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1.0 Introduction
1.1 Purpose
This feasibility study examines restoration opportunities for the Prairie Creek and
Unnamed Creek watersheds with special focus on the alluvial fan and floodplain reaches of
the Prairie Creek Drainage (WRIA 04.1069) located in the Sauk Prairie Watershed
Administrative Unit of the Skagit River basin. It identifies physical and biological
impediments to watershed processes that impact fish utilization and habitat quality between
the interface with the Sauk River floodplain and the upper reach of feasibly accessible fish
habitat, a total of 1.4 miles (2.25 km) for the existing Prairie Creek channel. It also provides
recommendations for restoration actions to correct these impediments.
Restoration actions recommended in this report focus on restoring naturally sustaining
channel forming processes, sediment delivery, and hydrology; increasing channel complexity
and floodplain connectivity; restoring salmon access to the lahar terrace and alluvial fan; and
restoring riparian habitat between a perched culvert barrier and the forested alluvial fan at the
base of Prairie Mountain.
1.2 Project Location
The study area is located approximately 4.5 miles northeast of Darrington, Washington in
Sections 33, 34, 35 and 36, Township 33N, Range 10E and Sections 2, 3, and 4N, Township
32N, Range 10E. The Sauk Prairie watersheds of interest included from north to south,
Prairie Creek, Unnamed Creek (WRIA 04.1070), and Gravel Creek (WRIA 04.1071).
Gravel Creek was eliminated from the study after initial review, due to its negligible
potential for influence on Prairie Creek restoration efforts.
The Prairie Creek and Unnamed Creek watersheds drain an area of approximately 2,200
acres starting on the steep slopes of Prairie Mountain. They are bordered by the Sauk River
to the west, the Suiattle River to the north, Prairie Mountain ridge to the east, and the Gravel
Creek watershed to the south (Figure 1). Prairie Creek flows approximately 3.4 miles from
its headwaters to Sauk Slough in the Sauk River floodplain near river mile 15.5.
Approximately 1 mile of suitable Prairie Creek habitat within the prairie is currently
inaccessible to fish due to a perched culvert at stream mile 0.4 (Culvert #1, Figure 15).
Unnamed Creek flows for 2.9 miles before merging with Prairie Creek just above the river
floodplain. The lower 0.6 miles of stream are currently accessible to fish but habitat is
limited due to small channel size. Above that, the channel is too small and flow is too low to
support them. Both streams support limited populations of coho, steelhead, and native trout.
Char have also been documented in Prairie Creek (WA State Conservation Commission
2001).
Two public roads occur in the western portion of the study area. Sauk Prairie Road, also
known as Harrison Road, runs north-south through the western prairie. East Sauk Prairie
Road intersects Sauk Prairie Road in the northwestern portion of the study area and runs east
to the base of the mountain slope.
Landuse in the study area currently consists of a private farm complex and rural
residences in the Sauk Prairie area, and commercial forest lands in the steeply sloped
headwaters. The prairie consists of a post-glacial lahar terrace overlain by highly permeable
alluvial fan materials contributed by adjacent hillslopes. These conditions result in streams
that flow subsurface during the summer.
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1.3 Background
The Sauk-Suiattle Indian Tribe (SSIT) subsisted in the Darrington area long before the
settlement of EuroAmericans. Their lives depended upon hunting, fishing, and gathering and
their shelters were made from the natural resources provided by the river valley and

Figure 1: Project vicinity map. Darrington is located 4.5 miles southwest of the watershed boundary.
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surrounding mountains. The Sauk Prairie area was a favorite locale for hunting and
gathering and continues to be an area of interest to the tribe.
Prairie Creek was selected as a candidate for restoration because 1.) key habitat and
connectivity to the Sauk River and floodplain wetlands and side channels exists downstream
of East Sauk Prairie Road, 2.) fish have been documented immediately downstream of a
blocking perched culvert (Culvert #1) that is located 2,030 feet (619 m) upstream of the Sauk
River floodplain (WDFW survey), and 3.) the truncated reaches upstream of the perched
culvert have suitable gradient and flow, with the potential for productive salmon habitat if
restored.
In its current condition, only the lower 0.4 miles of the creek is accessible to fish. A full
blocking perched culvert prevents fish migration upstream of East Sauk Prairie Road. The
remaining one mile of inaccessible habitat is confined to a regularly maintained County road
ditch and private ditch with absent or severely degraded riparian habitat. Sediment storage
and transport, and channel migration and habitat formation has been significantly altered
between the base of Prairie Mountain and the Sauk River floodplain as the result of artificial
channel rerouting and entrenchment. Pool and edge habitat are severely lacking in the one
mile of ditched channel and in its current condition, there would be a high potential for
impacts to eggs due to channel maintenance in the winter to restore channel capacity after
high flow events.

2.0 Methods
2.1 Historical Conditions
Methods used to assess historical conditions in the Prairie Creek study area included
review of historical riverine landscape and habitat conditions in the Skagit Basin (Collins and
Sheik, 2002; Sheets, 1885); historical aerial photographs; historical USGS topographic maps;
Skagit County road and survey records; fish distribution data (Williams et. al. 1975; Cutler
2001; WDWF 2005; and SSC 1989); and interpretation of historic channel signatures from
Light Detection and Ranging (LiDAR) (airborne topographic survey). The LiDAR was
flown between October 2003 and January 2004 using NAVD88 (geoid 99) as the elevation
datum. Metadata is not yet available for this LiDAR, however, the Puget Sound Regional
Council reported that the specifications are similar to other data which they distribute. The
root mean error for “Bare Earth” vertical accuracy for flat areas is estimated to be 30cm or
less.
The Collins and Sheik report evaluated maps and field notes from the Surveyor General’s
Land Office (GLO) cadastral survey and the first US Geological Survey (USGS)
topographical maps. The early surveys used GLO bearing tree information to describe the
riparian forests adjacent to channels, and estimated the location of historic channels where
possible. The resulting landscape-scale Geographic Information System (GIS) coverage was
used to provide a description of the historical landscape and habitats in the Prairie Creek
study area during the “pre-disturbed” early settlement of Euro-Americans (1870-1890).
While the historic data provided can be very helpful in characterizing the bearing trees at
each point, the data and surveyor field notes underestimate the smaller trees and do not
describe the herbaceous cover or general forest character. The notes therefore provide a
limited, but helpful sketch of the vegetative and landscape conditions encountered at that
time.
Historical aerial photographs were examined for changes in land use, habitat cover, and
channel location and configurations specific to the Sauk Prairie. Most of the landscape
changes have occurred outside of the study area in the Sauk River floodplain where the river
has shifted multiple times since the beginning of the available photographic record. There
have been no significant changes to channel locations for Prairie Creek and Unnamed Creek
3

during the same period. The most significant change has been the settling of the prairie,
especially in the area of Unnamed Creek, and changes to the riparian areas for both creeks.
As a result, the aerial photographs will not be discussed in the text of the report. Four aerial
photos covering five photo periods (1940’s, 1964, 1972, and 2003) have been included in
Appendix A for reference.
Digital raster graphics topographic maps (1899 and 1974) were overlain on aerial photos
to compare changes in landscape, infrastructure, and channel locations. County records were
investigated to determine historical survey information and road and channel maintenance
reports and schedules. Recently flown LiDAR was examined to identify channels, including
smaller channels typically not depicted on topographic maps.
2.2 Watershed boundaries and sub-basins
USGS topographic maps and LiDAR were used to delineate the Prairie Creek, Unnamed
Creek, and Gravel Creek watersheds. Prairie and Unnamed Creek watersheds were broken
into upper and lower sub-basins for descriptive purposes to distinguish between the steeply
sloped mountainous portion of the basin, and the more gently sloped prairie terrace and lower
ravines that drop to the Sauk River floodplain. Prairie Creek watershed was further broken
into a “mainstem” and “right bank tributaries” sub-basins to distinguish between contributing
sources. Definition of the watershed drainage divides between Prairie and Unnamed Creek
was difficult in the prairie area despite the detailed topography provided by LiDAR. The
prairie falls relatively uniformly to the west except in the defined ravines. Where watershed
drainage divides were not distinguishable, the break was located approximately midway
between the streams.
2.3 Geology and Soils
Digital geologic data was provided by Washington State Department of Natural
Resources Division of Geology and Earth Resources, at a 1-100,000 (Schuster 2003). Digital
Soil Survey Geographic (SSURGO) Database was provided by the U.S. Department of
Agriculture, Natural Resources Conservation Service. The accuracy of these digital data is
based upon their compilation to base maps that meet National Map Accuracy Standards at a
scale of 1 inch equals 1,000 feet. The digital data were compiled between 1998 and 2005.
Geology and soils were examined for their influences on both surface and subsurface
hydrology and their influence on sediment source and transportation.
2.4 Hydrology
Precipitation estimates were obtained from the Parameter-elevation Regressions on
Independent Slopes Model (PRISM) which was developed by Chris Daly and of PRISM
Services/Oregon State University. This method has proved better able to model the complex
differences in precipitation in mountainous terrain than more traditional interpolation from
monitoring stations to grid points. It is an analytical model that uses point data and a digital
elevation model (DEM) to generate gridded estimates of monthly and annual precipitation. It
incorporates a conceptual framework that addresses the spatial scale and pattern of mountain
induced (orographic) precipitation. The PRISM precipitation data was used to calculate
weighted average annual precipitation for each watershed. This data was then used to
estimate flows for each of the watersheds.
One hundred year peakflows were estimated using a peakflow regression equation
developed specifically for small forested tributaries of the Skagit and Samish River systems
(Veldhuisen and Haight 2001). The equation was derived from 100-year peakflows for 11
small forested tributaries (10 in the Skagit and 1 in the Samish) that had a minimum of 10
years of gage-based data.
4

The equation used for 100-year peakflow is:
Q100 = 0.844 * (DA0.739) (AP1.229)

where:

Q100 = 100-year peakflow in cubic feet per second,
DA = drainage area in square miles, and
AP = annual precipitation in area inches

Mean annual runoffs (MAR) and 2-year 7-day low flows (Q7L2) were estimated using
regression equations developed for small to moderate sized Skagit tributaries with basins less
than 100mi2 (Veldhuisen and Haight 2003).
The equation used for mean annual runoff is:
MAR = DA * ((0.0845 * MAP) – 2.31)
where:

MAR is mean annual runoff in cubic feet per second,
DA is drainage area in square miles, and
AP is the mean annual precipitation (area-weighted over basin) in inches

The equation used for 2-year 7-day low flow is:
Q7L2 = DA * ((0.154 * MAP) – (0.000867 * MAP2) – C)

where:

Q7L2 is 2-year 7-day low flow in cubic feet per second,
DA is drainage area in square miles,
C is a constant = 5.8 for non-glacial basins, and
AP is the mean annual precipitation (area-weighted over basin) in inches

A special note is warranted for the Sauk Prairie flow estimates. The mean annual runoff
and 2-year 7-day low flow estimates assume essentially no loss of flow to subsurface
pathways. The alluvial fan and Sauk Prairie soils are highly permeable and are subject to
high infiltration rates. As a result, it is unlikely that these two flow regimes reach their
calculated potential. This is not expected to be the case for the Q100 flows since they usually
occur during the rainy season when groundwater is high and soils are saturated, reducing the
infiltration potential.
Stream flow was measured in Prairie Creek on June 3, 2005 in order to assess whether
the channel was gaining or losing flow across the prairie. Four flow measurements were
taken in the ditched portion of the creek along East Sauk Prairie Road and one measurement
was taken approximately 115 feet downstream of the perched culvert (Culvert #1) in the
ravine. Measurements were taken at approximately 0.2-meter intervals perpendicular to the
channel using a Swoffer model 2100 flow meter. Total flow was then determined by adding
the individual cells together. Wetted depth was shallow (8.5” or less) at the time of sampling
so flow velocities may have been overestimated. Since 1.) the shallow condition was
consistent throughout the sample reach, 2.) each site was sampled the same, and 3.) the
purpose of the sampling was to compare changes in flow within the prairie stream reach on
one particular day (not estimate specific flow volumes), this limitation did not preclude the
usefulness of the data.
Water well reports and general well locations were obtained from the Department of
Ecology (DOE). Because the well log locations provided are only accurate to the nearest
Township, Section and Range, landowner names from each report were used to refine the
well locations according to parcels, using GIS. This was difficult to do for Well #1 because
5

the private farm is comprised of multiple parcels that cover an extensive area. As a result,
Well #1 was left in the location originally provided by DOE. The three remaining wells were
shifted to a location within the identified landowner parcel boundary.
2.5 Sediment
The average annual sediment yield for the Prairie Creek watershed was estimated based
on a sediment supply map developed for the Skagit Watershed Council (Beamer and Beechie
2000). The map was produced from a GIS-based analysis that considered geology and land
cover (Figure 13). The sediment supply map focuses on mass wasting as a source of
sediment.1 Data were also available from a landslide inventory that covered the Prairie
Creek watershed and nearby basins of similar size (unpublished data, Skagit River System
Cooperative and Paulson 1997). These data combined with slope and precipitation data were
used to provide insight regarding the episodic nature of sediment delivery and the volume of
typical mass wasting events.
2.6 Streams and Habitat
Stream alignment for both Prairie Creek and Unnamed Creek were corrected in the study
area using LiDAR. Stream reaches were established according to gradient (LiDAR) and
anthropomorphic structures (culverts and a small dam). Gradients for stream channel
alternatives were estimated by comparing the elevation at the upstream and downstream
termini and dividing the elevation difference by the estimated length of channel (GIS).
A field survey of habitat was conducted on Prairie Creek on June 3, 2005. The survey
began in Reach 3 (Figure 14) approximately 115 feet below the perched culvert and extended
into Reach 4 approximately 1,930 feet (588m) upstream of the same culvert (Figure 11). The
survey identified station distance, habitat type (pool, riffle, glide), pool type, pool forming
factor, wetted width and depth of habitat, bankfull width and depth, flow contribution,
anthropogenic alterations, flow impediments, and a tally of wood located within bankfull.
The purpose of the survey was to identify existing habitat within the ditched portion of the
stream and to compare this data with predicted potential for unditched streams with similar
characteristics.
Topographic contours created from LiDAR were used to identify existing channel slopes
and to estimate the slopes for potential alternative stream channels. Channel slope was also
measured for the surveyed reaches of Prairie Creek using an engineering grade auto level
(TopCon AT-G2) mounted on a tripod and a stadia rod.
2.7 Fish Distribution and Habitat Potential
Fish distribution data was obtained from the databases listed above and from personal
communication with State and tribal fisheries biologists. Fish sampling was not a part of this
feasibility assessment.
Existing fish potential for the inaccessible portion of Prairie Creek and the restoration
alternatives was estimated using unpublished coho summer parr potential estimates used for a
previous study that evaluated 192 pool riffle reaches in Skagit River basin tributaries
(Beamer 1994 and Reeves et.al. 1989). The model assessed end of summer parr potential
and although the streams in the Sauk Prairie area dry up during the mid and late summer, the
model provides a tool for assessing predicted summer rearing potential for the purposes of
comparing alternative channel alignments to the existing ditch. The numbers provided in the
assessment represent predicted habitat potentials if the channels were perennial and
supported end of summer parr production. As a result, the predictions overestimate the total
1

An improved model that accounts for sediment routing is currently under development, but was not available
at the time this analysis was completed. Results from the new model should be used for future analyses.
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coho potential for each channel. The coho potential numbers provided in this study assumed
that coho parr density is 0.425 for pool habitat and 0.17 for riffle habitat.
Total pool and riffle area and total wetted area (m2) were calculated for the inventoried
Prairie Creek habitat and were then used to estimate coho production for the inventoried area.
The minimum and maximum coho parr potential was calculated by assigning the established
minimum and maximum coho parr density factors to the habitat units and adding the results
of the two units together to get the total number of potential parr that could be supported by
the available habitat. Parr density potential was then calculated by dividing the total coho
parr potential by the total wetted area.
This number provided the baseline potential to compare the alternatives to. Because the
Prairie Creek ditch is regularly maintained by dredging and removal of debris, it is assumed
that the existing condition of the ditch will be the minimum density potential for all of the
alternatives. In other words, it is expected that all of the alternatives will be at least as
productive as the ditched channel and that at least three of the alternatives will be more
productive than the ditch because they will allow establishment of naturally sustaining pool
and riffle habitat. The estimates for coho summer parr potential are summarized in the
Alternative discussions and are shown on Table 4.

