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1 Introduction & Background
Wolf Creek is located within the eastern foothills of the North Cascade Mountains in northern
Washington. It is approximately 14.5 river miles long from its headwaters to its confluence with the
Methow River. Flowing eastward into the Methow Valley, it joins the Methow River approximately 54.2
river miles (RM) upstream of where the Methow meets the upper Columbia River. The Wolf Creek Reach
Assessment and Restoration Strategy evaluates existing aquatic habitat and watershed process conditions
along the lower 4.53 miles of Wolf Creek and was completed on behalf of the Yakama Nation as part of
their efforts to assess and improve Threatened and Endangered salmon and trout habitat within the
Columbia River Basin. As part of the assessment process, Inter-Fluve conducted this salmonid habitat
survey of Wolf Creek between October 1st and 5th, 2019 from RM 0 (confluence with the Methow River) to
RM 4.53 (Wolf Creek Ditch irrigation diversion, near the northeastern boundary of the Lake ChelanSawtooth Wilderness). A flow rate of 6.4 cfs was measured in the field on October 1st immediately
upstream from the Wolf Creek Bridge crossing – approximately 175 feet upstream from the confluence
with the Methow River. A flow rate of 7.2 cfs was measured at the same location on October 5th.
Insignificant precipitation was received over the survey period. Stream flow was not otherwise measured
as part of this survey.
The objective of the Habitat Assessment is to characterize the habitat quantity and quality for salmonid
species native to Wolf Creek by quantifying in-channel morphologic features, characterizing riparian
conditions, and identifying anthropogenic features influencing aquatic habitat. This information is used
to inform potential restoration and conservation actions and will provide a baseline for evaluating future
habitat trends and measuring the effectiveness of restoration efforts to improve the quantity and quality
of available habitat within the study area.

COMPARISON TO PREVIOUS SALMON HABITAT ASSESSMENTS
Stream surveys in Wolf Creek have been completed by the Okanogan-Wenatchee National Forest - USFS
in 2005 and 1994 (USFS 2005). The stream survey report from the 2005 effort was reviewed and is
summarized on the following page; no data or report for the 1994 field work was available except as
referenced in the 2005 report. A modified Hankin-Reeves approach (Region 6 USFS standard stream
survey protocol) has been used for stream surveys since the 1990s, therefore facilitating the capacity for a
relatively direct comparison of recent historical data to the present stream habitat survey. The 1994
survey had slightly different large wood (LWD) and pool habitat assessment methods, described and
compared to the 2005 methods in the 2005 Stream Survey report. The reach breaks used in the 2005
survey were different than the geomorphic reach breaks defined in this survey – see Table 1.
Table 1. Reach break river miles for the 2005 USFS survey compared to this 2019 survey by Inter-Fluve.

2005 Survey (USFS)

Reach 1
(RM)

Reach 2 (RM)

Reach 3
(RM)

0-1.4

1.4-4.2

4.2-5.4

Reach 1
(RM)
2019 Survey (IFI)

0-1.34

Reach 2
(RM)

Reach 3
(RM)

Reach 4
(RM)

Reach 5
(RM)

1.34-2.31 2.31-3.27 3.27-4.21 4.21-4.53
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1.1.1 2005 Okanogan-Wenatchee National Forest Stream Inventory – Results Summary
The summer of 2005 had unusually low flow, reported as a result of a lack of snowfall during the winter
of 2004-2005, reportedly resulting in lower than normal stream flow in Wolf Creek and the entire Methow
Basin. Discharge recorded at the mouth of Wolf Creek was 1.5 cfs on September 2, 2005, which is likely
base flow at the mouth. The measured discharge at the top of the alluvial fan (RM 1.4) was 5 cfs on the
same date.
In 2005, the number of large wood debris (LWD) pieces with a length greater than 35 feet long and a
diameter of at least 12 inches exceeded NOAA Fisheries and USFWS standards (20 pieces/mi) in every
stream reach surveyed in Wolf Creek except for Reach 1, where only 11 pieces of large wood per mile
were recorded and nearly all of these pieces were standing trees within the stream’s bankfull width. Most
of the large wood in Reach 1 had been reported as removed from the creek and the recruitment potential
for large wood was considered poor to fair. Throughout the upper reaches of Wolf Creek, it was noted in
2005 that much of the large wood was in log jams, due largely to the wood accumulations at constrained
points of the channel. Pieces of large wood (especially in log jams) were reportedly capturing gravels and
creating much of the available fish spawning habitat in Wolf Creek. No dramatic changes were reported
in the amount of large wood in Wolf Creek between 1994 and 2005.
Wolf Creek was above USFWS standards for numbers of pools per mile (39 pools per mile) for properly
functioning bull trout habitat in every reach except Reach 1, according to the 2005 survey. In Reach 1,
only 21 pools per mile were recorded. None of the reaches within the anadromous zone contained
enough pools per mile to meet NOAA Fisheries standards for properly functioning anadromous fish
habitat. According to the 2005 report, pool habitat was likely below naturally occurring levels in Reach 1
due to the anthropogenic removal of large wood. Upstream of Reach 1, pool habitat was likely close to
naturally occurring levels due to the lack of past management activities along the stream. It was also
noted as “unlikely” that pool habitat changed much in Wolf Creek between 1994 and 2005 due to the
highly stable banks, high gradient, and channel confinement. Riffle habitat was the dominant habitat type
recorded in all reaches in 2005 (77.6%-87.8% in Reaches 1-3). The average wetted width in 2005 was 22.1
ft, while the average bankfull width was 31.2 ft.
Off-channel habitat was reported as scarce (USFS 2005) in Wolf Creek and associated mainly with the
high gradient and naturally confined stream channel above the top of the alluvial fan (RM 1.4). Less than
3% of the total habitat area consisted of side channel habitat. In Reach 1, the stream had been channelized,
which presumably resulted in the loss of off-channel habitat within the reach. The amount of side channel
habitat measured in 2005 was nearly identical to side channel habitat reported as measured in 1994.
In 2005, riparian vegetation within the 25’ riparian buffer zone consisted of deciduous overstory trees
dominated by alder and cottonwood, with subdominant coniferous trees such as cedar and Douglas fir.
The outer riparian zone consisted largely of Douglas fir and ponderosa pine.
The dominant streambed substrate was reported as cobble with gravel and boulders as subdominant
substrate. Higher gradient reaches had higher proportions of boulder substrate. Surface fines were
generally low, ranging between 7% in Reach 2 and 14% in Reach 3 (and 12% in Reach 1). Very few
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eroding banks were observed, with the highest percentage in Reach 1 (2.5% of the banks). The channel
gradient was the lowest in Reach 1 (2.4%) and highest in Reaches 3 and 2 (4.7%and 4.6%, respectively).
In the 2005 survey, stream shade varied among reaches. Reach 1, the most highly modified portion of the
study area, was rated as “Fair” for stream shading with 30-60% shade. Reaches 2-3 were rated as “Good”
with over 60% stream shade. The greatest impacts noted in the survey include water diversions and
channel confinement due to roads and residential uses in Reach 1.
Snorkel surveys were conducted throughout Wolf Creek during the summer of 2005. Rainbow or
steelhead trout were the dominant fish species observed in the lower 6 miles of Wolf Creek (from the
mouth to the confluence with North Fork Wolf Creek): about 93% of the fish sampled were rainbow or
steelhead. Cutthroat trout were only observed above RM 2.7, with small numbers of cutthroat and
rainbow/cutthroat hybrids observed between RM 2.7 and RM 6.0. A small number of bull trout were
observed between RM 1.7 and RM 2.9. Spring Chinook salmon juveniles were observed in Wolf Creek
from the mouth up to RM 2.4, though the majority of these were located downstream of RM 1.7 (only one
spring Chinook juvenile was observed above RM 1.7). No brook trout were observed in Wolf Creek
during the 2005 snorkel surveys, though brook trout had been observed in the lower mile of Wolf Creek
during other snorkel surveys conducted by the USFS in the late 1990s and early 2000s.
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2 Methods
In this habitat assessment, the study area (RM 0-4.53) was subdivided into five distinct geomorphic
reaches. The same reach delineations were used for both this habitat assessment as well as the
geomorphic reach assessment and restoration strategy (See main report).
This survey employed the methods outlined in the US Forest Service Region 6 Level I & II Stream
Inventory Handbook, Version 2.15 (USFS, 2015) and the “Eastside Forest Option” protocol was used. All
protocols were followed when safe and most of the suggested forest inventory options were applied in
the survey. Discharge values were measured on October 1, 2019 upstream of the confluence of Wolf
Creek with the Methow River immediately upstream from the Wolf Creek Road bridge and again on
October 5 in the same location. Between these two dates, there was negligible precipitation and
temperatures were seasonal.
Adaptions to the USFS Eastside protocol were made for this survey. Those adaptations include:
•

All reach and habitat unit lengths were measured in GIS from field recorded GPS data collected
with a high-accuracy Trimble GeoExplorer GPS unit instead of measuring the distance between
unit breaks with a tape in the field.

•

Floodplain width was measured in-house using GIS and LiDAR instead of using in-the-field
measurements.

The nth channel unit (riffle, pool, glide) measurement frequency applied in the field for data collection
was 20%, or every 5th unit, for all channel units. At nth units, the surveyors performed an ocular estimate
of the wetted channel width and flood-prone width, and also recorded the wetted channel width with a
100-foot tape. At every channel unit measured, the length of human influenced unstable bank was
observed for both the left and right channel banks. No unstable banks were recorded throughout the
entire project area. Depth of pools, riffles, and glides was measured using a graduated stadia rod carried
by the observer.
For the riparian vegetation measurements, the riparian corridor can be defined as either a single 100-ft
wide zone or two adjacent riparian zones (inner and outer zones) totaling 100 feet in width (USFS, 2015).
For this assessment, one single 100-ft wide riparian zone was designated for the Wolf Creek study area.
Survey methods dictate defining a dominant size class of vegetation type within the riparian corridor
(e.g. small trees, shrubs), then defining the dominate species observed in the overstory and understory.
Survey protocol differed from USFS protocol by collecting a dominant overstory size class and species,
and a dominant understory species within the 100-foot wide riparian zone in addition to species.
Two gravel counts were completed by the survey team in each of the Reaches 1-4 and one in Reach 5 to
characterize the size distribution of bedload sediment. In total, nine gravel counts were completed.
Criteria for gravel count locations state that they be representative of the general character of the
individual reach and completed at a representative glide to riffle transition point. Due to bed armoring,
the presence of bedrock, and lack of representative riffle crests, three of the seven gravel counts done in
the higher gradient reaches (2-5) were completed on exposed bed wash bars. This protocol modification
provides data that represents the bedload wash at accumulation zones within the mainstem channel.
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For this habitat survey, we considered “side-channels” as naturally wetted flow paths connected to the
mainstem channel at their upstream and downstream ends at average annual flow. Side channel units
were identified when the main channel split to form a stable island with soil or fine sediment
accumulations and with established vegetation older than 2 to 3 years. Each side channel was determined
to be fast or slow, and its average width and length measured. Total lengths were recorded using GPS. If
the entire side channel was not wet at the time of survey, the length of the wetted portion of the side
channel was also estimated. This report provides data based on total side channel lengths, unless
otherwise noted.
A Plunge Pool is identified as spanning the width of the wetted channel, but need not be longer than its
width. One Plunge Pool (SSPL) was identified in Reach 1. Throughout the remainder of the survey area,
features with similar characteristics were categorized as “pool” because they represented the pool units in
these higher gradient reaches.
Large woody material (LWM) was counted in the mainstem and side channels following the size class
characterizations for “Eastside” forests. The forest option to count large wood pieces in the small size
category was used. Tallies of Small (> 6 in. diameter, >20 ft long), Medium (>12 in. diameter, > 35 ft long)
and Large (>20 in. diameter, >35 ft long) pieces of Large Wood were completed for each reach. For this
report, Medium and Large pieces of LWM will be collectively referred to as “Quality Large Wood.” A
total of 13 log jams were identified within the study area.
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3 Summary of Results
This section summarizes the results of the five channel reaches surveyed between October 1stand 5th, 2019
from RM 0 to 4.53 on Wolf Creek. Detailed descriptions of the survey results from the individual reaches
are included in Section 4 of this report.

CHANNEL MORPHOLOGY
Channel morphology within the Wolf Creek study area (RM 0-4.53) is dominated by extended riffle and
riffle-cascade morphology with infrequent pools. Channel form is primarily single thread with split flow
conditions occurring only occasionally. Most of Reach 1 (RM 0-1.34) is entrenched and leveed into a
single channel where historically it would have had access to the entirety of the Wolf Creek alluvial fan.
Reaches 2–5 (RM 1.34-4.53) are higher gradient and naturally confined by steep hillslopes and bedrock
outcroppings that alternate with strips of floodplain and historical terraces. Split flow channel conditions
in these reaches where floodplain is available to accommodate flows is usually correlated with large
wood accumulations and/or hillslope sediment contributions.
Channel geometry varied within the study area. Maximum bankfull and floodprone widths are
comparatively high in Reach 1 at 67 ft and 391 ft, respectfully. However, mean values of bankfull width
are highest in Reach 3 at 42.3 ft, while mean Floodprone width of Reach 1 at 249.7 ft is the widest. This
reflects the anthropogenic confinement of Reach 1. Mean bankfull depths are highest in Reach 1 at 4.2 feet
and progressively decrease upstream to 2.6 feet in Reach 5 (Table 2).
Table 2. Wolf Creek bankfull width results from habitat assessment.

Bankfull Widths (feet)
Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Max

67.0

37.0

46.0

38.0

37.0

Min

14.0

25.0

30.0

30.0

30.0

Mean

38.4

32.8

42.3

34.7

33.5

St Dev

19.9

5.3

3.2

4.2

4.9

Floodprone Widths
Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Max

391.0

143.0

162.0

239.0

171.0

Min

107.3

46.0

98.0

50.0

50.0

Mean

249.7

103.0

130.0

126.7

110.5

St Dev

115.7

42.3

32.0

98.2

85.6

Bankfull Depths (feet)
Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Max

4.2

3.8

3.2

2.9

2.6

Min

3.2

2.8

2.4

1.9

1.9

Mean

3.7

3.3

2.7

2.6

2.3

St Dev

1.0

0.4

0.5

0.3

0.5
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HABITAT UNIT COMPOSITION
Within the surveyed area, riffles are the dominant habitat type, comprising 82% of the total area of the
channel. Glides comprise 1% of the area, and pools 14%. Side channels comprise 3% of the channel area
(Figure 1). Reach 5 maintains the highest percentage of pool habitat at nearly 20%, while Reach 2 is the
lowest at 11%. Side channel habitat area is low overall across the study area with no side channel habitat
in Reach 5; Reaches 2, 3 and 4 have similar percentages of side channel habitat with 4%, 3.1% and 4%,
respectively. Reach 1 has a set of ponds located in what appears to be an historical channel scar. The
ponds are connected perennially to the mainstem at the up and downstream ends via an irrigation outtake, ditches, and culverts – within an otherwise leveed and confined segment of the channel. The up and
downstream connectivity partially renders it as a side channel; however, it currently does not function as
a natural side channel and thus is not classified as side channel habitat in this assessment.
The mean residual pool depth for the entire study area is relatively consistent, ranging from 1.6 feet
(lowest) in Reach 1, to 1.9 feet in Reaches 4 and 5 (highest). Overall, the mean residual pool depth across
all reaches is 1.7 feet. The residual pool depth of individual pools ranges from a minimum of 0.6 feet in
Reach 1, to a maximum of 4 feet in Reach 5 (Figure 2). Pool frequency is highest in Reach 1 where a total
of 24 pools were identified, and lowest in Reach 5 where a total of 11 pools were identified. While Reach 5
has the lowest number of pools, they were the deepest. Reach 5 is equal to Reach 4 with the highest
number of pools equal to or greater than three feet and Reach 5 has the highest percentage of pools
greater than or equal to three feet (18%). Overall, the pools in the lower half of the project area are the
shallowest; of the 60 pools identified in Reach 1, 2 and 3, only one of them measured equal to or greater
than three feet deep. Average pool spacing throughout the study area is 7.4 channel widths per pool, and
was relatively consistent for Reaches 1-4 (ranging between 7.4 and 8.4). Reach 5 maintains a markedly
lower average pool spacing than the other reaches, with 4.6 channel widths per pool and Reach 4
maintains the highest pool spacing with an average of 8.4 channel widths per pool. The mean estimated
wetted width of the main channel is 18.8 feet with a standard deviation of 3.8 feet. Mean riffle depths are
lowest in Reach 1 (1.1 feet) and highest in Reach 5 (1.9 feet). In total, 87 fast water units (riffles and glides)
were measured. Of the 87 fast water units, only 4 are glides. Three glides were observed in Reach 1, one
glide was observed in Reach 3, and no glides were observed in Reaches 2, 4 and 5. A summary of all data
recorded is provided in Table 16 in Section 4.6 Summary Data.
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Figure 1. The top figure illustrates distribution of habitat unit composition of reaches 1-5; riffle habitat composed a large
majority of the habitat area. The bottom figure displays habitat unit composition in the study area as a whole.
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Figure 2. Mean residual pool depth by reach.

