9)
Maximum Depth (ft) 1.9-2.1 (2.0) 4.4-4.8 (4.6)
Width/Depth Ratio 16.3-21.6 (18.9) 16.1-18.5 (17.3)
Bankfull Area (sq ft) 35.1-46.7 (40.9) 51.5-61.5 (56.5)
Wetted Perimeter (ft) 24.8-32.5 (28.6) 32.5-33.2 (32.8)
Hydraulic Radius (ft) 1.4-1.4 (1.4) 1.6-1.9 (1.7)
Slope (ft/ft) 0.016-0.044 (0.030) 0.0005-0.0076 (0.0041)

As-built bankfull mean depths of constructed riffles averaged 1.5 ft with maximum depths
ranging from 1.9 ft to 2.1 ft. Pool depths varied from a mean of 1.7 ft to 2.0 ft to maximum
depths of 4.4 ft to 4.8 ft. Riffle features demonstrated marginally higher width-to-depth ratios
than pools and ranged from 16.3 to 21.6. Pools width-to-depth ratios ranged from 16.1 to 18.5.

As-built, bankfull cross-sectional area was greater in pool features than in riffle features,
averaging 56.5 ft* and 40.9 ft?, respectively. Wetted perimeter values were greater in pool
features with an average of 32.8 ft, compared to an average value of 28.6 ft for riffle units.
Hydraulic radius averaged 1.4 and 1.7 for pool and riffle units, respectively. Local water
surface slopes indicate average energy gradients in riffles of 0.030 ft/ft and 0.0041 ft/ft for
pools.

Figure 3-1 and Figure 3-2 include plots of the monitored riffle cross-sections and photo points.

Riffle XS 2

Riffle cross-section 2 was located along the existing Crow Creek channel alignment.
Restoration actions specific to this section included raising the channel invert by as much as
2.0 ft from existing conditions to reconnect the adjacent floodplain feature. As described in the
RDG design report, this section of Crow Creek had downcut in response to downstream
channelization of the creek. Construction techniques included raising the bed elevation with
coarse cobble to fine gravel and installing a series of boulder clusters to increase bed
roughness, stabilize the channel profile, and create pocket water habitat.

Riffle XS 4

Riffle cross-section 4 was located along the reactivated meander sequence which had been
physically disconnected from the main Crow Creek channel due to downstream channelization.
Construction activities included re-excavating the historical channel alignment and importing
coarse rounded alluvium to increase bed roughness, stabilize the channel profile, and improve
aguatic habitat for the target fish species. Numerous wood and rock-based structures were
constructed to create pool habitat, increase channel margin complexity, and stabilize the
vertical channel alignment.
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Figure 3-1. Monitoring riffle cross-sections 2 (left) and 4 (right) in the project area. The solid line
denotes the design bankfull elevation and vertical lines provide limits for bankfull hydraulic calculations.

Figure 3-2. Monitoring riffle cross-sections 2 (left) and 4 (right) in the project area.

Figure 3-3 and Figure 3-4 include plots of the monitored riffle cross-sections and photo points.

Pool XS 1

Pool cross-section 1 is located in the upper reach of the project area. The pool structure
consists of a wood-based engineered log jam located on an outside meander bend. The jam
consists of approximately 4 rootwad complexes and is ballasted with a 24-inch diameter
rootwad member to counter buoyancy and sliding forces. No rock was used in the structure.
Future monitoring efforts will monitor both pool development and structure stability.

Pool XS 3

Pool cross-section 3 is located along the constructed avulsion channel plug in the middle reach
of the project reach. The plug consists of earthen bill, a series of engineered log jams, and
vegetated soil lift treatments to promote revegetation. As shown in Figure 3-3, the top of plug
elevation was set approximately 1.5 feet in elevation higher than the opposing floodplain/point
bar feature. Future monitoring efforts will evaluate channel plug stability and pool
development.
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Figure 3-3. Monitoring pool cross-sections 1 (left) and 3 (right) in the project area. The solid line
denotes the design bankfull elevation and vertical lines provide limits for bankfull hydraulic calculations.

Figure 3-4. Monitoring pool cross-sections 1 (left) and 3 (right) in the project area.

