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INTRODUCTION 

Willow Creek, upstream of its mouth at the Russian River, has experienced high 
rates of sediment aggradation and loss of channel form and continuity over the 
last 20 years.  Sedimentation issues may have been a concern as early as the 1940s 
when 2,500 feet of the channel near the second bridge was straightened and 
channelized (Figure 1).  Regular dredging and clearing of the channel in the 
vicinity of second bridge started in the 1960s and continued through the mid 
1980s.  After the acquisition of lower Willow Creek by California Department of 
Parks and Recreation (State Parks) dredging was halted with the goal of restoring 
the channel and floodplain to a more natural state.  Several studies (Phillip 
Williams and Associates, 1987; Trihey and Associates, 1995 and 1997) were 
initiated by State Parks to address the sediment aggradation concerns and 
provide guidance for sediment management and riparian habitat enhancement. 
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Figure 1: Map of lower Willow Creek showing locations of important features. 
 
 
Since 1986, after the cessation of dredging at the second bridge, the channel has 
rapidly aggraded, with complete loss of flow capacity both downstream and 
upstream of second bridge.  By 1995 the straightened and channelized sections of 
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the creek had completely filled, causing flood flows and sediment to spread out 
across the valley floor (Figure 2).  Annual high flows have continued to deposit 
large amounts of sediment in the historic channel and on the floodplain.  The 
significant decrease in channel capacity associated with the extensive channel 
aggradation, coupled with the location and design of second bridge and bermed 
roadway across the floodplain, has resulted in loss of channel continuity at low 
to medium flows.  This lack of channel continuity at the mid to low-range 
streamflows may create a barrier to adult and juvenile salmonid migration. 
 
 

 

1987 Air Photo 

Russian River 

Figure 2: Schematic drawing of sedimentation issues in lower Willow Creek. 
 
 
Interest in constructing a self-maintaining, bankfull channel through lower 
Willow Creek developed as channel aggradation continued, anadromous fish 
populations declined, and overbank sediment deposition upstream of second 
bridge became more frequent and widespread.  This report addresses the 
feasibility of constructing a self-maintaining, fish friendly, bankfull, natural 
channel in the context of the physical setting and conditions.  Several alternatives 
for restoring natural channel processes and fish passage were also evaluated and 
will be discussed.  This study was performed under the oversight of a Technical 
Advisory Committee (TAC) consisting of major watershed landowners (State 
Parks and Mendocino Redwoods Company), resource management agencies 
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(California Department of Fish and Game, NOAA Fisheries), non-profit 
organizations (Stewards of the Coast and Redwoods, Trout Unlimited, 
Landpaths), and other stakeholders and scientists.  The TAC, through monthly 
meetings, actively provided guidance on project design and goals as information 
became available.  The decision-making process throughout this project was 
collaborative and focused on creating consensus amongst the TAC members on 
how to best effect channel re-establishment and consistent fish passage during 
migratory periods. 

GENERAL BACKGROUND 

Physical Setting 
Willow Creek flows out of an 8.7 square mile watershed into the Russian River 
approximately 2.3 miles upstream of its mouth at the coast.  The stream flows in 
a northwest trending valley between two steep ridges of the Coast Range.  
Watershed elevations range from zero feet at the confluence to 1,481 feet at 
Koerber Peak.  Precipitous canyons enclosing very steep, ephemeral channels 
characterize the upper section of the watershed.  These canyons transition into 
broad ridges with steep slopes forming the valley walls.  In the mid and lower 
section of the watershed a wide, flat alluvial valley through which Willow Creek 
flows separates the broad ridges and valley slopes. 
 
Willow Creek, on the western edge of the Coast Range, is underlain by the 
Franciscan mélange and Great Valley complex.  Both of these formations are 
composed of folded, sheared and metamorphosed near-shore sediments.  The 
Great Valley complex is similar to that of the Franciscan in age and composition, 
except that it was not folded and metamorphosed to the same degree (Alt and 
Hyndman 1975).  Common rock types in the Franciscan complex include 
greywacke, chert, greenstone, gabbro, serpentinite, rodingite, limestone, eclogite, 
and exotic blocks of other compositions (DPR 2004, citing Daly 1980).  Steep 
slopes, shallow soils, and high erosion rates from slumping, landsliding, and 
slope wash are typical of the Franciscan portions of the Coast Range. 
 