SIDE CHANNEL HABITAT
Overall side channel habitat area throughout the surveyed area is relatively low, accounting for just over
3% of the surface habitat area. In total, 16 side channel units exist, averaging 3.5 side channels per mile of
stream. The side channels average 150 feet in length (total length of side channel) and 6.7 feet in width
(wet width). The total side channel length throughout all reaches is 0.46 miles. The side channels contain
a total of 97 pieces of small, medium and large wood. Thirty-three pieces of the large wood are medium
and large wood, for an average of 75 pieces of medium and large wood (quality wood) per mile of side
channel.

Figure 3. 125-foot long side channel in Reach 3 that had 9 pieces of large wood. (10/4/2019)
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LARGE WOODY MATERIAL (LWM)
A total of 658 pieces of LWM were counted in the study area averaging 160 pieces per mile; 68% are Small
pieces with diameters between 6 and 12 inches and lengths greater than 20 feet, 19% are Medium pieces
with diameters between 12 and 20 inches and lengths over 20 feet, and 13% are Large pieces with
diameters over 20 inches and lengths over 20 feet (Figure 4). Reach 4 maintains the most LWM in both
number of quality pieces (medium and large) per mile (n = 76) and number of total pieces (n = 239). Reach
1 maintains the least LWM with only 39 pieces, of which 31 are categorized as Small. A total of 13 log
jams were recorded (to classify as a jam, at least 10 pieces of qualifying large wood is required). A total of
95 pieces of large wood are in the jams.

Figure 4. Pieces of large wood per river mile for Wolf Creek River reaches 1 – 5.

Based on thresholds established by Fox and Bolton (2007) for Eastside forests, the “adequate” threshold
for LWM is >32 pieces per mile of quality medium and large size class wood, with additional woody
debris available for short and long-term recruitment. There are 50.4 pieces of quality large wood per mile
averaged across the whole study area. Reaches 2, 3, 4 and 5 maintain an “adequate” quantity of quality
large wood, averaging 67, 50, 76 and 53 pieces of quality wood per mile–well above the benchmark
“adequate” level of 32 pieces per mile. However, Reach 1, at 7.5 pieces of quality wood per mile, is in the
“unacceptable risk” category for LWM present and LWM recruitment potential.
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Figure 5. Channel-spanning logjam in Reach 5. (10/5/2019)

SUBSTRATE & FINE SEDIMENT
Bedload wash characterization is based on nine gravel counts completed in Reaches 1-5. Gravel count
surveys were done at representative glide-to-riffle-transition crests or at representative bars. Overall, the
gravel count survey results show an increase in cobble and boulder and decrease in gravel composition
going upriver. However, boulders and gravels were present in all reaches (Figure 6 and Figure 7). Based
on the two gravel counts per reach combined, average dominate surface substrate in Reach 1 is gravel
(56%) while cobbles dominate in Reaches 2-5 (54%-68%). Although bedrock contacts periodically occur as
confining banks throughout Reaches 2-5, it did not occur in the gravel count survey locations. Percent
sand (<2mm) and small material (<6mm) content is low (0-4%, with a study area average of 2% for small
substrates <6mm), indicating that fine sediments, which can be harmful to salmonid survival in high
concentrations at spawning grounds, are likely readily transported out of the system and thus pose
minimal risk to aquatic habitat quality in the surveyed area. Sand was observed accumulating on low
floodplain surfaces or in small quantities in localized hydraulic eddies such as behind large boulders in
shallow channel margin areas. Sediment type is classified by the B-axis diameter of the clasts sampled
(sand = < 2mm, gravel = 2.1-64 mm, cobble = 64.1-256 mm, boulder = >256.1mm). Similar to the gravel
count survey results, ocular observations of channel bed substrate throughout the study area recorded
cobbles as the dominant size class with boulders prevalent in Reaches 2-5 and increasing upstream
relative to reach gradient.
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Figure 6. Gravel count classification of bar deposits by reach for Reaches 1-4. For each reach, two gravel counts were
performed and then averaged. Only one was conducted in reach 5.

Figure 7. Gravel count of bar deposits clast size classification averaged for Reaches 1-5. Cobble is the dominant classification
that was observed.

BANK INSTABILITY
Reach 1 had the most human imposed impacts including levees, home development, roads, bridges,
armored banks, water out-takes, and human constructed ponds–all of which have resulted in channel
entrenchment, geomorphic simplification, and riparian/floodplain vegetation clearing and alterations.
Reach 1 remains the most confined reach within the study area. The channel and floodplain in Reaches 2,
3, 4 and 5 are partially confined within hillslopes that include periodic bedrock walls that contact and
influence the channel pathway.
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The habitat team estimated the extent of human caused, anthropogenic, bank erosion (instability) on both
the left and right banks at each channel unit. While there is some bank erosion process occurring
throughout the project area in all reaches, the habitat team did not identify any of it as directly humancaused.
Unstable banks indicate lateral and sometimes vertical processes and serve as sediment sources to the
channel. Generally, bank erosion was found to be relatively low throughout the project area. Riprap and
other bank armoring do exist in Reach 1 in conjunction with homes, bridges and roads.

Figure 8. Cement bank armoring and upstream levee on river left near a home in Reach 1 with undercut erosion occurring.
(Photo: 10/1/2019)

FISH PASSAGE BARRIERS
No anthropogenic fish passage barriers were observed in the mainstem channel during the habitat
assessment. However, there is a natural channel-spanning jam of wood and sediment (hillslope debris
contribution) in Reach 3 that creates a 4-foot falls drop (Figure 9). The other 13 logjams identified in the
study area were not identified as barriers for fish migration.
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Figure 9. Channel spanning debris jam that creates 4-foot drop in Reach 3.

RIPARIAN CORRIDOR
Of the 17 nth units measured in Reaches 1-5, the dominant (77%) overstory riparian vegetation size is
classified as Small Tree (9.0 – 20.9-inch diameter at breast height (dbh). Sapling/Pole (5 – 8.9-inch dbh) is
the second most dominant class (16%) and Shrub/Seedling (1.0-4.9 in. dbh) is the third most dominant
size class (6%). In general, the dominant overstory riparian vegetation size class is smaller in the
downstream reaches and increases in size going up river (Figure 10). The dominant overstory species is
Douglas fir (69%), followed by Cedar (17%), Cottonwood (7%), Ponderosa (4%), and Alder (3%). In
general, Douglas fir is more prominent in the lower reaches and less prominent in the upper reaches
(Figure 11). Overall, the dominant riparian understory species is Dogwood (57%); Grassland Forbes
(21%); Alder (11%); Vine maple (4%); Snowberry (3%); and Cedar (3%) (Figure 12). Reaches 3-5 have
established mature old growth forest on their floodplain surfaces and mature or maturing second-growth
forests (private land) on the floodplain surfaces in Reach 2.
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Figure 10. Distribution of dominant overstory size class category for the riparian zone, all reaches combined. Based on nth unit
measurements from Reaches 1-5. Shrub/Seedling = 1.0-4.9 in. dbh; Sapling/Pole = 5.0-8.9 in. dbh; and Small Tree = 9.0-20.9
in. dbh.

Figure 11. Dominant overstory species in the riparian zone, by species. Based on nth unit measurements from Reaches 1-5.
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Figure 12. Dominant understory species in the riparian zone, by species. Based on nth unit measurements from Reaches 1-5.
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4 Stream Habitat Reach Reports
REACH 1
Location: River mile 0 – 1.34
Total length: 1.34 miles
Survey date: October 1, 2019

Figure 13. Representative view of Reach 1. Habitat units are dominated by extended riffles. Human-induced channel
confinement and riparian impacts are most frequent in this reach. (10/01/2020)
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Figure 14. Wolf Creek, Reach 1–channel unit distribution (RM 0-RM 1.34), 2019. Basemap: ESRI Bing imagery
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4.1.1 Habitat Unit Composition
Reach 1 is the longest reach delineated in the study area at 1.34 miles (Figure 14). Similar to all reaches in
the project area, a large majority of the habitat area (79%) was riffle; the remaining habitat area was pool
(18%); and glide (3%) (Figure 15). No side channels were present in Reach 1. The channel is confined by
residential land use, levees,and bridges. Reach 1 maintains the lowest stream gradient of all five reaches
at 1.41%.

Figure 15. Stream habitat unit area composition of Reach 1.

4.1.2 Pools
Pool was the second most common habitat type recorded in Reach 1 with 18% of the habitat unit surface
area identified as pools (Figure 15). A total of 24 pools were counted–the highest number of pools in the
study area. However, the pools were in general short and shallow with 96% of the pools measuring less
than 3 feet of residual depth (the entire project area averages 93% less than 3 feet of residual depth). The
average residual depth of pools in Reach 1 is 1.6 feet, compared to the study area average of 1.7 feet.
Reach 1 averaged 17.9 pools per mile. Mean pool spacing in Reach 1 was 7.7 channel widths per pool,
compared to an average of 7.4 channel widths per pool for the surveyed area.
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Figure 16. A total of 24 pools were identified in Reach 1. All but one had residual depths of less than 3 feet. (Photo: 10/01/19)

4.1.3 Side Channel Habitat
No naturally functioning side channels were observed in Reach 1. An irrigation out-take, ditches, and a
culvert connect a set of ponds on the floodplain near RM 1.0 at both the up and downstream ends to the
mainstem channel.

4.1.4 Large Woody Material
LWM quantities in Reach 1 were the lowest of all five reaches with a total of 52 pieces of LWM identified
– equating to 39 pieces of wood per mile. About 80% of the pieces observed were in the “small” size class.
A total of ten pieces of quality large wood (medium or large size class) was observed in Reach 1 and
almost all of those pieces were installed features. No log jams were observed in Reach 1 (Table 3).
Table 3. Large woody material quantities in Reach 1.

Small (6 in x 20 ft)

Medium (12 in x 35 ft)

Large (20 in x 35 ft)

Number of pieces

42

8

2

Number of pieces per mile

31

7.5

Total
52
39

Number of jams

0

0

Number of jams per mile

0

0
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4.1.5 Substrate & Fine Sediment
A total of two gravel counts were conducted in Reach 1 (GC 1.1 and GC 1.2). The composition of material
from the gravel counts combined is primarily gravel (56%) with 39% cobble, 4% boulder, and ~1% sand.
This distribution displays a higher gravel and lower cobble composition than the project area averaged
grain composition of 37% gravel, 55% cobble, 7% boulder, and 1% sand. At GC1.1, only 2% of the
sampled grains were sized at 1mm-5.8mm (sand-small gravels) and at GC 1.2, only 0%. The cumulative
distribution curves and grain size class of the gravel counts completed in Reach 1 are provided below in
Figure 17 and Table 4.
Sand, 1%

Figure 17. Combined percent composition sediment size type from two gravel counts on exposed bars in Reach 1.
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Gravel count 1.1

Gravel count 1.2

Figure 18. Cumulative grain size distribution for Gravel Count 1.1 and 1.2 (Reach 1).
Table 4. Grain size class for gravel counts 1.1 and 1.2 (assumed linear interpolation)

Size
Class
D5
D16
D50
D84
D95

1.1
Size percent
finer than
(mm)
13
16
40
87
104

1.2
Size percent
finer than
(mm)
9
22
72
216
279
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4.1.6 Riparian Corridor
Reach 1 included nine riparian vegetation unit evaluations. Overall, the dominant riparian vegetation
class is small tree (44%), followed by sapling/pole (33%) and shrub/seedling (22%). Overstory species are
primarily Douglas fir (71%), Cottonwood (14%), and Ponderosa pine (14%) (Figure 19). The dominant,
and only understory species class, is Grassland/Forb (Figure 20).

Figure 19. Dominant overstory riparian vegetation class and species within 100 feet of Wolf Creek by ocular estimate.

Figure 20. Dominant understory riparian vegetation class and species within 100 feet of Wolf Creek by ocular estimate.
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REACH 2
Location: River mile 1.34 – 2.31
Total length: 0.97 miles
Survey Date: October 3, 2019

Figure 21. Representative view of Reach 2. Dominant habit unit is extended cascading riffles with large boulders. (Photo:
10/03/2019)

4.2.1 Habitat Unit Composition
Reach 2 has the highest proportion of riffle habitat area of all the reaches (85%), compared to a project
area average of 82%. The remainder of the habitat area is comprised of pools (11%), and side channel (4%)
(Figure 22 and Figure 23). The stream gradient of Reach 2 is 3.91%, more than double that of Reach 1.
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Figure 22. Wolf Creek, Reach 2–channel unit distribution: RM 1.34-2.31. Basemap: ESRI Bing imagery
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Figure 23. Stream habitat unit composition for Reach 2.

4.2.2 Pools
A total of 21 pools were identified in Reach 2, averaging 21.6 pools per mile. Residual depths of pools
range from 1.1 feet (minimum) to 2.6 feet (maximum) with an average of 1.7 feet. Of the 21 pools counted,
100% have residual depths less than 3 feet. Reach 2 has the most pools over 4 feet deep (n = 4), comprising
19% of all pools in the reach. Mean pool spacing is 7.4 channel widths per pool, the second lowest of all
the reaches and equivalent to the overall project area average.

4.2.3 Side Channel Habitat
A total of seven side channels are present in Reach 2 averaging 181 feet in length. All are slow-moving
side channels at the time of survey. A total of 61 pieces of large wood were observed in the seven side
channels (Table 5).
Table 5. Side channel observed in Reach 2.

Location
SIDE1S
SIDE2S
SIDE3S
SIDE4S
SIDE5S
SIDE62
SIDE7S
Total

Length (ft)
450
10
90
160
120
250
80
1,270
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Dominant unit type
Slow water
Slow water
Slow water
Slow water
Slow water
Slow water
Slow water

Wood count
20
6
2
3
20
7
3
61
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4.2.4 Large Woody Material
LWM quantities in Reach 2 are the second lowest of all four reaches with a total of 49 pieces of LWM
identified, equating to 45.7 pieces of wood per mile (Table 6). Of these 49 pieces, 19 are classified as
Medium (measuring more than 12 inches diameter and 35 feet in length) and only three pieces are in the
Large category (greater than 20 inches diameter and at least 35 feet long). This equates to an average of
20.5 pieces of quality LWM per mile. One log jam was observed, consisting primarily of Small pieces (9)
and a single Large piece of wood.
Table 6. Large woody material quantities in Reach 2.

Small (6 in x 20 ft)

Medium (12 in x 35 ft)

Large (20 in x 35 ft)

Number of pieces

133

33

32

Number of pieces per mile

137

67

Number of jams

3

Number of jams per mile

3

Total
198
204

4.2.5 Substrate & Fine Sediment
Two gravel counts were conducted in Reach 2–one at a glide-riffle crest (GC 2.1) and one on a
longitudinal side bar (GC 2.2). The composition of material from the combined and averaged gravel
counts indicates dominant substrate of cobble (54%) and gravel (38%) with 8% boulder and no sand
(Figure 24). At GC 2.1, only 2% of the sampled grains were sized at 1mm-5.8mm (sand-small gravels) and
at GC 2.2, only 1%. The cumulative distribution curves and grain size class of the gravel counts
completed in Reach 2 are provided below in Figure 25 and Table 7.

Figure 24. Combined percent composition sediment size type from two gravel counts in Reach 1.