3.2.2 Channel Profile

The as-built longitudinal profile in the project area encompassed approximately 675 ft of
reconstructed channel and is presented in Figure 3-5. Profile data including channel unit
slopes, maximum depths, pool frequency and channel unit lengths are summarized in Table 3-
3. Data are reported for actual values and in dimensionless ratio form.

Channel unit facet slopes were derived from the longitudinal profile (Figure 3-5) and reported
as minimum, mean and maximum values for riffle, pool, run and glide features. Within the
designed B4c channel, typical profile slopes occur in a range of values according to feature
type. The predicted ranges of dimensionless ratios have been established based on
measurement of stable, reference streams of similar valley, channel type and parent material.
For this project, design ratios were established from the downstream reference reach in the
Crow Creek watershed.
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Figure 3-5. The as-built longitudinal channel profile of the Crow Creek project reach, a B4c stream
type. The profile included measurement of approximately 10 pool and riffle channel sequences.

Figure 3-6. Typical photo points of the as-built channel conditions and restored channel and floodplain.
A variety of habitat-forming and revegetation techniques are shown including large wood complexes,
vegetated soil lifts, willow fascines and boulder clusters.
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The as-built longitudinal channel profile data are summarized and presented by feature type in
Table 3-3. Actual values are reported as well as their corresponding dimensionless ratio. The
designed facet slopes exist as a range of values and demonstrate higher gradient riffle and run
features, and lower gradient pools and glides. Review of the corresponding dimensionless
ratios calculated for the Crow Creek reference reach, upon which the restoration design was
based in part, indicate that the slope values for each feature type occur within the design range
for the B4c channel type.

Maximum channel depths for the reconstructed reach are also reported in Table 3-3. As
summarized, riffle maximum depths were less than values measured in pool features, as
expected. The transitional run and glide features contain intermediary depth values. Review
of the corresponding dimensionless ratios reveals that the maximum depths for each feature
occur within the designed B4c range of values for each channel unit type.

Table 3-3. As-built longitudinal profile dimensions and dimensionless ratios for the Crow Creek project
reach.

Profile Dimensions Profile Dimensionless

Metric Min Mean Max Ratios' Min | Mean | Max
S riffle (ft/ft) 0.0159 | 0.0290 | 0.0435 S riffle / Sbkf (ft/ft) 0.7 1.3 1.9
S pool (ft/ft) 0.0005 | 0.0041 | 0.0076 S pool / Sbkf (ft/ft) 0.0 0.2 0.3
S run (ft/ft) 0.0116 | 0.0152 | 0.0189 S run / Sbkf (ft/ft) 0.5 0.7 0.8
S glide (ft/ft) 0.0035 | 0.0060 | 0.0077 S glide / Sbkf (ft/ft) 0.2 0.3 0.3
P - P (ft) 41.6 67.2 94.5 P - P/ WbKkKf (ft) 15 2.4 3.4
P length (ft) 24.0 34.9 52.2 P length / Wbkf (ft) 0.9 1.3 1.9
Dmax riffle (ft) 1.4 1.7 2.1 Dmax riffle / Dbkf (ft) 1.0 1.2 1.4
Dmax pool (ft) 3.6 4.2 5.2 Dmax pool / Dbkf (ft) 2.4 2.9 3.5
Dmax run (ft) 2.5 2.7 3.2 Dmax run / Dbkf (ft) 1.7 1.9 2.1
Dmax glide (ft) 2.2 2.4 2.6 Dmax glide / Dbkf (ft) 15 1.6 1.8
Low Bank Ht (ft) 2.0 2.0 2.1 Low Bank Ht /Dmax riff (ft) | 1.1 1.2 1.2
WS Slope (ft/ft) 0.023 Bankfull Slope (ft/ft) 0.023

Sbkf=0.023 ft/ft, Wbki=27.8 ft, Dbkf=1.5 ft, Dmax=2.0 ft.