3.0 Findings
3.1 Historical Conditions
Field notes and maps from the Surveyor General’s Office (1884 and 1885) identify a
large moccasin-shaped portion of the prairie within the study area as “claimed by the
Indians” (Figure 2). Oral history indicates that the native people utilized the prairie area for
hunting, and harvested roots from the prairie prior to its conversion to Euro-American
agricultural land (McMurtrie 2005). The maps also identify streams, rivers, and landscape
features that were observed during the survey efforts. These features are discussed below.
Historical Habitat
Habitat conditions in the prairie area were summarized in a GIS database by Collins and
Sheik (2002). The original survey notes were supplemented to better describe the landscape
position of the points (lahar terrace, alluvial fan, etc.). Those updates are included below.
There were no notes specific to habitat along Prairie or Unnamed Creek; however three
survey points were established in the study area. They are referred to as GLO Points 1
through 3 on Figure 2. GLO Point 1 was located at the northeast corner of Section 33. The
area is described as a Holocene lahar terrace with no nearby trees. Due to the lack of trees, a
mound was built to mark the survey location.
GLO Point 2 was located south of the current farm complex at the quarter corner for the
east line of Section 33N along what is now the ditched Prairie Creek channel. The area is
described as forested alluvial fan. The bearing trees were 50% conifer and 50% deciduous.
Two tree species were noted. Western hemlock (Tsuga heterophylla) made up the conifer
component with an average diameter breast height (dbh) of 6”. Bigleaf maple (Acer
macrophyllum) represented the deciduous bearing trees with an average dbh of 4”.
According to Collins (2000), the bearing tree information provides a good characterization of
species distribution by basal area for the area adjacent to each GLO point. There was no
surveyor note made of a nearby channel which would have been standard protocol at that
time. There was also no channel drainage line depicted on the field maps as mentioned

7

Figure 2: Field map from the Surveyor General’s Office (1884)

above, indicating that Prairie Creek did not flow in this location at that time. GLO Point 3
was located north of East Sauk Prairie Road at the quarter corner for the north line of Section
33N, in an area that is currently State forest land. The survey notes indicate that the same
species combination and size of trees occurred in this area as did at GLO Point 2. No other
survey points were established on the terrace or mountain in the study area. Survey notes
from the Sauk River floodplain immediately west of the study area indicate that the
floodplain along the west line of Section 33N was covered by mixed age forest with western
red cedar (Thuja plicata) averaging 12-48” dbh, Douglas fir (Pseudotsuga menziesii) 60”dbh,
and black cottonwood (Populus tricocarpa), willow (Salix spp.), and red alder (Alnus rubra)
of unspecified size.
Historical Channels
The hand drawn 1884 field maps depict several drainages within the Prairie and
Unnamed Creek watershed boundary (Figure 3). The largest drainage flows northwesterly
through Section 35, approximately 1.5 miles east of the current Prairie Creek Channel. A
second smaller drainage also flows northwesterly to the south of the larger drainage. These
two drainages may be sketched depictions of Prairie Creek and Unnamed Creek, but they are
more likely to represent two of the unnamed right bank tributaries that contribute flow to
Prairie Creek. For example, small drainage lines are also depicted in the area of Unnamed
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Figure 3: Location of the 1884 drainages within the Prairie and Unnamed Creek study area

Creek and Gravel Creek near the base of the mountain. These lines are very close to today’s
location of these two drainages. This supports the interpretation that the two northern
drainages are the tributaries as mentioned. As a result, it appears that Prairie Creek was not
depicted on the early 1884 field maps. The 1899 USGS topographic maps appear to have
corrected this oversight. Figure 3 shows the four largest drainages in the Sauk Prairie area as
portrayed on the 1899 USGS map. From north to south they are the larger unnamed right
bank tributary that flows through the most northern ravine, Prairie Creek, Unnamed Creek,
9

and Gravel Creek. The combination of the two late 1800s maps provides some insight into
the approximate locations of streams prior to the 20th century, but they also raise questions
about the accuracy of the early survey work.
After comparing the current topography and channel locations with the historical
conditions, it does not appear that Prairie Creek merged with the Sauk River as far north of
the East Sauk Prairie Road, as historically shown. Examination of the steep escarpment
between the edge of the terrace and the floodplain shows no signs of historical drainages
north of the current Prairie Creek ravine (Figure 4). The face of the escarpment north of the

Historical channel scars

Figure 4: Hillshade of the lower study area created from LiDAR

current channel location lacks channel scour scars or ravines. Alternative historical
connections would have been marked by cuts in the slope similar to the creeks seen on Figure
4. No such signatures are evident. Also, the location of the historical Unnamed Creek
appears to be approximate, flowing partially through the Gravel Creek watershed, and
partially through its own. Gravel Creek is shifted completely south of its actual location on
the historical map. Because the upper basin in all of these watersheds is steep (slopes
generally >30 degrees) and the current channels are constrained within deeply incised
ravines, it is reasonable to assume that the mountain channels have not shifted over the past
10

120 years but rather, that the early channel location depictions were “best estimates”. This
noted, it was helpful to look at general historical channel configurations to estimate historical
locations for the purpose of restoration. Specifically, for Prairie Creek and Unnamed Creek,
it confirms that both channels have been altered, compared to their historical conditions.
Prairie Creek was redirected nearly 90 degrees to the north at the base of Prairie
Mountain. some time after 1899 (Figure 4). The contours created from LiDAR indicate that
the 1899 creek most likely flowed in a location similar to what is depicted in Alternatives 3
or 4 described later in this report. Given this, it is also assumed that the creek meandered
back and forth across the alluvial fan and prairie prior to being constrained to the ditch. As
discussed in Section 3.4 below, Prairie Creek, Unnamed Creek, and Gravel Creek have
shared courses over geologic time. Remnant scars of historical channels connecting Prairie
Creek and Gravel Creek to Unnamed Creek are visible on the LiDAR (Figure 4). The
proposed alternatives took into account the historical and current channel and landscape
conditions while also considering existing land use and infrastructure.
3.2 Watershed
Three sub-basins were identified in the Prairie and Unnamed Creek assessment area
(Figure 5). From north to south they are 1.) Right bank tributaries to Prairie Creek, 2.)
Prairie Creek main channel, and 3.) Unnamed Creek. For the purpose of assessment, each of
these was divided into upper and lower basins according to their landscape position and
influence on habitat forming processes (topography, sediment delivery, and hydrologic
influence).
The Prairie Creek and right bank tributaries sub-basins contribute both surface flow and
sediment to the existing channel and account for approximately 1610 acres (2.52 sq. miles) of
drainage area. Photographs #1 and #2 in Appendix B show these two basins on Prairie
Mountain as viewed from the west edge of the prairie.
Within the right bank tributaries sub-basin there are six small tributaries that flow
through defined ravines to the toe of the mountain. They are labeled from north to south as
Un#1 – Un#6 (Figure 4). The “Un” prefix stands for “unnamed drainage” which is not to be
confused with “Unnamed Creek”. For this reason, only the abbreviated name will be
referenced in the remaining portion of this report.
The largest of the six drainages (Un#2) flows through the most northern ravine which is
located north of East Sauk Prairie Road. A recent landslide (mid 1990’s) deposited a
significant amount of sediment on the alluvial fan at the base of this ravine. The unexpected
landslide event completely destroyed a barn and killed numerous cattle. As a result, flow
was episodically rerouted. The new primary channel (Un#1) flows nearly due north at the
base of the mountain. The property owner reported that in its current condition, this drainage
does not flow to Prairie Creek (Turner 2005). LiDAR data completed in 2004 suggests that
there is a small seasonal tributary (Un#3) that continues to drain towards the former (prelandslide) primary channel (Un#2) and there is a faint topographic signature suggesting a
continued surface connection between Un#2, Un#3, and Prairie Creek. The well-drained
west sloping prairie soils also suggest that the groundwater gradient flows from these
tributaries towards Prairie Creek.
The remaining three smaller drainages (Un#4 – Un#6) flow westerly and northwesterly to the
base of the mountain slope and then infiltrate into the excessively drained and well-drained
prairie soils (Figure 4). Seasonally inundated soils were observed at the interface between
the steeper slopes and the terraced prairie, south of East Sauk Prairie Road in the spring of
2004. As with the three northern tributaries, surface topography suggests that subsurface
flow for Un#4 - Un#6 may drain towards Prairie Creek on the south side of East Sauk Prairie
Road.
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Figure 5: Prairie and Unnamed Creek sub-basins

The historical Prairie Creek channel has been significantly altered. The stream was
rerouted to the north in a straightened channel near the base of the mountain and then ditched
westerly along the north side of East Sauk Prairie Road creating two nearly 90 degree bends
in the channel. As discussed above, this channel alteration occurred after the survey work for
the 1899 USGS topographic map and prior to the earliest aerial photo records. While the
Prairie Creek contributing watershed area does not appear to have been altered as a result of
this channelization, the way in which water reaches the channel has changed.
The current channel forces the creek closer to the base of the mountain and causes it to
flow parallel to the slope rather than meandering across the prairie, perpendicular to the slope
contours. Because the prairie soils are excessively well drained and well drained, surface
flow from the mountain infiltrates quickly upon entering the flatter prairie. During the rainy
season, water near the surface of the prairie (upper 3-4 feet) would follow the path of least
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resistance; which in its current state, is the ditched creek channel. Limited hydrologic data
and observations from this study and SSIT water quality staff indicate that Prairie Creek
loses flow to groundwater through the prairie as surface flow contributions decrease in late
spring and early summer (see flow discussion below).
The third sub-basin (Unnamed Creek) encompasses 37 percent of the area of Prairie
Creek at approximately 600 acres (0.94 sq. miles) and flows to the small channel located
immediately south of Prairie Creek. (Figure 4) This intermittent stream appears to have
served as a historical channel for Prairie and Unnamed Creek, but according to the historical
notes and maps, was not occupied by either creek for at least 100 years. Approximately 400
acres (67%) of the Unnamed Creek watershed are located in the upper basin and are
susceptible to mass wasting events and soil creep. The remaining watershed is comprised of
gently sloped prairie, and confined ravine and terrace slopes.
Gravel Creek, a historical fourth contributing watershed of the study area, is located
south of Unnamed Creek. This creek is slightly larger (11%) than Prairie Creek at
approximately 1800 acres (2.81 sq. miles) and exhibits surface flows longer into the summer.
As with Prairie Creek, the LiDAR and DEM show historical channel connections through
Gravel Creeks’ alluvial fan to Unnamed Creek (Figure 4). Before determining alternative
locations for Prairie Creek, it was necessary to identify the influence that this larger
watershed might have on the small unnamed drainage. No current surface connections were
noted between Gravel Creek and Unnamed Creek.
Elevation and Slopes
The elevation within the study area ranges from approximately 419 feet at the base of the
terrace escarpment and the outer edge of the Sauk River floodplain, to 5,014 feet at the peak
of Prairie Mountain in the upper Prairie Creek watershed. The upper elevation in the
Unnamed Creek watershed is approximately 4,320 feet. The elevation at the toe of the steep
mountain and the top of the prairie is approximately 600 feet. The mountain slopes are
greater than 30 degrees while slopes across the prairie are less than 5%. The lahar terrace
that makes up the prairie is approximately 75 feet above the Sauk River floodplain.
Stream gradients vary from one (near the confluence with the floodplain) to over 17
percent (mountain slope) (LiDAR) in the study area (Figure 14). Gradients within the lower
ravines (below the prairie) average two to five percent slope and decrease to 1 to 3 percent
(LiDAR and survey data) across the prairie. Gradients on the mid and upper alluvial fans are
steeper at 5 to 17 percent. The steeper mountainous portion of Prairie Creek begins at
approximately stream mile 1.4. For Gravel Creek, the steeper gradients begin at stream mile
1.2.
Land Cover
The Prairie Creek watershed (Figure 5, purple shaded area) contains 5 land cover types
(forested, scrub-shrub, bare earth, grassland, and impervious). The mountain slope
comprises over 90% of the area included in the upper watershed and is dominated by private
and state timber land in various age stands of forest cover, except for forest roads (bare earth)
which comprise approximately 0.5 percent (8 acres) of the total watershed. Two recent clear
cuts totaling approximately 67 acres are visible in the 2003 aerial photo (Figure 12). Prairie
Creek is bordered by forest from its headwater to the lower alluvial fan.
The lower Prairie Creek sub-basin is comprised of approximately 205 acres (92%) of
farmed prairie terrace (grassland), and approximately 13 acres (6%) of forested ravine and
terrace slopes that drop 75 feet from the terrace to the Sauk River floodplain. Impervious
roads make up approximately 5 acres (2%) of the lower watershed.
The Unnamed Creek watershed (Figure 5, yellow shaded area) varies from the Prairie
Creek watershed in that there are more residential properties along the creek. The upper
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watershed consists of 100% or 409 acres of forest cover. There are small areas of forest road
that cross into the basin, but the total area is negligible. The lower basin is comprised of 82%
(154 acres) farmed prairie and residential lots (grassland); 17% (32 acres) forested lahar
terrace, ravine, and terrace slope; and 1% (1.4 acres) impervious roads. The impervious area
estimate does not include individual driveways and buildings. There are more private
residences on smaller lots (16 to 18 compared to 3 or 4 in the Prairie Creek watershed),
however, there are a higher proportion of trees and shrubs on the residential sites and along
the creek corridor in the lower sub-basin of Unnamed Creek compared to Prairie Creek.
Table 1 provides a summary of land cover in the study area as interpreted from the 2003
aerial photograph.
Table 1: Comparison of land cover between Prairie and Unnamed Creek watersheds
Sub-basin

Prairie Creek
Upper Basin
Prairie Lower
Basin
Prairie Creek
Basin Total
Unnamed Creek
Upper Basin
Unnamed Creek
Lower Basin
Unnamed Creek
Basin Total

Percent
Impervious

Percent
Bare Earth

Percent
Grassland

Percent
Forested/scrubshrub

0

0.6

0

99.4

2

0

92

6

0.5

0.5

13

86

0

0

0

100

1

0

82

17

0.2

0

26

73.8

3.3 Land Ownership
Five types of land ownership exist in the study area (Figure 6, Skagit County 2000). The
upper basin or mountainous portion of the study area consists of private (52%) and federal
timber (39%) land. The northern portion of the prairie area is controlled by a private farm
(1.5%). Private residential land borders Unnamed Creek in two locations of the prairie (7%),
and a small parcel of state land occurs along the extreme southern border of the study
boundary (<1%). Parcel boundaries are depicted as straight lines in Figure 6.
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Figure 6: Land ownership and parcel boundaries in the study area.