Figure 3 shows the Willow Creek stream network and the channel gradients 
overlain on a USGS 10-meter digital elevation model.  Stream gradients in the 
upper watershed are steep and range from 7% to over 20%, while in the lower 
watershed they are typically less than 1%.  In the study reach from third bridge 
down to the mouth the average historic channel slope is 0.3% (Figure 4).  The 
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channel and valley slopes for 2,200 feet downstream of second bridge are very 
low at 0.05%. 
 
 

 
Figure 3: Willow Creek stream gradients as developed from a 10m DEM from the USGS. 
 (Source: California Dept. of Forestry and KRIS Russian River, www.krisweb.com) 
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Figure 4: Channel profile from the mouth to third bridge. 
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Streamflow patterns in Willow Creek are typical of small coastal watersheds in 
temperate climates.  Peak flows are flashy and occur during large winter storms, 
usually in December through March.  Average annual precipitation in the 
Willow Creek watershed is 54 inches (Trihey 1997, citing Rantz 1967).  Between 
storms, subsurface runoff produces a raised winter baseflow from November 
through April.  During the summer dry season (April through 
October/November), streamflow fed by springs and groundwater steadily 
decreases.  In late summer, flow often becomes intermittent, and pools are 
disconnected.  Appendix A contains additional information on the hydrology of 
Willow Creek, including storm hydrographs, peak flow data, and a summary of 
bankfull estimates. 
 

Geomorphic Evolution of Willow Creek Watershed 
Two events in the Pleistocene have strongly influenced the physical features and 
landscape of the Sonoma Coast and its watersheds.  The first is the 
approximately 1.5 mile wide San Andreas Fault Zone, comprised of the San 
Andreas Fault and smaller parallel faults that divide the North American and the 
Pacific Plates along the coastline (DPR 2004).  The active San Andreas Fault sits 
just offshore at the mouth of the Russian River, with the western side moving 
northward at a rate of approximately 2 inches per year.  Many smaller faults that 
follow a northwest to southeast orientation split off diagonally from the San 
Andreas Fault Zone (CDFG 2002).  Willow Creek traces an inactive fault contact 
between the fragmented and sheared Franciscan complex rocks on its south side 
and a conglomerate member of the Great Valley sequence on its north side 
(Trihey 1997). 
 
The second large, landscape-shaping Pleistocene event was the Wisconsin stage 
of the last ice age (15- 20,000 years ago).  The ice sheets did not reach into this 
area; however, during this period, sea level was 350 to 420 feet lower and 10 
miles west of its current levels (Imbrie 1979; Parkman 2003).  The large coastal 
rivers would have responded to this sea level lowering by downcutting into the 
valley floors at an accelerated rate.  Tributaries, especially those close to the 
coast, would also have downcut rapidly in response to the low sea level.  As the 
ice age came to an end and sea levels began to rise, the coastal rivers and 
tributaries went through a period of rapid deposition.  The Russian River filled 
its valleys with deep deposits of alluvial material comprised of gravel, coarse 
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sand, silt, and clay lenses (PWA 1993).  Wells drilled near the mouth of the 
Russian River penetrate 125 feet of alluvium before reaching the bedrock floor, 
and at Guerneville the alluvium is 80 feet below sea level (Higgins 1952). 
 
Higgins (1952) further describes the evidence of these worldwide climate driven 
changes by an analysis of the physical landscape features.  He states that “the 
steep sides and fairly flat floor of the Russian River canyon suggest that it is 
actually a deep narrow valley that has been partly filled with alluvium” and that 
these characteristics are even more pronounced in Willow Creek: 
 

The lower part of intermittent Willow Creek flows west-northwestward 
for about 4 miles in a fairly broad flat-floored, steep-walled, structure-
controlled valley.  Steep valley walls and youthful tributary valleys 
intersect the flat valley floor in a sharp contact that, though somewhat 
irregular, does not present the scalloped appearance characteristic of valley 
margins formed by meandering mature streams.  Instead, the irregular 
contact suggests that the valley margin was formed by burial of the valley 
slopes (Higgins 1952: 240). 