Pool frequency is reported in Table 3-3. Within the reconstructed reach, pool features occur
approximately every 67.0 ft on average, for a resulting average pool to pool spacing to bankfull
width ratio of 2.4. Constructed pool length is approximately 35.0 ft on average and ranges
from 24.0 ft to 52.2 ft. Pool length varies based on the structure type. In general, shorter pool
lengths were associated with mid-riffle structures such as rock cross vanes. Longer pools
were associated with meander arc sequences and engineered log jams.

3.2.3 Channel Substrate Composition

Channel substrate composition was characterized using the Wolman pebble count method at
three riffle features. Pebble counts data were collected at three locations in the project reach,
including cross-section 2, Station 7+20 and cross-section 4. As-built data are summarized in
Table 3-4.
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Figure 3-7. Channel particle size distributions for three as-built riffle features in the Crow Creek
project area.

Table 3-4. As-built particle size distributions by size class for three riffle features in the
Crow Creek project area.

Percentile XS 2 Sta. 7+20 XS 4 Coefficient of
Variance
D1s 15 16 15 0.04
Dss 33 32 34 0.03
Dso 45 48 61 0.17
Dsa 90 127 123 0.18
Dos 154 197 170 0.13
Dioo 256 1024 256 0.87

Figure 3-7 graphically displays the particle size distribution curves for the monitoring sections.
Table 3-4 reports the actual values and the degree of variation between size classes. Results
from the particle size analyses indicate less than 20% variation between samples. The
exception is the D100 size particle. This may be reflective of the medium to large boulders at
station 7+20 that were imported and utilized during construction of the new channel.

Pre-construction and post-construction substrate particle size analyses are displayed in Figure
3-8. Sample populations for riffles were grouped and reported as a single sample to evaluate
changes in channel substrate composition for the pre and post construction condition.
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Figure 3-8. Substrate particle size distribution comparison for 2006 pre construction and 2007
post construction conditions (n=300).

Summary results are reported in Table 3-5. A general fining trend can be discerned for all size
classes with the exception of the D100 class. As previously discussed, coarse boulder
material was used to construct a variety of structures in the project area including boulder
clusters and rock cross vanes. The increase in the D100 particle size is likely attributed to this
factor.

Table 3-5. Substrate particle size distribution comparison between
three riffle features in 2006 and three riffle features in 2007.

Percentile 2006. 2007_ Percent
Cumulative Cumulative Change
D1s 39 16 -144
Dss 69 32 -115
Dso 95 46 -107
Da4 182 119 -53
Dgs 260 178 -46
D100 512 1024 50

3.2.4 Vegetation

Vegetation survival will be evaluated in 2008 as part of the year one post runoff survey. As
described in Section 3.1.6, the restoration plan included four primary revegetation
components, including: 1) use of vegetated solil lifts to stabilize and promote woody shrub
development on critical reconstructed streambanks, 2) planting of rooted shrub stock, 3)
transplanting of existing mature shrubs, and 4) seeding of disturbed areas.

Approximately 375 ft of single and double layer vegetated soil lifts (VSL) were installed in the
project area (see RDG design report for locations of VSLs). The VSLs were planted with a
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approximately ~1,250 rooted plants and ~1,750 dormant willow cuttings. The following rooted
species were used:

- Alder (Alnus incana)

- Water birch (Betula occidentalis)

- Red-osier dogwood (Cornus sericea)

- Bebb willow (Salix bebbiana)

- Douglas hawthorne (Crataegus douglasii)
- Chokecherry (Prunus virginiana)

- Serviceberry (Amelanchier alnifolia)

- Rocky Mountain Maple (Acer glabrum)

- Ribes americanum

- Rose (Rosa woodsii)

Approximately 20 whole shrubs were transplanted from donor sites located in the project area
to areas where added soil strength and rapid vegetation establishment was desired. Priority
areas for shrub transplanting included abandoned channel plug surfaces and constructed
wetland cells. Following transplant, the shrubs were cut down to within 1.5 ft of the ground
surface to increase survival.

Monitoring in 2008 will focus on survival of transplanted shrubs, rooted plant stock, and willow
cuttings. A second broadcast seed application will occur in Spring 2008 to ensure all disturbed
areas are properly mitigated.

