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1 INTRODUCTION 

The Marin County Department of Public Works contracted Stillwater Sciences to prepare 
engineered design plans for three habitat enhancement/erosion control sites located along 
mainstem San Geronimo Creek and one site located on a small tributary draining to Woodacre 
Creek (tributary to San Geronimo Creek). The four sites include the: (1) Synder-Stranger Project, 
(2) McGuinn-Newman Project, (3) Watson Project, and (4) Freund Stables Project. Design Plans 
have been prepared for each site based on the analyses presented in this design report. 
 

2 PROBLEM STATEMENT 

San Geronimo Creek is a California Coastal stream where coho salmon (Oncorhynchus kisutch) 
and steelhead (O. mykiss) once occurred in abundance. Salmonid populations in California and 
throughout the Pacific Northwest have experienced significant declines as compared with 
historical data, as result of multiple factors including widespread expansion of land and water 
uses, disease, ocean harvest, and predation (Nehlsen et al. 1991). Coho salmon, in particular, no 
longer occupy many of the streams in California where they used to occur (Hassler et al.1991) 
and state-wide estimates indicate that coho salmon populations are currently less than 6% of 1940 
numbers (Brown et al. 1994). Coho in the southern part of the species’ range appear to have 
shown the greatest declines, with few coho occupying coastal streams near or south of San 
Francisco Bay. Despite these declines, the Lagunitas Creek watershed population of coho salmon, 
including fish spawning in the tributary stream of San Geronimo Creek, is the largest and most 
stable population south of the Noyo River within the Central California Coast Evolutionarily 
Significant Unit (ESU) (Ketcham et al. 2004). While accurate steelhead adult population size 
estimates for Bay Area watersheds are not available, in general the stocks have also declined 
substantially throughout California since the mid-1960s (McEwan and Jackson 1996). 
 
The San Geronimo Valley Salmon Enhancement Plan identified Lower San Geronimo Creek 
(location of three of the four sites) as one of the reaches in greatest need of rehabilitation. 
Specifically, limited high-flow refugia for winter rearing was identified as an instream condition 
that directly affects fish (Stillwater Sciences 2009). In addition, landowners within the project 
reaches are concerned with risks associated with bank erosion. The objective of this project is to 
enhance salmonid habitat by improving the impaired conditions where feasible, while also 
reducing the potential for damage to adjacent infrastructure associated with flooding and erosion.  
 
Design elements of this project include large wood structures and floodplain enhancement that 
decrease water velocities during high winter flows, and increase scour to create deep pools with 
cover during summer low-flows. During the winter, many of the structures will provide refuge for 
salmonids so that they are not flushed out of the system. During the summer, some of the 
structures will increase the frequency of deep pools with cover to provide summer rearing habitat 
in the vicinity of winter refuge habitat (aka habitat connectivity).  
 
Within the project reach complete re-connectivity to the floodplain is not feasible, due to funding 
and landowner constraints. Therefore, work will take place within the incised channel. However, 
where topographic opportunities occur (Snyder-Stanger project site), off-channel habitat will be 
enhanced through lowering of floodplain terraces and/or adding complexity. These off-channel 
habitat features were designed to provide winter velocity refuge and winter rearing habitat. 
Design of all enhancement features were guided by natural habitat features previously observed 
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in other watersheds with analogous channel morphology, and with documented high rearing 
densities and survival of both coho salmon and steelhead.  
 
A critical aspect of this project design was ensuring that the projects do not significantly increase 
flood risk on properties adjacent to where the structures are located, and to reduce the potential 
for bank erosion. Preventing bank erosion also provides the dual-benefit of reducing fine 
sediment delivery (identified as a high priority in the San Geronimo Valley Habitat Enhancement 
Plan). In addition, all enhancement features will be durable and stable to maximize longevity of 
benefits to habitat, while minimizing the risk to downstream infrastructure. Landowner and 
environmental concerns have been balanced in these designs to achieve the objectives of all 
stakeholders. As described below, hydraulic modeling of existing and proposed conditions were 
used to analyze and balance the size and extent of in-channel structures with flooding and erosion 
constraints.  
 