 
Higgins points out the extreme contrast between the youthful, high-gradient, 
steep-walled canyon that Willow Creek flows from and the wide, flat valley floor 
it abruptly enters about four miles from its mouth.  He states that “the 
differences between them are too distinct to be explained by a simple change 
from downcutting to sidecutting on the part of Willow Creek and its tributaries,” 
and the change in valley form cannot be explained by an abrupt change in 
lithology or structure of the Franciscan bedrock.  He continues: 
 

The most reasonable explanation, therefore, is that wide lower Willow 
Creek Valley was once the deep narrow high-gradient continuations of 
youthful upper Willow Creek Valley and that it joined Russian River 
Valley at a lower level than it does now.  In short, the alluvium in lower 
Willow Creek Valleys seems to be more than a shallow deposit covering the 
floor of a broad mature valley: it is probably a deep fill that buries the 
lower slopes of a youthful canyon (Higgins 1952: 241). 

 
As Willow Creek is only 2.3 miles upstream from the mouth of the Russian River, 
it would have experienced the greatest degree of downcutting and widening 
during the lowered sea level conditions.  As sea level rose at the end of the last 
ice age thick deposits of alluvium were deposited in the lower reaches of the 
Russian River and its tributaries.  The lower 3 miles of Willow Creek is a wide, 
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flat alluvial valley formed during depositional conditions such as increased base 
level and high rates of sediment yield from the watershed. 
 
Evidence of on-going, long-term coarse sediment storage in the upper reaches of 
the alluvial valley is the presence of a well-developed tidal marsh and channel 
system at the mouth of Willow Creek.  Tidal marsh and wetland environments 
are sustainable only under sediment input conditions that are synchronous with 
sea level change.  Early maps of the watershed show the presence of the wetland 
with a sinuous channel pattern (Figure 5).  Changes to the marsh size and 
features have occurred in the last 50 years.  Human induced landuse and channel 
configuration modifications have increased sediment yield and sediment 
delivery to the mouth of Willow Creek. 
 
 

 
Figure 5: 1942 USGS Map of lower Willow Creek showing wetland extent and sinuous channel 
pattern. 
 

Landuse History 
Concentrated landuse by European immigrants began as early as the 1830s with 
the Russian settlement in lower Willow Creek.  The early settlers cleared the 
valley of riparian forest upstream of the second bridge area to develop 
agricultural fields, attempted to drain the wetlands, and diverted the spring-fed 
tributary flows into the valley.  Intensive grazing as well as logging occurred on 
the ridges and tributaries.  Between 1850 and 1900 the majority of the watershed 
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was logged and lumber was hauled out by means of steam donkeys and a 
railroad that ran along the creek. 

 
By the 1940s the watershed appears to have recovered from early logging and 
intensive landuse.  The watershed was in fairly good condition (from aerial 
photo analysis) with dense stands of second growth forest and little evidence of 
channel erosion or deposition (Trihey 1995).  In the 1940s it appears that the road 
up Willow Creek at the second bridge crossing was modified and improved.  
Concurrently the channel was straightened both upstream (~1500 ft) and 
downstream (~1000 ft) of second bridge.  In the late 1950s through the 1960s the 
condition of the watershed declined precipitously with logging of much of 
remaining old growth and secondary growth from the lower redwood grove, 
within the inner gorge, all the way to the watershed divide.  Large tracts were 
clearcut and tractor-yarded and small channels were used as skid trails (Trihey 
1995).  The clearcutting and tractor yarding on the steep, landslide-prone slopes 
combined with the removal of large woody debris from the small tributary 
channels led to extensive slope failures, gully erosion, and channel sedimentation 
in the upper watershed in the 1960s through the 1980s (Trihey 1995).  Logging 
roads and the County road developed significant rill and gully systems during 
this period.  The major storm events in 1982, 1995, and 1996 initiated many deep- 
and shallow-seated landslides in the inner gorge and transported large amounts 
of sediment to the main channel.  Although the upper watershed is recovering, 
the impact of these landuse induced erosion and deposition processes can still be 
seen in continued gully development, road induced erosion, and large volumes 
of unconsolidated sediment moving through the system and in to lower Willow 
Creek. 