3.4 Geology and Soils
As mentioned earlier, the geologic records and LIDAR signatures indicate that the Prairie
Creek, Unnamed Creek, and Gravel Creek basins variably merged and diverged over the
centuries, as deposition on the alluvial fan apexes shifted channels back and forth across the
fan. Numerous historical distributory channel traces are evident on both the Prairie and
Gravel Creek alluvial fans (Figure 4). At least two historical channels can be seen in the
smaller Unnamed Creek fan. Several channel traces flowing from Prairie and Gravel Creeks
indicate historic flow contributions from those drainages into the Unnamed Creek basin. It is
likely that Unnamed Creek, which flows between the two larger basins, periodically served
as a distributory channel of one or both streams. Clear delineation of the alluvial fan from
LiDAR and digitized historic channels would be more helpful here than the hard rock
geology stuff. I’m not sure how the geology stuff informs the conclusions here.
Geology
The geology of the Prairie Creek basin varies with elevation (Figure 7). High elevation
headwater areas are underlain by metasedimentary rock of the Chilliwack Group (PMDms).
Several large, deep-seated landslides dating from the Quaternary period are mapped within
this unit. A remnant band of glacial outwash is mapped across the center of the basin. The
location and elevation of this material is consistent with distinct outwash terrace identified
further down the Sauk Valley. The wide flat Sauk Prairie area is underlain by lahar deposits.
Tributary stream channels are incising channels through these deposits before emptying into
the Sauk River. A band of Holocene alluvial fan material has accumulated on top of the
15

lahar deposits along the foot of the mountains. Table 2 provides a summary of the geology
located within the study area.

Figure 7: Geology of the study area.

Table 2: Descriptions of geologic units within the study area

Qvl(gp)
Qa
Qaf

Qgo

MZPZms(r)
Jph(d)
PMDms(c)
Qls
pDi(y)

Quatenary volcanic lahar deposits, well sorted to poorly sorted
Loose and well stratified Holocene non-glacial undivided alluvium made
up of gravel, gravelly sand, sand, and cobbly gravel with rare boulders.
Holocene non-glacial alluvial fan deposits; unconsolidated sediments;
debris-flow or debris torrent deposits locally modified by fluvial
processes
Pleistocene, Vashon Stade, recessional outwash; Fraser Age; comprised
of sand, sandy gravel, gravely sand, and sandy cobbly gravel with some
boulders
Gabbroic intrusions or Tonalithic intrusions
of Mount Josephine, metamorphic, Jurassic phylitte
Chilliwack group of Cairnes (1944), well bedded - Permian-Devonian;
metasedimentary rocks
landslide deposits
pre-Devonian Yellow Aster complex; intrusive rocks, undivided
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Soils
Soils of the lower Prairie Creek Watershed vary from very deep, excessively drained soils
(Wiseman channery sandy loam, 0-8%) located along the base of the mountain, to very deep,
well-drained soils (Wickersham silt loam, 0-8% and Giles Variant silt loam) across the entire
prairie area (Figure 10). Unnamed Creek soil conditions mimic those of Prairie Creek,
except that the creek crosses the excessively drained Wiseman soil unit in two locations.
Dystric Xerothents which are also very deep, excessively drained soil, occur in the shallow
ravines through which both streams drop to the Sauk River floodplain.
Figure 10 shows the excessively drained Wiseman channery sandy loam along the toe of
Prairie Mountain. All of the drainages which form on the mountain must cross this soil unit
as they enter the prairie. Downslope, the well drained prairie soils and the excessively
drained lower ravine soils create flow challenges for Prairie and Unnamed Creeks. This
combination of excessively well drained and well drained soils significantly increases the
potential for dewatering of the stream channels. This helps to explain seasonal flows
observed in all of the creeks located in the larger Sauk Prairie area including the sudden
termination of mountain drainages UN#1 – UN#6(see below).
3.5 Hydrology
Precipitation
Average annual precipitation in both the Prairie and Unnamed Creek watersheds varies
from approximately 63 inches in the lower sub-basins to 93 inches in the upper sub-basins
(Figure 8). The weighted average annual precipitation is 82.6 inches/year for Prairie Creek

Figure 8: Annual precipitation in the study area.
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and 82.0 inches/year for Unnamed Creek. Precipitation at the top of the prairie and the base
of the steep mountain slopes is approximately 77 inches per year for both watersheds. Eighty
one percent (1297 acres) of the Prairie Creek watershed (including Right Bank tributaries)
occurs on the steep mountain slopes compared to approximately 73% (434 acres) of the
Unnamed Creek watershed. The portion of Unnamed Creek watershed that receives 77 - 93
inches of annual precipitation is one-third the size of the Prairie Creek watershed receiving
the same amount. As a result, the combined upper sub-basins of Prairie Creek and Right
Bank tributaries have a significantly higher potential to capture precipitation and contribute
to surface flow across the prairie.
There are three general precipitation zones within each of the watersheds (Washington
Forest Practices Board. 1997) (Figure 9). The landscape below 1,500 feet is driven by
rainfall with occasional or infrequent and short-lived snow events. As a result, there is
essentially no water stored as snow that would contribute to late spring and early summer
stream flows. This zone accounts for 748 acres (47%) of the Prairie watershed and 340 acres
(57%) of the Unnamed Creek watershed. The second zone occurs between 1,500 and 3,000
feet and accounts for 524 acres (32%) in the Prairie Creek watershed and 160 acres (27%) of
the Unnamed Creek watershed. Within this zone, there is a higher chance of mixed
precipitation with rain falling on snow. The combined rainfall and snow melt can result in
short term spikes in stream flows but typically does not contribute to late spring and summer
flows important for summer rearing habitat. Snow accumulation in this zone melts early in
the season and does not contribute to later flows. Above 3,000 feet the winter precipitation
falls mostly as snow. This stored water melts later in the season and contributes to late
spring and early summer flows. This is especially critical in the prairie area because of the

Figure 9: Comparison of precipitation zones in Prairie and Unnamed Creek.
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highly porous soils that result in lost surface hydrology. This higher elevation zone
comprises 339 acres of the Prairie watershed and 98 acres of the Unnamed Creek watershed.
Analysis of the precipitation zones shows that a larger total area and percentage of the Prairie
Creek watershed (including the Right bank tributaries) is located above 1,500 feet,
suggesting that this watershed is more likely to exhibit channel forming flash increases in
flows and is more likely to sustain flows longer into the spring and summer due to water
provided by snow melt. In comparison, the Unnamed Creek watershed has only 258 acres
above 1,500 feet compared to 860 acres in Prairie Creek. A summary of the total acres and
percent of basin that each zone encompasses is provided in Figure 9.
Groundwater
Four water well reports were located for the vicinity of Unnamed and Prairie Creeks
(Figure 10 and Appendix C). For the purpose of this report, wells are numbered from 1 to 4,
starting with the northernmost well. The wells correspond to DOE well log numbers as

Figure 10: Soils of the lower study area and approximate locations of reported wells.

follows: Well #1- 33/10/33F; Well #2 - 33/10/33K; Well #3 - 33/10/33G; and Well #4 33/10/33L. Wells #1, #2, and #3 are all located in the well-drained Wickersham silt loam
soil map unit. Well #4 is estimated to be located in the excessively drained Wiseman
channery sandy loam unit, but because the well locations provided by DOE were very
general, it is possible that Well #4 is also located in the Wickersham silt loam unit.
All wells for which logs were obtained were dug between 1974 and 1997. Each well was
completed by a different contractor. Three borings (#1, #3, and #4) described “brown clay”
within 2 to 12 feet from the surface and extending 34 to 63 feet deep. The fourth well (#2)
appears to have been dug twice, first in 1974 and then again in 1980. The original well
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report described, “blue conglomerate” from 3 to 46 feet. The second well log recorded “gray
clay” between 3 and 30 feet; “brown clay” at 30 to 50 feet, and “grey clay” again at 50 to 57
feet. It is possible that the second well was dug in a new location, which could explain the
variation in soil descriptions.
Each of the five well descriptions suggests a perched water table or less permeable soil
lens (clay and blue conglomerate) between 2 and 12 feet from the surface. This would be
consistent with the characteristics of a lahar deposit. As a result, despite the described highly
permeable nature of the soil map units, it is expected that there is seasonal subsurface
hydrologic influence resulting in a perched water table in the soils during the winter and
spring rainy seasons. This information was taken into account when determining alternative
stream channel locations. Copies of the well reports can be found in Appendix C.
Stream Flow Observations
There are no annual flow records available for Prairie or Unnamed Creek. Both streams
flow intermittently and are fed by snow melt and rainfall events. Representatives of WDFW,
the Sauk-Suiattle Indian Tribe, and the Skagit River System Cooperative have all reported
that both Prairie and Unnamed Creek dry up during the summer months (Boyer 2004;
Madsen, 2005; Barkdull, 2005). During this time, streams throughout the Sauk Prairie area
tend to exhibit surface flow on the lower mountain slope with dry conditions downstream.
This pattern suggests that surface flow infiltrates as it flows onto the flat prairie surface.
Flow then resurfaces further downstream before entering Sauk Slough in the Sauk River
floodplain (Madsen 2005).
Flow was observed in Prairie Creek on three separate occasions during the assessment
(January 2004, summer 2004, and June 2005) and was measured in five locations from west
(downstream) to east (upstream), on June 3, 2005. The sample area began in the upper
portion of Reach 3 and extended into Reach 4. Figure 11 shows the flow readings at each
sample location. Stream Reach 3 ends at the perched culvert crossing. Reach 4 extends the
length of the roadside ditch. Water depth varied between 0 and 8 inches across each of the
flow sample sites. Results indicate that the creek was losing water across the prairie and did
not recover flow via groundwater contributions immediately below the perched culvert.
Flows decreased from 2.7 cubic feet per second (cfs) at the upstream end of the road ditch
(flow station 5), to 1.1 CFS in the ravine downstream of the culvert (flow station 1), a drop of
approximately 59%. Flow increased approximately 10% from sample site 5 to sample site 3
downstream. This minor increase in flow may be attributed to sampling error, or could
represent positive groundwater contribution from the isolated mountain drainages in this
area. There was a 37% decrease in flow between sample sites 3 and 2, and a 42% decrease in
flow between sample sites 2 and 1, indicating a significant loss of water from the channel in
the lower prairie area. Although this represents only one data set, the reduction in flow on
this day was significant enough to discount flow meter error and to suggest that the sampled
reach was losing flow on that day. As a result, contributing watershed area and prairie soils
were carefully considered when selecting alternative channel locations.
Minimal flow was observed in Unnamed Creek during the assessment period. The 18inch culvert (Culvert# 5, Figure 15) at the Sauk Prairie Road crossing is perched and is in
very poor condition (Photo 10, Appendix B). There is no defined channel at the culvert
crossing, but rather a wetland swale that is approximately 40-feet wide upstream (Photo 9,
Appendix B), and 70 feet wide downstream of the road fill (Photo 8, Appendix B). The pipe
appears to be undersized because of the wider wetland and shallow ravine both upstream and
downstream of the pipe. The upstream habitat is comprised of a scrub-shrub wetland and
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Figure 11: Stream flow data and channel cross-sections in the study reach of Prairie Creek.

riparian corridor and the downstream habitat is comprised of a monotypic stand of reed
canarygrass (Phalaris arundinacea). No surface flow was detected above or below the
culvert at the time of the visits.
Based on observations of the channel immediately upstream and downstream of the road
and conversations with fisheries biologists and tribal staff (Barkdull 2005; Olis 2005;
Madsen 2005), Unnamed Creek does not provide adequate flow or channel habitat to support
fish beyond the road crossing and the habitat that currently exists in the lower ravine is very
limited.
Stream Hydrology Predictions
Both the Prairie and Unnamed Creek watersheds are non-glacial. The maximum
elevation in the study area is 5,014 feet at the peak of Prairie Mountain. As a result, both
basins are precipitation driven so evaluation of the effects of glacial conditions on flow is not
necessary.
Three flow regimes (100-year peakflow, mean annual, and low flow) were modeled for
the two watersheds. The 100 year peak flow (Q100 ) is used to design hydraulic capacity for
stream crossing structures (culverts, bridges) and to get a picture of the magnitude of the
more episodic channel forming and altering flows. Mean annual runoff (AR) averages years
of unusually low flows with years of normal or above average flows and is useful for
predicting in-stream habitat type and availability. The 2-year 7-day low flow (Q7L2)
represents stream baseflow (summer) conditions which help to identify seasonal limitations
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within a system. These conditions determine fish passage and utilization potential during the
dry season.
The regression equations predict that the 100-year peakflows are 52% higher and mean
annual runoff and low flows are 64% higher in Prairie Creek than in Unnamed Creek. If we
were to combine the mainstem Prairie Creek upper sub-basin with Unnamed Creek
(Alternatives 5 through 7), the new watershed size would be 1,297 acres (2.03 sq. miles) and
the new combined flows would result in predicted 100-year peakflows that are 16% lower
than the existing Prairie Creek prediction and 43% higher than the existing Unnamed Creek
prediction. Mean annual runoff and low flows are predicted to be 19% and 20% lower than
the existing Prairie Creek conditions, and 54% higher for both existing Unnamed Creek
predictions.
While the combined watershed area is an improvement over the existing Unnamed Creek
condition, it is substandard to the watershed area and flows provided by the current Prairie
Creek basin. The new combined flow will be absent the 735 acres of the Right Bank
tributaries that contribute to the existing Prairie Creek channel. Given that Prairie Creek is
dry in the summer, it is expected that the newly combined basin would result in a dry channel
earlier in the season, reducing the window of fish opportunity compared to the current Prairie
Creek. Table 3 compares flows in the existing and combined watersheds.
Table 3: Comparison of watershed flows

Watershed
Prairie
Unnamed
Combined

100-year
peakflow (cfs)
379.3
182.3
320.4

AR (cfs)
11.7
4.34
9.42

Q2L7 (cfs)
2.47
0.91
1.97

3.6 Sediment
Mass wasting occurs episodically, and tends to occur in conjunction with large scale
disturbances (floods, fires or extensive timber harvest). As a result, long-term average
sediment yield often do not accurately reflect annual sediment inputs for individual years.
Annual inputs are lower than the long-term average during dry years or in the absence of
disturbance, and can be several orders of magnitude higher than average during disturbances.
Sediment transport capacity is the ability to move sediment downstream. Steeper
channels such as those in the headwaters of Prairie Creek have a higher transport capacity
than lower gradient channels in the Sauk River terraces and floodplains. Coarse sediments
delivered to headwater channels by mass wasting or large storm events are transported
downstream to lower gradient channels and deposited on alluvial fans where there is an
abrupt change in gradient as channels exits the mountain slopes. Figure 12 shows the historic
geologic fans as interpreted from the geology and USGS topographic maps. The recently
active alluvial fans are depicted in Figure 16. Rapid deposition of coarse sediment during
large storms can fill channels on the alluvial fan, forcing the flow to find a new avenue down
the fan. Smaller particles are slowly routed downstream to the distal portion of the alluvial
fan (Figure 12). Over time, the channel migrates back and forth across the fan in response to
large flow events and distributes sediments across the fan landform.
The restoration projects considered here will not change the transport capacity of the
headwater channels, but may affect the transport capacity of channels that cross the alluvial
fans and Sauk Prairie. A general estimate of the relative transport efficiency (high, moderate,
low) of each proposed channel configuration was developed based on the constructed
channel gradient and predicted average annual flow. This information is sufficient to support
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a comparison of alternatives but does not represent a quantitative estimate of material that
could be moved. A quantitative estimate of transport capacity should be developed to
support the final channel design. Anecdotal sediment accretion and removal information is
provided in Appendix D.