APPENDIX A – HABITAT ASSESSMENT

A-27

GC 2.1

GC2.2

Figure 25. Cumulative grain size distribution for Gravel Count 2.1 and Gravel Count 2.2.
Table 7. Grain size class for Gravel Count 2.1 and 2.2. (assumed linear interpolation)

Size
Class
D5
D16
D50
D84
D95

2.1
Size percent
finer than
(mm)
11
28
77
187
302

2.2
Size percent
finer than
(mm)
8
19
118
181
270
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4.2.6 Riparian Corridor
A total of seven nth unit measurements were performed in Reach 2. The majority of the riparian
vegetation within 100 feet of the river is classified as Small Trees (86%). The remaining 14% of vegetation
is Sapling/Pole. The overstory species are primarily Douglas fir (72%) followed by Cottonwood and Alder
(both 14%) (Figure 26). The riparian understory was composed primarily of Dogwood (57%) with equal
parts Snowberry, Vinemaple and Alder (14%) (Figure 27). A natural vegetation condition of mature
conifer forest on floodplains with a thick riparian buffer understory of native vegetation are present
throughout Reach 2, except where bedrock bank/hillslope exposures occur.

Figure 26. Dominant overstory riparian vegetation size (left0 and species (right) within 100 feet of Wolf Creek based on nth
unit ocular estimates.

Figure 27. Dominant understory riparian vegetation species within 100 feet of Wolf Creek based on nth unit ocular estimates.
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REACH 3
Location: River mile 2.31 – 3.27
Total length: 0.96 miles
Survey Date: October 3-4, 2019

Figure 28. Representative view of Reach 3. Dominant habitat unit is extended riffles with boulders. (Photo: 10/04/19)

4.3.1 Habitat Unit Composition
Reach 3 is 0.96 miles long and has the greatest variety of habitat area with 81% of the habitat surface
identified as riffle; 15% pool; 3% side channel and 1% glide (Figure 29 and Figure 30). Reach 1 is the only
other reach where glide habitat is observed. Stream gradient in Reach 3 is the second highest in the study
area at 4.73%.
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Figure 29. Wolf Creek, Reach 3–channel unit distribution: RM 2.31-3.27. Basemap: ESRI Bing imagery
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Figure 30. Stream habitat unit composition for Reach 3.

4.3.2 Pools
Reach 3 has a total of 16 pools and a pool frequency of 17 pools per mile, compared to an average of 20
pools per mile throughout the study area. Mean pool spacing for the reach is 7.7 channel widths per pool,
which is slightly over the average for the entire project area at 7.4 channel widths per pool. No pools in
this reach maintained residual depths of greater than three feet and the average residual pool depth is 1.7
feet.

4.3.3 Side Channel Habitat
Side channel habitat in Reach 3 accounts for 3% of the habitat area (Figure 30). A total of three side
channels are present, totaling 555 feet in length and averaging 185 feet (Table 8). All three side channels
are classified as slow water types. A total of 21 pieces of wood were recorded in the side channels; seven
of those pieces are quality large wood.
Table 8. Secondary channel habitat in Reach 3.

Location
SIDE8S
SIDE9S
SIDE10S
Total

Length (ft)
125
200
230
555
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Dominant unit type
Slow water
Slow water
Slow water

Wood count
9
10
2
21
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4.3.4 Large Woody Material
LWM quantities in Reach 3 total 121 pieces, equating to 126 total pieces of wood per mile (Table 9). Of
these 121 pieces, 24 are classified as Medium (measuring more than 12 inches diameter and 35 feet in
length) and 24 pieces are in the Large category (greater than 20 inches diameter and at least 35 feet long).
This equates to an average of 50 pieces of quality large woody material per mile. Two log jams were
observed in Reach 3.
Table 9. Large woody material quantities in Reach 3.

Small (6 in x 20 ft)

Medium (12 in x 35 ft)

Large (20 in x 35 ft)

Number of pieces

73

24

24

Number of pieces per mile

76

50

Number of jams

2

Number of jams per mile

2

Total
121
126

4.3.5 Substrate & Fine Sediment
Two gravel counts were performed in Reach 3–one at a glide-riffle crest (GC 3.1) and one on a
longitudinal side bar (GC 3.2). Cobble is the combined dominant substrate (57%) with 36% gravel, 2%
sand and 6% boulder (Figure 31). At GC 3.1, only 4% of the surface sampled grains were sized at 1mm5.8mm (sand-small gravels) and at GC 3.2, only 1%. The cumulative distribution curves and grain size
class of the gravel counts completed in Reach 3 are provided below in Figure 32 and Table 10.

Figure 31. Combined percent composition sediment size type from two gravel counts in Reach 3.
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GC 3.1

GC 3.2

Figure 32. Cumulative grain size distribution for Gravel Count 3.1 and Gravel Count 3.2.

Table 10. Grain size class for Gravel Count 3.1 and 3.2. (assumed linear interpolation)

Size
Class
D5
D16
D50
D84
D95

3.1
Size percent
finer than
(mm)
12
33
72
147
284

3.2
Size percent
finer than
(mm)
12
51
87
140
223
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4.3.6 Riparian Corridor
Based on six nth unit measurements, 100% of the dominant overstory riparian vegetation identified within
100 feet of the creek is in the small tree size class (9.0 – 20.9 in. diameter). Douglas fir and cedar are the
primary overstory species (50% each) (Figure 33). The understory is primarily Dogwood (66%), as well as
Alder (17%), and Cedar (17%) (Figure 34). A natural vegetation condition of mature conifer forest on the
floodplain surfaces with a thick riparian buffer understory of native vegetation are present throughout
Reach 3, except where bedrock bank/hillslope exposures occur.

Figure 33. Dominant overstory riparian vegetation size and species identified within 100 feet of Wolf Creek based on nth unit
ocular estimates.

Figure 34. Dominant understory riparian vegetation species identified within 100 feet of Wolf Creek based on nth unit ocular
estimates.
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REACH 4
Location: River mile 3.27 – 4.21
Total length: 0.94 miles
Survey date: October 4, 2019

Figure 35. Representative view of Reach 4. Habitat units dominated by extended cascading riffles with boulders. (Photo:
10/04/2019)

4.4.1 Habitat Unit Composition
Reach 4 is 0.94 miles long (Figure 36). This reach is riffle-dominated, composed of 83% riffle, 13% pool,
and 4% side channel (Figure 37). No glide habitat was observed in the reach. Reach 4 has a stream
gradient of 4.03%.
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Figure 36. Wolf Creek, Reach 4–channel unit distribution: RM 3.27-4.21. Basemap: ESRI Bing imagery

APPENDIX A – HABITAT ASSESSMENT

A-37

Figure 37. Stream habitat unit composition for Reach 4.

4.4.2 Pools
A total of 18 pools were identified in Reach 4, averaging 19 pools per mile. The average residual pool
depth is 1.9 feet and mean pool spacing is 8.4 channel widths per pool, the highest mean pool spacing in
the project area. Two of the eighteen pools observed maintain a residual depth of greater than three feet
deep.

4.4.3 Side Channel Habitat
Six side channels were identified in Reach 4 (Table 11) comprising 4% of the habitat area in the reach.
Three of the side channels were identified as slow water units and three were identified as fast water at
the time of the survey. The total length of all five side channels is 578 feet, averaging 96 feet. A total of 15
pieces of wood were observed in the side channel: one Large piece, seven Medium pieces, and seven
Small pieces.
Table 11. Secondary channel habitat in Reach 4.

Location
SIDE11S
SIDE12S

Length (ft)
165
120

Dominant unit type
Slow water
Slow water

Wood count
6

SIDE13F

68

Slow water

3

SIDE14F

95

Fast water

3

SIDE15F

90

Fast water

1

SIDE16S

40

Fast water

2

Total

413
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4.4.4 Large Woody Material
Reach 4 had the highest count of large wood both per mile and total number. A total of 209 pieces of
LWM were identified in Reach 4, averaging 222 pieces per mile. There are 42 pieces of Medium wood
(measuring more than 12 inches diameter and 35 feet in length); 21 pieces of Large wood (greater than 20
inches diameter and at least 35 feet long), and 146 Small pieces of large wood (Table 12). This equates to
67 pieces of quality LWM per mile. Six log jams were observed in Reach 4.
Table 12. Large woody material in Reach 4.

Small (6 in x 20 ft)

Medium (12 in x 35 ft)

Large (20 in x 35 ft)

Number of pieces

155

48

22

Number of pieces per mile

165

74

Number of jams

7

Number of jams per mile

7

Total
225
239

4.4.5 Substrate & Fine Sediment
Two gravel counts were performed in Reach 4 at glide-riffle crests (GC 4.1 and GC 4.2). Cobble is the
combined averaged dominant substrate at 58% and gravel at 35%, with 6% boulder and 1% sand (Figure
38). At GC 4.1, only 2% of the surface sampled grains were sized at 1mm-5.8mm (sand-small gravels) and
at GC 4.2, 0%. The cumulative distribution curves and grain size class of the gravel counts completed in
Reach 4 are provided below in Figure 39 and Table 13.

Figure 38. Percent composition of bed substrate based on two gravel counts at exposed bars in Reach 4.
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GC 4.1

GC 4.2

Figure 39. Cumulative grain size distribution for Gravel count 4.1 and Gravel Count 4.2. (assumed linear interpolation)
Table 13. Grain size class for Gravel Count 4.1 and 4.2.

Size
Class
D5
D16
D50
D84
D95

4.1
Size percent
finer than
(mm)
10
45
93
211
285

4.2
Size percent
finer than
(mm)
15
35
78
143
216
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4.4.6 Riparian Corridor
Based on five nth unit measurements, 75% of the riparian vegetation identified within 100 feet of the river
in Reach 4 is small tree (9.0-20.9 in. diameter) and 25% is sapling/pole (5.0-8.9 in. dbh) (Figure 40). The
overstory is dominated by mature Douglas fir (100%). The understory is also dominated by one species,
Dogwood (Figure 41). A natural vegetation condition of mature conifer forest on the floodplain surfaces
with a thick riparian buffer understory of native vegetation are present throughout Reach 4, except where
bedrock bank/hillslope exposures occur.

Figure 40. Dominant overstory riparian vegetation size and species identified within 100 feet of Wolf Creek based on nth unit
ocular estimates.

Figure 41. Dominant understory riparian vegetation size and species identified within 100 feet of Wolf Creek based on nth unit
ocular estimates.
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REACH 5
Location: River mile 4.21 – 4.53
Total length: 0.32 miles
Survey date: October 5, 2019

Figure 42. Representative view of Reach 5. (Photo: IFI Staff – 10/05/2019)

4.5.1 Habitat Unit Composition
Reach 5 is the shortest reach in the project area at 0.32 miles long (Figure 43) because the geomorphic
reach extends upstream of the project area boundary at RM 4.53. Habitat unit composition in Reach 5
within the project area is dominated by extended riffles. Composition distribution is 80% riffle and 20%
pool (Figure 44). No glides or side channels were observed in the reach. Reach 5 has the steepest gradient
in the project area at 7.10%.
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Figure 43. Wolf Creek, Reach 5–channel unit distribution: RM 4.21-4.53. Basemap: ESRI Bing imagery
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Figure 44. Stream habitat unit composition for Reach 5.

4.5.2 Pools
While Reach 5 has the lowest count of pools in the study area (11 pools), it has the highest number of
pools per mile in the study area (34 pools per mile). Of the 11 pools observed, nine have residual depths
of less than three feet and two have residual depths over three feet. Residual depths average 1.9 feet,
equal to the residual pool depth in Reach 4 and the greatest residual pool depth in the study area. The
deepest pool recorded in the study area is also in Reach 5 (4.1 feet). Mean pool spacing is 4.6 channel
widths per pool, the lowest mean pool spacing in the project area.

4.5.3 Side Channel Habitat
No side channels were identified in Reach 5.

4.5.4 Large Woody Material
A total of 62 pieces of LWM were identified in Reach 5, averaging 193 pieces per mile (the study area
average was 160). There are 14 pieces of medium wood (measuring more than 12 inches diameter and 35
feet in length); 3 pieces of large wood (greater than 20 inches diameter and at least 35 feet long), and 45
small pieces of large wood. One jam was observed (Table 14).
Table 14. Large woody material in Reach 5.

Small (6 in x 20 ft)

Medium (12 in x 35 ft)

Large (20 in x 35 ft)

Number of pieces

45

14

3

Number of pieces per mile

141

53

Number of jams

1

Number of jams per mile

1
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Total
62
194
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4.5.5 Substrate & Fine Sediment
One gravel count was performed within Reach 5 at an exposed side bar (GC 5.1). The dominant substrate
type is cobble (68%) with 21% gravel, 3% sand and 9% boulder (Figure 45). No bedrock was identified in
the gravel count. At GC 5.1, only 3% of the surface sampled grains were sized at 1mm-5.8mm (sand-small
gravels). The cumulative distribution curve and grain size class of the gravel count completed in Reach 5
are provided below in Figure 46 and Table 15.

Figure 45. Percent composition of bed substrate based on one gravel count at an exposed bar in Reach 5.

GC 5.1

Figure 46. Cumulative grain size distribution for Gravel count 5.1.
Table 15. Grain size class for Gravel Count 5.1. (assumed linear interpolation)

Size
Class
D5
D16
D50
D84
D95

Size percent
finer than
(mm)
28
48
112
193
277
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4.5.6 Riparian Corridor
Based on four nth unit measurements, 100% of the riparian vegetation, is classified as small tree (9.0-20.9
in. diameter) (Figure 47). The overstory is half (50%) Douglas fir, and half (50%) Cedar. The understory is
100% Dogwood (Figure 48). A natural vegetation condition of mature conifer forest on the floodplain
surfaces with a thick riparian buffer understory of native vegetation are present throughout Reach 4,
except where bedrock bank/hillslope exposures occur.

Figure 47. Dominant overstory riparian vegetation size and species identified within 100 feet of Wolf Creek based on nth unit
ocular estimates.

Figure 48. Dominant understory riparian vegetation species identified within 100 feet of Wolf Creek based on nth unit ocular
estimates.
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SUMMARY DATA
Table 16. Summary of all data collected for the 2019 Habitat Assessment of Reaches 1-5 (RM 0 – 4.53) of Wolf Creek.