3 SITE DESCRIPTION 

San Geronimo Creek is located in western Marin County. In total, it drains an area of 
approximately 6,000 acres (ac). The watershed headwaters originate on White Hill, at an 
elevation of 1,430 feet (ft) above sea level, and generally drain to the North Fork San Geronimo 
Creek east of the community of Woodacre. Multiple small, low-gradient tributaries drain into San 
Geronimo Creek. The four major tributaries to San Geronimo Creek are Woodacre, Larsen, 
Montezuma, and the Arroyo/El Cerrito/Barranca complex of creeks. As with other nearby coastal 
California watersheds, the south-facing drainages of San Geronimo Creek are characterized by 
low-moderate relief slopes supporting California bay laurel forests, shrubs, and grassland species, 
and steep, north-facing slopes which tend to support dense conifer growth. Mainstem San 
Geronimo Creek flows 4.5 miles (mi) from its origination point at the eastern headwaters of 
White Hill until it reaches Lagunitas Creek to the west. The watershed encompasses the 
residential communities of Woodacre, San Geronimo, Forest Knolls, and Lagunitas. In addition, 
four Open Space Preserves have been designated in the watershed. Sir Francis Drake Blvd. runs 
relatively parallel to San Geronimo Creek. Per Figure 1, the four project sites from west to east 
are: (1) Snyder-Stanger Habitat Enhancement, (2) McGuinn-Newman Bank Rehabilitation, (3) 
Watson Bank Rehabilitation, and (4) Freund Stables Stormwater Management. 
 

4 GEOLOGY AND SOILS 

4.1 Watershed Geology and Tectonics 

The San Geronimo Creek watershed lies to the east of the San Andreas Fault Rift Zone, a 
geologically active area of strike-slip (transverse) movement between the Pacific and North 
American tectonic plates. The main trace of the San Andreas Fault Zone lies approximately 
2.8 mi to the west of the western-most watershed boundary. In general, the watershed is 
predominantly underlain by mélange of the Central terrane, Franciscan complex (Wentworth et 
al. 1997, Blake et al. 2000), with basalt and pillow lava (Nicasio Reservoir terrane), sandstones 
and shales (San Bruno Mountain terrane), and alluvium deposits also present. The Franciscan 
mélange is a sheared and deformed mixture composed mainly of greywacke, sandstone, shale, 
chert, greenstone, and metamorphic rocks integrated with lesser amounts of serpentine and silica-
carbonate rocks as shown on Figure 2. 
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Figure 1. Vicinity and project site map. 
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Figure 2. Watershed geologic map.  
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4.2 Project Vicinity Soils 

The hillslopes adjacent to the project sites are mostly capped with clay-rich soils derived from the 
highly weathered Franciscan mélange discussed in Section 4.1 which supports a wide variety of 
land use types (e.g., agricultural, single-family residential, open space). As shown on Figure 3, 
the Snyder-Stanger and Freund Stables sites are composed of gravelly loams, the McGuinn-
Newman site is composed of alluvium to the north and gravelly loams to the south, and the 
Watson site is composed of alluvium. It is important to note that the areas within the sites 
experiencing the most bank erosion (McGuinn-Newman north stream bank and Watson both 
stream banks) are composed of alluvium. 
 

5 GEOMORPHOLOGY 

In general, San Geronimo Creek is a predominately alluvial channel as shown on Figures 2 and 3. 
The mainstem channel banks are predominantly composed of Quaternary alluvium, or sediment 
that has been deposited over the past 1.8 million years, containing gravel- and cobble-sized 
material within a matrix of fine sediment. Bedrock along San Geronimo Creek at several 
locations has resulted in flow constriction which leads to localized zones of sediment deposition 
and channel widening upstream and sediment depletion and channel incision downstream of these 
constrictions. This process can be seen at the downstream extents of the McGuinn-Newman and 
Watson sites. 
 