3.3 As-Built and Design Dimensions

A comparison between the designed riffle and pool channel dimensions and the as-built,
constructed channel dimensions are presented in Table 3-6. Constructed pools were built to
within 2.3% of designed bankfull channel width specification. However, constructed pools
were excavated to depths greater than the design dimensions. Similarly, a constructed mean
depth 42% greater than design depth was detected from the post construction survey. This in
turn influences the cross-sectional area resulting in a departure from the design channel
metrics.

Constructed riffle dimensions have remained within 20% of the design specification.
Constructed bankfull riffle width and width-to-depth ratio are within 10% and 4.0% of the
design specification, respectively.

Table 3-6. Pool and riffle design dimensions and reach averaged values for select
morphological variables.

Design As-Built Percent Design As-Built Percent
Pool Pool Difference Riffle Riffle Difference
Width (ft) 30.0 30.7 2.3 25.0 27.8 10.0
Mean Depth (ft) NA NA NA 1.3 15 13.3
Max Depth (ft) 3.3 4.6 28.3" 1.7 2.0 15.0
XS Area (ft?) 38.0 56.5 32.7 33.0 40.9 19.3
Width/Depth (ft) NA 16.2 NA 19.2 18.5 -3.8
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4.0 SEDIMENT REDUCTION ANALYSIS

Annual streambank erosion rates in the Crow Creek project area were estimated using the
Bank Erosion Hazard Index (BEHI) as described in Section 2.2 Sampling Methods in the Crow
Creek Restoration Project Quality Assurance Project Plan (RDG, 2007). Bank conditions
including bankfull height, bank length, BEHI score and near-bank stress ratings were
evaluated for representative cross-section and BEHI conditions. For comparative purposes,
BEHI analyses were completed before and after construction and in the Crow Creek reference
reach, located approximately 0.25 miles downstream of the project area. The reference reach
exhibits similar morphological characteristics to the project reach and was used as a field
model for developing proposed design dimensions.

Established curves relating BEHI and near-bank stress to predicted annual streambank
erosion rates were utilized. The first equation is from Yellowstone National Park, representing
streams formed in alpine glaciated valley morphologies and/or volcanism geology (Rosgen
1996, 2001a). A second equation is based on Colorado streams formed in sedimentary and/or
metamorphic geology and was also used to predict annual streambank erosion rates (Rosgen
1996, 2001a) for the project area.

Table 4-1 and Table 4-2 summarize the results of the pre and post-construction analyses
within the project reach.

Table 4-1. Estimated pre-construction sediment loading (in tons/year) calculated for the Crow
Creek restoration project area.

003-2019

Bank Bank Bank BEHI BEHI Near Bank | Colorado | Yellowstone
ID Height (ft) | Length (ft) Score Rating Stress (tonsl/yr) (tonsl/yr)
Bank 1 4.0 175 37.2 High V High 10.8 22.9
Bank 2 3.6 125 38.7 High V High 16.9 35.8
Bank 3 4.1 175 39.3 High High 17.3 41.5
Bank 4 3.3 175 34.7 High V High 22.6 48.0
Bank 5 2.4 200 39.8 High V High 18.8 40.0
Bank 6 7.7 40 45.0 V. High Extreme 19.3 37.1
Total 105.7 225.3

Table 4-2. Estimated post construction sediment loading (in tons/year) calculated for the Crow Creek

restoration project area.

Bank Bank Bank BEHI BEHI Near Bank | Colorado | Yellowstone
ID Height (ft) | Length (ft) Score Rating Stress (tons/yr) (tonsl/yr)
Bank 1 2.1 175 18.7 low moderate 1.2 1.6
Bank 2 25 125 19.9 low low 0.5 0.5
Bank 3 2.5 140 19.7 low moderate 1.2 1.5
Bank 4 2.4 175 16.4 low moderate 1.4 1.8
Bank 5 1.9 100 27.0 moderate low 0.8 1.7
Bank 6 2.1 80 13.5 low low 0.3 0.3
Total 5.4 7.4

Table 4-3 summarizes the predicted reduction in sediment loading from pre construction to
post restoration conditions. The table identifies the measured variables and the corresponding
percent change between 2006 (pre construction) and 2007 (post construction).
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Table 4-3. Sediment reduction analysis for the Crow Creek restoration project reach, existing
conditions versus as-built conditions.