Figure 12: Location of geologic alluvial fans in the study area.

In the Prairie Creek watershed, the majority of sediment yield originates from mass
wasting in the headwater areas. The sediment yield map indicates that sediment production
rates in the lower sub-basin are low compared to headwater areas (Figure 13) (however
Table 4: Results of sediment yield analysis for the Prairie Creek basin.
Mass Wasting Inputs2
Long-term average
1
(tons/year)
Upper Prairie Creek sub-basin
342
0-704 tons/event
Prairie Creek RB Tributaries
3203
270-538 tons per event
Lower Prairie Creek sub-basin4
14
0Upper Unnamed Creek sub-basin
327
1,471-2940 tons per event
Lower Unnamed Creek sub-basin4
248
01
Long term estimate based on the average rates for the underlying geology and landform
2
Mass wasting inputs were derived from an aerial photo based inventory of landslide volume and
delivery percentage over the period from 1940-1998.
3
Not currently delivered to the mainstem Prairie Creek
4
Primarily from the lower prairie ravines.
Sub-basin
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sediment yields can be high as sediment is transported through channels from upstream
areas). Sediment delivery in the Lower Prairie Creek sub-basin originates primarily from
bank erosion and sediment routed from upstream. The long-term average annual sediment
yield for each basin is presented in Table 4.

Figure 13: Summary of sediment delivery and landslides in the study area (Skagit Watershed Council
2000 and Paulson 1997)

Using aerial photography, the landslide inventory identified 13 slides in the Prairie Creek
basin over the period from 1956 to 1991 (Paulson 1997) (Figure 13). The volume of material
delivered to the channel by individual mass wasting events ranged from 0 to 2,940 tons. All
of the slides identified in the Prairie Creek sub-basin were identified in a single photo year,
1964. However, not all of the events necessarily occurred at the same time. Landslide
events can occur at different locations over multiple years but since aerial flights are not
typically flown annually, these events are summarized in the next available aerial photo.
More recently, a large landslide and associated debris flow occurred in the Prairie Creek
Right bank tributaries sub-basin in the mid 1990’s. This event destroyed the landowners’
barn and delivered substantial amounts of sediment to the alluvial fan. Landslide inventory
data illustrate the episodic nature of sediment delivery from these small basins.
3.7 Stream Habitat and Riparian Condition
Prairie Creek
Prairie Creek is an intermittent stream that flows through an incised ravine (Reach 7,
Figure 14) on Prairie Mountain, to a primary alluvial fan located between stream mile 1.3 at
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the upper extent of the prairie and 1.76 at the fan apex (Figure 12). The creek then turns
nearly 90 degrees (Reach 6) to the north and flows past a private farm complex (Reach 5) to
East Sauk Prairie Road. From there it flows through a culvert (Culvert #4, Figure 15) under
East Sauk Prairie Rd and again turns nearly 90 degrees westward through a ditched channel
(Reach 4) along the north side of the road. Within Reach 4 the creek flows through a culvert
under a private driveway (Culvert # 3, Figure 15) about 200 feet downstream and then
through a second culvert under a private farm access road (Culvert # 2, Figure 15) near the
“T” with Sauk Prairie Road (stream mile 0.55). At stream mile 0.40 the creek drops from a
3-foot diameter perched culvert (Culvert # 1, Figure 15) under East Sauk Prairie Road (Photo
4, Appendix B) to a forested ravine and then to Sauk Slough in the Sauk River floodplain
(Reaches 1 – 3).
Channel sinuosity in Prairie Creek has all but been eliminated between stream mile 0.4 at
the lower culvert (#1), and stream mile 1.3 near the base of the mountain. The straightened
channel (Reaches 4 and 5) is regularly dredged of gravel and cobble on both private and
public land, to prevent the stream from overflowing the constructed banks and flooding farm
and residential structures and East Sauk Prairie Road. This regular dredging activity
combined with the absence of woody debris in the channel significantly impacts the instream habitat through this area.

Figure 14: Existing stream channel gradient and stream reaches for Prairie and Unnamed Creek.

The perched culvert located at the top of the ravine slopes 1.3 feet (0.39 meters) over 58
feet (17.7 meters) for a 2% slope. The stream drops 9.5 feet (2.9 meters) from the pipe outlet
to the surface of a 1.2 feet (0.38m) deep pool in the lower ravine creating a complete barrier
to upstream migration. Bankfull width in the relatively natural channel downstream of the
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culvert averages 18.2 feet (5.5 meters) compared with 9.2 feet (2.8 meters) in the ditch
immediately upstream of the culvert, representing a 50% smaller bankfull width in the
maintained roadside ditch. Wetted width averaged 2 meters wide downstream of the culvert
and 1.5 meters upstream. Channel gradient in the ravine downstream of the culvert averages
between 2% and 5% (Figure 14, LiDAR). Culvert width to stream width ratio is
approximately 3.0’:18.2’ (0.9m:5.6m) or 16%. The culvert width is significantly narrower
than the bankfull width in the lower ravine and the culvert is devoid of stream gravel.
Figure 11 shows the location and characteristics of four channel cross-sections taken
during the June 3, 2005 habitat survey. Water depths were too shallow (0-8 inches) to
include on the cross-sections. Cross-section Site #1/ Flow Station #1 was taken in a riffle
area in the ravine (upper Reach 3) approximately 115 feet downstream of the perched culvert
on East Sauk Prairie Road (Photo 5, Appendix B). This marked the downstream location of
the study reach. The bankfull width at the cross-section was 13.8 feet (4.2 m) and bankfull
depth was 2.8 feet (0.85m). Two pools located upstream of Cross-section Site #1 and below
the culvert were 18 feet (5.5m) and 22 feet (6.8m) wide with an area/unit of 103 ft2 and 68 ft2
(9.6 and 6.3 m2), respectively. The size of the habitat units within the sample area are
affected by the high energy of the perched culvert outfall and likely represent above average
habitat area. This would need to be confirmed by a stream inventory further downstream of
the perched culvert. Access was not provided for this study.
Cross-section Sites #2 through #4 are located upstream of the perched culvert in the
maintained roadside ditch (Reach 4). Site 2/Flow Station 1 is located approximately 60-feet
upstream of the culvert (Photo 3, Appendix B). It has the deepest channel and the steepest
banks of the three ditched cross-section sites and is located in a section of the ditch where
road fill failure is prevalent (Photos 3 and 6, Appendix B). The toe of road fill is steepened
along the left bank and quarry spalls and gravel continually slump into the channel. This
condition has caused ongoing maintenance concerns for Skagit County Public Works
(Claybo and Butler 2005) and has created ongoing sediment problems for the creek
downstream of the road (Barkdull 2005). Anecdotal information was collected and is
summarized in Appendix D.
Sediment accretion is most evident between Cross-section sites #3 and #4 in the upper
portion of the prairie. The channel becomes shallower and wider as you move upstream.
The bankfull depth decreases from 2.9 feet (0.9m) at Site 2, to 1.3 feet (0.4m) at Site 4, for a
55% reduction in channel depth. Bankfull width increases from 9.8 feet (3 m) to 11.1 feet
(3.4 m) or 12% between the same stations. Photos 3 and 7 in Appendix B show the contrast
in channel morphology between Cross-section Sites #2 and #4. This accretion is due to a
continued source of sediment from the mountain and an unnatural confinement of the
channel caused by ditching.
In-stream habitat upstream of the culvert is severely limited. The ditched channel
averages a 1-2% gradient and consists of approximately 10% pool and 90% riffle habitat with
no instream wood or boulder structure and no riparian shade. The total pool area was 94.6
m2 in the 1,930 feet (588m) sample area. The expected channel type for a naturally flowing
channel of this gradient is pool-riffle habitat with less than 4 channel widths per pool
(Montgomery and Buffington 1997). Pool spacing under the current ditched condition
averages more than 100 channel widths. Water temperatures measured in this area in July
2005 exceeded 20oC which exceeds temperatures preferred for rearing habitat. Water quality
monitoring data for the past 3 years indicates the channel typically goes dry by early August
(Madsen 2005).
In the mountain ravine, upstream of the privately ditched portion of the creek, near the
center of the alluvial fan, bankfull width is approximately 15-20 feet wide (LiDAR). This is
similar to bankfull width in the lower ravine. Stream gradient averages 10% and higher in
this area and channel morphology is characterized by step-pool habitat.
26

Prairie Creek Riparian Habitat
Review of aerial photos shows that the riparian corridor of Prairie Creek upstream of the
Sauk Prairie is mostly forested (Reach 7, Figure 14). Approximately 69 acres of the right
bank ravine slopes were logged within the last 10 years, but the area is regenerating with
trees and shrubs. In the lower sub-basin, the riparian conditions decline significantly.
The ditched portion of the main channel Prairie Creek located on private land (Reach 5)
between the alluvial fan and the east end of East Sauk Prairie Road, has a narrow forested
corridor and is devoid of woody structure within the channel. Estimates from the 2003 aerial
photo indicate that the total forested riparian width varies between 50 and 85 feet. If the 2030 feet wide excavated channel (LiDAR) is subtracted out, the remaining portion of the
corridor that is vegetated is approximately 20-55 feet wide. The width on each bank would
be approximately 50% of that. This is significantly below (only 15 to 42%) the 40 meter
(131’) wide riparian width recommended for the riparian area to properly function for
recruitment of large woody debris (SWC 1998).
The remaining approximately 3,200 feet (976m) of prairie channel from the east end of
East Sauk Prairie Road to the top of the ravine at the perched culvert (Reach 4) is devoid of
riparian cover except for agricultural grasses and patches of Nootka rose hedge along the
right bank (Photos 1, 3, and 7; Appendix B). East Sauk Prairie Road forms the left stream
bank to the top of the lower ravine. The riparian corridor across the prairie is considered
“impaired” between the forested portion of the alluvial fan and the perched culvert. This
non-forested riparian area is unable to provide any recruitment of large woody debris that is
important to creation and maintenance of instream habitat (SWC 1998).
Downstream of the perched culvert at East Sauk Prairie Road (Reaches 1 – 3), the stream
flows through a forested ravine and into Sauk Slough and other forested floodplain, and
scrub-shrub/emergent side channels associated with the Sauk River.
Unnamed Creek
Unnamed Creek is a smaller stream than Prairie Creek that also flows seasonally through
similar topography. It starts as a confined channel in a forested mountainous ravine at stream
mile 2.9 (Reach 5, Figure 14). It continues through a forested ravine until it joins the upper
prairie at approximately stream mile 1.2. From there it continues westerly through a gently
sloped forested riparian corridor (Reach 4) to stream mile 1.1. Stream gradient averages 17%
on the mountain slope and drops to 5% at the base of the mountain,
In Reach 3, downstream of stream mile 1.1 the channel flows through an ill-defined,
shallow-banked, forested area for approximately 800 feet (LiDAR). It then enters a private
impoundment located immediately upstream of stream mile 0.70, east of Sauk Prairie Road.
The impoundment appears to be created by a dam with an undersized culvert (Culvert # 7,
Figure 15), but it is located on private land and was not accessible during the assessment. A
state fisheries biologist had previously walked the creek and confirmed seeing a dam in the
vicinity of the area identified on the LiDAR (Barkdull 2005). The LiDAR shows a defined
channel downstream of the structure suggesting that there is an outlet (spillway or culvert)
through the dam.
From there the creek continues westerly through a shallow scrub-shrub ravine (Reach 2),
under Sauk Prairie Road, and through a small reed canarygrass wetland to a third ravine
(Reach 1) that flows into Prairie Creek immediately east of the Sauk River floodplain.
Bankfull width is approximately 7-10 feet wide upstream of the alluvial fan, or 50% smaller
than Prairie Creek. Stream gradient averages 2% in Reaches 2 and 3 between stream mile
1.1 and the Sauk Prairie Road crossing (Figure 14). The channel averages 3 to 4% slope in
Reach 1 below Sauk Prairie Road.
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There are three crossing structures on Unnamed Creek. All of them occur on the east
side of Sauk Prairie Road (Figure 15). The two upstream crossings are located on private
property. As mentioned, the most upstream structure is a dam with a culvert or spillway.
The second crossing is an unverified private driveway crossing (Culvert # 6, Figure 15)
located approximately 110 feet upstream of Sauk Prairie Road. Again, LiDAR shows a
defined flow path on both sides of the driveway so it was assumed to be a culvert crossing.
The third and most downstream crossing (Culvert # 5, Figure 15) is a rapidly deteriorating
undersized culvert (18-inch) at Sauk Prairie Road (Photo 10, Appendix B). The creek
continues westerly for approximately 2,900 feet through a forested ravine before merging
with Prairie Creek immediately upstream of the Sauk River floodplain.
Unnamed Creek Riparian Habitat
As mentioned above, the mountainous riparian corridor of Unnamed Creek is densely
forested (Reach 5, Figure 14). Downstream, the creek has a more intact riparian area through
the prairie and lower ravine, compared to Prairie Creek (Figure 14). Some channelization,
impoundment of flow, and clearing of riparian vegetation has occurred between the base of
the mountain and Sauk Prairie Road (Reaches 2 – 4) to accommodate residential
development and agriculture.
Within the first 1000 feet below the base of the mountain (Reach 4 and upper Reach 3),
the total riparian width ranges from approximately 58 feet to 165 feet wide. The buffer is
wider on the north side of the channel, away from existing residential structures.
Downstream for another 1,200 feet the forested and scrub-shrub riparian varies between 200
and 400 feet wide, with more width to the north. The floodplain in this area is wider and it
appears that there are seasonal flooding and/or wetland conditions associated with Unnamed
Creek. A site visit to private properties would confirm this.
Immediately downstream of this location, at stream mile 0.70, is the artificial
impoundment created by the private dam (lower Reach 3). This area can be seen
immediately east of the most eastern private crossing structure on Figure 15. The riparian
area consists of grass with no shade structure for approximately 285 feet on both sides of the
stream. A narrow band of trees stands perpendicular to the channel at the downstream end of
the impoundment (hidden beneath the crossing structure symbol).
In Reach 2 between the dam and the Culvert #5 inlet at Sauk Prairie Road (stream mile
0.55), the riparian corridor is dominated by grass, shrubs, and scattered trees. The riparian
width varies from 50 to 128 feet. Most of the right bank is comprised of grassland and
residential structures. There are at least three structures within 40 feet of the channel, and
there is a private driveway crossing approximately 130 feet upstream of the road.
In Reach 1 immediately downstream of the road, the creek flows through a monotypic
stand of reed canarygrass (Phalaris arundinacea). Within 110 feet, it enters the forested
ravine which carries it to the Sauk River floodplain.
Although the riparian area is more intact than the Prairie Creek corridor, there are a
significantly higher number of residential properties and structures within the Unnamed
Creek riparian corridor. Restoration activities in this watershed would require coordination
and approval from multiple parties, and would need to account for existing structures and
improvements.
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Figure 15: Location of existing stream crossing structures.