Mainstem San Geronimo Creek is a deeply incised channel that is disconnected from its historical 
floodplain (Nolte 1965). Increases in logging and agriculture in combination with several wet 
years during the first impact period in the Lagunitas Creek watershed (1850–1918) are thought to 
have started a phase of rapid channel incision that contributed in large measure to current channel 
conditions. Although San Geronimo Creek is a predominately alluvial channel, its gradient and 
geomorphic form is strongly bedrock-controlled. Overall, the channel has a relatively low 
gradient, with a reach-average channel slope of 0.7% (Stillwater Sciences 2009b) and the 
majority of the channel has a local channel gradient between 0.25% and 1%. Areas of local 
increases in channel slope occur downstream of forced and natural channel constrictions, 
including downstream of Roy’s Pools and downstream of the sharp bend at the Lagunitas Road 
bridge crossing (Stillwater Sciences 2009b). San Geronimo Creek generally has localized plane-
bed morphology where local channel gradient is relatively steep, with a pool-riffle morphology 
where local channel gradient is relatively low (see Montgomery and Buffington 1997 for more 
information on channel morphologic classification).  
 
A preliminary analysis of habitat mapping information collected during summer 2006 (Stillwater 
Sciences under contract to MMWD) indicates that average pool spacing in mainstem San 
Geronimo is approximately 0.17 pools/channel widths (where the term “channel widths” is 
defined as representative channel length normalized by average bankfull channel width) or 
28 pools/mi of mainstem channel (n=4 based on reach-scale preliminary estimates of pool 
frequency in Sections 4.2.3 and 4.3.4). Research in a coho- and Chinook-bearing Pacific 
Northwest watershed suggests that a pool frequency of 0.17 pools/channel widths is on the low 
end of the range of values associated with substantial spawning activity (i.e., > 10 redds/km of 
channel) (see Montgomery et al. 1999), where a higher value of pools/channel widths indicates a 
higher occurrence of pool tail-outs, or preferred salmonid spawning habitat. This is consistent 
with NMFS (1996) standard for “properly functioning streams” less than 50 ft wide at 
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26 pools/mi, but would correspond to a “poor” rating using the Johnston and Slaney (1996) 
standard (<0.25 pools/channel widths) for channels less than 50 ft wide.  
 
Inset floodplains, including surfaces with mature riparian vegetation above the ‘bankfull’ channel 
and newly-vegetated gravel bars within the ‘bankfull’ channel, are present at a few locations 
along the mainstem. These features primarily exist in localized areas along several reaches of the 
mainstem San Geronimo with relatively high w/d ratio (w/d ratio > 10:1) and modest channel 
gradient (local slope ≤ 1%). Inset floodplains are expected to provide vital high-flow refugia for 
salmonids and the relatively low occurrence of these channel features at sites sampled during 
summer 2008 is likely a further indication of the general lack of salmonid rearing habitat in 
mainstem San Geronimo Creek.  
  
The mainstem channel transports bedload sediment ranging in size from fine sand (< 0.08 in) to 
coarse cobble (<2.5 in) and has a bed dominated by gravel-sized sediment along the entire length 
of San Geronimo Creek, with localized depositional areas of finer (sand-sized) and coarser 
(cobble- and boulder-sized) sediment along with frequent exposure of bedrock in the channel. 
Sizable deposits of finer sediment (sand and fine gravel) occur primarily where the local channel 
gradient decreases, such as in the depositional zone upstream of Roy’s Pools. 
 
Specific to this project, the stream channel at the Snyder project site has an extensive bedrock 
grade control at the downstream extent of the site with the upstream channel composed primarily 
of course cobble and the banks composed of sand and gravel. There are three distinct types of 
channel bed composition at the Mcguinn project site: (1) bedrock and boulders at the upstream 
and downstream extents of the site, (2) a left bank point bar consisting of sediments ranging from 
sand to small cobble adjacent to the primary area of right bank failure, and (3) a cobble 
dominated channel along the upstream reach. The eroding stream banks throughout this reach are 
composed of silt, sand, and fine gravel and along the right bank upstream from the Larsen Creek 
confluence, concrete rubble has been placed to provide bank protection. The stream channel at the 
Watson project site is composed primarily of sand and gravel with the Creamery Road Bridge and 
bedrock in the channel at the downstream extent of the site acting to slow water and form a 
deposition zone for finer sediment. Both streambanks are composed of fine and generally 
unconsolidated material which are very susceptible to erosion, but a soft bedrock shelf on the 
right bank that has prevented further undercutting of the toe of the bank.  
 