Average Average Average | Average Average
Condition Ban Bank BEHI BEHI Near Bank Colorado | Yellowstone
Height Protection : (tonsl/yr) (tonslyr)
Score Rating Stress
(ft) (%)
2006
Existing 4.2 19 39.1 V. High High 106 225
Conditions
2007 Low -
As-built 2.2 64 19.2 Low 5.4 7.4
- Moderate
Conditions
percent -91 70 -104 n/a n/a -1863 -2941
Change

As summarized in Table 4-3, average BEHI ratings decreased from a very high-high rating in
2006 to a low-moderate rating in 2007, a 104% decrease. Estimated sediment loading
reduction within the project area applying both the Colorado and Yellowstone curves is 1,863
tons/lyear and 2,941 tons/year, respectively. This is a prediction of sediment load reduction
and will be validated during subsequent monitoring efforts in the project area.

5.0 DISCUSSION

An as-built monitoring survey was completed in the Crow Creek restoration project area to
document post-construction channel dimensions, channel substrate composition and sediment
loading characteristics. As-built data are valuable for comparing the design and constructed
channel dimensions, as well as evaluating channel response to future runoff events. As such,
the as-built survey provides baseline data for assessing future channel adjustments. This
survey documents channel conditions immediately after construction and prior to the onset of
any high flow events in the Crow Creek watershed.

The as-built survey data indicate some departure from the designed channel dimensions.
Pools were constructed to the target width but excavated deeper than designed maximum
scour depth. The measured departures in bankfull maximum pool depth and cross-sectional
are attributed to the manner in which the “foundations” of the pool forming structures (e.g.
footer logs and rock footers) are installed. In order for these types of structures to remain
stable under high flow events, the bases of the structures are set below the predicted pool
scour depth. The design analysis indicated potential scour depths averaging 4.5 ft. As a
result, during construction, the excavator placed the bottom of the footer logs and/or rocks to
depths of at least 4.5 ft relative to bankfull. This resulted in some deviation from the design
maximum pool dimensions. We expected to observe some degree of pool filling during the
2008 runoff which will be detected and discussed in the year one post runoff survey and report.
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Constructed riffle widths were built to within 10% of the design dimensions. Riffle mean and
maximum depths were excavated to within 15% of the design depths. These as-built channel
dimensions will be subject to adjustment in response to seasonal and other high flows. The
2008 post-runoff survey will determine the occurrence and extent of any channel adjustments
and the results will be evaluated against the established performance standards.

Bed sediment data collected in the project area indicate a general fining trend in the post
construction condition relative to the pre-restoration condition. As described in the RDG design
report, one of the primary objectives of this project was re-establish hydrologic connectivity
between the active channel and floodplain. This required raising the channel bed elevation by
as much as 2.0 ft in locations along the profile with a graded mixture of boulders, cobble,
gravel and sand. Due to the lack of pools and energy dissipating features associated with the
pre-restoration condition, channel substrate was largely characterized by coarse particle sizes
and limited finer substrate. Reintroducing pool and riffle sequences should result in a general
fining of channel substrate over time as sorting processes are re-established and promote
gravel retention in pool tailout areas.

The sediment reduction analysis using the BEHI protocol has proven to be effective in
demonstrating the reduction in bank-derived sediment loading with improved bank conditions.
Because increased bank erosion hazard is driven by high bank height ratios, sparse or shallow
rooted riparian vegetation, over-steepened banks and high near bank stress, substantial
decreases in bank erosion hazard can be obtained through natural channel design techniques
which are engineered to moderate these conditions. It is anticipated that with time, as the
reconstructed channel in the project area stabilizes and the planted vegetation matures,
erosion rates and subsequent delivery of fine and coarse sediment to Crow Creek will
decrease. The sediment response will be tracked during subsequent monitoring of the
restoration project.
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GENERAL SPECIFICATIONS

1. Tha project shall be constructed according to the plan
set. The Contractor shall notify the Construction Manager
of any changes prior to implemantation. The Construction
Manager for this project ehall be John Muhifeld.

