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1. Project Introduction
Culverts on forest roads can impact movement of fish and sediment. They can block
upstream access and limit the migration of anadromous and resident fish if they are not
designed and installed to provide fish passage. This is often due to high flow velocities in
the culvert and/or large outfall drops that limit upstream movement. In recent decades,
there has been an ongoing effort by forest land managers in Washington to replace these
barriers with road crossing structures that allow for fish passage as well as high flows,
sediment and debris.
In October 2008, forest landowner Sierra Pacific Industries (SPI) elected to replace an
undersized fish passage barrier culvert with a bridge on the East Fork of Hooper Creek
(Figure 1). The road work was implemented as a part of their Road Maintenance and
Abandonment Plans (RMAP) work for this area.

Figure 1. The fish passage barrier culvert on East Fork Hooper Creek (left) and the bridge
crossing that replaced it (right).

The culvert had been recognized as a fish passage barrier for a decade or more but was
not prioritized for repair mainly for two reasons. First, there was skepticism that the
Stowe Road crossing was within the zone of access to anadromous fish. Second, some
observers cited the potential for negative impacts on downstream habitat quality due to
the release of the large volume of sediment stored above the culvert.
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The only road crossing of Hooper Creek downstream of Stowe Road is at the countyowned Concrete-Sauk Valley Road (hereafter referred to as CSV Road). This crossing
was made fish-passable in 1995 and spawning coho salmon had been observed both upand downstream of the improved crossing at the CSV Road. Making the CSV Road
passable focused additional attention on Stowe Road as the remaining man-made
limitation to upstream access in Hooper Creek.
A longitudinal channel profile completed before the culvert was removed validated that a
significant quantity of sediment had accumulated upstream (Figure 2). The expectation of
significant vertical channel adjustment was a primary reason that SPI chose to install a
bridge that allows more vertical channel movement, rather than a larger culvert. The
recently removed culvert was above the equilibrium grade as it had replaced a lower
culvert that was discovered during removal (Keith Greenwood, forester, SPI, phone
conversation).

Figure 2. Longitudinal survey of channel thalweg and road fill before culvert
removal (heavy black line). Note: There is approximately a 3.5 times vertical
exaggeration for visualization purposes.