Reach

1

2

3

4

5

All Reaches

Reach Mileage boundaries

1.34

0.97

0.96

0.94

0.32

4.53

Stream Gradient (Average)

1.41%

3.91%

4.73%

4.03%

7.10%

3.6%

Wetted Width (ft)
Pool

Averages
Mean

15.4

18.7

20.1

19.5

18.1

18.1

Median

14.0

20.0

20.0

19.5

18.0

18

StDev

3.6

3.2

3.0

3.3

2.3

3.6

Mean

14.7

0.0

19.0

0.0

0.0

15.8

Median

12.0

0.0

19.0

0.0

0.0

15.5

StDev

4.6

0.0

N=1

0.0

0.0

4.4

Mean

15.8

22.3

21.1

21.1

19.8

19.7

Median

15.5

22.0

21.0

20.0

20.0

20.0

StDev

2.5

3.4

2.4

3.5

2.5

3.9

Mean

0.0

5.0

3.8

9.7

0.0

6.6

Median

0.0

4.0

3.5

10.5

0.0

4.5

StDev

0.0

1.8

1.7

6.3

0.0

4.6

Glide

Riffle

Side Channel

Water Depth (ft)
Pool Maximum Depth

Averages

Mean

3.6

3.5

3.8

4.0

4.1

4.1

Median

2.1

2.6

2.5

2.6

2.6

2.5

StDev

0.6

0.4

0.4

0.6

0.7

0.6
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Reach

1

2

3

4

5

All Reaches

Pool Residual Depth
Mean

1.6

1.7

1.7

1.9

1.9

1.7

Median

1.6

1.7

1.6

1.8

1.6

1.6

StDev

0.6

0.4

0.4

0.7

1.0

0.6

Mean

3.7

3.3

2.6

2.7

2.3

1.1

Median

1.0

1.7

1.8

1.2

1.8

1.2

StDev

1.0

0.4

0.4

0.4

0.5

0.3

Mean

0.0

0.7

0.6

0.7

0.0

0.7

Median

0.0

0.7

0.6

0.8

0.0

0.7

StDev

0.0

0.6

0.2

0.4

0.0

0.4

Riffle/Glide Average Depth

Side Channel Average Depth

Bankfull Characteristics
Width (ft)

Averages
Mean

38.4

32.8

42.3

34.7

33.5

35.8

StDev

19.9

5.3

3.2

4.2

4.9

7.6

Mean

3.7

3.3

2.7

2.6

2.3

2.9

StDev

1.0

0.4

0.5

0.3

0.5

0.5

Mean

4.2

3.8

3.2

2.9

2.6

3.3

StDev

0.5

0.4

0.5

0.5

0.5

0.5

Mean

47.6

27.0

36.0

29.6

25.6

33.1

Mean

249.7

103.0

130.0

126.7

110.5

144.0

StDev

115.7

42.3

32.0

98.2

85.6

74.7

Average Depth (ft)

Maximum Depth (ft)

Width: Depth Ratio
Floodprone Width
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Reach

1

2

3

4

5

All Reaches

Habitat area %
Pool

18%

11%

15%

13%

20%

14%

Glide
Riffle
Side Channel

3%
79%
0%

0%
85%
4%

1%
81%
3%

0%
83%
4%

0%
80%
0%

1%
82%
3.1%
21.95

Pools
Pools per mile

17.9

21.6

16.7

19.1

34.4

96%
4%

100%
0%

100%
0%

89%
11%

Riffle:Pool ratio

1.0

1.0

1.1

0.7

82%
18%
0.9

0.93

Mean Pool Spacing (bankfull channel
widths per pool)

7.7

7.4

8.4

4.6

7.4

Residual Depth (% of pools)
Pools < 3 ft
Pools 3-6 ft

Total Number Pieces
Total
Large
Medium
Large and Medium
Small

Average

7.7
Large Woody Material

93%
7%

52

198

121

225

62

Total
658

2
8
10
42

32
33
65
133

24
24
48
73

22
48
70
155

3
14
17
45

83
127
210
448
Average

Number of Pieces/Mile
Total

39

204

126

239

194

160

Large (20 in by 35 ft)

1

33

25

23

9

18

Medium (12 in by 35 ft)
Large and Medium
Small (6 in x 20 ft)

6
7
31

34
67
137

25
50
76

51
75
165

44
53
141

32
50
110

Jams
Total jams per reach
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Reach

1

2
0%

Total Unstable Banks (% of total bank)
Total

2 GCs

3
0%

2 GCs

4

Unstable Banks
0%

5

All Reaches
0%

0%

Substrate: at 9 gravel count (GC) locations
2 GCs
2 GCs
1 GC

0%
Average

% Sand

0%

0%

2%

1%

3%

1%

% Gravel

56%

38%

36%

35%

21%

37%

% Cobble

39%

54%

57%

58%

68%

55%

% Boulder

4%

8%

6%

6%

9%

7%

% Bedrock

0%

0%
0%
0%
0%
Vegetation (% of sampled units in 100-foot-wide zone averaged between both banks)

Dominant Overstory Size Class

0%
Average

Shrub/Seedling

22%

0%

0%

0%

0%

6%

Sapling/Pole

33%

14%

0%

20%

0%

16%

Small Tree

44%

86%

100%

80%

100%

77%

Cedar

0%

0%

50%

0%

50%

17%

Douglas Fir

71%

71%

50%

100%

50%

69%

Ponderosa Pine

14%

0%

0%

0%

0%

3%

Alder

0%

14%

0%

0%

0%

3%

Cottonwood

14%

14%

0%

0%

0%

7%

0%

0%

17%

0%

0%

4%

Grassland/Forb

100%

0%

0%

0%

0%

21%

Alder

0%

14%

17%

20%

0%

11%

Dogwood

0%

57%

66%

80%

100%

57%

Snowberry

0%

14%

0%

0%

0%

4%

Vinemaple

0%

14%

0%

0%

0%

4%

Overstory Species Composition

Dominant Understory Species
Cedar
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Introduction
1.1

BACKGROUND

The Reach-based Ecosystem Indicators (REI) provide a consistent means of evaluating biological and
physical conditions of a watershed in relation to regional standards and known habitat requirements for
aquatic biota. These indicators, along with other scientific evaluations, describe the current quality of
stream biophysical conditions and can help inform restoration targets and actions. The REI indicators
used in this assessment are adaptations from previous efforts including the NMFS matrix of pathways
and indicators (NMFS 1996) and the USFWS (1998). With a few exceptions, the REI are based on the
USBR’s latest adaptations and use of these indicators (USBR 2012).
The REI evaluation for Wolf Creek was conducted using field data, observations, previous studies, and
available data for the study area. In particular, the rankings were developed based on: 1) quantitative
inventory information from the Habitat Assessment performed as part of the Reach Assessment using
USFS (2015) protocols, 2) assessment of geomorphic patterns and processes and how they have deviated,
if at all, from historical conditions, and 3) analysis of existing watershed assessments and data (e.g.
available ArcMap layers and shapefiles). Functional ratings include Adequate, At Risk, or Unacceptable.
The REI analysis helps to summarize habitat impairments and to distill the impairments down to a
consistent value that can be compared among reaches.

1.2

SUMMARY OF RESULTS

Watershed-scale ratings for the Wolf Creek study area vary, ranging from Adequate to Unacceptable.
Both the Drainage Network and Disturbance Regime indicators were rated Adequate for the study area,
while the Streamflow indicator received an At Risk rating. Water temperature monitoring in the study
area indicates temperatures often exceed thermal criteria for salmonids in the summer and early fall,
therefore, the Temperature indicator was rated Unacceptable.
In the reach-scale metrics, Reach 1 is the most impacted reach with eight Unacceptable ratings, the most
of all the reaches and one At Risk. Reach 2 had only one Unacceptable rating and three At Risk ratings.
The legacy of historical and ongoing human disturbances – including timber harvests, development of
residential homes, confining infrastructure, and lack of instream large wood – have contributed to the
ecosystem impacts in Reach 1 and 2. Reaches 3 through 5 were the least impacted to varying degrees;
Reach 3 had the most Adequate ratings (10) with one Unacceptable rating, while Reach 4 has the most
Adequate ratings with just one At Risk rating and Reach 5 has three At Risk ratings while all other
metrics are Adequate.
All reaches received Adequate ratings for the Habitat Access Pathway- Main Channel Barriers and
Dominant Substrate/Fine Sediment indicators since there were no barriers within the main channel that
completely excluded fish passage and a lack of sands and small gravels that can be detrimental to egg
incubation.
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LWM ratings increased from Unacceptable in Reach 1 and At Risk in Reach 2 to Adequate in Reaches 3 –
5. The lower reaches had low numbers of large wood pieces, especially quality pieces of large wood and
lacked potential large wood recruitment. Pool frequency was rated Unacceptable in Reaches 1 – 3 and At
Risk in Reaches 4 – 5 due to low pool frequency and low quality of the pools (low residual depths and
minimal/no large wood cover or habitat). The Off-channel Habitat indicator was rated as Unacceptable
for Reach 1 and At Risk for Reaches 3 and 5 due to either the complete lack or very infrequent occurrence
of connected alcoves and side channels or floodplains.
Riparian vegetation condition indicators – Structure and Canopy Cover – were both rated Unacceptable
for Reach 1 and At Risk for Reach 2. Though the observed seral stage of the riparian vegetation in
Reaches 3 – 5 was classified as primarily small trees, these reaches were rated Acceptable in both
Structure and Canopy Cover indicators because there is no modern history of human disturbances in
these reaches and mature forests are established on the floodplains -- suggesting this is the natural
condition of the riparian buffer. Reaches 1 and 5 received At Risk ratings in the Human Disturbance
indicator due to the number of residences, confinements, and developed areas within the riparian zone of
Reach 1 and the irrigation withdrawal infrastructure at the upstream boundary and access road running
adjacent to the river in Reach 5. Reaches 2 – 4 received ratings of Adequate for this indicator due to
minimal roads and development located within the riparian zone of these reaches.
Channel dynamics for Reach 1 is unsatisfactory. Reach 1 received Unacceptable ratings in all three
indicators: Floodplain Connectivity, Bank Stability/Channel Migration, and Vertical Channel Stability due
to anthropogenic channel entrenchment/confinement. Reaches 2 – 5 were rated Adequate for all three
Channel Dynamics indicators.
For the study area as a whole, Adequate was the most common rating (36), followed by At Risk (9) and
Unacceptable ratings (10 each). A summary of the ratings is presented in Table 1.
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Table 1. Summary ratings for the Wolf Creek reach assessment study area. Ratings are color-coded, with green shading for
Adequate condition, yellow for At Risk condition, and red for Unacceptable condition.
Pathw ay
Habitat
Access

Habitat
Quality

Riparian
Vegetation

Channel

General

Specific Indicators

Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Physical Barriers

Main Channel Barriers

Adequate

Adequate

Adequate

Adequate

Adequate

Substrate

Dominant Substrate /
Fine Sediment

Adequate

Adequate

Adequate

Adequate

Adequate

LWM

Pieces per Mile at
Bankfull

Unacceptable

At Risk

Adequate

Adequate

Adequate

Pools

Pool Frequency and
Quality; Presence of
Large Pools

Unacceptable

Unacceptable

Unacceptable

At Risk

At Risk

Off-Channel
Habitat

Connecivity with Main
Channel

Unacceptable

Adequate

At Risk

Adequate

At Risk

Structure

Unacceptable

At Risk

Adequate

Adequate

Adequate

Disturbance (Human)

At Risk

Adequate

Adequate

Adequate

At Risk

Canopy Cover

Unacceptable

At Risk

Adequate

Adequate

Adequate

Floodplain Connecivity

Unacceptable

Adequate

Adequate

Adequate

Adequate

Bank Stability / Channel
Migration

Unacceptable

Adequate

Adequate

Adequate

Adequate

Vertical Channel Stability Unacceptable

Adequate

Adequate

Adequate

Adequate

Indicators

Condition

Dynamics
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Metrics & Indicators
2.1

WATERSHED-SCALE METRICS
Pathway

General Indicators

Specific Indicators

Adequate Condition

At Risk Condition

Unacceptable Risk Condition

Zero or minimal increases in the drainage network that
is correlated with human caused disturbances.
Hydrologically impaired surfaces in watershed total <
8%. Road density <1 mile/miles2.

Low to moderate increase in the drainage network
correlated with human caused disturbances.
Hydrologically impaired surfaces in watershed total
between 8 and 14.9%. Road density 1-2.4 miles/miles2.

Substantial increase in the drainage network
correlated with human caused disturbances.
Hydrologically impaired surfaces in watershed total >
15%. Road density >2.4 miles/miles2.

Environmental disturbance is short-lived; predictable
hydrograph, high-quality habitat and watershed
complexity providing refuge and rearing space for all
life stages or multiple life-history forms. Natural
processes are stable.

Localized events of hillslope contributions, avulsion,
lateral migrations, minor bed incision, or wildfires.
Resiliency of habitat to recover from environmental
disturbances is moderate.

Frequent flood or drought producing highly variable
and unpredictable flows, hillslope contributions,
avulsion, lateral migrations, minor to major bed
incision (head cuts), or wildfires throughout a
majority of the watershed. The channel is simplified,
providing little hydraulic complexity in the form of
pools or side channels. Natural processes are
unstable.

Magnitude, timing, duration, and frequency of peak
flows within a watershed are not altered relative to
natural conditions of an undisturbed watershed of
similar size, geology, and geography.

Some evidence of altered magnitude, timing, duration
and/or frequency of peak flows relative to natural
conditions of an undisturbed watershed of similar size,
geology, and geography.

Pronounced changes in magnitude, timing, duration
and/or frequency of peak flows relative to natural
conditions of an undisturbed watershed of similar
size, geology, and geography.

Bull Trout:

Bull Trout:

Bull Trout:

Watershed Scale
Drainage Network
and Hydrologically
Impaired Surfaces

Increase in Drainage
Network/
Hydrologically
Impaired Surfaces

Watershed
Condition

Flow/Hydrology

Disturbance Regime

Natural/Human
Caused

Streamflow

Alterations to
Peak/Base Flows

incubation

2 - 5°C

incubation

<2 or 6°C

incubation

<1 or >6°C

rearing

4 - 12°C

rearing

<4 or 13 - 15°C

rearing

>15°C

spawning

4 - 9°C

spawning

<4 or 10°C

spawning

<4 or >10°C

Other salmonids:

Water Quality

Temperature

7-day average
maximum
temperatures

Other salmonids:

spawning

<13°C

spawning

14-15.5°C

spawning

>15.5°C

rearing

<15°C

rearing

<14 – 17.5°C

rearing

>17.5°C

holding & migration

<15°C

holding & migration

<14 – 17.5°C

holding & migration

>17.5°C

Lamprey:

Lamprey:

Lamprey:

rearing

10 – 18 °C,

rearing

18 – 22°C,

rearing

>22°C,

migration

<18°C

migration

18 – 22°C

migration

>22°C

And, temperatures do not exceed 15°C in areas used
by adults during migration (no thermal barriers)
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Other salmonids:

And, temperatures in areas used by adults during
migration sometimes exceed 15°C

And, temperatures in areas used by adults during
migration regularly exceed 15°C (thermal barriers
present)
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2.2

REACH-SCALE METRICS
Pathway

General Indicators

Specific Indicators

Adequate Condition

At Risk Condition

Unacceptable Risk Condition

Reach Scale
Habitat Access

Physical Barriers

Main Channel
Barriers

Substrate

Dominant
Substrate/Fine
Sediment

LWM

Pieces per Mile at
Bankfull

No man-made barriers present in the mainstem that
limit upstream or downstream migration at any flow.

Man-made barriers are present in the mainstem that
have the potential to prevent or inhibit upstream or
downstream migration at a subset of flows.

Man-made barriers present in the mainstem that
prevent upstream or downstream migration at
multiple or all flows.

Gravels or small cobbles make up >50% of the bed
materials in spawning areas. ≤12% of substrates <6
mm in spawning gravel.

Gravels or small cobbles make up 30-50% of the bed
materials in spawning areas. 12-20% of substrates <6
mm in spawning gravel.

Gravels or small cobbles make up <30% of the bed
materials in spawning areas. >20% of substrates <6
mm in spawning gravel.

Based on Fox and Bolton (2007) metrics for Eastern
Washington, at least 32 pieces/mile of large wood.
Qualifying pieces are those classified as Medium or
Large in the USFS Stream Inventory protocol (2015),
under the Eastside Forests criteria: Medium =
diameter > 12 in, length > 35 ft, and Large = diameter
> 20 in, length > 35 ft).

Current levels are able to maintain the minimum
requirements for an "adequate" rating, but potential
sources for long-term woody debris recruitment, as
determined by the Riparian Structure reach metrics,
are lacking in order to maintain these current levels.

Current levels are not meeting the minimum
requirements for an “adequate” rating, and potential
source of woody debris for short- and/or long-term
recruitment are lacking as well.

Pool frequency meets the values for the "adequate"
rating, but pools have inadequate cover/temperature
and/or there has been a moderate reduction of pool
volume by fine sediment. Reaches have between 2050% large pools (>1 m deep) present with good fish
cover.

Pool frequency does not meet the pools/mile metric
given in the “adequate” rating. Pools also have
inadequate cover/temperature and/or there has
been a major reduction of pool volume by fine
sediment. Reaches have <20% large pools (>1 m
deep).

Reach provides some aquatic off-channel and refugia
features but access varies or is at risk of disconnection
due to human impacts or man-made barriers.
Floodplains along the off-channel habitat are wellvegetated with inundation recurrence of 2-5-years.

Reach provides no or only minimal off-channel or inchannel refugia. Floodplains are disconnected by
processes of incision and/or human structures (levee,
bridges, etc.) and riparian vegetation has been
altered.

In addition to a minimum of 32 pieces of large
wood/mile, an adequate rating also indicates there are
sources of woody debris available for both long- and
short-term recruitment within the reach.
Pool frequency: Number of pools/mile for a given
wetted or channel width.
Wetted width:

Habitat Quality

Pools

Pool Frequency and
Quality; presence of
large pools.

15 – 20 ft

39 pools/mi

20 – 30 ft

23 pools/mi

Channel width:
25 ft

47 pools/mi

To be considered adequate, at least 50% of the total
pools are large pools >1 m (3 ft) deep. Pools must also
have good fish cover (as determined by riparian
vegetation and canopy cover metrics) and cool water
with only a minor reduction in pool volume from fine
sediment.

Off-Channel Habitat
and Refugia
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Connectivity with
Main Channel

Reach has side channels and/or groundwater fed
tributaries. Aquatic refugia such as backwaters,
alcoves, large boulder eddies exist within the channel.
Well-vegetated floodplains with healthy riparian
community are inundated on a 1-2-year recurrence
frequency. No man-made barriers along the mainstem
that prevent access to off-channel areas.
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Pathway

Riparian Vegetation

General Indicators

Condition

Specific Indicators

Adequate Condition

Structure

>80% large trees (>21” DBH; USFS 2013) in the riparian
buffer zone (defined as a 100ft buffer along each bank)
based on habitat assessment data.