3.8 Fish Distribution and Habitat Potential
Sauk Slough, at the mouth of Prairie Creek, is a highly productive nursery for juvenile
salmon. Skagit River System Cooperative conducted spawner surveys in the slough between
1985 and 1990. The surveys found approximately 150 each of adult chum and coho per year
in Sauk Slough. They also trapped coho smolts in Sauk Slough during the spring
outmigration between April and June in 1988 and 1989 and found over 11,000 and over
32,000 smolt respectively (Skagit System Cooperative 1989).
Data provided through the Limiting Factors Fish Distribution database (WA State
Conservation Commission and Northwest Indian Fisheries Commission, 2001) and
communication with local fisheries biologist (Barkdull 2005; Olis 2005) indicate that fish are
utilizing the lower portion of Prairie Creek, below the perched culvert (Culvert #1). Coho
salmon and cutthroat trout were recorded below the culvert in the 2001 limiting factors
database. In addition, the same database depicted “native char” (dolly varden/bulltrout) in
the ditched channel just upstream of the perched culvert. Discussion with WDFW staff
(Barkdull 2005) suggests that the depicted char location may be in error due to the seasonal
nature of the stream and the passage barrier at East Sauk Prairie Road which indicates that
the capture was more likely inventoried downstream of the culvert.
The same resources reported coho salmon and sea-run cutthroat in Reach 1 of Unnamed
Creek. Habitat and fish utilization in this channel is very limited due to the small channel
and low seasonal flow, however, fish have been observed as far upstream as stream mile
0.51(Barkdull 2005). A blocking culvert (Culvert #5) exists at the Sauk Prairie Road
Crossing (stream mile 0.55) although it appears that low flow and insufficient habitat limit
fish from reaching this culvert.
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The potential for coho parr production in Prairie Creek is limited by access and condition
of existing habitat. Approximately 2,800 square meters of early summer habitat is available
upstream of Culvert #1. This habitat is currently inaccessible. In addition, a sizeable gravel
dominated alluvial fan (3.5 acres) has been accreting along the fringe of the Sauk River
floodplain at the mouth of Prairie and Unnamed Creeks. State fisheries biologist Brett
Barkdull (2005) reported a significant increase in fan size and elevation over the last decade.
He speculates that most of the sediment has been the result of road failure and maintenance
activities in Prairie Creek since Unnamed Creek is too small to contribute the size and
amount of material found on the fan. The habitat in the lower portion of Prairie Creek has
suffered from anthropogenic alterations to sediment transport and deposition (straightening,
armoring, dredging) in the alluvial fan upstream and lack of recruitment of large woody
debris from upstream.

4.0 Restoration Alternatives: Opportunities and Constraints
Potential alternative channel locations were determined by considering historical USGS
(geologic alluvial fan)maps and aerial photographs to determine historic channel locations,
existing topography and land signatures (current USGS, LiDAR, and aerial photography),
underlying geology and soils, contributing sub-basin area, water wells reports, and land use.
The first tier of review considered physical and biological attributes, limitations, and
constraints to provide the highest net gain potential for salmon habitat. During this review,
the geologic alluvial fans were further refined with the help of LiDAR, to depict the fan area
most recently occupied by Prairie Creek (past 100 years +/-). The intent was to better
identify the area needed for sediment transport and deposition and channel meander and
riparian restoration. This analysis is discussed below. The second tier of review considered
existing land uses, structures, and infrastructure that might limit the habitat potential or
sustainability of natural landscape processes and increase the need for maintenance to sustain
habitat conditions or protect existing anthropogenic features. Restored channel alignments
also considered landowner impacts, particularly to the private farm which comprises the
largest land holding in the prairie portion of the study area.
Seven potential alternatives were identified to restore fish access and to improve natural
landscape processes and habitat above the blocking culvert (Figure 17). All but one of these
alternatives (#7) is located in the prairie area of the lower Prairie and Unnamed Creek
watersheds. Alternatives #1-4 would be developed in the lower Prairie Creek sub-basin, and
would continue to route flow to the lower ravine that Prairie Creek currently flows through
before reaching the Sauk River floodplain. Each of these four alternatives would affect one
private landowner and Skagit County public right-of-way along Sauk Prairie or East Sauk
Prairie Roads.
Two alternatives (#5 and #6) would re-route flow southwest across the prairie from the
lower Prairie Creek sub-basin to the lower Unnamed Creek sub-basin beginning at the base
of the Prairie Creek alluvial fan. Alternatives #5 and #6 would impact six landowners
directly but would reduce the impact footprint to the private farm. The seventh alternative
(#7) redirects Prairie Creek to Unnamed Creek through the upper alluvial fan. This
alternative would impact 12 landowners but would nearly eliminate the need for land from
the private farm.
Each of the seven alternatives was evaluated for contributing drainage area, soils, slope,
consistency with historic/natural processes, sustainability, construction constraints and cost,
landowners affected, area needed for channel migration zone (CMZ) and floodplain reserve,
habitat potential, and potential for fish access. Channel slopes were estimated by subtracting
the existing elevation of the channel in the ravine from the channel elevation on the alluvial
fan (LiDAR) and dividing it by the approximate length of new channel. Alternatives were
then eliminated based on the relative potential for hydrologic impacts (not enough flow, too
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much increase in flow, timing of flow, etc.), relocation logistics (existing structures,
driveways, roads, steepness of slope, sustainability of channel, etc.), potential for landowner
impacts (area needed for CMZ and floodplain, potential for flooding, increased debris flow
impacts, restriction on land use, etc.), projected construction costs, and similarities to other
alternatives. The preliminary alternatives are described below. Table 5 provides a summary
for comparison of all of the alternatives and is further discussed below.
4.1 Active Alluvial Fans and Recent Prairie Creek Channels
Figure 12 above depicts the general location of historical (geologic) alluvial fans within
the study area. As shown, the entire upper prairie area is occupied by historical fan. To
better guide restoration design for Prairie Creek, the historic fans were further refined to
reflect the more recent active fan area, or area of recent channel migration. For the purposes
of this study, “recent” refers to channel migration that has occurred over the last 100 to 150
years. This was accomplished by using LiDAR to identify the remnant channel scars across
the alluvial fan. The active fan boundary was then identified by comparing the channel scars
and the adjacent topography for migration potential. Figure 16 depicts the location of the
active alluvial fans for UN#1 right bank tributary, Prairie Creek, and Unnamed Creek.
The active Prairie Creek fan is approximately 80 acres and contains a network of recently
active channel scars. These channels are depicted as red lines in Figure 16. Note that
although no channel scars are visible in the northern portion of the Prairie Creek fan, the
topography suggests that the channel could avulse into this forested slope. As a result, the
active fan boundary was expanded northward to include this area.

Figure 16: Active alluvial fans in the study area and recent channel locations for Prairie Creek.
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To restore alluvial fan functions and minimize future maintenance needs, the final design
for the channel migration zone and riparian reserve for Alternatives 3 through 6 below,
should be large enough to encompass the recently active channels. Final design should also
look at the potential for channel avulsion to the north of the existing channels and should
provide design alternatives that address this potential.
4.2 Channel Migration Zone and Floodplain Reserve
To allow for sediment transport and deposition across the alluvial fan; natural channel
migration across the fan and prairie; and establishment of a functioning riparian zone
adjacent to the restored Prairie Creek channel, it is necessary to establish a protected reserve
area along both sides of the new channel for Alternatives 2 through 6. For the purposes of
this assessment, the CMZ and floodplain reserve were estimated to be 300-feet on each side
of the channels except where existing anthropomorphic features (roads, buildings, etc.)
prevented it. This allowed for a general estimation and comparison of reserve area needed
for each of the alternatives. It is expected that 300-feet is an overestimate of what will
actually be needed to establish a functioning riparian corridor along the lower channel and an
underestimate at the alluvial fan. The reserve area needed will more likely be closer to 150feet wide or less on each side of the channel in the central and lower prairie area where the
channel is more stable. It will be narrower adjacent to buildings, roads, and at road
crossings. The reserve will likely be closer to 1,000 feet wide on the more dynamic alluvial
fan to include the recently occupied channels shown in Figure 16 and to allow for natural
sediment transport and deposition.
It is important to note that none of the alternatives presented in this study will restore full
function to the stream and watershed processes. As previously mentioned, the creeks in the
Sauk Prairie area have historically meandered back and forth across the entire prairie area.
Both Gravel Creek and Prairie Creek have at one time contributed to Unnamed Creek, and
UN#1 right bank tributary recently had a surface connection to Prairie Creek which is no
longer visible. Restoration of full historical stream processes would require full restoration
of the prairie area including removal of all anthropogenic features that currently limit channel
migration and sediment transport and deposition. The reserve area would need to extend the
entire width of the prairie.
Two of the alternatives below (#3 and #4) provide alignments that are most similar to
historical channel locations as identified on the late 1800’s surveys. These alignments most
closely mimic conditions that existed prior to Euro-American settlement of the valley. The
remaining alternatives are estimates of other possible historic channel locations (#5 and #6)
or are attempts to minimize loss of farmable acres at the private farm (#1, #2, and #7). All of
these alternatives will require some form of training berms to keep the channel contained
within the selected reserve area. The actual CMZ and floodplain reserve needed for the
selected alternative should therefore be determined during the final design and should
maximize natural processes to the extent feasible.
4.3 Alternative 1: Provide Fish Passage to Existing Channel
Alternative 1 (Figure 17, yellow line) would maintain the existing location of Prairie
Creek but regrade the channel in the area of the current perched culvert to allow for fish
passage and improved sediment transport. No new channel would be needed, but
approximately 1000 feet of ditch would need to be re-contoured to create a passable gradient
for fish. The existing channel should be graded far enough upstream of the road crossing to
avoid the need for grade controls such as weirs which are not “natural” or “self-sustaining”.
A bridge would need to be constructed at the current culvert crossing (Culvert #1) on East
Sauk Prairie Road and a retaining wall may be needed (unavoidable) to protect the road (left
bank) through the regraded area. The north creek bank (right bank) would need to be pulled
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back to a minimum 45 degree slope, or a retaining wall would be needed to protect the
adjacent farmland. A second public bridge would be needed upstream at the eastern East
Sauk Prairie Road crossing (Culvert # 4) and two culverts would be needed at the two private
access roads (Culverts #2 and # 3). There would be no CMZ or floodplain reserve
established and no riparian area. This alternative would not alleviate road fill failure
upstream of the improvements or current road maintenance needs. The creek would continue
to flow in a ditched channel along the north side of East Sauk Prairie Road and along the east
side of the private farm complex near the base of the mountain. As a result, in-stream habitat
would be limited to the maintained ditch between the base of the alluvial fan and the regrade.

Figure 17: Restoration alternatives for Prairie Creek. Straight lines represent parcel boundaries.

There would be no improvements to the quality of habitat above the existing fish passage
barrier, but fish would be able to access an additional 5,400 feet of artificially maintained
channel with low habitat value or a total of 7,400 feet of channel. This is equivalent to a
72% net gain in channel length over current conditions, however there are limitations to the
newly accessible habitat.
Maintenance (dredging and woody debris removal) of the roadside ditch would continue
to be required in order to maintain conveyance capacity of the channel between the alluvial
fan and the regrade. Allowing access to the portion of the channel that is regularly disturbed
during the spawning and incubation season could create an attractive nuisance for fish and
subject them to significant impacts caused by maintenance activities during and/or following
storm and mass wasting events.
The benefits of this alternative include limited need for excavation in the existing channel
and no purchase of land except in the area immediately adjacent to the perched culvert. This
alternative has minimal impact to one landowner because there is limited land area needed
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for the regraded channel, and no land needed for CMZ and floodplain reserve. No other
landowners would be affected by this alternative. In addition, fish would be able to access
previously isolated low quality habitat above the current barrier. The flow regime would be
maintained in its current condition, which is generally sufficient to support seasonal
spawning and incubation, but inadequate for year-round rearing.
Coho parr potential estimates were based on ditched channel wetted widths averaging
1.5m (existing condition) and the alluvial fan channel upstream of the maintained channel
averaging 3.5m (estimated from LiDAR). Given these constants, the minimum coho summer
parr potential for the entire accessible creek channel is 787 with a maximum of 1,156. This
represents a significant increase in parr production compared to the current conditions that
preclude fish access to the lahar terrace and alluvial fan. On the other hand, the ditched
habitat will never be able to reach its carrying potential and fish would be introduced into a
situation of peril due to ongoing dredging and debris removal activities which are necessary
to protect infrastructure and property. Specifically, winter emergency activities that protect
private property and the public road would directly impact redds and fish that would be
present in the channel. Summer maintenance would remove pool habitat that was created
during high winter flows. The result would be an accessible channel that presented potential
harm to fish and did nothing to address the existing impacts to riparian and instream habitat,
sediment storage and transport, and channel migration potential.
4.4 Alternative 2: Relocate Prairie Creek North of Prairie Road
Alternative 2 would require constructing a new channel approximately 300 feet north of
East Sauk Prairie Road (Figure 18, orange shading). The new channel would be
approximately 3,100 feet long and would route flow back into the existing ditched channel
just west of the private residence located on the north side of the road. It would be graded to
provide an average 1.4% gradient for fish passage and habitat, and should allow for improved
sediment transport and deposition. A CMZ and floodplain reserve (approximately 40 acres)
would be established on each side of the new channel where possible, except in the areas
where the channel is closer to the road or residence. Training berms would be constructed in
strategic locations along the outside edge of the reserve to protect the adjacent land,
structures, and road. Two key locations for protection are at the head of the new channel,
adjacent to the road and private residence, and at the west end of the new channel where it
transitions into the ravine. A bridge would need to be constructed at the current perched
culvert crossing on East Sauk Prairie Road. A second bridge would be needed for the
crossing at the east end of East Sauk Prairie Road (Culvert #4). One private driveway culvert
(Culvert # 3) would need to be replaced with a larger culvert. The farm access culvert
(Culvert #2) would be eliminated.
This alternative would nearly eliminate the need for ongoing road maintenance (dredging
and woody debris removal) along East Sauk Prairie Road except for occasional dredging or
debris removal between the upstream end of the new channel and the eastern bridge crossing
(Culvert # 4). It would not eliminate maintenance needs along the east side of the private
farm complex near the base of the mountain As with Alternative 1, this would create an
attractive nuisance for fish and could subject them to significant maintenance impacts during
storm and mass wasting events upstream of the new channel.
The benefits of this alternative are as follows: there is no increased threat to existing
structures; there is only one landowner; it cost less than Alternatives 3, and 7 due to the
shorter channel; and less land area would be needed for CMZ-floodplain reserve and
protective berms. It provides approximately 3,100 feet of restored natural channel
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Figure 18: Channel alignment and preliminary CMZ/floodplain reserves for Alternatives 2, 4, and 6.

compared to zero feet under Alternative 1, and reduces maintenance needs compared to the
existing condition. The flow regime would be maintained in its current condition, which is
generally sufficient to support seasonal spawning and incubation, but inadequate for yearround rearing.
Coho parr potential estimates were based on the assumption that the new channel wetted
width would average 2m (existing width below Culvert #1), the alluvial fan channel would
average 3.5m (estimated from upstream channel width, LiDAR), and the ditched channel
would continue to average 1.5m. Given these constants, the minimum coho summer parr
potential for the entire accessible creek channel is 872 and the maximum is 1,707. This
represents a 33% increase in parr production over Alternative 1 which represents existing
potential if access was provided. The improved production estimate assumes the newly
constructed channel mimics habitat conditions in other Skagit tributaries. This is the case for
all of the remaining alternatives.
4.5 Alternative 3: Relocate Prairie Creek through the North corner of Field
Alternative 3 would require construction of a new channel near the approximate 1899
channel location (Figure 19, green shading). It would completely remove the channel from
its current ditched location and restore it to a naturally meandering channel that extends
across the prairie from the base of the alluvial fan.
The new channel would be
approximately 4,600 feet long and would flow northwesterly on the west side (downslope) of
the private farm building complex. The approximate channel gradient would be 2.5% which
would provide suitable gradient for fish passage and habitat, and natural sediment transport
and deposition. Connection to the alluvial fan would be restored allowing sediment to be
deposited on the fan rather than carried downstream in the ditched channel. A CMZ and
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floodplain reserve (approximately 60 acres) would be established on each side of the new
channel except where the channel crosses the road or is near the farm complex. Training
berms would be constructed in strategic locations along the outside edge of the reserve to
protect the adjacent land, structures, and road. Key locations will be at the transition area
between alluvial fan and prairie, and at each of the bridge crossings where the reserve would
be reduced to direct the creek under the bridges. The need for two bridges at East Sauk
Prairie Road would increase construction costs. Sediment transport conditions would more
closely approximate natural conditions.