During bridge installation, a channel was excavated through the road fill where the
culvert had been and banks sloped and armored around the bridge footings. No grade
control structures were put in place and only a minimal amount of sediment was removed
from upstream that an excavator could reach from the road grade. The intent was to allow
the stream to redistribute the sediment and reestablish an equilibrium grade naturally.
1.1. Study Area
Hooper Creek is a left bank tributary of the Skagit River, located about seven miles
southeast of Concrete, Washington. As shown in Figure 3, the two main forks of Hooper
Creek confluence roughly 40 meters (131 feet) downstream of their crossings of the
Stowe Road. The channel downstream of the Stowe Road has an average active channel
width of 3.1 meters (10 feet) and averages 5% gradient. The channel morphology consists
predominately of extended riffles, forced pools formed by wood and small boulders and
short rapids (Grant et. al., 1990).
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Figure 3. Project area map, showing Hooper Creek, Stowe Road, and fish habitat
extent based on the DNR Water Type map. The project area is located seven miles
southeast of Concrete, Washington.
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Observed fish species includes coho salmon and cutthroat trout with presumed use by
sea-run cutthroat trout and steelhead/rainbow trout juveniles (steelhead spawning use
uncertain). Prior to the East Fork Hooper culvert removal, electro-fishing surveys found
no fish in the East Fork but numerous cutthroat trout in the West Fork above Stowe Road
(see Section 2.3.2). We presume that trout were extirpated from the East Fork by a
disturbance and could not recolonize due to the blocking culvert at the Stowe Road. The
size and gradient of the majority of both forks suggest that they contain potential fish
habitat, as reflected by the Washington Department of Natural Resources water types
(Figure 3).
The undersized culvert under Stowe Road for the West Fork of Hooper Creek was
replaced in 2009 with a 12 foot diameter open-bottom fish passage culvert. The West
Fork was not included in this study because there was no sediment accumulated upstream
of the crossing and trout were already present upstream of the crossing. All of the data
and analyses presented in this report are associated with the fish habitat portion of the
East Fork and Hooper mainstem downstream of the confluence.
The Hooper Creek basin (East and West forks combined) has an estimated drainage area
above the Stowe Road of 260 acres with a maximum basin elevation of approximately
1,000 feet. The land is privately owned and managed for timber production and is
currently forested largely with red alder and Douglas fir. The climate is temperate with
60-70 inches of precipitation annually, most of which falls during the wet winter months
(November - April) as rain, which results in a predominantly rain-dominated hydrograph.
Field observations indicate stream flow response to rainfall in Hooper Creek is muted,
indicating that it may have a significant groundwater contribution. This is consistent with
the geologic setting within thick glacial sediments described in the following paragraph.
The topography of the area ranges from moderate to steep valley side slopes consisting
primarily of glacio-fluvial sands and gravels containing layers of poorly-drained glaciolacustrine silts and clays. The surfacial geology is mapped as advance outwash and other
glacial deposits (Dragovich et al., 2002). The soils are mapped as the Birdsview series
which is described as typically very deep and well-drained outwash gravels (Klungland
and McArthur, 1989).
There is evidence of landslide events in recent decades at several locations in the upper
Hooper Creek basin. Landslide scarps, in-channel debris deposits and road failures were
observed. The landslide hazard mapping for this area completed by Lingley (2005)
identifies a large portion of the basin as having a high instability potential. A sizable
road-related debris flow initiated in the East Fork in 1999 and deposited in the upper
portion of the fish habitat segment well upstream of Stowe Road. The lower reaches of
Hooper Creek “were badly scoured during a flood event in 1979 when a culvert plugged
and then blew out” (Rich Johnson, Washington Department of Fish and Wildlife,
unpublished field notes).
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Scientific Background
In general, stream channel response to culvert removal has not been thoroughly studied
(Switalski et. al., 2004). Responses such as the amount of time it takes fish to recolonize
the newly available habitat, the impact of culvert removal on fish habitat quality (both
upstream and downstream) and fish distribution vary with site-specific circumstances. A
study in Southeast Alaska suggests that the rapid colonization of naturally occurring
anadromous salmonids highlights a life history strategy of exploiting newly accessible
habitat as it becomes available (Bryant et al., 1999).
Recent post-construction monitoring of 207 stream crossing removals in Redwoods
National Park by Madej (2001) determined that a small percentage of the stream
crossings accounted for most of the total erosion. In cases where culverts are undersized
or poorly-placed, there may be large accumulations of sediment upstream of the crossing
resulting from landslide deposits and/or artificial grade control. Once the culvert is
removed, these accumulations are more easily erodible and stored sediment may be
released as the channel equilibrates to grade and restores natural sediment transport
processes (Switalski et. al., 2004).
The extent of channel response is limited by the volume of released sediment relative to
the amount of available in-channel sediment storage areas and the transport capacity of
the channel. An increase in the amount of mobile gravels in some systems may improve
downstream fish habitat. However, if the sediment supply is too great relative to the
transport capacity of the channel, then channel shape may be simplified (e.g. pool filling,
reduced depth variability) and thereby habitat quality reduced. Downstream channel
adjustments may include changes to surface grain size distributions, modification of
channel features (e.g., bars, pools, riffles), channel widening and slope adjustments
(Buffington and Montgomery, 1999; Lisle et. al., 2000). Most of these studies involve
channels that are larger and lower gradient than Hooper Creek, however.
1.2. Objectives and Critical Questions
This report summarizes the first two years’ effects of barrier removal on downstream
channel conditions, fish habitat quality and quantity. Before-and-after surveys are used to
measure channel adjustments and habitat to evaluate the impact of the release of stored
sediment. The study also examines changes in fish distribution upstream of the barrier
removal.
The critical questions addressed in this study are:
 How much newly available sediment will move through the system in the first
two winters following culvert removal? Will the channel reestablish equilibrium
(or graded) condition within this period?
 How will the release of stored sediments influence downstream fish habitat
quality and quantity?
 Will the removal of the existing culvert allow fish access to occupy habitat that is
currently inaccessible? How long will it take fish to recolonize that unoccupied
habitat?
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2. Monitoring Methods and Results
The project was designed as a three year before-and-after monitoring effort. This time
period was chosen because it was expected that the majority of erosion and subsequent
downstream channel response, if present, would occur during the first two years
following culvert removal. Surveys conducted before the culvert was removed are used to
represent the pre-treatment condition (assuming a degree of event and seasonal
variability). Three main categories of data were collected: channel response monitoring,
fish habitat and fish use monitoring. Table 1 contains a brief description of each
monitoring element. Section 2 is structured so that results for each monitoring element
directly follow the description of the methods for that element.
Pre-culvert-removal baseline surveys of all elements were completed in the winter of
2007 and early spring of 2008. Channel cross sections, the longitudinal profile survey and
pebble counts were repeated around two weeks following culvert removal, prior to any
significant flow events. Post-culvert-removal surveys were repeated annually in 2009 and
2010 (Table 1) following each of the initial two fall/winter flow seasons.
2.1. Channel Response
There are three elements to the channel response monitoring component of this project
discussed below: 1) channel incision which is estimated from channel bed cross section
surveys; 2) channel profile adjustments which are estimated from longitudinal channel
surveys; and 3) surface sediment grain size which is estimated by sampling surface
sediments using pebble counts.
2.1.1. Channel Incision
Surveys of channel bed cross sections were used to identify the timing and quantity of
sediment that evacuated from upstream of the bridge after culvert removal. Six cross
sections were surveyed in December of 2007 (before the culvert was removed) and a
seventh cross section was added under the bridge after construction was completed.
Surveys were repeated two weeks after removal and following the first and second postconstruction storm season as shown in Table 1.
Channel bed surveys were completed using standard techniques. Transects were placed
perpendicular to flow direction at approximately 10 meter intervals with endpoints that
were marked with fence posts to allow for repeatable surveys. A measuring tape was
strung between endpoints and the elevation at the top of the bank, edge of the active
channel, top of the bar, edge of water and the thalweg was surveyed.
Results
Cross sections 1, 2 and 3 (XS1, XS2 and XS3), located in the upstream sediment wedge,
showed a measurable amount of erosion (over 0.5 meter thalweg elevation change at
XS1) just two weeks after the culvert was removed (
Figure 4). Measurable channel incision occurred at all cross sections by the April 2009
surveys decreasing in the
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Table 1. Location, purpose and timing of data collection for all monitoring elements

Monitoring
Element

Channel Cross
Sections

Longitudinal
Channel Profile

Pebble Counts

Location

Purpose

Channel Response
Identify channel
0-60 meters
change, estimate
upstream of culvert
volume of erosion into
removal
stored sediment
60 meters upstream
to 390 meters
Identify changes in
downstream of the
channel profile
culvert removal
Sites located at 50,
Identify changes in
107, 240, and 380
surface sediment
meters downstream
texture
of culvert removal

Timing relative
to culvert
removal

Before, after and
each spring for
two years
Before, after and
each spring for
two years
Before, after and
each spring/
summer for two
years