50-80% large trees (>21” DBH; USFS 2013) in the
riparian buffer zone (defined as a 100ft buffer along
each bank) based on habitat assessment data.

<50% large trees (>21” DBH; USFS 2013) in the
riparian buffer zone (defined as a 100ft buffer along
each bank) based on habitat assessment data.

<20% disturbance in the 200-foot riparian buffer zone
(e.g. agriculture and grazing, residential, roads, etc.)
and <2 mile/miles2 road density in the 200-foot
riparian buffer zone.

20-50% disturbance in the 200-foot riparian buffer
zone (e.g. agriculture and grazing, residential, roads,
etc.) and 2-3 miles/miles2 road density in the 200-foot
riparian buffer zone.

>50% disturbance in the 200-foot riparian buffer
zone (e.g. agriculture and grazing, residential, roads,
etc.) and >3 miles/miles2 road density in the 200-foot
riparian buffer zone.

Trees and shrubs within one site potential tree height
distance (~100 feet) have >80% canopy cover that
provides thermal shading to the river.

Trees and shrubs within one site potential tree height
distance have 50-80% canopy cover that provides
thermal shading to the river.

Trees and shrubs within one site potential tree height
distance have <50% canopy cover that provides
thermal shading to the river.

Floodplain areas are hydrologically linked to main
channel within the context of the local process
domain; overbank flows occur and maintain wetland
functions, and riparian vegetation. Naturally confined
channels are considered adequate.

Reduced linkage of floodplains and riparian areas to
main channel in reaches with historically strong
connectivity; overbank flows are reduced relative to
historic frequency, as evidenced by moderate
degradation of floodplain soil accumulations and
riparian vegetation/succession.

Severe reduction in hydrologic connectivity between
off-channel, floodplain, and riparian areas relative to
historical connectivity; riparian
vegetation/succession is altered significantly.

Channel is migrating at or near natural rates within the
geomorphic construct of the reach.

Channel migration is occurring at a faster or slower
rate relative to natural rates, but significant change in
channel width or planform is not detectable; large
woody debris is still being recruited.

Little or no channel migration is occurring because of
human actions preventing reworking of the
floodplain and large woody debris recruitment; or
channel migration is occurring at an accelerated rate
such that channel width has at least doubled,
possibly resulting in a channel planform change, and
sediment supply has noticeably increased from bank
erosion.

No measurable trend of aggradation or incision
beyond the natural geomorphic processes of the
reach.

Measurable trend of aggradation or incision that has
the potential to, but has not yet caused, disconnection
of the floodplain or a visible change in channel
planform (e.g. single thread to braided.)

Enough incision or human infrastructure has
occurred that the floodplain and off-channel habitat
areas have been disconnected from the main
channel; or enough aggradation has occurred to
create a visible change in channel planform (e.g.
single thread to braided.)

Disturbance (Human)

Canopy Cover

Floodplain
Connectivity

Channel

Dynamics

Bank
Stability/Channel
Migration

Vertical Channel
Stability
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REI Ratings
This section discusses the results for each indicator, rated at either the reach-scale or watershed-scale for all four reaches.

3.1

WATERSHED-SCALE RATINGS
General
Characteristics

General
Indicators

Specific Indicators

Rating

Discussion
Watershed Scale

Drainage
Network and
Hydrologically
Impaired
Surfaces

Increase in
Drainage Network/
Hydrologically
Impaired Surfaces

Adequate
Condition

Watershed
Condition

Disturbance
Regime

Natural/Human
Caused

Adequate
Condition

Watershed hydrologically impaired surfaces (roads, parking lots, and buildings) were calculated based on data from Washington State Department of Ecology. A
GIS shapefile of land use data based on 2010 tax parcels from the Washington Department of Revenue was used to classify parcels as “hydrologically impaired”
or “Not hydrologically impaired” for the watershed. Hydrologically impaired parcel polygon areas were summed and compared to the total watershed area, as
determined using the StreamStats online mapper application (USGS, 2020). The average percentage of hydrologically impaired surfaces for the entire
contributing watershed was 0.9%. Road density was calculated using state roads GIS data from Washington Department of Natural Resources. Length of roads in
the Wolf Creek watershed were summed and compared to the total watershed area, giving an overall watershed road density of 0.7 miles of road per square
mile of watershed. The upper Wolf Creek watershed has no roads or buildings, while the lower portions of the watershed have higher densities of roads,
including both public and private roads. As the percentage of hydrologically impaired surfaces for the entire contributing watershed is low, road density is low,
and few roads are located very close to the active channel in Wolf Creek, this indicator receives a rating of Adequate at the watershed scale.
This disturbance history rating reflects the protected nature of a majority of the upper watershed, which lies within the Chelan-Sawtooth Wilderness Area.
Though there are historical accounts of riparian and hillslope timber harvest, mining, grazing, agriculture and roads, and residential development, much of this
was restricted to the lower portion of the watershed. Previous timber harvests have occurred mainly in the Little Wolf Creek drainage and south of Wolf Creek
or in the Virginia Ridge area. Future timber harvests in the watershed are restricted due to the Wilderness Area designation and steep slopes. The watershed
historically had a naturally frequent regime of low intensity fires that rejuvenated vegetation but fire suppression means the watershed has a higher risk of
stand-replacing wildfire (USFS 2005). The Hubbard Fire burned a portion of the upper watershed in 1985. Wolf Creek has annual spring flooding and frequent
rain-on-snow floods. As a result of largely human-caused modifications, the channel within the lower portion of the study area has reduced complexity and
floodplain/alluvial fan connection and is incised in the lower sections. Some historical timber harvest, wildfires, and historical and on-going uses for livestock
ranging have likely influenced riparian vegetation. Private ownership within the watershed is restricted almost entirely to Reach 1, and consists primarily of
residential housing and agricultural uses. Similarly, roads are present in the highest density in the lower reaches. No roads are present in the watershed above
approximately RM 4. The watershed is used for many recreational purposes, with low density trails and dispersal campsites present throughout. The Wolf Creek
watershed is designated a Tier 1 watershed for three listed species by the USFS, limiting future road construction and land uses.
Based on all this information and the current protected nature of a majority of the watershed, Wolf Creek receives a rating of Adequate.
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The hydrology of the watershed contributing to Wolf Creek is driven by a combination of precipitation and snowmelt. Annual snowmelt flooding in the spring
with infrequent rain-on-snow floods dominate the seasonal streamflow pattern in the basin. Snowmelt runoff is primarily driven by changes in ambient air
temperature, snowpack mass, and the elevation of the season's snowpack. Peak runoff usually occurs in May and June, typically returning to baseflow by late
summer.

Flow/Hydrology

Streamflow

Alterations to
Peak/Base Flows

At Risk Condition

Water diversions in Wolf Creek have impacted streamflow and habitat conditions, with the mouth of the Creek historically going dry during the late summer and
early fall periods (USFS 2005). Wolf Creek, from the mouth to the confluence with Little Wolf Creek (encompassing approximately Reaches 1 – 3 of this effort), is
listed as a Category 4C waters for insufficient instream flow by the Washington Department of Ecology. This listing was on the 1996 and 1998 303(d) lists, but
was moved to the new Category 4C (impaired by a non-pollutant) in 2004, and remains Category 4C. Recent modifications to irrigation diversion practices have
increased baseflows and reduced occurrences of complete channel drying, but these alterations may have legacy impacts to aquatic species and habitats that
persist today.
Climate change models indicate that winter precipitation is expected to increase as rain in the Cascade Mountains (Mote and Salanthe 2009) and likely result in
an increase in winter stream flows, earlier and lower peak runoff, and lower summer baseflows. Drier and warmer conditions in the lower, Eastern portion of the
basin may exacerbate the low summer flows. These analyses suggest that human-induced climate change is likely to have an effect on the magnitude, timing,
duration, and frequency of stream flows in Wolf Creek. Based on the effects of past watershed management, and the potential effects of climate change, this
indicator is rated At Risk.

Water Quality

Temperature

APPENDIX B - Reach-Based Ecosystem Indicators (REI)

Daily maximum
and 7-day mean
daily maximum
temperatures

Unacceptable
Condition

Lower mainstem Wolf Creek water temperature data from 2005 and 2016-2019 show water temperatures in the assessment area exceeded USFWS standards
for bull trout rearing and migration (7-day average maximums ≤ 12°C), and exceeded NOAA Fisheries standards (water temperatures ≤14°C) for anadromous fish
habitat. Water temperatures in Wolf Creek can exceed Washington State water quality standards for salmonids and Class AA streams and criteria set by the
Wenatchee Forest Plan (<60.8 and 61°F, respectively) during the summer. Therefore, this indicator is rated Unacceptable for Wolf Creek.
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3.2

REACH-SCALE RATINGS

Pathway

Habitat
Access

General
Indicators

Physical
Barriers

Substrate

LWM

Specific Indicators

Main Channel
Barriers

Dominant
Substrate/
Fine Sediment

Pieces per
Mile at
Bankfull

Habitat
Quality

Pools

Pool
Frequency and
Quality;
presence of
large pools.

Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Adequate

Adequate

Adequate

Adequate

Adequate

There are no anthropogenic barriers in
the main channel.

There are no anthropogenic barriers in
the main channel.

There are no anthropogenic barriers in
the main channel. There is a natural
channel-spanning log jam in this reach
creating a 4-foot drop that is currently
fish passable.

There are no anthropogenic barriers in
the main channel.

There are no anthropogenic barriers in
the main channel within the reach (the
diversion acts as the upstream
boundary of the reach and is not
classified as a barrier to fish passage).

Adequate

Adequate

Adequate

Adequate

Adequate

Based on two gravel counts, gravels
dominate (56%) the channel substrate
with some cobbles (39%). Substrates
<6mm averaged 1% for the reach, and
fine sediments were noted in the reach
behind log jams and boulder eddies.

Based on two gravel counts, cobbles
dominate (54%) with some gravels
(38%) and boulders (8%). Substrates
<6mm averaged 1% for the reach, and
fine sediments were noted in the reach
behind log jams and boulder eddies.

Based on two gravel counts, cobbles
dominate (57%) with some gravels
(36%) and boulders (6%). Only 2% sand
(<2mm) was recorded in the gravel
counts, and substrates <6mm also
averaged 2% for the reach. Gravel sized
sediments were noted in the reach
behind log jams and boulder eddies.

Based on two gravel counts, cobbles
dominate (58%) with some gravels
(35%) and boulders (6%). Only 1% sand
(<2mm) was recorded in the gravel
counts, and substrates <6mm also
averaged 1% for the reach. Gravel sized
sediments were noted in the reach
behind log jams and boulder eddies.

Based on two gravel counts, cobbles
dominate (68%) with some gravels
(21%) and boulders (9%). Only 3% sand
(<2mm) was recorded in the gravel
counts, and substrates <6mm also
averaged 3% for the reach. Gravel sized
sediments were noted in the reach
behind log jams and boulder eddies.

Unacceptable

At Risk

Adequate

Adequate

Adequate

M+L pieces/mi = 7.5

M+L pieces/mi = 67

M+L pieces/mi = 50

M+L pieces/mi = 74

M+L pieces/mi = 53

Does not meet minimum criteria of 32
M+L pieces/mile, and no/limited
availability of large wood for future
recruitment.

Meets minimum criteria of 32 M+L
pieces/mile, with limited availability of
large wood for future recruitment.

Meets minimum criteria of 32 M+L
pieces/mile, with moderately
acceptable availability of large wood for
future recruitment.

Meets minimum criteria of 32 M+L
pieces/mile, with moderately
acceptable availability of large wood for
future recruitment.

Meets minimum criteria of 32 M+L
pieces/mile, with moderately
acceptable availability of large wood for
future recruitment.

Unacceptable

Unacceptable

Unacceptable

At Risk

At Risk

Total Pools = 24

Total Pools = 21

Total Pools = 16

Total Pools = 18

Total Pools = 1

Pools/mi = 17.9

Pools/mi = 21.6

Pools/mi = 16.7

Pools/mi = 19

Pools/mi = 34

Pools > 3 ft = 1 (4%)

Pools > 3 ft = 0 (0%)

Pools > 3 ft = 0 (0%)

Pools > 3 ft = 2 (11%)

Pools > 3 ft = 2 (18%)

Avg residual pool depth: 1.6 ft

Avg residual pool depth: 1.7 ft

Avg residual pool depth: 1.7 ft

Avg residual pool depth: 1.9 ft

Avg residual pool depth: 1.9 ft

Does not meet either wetted width or
bankfull width pool frequency criteria
(39 and 47 pools/mi, respectively). Does
not meet pool quality indicators for
depth or cover.

Does not meet either wetted width or
bankfull width pool frequency criteria
(23 and 47 pools/mi, respectively). Does
not meet pool quality indicators for
depth. Pools associated with LW jams
had adequate cover from large wood.

Does not meet either wetted width or
bankfull width pool frequency criteria
(23 and 47 pools/mi, respectively). Does
not meet pool quality indicators for
depth. Pools associated with LW jams
had adequate cover from large wood.

Does not meet either wetted width or
bankfull width pool frequency criteria
(39 and 47 pools/mi, respectively). Does
not meet pool quality indicators for
depth. Pools associated with LW jams
had adequate cover from large wood.

Does not meet either wetted width or
bankfull width pool frequency criteria
(39 and 47 pools/mi, respectively). Does
not meet pool quality indicators for
depth. Pools associated with LW jams
had adequate cover from large wood.
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Pathway

General
Indicators

OffChannel
Habitat and
Refugia

Specific Indicators

Connectivity
with Main
Channel

Reach 1

Reach 2

Riparian
Vegetation

Condition

Reach 4

Reach 5

Unacceptable

Adequate

At Risk

Adequate

At Risk

Total SC = 0

Total SC = 7

Total SC = 3

Total SC = 6

Total SC = 0

Fast water = 0

Fast water = 0

Fast water = 3

Slow water = 7

Slow water = 3

Slow water = 3

Cover = moderate

Cover = moderate

Cover = moderate

Off-channel habitats are connected at a
range of flows that provide refugia.

Some off-channel habitats are present
and connected at a range of flows that
provide refugia.

Many of the off-channel habitat units
are short, but are connected at a range
of flows.

Lacking off-channel habitats that are
connected at a higher range of flows.
Floodplains are disconnected by human
structures / incision.

Well-vegetated floodplains are
connected at 1-5 year.

Structure

Reach 3

Well-vegetated floodplains are
connected at 1 – 5 year.

Well-vegetated floodplains are
connected at 1 – 5 year.

Lacking off-channel habitats that are
connected at a higher range of flows.
However, steep channel gradient, plus
the presence of large boulders in the
channel provide some refugia, make
this only At Risk.
Well-vegetated floodplains are
connected at 1 – 5 year

Unacceptable

At Risk

Adequate

Adequate

Adequate

The riparian canopy overstory
composition within the 100-foot
riparian buffer was recorded as 44%
small tree, 33% sapling/pole, and 22%
shrubs/seedlings. Human disturbance in
this reach has reduced the width of the
riparian buffer and impacted stand age
and structural complexity in many areas
of this reach.

The riparian canopy overstory
composition within the 100-foot
riparian buffer was recorded as 86%
small tree and 14% sapling/pole.
Human disturbance in this reach has
impacted stand age and structural
complexity, as historically more patches
of mature trees would have been
present.

The riparian canopy overstory
composition within the 100-foot
riparian buffer was recorded as 100%
small tree. Because there is no history
of human disturbance indicating this is
the natural condition of the riparian
buffer and outside of the riparian
buffer, large and mature patches of
trees were noted, this reach is given an
acceptable rating.

The riparian canopy overstory
composition within the 100-foot
riparian buffer was recorded as 80%
small tree and 20% sapling/pole.
Because there is no history of human
disturbance indicating this is the natural
condition of the riparian buffer and
outside of the riparian buffer, large and
mature patches of trees were noted,
this reach is given an acceptable rating.

The riparian canopy overstory
composition within the 100-foot
riparian buffer was recorded as 100%
small tree. Because there is no history
of human disturbance indicating this is
the natural condition of the riparian
buffer and outside of the riparian
buffer, large and mature patches of
trees were noted, this reach is given an
acceptable rating.