Figure 19: Channel alignment and preliminary CMZ/floodplain reserves for Alternatives 3 and 5.

This alternative would eliminate most of the County and private ditch maintenance
activities. The ditch along the north side of East Sauk Prairie Road would be retained to
carry road runoff. This alternative would also significantly reduce the existing threat to the
private farm structures and road. Only one private landowner would be affected by the new
channel location. The private ditch adjacent to the base of the mountain would be filled to
discourage avulsion and to protect the farm structures and residence. Natural in-stream
habitat would be allowed to establish and the new channel would meander freely within the
reserve area. Fish would be able to access an additional 5,000 feet of channel habitat or a
total of approximately 7,000 feet, for a 70% net gain over current conditions.
The biological and physical benefits of this alternative are multiple, but the construction
cost is higher than Alternatives 1, 2, 5, and 6 due to the greater channel length, larger CMZfloodplain area, and possible longer berm lengths. It also requires two bridge crossings
compared to Alternatives 5 and 6 which only require one. It provides approximately 4,600
feet of restored natural channel compared to zero feet under Alternative 1 and 3,100 feet
under Alternative 2.
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This alternative would eliminate road fill failure and current road maintenance needs
along 2,700 feet of road. Approximately 450 feet of ditched channel upstream of the new
channel junction would continue to need road maintenance activities associated with stream
sediment deposition and 2,300 feet of privately ditched channel would need maintenance
below the natural gradient barrier on the alluvial fan. In-stream habitat would mimic natural
conditions through the new channel area. Fish would be able to access an additional 3,100
feet of new habitat, 2,300 feet of artificially maintained channel, and 350 feet of natural
channel on the alluvial fan, for a total accessible channel length of approximately 7,800 feet
or 74% net gain over current conditions.
This alternative avoids the creation of an attractive nuisance presented by the first two
alternatives by removing the need for ditch maintenance. Sediment and large woody debris
recruitment and transport would be unrestricted and unmanaged, unless action was required
to maintain the channel within the designated CMZ. The flow regime would be similar to
current conditions, however, the channel would be shifted further from the base of the
mountain where the right bank tributaries flow subsurface. Because of the increased distance
from the source of the tributary surface flows, it is possible that this alternative would have
reduced winter and spring baseflows compared to Alternatives 1 and 2, although the overall
drainage basin area is the same. The flow samples collected in June 2005 suggest that
groundwater influence should be present in this upper portion of the prairie.
Coho parr potential estimates were based on the assumption that the new channel wetted
width would average 2m, and the alluvial fan channel would average 3.5m (LiDAR). This
was based on existing wetted channel widths observed in the field and the fact that the
channel loses hydrology across the prairie during the summer months. Given these
constants, the minimum coho summer parr potential for the entire accessible creek channel is
871 and the maximum is 1,887. This represents a 39% increase in parr production compared
to Alternative 1 and a 10% increase compared to Alternative 2, assuming the new channel
mimics habitat conditions found in similar Skagit tributaries.
4.6 Alternative 4: Relocate Prairie Creek through the Center of the Field
Alternative 4, like Alternative 3, would require construction of a new channel in the
approximate 1899 channel location (Figure 18, blue shading). It would completely remove
stream flow from the road-side ditch and restore the creek to a naturally flowing, meandering
channel extending across the prairie from the base of the alluvial fan. The new channel
would be approximately 4,000 feet long and would flow northwesterly through the center of
the farmed prairie below the farm complex, bisecting the large field. The channel would
intersect with the ravine approximately 50 feet downstream of its current location. The
approximate channel gradient would be 2.2% which would provide suitable gradient for fish
passage and habitat, and natural sediment transport and deposition. Connection to the
alluvial fan would be restored allowing sediment to be deposited on the fan rather than
carried downstream in the ditched channel.
A CMZ and floodplain reserve (approximately 50 acres) would be established on each
side of the new channel except where the channel crosses the road or is near the residential
property to the south and the farm silage complex to the north. Training berms would be
constructed in strategic locations along the outside edge of the reserve to protect the adjacent
land, structures, and road. Key locations would be at the transition between alluvial fan and
prairie, at the Sauk Prairie Road crossing, adjacent to the silage facility, and at the transition
to the ravine. This channel would require the largest reserve area and would impact the
farmland area more than any of the other alternatives.
One bridge would need to be constructed at Sauk Prairie Road (Harrison Road). This
alternative would eliminate most of the County and all of the private ditch maintenance
activities associated with stream induced sediment accretion and flooding and would
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significantly reduce the existing threat to the private farm structures, private culverts (#3 and
#4), and public road. As with Alternative 3, the ditch would be retained along the north side
of East Sauk Prairie Road to carry road runoff during storm events. The private ditched
channel adjacent to the base of the mountain would be filled to discourage avulsion back to
the artificial channel. Natural in-stream habitat would be allowed to establish and the new
channel would meander freely within the reserve area. Fish would be able to access
approximately 4,400 more feet of habitat for a total of approximately 6,400 feet, or a 68% net
gain compared to current conditions.
The biological and physical benefits of this alternative are similar to Alternative 3. The
advantages that this alternative has over #3 are as follows: it requires only one road crossing;
it increases the potential length of available in-stream habitat; and it would have less chance
for accretion of sediment below the bridge due to the longer channel and larger reserve area
upstream of the bridge. The project would be less expensive than Alternatives 2, 3, and 7.
Coho parr potential estimates were again based on the assumption that the new channel
wetted width would average 2m, and the alluvial fan channel would average 3.5m (LiDAR).
Given these constants, the minimum coho summer parr potential for the entire accessible
creek channel is 792 and the maximum is 1,716. This represents a 33% increase in parr
production compared to Alternative 1, a 1% increase compared to Alternative 2, and a 9%
decrease compared to Alternative 3. The 1% increase over Alternative 2 is amplified by the
fact that the channel eliminates the need for maintenance and therefore the attractive
nuisance, and it maximizes native habitat potential along the alignment. The reason for
decreased potential compared to Alternative 3 is that the channel is approximately 620 feet
shorter reducing the wetted area potential.
4.7 Alternative 5: Route Prairie Creek to Unnamed Creek
Alternative 5 would remove Prairie Creek from its current ditched channel and would
change the contributing basin area by routing flow from the upper mainstem sub-basin of
Prairie Creek southwesterly to Unnamed Creek, shortening the channel and adding
approximately 700 acres of the Prairie drainage area to the smaller stream (Figure 19, purple
shading). The new combined flow will not include the 735 acres of the Right Bank
tributaries that contribute to the existing Prairie Creek channel. This drainage is expected to
continue to flow westerly toward the terrace face and Sauk River floodplain. The road ditch
would be retained for road drainage and may continue to capture near surface flow from the
Right Bank tributaries during the wetter seasons. The private ditched channel adjacent to the
base of the mountain would be filled to discourage avulsion back to the artificial channel.
Connection to the alluvial fan would be restored allowing sediment to be deposited on the
fan rather than accumulating in the ditched channel. The new section of channel would be
approximately 2,500 feet long and would flow west-southwest through the southern farm
field near the base of the fan, minimizing the land area needed for channel and reserve area
from the private farm. The new channel gradient would be 2.5% which would provide
suitable fish passage and habitat, with natural sediment transport and deposition. The
blocking culvert at stream mile 0.55 (Culvert #5, Sauk Road) would be replaced with a
passable structure. Stream gradient varies from 1.5 to 4.0% in Unnamed Creek downstream
of the proposed confluence.
A CMZ and floodplain reserve (approximately 35 acres) would be established on each
side of the new channel except where the channel abuts residential properties near the
confluence with Unnamed Creek. The reserve would be narrower in these areas. Training
berms would be constructed in strategic locations along the outside edge of the reserve to
protect the adjacent land, structures, and road. Two key locations appear to be at the alluvial
fan-prairie transition, and at the western end of the new channel where the reserve abuts
residential properties and the channel merges with Unnamed Creek. Natural in-stream
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habitat would be allowed to establish and the new channel would meander freely within the
reserve area.
There are two stream crossings between the confluence of the new channel with
Unnamed Creek and the Sauk River floodplain (Figure 15). The first is a private driveway
crossing that occurs approximately 300 feet downstream of the confluence. The second is a
crossing at Sauk Prairie Road. Because flow and sediment transport in Unnamed Creek
would increase under this alternative, both crossings would need to be upgraded. This
assessment assumes a bridge would be required for both locations.
Alternative 5 introduces several challenges not presented by the previous alternatives.
For example, by routing flow from Prairie Creek to the south, hydrologic contribution from
the right bank tributaries basin could be lost. The new contributing watershed would be
approximately 1,297 acres (2.03 sq. miles) compared to the current 1,610 acres for Prairie
Creek. This represents a 20% reduction in basin area. It is not certain what affect this would
have on flows, but it is expected that there would be a reduction over current conditions,
especially within the new channel area upstream of the proposed confluence with Unnamed
Creek.
In addition, the excessively drained Wiseman channery sandy loam soil unit extends
westerly into the east-central prairie area of Unnamed Creek, increasing the potential for
infiltration and loss of surface flow.
Modeling (Veldhuisen and Haight 2003) suggests that the mean annual flow and 100year flow under Alternative 5 would be approximately 9.42 cfs and 320 cfs respectively, or
19.5 and 15.5 percent less than current Prairie Creek conditions. It is expected that the newly
located channel would stop flowing earlier in the season due to the smaller contributing basin
area. This alternative would also reduce flows in the lower Prairie Creek ravine, an area that
currently supports fish. The lower Unnamed Creek ravine provides a smaller channel and
limited habitat (Barkdull 2005). Relocating the creek to the adjacent ravine would likely
eliminate the 2,030 feet of current habitat, with no certainty that the redirected flow would be
sufficient to provide suitable habitat in Unnamed Creek above the currently accessible lower
ravine.
Unnamed Creek currently flows seasonally through a shallow ravine on the east side
(upstream) of Sauk Prairie Road. Private residences and accessory structures border the
creek, and there are three stream crossings. Re-routing flow and sediment from Prairie Creek
to Unnamed Creek increases the potential for sediment and debris deposition, as well as
flooding impacts to the adjacent properties. Four to five landowners would be directly
affected by the new stream location and increased flow and sediment. In contrast, the
previous four alternatives pose no increased (and in some cases a reduced) threat to existing
structures and occur on land owned by one entity. Impacts to the public road do not change
significantly from existing conditions for Alternatives 1 and 5, but improve for Alternatives
2-4.
If the combined flows provided enough energy to create suitable habitat for fish,
Alternative 5 would provide approximately 6,400 feet of accessible habitat. There would be
a decrease of 2,030 feet of habitat in the north ravine plus the currently accessible 2,900 feet
of limited habitat downstream of Sauk Prairie Road, leaving a potential net gain of 1,500 feet
of habitat. Channel modifications would need to be made in the upper shallow-banked
channel area and at the three channel crossings to accommodate higher flow volumes and
sediment movement. At a minimum, a bridge or channel spanning culvert would be required
to replace the rotting, undersized culvert (#5) at Sauk Prairie Road.
The biological and physical benefits of this alternative are less certain than Alternatives 1
through 4. The relocated channel eliminates the attractive nuisance presented by the first two
alternatives but increases the risk of lost surface flow and impact to private properties.
Sediment and large woody debris recruitment and transport would be unrestricted and
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unmanaged through the new channel area, but would need to be monitored through the
shallow ravine where it borders residential structures to ensure adequate passage of flows,
sediment and woody debris.
Coho parr potential estimates were based on the assumption that the new channel wetted
width would average 2m, the alluvial fan channel would average 3.5m (LiDAR), and the
existing downstream channel would average 1.5m. The Unnamed Creek summer channel
wetted width is expected to be smaller than the existing Prairie Creek channel downstream of
the road because the contributing basin area will be smaller and there is a longer linear
exposure to excessively well drained soils. The downstream wetted width may be
overestimated compared to the existing Prairie Creek channel but it offers a benefit of doubt
to the smaller channel to afford it competitive comparison with Alternatives 2-4.
Given these constants, the minimum coho summer parr potential for the entire accessible
creek channel is 585 with a maximum of 1,269. This represents a 9% increase in parr
production compared to Alternative 1, a 26% reduction compared to Alternative 2, a 33%
decrease compared to Alternative 3, and a 26% decrease compared to Alternative 4. Despite
the benefit given to downstream channel width and the longer channel length compared to
Alternative 4, the smaller channel width downstream of the new channel results in a net
decrease in habitat potential compared to all of the Prairie Creek watershed alternatives.
4.8 Alternative 6: Route Prairie Creek to Unnamed Creek
Alternative 6 is similar to #5 except that it reroutes Prairie Creek into Unnamed Creek
approximately 700 feet upstream of the site proposed under Alternative 5 (Figure 18, pink
shading). This alignment would reduce the land area needed from the private farm for
channel and reserve area. The new channel length would be approximately 2,250 feet and
total possible accessible habitat would be 7,100 feet. As with Alternative 5, there would be a
decrease of 2,030 feet of habitat in the north ravine. In addition, fish currently access the
limited habitat available in the 2,900 feet downstream of Sauk Prairie Road, leaving a
potential net gain of approximately 2,200 feet of habitat. The suitability of habitat created by
the combined flows is unknown, but is expected to be substandard to Alternatives 2-4 due to
the smaller combined watershed size.
There are limitations associated with this location in addition to all of those already listed
for Alternative 5. Unnamed Creek flows through an ill-defined floodplain area immediately
downstream of the proposed confluence. Winter flooding potential in this area would be
higher than Alternative 5 due to the lower banks and would put nearby structures at risk. The
chance for flooding would be significantly increased over existing conditions and bank
armoring or training dikes may be needed along the banks to protect adjacent properties.
This would prevent natural stream forming processes between the new confluence and Sauk
Prairie Road and would increase the need for ongoing maintenance, creating a less than
desirable situation. In addition, there is a private dam and impoundment located
approximately 450 feet downstream of the Alternative 6 confluence. If left in place, the
impoundment could serve as a sediment trap, and would interrupt the routing of sediment and
LWD between the new confluence and Sauk River floodplain. Because additional water and
sediment would be retained, ongoing maintenance of this structure is assumed to increase.
The structure would need to be removed to provide fish access to the new channel and to
limit sediment accretion and accommodate increased flows.
Six to seven landowners would be directly affected by the new stream location and
increased flow and sediment. Summer coho potential was not calculated for this alternative
due to its limitations and constraints.
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4.9 Alternative 7: Reroute Prairie Creek across the Upper Alluvial Fan and Merge with
Unnamed Creek
Alternatives 1 – 6 each require varying degrees of impact to the private farm that
occupies most of the lower Prairie Creek watershed. Alternative 7 was evaluated as a means
of assessing the ability to minimize or possibly eliminate impacts to this farm. Under
Alternative 7 the channel would need to be redirected southward at the base of the ravine and
the head of the alluvial fan (Figure 17, orange line).
On the aerial photos it appeared that the creek could be redirected to private timber land
and then merged with Unnamed Creek near the base of its alluvial fan. Upon closer
examination, this alternative was considered to be infeasible for numerous reasons. The area
across which the redirected creek would flow is very steep and heavily forested. The new
channel would be approximately 2,250 feet long. The gradient of the channel in the upper
alluvial fan would be approximately 11 percent and portions of the channel would need to cut
across the fan slope to reach the private timber parcel to the south, bypassing most of the
alluvial fan. There is no access to the upper fan area, requiring that temporary roads be
constructed for equipment access. In addition, the creek flows through a confined ravine
immediately upstream of the proposed new channel. The ravine opens to the head of the
alluvial fan at the same approximate location, making it highly susceptible to blow-out from
debris flows and mass wasting events. Shifting the creek bend downslope, made it more
topographically difficult to connect with Unnamed Creek because a small ridge builds along
the southern edge of the fan, forcing the creek to the north, away from the desired alignment.
A channel redirection in this area would be highly susceptible to failure from blow-out;
would require extensive channel retraining and armoring; and would provide no fish habitat
except at the extreme downstream merge with Unnamed Creek. Excavation and access
would be difficult due to the steep slopes and underlying low grade metamorphic rock. This
channel would also encourage debris flows to be partially redirected to the smaller Unnamed
Creek alluvial fan creating hazardous conditions for downstream structures and property.
For example, a private residence is located at the base of the mountain, adjacent to the
confluence. This home would be directly jeopardized by the new channel. In addition,
increased deposition would expand the small fan and fill the small, shallow Unnamed Creek
channel, increasing flooding potential for adjacent landowners.
There are approximately 12 landowners that would be impacted by high gradient flows
and sediment transport and deposition from this channel. As a result, the cost of construction
would be very high, the risk to landowners would be high, and the benefit to fish would be
low to moderate in the receiving gently sloped prairie channel. There would be little room to
establish a CMZ/floodplain reserve due to the existing residential properties along Unnamed
Creek. As mentioned for Alternatives 5 and 6, this system does not currently support fish
and it is not known what habitat would be created by the smaller combined watershed area.
Summer coho potential was not calculated for this alternative due to its limitations and
constraints.
4.10 Summary Comparison of Alternatives
Table 5 provides a summary comparison of the seven alternatives. Flow gradients were
averaged over the length of the new channels. For Alternative 1, where there is no new
channel, gradient was averaged along the road to accommodate fish passage in the ditch.
The length of new channel represents newly constructed channel beyond the boundary of
the ditched stream.
The length of ditched or maintained channel represents the area that will need to be
maintained following project completion. Alternatives 1 and 2 maintenance represent
ditched channel along the road and on private property. Alternatives 5 and 6 represent
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channel maintenance that may be needed on the east side of Sauk Prairie Road downstream
of the new channel. Maintenance may include clearing of debris jams or accreted sediment
and response to potential flooding adjacent to the residential properties. Alternative 7
represents maintenance and repair of the new channel located on the steep lower slope of
Prairie Mountain.
Total accessible habitat represents the total length of channel in the study area that will be
accessible to fish upon project completion. For Alternatives 1-6, it represents the area
between the confluence with the Sauk River floodplain and the upper most accessible reach
on the Prairie Creek alluvial fan. For Alternative 7, it represents the estimated upper most
accessible point on the Unnamed Creek alluvial fan and likely overestimates the channel
potential because of the small channel in that area.
Net channel gain represents the total gain in channel length after existing accessible
habitat lengths are subtracted out. For example, the lower 2,030 feet of Prairie Creek and
2,900 feet of Unnamed Creek are currently accessible and therefore do not count toward gain
in accessible channel length. The lower 2,030 feet are subtracted out of the total gain for
Alternatives 1-4. Both channel lengths are subtracted out of the total gain for Alternatives 57 because the current access to the lower Prairie Creek channel would be lost by the rerouting
of water to Unnamed Creek.
Projected coho production represents the minimum and maximum coho summer parr
estimates for each alternative based on existing and projected summer wetted habitat area.
The quality of newly accessible habitat is a qualitative value rated from low to high
where “low” represents ditched channel conditions with minimal pool habitat; little or no
riparian corridor; little or no woody structure; and improperly functioning sediment delivery
and transport. “High” represents natural channel conditions with 30% or more pool habitat;
full riparian corridor on both sides of the stream; abundant woody debris within bankfull; and
properly functioning sediment delivery and transport.
Projected cost for maintenance and construction for each alternative was assigned a high,
medium, or low value as they compared to the other alternatives, with Alternative 1 being the
least expensive (short term) and requiring the least construction effort, and Alternative 7
being the most expensive and requiring the most construction and maintenance effort.
The remaining columns in Table 4 (% net habitat gain, CMZ/floodplain reserve, sediment
maintenance, benefits, constraints/limitations, and construction needs) are self-explanatory.
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Construction needs
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Table 5: Comparison summary of restoration alternatives
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Reduced drainage area = reduced
flows
Increased flood and debris flow
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Lose 2,030 feet of existing habitat
in Prairie Creek
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1 public bridge
1 private culvert or bridge
4 training berms
Excavation for new channel and
berms
Plant approx. 35 acres of riparian
area