Fish Habitat
Culvert removal
downstream to
Number of Pools
Skagit River
confluence
300 meters
downstream of
Fines in Pools
culvert removal
Culvert removal
downstream to
Spawning
Skagit River
Habitat Area
confluence

Identify changes in the
number of pools

Before and each
winter for two
years after

Identify changes in
habitat quality

Before only *

Identify changes in
spawning habitat
quality

Before and each
winter for two
years after

Fish Use
Culvert removal
Before and each
downstream to
Survey coho spawning
winter for two
Skagit River
locations
years after
confluence
Fish habitat (i.e. 0- Determine fish
Before and each
777 meters)
recolonization
Electrofish
fall for two years
upstream of culvert upstream of culvert
Survey
after
removal
removal
* - No post-culvert-removal survey of fines in pools was conducted because response to
added sediment would have been indistinguishable from natural seasonal variability.
Spawning
Survey
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Figure 4. Cross section surveys under bridge and at Sites 1, 2 and 3.

upstream direction as shown in
Figure 4 and
Figure 5 which represent the channel bed elevation across the channel at transects. The
channel bed lowered and widened over time with the largest amount of change within the
first year after culvert removal. There was also lateral movement at the downstream cross
sections.

-8-

Channel and Fish Response to the East Fork Hooper Creek Culvert Removal

Figure 5. Cross section surveys at Sites 4, 5 and 6.

Cross section surveys were also used to estimate the total volume of eroded material
upstream of the crossing following the methods of Martin and Church (1995). This
method for volume estimation assumes a linear, geometric change in erosion area
between measured cross sections and is calculated using the following equation:
Ve 

A j  A( j 1)
2

L( j , j 1)

where Ve is the volume of erosion (m3) between adjacent cross sections ( j and j  1 ),
A is the cross-sectional area of erosion (m2) measured at cross sections ( j and j  1 ),
and L( j , j 1) is the distance between the two cross sections ( j and j  1 ).
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Table 2. Erosion of the sediment wedge as measured from cross sections and the
volume of erosion estimated for zones between cross sections.

Cross
Section #
Under
bridge
XS1
XS2
XS3
XS4
XS5٭
XS6

Upstream
Distance
(m)

Increase in Cross Section Area, A (m2)
After
First Spring
Second Spring
Removal
(April 2009)
(April 2010)
(Oct. 2008)

0

1.2†

2.9

3.7

10
20
30
40
50
60

1.2
0.4
0.6
0.0
0.0
0.0

5.1
2.9
4.0
3.5
1.3
1.3

6.6
2.9
4.8
3.8
1.3
1.6

Zone of
Erosion
Distance, L
(m)

Total Erosion
Volume,  e
(m3)

0 to10

52

10 to 20
48
20 to 30
39
30 to 40
43
40 to 50
26
50 to 60
15
60 to 70
8
Total
229
*It was not possible to get a complete cross section survey at XS5 due to bank undercutting following the
initial survey. The cross sectional area of erosion was estimated based on field measurements of bank
undercutting collected at the time of survey.
† The area of erosion under the bridge during the first two weeks was conservatively estimated to be equal to
the volume of erosion at XS1.

Table 2 contains the change in cross section area and volume of erosion for ten-meter
zones between survey transects. The total volume of erosion upstream of the culvert after
it was removed is estimated to be 229 m3 which is equivalent to 300 cubic yards or
approximately 30 large dump truck loads.
The vast majority of erosion occurred between the first post-construction survey in
October, 2008 (two weeks after culvert removal) and the survey in the spring of 2009.
The volume eroded in the first two weeks following culvert removal (low flow
conditions) was conservatively estimated at 12%, including the sediment mechanically
removed during construction. This quantity was of similar magnitude to the volume of
erosion during the entire second post-construction year between the spring 2009 and
spring 2010 surveys. Thus, rates of erosion accelerated immediately after construction
and decreased rapidly by the second year, as shown in the histograms of erosion volume
in
Figure 6. The erosion volume decreased systematically in an upstream direction.
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Figure 6. Volume of sediment wedge erosion after culvert removal, as interpolated
from the changes in cross section areas.

2.1.2. Channel Profile
Longitudinal surveys of the channel elevation profile were used to identify the timing and
amount of elevation change both upstream and downstream of the road crossing. Repeat
surveys were completed in December 2007 (before culvert removal), October 2008 (three
weeks after removal), and April 2009 (following the first post-construction storm
season), and April, 2010 (following the second post-construction storm season).
The longitudinal profile survey covered approximately 450 meters (1,476 feet) of channel
length. The downstream end of the survey was established 390 meters (1,280 feet)
downstream of the road crossing and below two large woody debris (LWD) steps shown
in Figure 7. The upstream extent of the survey extended 60 meters (197 feet) from the
crossing. This length of channel was chosen because it was assumed to cover most, if not
the entire extent of upstream erosion and the area of potentially measurable deposition
downstream.
The distance along the channel was measured by placing a measuring tape along the
channel thalweg. Channel thalweg elevation was measured using a stadia rod and level.
Elevation points were surveyed at the change of morphologic units (e.g. pool tail – riffle
head), abrupt changes in bed elevation (e.g. steps), the maximum pool depth, or at
distance intervals of no more than 3.0 meters (10 feet). The water depth and unit
morphology were recorded for each survey point. Four elevation benchmarks were
established throughout the study reach. The benchmarks were fixed points marked by
fastening a nail at the base of established trees. The elevation of the benchmarks was
recorded with each repeat survey which allowed for direct comparison of the channel
profile between surveys.
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Figure 7. Location of longitudinal profile survey, cross sections, pebble count sites and large
woody debris (LWD) steps.

