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Appendix B Table 2
Table 2

Table 2. Federal and State Listed and Candidate Species Potentially Occurring or Known to 
Occur in the Robinson Creek at Lambert Lane BSA. 

Common 
Name Scientific Name Status General Habitat 

Description 

Habitat 
Present/ 
Absent 

Potential to 
Occur/Rationale 

PLANTS

Lasthenia burkei 

Erythronium 
revolutum 

Lasthenia 
conjugens 

Sangisorba 
officinalis 

Pleuropogon 
hooverianus 

Fritillaria 
roderickii 
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Common 
Name Scientific Name Status General Habitat 

Description 

Habitat 
Present/ 
Absent 

Potential to 
Occur/Rationale 

Trifolium 
buckwestiorum 

Trifolium 
amoenum 

Piperia candida 

INVERTEBRATES 

FISH 

Oncorhynchus 
kisutch 
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Common 
Name Scientific Name Status General Habitat 

Description 

Habitat 
Present/ 
Absent 

Potential to 
Occur/Rationale 

Oncorhynchus 
tshawytscha 

Lavinia 
symmetricus 
navarroensis 
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Common 
Name Scientific Name Status General Habitat 

Description 

Habitat 
Present/ 
Absent 

Potential to 
Occur/Rationale 

Oncorhynchus 
mykiss iridius 

Eucyclogobius 
newberryi 

REPTILES & AMPHIBIANS 

Rana draytonii 



Chapter 3   Results: Environmental Setting

30

Common 
Name Scientific Name Status General Habitat 

Description 

Habitat 
Present/ 
Absent 

Potential to 
Occur/Rationale 

Rana boylii 

Emys 
marmorata 

BIRDS 

Haliaeetus 
leucocphealus 

Accipiter 
gentillis 

Pandion 
haliaetus 

Mammals 

Antrozous 
pallidus 



Chapter 3   Results: Environmental Setting

31

Common 
Name Scientific Name Status General Habitat 

Description 

Habitat 
Present/ 
Absent 

Potential to 
Occur/Rationale 

Arborimus pomo 

Corynorhinus 
townsendii 

Code Designations 
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Figure 11: Impacts to Waters of the 
US

Invasive Species 

(Table 3)

Table 3. Invasive Plant Species Identified within the BSA

Scientific Name Common Name CAL-IPC 
USDA               

California State 

Ailanthus altissima

Avena barbata

Bromus diandrus

Bromus madritensis 
ssp. rubens 

Cynodon dactylon 

Cynosurus echinatus 

Festuca myuros 

Festuca perennis 

Hedera helix 
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Scientific Name Common Name CAL-IPC 
USDA               

California State 

Hordeum murinum

Lythrum 
hyssopifolia 

Mentha pulegium 

Rubus armeniacus 

Torilis arvensis

Vinca major

CODE DESIGNATIONS 
Moderate

High

CW
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1 INTRODUCTION 

Purpose of Report

The purpose of this report is to summarize the channel design for a bridge replacement project on 
Lambert Lane at Robinson Creek, a tributary to Anderson Creek, in the unincorporated community 
of Boonville, Mendocino County, California. The bridge replacement designs are being developed 
by Quincy Engineering for the county and is intended to replace an obsolete and scour critical 
bridge.   

Project Background

The County of Mendocino and the California Department of Transportation (Caltrans), are planning 
to replace Lambert Lane Bridge at Robinson Creek (Bridge No. 10C0146). Lambert Lane crosses 
Robinson Creek approximately 2,860 linear feet upstream of the confluence with Anderson Creek 
and 500 feet west of State Route SR128 (Figure 1). The contributing drainage area at the bridge 
crossing is approximately 4.0 square miles.  The bridge has been labelled functionally obsolete and is 
scour critical. Originally built in 1954, the existing 32-foot long single span bridge is supported on 
concrete abutments founded on spread footings which were placed on the alluvial channel material. 
Caltrans has noted hydraulic undermining of the abutments since the year 2000. In February 2015 a 
retaining wall along the roadway embankment on the upstream side of the western bridge approach 
collapsed, falling across the stream channel. This created a flow obstruction that further increased 
scour of the bridge foundation. As an emergency measure the county placed riprap at the base of the 
roadway and later pumped concrete underneath the undermined footing and formed a concrete skirt 
in front of the exposed footing, as seen in Figure 2.  

Previous work has been conducted by Quincy Engineering in partnership with County of 
Mendocino Department of Public Works, including a Bridge Design Hydraulic Study (2018) and 
Project Report (2018).  These works provide the basis for design of the proposed bridge 
replacement.  Michael Love & Associates, Inc. (MLA) has been contracted to develop the 
geomorphic design and stabilization measures for the stream channel within the bridge replacement 
project reach, which is described within this report. 

Fisheries Habitat and Fish Passage

Robinson Creek is a tributary to Anderson Creek within the Navarro River watershed. Robinson 
Creek is designated as critical habitat for Northern California steelhead, which is federally listed as a 
threatened species.  Streamflows within Robinson Creek are intermittent, with the channel drying by 
early summer.  These conditions suggest that the habitat available in lower Robinson Creek is 
primarily suitable for spawning and over-winter rearing for steelhead.   

A fish passage assessment of stream crossings was conducted by RTA (2001).  Because the Lambert 
Lane bridge is a channel spanning crossing, it was considered to provide unimpeded fish passage 
and was not included in the assessment.  However, under current conditions, the failed retaining 
wall and associated riprap creates a 3-foot water surface drop, which classifies the current conditions 
as a barrier to adult and juvenile steelhead based on California Department of Fish and Wildlife fish 
passage assessment guidelines (CDFG, 2002).  Channel restoration designs for the site should satisfy 
current fish passage standards, as described in CDFG (2009) and NMFS (2001).
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Figure 1.  Project location for bridge replacement on Lambert Lane at Robinson Creek, 
Boonville, Mendocino County, California. 

Robinson Creek confluence 
with Anderson Creek 

Mountain View Road 

Project Location 

Lambert Lane 
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Figure 2. Current condition of the channel at the Lambert Lane Bridge, with (a) riprap 
placed along roadway embankment at location of collapsed retaining wall and (b) a new 
concrete skirt along the undermined footing. 

Previous Studies of Geomorphic Channel Conditions

Changing geomorphic conditions within Robinson Creek and downstream Anderson Creek have 
been noted for decades.  Channel incision (lowering of the channel bed) and channel bank erosion 
along Robinson Creek was noted as a significant source of sediment production within the 1998 
Navarro River Watershed Restoration Plan.  Incision has caused scour and undermining of bridge 
foundations, leading to the replacement of the Highway 128 crossing of Anderson Creek 
immediately upstream of the confluence of Robinson Creek and replacement of the Mountain View 
Road bridge crossing over Robinson Creek, downstream of Lambert Lane.  Also, channel widening 
associated with incision processes has caused severe bank erosion threatening adjoining structures 
and resulting in loss of mature riparian vegetation throughout lower Robinson Creek,  

The Mendocino County Resource Conservation District (RCD) and the Mendocino County Water 
Agency conducted studies of channel conditions to characterize the ongoing channel adjustments in 
Robinson Creek, focusing on the reach from the confluence with Anderson Creek to the 
Mendocino County Fair Grounds upstream of Lambert Lane.  This included conducting profile 
surveys of the channel thalweg and surveys of channel cross sections in 2005 to document the 
channel morphology.  Florsheim (2006) prepared a baseline assessment of bio-geomorphic 
conditions within lower Robison Creek for the RCD, and identified channel incision as the 
dominant process causing the observed channel instabilities.  Follow-up monitoring surveys of the 
lower Robinson Creek channel thalweg were conducted in 2008, which found the channel showed 
signs of aggradation near the confluence with Anderson Creek, but also showed signs of incision 
within a reach between Mountain View Road and Lambert Lane bridge crossings (Florsheim, 2008).  
These findings were further described in a 2013 peer-reviewed publication (Florsheim et al., 2013).  
The RCD provided the original data from the 2005 and 2008 county surveys to MLA to compare to 
current channel conditions at the Lambert Lane bridge replacement project. 