Exposed bedrock is associated with higher gradient reaches that are supply-limited; however, 
there are also bedrock exposures at several other locations along San Geronimo Creek with 
moderate gradient suggesting that overall in the mainstem bedrock currently sets channel slope 
and limits the rate of overall bed lowering. Accordingly, estimated channel incision rates for 
alluvial portions of the mainstem channel since 1982 (year of a channel re-setting flood event) are 
on the order of 0.05 ft/yr (Stillwater Sciences 2007b) and 0.04 ft/yr (Stetson Engineers Inc. 2002). 
 
The San Geronimo Creek watershed accounts for the greatest sediment yield of all major sub-
basins within the Lagunitas Creek watershed (Stillwater Sciences 2010), accounting for 46.5% of 
the total 20,135 ta-1 (metric tons/annum). The tributary and hillslope sediment yield of the San 
Geronimo Creek watershed accounts for 7,688 ta-1, the majority (82%) of total sediment yield. In 
turn, the mainstem only contributes 1,668 ta-1, for a total yield of 9,356 ta-1. Tributary bank 
erosion is the greatest contributing factor to sediment delivery, generating 29.9% of the total 
sediment yield of the watershed, followed by hillslope slides and gullies (19.6%), roads and trails 
(16.8%), mainstem bed incision (15.6%), and tributary bed incision (15%). Soil creep and 
mainstem bank erosion make up the remaining 3.1%. 
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Figure 3. Project vicinity soils map. 
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6 EXISTING CONDITIONS ASSESSMENT 

6.1 Field Survey 

Stillwater staff performed new field surveys using a Total Station at the Snyder, McGuinn, and 
Watson project sites. Topographic information from the new surveys was merged with existing 
survey data provided by the County of Marin to Stillwater. The primary purposes of the field 
survey were to: (1) survey cross sections along the channel thalweg to be used for hydraulic 
modeling; (2) obtain additional topographic data in areas where habitat enhancement activities are 
likely to occur; and (3) survey existing features including buildings, trees, roads, fences, etc. 
Existing control points (previously set in a local coordinate system) were used at the Watson and 
Snyder site and new local control points were set at the McGuinn site (also in a local coordinate 
system). Survey results including the existing ground surface and control points are shown in 
Appendix A on the Existing Conditions Sheets for each project site. No topographic survey was 
conducted at the Freund site because the existing survey data provided sufficient information for 
design purposes.  
 

6.2 Field Observations 

In addition to collecting topographic data, Stillwater staff made general observations regarding 
site conditions and fluvial geomorphology to help identify target areas for habitat enhancement 
and to estimate channel and floodplain roughness coefficients to be used in the hydraulic models. 
Specific observations included channel banks with active erosion, gravel bars, pools, evidence of 
incision/scour, and existing woody debris. These features are included on the Design Plan 
Existing Conditions Sheets (Appendix A).  
 

7 HYDROLOGY AND HYDRAULIC ANALYSIS 

7.1 Hydrologic Data Analyses 

7.1.1 Hydrologic data analysis at Snyder, McGuinn, and Watson sites 

The primary hydrologic data sets analyzed for this project were flood frequency flows (also 
known as recurrence interval flows) which represent higher flows that are expected to occur at a 
specific frequency; i.e., a 100-year flow would be expected to occur every 100 years on average. 
These flood frequency flows, especially those from half of “bankfull” to 2-year discharges, are 
biologically significant because they occur during most winters and are swift enough to flush 
salmonids out of the system and/or cause mortality if insufficient low-velocity habitat is available 
at such flows. For this analysis, 1.5-year recurrence interval flows are considered to be 
synonymous with “bankfull” flows. In addition, it is critical to analyze flows from larger events 
ranging from 2- to 100-year to determine erosion potential and flooding hazards for adjacent 
property and infrastructure. 
 