Results
Changes in elevation in the vicinity of the road crossing are represented by the
longitudinal channel profile shown in Figure 8. They indicate that the channel incised
rapidly through the sediment wedge that had accumulated upstream of the Stowe Road
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culvert. A considerable proportion of the total lowering of thalweg elevation occurred
during the first three weeks following culvert removal prior to major winter flows,
particularly within the first 30 meters (98 feet) upstream of the road crossing. The
maximum elevation change surveyed was 1.5 meters (5 feet) lower, located immediately
upstream of the road crossing where sediment accumulation appeared to be thickest
(Figure 8). Downstream thalweg elevation changes were dispersed, irregular and
generally smaller in magnitude than erosion of the upstream wedge.

Figure 8. Longitudinal profile survey in the vicinity of Stowe Road. Note: There is
approximately a 4-times vertical exaggeration of the Y axis for visualization purposes.

Figure 9 displays the change in elevation relative to the pre-culvert removal survey
throughout the entire longitudinal profile. Because of the inherent error associated with
the survey methods and the difficulty in aligning and interpolating repeat surveys,
downstream elevation changes illustrate the general pattern of erosion and deposition,
though the amount of elevation change at any given point should not be viewed as exact.
It appears that many areas of the channel remained vertically stable while some scoured
and others aggraded. Areas of scour were more widespread but of lesser magnitude, on
average. There are several depositional areas apparent, the first of which located directly
downstream of the road crossing (
Figure 9). A measurable amount of deposition was limited to the first 100 meters
downstream in the first weeks after culvert removal but expanded throughout the entire
channel profile after the first winter storm season (Figure 9). Much of the eroded
sediment was likely transported downstream of the LWD steps at the lower end of the
thalweg survey, though our methods didn’t allow us to quantify this.
Maximum elevation changes in deposition areas ranged from approximately 0.2 to 0.5
meters (7 - 19 inches). It is possible that the thalweg elevation profile did not capture all
depositional areas, particularly where in-channel sediment storage changed but the
thalweg elevation did not. For example, it is possible for sediment deposits to be stored in
lateral bars while the thalweg elevation remains stable.
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Figure 9. Change in thalweg elevation between surveys following culvert removal as
calculated from longitudinal profile surveys in reference to the pre-culvert-removal
baseline profile location shown in Figure 2.

2.1.3. Surface Sediment
Surface sediments were sampled following the widely used ‘pebble count’ method
described by Wolman (1954). Four pebble count sites were established downstream of
the culvert removal to evaluate changes in surface grain sizes. Pebble count surveys were
completed in April 2008 (before culvert removal), September 2008 (immediately before
culvert removal), October 2008 (three weeks after culvert removal), June 2009 and July
2010. The second pre-culvert-removal survey in September 2008 was done in response to
the observation during the pre-removal fines-in-pools surveys that indicated there was a
great increase in fine sediment in both pools and riffles after the initial sample.
Sites were located in patches of relatively uniform surface sediment in areas that were
large enough to collect a sufficient sample size (greater than 100 stones) at sites shown in
Figure 7. Because of the size of channel features in other habitat units, this resulted in
most of the sample sites being located on riffles.
Surface samples were collected in a regularly-spaced grid pattern by removing and
measuring the size of every particle at grid intersections. The size and spacing of the grid
was such that it was impossible to sample the same particle twice. The b-axis of each
stone was determined among the 16 size classes indicated on the X-axis of Figure 11 and
Figure 12 using a sediment size template called a ‘gravel-ometer’. Sample sites were
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marked with flagging and detailed sketch maps were drawn so that repeat surveys would
be sampled at the same location regardless of changes in channel shape.
Results
Pebble count results were variable between observations and somewhat difficult to
interpret. The change over time of two common characteristic grain sizes that represent
the median (D50) and the 84th percentile (D84) of the grain size distribution are shown in
Figure 10. The coarse end of the grain size distribution (D84) did not change notably
before culvert removal (April 2008 and September 2008) at any site but exhibited an
increase in the D84 after culvert removal in three out of four sites (PC1, PC2 and PC 3).
The two sites directly below the culvert removal (PC1 and PC2) had a small decrease in
the D84 immediately following culvert removal followed by a sharp increase in 2009 and
some recovery in 2010. Only one site, PC3 exhibited a steadily increasing trend in the
D84 over the post-culvert removal monitoring period (Figure 10). Changes in the D50
were of similar magnitude before and after culvert removal and are likely within the
expected variation.

Figure 10. Characteristic grain size for median (D50) and 84 th percentile (D84)
surface sediment at pebble count survey sites. Culvert removal occurred between
the September 2008 and October 2008 measurements.

The histograms in Figure 11 and Figure 12 represent the percent change from September
2008 (before culvert removal) in each size class. In general, the gravel-sized material
changes were variable and did not indicate a clear trend after culvert removal. The
percentage in the coarser end of the grain size distribution, which corresponds with
cobble-sized material, increased at most sites.
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Three out of four sites (PC2, PC3 and PC4) had relatively consistent increase in the
exposure of cobble-sized material while at PC1, the response was mixed. Between the
2009 and 2010 surveys, the bed shape at the PC1 site changed, as the main thalweg
shifted away from the pebble count site. This bed change may have contributed to the
atypical shift toward gravel-sized particles, presumably due to reduced shear stress.

Figure 11. Percent change in grain size classes after culvert removal at pebble count
Sites PC1 and PC2. Size class bins are labeled on the X-axis with the smallest grain
size in the bin.
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Figure 12. Percent change in grain size classes after culvert removal at pebble count
Sites PC3 and PC4. Size class bins are labeled on the X-axis by the smallest grain
size in the bin.