MORPHODYNAMICS OF LOWER WILLOW CREEK 

Backwater from the Russian River 
The mouth of Willow Creek can be considered part of the Russian River estuary 
(PWA 1993) as both water stage and salinity levels are influenced by tide and 
streamflow fluctuations.  The lower 1,500 feet of channel in Willow Creek has a 
characteristic tide channel configuration as it flows through a tidal marsh.  Both 
Russian River estuary levels and Willow Creek streamflows govern water levels 
in this reach.  During high flow events on the Russian River, water backs up the 
channel and floodplain of Willow Creek. 
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Swanson (PWA 1987) noted that the lower 1.5 miles of Willow Creek formed in 
its natural state during flood events influenced by backwater from the Russian 
River.  During the February 18, 1986 flood, backwater from the Russian River 
extended for 1,500 feet above the second bridge crossing in Willow Creek (PWA 
1987).  This flood had a peak of 102,000 cfs and an estimated frequency of 
approximately 25 years (Figure 6).  Observations of the backwater elevations 
during the February 18, 2004 high flow events (60,200 cfs) indicate that the 5-year 
recurrence interval flood (67,000 cfs) on the Russian River will back up into the 
Willow Creek valley to the second bridge area.  The 2-year return interval flood 
on the Russian River inundates lower Willow Creek at the upstream edge of the 
tidal wetlands.  Figure 7 shows the relative topographic elevations in Willow 
Creek in relationship to Russian River discharge.  The estimates of backwater 
flooding elevations on lower Willow Creek are based on specific flood 
observations at Willow Creek correlated to the corresponding peak 
discharge/stage information at the Guerneville gage.  The Willow Creek stage vs. 
Russian River discharge curve was developed using the observed flood data’s 
relationship.  Each backwater event is driven by actual flood elevations on the 
Russian River at Willow Creek and flows occurring concurrently in Willow 
Creek. 
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Figure 6: Annual Maximum Flows by Water Year, Russian River at Guerneville with associated 
flood return intervals; A=2yr RI, B=5yr RI, C=10yr RI, and D=25yr RI. 
 (Source: graph compiled from USGS Gage #11467000, Russian River near Guerneville, 
 CA and return intervals from PWA 1993/1995: Table 5.1) 
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Figure 7: The stage-discharge relationship between elevations in Willow Creek and Russian River 
discharges with specified return interval storm events on the Russian River indicated. 
 
 
When backwater flooding occurs in lower Willow Creek, the ability of the 
channel to transport sediment out of the watershed is significantly reduced.  As 
floodwaters from the Willow Creek watershed encounter the standing water of 
the Russian River backwater, all of the sediment being carried is immediately 
deposited.  This deposition occurs at the upstream edge of the backwater.  Some 
flushing of the sediment may occur as the floodwaters recede, but the majority of 
the sediment remains where it was deposited, requiring subsequent flows to 
rework the sediment and transport it out of the watershed.   
 

Sediment Dynamics 
There is evidence that this sediment deposition pattern was causing problems for 
the local residents as early as the 1940s.  In the late 1940s a stretch of channel near 
the second bridge crossing was channelized, presumably to increase flood 
passage and sediment transport through this reach.  The channelization cut off 
five meander bends downstream of second bridge and five upstream.  Air photos 
taken in the early 1950s, soon after the channel straightening, show large 
amounts of sediment deposited in gravel splays at the downstream end of the 
channelized reach.  By the 1960s the channel at second bridge had to be dredged 
every few years to maintain flood capacity. 
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The January 4, 1982 storm of record for the coastal drainages filled the 
channelized reaches with gravel and sand.  The sediment was dredged and used 
to create a 1,500-foot levee along the channel upstream of second bridge.  On 
February 18, 1986, during the storm of record on the Russian River, large 
amounts of sediment deposited downstream of second bridge in the channel and 
on the floodplain and portions of the upstream levee were eroded.  The channel 
was dredged at second bridge for the last time in 1986.  However, subsequent 
yearly floods were unable to maintain the channel or transport sediment out of 
the system.  Instead, they transported their load to the low gradient reach around 
second bridge, where it was deposited in the channel and on the floodplain. 
 