Flood frequency discharges for the Snyder, McGuinn, and Watson project sites were determined 
based on flow data from the Marin Municipal Water District (MMWD) gage located at Lagunitas 
Bridge measured during the period of 1980–2010. Note that this gage is located just downstream 
from the Snyder project site. With this record, a Log-Pearson Type III distribution was used to 
calculate the magnitude of peak flows for specific storm events. Then these flows were prorated 
by drainage area to determine peak flows for the other three project sites.  
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Typically, hydrologic analyses will also involve looking at Federal Emergency Management 
Agency (FEMA) flood insurance studies, and USGS Streamstats data found at: 
(http://water.usgs.gov/osw/streamstats/california.html) which uses a geographic information 
system (GIS) and flow regression equations to calculate storm discharges at any point along 
watercourses. However, for these three project sites, no detailed hydraulic analyses were 
completed by FEMA. In addition, the discharges generated by Streamstats were much lower 
(~50%) than the MMWD gage data so they were determined to be unsuitable for use in this 
analyses.  
 
As such, using the MMWD gage data is the best option for calculating the hydrology at each site 
and the resulting discharges, which are used in the San Gregorio Creek hydraulic model, are 
shown in Table 1. These values have been rounded to two significant digits to reflect the 
uncertainty of these estimates. It should be noted that, because the drainage area of the Freund 
site is less than 320 ac, the Rational Method was used to determine flood frequency discharge 
estimates for this site in Section 7.1.2.  
 
Table 1. Flood frequency discharge estimates for the three San Geronimo Creek project sites. 

Discharge location  
100-yr 

discharge 
(CFS) 

50-yr 
discharge 

(CFS) 

10-yr 
discharge 

(CFS) 

5-yr 
discharge 

(CFS) 

2-yr 
discharge 

(CFS) 

1.5-yr 
discharge 

(CFS) 

Snyder site (drainage area 
8.96 sq mi) 4,510 3,990 3,450 2,710 2,110 1,240 

McGuinn site (drainage 
area 5.74 sq mi) 2,890 2,550 2,210 1,740 1,350 790 

Watson site (drainage area 
4.21 sq mi) 2,120 1,880 1,620 1,270 990 580 

 
 
In addition to the flood frequency flows, additional low and moderate flows have also been 
modeled in HEC-RAS which correspond to average summer and winter flows. These flows have 
biological significance for restoration, especially related to spring and summer rearing as well as 
over-wintering habitat for salmonids. The low to moderate flows used for this analysis are shown 
in Table 2.  
 

Table 2. Additional discharge estimates used for the San Geronimo Creek hydraulic model. 

  
0.5 Bankfull 

discharge 
(CFS) 

Average 
winter 

discharge 
(CFS)1 

Average 
summer 

discharge 
(CFS)2 

Snyder site (drainage area 
8.96 sq mi) 460 40 0.37 

McGuinn site (drainage area 
5.74 sq mi) 290 26 0.24 

Watson site (drainage area 
4.21 sq mi) 220 19 0.17 

                                                      
1 Prorated for the project sites based on December, January, February, and March flows measured at the MMWD gage located at 
Lagunitas Bridge for the period of 1980–2010. 
2 Prorated for the project site based July, August, and September flows measured at the MMWD gage located at Lagunitas Bridge for 
the period of 1980–2010. 

http://water.usgs.gov/osw/streamstats/california.html


  San Geronimo Habitat Enhancement Design Report 
 

 
January 2016  Stillwater Sciences 

10 

 

7.1.2 Hydrologic analysis at the Freund stables site 

7.1.2.1 The Rational Method 

Rather than prorating flow data from the Marin Municipal Water District (MMWD) gage, located 
at Lagunitas Bridge, we used The Rational Method (also known as the Rational Formula) to 
calculate storm event design flows at the Freund Site. According to the California Department of 
Transportation Highway Design Manual (Caltrans HDM) Section 819.2 (Caltrans 2014), the 
Rational Method is more appropriate for determining flow rates for relatively small drainage 
areas of less than 320 ac. The Rational Formula incorporates a combination of rainfall intensity, 
drainage area and runoff coefficient to estimate maximum flows and is defined as follows: 
 