2.2. Fish Habitat
There are two elements to the fish habitat component of this project discussed below: 1)
pool habitat quantity and quality which involved tallying the number of pools and
attempting to evaluate the amount of fine sediment accumulation in pools; and 2) the
amount of spawning habitat estimated using visual field surveys.
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The reach downstream of the culvert removal was divided into three survey
segments as shown in Figure 13. The Concrete Sauk Valley Road and the LWD
steps were landmarks used as segment breaks.

Figure 13. Segment location for habitat monitoring downstream of the culvert
removal (“bridge installation”) site.
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2.2.1. Pool Habitat Quantity and Quality
The number of pools with at least three-square-feet (0.28 m2) of surface area and one-foot
(0.30 m) of residual depth (i.e. the difference between the maximum depth and the outlet
depth) was tallied in each of the three stream segments. The pool size criterion is the
same as ‘qualifying pools’ defined in Section 13 of the Washington Forest Practice Board
Manual. The pool surveys were completed in December of 2007 (before culvert
removal), December 2009 and December 2010.
Number of Pools

Number of Pools per 100 meters

4

3

2007
2009

2

2010
1

0
Segment 1

Segment 2

Segment 3

Figure 14. Number of pools before (2007) and after culvert removal (2009 and
2010). Surveys spanned from the Stowe Road to the confluence with the Skagit
River 1,042 meters (3,419 feet) downstream, as shown in
Figure 13.

Pool counts increased in all segments after the culvert was removed (Figure 14). There
were almost three times as many pools tallied in 2009, which was the first survey after
culvert removal. The greatest number of pools was found in Segment 2 which is located
between the LWD steps and the Concrete Sauk Valley Road (Figure 13). Segment 1,
located directly downstream of the culvert removal, had the lowest number of pools
before project implementation, yet pool numbers increased substantially after. The
number of pools remained similar in all segments between 2009 and 2010 with only the
pool locations slightly shifting in Segment 3.
An attempt was made to use the volume of fine sediment in pools (following the V*
method of Hilton and Lisle, 1993) as a measure of the impact of project-related sediment
influx on fish habitat. The quantification of fines in pools was accomplished by
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measuring the volume of water and the volume of fine sediment accumulated within the
residual pool depth.
Repeat measurements of fine sediment in the first few pools revealed a substantial change
in the amount of fine sediment stored in pools even before the culvert was removed. In
fact, there was over ten times the volume of fines measured during low summer flows
than in higher winter flows which appeared to reflect natural seasonal variability. The
maximum fine sediment thickness in one pool increased from 0.06 meter in April of 2008
to 0.36 meter in July of 2008 prior to culvert removal.
The upper reaches of the basin were searched for a mass wasting event or other possible
source of the increased sediment supply but none were found. It appears that the amount
of in-channel fine sediment storage is highly variable, possibly depending on transport
conditions. Due to this high level of background variability, we determined that volume
of fines in pools was an unreliable metric to detect changes related to the culvert removal,
so this metric was discontinued.
2.2.2. Spawning Habitat
The amount of available spawning habitat for coho salmon was estimated from the
culvert removal site downstream to the Skagit River confluence using a visual estimation
technique following the Off-Channel Habitat Inventory methods used by the Washington
Department of Fish and Wildlife (Cowen et al., 2000). The method takes into account
gravel size and gravel depth while tallying the number of square meters of spawning
habitat in the channel. While the methods for estimation are somewhat subjective, they
were performed consistently during each survey by the same fish biologist (co-author
Michael Olis), who has completed over 600 of these evaluations during his career. The
surveys were completed in 2007 (before culvert removal), 2009 and 2010.
Results
There was an initial increase in total spawning habitat after the culvert was removed
(Figure 15). The greatest increase in spawning habitat occurred in Segment 3 which is
the segment with the lowest gradient (3%) and appears to be more of a depositional reach
compared to the other two segments. Although Segment 1 (7% gradient) and Segment 2
(6% gradient) have similar gradients, the pre-culvert removal spawning habitat levels
were much lower in Segment 1, perhaps because bed-load transport was being limited by
the wedge and was thus ‘sediment starved’. Two years after culvert removal, the amount
of spawning habitat observed in Segment 1 had increased to a level similar to segment 2.
The stronger response in Segment 1 was likely due to it’s closer proximity to the
sediment release. Segment 1 is currently not accessible to coho because of a LWD step
that appears to be a temporary barrier to upstream fish movement.
2.3. Fish Use
There are two elements to the fish use monitoring component of this project discussed
below: 1) coho spawner surveys, which tallied numbers of adult coho, redds and their
locations; and 2) monitoring of trout re-colonization in newly accessible habitat using
single-pass electro-fish surveys.
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Amount of Spawning Habitat

Spawning Habitat (sq. meters/100 meters)

30

25
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20
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5

0
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Segment 2
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Figure 15. Estimated spawning habitat before (2007) and after culvert removal
(2009 and 2010). Surveys spanned from the Stowe Road crossing (0.0 meters)
downstream to the confluence with the Skagit River 1,042 meters (3,419 feet)
downstream as shown in Figure 13.

2.3.1. Spawning Coho
Coho spawner surveys were completed during the presumed peak of the run (based on
input from local fish biologists) in each winter downstream of the Stowe Road crossing to
the Skagit River confluence. Spawner numbers at a specific site are not a direct indicator
of post-culvert removal changes because the coho run size varies widely from year to
year due to many factors aside from habitat conditions in Hooper Creek. However, we
tallied the number of live or dead spawning coho and the number of redds each year
(Table 3) to verify and evaluate general patterns in spawning use.
The location of coho spawning activity was also noted to evaluate whether the released
sediment had any impact on where adult coho were spawning. Although more coho were
observed in 2009 and 2010 after culvert removal than prior (see Table 3), these counts are
too small to be attributed to observed habitat changes.
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Table 3. Tallied results of adult coho salmon and redds from spawning surveys from
the Stowe Road crossing downstream to the confluence with the Skagit River.
Segment locations are shown in Figure 13.