(a) (b) 
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Channel Restoration Design Approach 

Development of the channel restoration design for the bridge replacement project involved: 

Reviewing previous geomorphic studies and data for Robinson Creek,  
Characterizing existing geomorphic processes related to previously noted channel incision 
and widening that may influence the project channel reach 
Identifying the design channel profile and estimate the potential range in variability of the 
channel bed elevation resulting from future incision or aggradation processes 
Identifying appropriate channel dimension based on a characterization of a stream reference 
reach  
Identifying appropriate bank treatments based on hydraulic forces acting on the 
streambanks within the project reach 

Channel design followed stream simulation methodology from USFS (2008) and bank stabilization 
measures from Caltrans design documents, as referenced within this report.  The channel design is 
intended to provide geomorphically stable channel geometry while protecting the roadway 
embankment and vulnerable streambanks with hybrid RSP revetments where required due to risk of 
scour and lateral channel migration.    
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2 STREAM CHANNEL GEOMORPHIC CHARACTERIZATION  

The proposed stream channel component of the replacement crossing was designed using the
stream simulation approach outlined in Part XII of the California Salmonid Stream Habitat 
Restoration Manual (CDFG, 2009) and by the USFS (2008). The stream simulation approach is a 
geomorphically-based approach that requires a channel-spanning crossing structure with adequate 
capacity to convey the 100-year flow.  The channel grading should seamlessly connect with the 
upstream and downstream channel profiles and the streambed should be composed of native 
material that is as mobile as bed material within the adjacent channel reaches.  The approach relies 
on using the adjacent stream channel as a geomorphic reference for design of the crossing and 
channel bed. 

Field Activities 

Lower Robinson Creek Reconnaissance and Observations 

On September 12, 2018 staff from MLA walked Robinson Creek stream channel from the 
confluence with Anderson Creek to the bridge crossing at the Mendocino County Fair Grounds.  In 
general, the channel appeared to be relatively stable vertically, with no obvious knickpoints. The 
channel morphology is characterized as gravel/cobble bedded pool and riffle with fairly shallow 
residual pool depths. Primary features forcing the channel morphology and pool scour appear to be 
channel constrictions, flow obstructions and wood recruitment from bank failures.  

From upstream to downstream the channel widens, and the terraces that form the valley floor get 
higher above the channel bed, with heights ranging from 15 to 25 feet increasing in the downstream 
direction.  Active bank erosion sites are located at numerous locations throughout lower Robinson 
Creek.  Indicators suggest that the channel incision process noted by Florsheim (2006 and 2008) has 
slowed or stopped and the channel is actively widening due to the oversteepened banks created by 
incision.  Several locations were recently treated for bank erosion, which involved use of both large 
rock and vegetation treatments (live willow stakes).   

Geomorphic Site Surveys  

On September 12 and 13, 2018 staff from MLA conducted a geomorphic survey of the stream 
channel extending 500 feet downstream and 1,182 feet upstream of Lambert Lane using a Trimble 
S7 robotic total station.  The survey datum was State Plane Zone 2 in the horizontal and NAVD88 
in the vertical based on survey control established by SHN for the project.  At the time of the survey 
the channel was dry. 

The geomorphic survey consisted of a longitudinal profile of the channel thalweg extending a total 
distance of 1,682 feet. The profile includes breaks in slope, such as riffle crests and pool bottoms. In 
addition to the thalweg, the margins of the actively scoured channel bed were surveyed.  In potential 
reference reaches, persistent inset benches above the bankfull channel bed were also surveyed.  
Downstream of Lambert Lane the bases of several streamside heritage bay trees were also surveyed 
as indicators of historical incision. 

A series of five channel cross sections were surveyed upstream and four downstream of Lambert 
Lane for use in developing reference reach channel geometry and to extend the project hydraulic 
model further upstream and downstream beyond the topographic survey limits provided by SHN.  
Cross sections noted geomorphic features, including active channel margins, bankfull indicators, and 
tops of inset benches.   
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Pebble counts were conducted at three locations upstream of Lambert Lane to characterize the 
bedload gradation that will be delivered to the project reach.  A potential reference reach was 
identified and field sketches were prepared.  An annotated map of the assessed channel reach is 
provided in Figure 3 showing the location of the reference reach, surveyed cross sections (XS) and 
pebble counts (PC), along with noted locations of active bank erosion and bank armoring. 
Additional geomorphic field data is provided in Appendix B. 

Comparison of 2005, 2008, 2016, and 2018 Channel Profiles 

The RCD provided the original spreadsheets containing the 2005 and 2008 channel thalweg survey 
conducted by the county.  The county’s profiles begin at station 0+00 at the confluence with 
Anderson Creek. The elevation data, which was in vertical datum NAVD29 was converted to 
NAVD88 by adding 2.971 feet to the surveyed elevations. The MLA 2018 thalweg was then overlaid 
onto the previous surveys along with the 2016 project survey by SHN, as shown in Figure 4.   

Comparison of the profiles found them to be relatively consistent through time.  As noted by 
Florsheim (2008), some channel aggradation was observed between 2005 and 2008 in the lower 300 
feet of Robinson Creek and at the confluence with Anderson Creek, suggesting that incision 
originating from downstream has ceased.  Also, comparing the 2005 to 2008 profiles shows some 
lowering of the channel bed between stations 16+00 and 21+00.  This reach is located at the 
confluence of Mill Creek, and has recently experienced extreme channel bank erosion and widening, 
causing the channel bed to lose confinement.  This appears to be the cause of the localized lowering 
of the stream profile within this reach, and does not appear to be due to headward migrating 
incision. 

The overall slope of the channel is relatively constant from the Mountain View Road bridge crossing 
to the bridge at the County Fair Grounds, averaging approximately 1.19%.  Plotting the overall 
profile highlights a 500-foot section of locally aggraded channel upstream of Lambert Lane 
extending from station 30+00 to 35+00.  Field inspection of this reach suggests the aggradation is 
caused in whole or in part by backwater affects created by sharp channel bends associated with the 
Lambert Lane bridge approach.  Between 2008 and 2016 additional sediment aggradation has 
occurred closer to the bridge crossing as a result of a flow obstruction created by the collapsed 
retaining wall and associated riprap. 

Local Scour and Aggradation downstream of Lambert Lane

Under the bridge, the right (looking downstream) footing has experienced significant local scour 
caused in part by flow plunging over the failed retaining wall being directed into the footing.  In 
2018 the scour depth along the right footing had increased to 5 feet, partially undermining the recent 
interim repair.  

Immediately downstream of the bridge there is a tight left bend in the channel.  The bank along the 
outside of the bend located on the property of the Boonville Hotel is oversteepened and actively 
eroding (Figure 5).  The resulting bank failures have toppled numerous mature trees into the 
channel, creating a large wood jam near station 28+00.  This bank failure started in 2012 with the 
loss of a heritage oak tree (personal communication, Linda MacElwee, RCD), but became more 
extensive during the winter of 2017.  Between the 2016 and 2018 surveys, the height of the channel 
bed upstream of the large wood jam aggraded approximately 1.6 feet. 
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Figure 3. Robinson Creek plan view extents of the geomorphic survey of the channel.  
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Figure 4. Channel thalweg profile showing the MLA survey (2018), SHN survey (2016), and County surveys from 2008 and 2005. 
Estimated overall channel profile and high and low vertical adjustment potential (VAP) profiles through the project reach are 
also shown. 
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Figure 5. Looking downstream at the active bank failure and local sediment 
aggradation upstream of large wood jam, 150 feet downstream of the Lambert 
Lane bridge (near station 27+50).  

Stream Sinuosity 

The channel has moderate sinuosity from upstream of Mountain View Road to approximately 
station 27+00.  Beginning at station 27+00 to approximately 33+00 the channel sinuosity increases 
substantially, with the Lambert Lane crossing located within the most sinuous section of this reach 
(Figure 3).  The Lambert Lane bridge crossing is located on an s-curve within the channel.  The 
bridge is at the beginning of a tight meander towards the left.  Downstream this meander continues 
bending left, causing the extensive bank failure and resulting large wood jam previously described.   