2, It la the Contractor's responsibliity to Identily all
underground utiiitlea prior to construction.

3. Cosis incurred dus to project delaye resulting from
fallure of the Contractor to meat the requirementa of tha
general apecifications, contractor qualfications,
construction epecifications, matariale speciications and
revegetation specHications ahall be the expense of the
Comtractor,

CONTRACTOR QUALIFICATIONS

1. The Contractor shall have st least two (2) years of river
restoration conatruction exparionce and shall have
oompleted at least five (5) river restoration projects. QOr, tha
Contractor ehall have st least one (1) year of river
resioration experience, shall have completed at least threa
(3) river reatoration projacts, and shall have completad an
approved river restoration training class. Approved
training classes include those aponsored by Wildland
Hydrolegy, Inc. or a almilarly qualifled practiioner of natural
channel deslgn stream restoratlon principles,

2. Wthe Contractor chooses to designata an employee
without qualfied stream restoration experience, the
Contractor shall ba on-she at all times whan the amplayee is
performing river restoration work. Fallure io ablda by this
oondition without previous agreement with the Construction
Manager would be grounds for termination.

3. The Gontractor shall maintain at least $1,000,000 In
liabllity ineurance and have proof of llabliity insurance
on-alta during the entirety of project consiruction.

4, The Confractor shall have proof of worksr's
oompensation insurence on-sha during the entirety of
praject conetruction.

5. Tha Contractor shall have posted at the sits all regulatory
permita inoluding the U.9. Army Corpa of Engineeras 404,
consarvation district 310 permit and MDEQ 318
authorimtion.

EQUIPMENT SPECIFICATIONS

1. The Contractor shall furnish all equipmert neceasary to conatruct tha
project. The Contractor shall mobllize all equipmennt to the project area as
directed by the Construction Manager.

2. At a minimum, the equipment for thie projact shall include:

Trackhoe/Excavator - One (1} excavator{s} shall be required. The equipment
shall be minimum 300 class. The bucket volume shall be one (1) cubic yard{s).
Tha bucket shall be equippad with a hydraulic thumb for grasping logs, rochks,
amd other materiale, The equipment muat ba capabla of croealng water and
working on or adjacent to steep slopes. A chain shall be available for attaching
oulverts, pumpa and other equipment or matarials 1o the bucket for transport
on-sha.

Front End Loader - One (1) fromt end loader{s) shall be required. The equipment
ahall be minimum 300 clasa. The minimum bucket volume ahall be four {4) cublo
yards. The bucket must be equipped with forks for transporting logs, rocks and
other materiale. A chain ehall ba avallable for atnching culverts, pumps and
othar aquipment or materiale io the buckeat for tranaport on-sho.

Bulldozer - One {1) bulldozer({s) shall be required.

Dump Truck - One (1) dump truck ehall ba raquirad for thia project. Truck(a}
shall have a minimum bed volume of elght (8) cublc yards. The truck({s) shall ba
oapable of driving on non-asphalt surfaces and off-road surfaces.

Skid ateer - One (1) akid-steer{s) all-surfeca loader shall ba raquirad. The
aquipmant shall have sod tracks to minimize on-alte disturbancae,

Chainsaw - One (1) chainsaw shall be required. Tha shainsaw must be oapable
of complataly sawing logs of the diametar specified in the material
specifications. Also, the chalneaw muat be cepable of sawing HDPE or PVC
culvarts or pipes as noted In the material speciications.

8. All equipment shall be washed prior io mobillzation to the site to minimize the
Introduction of forelgn materiala and flulde to the project alte. All equipment
shall be frea of oll, hydraulic fluid, and diesel fuel leaks. To prevent invasion of
noxloua weeds or the spread of whirling disease aporas, all equipment shall be
power washed or cleaned to remove mud and soll prior to moblilzation into the
project areg. |t wlill be the Contractor's reaponsibliity to inaure that adequata
measuras have baen takan,

Equipment shall be new or in a well-maintained condition to minimlza the
likelihood of a fluid leak. H a fluid leak does occur, the Construction Menager
shall ba nottfied Immediately, and all work ceased until the laak haa been
roectifled. At all imes during the construction phasa, fluld splll contalnment
equipment ahall be present on-site and ready for deployment ahould an
accidental epill occur.