December 2007
(before removal)
Segment
1
Segment
2
Segment
3
Total

November 2009
(one yr. after removal)

December 2010
(two yrs. after removal)

live
coho

dead
coho

coho
redds

live
coho

dead
coho

coho
redds

live
coho

dead
coho

coho
redds

0

0

0

0

0

0

0

0

0

1

0

1

0

0

2

3

0

3

0

0

1

3

0

3

2

1

3

1

0

2

3

1

5

5

1

6

The upstream extent of observed coho spawning in all years was the lower LWD step
located below Segment 1, which is 290 meters (951 feet) downstream of Stowe Road (see
Figure 14). Table 3 illustrates that spawning activity occurred in both Segments 2 and 3
during all three years, while no evidence of spawning was encountered in Segment 1.
During the monitoring period, field observations and measurements indicated that the
LWD steps were changing. The lower step has become more passable as bed-load
deposition at the bottom of the step elevated the channel and the logs forming the top of
the step began to give way due to shifting (Figure 16). This combination reduced the step
height from 0.9 meters (37 inches) at the start of the monitoring period to 0.7 meters (27
inches) by the end. By December of 2011, the step height had reduced to only 0.2 meters
(8 inches) and appeared to be easily passable to adult coho.

Figure 16. Photographs of lower LWD step located approximately 290 meters (951
feet) downstream of the Stowe Road crossing. The step was initially blocking
anadromous access to the culvert removal site but has reduced in size over the
monitoring period.
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In contrast, the upper LWD step (located 48 meters upstream of the step in Figure 16) has
become more pronounced during the monitoring period as the step bottom has scoured to
bedrock, which effectively increased the step height. This step persisted as a barrier to
adult coho at the conclusion of the study
2.3.2. Trout Recolonization
Single-pass electro-fish surveys were conducted with a Smith-Root LR-24 electro-fisher
upstream of the Stowe Road to evaluate fish distribution before and after culvert removal.
In March of 2008 (before culvert removal), a 400-meter single-pass electro-fish ‘protocol
survey’ verified trout absence upstream of the blocking culvert. The fact that no fish were
detected led us to conclude that the culvert was a complete barrier and was precluding
any fish use upstream. A prior survey of physical stream characteristics had determined
the upper extent of fish habitat at a 45 % gradient barrier (Section 13, Washington Forest
Practice Board Manual) located 777 meters (2,549 feet) upstream of the Stowe Road
culvert removal site (Figure 17).

Figure 17. Study area map showing distribution of coho and cutthroat trout
documented in 2010, two years after the barrier culvert was removed.
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The full 777 meters (2,549 feet) of habitat was electrofished in the fall of 2009 (one full
year after) and again in the fall of 2010 (two years after). The number of captured fish
was tallied in each 50 meter interval to compare fish locations as well as total numbers.
Fish age was estimated as age 0-1 (age ‘zero’) or age 1+ depending on their fork length.
The age ‘zero’ class was assigned to any trout less than 80 mm, based on work done in
similar habitat by Carman et al. (1984) and Phil Peterson (fish biologist/consultant, Forest
and Channel Metrics, personal communication).
Cutthroat trout began to re-colonize the newly accessible habitat during the first year
following culvert removal. One fish was found 700 meters upstream of Stowe Road
which is nearly the upper end of predicted fish habitat. In the fall of 2009, one year after
culvert removal, a total of 23 trout were detected upstream of the bridge while 137 trout
were detected in the fall 2010 (Figure 18).
Cutthroat Trout Distribution Upstream of Hooper Cr Bridge (Post-project)
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Figure 18. Cutthroat trout distribution in 50 meter intervals upstream of road
crossing after barrier culvert removal in fall 2008. Distances on X-axis reflect
upstream end of sample intervals.

There are two wood steps upstream of the culvert removal, the first one at 92 meters (302
feet) and the second one at 440 meters (1,444 feet) that seemed to limit the upstream
movement of trout into the available habitat. In 2009, only two age zero trout were
detected upstream the first (lower) step which is a 0.7 meter (2.3 feet) high step (Figure
19). The step is formed from branch-size wood (diameter ~5 – 10 cm). In 2010, there
were 71 age zero trout captured upstream of this step, suggesting that spawning had
occurred upstream of this step and/or it became more fish passable to age zero fish.
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The second, larger wood step is 1.2 meters (3.9 feet) high (Figure 19) and consists of
large wood (10 – 40 cm) at a jam that may have been formed by past mass wasting. Two
1+ trout were detected upstream of this step in 2009 while only one 1+ trout was found in
2010. This step is a clear hindrance to the upstream movement of trout attempting to
utilize the upper 322 meters (1056 feet) of habitat, which appears to be under-populated
compared to similar habitat downstream. It may take several years or possibly decades
for either the step to break down, or enough mature trout to advance past the step, spawn
and fully colonize the remaining habitat.