Q = CIA 
 
 Where:   
  Q = Flow Discharge 
  C = Runoff Coefficient 
  I = Rainfall Intensity 
  A = Area 
 
7.1.2.2 Determining storm duration 

For the Rational Method analysis, the total drainage area for the Freund Site was determined to be 
approximately 9.6 ac or 0.015 sq mi based on analyses of a USGS topographic map. The drainage 
area is relatively steep with an average slope of ~38.6%. The longest flow path was determined to 
be approximately 1,530 ft. Velocities were estimated using the velocity-slope relationships 
published in the Caltrans HDM (Figure 4). Subsequently, these velocities were used to determine 
the “Time to Concentration” for the site based on the time it takes runoff to travel along the 
longest flow path within the contributing watershed and arrive at the site location. The time-to-
concentration was determined to be approximately 15.9 minutes. This information is summarized 
in Table 3. 
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Figure 4. Velocities for upland method of estimating travel time for shallow concentrated flow 

(adopted from Figure 816.6 of the Caltrans HDM [2014]). 
 

Table 3. Summary of time-to-concentration analyses for Freund site. 

Drainage 
area  

(sq mi) 

Longest 
flow 

patkh  
(ft) 

Maximum 
elevation 

change (ft) 

Slope 
(%) 

Velocity 
(Figure 
816.6 

Caltrans 
HDM) 
(ft/s) 

Time 
(min) Relief Soil 

infiltration 
Vegetal 
cover 

Surface 
storage 

Runoff 
coefficient 

(Figure 
819.2A 

Caltrans 
HDM) 

0.015 1530 590 38.6% 1.6 15.9 0.28 0.06 0.06 0.10 0.50 
 
 
7.1.2.3 Runoff coefficients 

The runoff coefficient used in the Rational Formula was determined using the method for un-
developed areas in the Caltrans HDM (Figure 5). For this analysis, the site was considered to 
have extreme relief, normal soil infiltration, fair to good vegetation cover, and negligible surface 
storage, resulting in a runoff coefficient of 0.50. 
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Figure 5. Runoff coefficients for undeveloped areas (adopted from Figure 819.2A of the 

Caltrans HDM [2014]). 
 
 
7.1.2.4 Precipitation data and storm discharges 

The intensity-duration-frequency (IDF) curve used for this Rational Method analysis came from 
NOAA’s National Weather Service Hydrometeorological Design Studies Center Precipitation 
Frequency Data Server (PFDS).3 Rainfall intensity was determined from the IDF storm event 
curves with 15.9-minute durations, which is equivalent to the “Time to Concentration” for the 
project site. The rainfall intensity for each storm event is shown in Table 4, below.  
 
The final calculated flow discharges resulting from the Rational Method for each storm event for 
the Freund Stables site can be seen in Table 4 below: 
  

                                                      
3 http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html 

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html
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Table 4. Flood frequency discharge estimates for the Freund Stables project site. 

Recurrence 
interval 

precipitation 
event 

100-yr 50-yr 10-yr  5-yr  2-yr  1.5-yr  

Depth- 
interpolated 
NOAA PFDS 
(in) 

0.84 0.74 0.53 0.45 0.36 0.32 

Rainfall 
intensity (in/hr) 3.2 2.8 2.0 1.7 1.3 1.2 

Rational 
Method flow 
Q=CIA  
(cfs)   

15.4 13.5 9.7 8.2 6.5 5.9 

 
 

7.2 Hydraulic Modeling 

To understand channel dynamics and estimate flooding potential adjacent to the San Geronimo 
Creek project sites, flow hydraulics were modeled using the US Army Corps of Engineers’ 
Hydrologic Engineering Center’s River Analysis System (HEC-RAS). HEC-RAS is a one-
dimensional hydraulic model that is widely used for floodplain mapping and estimating general 
flow characteristics. However, as a one-dimensional model, it is built on simplified hydraulic 
assumptions, such as: (1) flow in one direction only, (2) constant velocity distribution within the 
channel and floodplain portion of each cross section, and (3) flow is modeled based on channel 
cross section only (no effects of channel topography between cross sections is considered). 
Therefore, it is important that these limitations are closely considered during the hydraulic model 
setup, calibration and application. 
 