It appears that the channel has been aggrading in a wedge-shaped depositional 
pattern since 1986.  Initial wide-scale channel aggradation occurred during the 
1986 flood; and although the channel was dredged the following summer, they 
only cleared several hundred feet on either side of the bridge, not the entire 
length of the aggraded channel.  Subsequent streamflows encountering a 
severely aggraded section of channel would slow and create a backwater effect, 
depositing their coarse sediment load in the channel.  This scenario occurs with 
each successive flood event, causing aggradation in an upstream direction. 
 
Between 1986 and 2004 approximately 3,000 ft of channel upstream of second 
bridge aggraded to the top of the channel banks (Figures 8 and 9).  Channel 
infilling has occurred at a rate of 150 ft per year.  Surveys taken in 1995 (Trihey 
1995) and in 2002 (see Appendix B for details) indicate that this average rate of 
channel aggradation has been consistent over the past 16 years. 
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Figure 8: Schematic map of the sediment deposition and channel aggradation locations as they 
relate temporally and to floods on the Russian River. 
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Figure 9: Profiles of topographic features in relationship to each other and the Russian River flood 
return intervals (A=2yr RI, B=5yr RI, C=10yr RI, D=25yr RI). 
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Increased sediment loads combined with the channel modifications and 
maintenance procedures magnified the natural backwater sediment deposition 
and storage processes in this reach of lower Willow Creek.  Intensive and 
extensive logging in the upper watershed in the late 1950s through early 1970s 
initiated elevated sediment yields.  Landslides, road induced gullying, and 
destabilization of first order tributaries by removal of large woody debris 
continue to produce high sediment yields (Trihey 1997).  Trihey (1997) estimated 
the annual average sediment yield from the upper watershed to be 1,930 to 2,130 
yd3 per year.  Bedload transported to the lower watershed on an annual basis is 
of a similar magnitude, 1,450 to 2,900 yd3 per year (Trihey 1995).  The volume of 
material annually added to the upstream edge of the sediment wedge is 
estimated to be 1,000 to 1,700 yd3 per year.  Depending on the magnitude of the 
annual storm events, additional sediment may be deposited upstream of the 
sediment wedge, transported downstream, or deposited on the floodplain in 
sand and gravel splays.  The levels of sediment yield and bedload are indicative 
of a disturbed watershed in this region. 
 
In order for a stream to maintain a dynamic equilibrium state (shape, features, 
and function) a balance between the following four variables must occur: 
 

• Sediment discharge or “load” (Qs) 
• Sediment particle size (D50) 
• Streamflow (Qw) 
• Stream slope (S) 

 
The relationship of these four variables is such that the combination of the 
sediment discharge and the mean particle size is proportional to streamflow and 
channel slope, as shown in Figure 10.  Thus, if any one of these variables 
changes, one or more of the other variables must increase or decrease 
proportionally to maintain channel equilibrium conditions.  During the 
adjustment process, equilibrium will be lost and the stream will change its level, 
either by aggradation (rising) or incision (lowering).  In Willow Creek the 
increased sediment levels from past landuse practices have forced the stream 
system out of equilibrium and into a period of adjustment. 
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Figure 10: Illustration of the balance between sediment, water, and stream slope in determining 
channel aggradation and degradation. 
 (Source: NOAA Sediment Removal Guidelines 2004 citing Lane 1955) 
 
 
It is likely that lower Willow Creek’s equilibrium condition, in the reach near 
second bridge, is a highly dynamic, depositional system with an anabranching 
(multiple channels) planform. The higher amounts of sediment currently in the 
system have amplified and intensified the natural processes.  Increasing 
streamflow to carry additional sediment is not possible. Thus, the natural, 
system-wide consequence of elevated sediment yields is intensified channel 
sedimentation and migration processes.  