Upstream of the Lambert Lane bridge the partially failed retaining walls and road embankment is on 
the outside of a right bend within the channel.  On the inside of the bend there is a depositional bar 
that appears to have formed relatively recently (since construction of the bridge), likely in-part due 
to backwater affects from the abrupt turn in the channel as it approaches the bridge.  The bar 
appears to have sharpened the radius of the channel bend and pushed the channel thalweg up 
against the retaining wall along the road embankment and against the nearly vertical bank upstream 
of the retaining wall, where riprap has been placed.  

Farther upstream there is another meander bend near station 32+00.  The bank along the outside of 
the bend is oversteepened and actively eroding, and caused a 4-foot diameter oak tree to topple into 
the channel.  Upstream of this bend the channel is relatively straight, with low sinuosity. 

Discussion of Geomorphic Conditions

The lower reach of Robinson Creek does not appear to be incising since the 2005 survey, and has 
transitioned to the widening stage of channel development, as described by Schumm et al. (1984). 
This is expressed by the frequent bank failure and in-channel deposition. Localized aggradation was 
observed upstream of the crossing, caused by the sharp bend and obstructed flow at the bridge and 
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from a large wood jam downstream of the bridge that resulted from bank failure at the bend 
immediately downstream of the crossing.

Pools were generally shallow, however deeper pools observed in the profile were usually forced by 
constrictions from riprap placement and flow obstructions from wood jams resulting from bank 
failure. The dominant bed material can be characterized as very coarse gravel with a large percentage 
of cobble. The bed material has minimal embeddedness, suggesting it is frequently mobilized. 

Overall Slope and Channel Vertical Adjustment Potential (VAP) 

Developing stream crossing and bank revetment designs requires consideration of the degree that 
the channel bed may aggrade or degrade (incise).  This is accomplished through geomorphic 
interpretation of the channel thalweg profile, documented historical channel adjustments, and field 
observations of channel features, including depth of pools, location of riffle crests, height of banks, 
longevity of wood controls, and potential for increases or decreases in coarse sediment loads.  
Through this process, low and high “vertical adjustment potential” (VAP) profiles are plotted 
following methods outlined in Part XII of the California Salmonid Stream Habitat Restoration 
Manual (CDFW, 2009) and in USFS (2008).   

The outcome of the channel VAP evaluation is the low and high VAP profiles and the current stable 
channel profile through the project reach.  These VAP profiles define the estimated bounds of 
vertical channel adjustment that may occur in the project reach over the next several decades.  The 
channel VAP profiles are based on both quantitative and qualitative evaluations with uncertainty 
inherent in their nature, which should be considered when developing engineering designs.  The 
VAP profiles do not consider local scour, which is accounted for using other methods, but rather 
are based on reach scale aggradation or degradation potential.   

Estimated Low Vertical Adjustment Potential (VAP) Profile 

The low VAP profile is typically used as part of the overall scour analysis for setting the bottom of 
bridge footings and bank revetments. The estimated low VAP profile is shown on Figure 5 and 
Figure 6.  This was estimated based on the interpretation that the channel incision process has 
slowed or stopped, with no substantial vertical adjustment between 2005 and 2018.  Additionally, 
the channel bed of Anderson Creek at the confluence with Robinson Creek appears to be stable or 
aggrading.  Therefore, the lowest points along the channel profile between station 20+00 and 43+00 
were used to estimate the low VAP profile.  The resulting profile has a slope equal to the overall 
slope of 1.19%, but is offset approximately 4 feet lower in elevation.  

Estimated High Vertical Adjustment Potential (VAP) Profile 

The high VAP profile is typically used to evaluate hydraulic conditions if the channel aggrades.  This 
is applied when setting the top elevation for bank revetments and setting the soffit elevations for 
road-stream crossings.  For the project reach, the high VAP profile was based in part on the 
likelihood that upstream locally aggraded sediments, as seen in Figure 5, will be released in response 
to a new larger bridge crossing and less abrupt channel bends.  This sediment release could 
temporarily aggrade the channel within the project reach.  Additionally, long-term aggradation could 
occur due to ongoing bank erosion and widening, leading to an overall increase in sediment supply. 
Therefore, the high VAP profile was set based on the current elevation of the aggraded channel 
reach, placing it approximately 2 feet higher than the overall channel profile as shown in Figure 6.  
The result is an estimated 6-foot range in potential channel bed elevations within the project reach 
during the next several decades. 
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Figure 6: Robinson Creek channel thalweg profile upstream and downstream of the existing bridge crossing at Lambert Lane. 
Also plotted are the overall channel slope based on the entire lower Robinson Creek profile, the current project extents, and the 
low and high vertical adjustment potential (VAP) profiles for the project.   
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Hydrology 

The contributing watershed area at the Lambert Lane crossing is approximately 4.0 square miles and 
is characterized by second growth forests in the steeper headwaters that drain into the agricultural 
land of Anderson Valley. The estimated mean annual precipitation for the watershed is 44.2 inches 
per year (USGS, 2018).  A summary of basin statistics is provided in Appendix C. 

The Draft Bridge Design Hydraulic Study Report by WRECO (2018) included estimates of the 50-
year and 100-year return period flows calculated using two methods: the USGS North Coast 
regression equations (Gotvald et al. 2012) and the USACE rainfall-runoff model, HEC-HMS. 
WRECO (2018) selected the HEC-HMS 50- and 100-year flows of 1,340 and 1,750 cubic feet per 
second (cfs) for design of the Robinson Creek Bridge Replacement Project.  

The USGS regression equations provide estimates of peak flows for return periods as low as the 2-
year flow.  Frequently occurring peak flows with return periods of 1.2 to 2.5 years are often the 
“channel forming flows” that convey the most sediment through time (Wollman & Miller, 1960; 
Leopold, 2005).  There is also often a break in slope and change in vegetation within the channel 
cross section associated with the stream stage at the channel forming flow, which is referred to as 
“bankfull”. Therefore, to evaluate the channel hydraulic geometry, peak flows with these return 
periods were estimated by extrapolating the flows from the USGS regression using a log-linear 
regression. The estimated peak flows for the various return periods are provided in Table 1. 

Representative Channel Geometry  

Nine channel cross sections were surveyed as part of the geomorphic assessment and used to 
measure active channel width, bankfull width, and bankfull depth. In addition to these sections, the 
survey captured the left and right margins of the active channel bed and heights of inset benches 
above the thalweg.  Averages of active channel width, bankfull width, and bankfull depth were 
computed and are provide Table 2. The typical bankfull depth and width was 2.3 feet and 25 feet, 
respectively. These values were used to determine the appropriate dimensions for the channel within 
the project reach. 

Reference Reach Selection and Characterization 

The reference reach is a selected section of channel that serves as a template for design of the 
project channel.  The reference reach should have a similar drainage area and slope as the project 
reach and appear geomorphically stable.  Ideally, it would also have a similar planform sinuosity as 
the project reach.  Three reaches were surveyed and assessed for use as a reference reach for channel 
design.  The reach containing cross sections (XS) 3 and 4 was selected, although it is relatively 
straight compared to the project reach (Figure 3).  This reference reach is upstream of the aggraded 
sediment from the bridge crossing and has a slope that is close to the overall channel slope of 1.19% 
at the project site (Figure 4 and Figure 6).  Cross sections, a pebble count of the bed material was 
conducted and site sketch prepared for the reference reach.  
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Table 1: Estimated peak flows for various return periods in Robinson 
Creek at Lambert Lane.  Extrapolated values are indicated with (*). 

Return Period of 
Peak Flow 

Peak Flows Robinson Creek at Lambert Lane 
North Coast Regional 
Regression Equations 

HEC-HMS 
(from WRECO, 2018) 

1.01-Year 
1.2-Year 
1.5-Year 
2-Year 
5-Year 

10-Year 
25-Year 
50-Year 

100-Year 
 

Table 2: Measured channel dimensions upstream and downstream of the 
Lambert Lane crossing. The selected Reference Reach is indicated with (*). 