Figure 19. The 0.7 meter (2.3 foot) step located 92 meters upstream
of Stowe Road that hindered upstream movement of age zero
cutthroat trout in 2009.
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3. Discussion and Conclusions
In the following section, we further discuss the results in the context of the three critical
questions that guided the project. We also discuss the implications of the monitoring
results toward general concerns involving similar crossing replacement scenarios.
3.1. Discussion of the Critical Questions
How much eroded sediment will move through the system in the first two winters
following culvert removal and will the channel reestablish equilibrium (or graded)
condition?
Within the two-year post-removal monitoring period, much of the accumulated sediment
had mobilized and the channel profile was nearing an equilibrium condition. Field
surveys completed two weeks after the culvert was removed indicate that Hooper Creek
had quickly incised into the sediment wedge upstream of the Stowe Road crossing
(Figure 20). In fact, at least 12% of the total wedge volume upstream of the road crossing
was eroded during this initial period, prior to any major winter storm. The maximum
amount of channel incision at the end of the two year monitoring period was1.5 meters (5
feet), located immediately upstream of the road crossing. This illustrates that the culvert
was functioning as a grade-control structure.
The vast majority of channel incision occurred in the first year following construction.
This finding is in agreement with several other studies (e.g., Klein, 1987; Bloom, 1998)
that have found most of the erosion occurs in the first few floods and decreases rapidly
during following events. At this site, incision was already well underway when surveyed
two weeks after removal, making it difficult to distinguish sediment removed
mechanically from initial fluvial transport. Future studies would benefit from
implementing post-treatment measurements within a few days after removal, if possible,
for more accurate accounting.
The first winter after removal included the high-intensity rain-on-snow event in January
2009. The intensity of the storm varied greatly but the rain gauge closest to the project
site in Concrete recorded nearly five inches of rain in 24 hours, which was estimated to
be greater than a 100-year return interval (Grizzel et al., 2009). There were no local
stream gauges in operation that were indicative of the recurrence interval for the flow in
Hooper Creek during the event. Although the same storm event triggered numerous
landslides in certain nearby localities (e.g. Lyman Hill, Acme areas) (Grizzel et al.,
2009), the level of geomorphic activity on hillslopes and small streams around Concrete
and lower Finney Creek was less than after several other storms of the past decade. This
suggests that local rainfall intensity was actually somewhat less, or perhaps that
antecedent conditions (snowpack, soil moisture) were not as conducive to a major runoff
event as elsewhere. Regardless, it was likely a significant flow event that accelerated
channel adjustments relative to more typical winter flows.
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Figure 20. Progressive channel incision and widening into the sediment wedge as
photographed from under the new bridge looking upstream. The difference
between the pictures reflects fluvial sediment removal within the first winter after
culvert removal. Thalweg profile of this location is shown in Figure 8.