4. The Contractor shall maintaln a complata tool sat with commonly replaced
perts (e.g. O-rings) 1o minimize downtime In the avent of aquipment malfunction.

CONSTRUCTION SPECIFICATIONS

1. Construction shall occur In accordance with the plan set, construction spacifications, aquipmerrt specificationa, material
speciications, revegetation speciications and general apeccations.

2. Prior to construction, construction areas will be staked out using a survey grade Global Positioning S8ystem {GP8), total station,
or survey laser. Tha Construction Manager shall stake the locetiona of the conetruction accesa, stockpile locations, limita of
disturbance, temporary diversion channels, temporary culverts, proposad channel centeriine, proposad channel margins, channel
bed features, floodplaln extants, wetiands and all structures according to the plan aet. Construction staking shall ocour in
aeccordance with the Survey Control S8heet. At a minimum, staking of features shall occur every 25 feet along the alignment The
Contracior ehall minimize disturbanca to grade stakes. If excessive disturbance to grade stakss by the Contractor occurs, it shall
ba tha Cosiractor's axpense to re-atake the project.

3. Stream croasinge shall be minimized during construction. i multiple crossings (5 or more) are axpected, the contractor ehall
provide and install temporary culverta so that equipment can cross the stream without generating excess turbidity. Temporary
culvert sizes shall accommodata 150% of expected base flow during conetruction. The Conetruction Manager ahall apecHy the alzas
and locations of the tamporary culverts,

4. Prior to construction, temporary diversion channele shall be constructed 1o divert water away from construction areas.
Temporary diveralon channels ahall ba located and consiructad according 1o the plan set. Temporary diversion channale
conatructad In fine scils auch as aand, slit, or organic material shall be compiataly lined with fabric io prevent eroslon. The
GComtractor shall divert water Inorementally into the temporary diversion channael i minimize turbldity and permit fish to move out of
the dewatsred channel segments.

5, Straw bales and sllt fencing ahall ba avallable and inataliad by the Contractor if deaemed naceasary by the Conatruction Manager,
Construction fencing (Iimits of disturbance) shall ba Installed by the Contractor f deemed necessary by tha Construction Manager.

8. Initlally, the Contractor shall excavate the channel i0 appraximate design dimenslona using the excavator, trackhoe or bulldazer.
Excavation shall comply with construction atakes and the pilan aet. Excavation shall establish channel alevatione within one-half
foot of final elevations. The Construction Manager shall inapect the channel excavation for compliance with the plan set. All
excavated materials shall be stookplied on-ahe, above the bankfull channel untll hauled off-site or used on-alte. Disturbance to
riparian vegetation, channel banks and sod shall be minimized. Excavated eod end Hparian shrub transplants shall be carefully
stockplied and reused for revegetating floodpleins or stream benka.

7. After excavating thae channel, the Gontractor shall install the grede control, benk atabllization and habitat structures. Each
structure shall be constructed in acoordance with the locations and specifications provided in the plan set. The Construction
Manager shall inspect and approve all structures. S8tructurea shall not be backillled untll the Conatruction Manager has inspected
and spproved all struchures.

8. After all structures are installed, the channel will be shaped to within 0.2 feet of the final elevations apecified on the plan set using
an axgavator, trackhoa or bulldozer. The Construction Manager shall cheok tha final elevetions for compliance with the plen set. All
axcavaiad matarials shall be sinckplied on-siia, above the benkfull channel untl hauled off-alte or used on-sits. Disturbancs to
riparian vegetation, channel banke and sod shall ba minimizad,

9. Upon notification from tha Construction Manager, the Contractor shall divert water inoremantally into the new channal. Efforts
shall be made to minimize turbidity and parmit fish io move out of the dewatered channel segments.

10. After water |a diverted Into the new channel, soll stockplled on site will be used 1o construct earthen channel plugs In the
axisting channel. Each plug shall be construciad In accordance with the locations and apecifications provided in the plan set.
Excess material shall be placed in the old channel or hsuled off-slte to & location approved by the Conetruction Manager. The
Construction Manager shall inepect and approvs all earthen channel plugs.