Channel Dynamics 
Lower Willow Creek functions as a sediment sink for the coarse material 
originating in the headwaters.  Channel morphology and behavior is driven by 
the interplay between streamflow, sediment load, and Russian River flood 
elevations.  Evidence from historic maps and photos suggests that prior to 
human induced landuse changes and elevated sediment loads the first 3,000 feet 
of valley was a tidally influenced wetland subject to frequent inundation by 
floods on the Russian River.  The next 4,000 feet of valley was likely a forested 
wetland similar to what we see today near second bridge.  It appears from early 
aerial photos that multiple channels with a single primary channel existed in this 
valley prior to channelization (Trihey 1995).  This channel planform is a natural 
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reflection of the characteristics of the Willow Creek system – naturally high 
sediment loads, low valley gradients, and frequent backwater conditions.   
 
Historically, when a simultaneous backwater and high streamflow event 
occurred, the primary channel would fill up with sediment and the secondary 
channels would remain open.  Subsequent flows would either rework and 
transport the sediment out of the primary channel, or abandon the primary 
channel and enlarge secondary channels.  In this manner the channel would 
migrate across the valley, storing the majority of the coarse sediment while 
transporting out the size and load that could be effectively processed by the low-
competence tide channels.  Thus, consistent passage for streamflow and fish 
migration was maintained. 
 
Construction and maintenance of the second bridge and embankment effectively 
halted the channel’s natural tendency to migrate, and severely limited its ability 
to maintain an open channel for fish passage.  Second bridge is comprised of a 
115 ft long bridge on the north side of the valley and a raised, dirt-fill, road 
embankment across the floodplain.  The embankment is elevated 2-3 feet above 
the floodplain across its 300 foot length and behaves as a dam during high flows.   
 
In 1987 three 3 ft culverts were installed through the embankment on the south 
side of the floodplain to allow flood flow passage and enhance fish passage, as 
per the suggestion of Swanson (PWA, 1987).  The culverts were not designed to 
accommodate the winter stream flows and sediment load that currently flows 
down the south side of the valley.  Their inverts are below the present floodplain 
level.  They pass some flow, however the majority now ponds upstream of the 
embankment and spills over the road.  It is unlikely that the culverts provide fish 
passage. 
 
As noted previously, nearly 3,000 feet of the constructed and historic channel 
upstream of second bridge has completely filled in with sediment since 1986.  As 
the constructed and historic channel fills, flow moves across the floodplain and 
into the valley thalweg, naturally gravitating to the lowest elevations in the 
valley.  The convergence of flow is the mechanism for channel development.  
This convergence is occurring on the south side of the valley halfway between 
second and third bridges.  Incipient channel development is occurring in this 
area.  The road embankment across the valley thalweg at second bridge however, 
hinders this process as it disconnects the upstream and downstream reaches of 
the channel.   
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Figure 11: Schematic drawing of features and processes present in lower Willow Creek. 

2000 Air Photo 

 

Future Channel Development 
In the near term, it is expected that sediment yields and bedload transport 
volumes will remain at the same levels seen over the last twenty years (Trihey 
1995, 1997).  The majority of the sediment load will continue to deposit in the 
historic channel and on the adjacent floodplain.  The combination of high 
sediment loads and decreased stream power at the upstream edge of the 
sediment deposition wedge will continue the channel and valley filling process.  
At the present aggradation rate of 150 feet per year, the sediment wedge will 
reach third bridge in 10 to 20 years.  Loss of channel capacity at third bridge is 
already occurring.  The bed of the channel has aggraded nearly 5 feet since the 
bridge was installed in 1975. 
 
It is likely that a braided, undefined channel will be present where the sediment 
and flow are pushed on to the floodplain at the upstream end of the sediment 
wedge.  New channels will develop where flow converges.  Initially this is most 
likely to occur at the low, southern side of the valley. 
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DISCUSSION – CONCEPTUAL CHANNEL DEVELOPMENT AND FEASIBILITY 

Several options for reestablishing fish passage through the rapidly aggrading 
lower reach of Willow Creek were proposed over the course of this project.  
Monthly meetings with the Technical Advisory Committee included lively 
discussions on the merits of each, focusing on their respective technical, 
logistical, and monetary feasibility.  The following sections outline our findings 
based on the hydrologic and geomorphic information presented above, as well as 
the consensus of the TAC. 
 