1 public bridge
2 private culverts or bridges
removal of private dam
4-6 training berms
Excavation for new channel and
berms
Plant approx. 30 acres of riparian
area

1 public bridge
2 private culverts or bridges
removal of private dam
clearing for channel and road
construction of an access road
Excavation for new channel
Construction of a diversion dam on
fan apex
Multiple training berms on fan and
through upper prairie to protect
residences

5.0 Recommendations
5.1 Preferred Alternatives
The following preferred alternative recommendations are based on potential for
naturally sustaining channel forming processes, sediment delivery, hydraulic support;
likelihood of increasing channel complexity and floodplain connectivity; potential for
restoring salmon access to the lahar terrace and alluvial fan; total accessible habitat area
(fish potential); and potential for restoring riparian habitat between the migration barrier
and the forested alluvial fan at the base of Prairie Mountain.
Table 6 summarizes the final recommended ranking for the seven alternatives. Note
that A1, A6, and A7 are not recommended for further consideration due to the described
limitations with each of them.
Table 6: Preferred ranking of restoration alternatives

Ranking Placement
1
2
3
4
5
6
7

Alternative
Alternative 4
Alternative 3
Alternative 2
Alternative 5
Alternative 1 (not recommended)
Alternative 6 (not recommended)
Alternative 7 (not recommended)

Alternative 1 was eliminated from consideration due to its failure to correct
impediments to natural processes, the need for continued regular maintenance for both
the landowner and Skagit County, the high cost to benefit ratio, and the likelihood that it
would create an attractive nuisance for fish. The small area of additional land needed
does not outweigh the limitations presented by this alternative.
Alternative 2 is preferred over Alternatives 1, 5, 6, and 7. The limitations of this
alternative include that approximately 50% of the newly accessible channel would have
regularly disturbed fish habitat, would require ongoing regular maintenance by the land
owner, and would result in an attractive nuisance for fish. However, the new 3,100 feet
of channel provides an improvement over existing conditions, and overall coho potential
compares closely with the two top alternatives. For this reason, Alternative 2 is the third
most preferred alternative.
Alternative 3 is one of the top two preferred alternatives because it most closely
mimics pre-Euro-American settlement conditions; it restores the creek to an alignment
that mimics the current channel which successfully intercepts groundwater from the
mountain tributaries; and it has the highest summer coho potential. It poses no threat to
adjacent properties or structures and it provides restoration that allows for a selfsustaining creek corridor and alluvial fan. Possible adjustments may be needed at the
training berms as the channel adjusts its meander path. It is possible that the meander
may attempt to extend beyond the area defined for the CMZ/floodplain reserve. Detailed
hydraulic and sediment analysis should identify the reserve area needed and minimize
this potential. Determining channel size and bridge design is also important to provide
proper location of the road crossing(s) and to prevent sediment accretion or scour at the
crossings.
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The primary reason Alternative 3 was not selected as the #1 alternative is because it
requires two bridge crossings of East Sauk Prairie Road increasing the construction and
maintenance costs and restricting the channel meander capacity in two locations. It also
requires more acreage for CMZ/floodplain reserve and more excavation for channel
creation.
Alternative 4 is the most preferred alternative for similar reasons as Alternative 3,
despite the potential for reduced surface flow. It closely mimics pre-EuroAmerican
settlement conditions and it restores the creek to an alignment that restores sediment
deposition and transport for a self-sustaining creek corridor and naturally functioning
alluvial fan that would require little or no maintenance. It poses no threat to adjacent
properties or structures. As with Alternative 3, this alternative may require adjustments
at the training berms due to channel meander. The need for detailed hydraulic and
sediment analysis as well as bridge location and design would be the same as described in
Alternative 3.and applies to all of the alternatives.
The advantage of Alternative 4 over Alternative 3 is that it keeps all farmable land
impacts to the south of East Sauk Prairie Road; it only requires one road crossing
structure; and it requires approximately 10 less acres of area for the CMZ and floodplain
reserve.
Alternative 5 is the most preferred of the three Unnamed Creek alternatives because it
restores natural processes to the alluvial fan and prairie portion of the channel while
providing the least risk and impact to downstream properties. It also requires the least
maintenance following construction. It is ranked number 4 overall for preferred solutions
however due to the uncertainties it creates regarding establishment of suitable flows for
access and habitat, and risk to adjacent properties from flooding and sediment transport
and deposition.
Alternative 6 was eliminated from consideration due to the increased risks that it
poses to the adjacent properties and the similarity it has with Alternative 5.
Alternative 7 was eliminated as a viable option because it is highly susceptible to
failure; would require extensive construction and maintenance effort; would increase
hazardous conditions for downstream structures and property; would require the approval
of 16-18 landowners that would be impacted directly or indirectly by construction, high
gradient flows, and sediment transport and deposition; provides minimal CMZ/floodplain
reserve due to the existing residential properties along Unnamed Creek; and does not
provide an assurance of fish access and habitat creation due to the decreased contributing
watershed size and current low quality habitat in this channel.
5.2 Next Steps
This feasibility assessment provides preliminary information needed for achieving
self-sustaining stream restoration across the prairie. A detailed hydraulic and sediment
analysis should be completed to refine the channel location and size and to guide the
construction design. Landowner approval(s) should be negotiated prior to or concurrent
with these studies. The analyses should assess the following items:
•
•
•
•

Quantitative assessment of sediment transport capacity and optimum channel
capacity design (channel morphology),
A groundwater and flow assessment to identify the channel alignment that
will result in the longest sustained summer surface flows,
Appropriate span and vertical clearance, of bridge(s) to allow channel
meander and sediment/wood transport,
Driveway culvert size (Alternative 2),
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•
•

Refinement of the area needed for CMZ/floodplain reserve to allow for
natural sediment deposition and avulsion on the alluvial fan, and channel
meander across the prairie (Alternatives 3 and 4), and
Optimum locations, size, and construction materials for training berms

5.3 Construction Recommendations
The following preliminary guidelines are provided for construction design:
New Channel Recommendations
The preliminary bankfull width for all of the new channel areas is estimated to be 1520’ wide and 3’-4’ deep. These dimensions are based on existing conditions in the ravine
below Culvert #1 and on the estimates provided by LiDAR for the upper alluvial channel.
Assessment of the upper alluvial fan and completion of the hydraulic analysis should be
completed prior to design of the final channel size. Based on existing channel conditions
downstream of East Sauk Prairie Road and those conditions estimated on the alluvial fan
(LiDAR) late spring and summer wetted channel width is expected to decrease the further
the channel is from the alluvial fan. This is due to lost surface hydrology to the adjacent
prairie soils.
The need for training berms and the location and size of the berms will be dependent
on the proximity to the alluvial fan and adjacent infrastructure or buildings. The cost
estimates assumed that training berms would be approximately 200 feet long at each
anticipated location along the CMZ/floodplain reserve. This does not necessarily reflect
the final design location or sizes, but allows for preliminary cost comparison of the three
preferred alternatives. Depending on the final channel alignment, training berms should
only be needed on the alluvial fan, upper prairie, in the vicinity of residential lots and
structures, and at the approaches to road crossings. The upper portion of the prairie in the
vicinity of the alluvial fan will receive higher energy flows (volume and velocity), larger
sediment deposition, and consequent channel shifting, and will require more
reinforcement to “train” the new channel into the CMZ/floodplain reserve area. As a
result, is anticipated that the berms on the alluvial fan and upper prairie will need to
include larger rock than berms located in the mid to lower prairie. The reserve area will
also need to be wider in this area to accommodate sediment deposition and channel
shifting. Potential avulsion sites should be assessed upstream of the terminus of the new
channel and reinforced as needed to restrict the channel from avulsing outside of the
reserve area.
Since berm placement should only occur in areas where the channel needs to be
trained to prevent migration beyond the reserve area, all berms should contain some form
of rock or other suitable non-mobile material. Log structures or complex edges should be
designed into the berms to minimize the “stream capture” effect of smooth revetments
and provide a more complex edge if stream migration does occur against these structures.
Both the size and the materials needed for the training berms should be calculated
during design. Where possible, the berms should be topped with soil from channel
excavation and then over planted with native trees and shrubs. Excavated soil could also
be used to backfill the abandoned private ditch. The use of excavated soil from the new
channel will help reduce cost for berm and backfill material by eliminating the need for
transport and purchase of earthen material. Allowance should be given for settling of
earthen fill.
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Large Woody Debris and CMZ/Floodplain Recommendations
The prairie area is devoid of trees and downed wood. The 15-20 feet bankfull width of
upper Prairie Creek will allow some transport of large woody debris from the forested
mountain slope upstream. It will take 50-100 years for fast-growing deciduous trees in
the CMZ/floodplain reserve to mature enough to contribute wood for self sustaining
instream wood structure, and even longer for slower growing deciduous and conifer trees
(Collins and Montgomery 2002).
Alternatives 3 and 4 would have a higher benefit from wood or rock in the channel
(increased habitat) compared to the other alternatives because the anticipated channel
gradients are greater than 2%. Channels with slopes between 2 and 4% tend to be more
responsive to wood than channels with slopes less than 2% (Montgomery and Buffington
1997). Without instream obstructions, these two alternatives would exhibit a plane bed
habitat which typically has a pool spacing of > 4 channel widths per pool. With the
addition of wood or rock, these channels are expected to exhibit a forced pool:riffle
habitat which has a pool spacing of < 4 channel widths per pool and would provide added
habitat compared with the same channels without obstructions. The result would be a
higher coho potential due to more frequent and deeper pool habitat and added channel
cover. For this reason supplementation of large woody debris is recommended to
jumpstart the function of wood in the channels while the adjacent riparian area reestablishes.
The Alternative 2 channel gradient is estimated to average less than 2%. Channel
gradients between 0.5% and 2% typically display pool:riffle habitat and have pool
spacings of < 4 channel widths per pool (Montgomery and Buffington 1997). Pools are
primarily formed by lateral scour without channel obstructions such as wood or bedrock.
Although the average channel gradient will be less than 2%, portions of the channel will
be greater than 2% gradient and addition of wood is still recommended for pool
formation and cover.
Table 7 provides a summary of key piece minimum length and volume that would be
appropriate for the new channel (Saldi-Caromile et al. 2004). The 5 to 10m bankfull
width will apply to the upstream reaches while the 0 to 5m bankfull may be suitable in
the lower prairie channel.
Table 7: Summary of the minimum size of wood needed to qualify as a key piece