At Risk

Adequate

Adequate

Adequate

At Risk

3.9% disturbance in the 200-foot buffer
zone (e.g. residential, roads, etc.) and
11.0 miles/miles2 road density in the
200-foot riparian buffer zone.

0.6% disturbance in the 200-foot buffer
zone (e.g. residential, roads, etc.) and
1.6 miles/miles2 road density in the
200-foot riparian buffer zone.

No disturbance in the 200-foot buffer
zone (e.g. residential, roads, etc.) and
no roads in the 200-foot riparian buffer
zone.

0.5% disturbance in the 200-foot buffer
zone (e.g. residential, roads, etc.) and
2.3 miles/miles2 road density in the
200-foot riparian buffer zone.

2.4% disturbance in the 200-foot buffer
zone (e.g. residential, roads, etc.) and
8.8 miles/miles2 road density in the
200-foot riparian buffer zone.

Disturbance
(Human)
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Pathway

General
Indicators

Riparian
Vegetation

Specific Indicators

Canopy Cover

Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Unacceptable

At Risk

Adequate

Adequate

Adequate

Estimate >50% canopy closure from
trees and shrubs within one site
potential tree height distance (100 ft
riparian buffer). Residential and/or
agricultural clearing throughout the
reach, in some cases up to the top of
the river bank, and the number of roads
adjacent or crossing the channel results
in minimal thermal shading to the river.
Determined using recent aerial
photography and based on the extent
of canopy closure within riparian areas,
not percentage of stream that is
covered.

Estimate 50-80% canopy closure from
trees and shrubs within one site
potential tree height distance (100 ft
riparian buffer). Some residential
and/or agricultural clearing throughout
the reach results in moderate thermal
shading to the river. Determined using
recent aerial photography and based on
the extent of canopy closure within
riparian areas, not percentage of
stream that is covered.

Estimate >80% canopy closure from
trees and shrubs within one site
potential tree height distance (100 ft
riparian buffer) providing thermal
shading to the river. Determined using
recent aerial photography and based on
the extent of canopy closure within
riparian areas, not percentage of
stream that is covered.

Estimate >80% canopy closure from
trees and shrubs within one site
potential tree height distance (100 ft
riparian buffer) providing thermal
shading to the river. Determined using
recent aerial photography and based on
the extent of canopy closure within
riparian areas, not percentage of
stream that is covered.

Estimate >80% canopy closure from
trees and shrubs within one site
potential tree height distance (100 ft
riparian buffer) providing thermal
shading to the river. Determined using
recent aerial photography and based on
the extent of canopy closure within
riparian areas, not percentage of
stream that is covered.

Unacceptable

Adequate

Adequate

Adequate

Adequate

The channel is entrenched in this reach.
Channel straightening, bridges, and
levees along a large portion of the
channel exaggerate floodplain
disconnection.

Where valley width allows, vegetated
floodplains exist below historical
floodplain terraces. Connectivity to the
existing modern floodplains is
adequate.

Where valley width allows, vegetated
floodplains exist below historical
floodplain terraces. Connectivity to the
existing modern floodplains is
adequate.

Where valley width allows, vegetated
floodplains exist below historical
floodplain terraces. Connectivity to the
existing modern floodplains is
adequate.

Where valley width allows, vegetated
floodplains exist. Connectivity to the
existing floodplains is adequate.

Unacceptable

Adequate

Adequate

Adequate

Adequate

Due to human-imposed channel
confinement, no channel migration is
occurring in the upper portion and only
marginal floodplain (relative to the
historically available alluvial fan) occur
in the lower portion.

Where valley-width and channel
complexity allow, lateral processes do
periodically occur.

Where valley-width and channel
complexity allow, lateral processes do
occur.

Where valley-width and channel
complexity allow, lateral processes do
occur.

Where valley-width and channel
complexity allow, lateral processes
periodically occur.

Floodplain
Connectivity

Channel

Dynamics

Bank Stability/
Channel
Migration
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Pathway

Channel

General
Indicators

Dynamics

Specific Indicators

Reach 1

Reach 2

Reach 3

Reach 4

Reach 5

Unacceptable

Adequate

Adequate

Adequate

Adequate

The channel is entrenchment due to
human impacts. Continued incision is
possible but not expected to be rapid
because of the coarse bed load.

Periodic inputs from hillslopes and
ephemeral tributaries provide irregular
sediment pulses that influence channel
processes. Bedload suggests that
temporary localized incision may occur
in association with obstructions (large
boulder or large wood jams). Scour
pools are maintained at bedrock
outcrops.

Periodic inputs from hillslopes and
tributaries provide irregular sediment
pulses that influence channel
processes. Bedload size and the
presence of large boulders suggest that
related periods of aggradation are
naturally followed by stream gradient
re-adjustments. Localized incision may
occur in association with obstructions
(large boulder or large wood jams).
Scour pools are maintained at bedrock
outcrops.

Periodic inputs from hillslopes and
tributaries provide irregular sediment
pulses that influence channel processes.
Bedload size and the presence of large
boulders suggest that related periods of
aggradation are naturally followed by
stream gradient re-adjustments.
Localized incision may occur in
association with obstructions (large
boulder or large wood jams). Scour
pools are maintained at bedrock
outcrops.

Periodic inputs from hillslopes and
tributaries provide irregular sediment
pulses that influence channel processes.
Bedload size and the presence of large
boulders suggest that related periods of
aggradation are naturally followed by
stream gradient re-adjustments.
Localized incision may occur in
association with obstructions (large
boulder or large wood jams). Scour
pools are maintained at bedrock
outcrops.

Vertical
Channel
Stability
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Project-Based Restoration Recommendations
This table describes project opportunities by project area within the Wolf Creek Assessment area. Concept maps of the project opportunities are included below the table.
Reach

River
Miles

Project Area
Name

Project Description

Considerations

Narrative:

Accessible, but permission
will need to be granted by
property owners. Landowner communication is
highly recommended.

The Lobos area includes a combination of in-channel and floodplain treatments as well as infrastructure upgrades. All of the in-channel mainstem treatments can be installed separately and
provide improved habitat and complexity. The extent of the floodplain treatments will be dependent on infrastructure upgrades.
Installation of large wood (LW) jams and related scour hole development is recommended to greatly improve the quality and quantity of aquatic habitat and increase geomorphic complexity in
Reach 1, where minimal large wood and limited complexity currently exists. Installation of LW jams at the mouth will provide habitat complexity for both lower Wolf Creek and the Methow
River. Lateral channel migration and inset floodplain development that increases activation of local sediment supply and future riparian/floodplain wood recruitment within a designated area
are encouraged via LW placement in the Lobos project area. Wolf Creek Rd bridge crossing is the existing infrastructure and private property on floodplain. Increasing the span and upgrading
footings and bank treatment of the Wolf Creek Road bridge (RM 0.3) will decrease local channel confinement and allow for increased channel, floodplain, and delta processes. Floodplain
treatments include excavating an inset floodplain, to the width allowable by infrastructure, that supports riparian vegetation. Riparian restoration is focused on planting appropriate riparian
trees and shrubs to create wider vegetated riparian buffer and to remediate areas disturbed by inset floodplain development and bridge upgrade actions. There is potential for the excavated
materials to be used in the mainstem to augment spawning gravels on bars but this will need to be modeled and designed in detail. Temporary fencing that excludes cattle and other grazing
undulates is strongly recommended to promote establishment of and protect riparian vegetation. These treatments are intended to reduce channel entrenchment and create an active
functioning riparian floodplain while improving the quantity and quality of available mainstem habitat. Restoration treatments here will also improve and increase available habitat for fish
utilizing the Methow River.

Project Elements:

Riparian Restoration
Lobos

1

0 – 0.3

• Plant native vegetation to improve riparian vegetation buffer.
• Plant and maintain appropriate riparian and floodplain vegetation in all areas disturbed as a result of restoration actions, including development of inset floodplain, LW installations, and
bridge expansion.
• Utilize exclusion fencing to protect riparian and floodplain plantings from grazing ungulates until established.
Upgrade or Remove Anthropogenic Features
• Upgrade the existing Wolf Creek Road bridge (RM 0.3) by increasing the bridge span and footings to accommodate floodplain development as well as channel and delta processes.
Enhance Aquatic Habitat
• Install bank buried LW jam (>18 root wad logs) at the mouth the Wolf Creek (RM 0) to provide and maintain habitat at the confluence for fish using both the Methow River and Wolf Creek.
• Install bank-buried LW jams (>6 root wad logs) in designated areas to enhance aquatic habitat conditions (cover, pool scour, sediment accumulation).
Increase Complexity
• Floodplain excavation: excavate sections of the abandoned historical alluvial fan to create inset connected floodplain benches for the entrenched channel that is capable of supporting
desired riparian vegetation. Plant inset surface with appropriate native riparian vegetation.
• Installation of bank buried LW apex jams (>10 root wad logs) at designated areas where available floodplain exists to promote and maintain split flow potential, channel scour, and sediment
retention.
• Installation of bank buried LW jams (>6 root wad logs) along a high-flow side channel (RM 0.16 – 0.23, river left) to promote and maintain lateral and split flow process.
Note: LW log jams scour pools will be dug during installation but jams and pools will be designed to maintain pool scour, promote lateral processes, and increase gravel retention downstream of
jams. This will notably increase channel complexity and improve aquatic habitat.
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LW installations will need
to be bank buried or
otherwise ballasted for
infrastructure protection.
Wolf Creek Road bridge
crossing upgrade will
require collaboration with
WSDOT and/or county.
Modelling and analysis will
be necessary to predict
potential changes to flood
event inundation patterns.
In-water work and bridge
upgrade will require
permit acquisition.
An inset floodplain the
width of the new bridge
will provide floodplain and
lateral process function–
will likely require bank
protection near bridge to
protect infrastructure and
maintain flow path under
bridge.
All treatments in this
project area will require
detailed analysis,
modeling, and design to
address existing
infrastructure and homes.

C-2

Reach

River
Miles

Project Name

Project Description

Considerations

Narrative:

Accessible, but permission
will need to be granted by
property owners. Early landowner communication is
highly recommended.

The Wolf Den Project Area includes in-channel mainstem large wood treatments and recommendations for improving a private road bridge crossing. These treatments can be installed
separately.
Installation of large wood (LW) jams and related scour hole development and downstream sediment retention is recommended to improve the quality and quantity of aquatic habitat and
increase geomorphic complexity in Reach 1, where minimal large wood and limited complexity currently exists.

Project Elements:

Upgrade or Remove Anthropogenic Features

Wolf Den

1

0.39 and 0.86

• Upgrade the existing private bridge crossing (RM 0.6) by increasing freeboard and bridge span as well as footings. If the bridge can be removed, consider that option.
Enhance Aquatic Habitat
• Install bank buried LW jam (>6 root wad logs) in the mainstem in designated areas to improve existing habitat or create and maintain additional aquatic habitat (cover, pool scour,
sediment accumulation.
Increase Complexity
• Installation of bank buried LW apex jams (>10 root wad logs) at RM 0.74 river right where available floodplain exists to promote floodplain connectivity and quality pool habitat.
• Installation of bank buried LW jams (>6 root wad logs) along existing high-flow side channel (RM 0.75-0.78, river left) to promote and maintain lateral and split flow process.
•

Install mid-channel LW jam (>6 root wad logs) at RM 0.78 to support island and split flow development.

In-water work will require
permit acquisition.
Proximity of homes to the
channel and flood control
dependence on the existing
levees and ditches limit
treatment recommendations.
All treatments in this project
area will require detailed
analysis, modeling, and
design to address existing
infrastructure and homes.

Riparian Restoration
• Plant and maintain appropriate riparian and floodplain vegetation in all areas disturbed as a result of restoration actions
Note: LW log jams will most likely be designed with scour pools that will be dug during installation but jams and pools will be designed to maintain pool scour and/or increase gravel retention
downstream of jams. This will notably increase channel complexity and improve aquatic habitat.

Narrative:

Development of an off-channel refugia with buried LW jam for cover and maintenance of alcove scour home at the outlet of the existing ditch could provide much needed off-channel refugia
in Reach 1, where none currently exist. The area of the Ponds is the most confined section of the reach with the highest stream energy. Providing off-channel habitat here would be
beneficial.
Ponds

1

Near RM 1.0

The Ponds Project Area is focused on upgrading connectivity and enhancing habitat of the existing ponds that are currently connected to the mainstem channel via a formal irrigation
withdrawal gate, ditches, and a culvert. Treatment recommendations include evaluating the probable upstream fish barrier that the culvert and withdrawal gate pose to native fish species of
concern. If necessary, upgrade the culvert to be passable or, remove the culvert and construct a passable connector channel. Another option, if landowners are willing, is to convert the
existing ponds (probable warming and predation area) and ditches into a constructed side channel from the inlet to the outlet with quality habitat components. Conversion of the culvert
and/or ponds to a channel would require installation of a crossing bridge to access existing home.

Project Elements:

Upgrade or Remove Anthropogenic Features
• Evaluate and upgrade existing pond-connector culvert. Or, replace culvert with constructed channel.
• Culvert upgrade or conversion to channel will require installation of bridge to access existing homes–assuming structures need to remain in existing locations.
Enhance Aquatic Habitat

Assume home and existing
structures have to remain in
place.
Accessible, but construction
will need to be coordinated
and approved with land
owners.
In-water work will require
permit acquisition.
All treatments in this project
area will require detailed
analysis, modeling, and
design to address existing
infrastructure and homes.

• Install bank buried LW jam and scour hole and potentially an alcove at mouth of existing ditch to improve off-channel refugia.
• Convert ditch(s) and/or ponds into constructed side channel with quality fish habitat.
Riparian Restoration
• Plant and maintain appropriate riparian and floodplain vegetation in all areas disturbed as a result of restoration actions
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Reach

River
Miles

Project Name

Project Description

Considerations

Narrative:

Removal of the cement wall
and out-take entrance will
need to be approved through
water rights agency and
potentially the Wolf Creek
property owner association
(WCPOA)

The Wildflower Project Area includes adding bank buried large wood (LW) jams in discrete locations, the removal of an irrigation out-take and associated cement wall, and the creation of a
small off-channel habitat alcove feature with LW at the existing out-take location. The mainstem LW treatments can be installed separate from the removal of the irrigation out-take. The offchannel/side-margin refugia with LW would likely need to be done in conjunction with the removal of the out-take.
Installation of large wood (LW) jams and related scour hole development and downstream sediment retention is recommended to improve the quality and quantity of aquatic habitat and
increase geomorphic complexity, where no large wood and limited complexity currently exists.
Removal of a cement wall and irrigation out-take will provide space along the channel’s edge (river left) to install a LW jam and scour hole that provides off-channel or side margin refugia.
The existing ditch will likely need to be filled to avoid flood-water routing to the floodplain.

Wildflower

1

1.24 – 1.34

Project Elements:
• Plant and maintain appropriate riparian and floodplain vegetation in all areas disturbed as a result of restoration actions.
Remove Anthropogenic Features
• Remove cement wall and associated irrigation out-take on river left at RM 1.25. Fill associated ditch to avoid unwanted flood-water routing to the historical floodplain (home protection).
Enhance Aquatic Habitat
• Install bank buried LW jam (>6 root wad logs) in the mainstem at RM 1.24 on river right, and RM 1.26 on river left to improve and maintain aquatic habitat (cover, pool scour, sediment
accumulation.
Increase Complexity
• Install bank buried apex LW jam (>10 root wad logs) on river left at RM 1.34 where available floodplain exists to increase potential for floodplain connectivity and maintain quality scour
pool habitat

All actions accessible from
private land or Wildflower
Road – though banks are
steep and high.
In-water permits will be
required.
All treatments in this project
area will require detailed
analysis, modeling, and
design to address existing
infrastructure and homes
downstream.

• Create off-channel or side margin refugia at RM 1.25 after removing existing irrigation out-take. Install bank buried LW jam (>6 root wad logs) and scour hole to provide and maintain
habitat at the site.
Note: LW log jam scour pools will be dug during installation but jams and pools will be designed to maintain pool scour, promote lateral processes, and increase gravel retention downstream
of jams. This will notably increase channel complexity and improve aquatic habitat.
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Reach

River
Miles

Project Name

Project Description

Considerations

Narrative:

The project area is bordered
by private property.
Recommend coordination
with land owners.