Upstream of Lambert Lane

Cross Section Location Active Channel 
Width (ft) 

Bankfull Width 
(ft) 

Bankfull Depth 
(ft) 

Average: 19.8 26.6 2.3 

Downstream of Lambert Lane 

Cross Section Location Active Channel 
Width (ft) 

Bankfull Width 
(ft) 

Bankfull Depth 
(ft) 

  

  
  

  

Average: 18.6 24.3 2.2 
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Description 

The reference reach has an average actively scoured bottom width of 14.4 feet and average bankfull 
width and depth of 23.1 feet and 2.3 feet, respectively.  The reach has an inset floodplain bench 
running along its entire left side of the channel (looking downstream), as seen in Figure 7.  This 
bench is consistently about 3.8 feet above the channel thalweg.  There is also a discontinuous 
floodplain bench on the right side of the channel that is slightly lower in height.  Cross section 3 is 
on the outside of a left bend in the reference reach.  The thalweg is against the right bank, on the 
outside of the bend, and there is a gentle upward sloping point bar within the actively scoured 
channel (Figure 8). 

The floodplain benches do not appear to be formed through deposition from overbank flows in the 
stream.  Instead, they may be remnants of the historical channel bed prior to an incision event, as 
suggested by Florsheim (2006).  As such, their inundation may not coincide to frequently occurring 
flows.   

 
Figure 7. Looking upstream at selected reference reach, with typical channel cross 
section and location of inset floodplain bench noted. 
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Figure 8. Reference reach cross sections, looking downstream, with 
typical bench geometry. Where LAC and RAC are left and right sides of 
active channel, BF is bankfull, and TH is thalweg. 

Streambed Material 

Pebble counts of the surface streambed material were conducted at three locations upstream of the 
Lambert Lane crossing to characterize the sediment size (Figure 9).  Pebble count (PC) 1 was the 
furthest downstream and well within the influence of the existing bridge and failed retaining wall.  It 
had substantially finer material than the other two pebble counts.  PC-2 was within the reference 
reach.  The median particle size within this reach was very coarse gravel (64 mm) and the D84 was 
medium cobble (128 mm).   

 

 
Figure 9. Gradation of streambed material from pebble counts in Robinson Creek upstream 
of Lambert Lane.  PC-1 is closest to the bridge crossing. 
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Bankfull Capacity and Shear Stress in Reference Reach 

The nine cross sections surveyed as part of the geomorphic assessment were added to the existing 
conditions HEC-RAS steady-state 1-D model (Appendix D) that was prepared by WRECO (2018).  
This model was then used to evaluate channel flow conveyance relative to geomorphic features 
within the reference reach, including bankfull flow. Model roughness coefficients for existing 
conditions matched the WRECO model, which is discussed in Section 4.1.1.  

Water levels for cross section 3 within the reference reach are shown in Figure 10.  Results indicate 
that the field indicators for bankfull correspond approximately with the 1.2-year flow. The right 
bench elevation becomes inundated at the 2-year return flow while the left bench inundates between 
a 2-year and 5-year flow.  The infrequency of flows inundating the benches supports that they are 
likely due to recent incision within the reach.  As previously noted, field evidence suggests the 
benches are remnants of the historical channel bed prior to an incision event.   

Water velocity and channel shear stress for flows with 1- to 5-year return periods is shown in Figure 
11.  At 1.2-year bankfull flow of 126 cfs the cross-sectional average channel velocity is 3.9 ft/s and 
shear stress is 0.76 lb/ft2.  Bankfull flow is typically associated with initiation of bedload movement. 
Using a dimensionless Shields parameter of 0.052 for very coarse gravel (Julien, 1998), the median 
particle size, the estimated critical shear stress to initiate movement ranges between 0.54 and 1.12 
lb/ft2.  This falls within the model-estimated shear stress at the 1.2-year flow, supporting the 
observed bankfull estimate. 

 

Figure 10. Existing condition HEC-RAS model results for the cross section XS3 in the 
selected reference reach. The bankfull field indicators correspond to the 1.2-year return flow 
and the benches inundate between a 2-year and 5 -year flow. 
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Figure 11. Water velocities and channel shear stress for cross section XS3 between the 1.01-
year flow (77 cfs) and 5-year flow (517 cfs).
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3 DESIGN CHANNEL LAYOUT AND GRADING

The channel design involved developing the appropriate channel profile and dimensions and then 
determining the appropriate bank protection measures and revegetation approach.  Drawings for the 
channel restoration plan are provided in Appendix A. 

Design Planform 

The existing bridge crossing is at the inflection of a tight meander bend and the channel alignment 
has been constrained by the roadway embankment.  The proposed replacement bridge has a free 
span of approximately 91 feet, while the existing bridge span is only 32 feet.  The increased span is 
in-part intended to facilitate an improved alignment with the channel by decreasing the sharpness of 
the meander bend.  A constraint to realigning the channel was the preservation of large established 
trees along the right bank upstream and downstream of the crossing, including an 8-foot diameter 
heritage oak tree close to the existing right bank of the channel near station 29+60.

The proposed alignment moves the approach channel further to the right (looking downstream) and 
has a sinuosity of 1.2 (valley length to channel length).  

The outside of the bends will need to be protected from scour.  Additionally, local toe scour along 
the outside of the bends must be considered as part of the design.   

Design Profile 

The design profile for the stream channel was developed based on the current overall channel 
profile. Figure 6 show the proposed channel profile with a slope of 1.4%, which is slightly steeper 
than the overall profile of 1.19%.  This is due to the shortening of the channel length by 
approximately 28 feet by reducing the sharpness of the meander bends.  The steeper profile allows 
for the channel slope to relax as it releases the stored sediment from upstream.  

Release of Upstream Aggraded Sediments 

At the upstream limits of the project, upstream of the crossing, the graded channel will steepen to 
match the existing streambed.  At this location the channel has aggraded as much as 1.8 feet due to 
the failed retaining wall across the channel and the flow constrictions created by the bridge.  An 
estimated 220 cubic yards of sediment is anticipated to be released during the adjustment period. 
During the adjustment period these sediments will be released during high flows and may 
temporarily deposit within the project reach or within the channel bend downstream of the bridge.   

Design Cross Sections 

Nearly the entire project reach is on one of two bends.  The design channel cross section shape and 
dimensions were based on the reference reach, which includes cross section XS3 on a bend.  A 
narrower bottom width of 11.5 feet and an anticipated actively scoured channel width of 15 feet is 
proposed to accommodate a point bar and bench on the inside of the bend (Figure 12). Although 
bench width will vary and is expected to adjust with time, for design purposes a bench height of 3.8 
feet and a side slope of 5:1 (H:V) was selected based on reference reach observations. Bank side 
slopes between 1.5:1 and 2:1 are proposed for the outside of the bends and for the slope at the back 
of the benches.  
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Figure 12. Typical channel geometry under the bridge for Robinson Creek at Lambert Lane 
Bridge replacement. 

Streambed Material 

The existing channel bed upstream and downstream of the culvert’s influence is composed of 
cobbles, gravels, and fines.  It is expected that native stream bed material would be stockpiled and 
reused in reconstruction of the channel bed and point bars.  The coarser material within the project 
reach that more closely matches the gradation of PC3 in Figure 9 should be high-graded for this use.  
Finer sediments salvaged during excavation should be used for forming the point bars above 
bankfull elevation that are slated for planting.   

Proposed Channel Grading

The approximate 350-foot long proposed channel was graded as a surface in AutoCAD Civil 3D. 
The final grading was developed through an iterative process guided in part by results from both the 
1D and 2D steady state hydraulic models of proposed conditions.  The grading is shown in  
Appendix A.  

Channel grading upstream of the proposed bridge involved maintaining the existing mature trees 
along the right bank while minimizing the sharpness of the meander bend.  The proposed point bar 
on the right side of the channel blends with the existing bench that supports these large trees 
between 29+60 and 31+40.  The left bank downstream of 30+90 will be a vegetated riprap 
revetment intended to protect the roadway embankment from scour and erosion while guiding the 
flow around the sweeping bend.   