A conservative estimate of the amount of material evacuated was 229 m3 (300 yards)
which is equivalent to approximately 30 dump truck loads of sediment. Deposition areas
were limited to directly downstream of the crossing initially, but after the first winter
were scattered throughout the 390-meter (1,280 feet) downstream reach we monitored
and beyond.
Surveys of the downstream channel profile showed areas of scour, deposition
(typically 0.2 to 0.5 meter vertically) and also stable segments after culvert
removal. The increase in channel bed elevation in the downstream reach appears
to be smaller than the amount of wedge incision upstream of the crossing (
Figure 9), suggesting that much of the eroded sediment was transported
downstream to lower Hooper Creek and/or the Skagit River. This idea is also
supported by observations of increased spawning habitat downstream of the
longitudinal channel survey reach.
Results from the pebble counts were more variable but showed a trend of increased
exposure of cobble-sized material after culvert removal for most of the sites. This
apparent coarsening of the bed was unexpected and may have been influenced by a
combination of factors not related to culvert removal. First, the natural seasonal
variability in fine sediment storage, discussed above, has an impact on the entire grain
size distribution in this sampling strategy. Second, the availability of sample sites was
limited by sampling requirements (i.e. relatively large patch of similar texture) which
tended to favor riffles that experienced scour rather than deposition. This may explain the
increase of cobble-sized material through the process of surface coarsening during
channel scour.
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How will the release of stored sediments influence fish habitat quality and quantity?
Fish habitat effects were evaluated through tracking of three measures: the number of
pools; the amount of fine sediment in pools; and spawning habitat quantity. None of these
measures indicated negative impacts following culvert removal. In fact, the number of
pools and the amount of spawning gravel both increased following culvert removal.
The pool surveys showed that pool frequency increased and thereby fish habitat improved
following culvert removal. This increase in pool numbers was somewhat surprising
because some amount of pool filling, if only temporary, was expected in response to
increased sediment inputs. Pool filling, especially with fine sediments, is typically
observed from large sediment inputs in other studies (e.g., Lisle et al., 2000). For
example, Scarlett and Cedarholm (1996) reported a 24% reduction in the number of pools
in a channel after a debris flow event. Unfortunately, we were not able to link the amount
of fine sediment accumulated in pools to culvert removal because we observed such high
variability in background conditions prior to culvert removal.
The increase in spawning habitat was not surprising considering the large amount of
spawning-sized gravels previously stored in the wedge that was released onto a reach that
may have been ‘sediment starved’ to some degree by this accumulation. Although the
method for estimating spawning habitat was subjective, we are confident that the relative
difference observed between pre and post-culvert removal conditions are valid.
There may be several factors that contributed to this muted channel response and increase
in pools. First, the 7% gradient of the reach downstream of the Stowe Road is
intermediate between transport and depositional transport conditions. This is supported
by the mixed pattern of scour and deposition which indicates the increase in sediment
supply was not large or sudden enough to overwhelm the transport capacity of the
channel so as to bury roughness elements. Instead, added sediment may have
accumulated behind LWD and other obstructions and enhanced the depth of scour pools
associated with steps and other flow constrictions. Second, the monitored channel reach
has a healthy, mature riparian forest which provides inputs of wood and live root
reinforcement to banks. And third, the large peakflow event in January of 2009 may have
led to scouring flows that enhanced pool formation and scour without significantly
destabilizing banks or established roughness elements.
Spawning coho were documented in lower segments of Hooper Creek prior to and in both
years following culvert removal. Because the observed fish and redd numbers were small
(total of 3–12 per year) and perhaps strongly affected by factors outside the Hooper
Creek basin, data is insufficient to identify population trends in response to habitat
changes. This reflects a comparable level of total coho spawning in Hooper Creek before
and after culvert removal. Perhaps more telling is that coho spawning took place in the
same general areas before and after the project, indicating at the very least, that spawning
areas remained usable.
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Will the retrofitting of the existing culverts allow access for resident trout (and possibly
anadromous fish) to occupy habitat that is currently inaccessible? How long will it take
to re-colonize that habitat?
The replacement of the barrier culvert with a bridge was highly effective at restoring
upstream fish passage. Cutthroat trout accessed the newly available habitat in significant
numbers during the first year following culvert removal and one fish was found near to
the upstream end of available habitat. This verifies that access to over 700 meters of
unused habitat was restored within the first year.
During the second year after culvert removal there were nearly six times more trout
detected upstream of the bridge as in the first, suggesting that re-colonization was still
expanding as the study was concluding. In the second year, most fish (74%) were young
of the year, suggesting that successful spawning is occurring in the newly accessible
habitat. The upper third of reopened habitat still has low fish density, likely because
upstream migration is restricted by an instream barrier at a natural wood step.
Our findings are in agreement with other studies that have found colonization of new
habitat by salmonids occurring relatively quickly (Pess et al., 2005). One study that
examined stream recovery following a debris flow in the Cascade Mountains in Oregon
found that trout populations recovered after just two years (Lamberti et al., 2003). The
pattern of recovery was similar to our results with 1+ trout reentering during the first year
and a large increase in the number of young of the year in the second and third years of
restored accessibility.
Restoring access to anadromous fish (salmon and steelhead) above Stowe Road was
prevented within the timeline of this study by natural obstacles downstream of the culvert
removal. Pre-culvert removal habitat surveys found that access to the culvert was blocked
by two LWD steps located about midway between the South Skagit Highway and the
culvert removal site. Through the monitoring period, field observations and channel
surveys indicated that the lower LWD step was breaking down and had become readily
passable by 2011. However, another LWD step located only 48 meters (157 feet)
upstream became somewhat higher during the monitoring project and remains
impassable. The inevitable break down of this remaining step may allow coho access up
to the Stowe Road crossing, as there are no permanent barriers (e.g. bedrock falls), so
long as new temporary LWD barriers have not formed elsewhere. Thus, it is unclear
when or if coho will be able to access the newly available habitat upstream of the bridge,
and confirm anadromous passability through the culvert removal site.
3.2. Management Implications
3.2.1 Restoring Natural Passage of Fish, Sediment and Wood
Although forest road regulations have rightfully placed a great deal of emphasis on
restoring upstream fish passage, this study illustrates that improved downstream passage
of sediment (and potentially wood) can also affect fish habitat. Crossing structures that
provide natural passage of sediment and wood facilitate the channel processes that create
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and maintain quality fish habitat downstream of the crossing. In addition, they require
less maintenance and are less prone to storm damage, which may help offset the
landowner’s cost of replacement.
Replacement of any poorly functioning crossing structure will inevitably generate site
disturbance as well as possible channel adjustments that may be detrimental to habitat.
But based on this study and other observations, we expect that any impacts will, in most
cases, be short-lived and outweighed by longer term benefits that come with restored
channel function. Still, additional assessment is justified for crossings with very large
sediment volumes and/or vulnerable resources downstream, as discussed in the last part
of this section.
3.2.2 Value of Longitudinal Channel Profiles
From our observations at Hooper Creek and elsewhere, a longitudinal profile survey of
pre-project conditions is an essential step in designing a new crossing that will function
properly. The survey allows the designer to interpolate the natural streambed elevation,
so that the new structure will be at an elevation that allows the channel to reestablish a
stable elevation profile compatible with upstream and downstream reaches. Because
older crossing structures, especially culverts, may not have been placed at the proper
elevation, it is important to extend the survey well beyond the obvious influence of the
existing road crossing. The distance the longitudinal survey extends away from the road
depends on channel size and situation, but should extend at least 50 meters (165 feet)
either direction from a crossing without obvious accumulations, such as at the West Fork
of Hooper Creek. A longer survey will be required for sites with an obvious sediment
wedge (e.g. East Fork Hooper), or that is located on an alluvial fan or another gradient
transition, such as where a stream flows from a hillslope into a gentler valley topography.
3.2.3 Assessing Crossings with Large Sediment Deposits
The habitat in Hooper Creek provides an interesting example of a positive response to a
sizable and unmetered sediment release. However, other sites that could respond
differently may require additional analysis prior to removal and/or mitigation of a
sizeable sediment release.
The first step toward identifying such a site would be to assess downstream channels to
determine if there are low-gradient, low-energy habitats that would be dominated by
depositional (rather than transport or scour) processes. Reaches that are low gradient
(<5%) and/or used extensively for anadromous spawning would justify further
assessment of risks. There may also be sites where vulnerable road crossings or
streamside infrastructure located downstream should be considered. At sites where
downstream resources appear sufficiently vulnerable, rapid sediment influx could
potentially be mitigated either by excavating the deposit from the channel prior to
crossing removal and/or installing grade-control structures to stabilize the deposit.
Obviously, such challenging crossings will have too many site-specific aspects to allow
generic recommendations here.
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3.2.4 Case Study Limitations
This project was conducted with the intention that the response recorded in Hooper Creek
would be useful to landowners and others considering similar fish and sediment passage
improvement projects elsewhere. However, potential users should be aware that this
study has the same major constraint as other case studies, which is that it reflects a unique
combination of channel conditions, crossing design, fish populations and flow events.
Thus the value of extrapolating to other sites depends largely on the degree of similarity
to the Hooper Creek site.
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