The R2a HeliLW Project Area includes installation of large wood by helicopter and evaluation of potential upgrade to the irrigation withdrawal at RM 1.44. All treatment locations and actions
are complimentary to each other but would provide habitat and function benefits if installed independently. Helicopter installation of large wood (LW) jams is recommended at locations
where available floodplain, appropriate channel form, and/or large boulders for natural ballasting exist. Treatment is expected to instigate some side channel and floodplain activation as
well as develop and maintain scour pools and support localized sediment retention.

R2a HeliLW

2

1.35 – 1.68

Evaluation of the Wolf Creek Property Owner Association surface water withdrawal is recommended (quantity and seasonality) to determine if the domestic water needs can be met with
off-channel sources such as well(s).

Project Elements:

Upgrade or Remove Anthropogenic Features
• If evaluation supports it, remove the surface water withdrawal gate, cement wall, and ditch at RM 1.44 on river left.
Enhance Aquatic Habitat
• If the irrigation out-take is removed, place LW (3-10 logs) with a helicopter in the old out-take location.

Accessible by helicopter, no
sufficient road access.
In-water permits will be
required.
LW source to be determined.
Helicopter and LW staging
areas to be determined.

• Helicopter placement of LW (3-10 logs) at RM 1.35 to enhance existing split-flow confluence habitat and pool development
Increase Complexity
• Helicopter placement of LW accumulations (10-30 logs) in the mainstem channel at RM 1.46, 1.55, 1.63, 1.64, 1.66, and 1.67 (add to existing LW jam) to increase floodplain connectivity,
potentially instigate side-channel activation, increase and maintain quality scour pool habitat, and provide habitat cover.
Note: Placed LW jams are expected to adjust with high flow events and collect additional debris. The installation locations will be designed but placement will be guided in the field. LW will
extend into and across the channel and floodplain (between standing large trees) - notably increasing channel complexity and thus improving aquatic habitat.
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Reach

River
Miles

Project Name

Project Description

Considerations

Narrative:

The project area is bordered
by private property to RM
1.99, otherwise within the
Okanogan National Forest.

The R2b HeliLW Project Area includes installation of large wood by helicopter All treatment locations are complimentary to each other but would provide habitat and function benefits if
installed independently. Helicopter installation of large wood (LW) jam accumulations and mainstem channel LW loading is recommended at locations where available floodplain,
appropriate channel form, and/or large boulders for natural ballasting exist. LW pieces in loaded areas will be organized by high flow events and, through that process, eventually create
accumulation jams and dynamic channel complexity. Treatments are expected to instigate some side channel and floodplain activation.

Project Elements:

Enhance Aquatic Habitat
• Helicopter placement of LW accumulation jam (3-10 logs) at RM 1.73 (existing small LW accumulation) and RM 1.99 (existing pool) to enhance existing aquatic habitat and
create/maintain covered high-quality pool habitat.
R2b HeliLW

2

1.75 and 1.95

Increase Complexity
• Helicopter placement of LW accumulation jams (10-30 logs) in the mainstem channel at RM 1.79, 1.80, 1.87, 1.9, and 1.96 to increase floodplain connectivity, create/maintain covered
high-quality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.
• Helicopter placement of LW accumulation jams (30+ logs) in the mainstem channel at RM 2.12, 2.2, 2.3, 2.5, and 2.9 to increase floodplain connectivity, create/maintain covered highquality pool habitat and promote local sediment retention, and potentially instigate side-channel activation.
• Helicopter placement of mainstem channel loading LW between RM 1.73-1.75, RM 1.8-1.87, RM 1.9-1.95, and RM 2.3-2.5. LW loading occurs upstream of jams or in areas where channel
form or features will support flow-organized accumulations and accommodate channel response.
Note: Placed LW jams and loading logs are expected to adjust with high flow events and collect additional debris. The installation locations will be designed but placement will be guided in
the field. LW will extend into and across the channel and floodplain (between standing large trees). These treatments will notably increase channel complexity and improve aquatic habitat.

Privately owned section of
floodplain with access road
and utilities on river left at
RM 1.99 – will need to be
considered in design.
Coordination with land
owners and USFS will be
necessary.
Accessible by helicopter.
Only private road access at
RM 1.99, river right.
In-water permits will be
required.
LW source to be determined.
Investigate potential to
source LW locally from
Okanogan National Forest.
Helicopter and LW staging
areas to be determined.
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Reach

River
Miles

Project Name

Project Description

Considerations

Narrative:

The project is within the
Okanogan National Forest.

The R3 HeliLW Project Area includes installation of large wood by helicopter. All treatment locations are complimentary to each other but would provide habitat and function benefits if
installed independently. Helicopter installation of large wood (LW) jam accumulations and mainstem channel LW loading is recommended at locations where available floodplain,
appropriate channel form, and/or large boulders for natural ballasting exist. LW pieces in loaded areas will be organized by high flow events and, through that process, eventually create
accumulation jams and dynamic channel complexity. Treatments are expected to instigate some side channel and floodplain activation.
Recommend formal evaluation and assessment of impact to habitat and water quality to Wolf Creek and lower Little Wolf Creek as a result of seasonal Wolf Creek irrigation ditch
withdrawals. Ideally, no dry-season withdrawals would occur and the tributary would remain connected to the mainstem perennially, providing off-channel habitat and surface water to the
mainstem channel.

R3 HeliLW

3

2.64 – 3.26

Project Elements:

Enhance Aquatic Habitat
• Helicopter placement of LW accumulation jam (3-10 logs) at RM 2.5 (existing LW jam) to enhance existing aquatic habitat and create/maintain covered high-quality pool habitat.
Increase Complexity
• Helicopter placement of LW accumulation jams (10-30 logs) in the mainstem channel at RM 2.64, 2.69, 2.75, 2.77, 2.79, 2.82, 2.83, 2.85, 2.96, and 3.04 to increase floodplain connectivity,
create/maintain covered high-quality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.
• Helicopter placement of LW accumulation jams (30+ logs) in the mainstem channel at RM 2.46, 2.9, 3.01, 3.11, 3.16, 3.22, and 3.26 to increase floodplain connectivity, create/maintain
covered high-quality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.
• Helicopter placement of mainstem channel loading of LW between RM 2.37-2.46, RM 2.65-2.75, RM 2.9-2.95, RM 3-3.11, RM 3.07-3.08, RM 3.11-3.12, RM 3.15-3.16, RM 3.22-3.24, and
RM 3.25-3.26. LW loading occurs in conjunction with LW jams or in areas where channel form or features will support flow-organized accumulations and accommodate channel response.

Collaboration with USFS will
be necessary.
Accessible by helicopter.
In-water permits will be
required.
LW source to be determined.
Investigate potential to
source locally from Okanogan
National Forest.
Helicopter and LW staging
areas to be determined.
Formal evaluation should
include registered irrigation
withdrawal rights
information.

Note: Placed LW jams and loading logs are expected to adjust with high flow events and collect additional debris. The installation locations will be designed but placement will be guided in
the field. LW will extend into and across the channel and floodplain (between standing large trees). These treatments will notably increase channel complexity and improve aquatic habitat.

Narrative:

The R4 HeliLW Project Area includes installation of large wood by helicopter. All treatment locations are complimentary to each other but would provide habitat and function benefits if
installed independently.Helicopter installation of large wood (LW) jam accumulations and mainstem channel LW loading is recommended at locations where available floodplain, appropriate
channel form, and/or large boulders for natural ballasting exist. LW pieces in loaded areas will be organized by high flow events and, through that process, eventually create accumulation
jams and dynamic channel complexity. Treatments are expected to instigate some side channel and floodplain activation.

Project Elements:

R4 HeliLW

4

3.35 – 4.19

Enhance Aquatic Habitat
• Helicopter placement of LW accumulation jam (3-10 logs) at RM 3.41, 3.98, and 4.05 (at existing pools or small LW accumulations) to enhance existing aquatic habitat and create/maintain
covered high-quality pool habitat.

The project is within the
Okanogan National Forest.
Collaboration with USFS will
be necessary.
Accessible by helicopter.
In-water permits will be
required.

• Helicopter place LW accumulation jams (10-30 logs) in the mainstem channel at RM 3.64, 3.75, 3.95, 4.07, 4.09, and 4.15 to increase floodplain connectivity, create/maintain covered
high-quality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.

LW source to be determined.
Investigate potential to
source locally from Okanogan
National Forest.

• Helicopter place LW accumulation jams (30+ logs) in the mainstem channel at RM 3.35, 3.54, 3.70, 3.79, 3.86, 4.2, and 4.18 to increase floodplain connectivity, create/maintain covered
high-quality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.

Helicopter and LW staging
areas to be determined.

Increase Complexity

• Helicopter placement of mainstem channel loading of LW between RM 3.35-3.36, RM 3.54-3.55, RM 3.72-3.75, and RM 3.79-3.8. LW loading occurs in conjunction with LW jams or in
areas where channel form or features will support flow-organized accumulations and accommodate channel response.
Note: Placed LW jams and loading logs are expected to adjust with high flow events and collect additional debris. The installation locations will be designed but placement will be guided in
the field. LW will extend into and across the channel and floodplain (between standing large trees). These treatments will notably increase channel complexity and improve aquatic habitat.
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Reach

River
Miles

Project Name

Project Description

Considerations

Narrative:

The project is within the
Okanogan National Forest.

The R5 HeliLW Project Area includes installation of large wood by helicopter. All treatment locations are complimentary to each other but would provide habitat and function benefits if
installed independently. Helicopter installation of large wood (LW) jam accumulations and mainstem channel LW loading is recommended at locations where available floodplain,
appropriate channel form, and/or large boulders for natural ballasting exist. LW pieces in loaded areas will be organized by high flow events and, through that process, eventually create
accumulation jams and dynamic channel complexity. Treatments are expected to instigate some side channel and floodplain activation.

Project Elements:
R5 HeliLW

5

3.08-3.73

Enhance Aquatic Habitat
• Helicopter placement of LW accumulation jam (3-10 logs) at RM 4.42 (LW accumulation) to enhance existing aquatic habitat and create/maintain covered high-quality pool habitat.
Increase Complexity
• Helicopter placement of LW accumulation jams (10-30 logs) in the mainstem channel at RM 4.26, 4.35, 4.36, 4.37, and 4.46 to increase floodplain connectivity, create/maintain covered
high-quality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.
• Helicopter placement of LW accumulation jams (30+ logs) in the mainstem channel at RM 4.27, 4.34, 4.47, and 4.48 to increase floodplain connectivity, create/maintain covered highquality pool habitat and promote sediment local sediment retention, and potentially instigate side-channel activation.
• Helicopter placement of mainstem channel loading of LW between RM 4.27-4.28, RM 4.32-4.34, RM 4.35-4.355, RM 4.36-4.363, RM 4.37-4.39, and RM 4.47-4.48. LW loading occurs in
conjunction with LW jams or in areas where channel form or features will support flow-organized accumulations and accommodate channel response.

Collaboration with USFS will
be necessary.
Accessible by helicopter.
In-water permits will be
required.
LW source to be determined.
Investigate potential to
source locally from Okanogan
National Forest.
Helicopter and LW staging
areas to be determined.

Note: Placed LW jams and loading logs are expected to adjust with high flow events and collect additional debris. The installation locations will be designed but placement will be guided in
the field. LW will extend into and across the channel and floodplain (between standing large trees). These treatments will notably increase channel complexity and improve aquatic habitat.

Wolf Weir

5

4.53

Narrative:

The Wolf Weir Project Area includes upgrading the existing grade-control weirs associated with the irrigation withdrawal for the Wolf Creek Ditch. Treatments would improve fish passage
and increase longevity of the structure. The existing weirs are a set of vertical steel plates with center notches that direct flow down the middle of the channel. Boulders and cobbles
reinforce and occupy the weir steps. The upgrade would likely entail constructing a set of boulder steps with pools that are connected via off-set flow paths and boulder drops conducive to
adult and juvenile migration requirements. Each grade step would include a slightly concave area to direct low-flow discharge through a flow-path that remains passable and slightly off-set
from the downstream step to dissipate flow energy at higher flows and maintain connectivity and passage at low flows. The boulder weirs would likely have buried boulder wings that extend
across the floor of the valley to sustain grade and function over the long-term, including during floodplain inundating events. The floodplain buried portion of the wings would be revegetated
with native vegetation.

Project Elements:

Riparian Restoration
• Plant and maintain appropriate riparian and floodplain vegetation in all areas disturbed as a result of restoration actions.

Existing access road is
maintained to the site.
In-water permits will be
required.
Collaboration with USFS and
water user will be necessary.
Structures needs to be
designed to facilitate
protection of existing
infrastructure.

Upgrade Anthropogenic Features
• Upgrade fish passage and long-term structure stability at the existing grade-control weir associated with the irrigation withdrawal for the Wolf Creek Ditch at RM 4.53.
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Project Opportunity Reach Maps
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Project Ranking Summary
Benefit Score

Project Area

Tiers

Project
Name

R2b HeliLW

R2a HeliLW

R5 HeliLW

Down- UpTotal
Reach stream stream Length
RM
RM
(mi)

2

2

5

1.73

1.35

4.25

2.29

1.68

4.48

0.56

0.33

0.23

Restoration Gap Analysis
Existing
Condition
(1-7)

4

4

5

Achievable
Target
(1-7)

7

6.5

7

Final Gap Score
(Target - Existing) Rationale/ assumption
(0-6)

3

2.5

R4 HeliLW

Lobos

2

2

2

Moderate-high existing function. High
potential to increase quantity and
quality of habitatt and geomorphic
compleixty, including off-channel
development and floodplain
connectivity.

4

1

2.64

3.34

0.00

3.26

4.19

0.30

0.62

0.85

0.30

5

5.5

2

7

1.5

Moderate-high existing function. High
potential to increase quantity and
quality of habitatt and geomorphic
complexity, including off-channel
development and floodplain
connectivity

7

6

4

Low existing functionn (entrenched,
and confined by Wolf Creek Rd
bridge). Moderate-high potential
assuming bridge crossing can be
upgraded and adacent floodplain
available for treatment.

Existing and Potential Fish Use
Score
Rationale/ assumption
(1-3)

3

Available substrate not being
retained. Improve channel complexty
and available quality habitat.Potential
off-channel habitat activation on
available floodplain.

3

Some observed available salmonid
habitat; available sediment but not
retained locally.Available floodplain
for increasing quantity and quality of
off-channel habitat.

2

Available substrate not being
retained locally. Improve channel
complexity and available quality
habitat. High gradient (better for bull
trout than salmon). Potential offchannel habitat activation.

3

Available substrate not being
retained locally. Improve channel
complexty and available quality
habitat.Potential off-channel habitat
activation.

3

Available substrate not being
retained locally. Improve channel
complexty and available quality
habitat.Potential off-channel habitat
activation.

3

Chinook and steelhead redds
surveyed historically. Available
gravels.

2.5

Available substrate for mainstem
spawning if captured by iincreased
complexity. Potential to increase
connectivity of high-flow side channel
on river left. Potential to increase
quantity and quality of rearing
habitat. Potential to remove or
reduce surface water withdrawal.

Root Causes
Score
Rationale/ assumption
(1-3)

2

Increases LWM quantities in the channel
and support floodplain old growth forest
development over time. Does not
eliminate history of fire supression.

2

Improves habitat and geomorphic
function. Time necessary for riparian
forest to mature to old-growth. Potential
WCPOA irrigation withdrawal removal
and installation of off-channel well.

3

LWM installation improves habitat and
geomorphic function. Does not eliminate
history of fire suppression.

3

LWM installation improves habitat and
geomorphic function. Does not eliminate
history of fire suppression.

3

LWM installation improves habitat and
geomorphic function. Does not eliminate
history of fire suppression.

2

Increases channel, side channel, and
floodplain proceses but does not activate
historical fan or raise bed elevations to
pre-incision/entrenchment elevation

2

Improves habitat and geomorphic
function. Does not eliminate entrechment
of Wolf Creek. Evaluate WC irrigation
withdrawal guidelines and upgrade or
replace with off-channel well.

Total
Benefit
Score

Cost
Score
(1-4)

Rationale/ assumption

High

High

No downstream infrastructure of
concern. Located on the Okanogan
National Forest (USFS). Assumes
heli-pad and staging area is within
proximity of project area.