As the channel approaches the bridge the channel bends towards the left.  At the cross-over near 
station 29+60 the point bar transitions from the right bank to the left bank.  Grading in the cross-
over focused on maintaining flow conveyance areas similar to upstream and downstream to avoid a 
channel constriction.  Downstream of the cross-over a vegetated riprap revetment will be required 
along both banks upstream of the bridge.   

A point bar is maintained along the left bank as the channel bends to the left under the bridge 
between station 28+00 and 29+60.  Riprap revetments will be placed against the bridge abutments.  
The riprap along the right bank is on the outside of the bend, and subject to high velocities and local 
scour.   

Downstream of the bridge the left bank grading transitions to match the existing steep ground.  
Along the right bank the grading ties-out immediately upstream of an existing exposed root mass 
from a large oak tree along the bank. 
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4 HYDRAULIC ANALYSIS OF DESIGN CHANNEL 

HEC-RAS One-Dimensional Hydraulic Analyses

The one-dimensional steady-state hydraulic model developed by WRECO (2018) using the HEC-
RAS software (USACE, 2010) was updated for existing conditions.  A separate HEC-RAS model 
was developed for the proposed channel grading associated with the bridge replacement. The model 
was used to evaluate existing hydraulic geometry of cross sections within the reference reach (see 
section 2.9.3) and proposed hydraulic conveyance associated with the 100-year flow for sizing riprap 
as part of rock slope protection (RSP) revetments. 

Existing Conditions HEC-RAS Model Development 

The WRECO (2018) existing conditions HEC-RAS model for the Lambert Lane bridge replacement 
project was derived from the project topographic surface provided by SHN. The model reach was 
673 feet with 19 cross sections. The bridge routine was utilized for the existing crossing and an 
inline weir was used to simulate the collapsed concrete wall that is currently obstructing flow.  Table 
3 lists the Manning’s roughness coefficients used in the existing and proposed conditions model.  

 

Table 3. Roughness coefficients used for existing and proposed 
condition hydraulic modelling.  Adapted from WRECO (2018).  

Channel Description Manning’s Roughness 
Coefficient (n) 

MLA utilized the HEC-RAS model leaving it unchanged with the exception of extending the model 
length upstream and downstream by adding the nine MLA surveyed cross sections, all of which were
located beyond of the existing model boundaries.  Additionally, channel river stationing was 
adjusting to correspond to match the distance from the confluence with Anderson Creek, and 
therefore match the geomorphic analyses presented in Section 2. The updated existing conditions 
model extends a length of 1,564 feet.   

The model was executed in mixed mode.  Existing conditions HEC-RAS results are provided in 
Appendix D. 
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Proposed Conditions HEC-RAS Model Development 

The proposed model domain extends 1,536 feet along Robinson Creek through the project area. A 
total of 26 cross sections were used to create the model. Eight of the cross sections were derived 
from the geomorphic channel sections surveyed by MLA, and the remaining cross sections were 
sampled from the proposed condition surface developed by MLA for the channel restoration design
as shown in Appendix A 

Model geometry was developed for as-built conditions.  The proposed riprap revetments upstream 
and downstream of the bridge crossing are to be vegetated with live willow cuttings following 
Caltrans “hybrid revetment” design.  Initially, the riprap revetment will have a relatively low 
Manning’s roughness of 0.050.  This value was determined based on the additive Manning’s n 
method, as recommended in Caltrans (2014) Hybrid Streambank Revetments: Vegetated Rock Slope 
Protection manual.  This will result in the highest water velocities impinging on the riprap, and should 
be used for sizing the riprap.  Mature vegetation conditions following growth of the willow plantings 
was evaluated using the two-dimensional model and a Manning’s n of 0.100, as presented in Section 
4.2. 

Based on observed conditions and using the additive Manning’s n method, the Manning’s roughness 
coefficient for the channel was set at 0.045 for the main channel between the specified bank 
markers. For overbank areas, the Manning’s roughness coefficient of 0.07 was assigned to simulate 
the hydraulic obstructions created by brush and moderately dense vegetation along the channel and 
0.05 for areas with vegetated RSP. Calculation of Manning’s n is provided in Appendix D. Bank 
markers were placed to provide average channel velocity within the main channel, including all 
proposed RSP bank treatments. The proposed bridge was not included in the model for channel 
design, as the clearance and freeboard are well above the proposed design water surface and the 
concrete abutments do not encroach on the channel area.  

The model was run for the 50- and 100-year return flows of 1,320 and 1,760 cfs respectively. To 
account for potential channel aggradation and to check the design height of RSP, the high VAP 
condition was also modeled. This was done by applying a fixed sediment elevation by adding 2 feet 
to the proposed channel bed elevations.  

Proposed conditions HEC-RAS was executed in mixed mode. Results are presented in Appendix D.  

Results for Existing Conditions  

The existing conditions model results were primarily used to evaluate hydraulic geometry, channel 
capacity, and channel shear stresses within the reference reach.  This is discussed in section 2.9.3. 

Results for Proposed Conditions  

The HEC-RAS water surface profiles for the proposed condition is provided in Figure 13.  The 100-
year water surface at the bridge face is at elevation 374.67, which is greater than 9 feet below the 
bottom of the proposed bridge deck.  Average channel velocities at the 100-year flow are generally 
between 7 and 9 ft/s in the channel at the bridge crossing, but spike to 11.6 ft/s at the downstream 
limit of the project (Figure 14).  This is located immediately upstream of an expansion in the channel 
cross section associated with the downstream bank failure.  The expansion causes a local drawdown 
in the water surface and spike in water velocities at 28+06.
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Results for High VAP Profile Conditions  

Flow conveyance for the high VAP profile condition was evaluated with the proposed conditions 
HEC-RAS model.  This was accomplished by adding two feet of “sediment fill” to the bottom of 
each channel cross section.  Results from this analysis were used to estimate water surfaces 
associated with the 50- and 100-year flows with high VAP profile conditions (Figure 15). The high 
VAP 100-year water surface at the bridge face is at elevation 375.50, which is 0.83 feet higher than 
under design conditions.   

SRH Two-Dimensional Hydraulic Analysis 

A two-dimensional model of existing and proposed conditions was developed using the 
USBR/FHWA Sedimentation River Hydraulics (SRH-2D) model (Bureau of Reclamation, 2008).  
The SRH-2D model is widely used for applications similar to this project.  It provides good 
flexibility in creating and editing the two-dimensional mesh and provides good computational 
stability.  

 

 

Figure 13. HEC-RAS proposed conditions water surface profiles of the 50- and 100-year 
flows in Robinson Creek at Lambert Lane Crossing. 
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Figure 14. HEC-RAS proposed conditions channel velocity profiles for the 50- and 100-year 
flows in Robinson Creek at Lambert Lane Crossing.

 

 
Figure 15. HEC-RAS high VAP conditions (2 feet of aggradation) with water surface profiles 
for the 50- and 100-year flows in Robinson Creek at Lambert Lane Crossing. 
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This analysis using SRH-2D focused on both bankfull flows and 100-year flow conditions, and was 
used to identify areas with high shear stress and velocities.  These results were used to refine the 
channel grading to minimize abrupt hydraulic constrictions and areas of focused high velocities.  
The results were also used to set the top elevation for the RSP revetments.  This was selected rather 
than the one-dimensional HEC-RAS model because of SRH-2D’s ability to calculate super-elevation 
of flows along the outside of channel bends.   

SRH-2D is a mesh-based model that solves the standard St. Venant’s equations for gradually varying 
flow using finite-volume methods. The flexible mesh elements can be a combination of rectangular 
and triangular elements that vary in shape and size to accurately reflect the topography of the model 
domain. The model outputs include depth of flow, depth averaged velocity vectors (x and y 
direction), and shear stress for each wetted element in the mesh.  