Minimum Log Diameter
(m)

Bankfull Width 0 to 5m

Bankfull Width 5 to 10m

Minimum length (m)
0.50
0.55
0.60
0.65
0.70
0.75
Minimum Volume (m3)

6
5
4
3
3
3
1.0

13
11
9
8
7
6
2.5

The number of large woody debris pieces to be installed in each alternative is
dependant on the amount of pool habitat that is desired and the amount of money that is
available. For the purpose of comparing costs between the three top alternatives, it was
assumed that key pieces would be installed at a rate of 8 pieces per 100 meters. This rate
falls within the central percentile range of conditions found on streams draining
unmanaged forests that were subject to natural rates of disturbance (Fox 2004). Wood
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for the structures will need to be imported to the prairie channel and strategically placed
in the channel to optimize pool formation and sustainability.
Channel hydrology is expected to be the primary limiting factor once the new channel
is constructed. Prior to final determination of channel location, it is recommended that
groundwater monitoring wells be nested in the prairie and monitored for at least one full
year to assess potential for shallow groundwater contribution and channel dewatering.
Groundwater data should be compared with flow data taken at the same time that wells
are checked. It may be possible to work with the near surface clay layer identified in the
well reports to optimize the potential and duration of surface flow.
Road Crossing Structures
All of the culverts within the study area (Figure 15) are undersized and in need of
replacement or removal. Debris accumulates at the upstream end of all of the culverts
along Prairie Creek during high flow events and causes flooding of adjacent property and
roads. Limiting the number of crossing structures as much as is feasible for any of the
alternatives will improve habitat potential and is recommended. The crossing of the
public road should be accomplished with a bridge(s). Bridge structure(s) should be long
and high enough to allow flow, sediment, and large woody debris to transport under the
crossing. For this reason it is recommended that the crossing structures be over designed
to span a minimum of three bankfull widths. The final structure lengths and heights
should be determined during hydraulic analysis. For the purpose of this feasibility, it was
assumed that a 50-foot span would provide adequate room to pass flow, sediment, and
wood.
Recommended Plantings
The CMZ/floodplain reserve may establish a forested-scrub-shrub riparian
community on its own, however, due to the nature of the long-farmed prairie and the lack
of immediately adjacent native seed source, it is likely that natural succession would be
delayed for years and establishment of invasive herbs and shrubs would be imminent.
Table 8 provides a list of native riparian species that are recommended within the
CMZ/floodplain to facilitate establishment of a native forested/scrub-shrub riparian
corridor. Not all of the species need to be planted, and not all of the reserve area needs to
be planted at the same time as channel creation. However, planting efforts would be
more efficient (cost, equipment, manpower) if they were completed at the same time.
Pre-planting of the reserve area prior to channel construction is preferred to jumpstart
establishment of the riparian area. If early planting is feasible, plantings should
anticipate channel and training berm locations and areas most susceptible to disturbance
from equipment access for channel excavation. Planting in these areas should be delayed
until construction is completed.
A mosaic style planting that mimics a more natural riparian community and is
sensitive to soil moisture regimes is recommended if funding limits the initial planting
effort. Focal planting should occur adjacent to the new channel and particularly on the
south side to establish shade as quickly as possible.
Conifer species provide longer-lived large-woody-debris structure but take longer to
grow, so a combination of fast growing deciduous trees (red alder, black cottonwood)
should be interplanted with slower growing conifers (western red cedar, Sitka spruce,
Douglas fir) and deciduous trees (big-leaf maple, bitter cherry, cascara). Shrub species
should also be interplanted with the trees and should include a mix of faster establishing
species (salmonberry, willow, red-osier dogwood, etc.) and slower growing species (vine
maple, beaked hazelnut, western crabapple, Indian plum, etc.). Planting of the reserve
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Table 8: Recommended plant species for the CMZ/floodplain reserve
Scientific Name

Common Name

Code

Indicator Status

TREES
Acer macrophyllum

big-leaf maple

ACMA

FACU

Alnus rubra

red alder

ALRU

FAC

Picea sitchensis

Sitka spruce

PISI

FAC

Populus balsamifera ssp. trichocarpa

black cottonwood

POTR

FAC

Prunus emarginata var. mollis

bitter cherry

PREM

FACU

Pseudotsuga menziesii

Douglas fir

PSME

FACU

Rhamnus purshiana

cascara

RHPU

FAC-

Thuja plicata

western red cedar

THPL

FAC

Tsuga heterophylla

western hemlock

TSHE

FACU-

vine maple

ACCI

FAC-

SHRUBS
Acer circinatum
Amelanchier alnifolia

western serviceberry

AMAL

FACU

Cornus sericea

red-osier dogwood

COST

FACW

Corylus cornuta

beaked hazel-nut

COCO

FACW

Crataegus douglasii

Douglas’ hawthorn

CRDO

FAC

Gaultheria shallon

salal

GASH

FACU

Holodiscus discolor

ocean-spray

HODI

NI

Ilex aquifolium

holly

ILAQ

FACU

Lonicera involucrata

black twinberry

LOIN

FACW+

Mahonia nervosa

Oregon grape

MANE

FACU

Malus fusca

western crabapple

MAFU

FACW

Oemleria cerasiformis

Indian Plum

OECE

FACU

Physocarpus capitatus

Pacific ninebark

PHCA

FACW-

Ribes sanguineum

Red-flowering currant

RISA

NI

Rosa nukana

Nootka rose

RONU

FAC

Rubus parviflorus

western thimbleberry

RUPA

FAC-

Rubus spectabilis var. spectabilis

salmonberry

RUSP

FAC+

Rubus ursinus

trailing blackberry

RUUR

FACU

Salix lucida var. lasiandra

Pacific willow

SALA

FACW+

Salix scouleriana

Scouler willow

SASC

FAC

Salix sitchensis

Sitka willow

SASI

FACW

Sambucus racemosa

red elderberry

SARA

FACU

Symphoricarpos albus

snowberry

SYAL

FACU

Vaccinium parvifolium

red huckleberry

VAPA

NI

lady fern

ATFE

FAC

HERBS
Athyrium filix-femina
Blechnum spicant

deer fern

BLSP

FAC+

Carex obnupta

slough sedge

CAOB

OBL

Dicentra formosa

Pacific bleedingheart

DIFO

FACU

Glyceria grandis

reed mannagrass

GLGR

OBL

Lysichitum americanum

yellow skunk-cabbage

LYAM

OBL

Maianthemum dilatatum

wild lily of the valley

MADI

FAC

Oenanthe sarmentosa

water-parsley

OESA

OBL

Polystichum munitum

sword fern

POMU

FACU

Veronica americana

American speedwell

VEAM

OBL

+Indicates “slightly more frequently found in wetlands”;
NI
no indicator assigned

-Indicates “slightly less frequently found in wetlands”;
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5.4 Construction Cost Estimates
Table 9 provides a conceptual summary of project costs for the top three alternatives.
The cost estimates for acquisition and construction are rounded to the nearest 1000 and
provide a “best estimate”. These estimates are intended for comparison of the three
preferred alternatives only. Construction cost estimates assume that the channel
morphology, crossing structures (bridges or culverts), frequency of large wood key
pieces, training berm cross-sections, and land cost/acre, etc. are the same for each
alternative. The primary differences are in number of crossing structures needed, total
length of channel to be excavated, total number of berms, total area of CMZ/floodplain
reserve, retaining walls, etc.
Table 9: Cost estimate summary for the top three alternatives
Action
Acquisition
Acquisition of reserve area
($5,000/acre)
Design and Construction
Excavation of new channel and
backfill of private ditch
Construction of berms
Retaining wall or riprap to
protect road
Bridge(s)
Culvert
Riparian Plantings
Installation of LWD
Engineering & Design
Construction oversight
Total Estimate

Alternative 4

Alternative 3

Alternative 2

250,000

300,000

200,000

87,000
39,000

104,000
45,000

88,000
26,000

0
300,000
0
88,000
48,000
52,000
10,000

0
600,000
0
105,000
56,000
98,000
15,000

30,000
600,000
12,000
70,000
40,000
102,000
8,000

$874,000

$1,323,000

$1,176,000

Cost Estimate Assumptions:
$17/cy excavation (channel dimensions 15'w X 3'd), includes hauling and groundwork
$10/cy ditch fill using material onsite (channel dimensions 15'w X 3'd); A2 has no ditch backfill
Berm estimates assumed 1-2 man rock at all berm locations (should be an overestimate) and include
material and haul estimates provided by Iron Mt. Quarry and Riverside Trucking
$5,000/acre purchase cost
$7,000/acre planting cost over 25% the reserve area and including maintenance
$500/LWD structure
Retaining wall was estimated at $30/LF. This will vary depending on material used and final length
Bridge (includes bridge structure, delivery, and installation; permitting, and removal/disposal of
road surface and fill prism)
Culvert ($300/LF)
Engineering/Design = 15% of bridge, culvert, retaining wall, & LWD costs; includes hydraulic,
groundwater, and sediment analysis
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Appendix A
Aerial Photographs

Figure 20: Aerial photo of the lower Sauk Prairie from the 1940’s

Figure 21: Aerial photo of the lower Sauk Prairie from 1964
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Figure 22: Aerial photo of the lower Sauk Prairie from 1972

Figure 23: Aerial photo of the lower Sauk Prairie from 2003
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Appendix B
Photographs

Prairie Creek

A

B

B

C

Photo 1 : Looking east at Sauk Prairie and Prairie
Mountain along E. Sauk Prairie Road. Prairie Creek is
flowing westerly toward the photographer. “A” depicts
the largest of the “right bank tributary” drainages that
contributes flow to Prairie Creek.
“B” depicts the mainstem Prairie drainage.

Photo 2: Looking E-SE at Prairie Mt. and mainstem
Prairie Creek across Sauk Prairie, south of E. Prairie
Road. “B” depicts the mainstem Prairie drainage. The
encircled “C” represents the approximate alluvial fan. A
barn that is located on the west side of the N-S ditched
portion of Prairie Creek is visible at the north edge of the
alluvial fan.

Photo 3: Prairie Creek channel immediately upstream of
the perched culvert on E. Sauk Prairie Road. The road
slope on the right of the photo (S) is subject to constant
erosion from the creek.

Photo 4: Downstream end of perched culvert located at
the head of a forested ravine that flows to the Sauk River
floodplain. The stream is perched approximately 9.8
feet.
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Photo 5: Prairie Creek riffle approximately 100 feet
downstream of the perched culvert. Site “A” of the channel
cross-sections was located here.

Photo 7: Prairie Creek along the north side of E. Sauk
Prairie Road, east of the “T” with Sauk Prairie Road. Flow
is toward the photographer. Deposition of gravel within the
ditched channel causes flooding of the road and requires
regular maintenance from Skagit County Public Works.
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Photo 6: Looking downstream at Prairie Creek scour of
north road fill along E. Sauk Prairie Road.

Unnamed Creek

Photo 8: Unnamed Creek immediately downstream of
Sauk Prairie Road. Flow is away from the photographer.
Channel is poorly defined through the reed canarygrass
dominated wetland.

Photo 9: Unnamed Creek immediately upstream of
Sauk Prairie Road. Flow is toward the photographer.
Channel backs up upstream of the undersized culvert
seen in lower left. Scrub-shrub wetland and upland
riparian habitat border the creek.

Photo 10: Unnamed Creek inlet pipe under Sauk Prairie
Road. Culvert is in very poor condition and perched.
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Appendix C
Well Reports
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Appendix D
Anecdotal Stream and Sediment Information

Additional Stream and Sediment Information
During the course of the assessment, there were several conversations with Skagit County
Public Works and Washington State Department of Fish and Wildlife regarding the stream
conditions and sediment accretion in the roadside ditch (Prairie Creek). The following is a
summary of anecdotal historical information regarding stream location and estimates of
sediment removal from the ditched stream channel.
Source of
information
Sediment
Rich Johnson,
WDFW
October 2004

Descriptive summary

Two HPA’s have been issued. One in 1995 and one in 1997. Both
HPA’s identified dredging of 3,100 feet of channel from the
intersection of Sauk Prairie Road and Forrest Road upstream. The
1995 HPA indicated that approximately 1 – 3 feet of streambed
gravel and grass may be removed. The estimated volume to be
hauled was 335 cubic yards based on a 1’ X 3’ cut.
Cliff Butler, Skagit
The Skagit Roads Department started getting HPA’s in the 1980’s.
County Public Works There had been repeated problems with filling of the ditched channel
April 2005 until they upgraded the culvert at the upstream end in the late 1990’s.
Prior to that there needed to be regular maintenance and repairs after
nearly every big storm. Most of the work was needed in the upper
ditch and culverts. The service records were reviewed and there are
no dredge records (only road signs) in the last 7 years.

Clyde Claybull,
Skagit County Public
Works
December 2005

Stream Location
Cliff Butler, Skagit
County Public Works
January 2004
Jane, Skagit County
Auditors Office
December 2004
Brett Barkdull,
WDFW

There had been a problem with seepage from the silage pit which
caused water quality problems in the creek in the 1990’s. This was
reviewed by Bob Pentil from the Department of Ecology. The pipe
that flowed into the creek was sealed by the County to prevent
further contamination.
Prior to replacement of the private driveway culvert at the upper end
of the road, the County needed to clean the ditch out every 2 – 3
years. Approximately 200 truckloads (2,000 cubic yards) were
removed from the stream every 2 – 3 years. Since the culvert was
replaced, only occasional maintenance is needed. In 2005 they
cleaned out about 50 – 100 truck loads.

A former resident of the valley said that the creek flowed in a
different location in the early 1920’s but a slide diverted the stream
along the road where it is today.
There are no records available at the County that show historical
drainages, culverts, or wetlands
There has been an ongoing problem with culvert wash-outs on
Prairie Creek in the past.
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