High

No downstream infrastructure of
concern. Located on the Okanogan
National Forest (USFS). Assumes
heli-pad and staging area is within
proximity of project area.

High

No downstream infrastructure of
concern. Located on the Okanogan
National Forest (USFS). Assumes
heli-pad and staging area is within
proximity of project area.

3.0

High

WSDOT collaboration in
improving/extending bridge crossing.
Adjacent landowner willingness.
Floodplain not currently formally
developed.

Installation of designed large wood
structures.

2.8

Low

Wolf Creek Property Owner
Association approval needed nd
current landowner unwilling to allow
access or restoration treatment.

2

2

Helicopter installation of LWM.
Distance to staging area will influence
project cost.

2.5

Helicopter installation of LWM.
Distance to staging area will influence
project cost.

2.5

Helicopter installation of LWM.
Distance to staging area will influence
project cost.

9

3

Reconstruct Wolf Creek Bridge
crossing (temporary access across
river requied). Excavate inset floodplain
and revegetate. Install large wood
structures. Assumes access to site is
granted.

7

2.5

8

7.5

Rationale/ assumption

WCPOA willingness to improve or
change water source.Landowner
willingness needed. Assumes helipad and staging area is within
proximity of project area.

Helicopter installation of LWM.
If irrigation withdrawal is evaluated to
pose risk(s) to aquatics,
decommissioning of withdrawal and
installation of off-channel well.

7

Feasibility
Designation

High

2

7.5

Benefit-toCost Score

Feasibility Designation

Minimal downstream infrastructure of
concern. Easy access. Assumes
minimal land-owner restrictions.
Assumes heli-pad and staging area is
within proximity of project area.

Helicopter installation of LWM.
Distance to staging area will influence
project cost.

8

Cost Benefit

4.0

3.8

3.5

3.2

3.0

Wolf Den

1

1.23

1.34

0.11

3

5.5

2.5

Low existing function. High potential
to increase localized habitat quantity
and quality. Assumes access via
home owner's assocation will be
granted.

Pond

1

0.99

NA

NA

2

5

3

Potential to increase off-channel fish
use and habitat quality in moderately
functioning and connected ponds and
ditch. Existing pond connector culvert
is an upstream migrating fish barrier.

2.5

Reported past use for releasing
hatchery fish and assumed seasonal
use (YNF).

1

The features are man-made and wetted
via a surface water withdrawal on the
mainstem. Improves quality of potential
off-channel habitat.and fish passage.

6.5

2.5

replace culvert so it is fish passable or
remove and build connector channel
with bridge crossing. Construct
downstream connector ditch with
alcove

2.6

Moderate

3

Moderately functioning grade control
with central flow path on notched
wiers. Treatment will improve
passage at high and low flow
condtions.

3

Any fish migrating up or downstream
needs to pass through this location.

1.5

Improve passage and longevity of
structure. Does not remove irrigation
withdrawal or constructed grade control
in the channel.

7.5

3

detailed design and analysis required.
Likely require imported rock material.
Mainstem excavation and construction.
Permitting will be required.

2.5

HIgh

existing access road; existing lowflow re-route pathway (irrigation and
fish screen return).

3.5

Low existing function.Confined by
levees and private bridge footings.
Moderate potential. Assumes access
to channel via private lands. Potential
to increase flood risk to adjacent
property needs to be carefully
considered and analyzed.

2

Available substrate for mainstem
spawning if captured by iincreased
complexity features. Potential for
notable increase in quantity and
quality of rearing habitat.

3

Construct large wood structures.
Reconstruct private bridge crossing.
Assumes access to the site via private
property is granted. Detailed analysis
and design required due to proximity of
homes.

2.2

Low

Current landowner unwilling to
partiicipate in restoration actions.

Wolf Wiers

3

3

Moderate existing function. High
potential to increase quantity and
quality of habitat and geomorphic
complexity in the mainstem.
Moderate-high existing function. High
potential to increase quantity and
quality of habitatt and geomorphic
compleixty, including off-channel
development and floodplain
connectivity.

1
R3 HeliLW

Moderate function. High potential to
improve channel complexity and
quantity of available quality habitat.

Cost Score

Wildflower

5

1

NA

0.39

4.53

0.86

NA

0.47

3

1.5

6

5
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1

Enhances local habitat conditions. Does
not elimnate channel entrenchement and
does not activate historical fan or
terrace/floodplain surfaces

6.5

Right-of-way exists. Landower
willingness unknown; permit
requirements unknown;
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4.1

PROJECT RANKING METHODS (AUGUST 2020)

Step 1:

Benefit Score: Projects are scored according to 3 benefit categories, which include a “recovery gap” category and 2 additional categories. Scores for each category are summed to obtain the Benefit Score.

Step 2:

Cost Score: Projects are given a Cost Score, which reflects the overall relative cost for the project based on techniques, access, and construction feasibility issues.

Step 3:

Benefit-to-Cost Score: Total benefit score (sum of all 4 benefit scores) is divided by the cost score to obtain the Benefit-to-Cost Score.

Step 4:

Feasibility Designation: Projects are given a Feasibility Designation based on the overall likely feasibility of being able to implement the project within a 10-year timeframe.

Benefit Score

The Benefit Score includes the summation of scores from 3 categories. These include the Recovery Gap score (0-6 points), the Fish Use score (1-3 points), and the Root Causes score (1-3 points). The guidelines for scoring are provided below.
Recovery Gap
Existing Condition Rating (1-7)
1 – Very low ecosystem function and habitat quality. Highly altered systems.
2 – Low ecosystem function and habitat quality.
3 – Low-to-moderate ecosystem function and habitat quality.
4 – Moderate ecosystem function and habitat quality.
5 – Moderate-to-high ecosystem function and habitat quality.
6 – High ecosystem function and habitat quality.
7 – Very high level of natural ecosystem function and habitat quality. Pristine, unaltered systems.
Achievable Condition Rating (1-7)
These ratings use the same categories as above but reflect the future potential recovery trajectory. This is a rating of what can realistically be achieved given past and on-going impacts and constraints of land use, infrastructure, social acceptance, and
ownership. Ratings should reflect an “optimistic potential scenario” in order to not discount large potential changes.
Final Gap Score (0-6)
This is simply the achievable condition rating minus the existing condition rating. This represents the gap that can be filled between existing and target conditions through restoration measures.
Fish Use
3 – High existing or potential productivity area for spawning or rearing for multiple species
2 – Moderate existing or potential productivity area for one or more species
1 – Low existing or potential productivity area for one or two species
Root Causes
3 – Restoration of root causes and key physical processes that create and maintain habitat over time
2 – Partial restoration of root causes
1 – Primarily a structurally-focused restoration strategy that doesn’t significantly address underlying causes

Cost Score

The cost score reflects the relative cost for the project based on techniques, access, and feasibility issues. This is a relative cost, not an absolute cost, so the scale of the project is NOT factored into this score. The cost score ranges from 1 to 3, with 1 reflecting
relatively lower cost projects. The following guidelines/examples can help to determine the cost score.
4 – High relative cost
•
•
•
•
•

Requires high-cost techniques or materials (e.g., highly engineered log jams, extensive channel shaping, water crossings or bridges)
Deep excavation or long-distance hauling of spoils
Entails construction of additional new flood control or bank erosion features (e.g. set-back levees or buried rip-rap)
Intensive de-watering requirements
Limited, difficult, or remote access
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2-3 – Moderate relative cost
•
•
•
•
•

Uses moderate cost techniques (e.g. typical log jam structures)
Moderate excavation and hauling distance of spoils
Typical planting or invasive weed control
Moderate access conditions
Standard or no de-watering requirements

1 – Low relative cost
•
•
•
•
•
•

Uses low cost techniques (e.g. non-ballasted log placements)
Minimal excavation and hauling distance of spoils
Little to no planting or weed control
Easy access conditions
No de-watering required
Availability of free materials or volunteer labor

Benefit-to-Cost Score

The benefit-to-cost score is simply the benefit score divided by the cost score. This is a relative value used to compare project benefits.

Feasibility Designation

The feasibility designation is the overall likely feasibility of being able to implement the project within a 10-year timeframe. This is based on landownership, as well as economic, regulatory, political, social, permitting, or other considerations that are known to
impact the feasibility of conducting projects within a reasonable timeframe. The feasibility designation is not used as part of the project scoring because feasibility issues may change over time and it is desirable to evaluate project benefits independent of feasibility.
The designations include the following:
High feasibility
• No known feasibility issues.
• One or two landowners; or landowner(s) has already indicated willingness
Moderate feasibility
• There are potential feasibility constraints that could affect the likelihood of project implementation within a 10-year timeframe
• Three to five landowners; or there is reason to believe landowner(s) would grant permission
Unlikely feasibility
• There are known feasibility constraints that would be expected to limit the ability to implement the project within a 10-year timeframe
• More than five landowners: or there is reason to believe landowner(s) would not grant permission
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Appendix D
Preliminary Hydraulic Model Results

Wolf Creek Reach Assessment – REACH 1 (RM 0 – 1.34)
December 2020
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WOLF CREEK REACH ASSESSMENT

Introduction
1.1

BACKGROUND

A preliminary-level 2-dimensional (2-D) hydraulic model was completed for a suite of estimated flood
discharges for existing conditions in Reach 1 (RM 0-1.34). The model was developed to evaluate flood
flow hydraulics (velocity) and inundation patterns to better understand degree of channel entrenchment
and current flood risk to existing homes and bridges currently located on the historical alluvial fan (Reach
1) of Wolf Creek. This analysis provided information about existing flow hydraulic conditions for and
thus guided restoration treatment options for the reach. Only Reach 1 was modeled because it is the only
reach in the assessment area with substantial human infrastructure and was the only reach with available
LiDAR (2016) at the time of analysis, which was necessary to complete a 2-D modeling effort. The 2-D
hydraulic model results for Reach 1 are meant to compliment the comparative stream energy hydraulic
analysis completed for all reaches as part of the Reach Assessment. The model results included in this
document are preliminary-level flow velocity, for the estimated peak flow events for the 2, 5, 10, 25, 50,
100, 200, and 500-year flood events.

1.2

METHODOLOGY

A two-dimensional (2D) hydraulic model was developed in the U.S. Army Corps of Engineers HEC-RAS
5.0.7 software (USACE 2019), which can compute hydraulic properties related to the physical processes
governing water flow through natural rivers and other channels. A model was developed for assumed
existing conditions (LiDAR 2016) to assess the current channel and floodplain dynamics, as well as assess
the overall impacts of a wide range of flows on the existing landscape.

1.3

MODEL INPUTS

The model terrain was created using 2016 LiDAR data (Figure 1). The computational mesh consists of
grid cells ranging from 5-30 feet, with the smallest grid cells utilized to provide higher resolution results
closer to the channel (Figure 2). Breaklines were added along topographic high points to align cell faces
along high ground and to appropriately represent the underlying terrain.

Figure 1. 2D model domain for Wolf Creek. Existing conditions topography shown as background with 5 ft contours.
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Figure 2. Example cell size at the upstream end of the model. Cells near the channel are 5 ft in width. A wider corridor of 10 ft
cells was used around the channel. The outer floodplain cells are 30 ft.

A spatially varying hydraulic roughness (Manning’s n) layer was developed using ArcGIS tools to
represent hydraulic roughness throughout the model domain. The roughness layer was developed by
reclassifying a LiDAR derived vegetation height layer with manning’s n coefficients based on varying
vegetation heights (Figure 3). These data were supplemented with hand digitized channel polygons.
Additional refinements were made in certain areas, such as forests with light understories, based on field
observations. A table of hydraulic roughness coefficients and their associated classifications is provided
in Table 2. Channel roughness coefficient was set to 0.04. Floodplain roughness coefficients range from
0.03 to 0.12.
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Table 1. Roughness coefficients (Manning's n values) utilized in the Reach 1 preliminary existing conditions modeling.

Area Description based on

Roughness Coefficeint

Vegetation Height

(Manning’s n Value)

Channel

0.04

Bare Ground

0.03

Ground Cover (0.5 – 5 ft)

0.04

Shrub (5 – 20 ft)

0.12

Small Tree (20 – 50 ft

0.10

Mature Tree (50-100 ft)

0.08

Detailed view around
upstream reach to show
landcover

Figure 3. Roughness values assigned to the existing conditions model. Boundary condition locations shown with a red line.

The hydraulic model was used to evaluate existing conditions at flow events ranging from the 2-year
flow event to the 500-year flow event (Table 2). A synthetic “stepped” hydrograph that contains gradual
rising limbs between discharges of interest (e.g., 25-year flow) was used as the input hydrograph to
simulate steady-state flow conditions (Figure 4). The discharges of interest remain unchanged for long
enough to allow the model to reach a steady-state, before rising to the next step. It’s worth noting that
allowing the model to reach a steady state during large flood events may overestimate flooding results, as
floodplain storage throughout the model domain must reach capacity to reach steady-state conditions,

APPENDIX D – Preliminary Hydraulic Model Results – Reach 1

B-3

WOLF CREEK REACH ASSESSMENT
which in reality may not occur during actual floods, especially short duration events. The receding limb
of a typical flood hydrograph is also not represented when using this methodology.
The upstream boundary condition was set to the stepped flow hydrograph using flow events in Table 2.
An EG slope of 0.03 was found in the terrain at the location of the upstream boundary condition and used
as an input in the flow hydrograph. The downstream boundary condition was set to normal depth with a
friction slope of 0.018.

Model Discharge

Table 2: Modeled flow events (estimated from StreamStats at downstream end or Reach 1) used in hydraulic modeling.

Discharge of
Interest

Discharge (cfs)

Flow Event

263

2 - year

467

5 - year

637

10 - year

886

25 - year

1110

50 - year

1340

100 - year

1580

200 - year

1980

500 - year

More transition time for larger changes in discharge
Discharge of
Interest

Discharge of
Interest

Discharge of
Interest

Transition time between discharges of intrest

Time after steady state is reached
Model Time

Figure 4: Demonstrative “stepped” flow input hydrograph.
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Preliminary-Level 2-D Hydraulic Model Results
2.1

MODELED VELOCITY RESULTS

Figure 5. Modeled velocities under existing conditions at the 2-year flow event (263 cfs).

Figure 6. Modeled velocities under existing conditions at the 5-year flow event (467 cfs).

Figure 7. Modeled velocities under existing conditions at the 10-year flow event (637 cfs).
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Figure 8. Modeled velocities under existing conditions at the 25-year flow event (886 cfs).

Figure 9. Modeled velocities under existing conditions at the 50-year flow event (1,110 cfs).

Figure 10. Modeled velocities under existing conditions at the 100-year flow event (1,340 cfs).

Figure 11. Modeled velocities under existing conditions at the 200-year flow event (1,580 cfs).

APPENDIX D – Preliminary Hydraulic Model Results – Reach 1

B-6

WOLF CREEK REACH ASSESSMENT

Figure 12. Modeled velocities under existing conditions at the 500-year flow event (1,980 cfs).

2.2

CONSIDERATIONS
•

Flow velocities in the upstream confined channel section of the channel are relatively high, even
at the two-year estimated flood event discharge. This coincides with field observations of larger
sized cobble and more prevalent boulders in this portion of Reach 1, reflecting higher stream
energies (transport capacity) in the upstream section.

•

Inset small floodplain pockets throughout and the high-flow side channels in the downstream
section of Reach 1 are wetted by the 2-year estimated flood event discharge.

•

Confined floodplain inundation increases in areas with increased flood discharges but does not
activate the historical floodplain until the 50-year estimated discharge.

•

Levees along the channel and perpendicular levees and ditches on the floodplain capture and
redirect a portion of flood flow back to the channel and away from homes when it does inundate
the historical fan surface.

•

The existing Ponds (RM 1) and associated irrigation out-take and ditch on the river left side of the
channel are a route of large flood event surface flow to the historical alluvial fan.

•

The defunct irrigation out-take and ditch on river left at RM 1.26 is not a route for large flood
event surface flow to access the historical alluvial fan due to mainstem channel entrenchment.

•

Confinement at the mouth of Wolf Creek inhibits complex delta process at all flows modeled,
including the 500-year estimated flood event.

•

The channel in Reach 1 is severely anthropogenically entrenched and confined below its
historical alluvial fan.

•

Existing homes, structures, and infrastructure will need to be considered for any treatment
design in Reach 1. However, installations upstream of RM 1.2 and downstream of RM 0.3 have
less of a potential to impact private property.
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