 SRH2-D Model Development  

The model domain for the Lambert Lane bridge replacement project included the 720 feet of 
surveyed channel that encompasses the project area as shown in Appendix E. The model domain 
extended on both sides of the channel up to the top of banks. The channel was modeled with 
flexible triangular elements with 3-foot sides, except where additional detail was necessary. The 
elevations of the element nodes were derived from the project’s digital terrain model (DTM).  For 
existing conditions, the DTM developed from the topographic surveys by SHN was used.  For the 
existing and proposed conditions model, the SHN DTM was extend further downstream based on 
MLA survey points to include the entire bend in the channel and associated bank failure behind the 
Booneville Hotel.  For proposed conditions the design surface was merged with the existing 
conditions DTM.   

Manning’s roughness coefficients were assigned to each mesh element. SRH-2D does not use 
contraction and expansion or eddy viscosity coefficients as part of the computations. Therefore, 
contraction and expansion losses need to be incorporated into the Manning’s roughness values. 
Manning’s roughness values were taken from Table 3.  This includes a value of 0.100 for the hybrid 
RSP with mature vegetation and 0.08 for the riparian planting areas on the inside of the meander 
bends.   These roughness values were calculated using methods recommended in Caltrans (2014), 
and as provided in Appendix E.  

The downstream boundary condition was set based on HEC-RAS water surface elevations for cross 
section XS6, which is located at the downstream end of the SHR-2D model domain for both 
existing and proposed conditions. 

SRH-2D Results 

The SRH-2D results are provide in Appendix E.  Figure 16 compares the water velocities and 
vectors for existing and proposed conditions.  Existing condition results illustrate the channel 
constriction created by the existing bridge opening, with water velocity under the existing bridge 
exceeding 11 ft/s.  The constriction raises water levels upstream of the bridge, creating slower 
velocities and widening the area of inundation during the 100-year flow.  

In comparison, the proposed condition velocities are reduced under the bridge and the flow area 
remains relatively constant throughout the project reach.  The highest velocities are at the upstream 
limit of the project grading, near station 31+50.  This is the location that a small headcut is expected 
to occur as upstream stored sediments are released and transported downstream.  
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Downstream of the bridge crossing the proposed condition velocity distribution against the existing 
bank failure remain effectively unchanged from existing conditions.  There is an area of high 
velocities at station 28+00, immediately downstream of the project grading.  This is caused by an 
existing large oak tree on the bank, with its root mass protruding into the channel.  Under existing 
conditions this is masked by the extremely high velocities discharging from under the bridge.   

 

 
Figure 16. SRH-2D predicted water velocities associated with the 100-year flow of 1,750 cfs 
for existing and proposed.   
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5 DESIGN OF CHANNEL BANK REVETMENTS 

Due to high water velocities within the channel and the steep side slopes required for the 
streambanks in the vicinity of the roadway and bridge, rock slope protection (RSP) will be necessary 
to form a stable streambank revetment.  To provide channel shade and additional roughness along 
the streambanks to slow velocities, a hybrid revetment design consisting of vegetated RSP will be used 
following design guidance given in Caltrans Design Information Bulletin No. 87-01 (Caltrans, 2014).  
This uses standard guidelines for RSP sizing, thickness, and layering as described in the California 
Bank and Shore Rock Slope Protection Design manual (Caltrans, 2000).  

RSP Sizing 

RSP was sized for the 100-year flow condition of 1,760 cfs with as-built vegetation conditions.  
Three methods were used and results were compared: California Bank and Shore Protection Design, 
equation 1(Caltrans, 2000), and USACE (1994) equation 3-3 and equation 3-5. The three methods 
yield a wide range in size class for RSP and are summarized in Appendix F. The USACE equation 3-
3 resulted in the most conservative (i.e. largest rock class) and was selected based on professional 
judgement.  

The USACE equation 3-3 for determining RSP size for channel bottom and side slopes uses depth 
averaged channel velocity. Velocity and depth for key locations in the project site were derived from 
the proposed conditions HEC-RAS model (post construction “as-built” conditions). This method is 
applicable to side slopes of 1.5H:1V or flatter. RSP placed along the outside of channel bends will 
experience increased forces from impinging flows. This method accounts for bendways using the 
ratio of the centerline radius of the bend to wetted width of the channel. In addition to velocity and 
side slope, this method is sensitive to the unit weight of stone, which generally varies from 150 to 
175 pounds per cubic foot. For this application a unit weight ( s) of 165 pounds per cubic foot was 
used.   

A minimum safety factor of 1.1 is recommended by USACE. For the Robinson Creek channel 
design, a safety factor of 2.0 has been applied due to the sharp meander, potential for impact from 
large floating debris, and risk to vital infrastructure.  

Equation 3-3 yields a representative stone size for the D30, for which 30 percent of the gradation is 
finer by weight and length. To determine the D50, a relationship is presented that is based on the 
ratio of D84 to D15 that defines the gradation of material. Standardized gradations range from 1.4 to 
2.2, where a higher ratio indicates a wider range of material size. A ratio of D84/D15 of 1.6 was used 
for this analysis, which is consistent with Caltrans specifications for larger rock size classes.  

Calculated stable rock sizes for streambank revetments in the project reach are provided in Table 4. 
Weights are calculated assuming a spherical shape for the rock and a unit weight of 165 lbs/ft3.  
Caltrans RSP classes are named by the D50 (median rock diameter). Table 4 lists the Caltrans RSP 
size classes and the corresponding FHWA classification that are closest to the stable D50 rock size 
for the specified location. 

Computations for RSP sizing are presented in Appendix F. 
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Table 4. Calculated stable rock sizes for RSP along channel banks and applicable Caltrans 
and FHWA RSP size class.  Sizing based on USACE (1994) equation 3-3.

Station Location 
Side Slope 

(H:V) 

Stable Rock Size (D50) 

Diameter (ft) Weight (lbs) 
Size Class  

FHWA (Caltrans) 

30+78 

30+18 

29+87 

29+42 

28+89 

28+68 

28+48 

RSP Layers and Thickness 

RSP should be placed in a layer with a thickness sufficient to remain stable and provide maximum 
protection against erosive forces. Rock that interlocks and minimizes voids will help ensure the 
stability of the RSP layer. Design equations are based on a minimum thickness of 1*D100, the 
maximum size in the size class. Caltrans methods for RSP design call for use of “California Layered 
RSP” (Caltrans, 2000), where up to three layers of rock make up the total RSP thickness. The design 
follows filtration theory where, from the inside to the outside, each layer is progressively larger so an 
inner layer will not pass through the voids of the next layer. The total RSP thickness is made up of a 
backing, inner and outside layer.  In some cases, an inner layer is not required.   

Caltrans standard RSP size classes are divided into two construction methods. Method “A” is for 
larger rock that is individually placed and Method “B” is for smaller rock where dumping is 
acceptable. Using the stable rock sizes calculated for locations given in Table 4, the RSP size class 
layers and thickness were developed following Caltrans (2000), and are provided in Table 5. 

Standard Caltrans design includes RSP fabric at the interface of the native slope and the backing 
class. However in lieu of RSP fabric, the hybrid revetment uses a gravel filter to better support 
vegetation plantings.  A Universal Gravel Filter Gradation is appropriate for the proposed RSP 
revetments.  It consists of 6-inch minus gravel.  For slopes steeper than 2.5H:1V rounded river-run 
material is not recommended for the gravel filter layer.  
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Table 5. RSP size class and thickness by station and location. 

Station and Location
Side Slope 

(H:V) 

Outer Layer Backing Layer 

RSP Class Thickness (ft) RSP Class Thickness (ft)

Toe Scour Analysis 

Toe scour and undermining of RSP along streambanks is a common cause of failure. The proposed 
channel within the project reach will have a natural substrate bottom and includes two substantial 
meander bends. In meandering channels flow is impinged along the outside bend, increasing 
velocities and scour forces. In high flows the channel bed scours and then refills during the receding 
limb of the hydrograph. Toe protection can be provided by extending the toe of the RSP to a depth 
below the expected scour depth.  