11. The Contractor shall remove exceas materials, temporary culverts and equipment from thae site. The Contractor shall regrade
disturbed areas and construction access roads to their original gredes. The Contractor ehall treat compectad soll areas inoluding
eccess roads and material stochkpile areas. The Contractor ehall remove eoll from the project site i the soll is teinted with
peatroleum-basad flulde.
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NOTE: COORDINATES ARE REFERENCED FROM THALWEG AND BANKFULL
BANKFULL CHANNEL DESIGN DIMENSIONS
TYPICAL RIFFLE CROSS SECTION B4 STREAM TYPE
(-12.5,0) {-9,-1.4) (0,-1.7) (9,-1.4) (12.5,0} PARAMETER POOL RIFFLE RUN
2.5: 2.5:1 DISCHARGE 170—180 cfs | 170-180 cfs| 170180 cfs
WIDTH 27.5-32.6 ft| 23-26.9 ft 20.2-23.9 ft
MEAN DEPTH 1.3-1.5 ft 1.2-1.4 ft 1.4-1.7 ft
MAX. DEPTH 2.3-4.1 ft 1.6-1.7 ft 1.8-2.1 ft
SCOUR DEPTH 5.0 ft 21 ft 2.4 ft
TYPICAL RUN CROSS SECTION
(17.5,0) XS AREA 41 sq ft 33 sq ft 34.7 sq ft
-17.5, 0.0,-1.2)  (3.5,-2.1 10.5,-2.1) (125,00
{ ) ( ) ( ) | ) WIDTH:DEPTH N/A 16—22 N/A
15:1
3 1:1
TYPICAL POOL CROSS SECTION
(-18.3, 0} (0.0, -1.25) (57,-4.1) (7.6,-41) (11.7,0.0)
15:1
1:1
2:1
Avista Corporation
- 2 ° n o B4 STREAM TYPE DETAILS P.O. Box 1469 Noxon, MT 59853
{406) 847-2729
—— R SHEET DT-1
CROW CREEK RESTORATION PROJECT
DRAWN BY: [NMW River Design Group, Inc. i
P.O. Box 1722
2 | 4-7-07 | JM | FINAL DESIGNED BY: | JMM Whitefish, MT 59937 RVER
1 | 3-06-07 | msb| DEsiGN CHECKED BY: | MSD FILE NAME: ,’:" (406) 8624927 . DESIGN
tvandesiangroon. GROUP
NO.| DATE | BY | REVISION DESCRIPTION PROJECT NO.: | RDG-06-017 | B4 Stream Type.dwg www.rivardesigngroup.net CINC.
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Site

Station-start
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292.5
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312.5
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523
541
551
561
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621
631
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815
825
835
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936.5
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979
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1173
1180
1190
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ELJ Rootwads

ELJ Footers

Crow Creek phase 2 stream restoration

Vane Logs
18"-24" dia
40-ft.

12"-18"dia  18"-24" dia
15-ft. 15-ft.
Min. 3-ft. fan No Rootwad  3' Rootwad
2 2
1
6 6
4 4
6 6
6 6
6 6
6 6
6 6
4 4
4 4
6 6
6 6
63 62
VSL Single VSL Double
36 20
18 21
20 22
17 18
10
68
30
100
91 289

Backer Logs
18"-24" dia
40-ft.
No.

Woashed cobble

Minimum 7-inch

round alluvium
cy

20

20

20

360

20

20

20

20

20
20

20

20

20

20

20
20

20

20
20

20

20

760

Rock rip rap
d50=18"

Vegetated Soil Lift Material

Round Cobble NAG C125 700 Coir Mat

Coir Log

7-12 inch
cY cy LF LF LF
0
5

nz 221 669 669 669

Earthwork
XS 4 to XS 10 - 360 CY (FILL)
XS 11to XS 17 - 353 CY (CUT)

Abandoned Channel Plugs - 700 CY (FILL)

Willow Cuttings Wooden Stakes

No. No.

3500 335

Habitat
pieces
12-inch dbh
30-ft. length

Rock Boulders
Min 3-ft. diam.

cy

30

30

30

104
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