Construction of a Natural Self-maintaining, Fish-friendly, Bankfull Channel 
Three physical constraints inherent to the setting were determined to be 
significant limiting factors to the design and success of a constructed natural, 
self-maintaining, bankfull channel through lower Willow Creek. 

1. The continued high sediment yields and transport rates in the 
watershed. 

2. Backwater from the Russian River produces a highly effective 
sediment deposition environment at its upstream edge.  The 2 to 5 
year return interval floods inundate Willow Creek in the low gradient 
reach below second bridge. 

3. Low valley gradients (0.05%) below second bridge. 
 
A bankfull channel could be constructed; however, it is highly probable that it 
would quickly suffer the same aggradation and loss-of-channel-capacity fate as 
the previously constructed and dredged channel.  A constructed channel’s 
expected lifespan is short due to the system’s complex sediment and channel 
dynamics.  In addition, potential negative environmental impacts from 
constructing a bankfull channel through the aggraded reaches include the 
destruction of the ecologically significant tidal wetlands and altering the 
sediment volume and balance in the Russian River estuary.  Thus, we 
determined that construction of a self-maintaining, bankfull channel is not a 
practical solution for managing sediment and enhancing fish passage in lower 
Willow Creek.   
 

Construction of a Small Fish-passage Channel 
To respond to the continuing need for consistent, functional fish passage through 
lower Willow Creek, alternatives to the impractical construction of a self-
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maintaining channel were considered.  A TAC member proposed the concept of 
a small, single-thread channel on the south side of the valley that would have 
perennial flow yet be set up to receive only limited bedload sediment. 
 
This channel design would require an engineered distributary point off of the 
historic channel near third bridge that would capture a small portion of winter 
storm flows and the majority of the summer flow.  Additional design 
requirements include: minimal bedload capture, stable planform, and range of 
flow and sediment transport capability.   
 
In addition to the engineering constraints, two primary limiting factors were 
identified.  The first is that notable aggradation at third bridge is already 
occurring.  The channel-filling sediment wedge is predicted to reach the bridge 
area in approximately 15 years.  The long-term viability and potential lifespan of 
the project is limited by the availability of a stable location for the upstream 
distributary point of the fish passage channel.  The second limiting factor is the 
need to modify the second bridge embankment to allow flow and fish passage. 
 
This alternative would only provide a short-term solution for fish passage and 
would have many of the costs and logistical difficulties associated with large-
scale channel construction.  Rapid channel and floodplain aggradation will 
continue, eventually overtaking and filling in the fish passage channel.  At which 
point the need to drastically modify second and third bridges to allow lateral 
channel movement will still be present.  Thus, we determined that the 
construction of a temporary fish passage channel is not a viable alternative for 
solving the fish passage and sediment management issues in lower Willow 
Creek. 
 

Modification of Second Bridge to allow Natural Channel Development 
Modification of the second bridge road embankment is necessary to re-establish 
channel connectivity and fish passage.  Multiple options were evaluated.  The 
treatments vary in scope and ecological benefits (Figure 12).  They range from a 
short span bridge over the current valley thalweg to completely removing the 
embankment and rerouting the road (Table 1).   
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Range of Road Redesign Options 

Put in new bridge  Remove second 
bridge road 

embankment 
or raised causewayReplace Existing 
 -     open width     + Culverts 

 
Figure 12: Ecological function improvements versus modification options for the second bridge 
roadway. 
 
 
Table 1: Cost/benefit analysis of proposed modifications to second bridge roadway to enhance fish 
passage and promote channel development. 