Caltrans (2014) and USACE (1998) reference methods developed in Toe Scour Estimation in Stabilized 
Bendways (Maynord 1996) as a way of predicting potential scour depth. The empirical equations were 
developed by synthesizing laboratory and field data for scour at bank toes around stream bends. The 
primary variables are the average depth in the main channel upstream of the bend, depth at the bend 
and centerline radius of the main channel bend. The depth of scour is the difference of the 
computed depth in the bend and the maximum depth as predicted by Equation 16.   

Based on the radius of the channel bends a factor of safety of 1.19 was used, implying that 2% of 
measured scour could be 5% deeper (approximately 0.5 feet) than the predicted scour depth.  

The scour analysis indicated that the toe of the RSP should be placed to a minimum depth of 3.0 
feet below the channel bed. This scour depth is added to the depth the channel may degrade based 
on the low vertical adjustment potential (VAP) profile, which is approximately 4 feet lower than the 
design channel bed. This places the toe of the RSP a minimum of 7 feet below the design channel 
bed.  

Design Height of RSP 

Caltrans recommends the water depth during 50-year return flow for the design height of the RSP. 
Additional freeboard can be added to the design height based on site conditions and professional 
judgment. Additional consideration should be given to the potential for super-elevation at bends and 
the possibility of channel aggradation.  In this case, results from the 2D model at the 100-year flow, 
which represents the matured vegetation condition of the hybrid RSP revetment was used to define 
the design water surface with super elevation at the bends. The final design height of the RSP was 
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then modified by adding the difference of the proposed water surface and the high VAP water 
surface as predicted by the HEC RAS model to account for potential aggradation.  

Cross sections 30+78, 29+87 and 28+88 are on the straight section approaching the bend, on the 
right bend, and on the left bend at the bridge face. These locations represent the highest potential 
for scour and super elevation and were used to determine the design height of the RSP design. Table 
6 lists the SHR-2D water surface at the hybrid riprap banks on the outside of the bends.  The 
increase in water surface elevation at the high VAP conditions as compared to design conditions is 
based on the HEC-RAS results.  This difference is added to the SRH-2D water surface elevation to 
arrive at the design elevation for the top of the RSP.    

Table 6. Summary RSP top elevation based on 100-year water surface elevations (WSE) for 
proposed conditions with mature vegetation from 2D modelling plus increase in WSE due 
at high VAP profile due to potential aggradation. 

Station and Location 

SRH-2D  
WSE along Bank 

(feet) 
Increase in WSE 

at High VAP  

Design Elevation 
for RSP Top 

(feet) 

28+88 376.3 

29+87 378.3 

30+78 379.0 

Hybrid Revetment Design- Vegetated RSP 

Incorporating vegetation into the streambank revetment has the beneficial effects of improving 
stream ecology, increasing soil strength and providing flow resistance, although it can be 
unpredictable over the long term (Caltrans 2014). Established vegetation will provide cover, shade 
the channel and provide nutrients to the stream. As root systems establish, they can support the 
banks by providing resistance to scour and bind the soils and rock placed along the bank. 

Caltrans has developed recommendations for the use of a “hybrid revetment” that incorporates 
vegetation into rock slope protection to provide the benefits of stream side vegetation while 
managing its uncertainties. The intent is to balance the engineering benefit of armoring a bank while 
promoting ecological processes. 

The hybrid RSP design consists of the standard RSP design as described above, with the addition of 
live willow staking that penetrates the rock layers and allows rooting into the native bank soils. 
Species most commonly used as live stakes are native willow and cottonwood trees.  Plantings are 
placed either vertical or perpendicular to the slope face and must be long enough to extend through 
to the subbase and into most soil. Placement of live stakes is done in conjunction with rock 
placement. To provide protection to the live stakes during rock placement, cuttings should be placed 
into perforated cardboard tubes that are embedded into the subgrade and extend through the 
layered RSP (Figure 17).  Cardboard is preferred as it can degrade over time and not hinder the 
growth of the cuttings. Growing medium is placed within the cardboard tubes to provide direct soil 
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contact.  Additionally, voids within the placed riprap should be filled with salvaged soil to further 
promote root growth within the layered RSP.   

For Robinson Creek, it is assumed cutting shall be made from native willow species.  Stakes may 
need to be as long as 12 feet and should be placed vertically to maximize their rooting depth, with 
the butt of the live stake at or near summer groundwater levels.  The willow plantings will start at 
bankfull, 2.3 feet above the finished channel bed, and extend up the RSP revetment.  To ensure 
good establishment, the live stakes should be irrigated for a minimum of two seasons. 

Preliminary spacing of live willow stakes is assumed to be 5 feet on-center.  Prior to final design a 
qualified landscape architect or botanist should be retained to provide recommendations for lateral 
spacing, live willow stake diameter range, embedment depths into subgrade and type of soil backfill 
for the tubes. They should also provide provisions for harvesting and storage of cutting stock and 
irrigation design. 

 

Figure 17. Typical live stake placement for hybrid RSP revetment.  

RSP Design Sections 

Three typical design sections were developed for the RSP bankline protection for the project (Figure 
18): 

1. Under the Bridge (Station 28+15 to 28+60) 
2. Apex of the bend and along the roadway and bridge approach (Station 28+60 to 30+30) 
3. Upstream edge of project at approach to bend Station (30+30 to 30+90) 

Section 1 has 1.5:1 side slope and is located along the bend under the bridge. This reach has ½ Ton 
RSP (Class VII) application on both banks. The right bank is the outside bend and the left bank is 
the inside bend where a bench is expected to form in the wider channel. Roughly half of the RSP on 
the right bank will be outside the cover of the bridge deck and should utilize the Hybrid RSP 
discussed above.  

Section 2 is located at the apex of the bend along the bridge approach currently protected by the 
retaining wall and RSP. The left bank will have 1-Ton RSP (Class VIII) application with a 1.5:1 slope 
at the toe and ½-ton RSP (Class VII) at a 2:1 slope along the upper bank. This reach should utilize 
Hybrid RSP. Compacted native backfill behind the RSP layers will be required where the new bank 
is pulled away from the existing road embankment. Above the RSP application backfill and planting 
should be applied to meet the existing ground.  
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Section 3 is located at the upstream end of the project reach and is the approach to the first bend. 
¼-ton RSP (Class V) will be applied to the left bank at a 1.5:1 side slope and blend into the native 
bank. Hybrid RSP should be utilized. Existing RSP along this reach should be reused as practical.  

 

Figure 18. Typical sections for RSP placement along design channel on 
Robinson Creek at Lambert Lane. 
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Tree Removal and Additional Streamside Planting Areas 

Based on the proposed channel grading shown in Appendix A, several trees will be removed.  This 
includes a 30-inch tree (DBH) close to the bridge face, a 16-inch tree near the existing retaining wall, 
and an 8-inch and two 4-inch trees on the right bank.  The species of these trees is not known, but if 
any are willows, they should be considered for use as live stakes for the hybrid revetment.   

In addition to the plantings contained within the hybrid RSP revetment, native vegetation would be 
planted on the graded point bars on the inside of the channel bends.  This includes on the right 
bank between station 29+50 and 31+10, and on the left bank immediately upstream and 
downstream of the bridge crossing.  This vegetation should include native riparian tree species, as 
well as understory plants.  Irrigation will likely be required for a minimum of two years to ensure 
survival.   

In addition to the planting areas close to the channel, the project will create a terrace behind the RSP 
adjacent to the road embankment at the southern bridge approach.  This terrace could be used to 
plant upland tree species, such as native oak trees.  Prior to final design a qualified landscape 
architect or botanist should be retained to develop a planting plan. 

Recommendation for Treatment of the downstream Bank Failure

The stream channel design allows for release of the stored sediments from the upstream channel.  In 
total, approximately 220 cubic yards of streambed sediments may be released and transport 
downstream during this channel adjustment period.  This is a relatively small amount of sediment 
for this stream.  However, this released sediment has the potential to deposit between high flow 
events within the project reach and immediately downstream.  Deposition could exacerbate the 
existing bank erosion downstream of the bridge, behind the Boonville Hotel.  Given the condition 
of this failing bank, proximity of structures on top of this bank, and potential for channel 
adjustments associated with this project, efforts should be made to treat the bank failure using 
standard bioengineering bank revetment practices prior to, or in conjunction with, the Lambert Lane 
bridge replacement.  The Mendocino County Resource Conservation District (RCD) has lead bank 
repairs using similar approaches in other location in lower Robinson Creek, and should be engaged 
about the potential to lead repair efforts for this bank failure.   
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Appendix A – Design Drawings 
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Appendix B - Geomorphic Field Data 

 



 

Robinson Creek Channel Design for the Lambert Lane Bridge Replacement Project Page 37 
March, 2019 
 

 

Appendix C – Hydrology 
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Appendix D  - HEC RAS Results 
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Appendix E - SMS Results 
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Appendix F – Rock Slope Protection Design 
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Appendix A – Design Drawings 
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Appendix B - Geomorphic Field Data 
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Robinson Creek Geomorphic Survey
Spetember 12, 2018

Cross Section Data 

Upstream of Lambert Lane
Cross Section Location BF Width (ft) BF Depth (ft) AC Width (ft)

XS 1 STA 34+05 29.9 2.2 26.2
XS 2 STA 34+45 25.0 2.7 2.3 19.5
XS 3 STA 36+27 21.4 2.4 15.4
XS 4 STA 37+33 24.8 2.2 13.3
XS 5 STA 39+72 31.7 2.1 24.8

Average: 26.6 2.3 19.8

Downstream of Lambert Lane
Cross Section Location BF Width (ft) BF Depth (ft) AC Width (ft)

XS 9 STA 24+20 23.7 1.8 2.1 17.0
XS 8 STA 24+95 19.6 18.1
XS 7 STA25+25 25.0 2.3 19.7
XS 6 STA 26+20 28.8 2.6 19.6

Average: 24.3 2.2 18.6
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Appendix C – Hydrology 
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5 517
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Appendix D  - HEC RAS Results 
  



Manning's Roughness Calculations
Robinson Creek at Lambert Lane

Post Project "As-Built Conditon"
Hybrid RSP revetment after construction with newly planted vegetation

Main Channnel Bed and Bank Surface Material Reevaluated no= 0.028 Coarse Rock

Channel Degree of Irregularity Reevaluated n1= 0.005 Slightly Eroded banks or bed

Channel Cross Section Variation n2= 0.005 Thalweg Alternates sides

Main Channel Relative Effect of Obstructions n3= 0.000 No obstructions

Main Channel Vegetation Density Reevaluated n4= 0.005 Low vegetation Denisty

Channel Degree of Meandering m5= 1.000 Sinuosity of 1.2

nc= 0.043

Post Project "Full Grow Out Conditon"
Hybrid RSP revetment with mature vegetation

Main Channnel Bed and Bank Surface Material Reevaluated no= 0.028 Coarse Rock

Channel Degree of Irregularity Reevaluated n1= 0.000 SmoothBanks

Channel Cross Section Variation n2= 0.005 Thalweg Alternates sides

Main Channel Relative Effect of Obstructions n3= 0.010 Obstruction <15% of XS from debris

Main Channel Vegetation Density Reevaluated n4= 0.065 Dense Willows

Channel Degree of Meandering m5= 1.000 Sinuosity of 1.2

nc= 0.108

Channel Bed

Main Channnel Bed and Bank Surface Material Reevaluated no= 0.028 Coarse Rock

Channel Degree of Irregularity Reevaluated n1= 0.000 SmoothBanks

Channel Cross Section Variation n2= 0.005 Thalweg Alternates sides

Main Channel Relative Effect of Obstructions n3= 0.010 Obstruction <15% of XS from debris

Main Channel Vegetation Density Reevaluated n4= 0.000 No vegetationin Channel

Channel Degree of Meandering m5= 1.000 Sinuosity of 1.2

nc= 0.043

Native Planting Areas

Main Channnel Bed and Bank Surface Material Reevaluated no= 0.02 Earth and sand

Channel Degree of Irregularity Reevaluated n1= 0.005 Slightly eroded banks

Channel Cross Section Variation n2= 0.005 Thalweg Alternates sides

Main Channel Relative Effect of Obstructions n3= 0.010 Obstruction <15% of XS from debris

Main Channel Vegetation Density Reevaluated n4= 0.040 Native Trees with wide spacing

Channel Degree of Meandering m5= 1.000 Sinuosity of 1.2

nc= 0.08

CALTRANS. 2014. Hybrid Streambank Revetments: Vegetated Rock Slope Protection. State of 
California Department of Transportation Design Information Bulletin. DIB 87-0.1
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Robinson Creek at Lambert Lane Bridge
HEC-RAS Reults for Existing Channel

Profile = Q1.2
Q Total (cfs) = 126

River Sta Description Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Depth of Flow
(ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft)

3972.02 379.96 381.45 381.24 381.72 0.015676 4.15 30.47 30.36 0.73 1.49
3733.26 376.88 379.02 378.44 379.24 0.007335 3.77 33.94 22.7 0.53 2.14
3627.82 375.85 378.19 377.55 378.42 0.008272 3.89 32.43 20.59 0.55 2.34
3446.01 374.96 377.12 376.33 377.27 0.004788 3.1 40.59 24.26 0.42 2.16
3405.09 374.95 376.4 376.4 376.83 0.032602 5.26 23.95 28.35 1.01 1.45
3343.00 373.90 375.46 375.02 375.65 0.008308 3.44 36.65 29.42 0.54 1.56
3273.00 372.65 374.89 374.36 375.09 0.007769 3.57 35.3 25.33 0.53 2.24
3203.00 372.49 373.93 373.8 374.24 0.020368 4.43 28.41 30.74 0.81 1.44
3108.00 370.13 373.15 372.3 373.32 0.005267 3.32 37.92 21.7 0.44 3.02
3045.00 370.79 372.94 372.13 373.04 0.003381 2.51 50.25 32.94 0.36 2.15
2999.00 368.82 372.95 370.6 372.97 0.000435 1.29 98.02 36.87 0.14 4.13
2977.00 368.53 372.88 371.16 372.95 0.001988 2.08 60.5 24.36 0.23 4.35
2954.00 367.54 372.85 369.84 372.92 0.000951 2.03 62.09 17.01 0.19 5.31
2940.00 Inl Struct 0.00
2926.00 366.34 369.19 368.48 369.56 0.010128 4.94 25.53 11.87 0.59 2.85
2919.00 366.28 369.17 368.33 369.45 0.007328 4.24 29.71 14.3 0.52 2.89
2906.00 366.41 369.21 367.98 369.32 0.002047 2.68 47.01 21.23 0.32 2.80
2891.00 Bridge 0.00
2877.00 365.60 369.04 368.16 369.21 0.003938 3.38 37.3 20.63 0.44 3.44
2870.00 366.36 369.03 368.24 369.16 0.004169 2.88 43.78 26.39 0.39 2.67
2858.00 367.09 368.98 368.25 369.11 0.004583 2.79 45.1 31.55 0.41 1.89
2826.00 366.76 368.42 368.23 368.78 0.018333 4.79 26.28 22.98 0.79 1.66
2794.00 365.63 368.27 367.43 368.39 0.006085 2.78 45.28 31.93 0.41 2.64
2732.00 365.15 367.97 367.16 368.09 0.004037 2.69 46.82 30.13 0.38 2.82
2691.00 364.70 367.21 367.21 367.68 0.034574 5.5 22.9 25.35 1.02 2.51
2671.00 364.17 365.15 365.52 366.35 0.149476 8.78 14.36 24.97 2.04 0.98
2620.82 363.55 365.15 364.77 365.39 0.010655 3.95 31.91 24.78 0.61
2524.95 362.23 364.15 363.71 364.41 0.009677 4.08 30.98 21.79 0.6
2495.47 361.13 364.12 362.73 364.23 0.002547 2.72 46.38 18.76 0.3
2415.18 361.22 363.19 363.19 363.69 0.034012 5.69 22.14 22.91 1.02
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