Design Permitting Implementation 
Costs 

Ecological 
Benefit 

Lifespan 
(expected) 

Replace existing 
culverts 

Low $$ - 1-5 years 

Single short-span 
bridge or arched 
culvert 

High $$$ + 1-10 years 

Long-span bridge or 
multiple arched 
culverts 

High $$$$ + + 5-15 years 

Raised causeway 
across entire 
floodplain 

High $$$$$ + + + Unknown 

Reroute road to 
north side of valley 
and remove second 
bridge roadway 
from floodplain  

High $$$ -$$$$ + + + N/A 
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A long-term, natural, self-maintaining solution for the channel process issues in 
lower reaches of Willow Creek is dependent upon restoring the channels ability 
to migrate laterally across the valley.  Restoration of this natural process will lead 
to a healthy, functional channel and riparian system in lower Willow Creek.  The 
substantial modification or removal of the approach road embankment at the 
second bridge was found to be the only alternative to hold promise for a long-
term, low-maintenance solution.    
 
Removing the road embankment from the floodplain is the preferred alternative 
based on costs, ecological function benefits, and long-term stability and 
sustainability.  Long-term predictions on sediment deposition patterns, channel 
migration, and valley filling cannot be made.  It is expected that the alternative 
road modifications, such as bridge or culvert installations, will experience 
function loss over time.  Thus, the sustainable solution for providing conditions 
for sediment transport, channel development, and fish passage and habitat 
enhancement is to get the infrastructure completely out of the floodplain. 
 
It is understood that rerouting the road will produce a range of impacts.  These 
impacts will need to be assessed and weighed against the benefits to the riparian 
corridor.  This alternative addresses not only the aggradation and fish passage 
issues experienced presently in the vicinity of second bridge, but also addresses 
the similar issues that are expected to begin occurring at the third bridge crossing 
in the next 10 to 20 years. 
 

Passive Channel Restoration with Adaptive Management 
Channel restoration cannot be achieved without modification of the second 
bridge roadway, as described above.  However, once channel and floodplain 
continuity is restored, channel development will occur naturally.  It is expected 
that providing sufficient passage for flow and sediment at second bridge’s 
floodplain culverts will link the upstream and downstream portions of the newly 
developing channel (see Figure 11), initiating channel widening and extension 
processes.  This passive channel restoration (removing the barriers to natural 
channel forming processes) will restore, with minimum disturbance to the 
sensitive wetland and riparian habitats, fish passage in lower Willow Creek.  
 
The development of a well defined channel may be accelerated with targeted 
vegetation management.  The dense alder forest and cattail-dominated wetlands 
in the vicinity of second bridge may limit the ability of the channel to widen, 
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migrate, or create new channels.  Selective placement of large woody debris can 
be used to enhance channel development and improve instream habitat.  These 
and other adaptive management approaches may be used to assist natural 
channel development once channel connectivity is restored. 

SUMMARY AND RECOMMENDATIONS 

Willow Creek is a highly dynamic system that is adjusting to elevated sediment 
loads and altered channel function.  High sediment loads are expected to 
continue through the foreseeable future as material stored in the upper 
watershed moves through the system.  The elevated sediment yield and bedload 
transport conditions are intensifying the natural depositional processes in lower 
Willow Creek.  Complex hydrologic interactions between Russian River 
backwater and Willow Creek streamflow, in concert with low channel slopes, 
produce conditions in which the stream may suddenly deposit its sediment load.  
This often results in rapid channel aggradation and migration.  Channel form, 
dimensions, and location are naturally unstable.  These system characteristics are 
inherent to the reach of lower Willow Creek in the vicinity of second bridge, 
irregardless of watershed disturbance and sediment load. 
 
Because of this dynamic channel environment, construction of either a bankfull, 
self-maintaining channel or a small, fish-bypass channel was determined to not 
be practical, and is not recommended.  Costs and permitting requirements are 
prohibitive considering these channels’ expected short, functional lifespan.  A 
sustainable restoration solution to the sedimentation and fish passage issues 
requires either extensive redesign or complete removal of the County road at the 
second bridge crossing.  Longitudinal floodplain connection for lateral channel 
migration and sediment deposition is necessary for development of a self-
maintaining channel.  Removal of the embankment across the valley and 
rerouting the road is the preferred alternative.   
 
Incipient channels are present upstream and downstream of the second bridge 
embankment.  Removing this barrier to lateral channel migration will provide 
the conditions needed for channel development and fish passage.  Adaptive 
management practices, such as vegetation removal and placement of large, 
woody debris, can be designed to enhance and accelerate the natural channel 
development processes and improve fish passage. 
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