7.2.1 Existing conditions hydraulic models (Snyder, McGuinn, and Watson) 

The models were developed using the field-surveyed channel cross-sections as shown on Figures 
6 to 8. The HEC-RAS cross sections were exported from CAD based on the new Digital 
Elevation Models (DEMs) created by combining the new and existing field survey data. At each 
of the three sites, a Manning’s n value of 0.045 was used for the channel roughness based on the 
HEC-RAS Reference Manual recommendations for “Clean and winding natural streams with 
some pools, shoals, weeds and stones”. A Manning’s n value of 0.055 was used for floodplains 
roughness based on a slightly conservative value from the HEC-RAS Reference Manual 
recommendations for “Flood plains with light brush and trees in winter”. 
 
As the HEC-RAS model for each site was being developed, two steps were conducted to insure 
that the Manning’s n values being used were appropriate. First, sensitivity analyses were 
conducted by running the model with different Manning’s n values and comparing the results. 
These analyses showed that increasing “n” values by 0.01 resulted in water surface elevations 
throughout the reach generally increasing by 0.25 to 0.5 feet for any given flow. The second step 
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used to test “n” values was comparing water surface elevations predicted by the model with field 
observations such as indicators of the bankfull channel dimensions. Overall, the “n” values 
recommended by the HEC-RAS Manual resulted in modeled flow depths that were consistent 
with field observations. Furthermore, although the model outputs are somewhat sensitive to 
changing “n” values, water surface elevations of +/- 0.5 feet fall within the range of precision 
expected for field observations of bankfull channel indicators. Therefore, we feel confident that 
the “n” values selected for these projects are appropriate. 
 
Additional HEC-RAS model input parameters included selection of a subcritical flow regime 
with normal depth upstream and downstream boundary conditions. The floodplain extents 
resulting from the existing conditions hydraulic model are shown on Figures 6 to 8 for the 
Snyder, McGuinn, and Watson sites. Also, the mean total stream velocity and shear values taken 
from the HEC-RAS model for each site are tabulated in Table 5, below. A more simplistic 
modeling approach has been taken for the Freund site that includes only three cross sections that 
define the appropriate channel cross section and shear forces that act on the bed material.  
 

Table 5. Bankfull width, mean total stream velocity, and shear values. 

Site Bankful width range Velocity/Shear 100-yr 10-yr Bankfull (1.5 yr) 

Snyder 35–60 ft at Mainstem   
Total Velocity (ft/s) 11.2 9.5 6.5 
Total Shear (lb/sq ft) 3.3 2.7 1.7 

McGuinn 20–40 ft 
Total Velocity (ft/s) 8.2 7.6 5.7 
Total Shear (lb/sq ft) 2.2 2.0 1.5 

Watson 20–50ft 
Total Velocity (ft/s) 7.2 6.6 5.0 
Total Shear (lb/sq ft) 1.6 1.5 1.1 
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Figure 6. Approximate floodplain extents at various flows for the Snyder project site. 
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Figure 7. Approximate floodplain extents at various flows for the McGuinn project site. 
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Figure 8. Approximate floodplain extents at various flows for the Watson project site. 
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7.2.2 Proposed conditions hydraulic models (Snyder, McGuinn, and Watson) 

Proposed site conditions that include the habitat enhancement treatments shown on the Design 
Plans in Appendix A were modeled in HEC-RAS. Proposed conditions modeling was conducted 
by adjusting the geometry of the channel cross sections based on proposed grading of the banks 
and increasing channel roughness from 0.045 to 0.055 and/or bank roughness from 0.055 to 0.65 
based on the location of proposed wood structures. Using a one-dimensional model to determine 
the hydraulic response resulting from the installation of complex wood structures is not an exact 
science. As such, we have relied on professional judgment and common sense to adjust model 
parameters to mimic the proposed flow conditions. We believe that the increased roughness in the 
proposed conditions model accounts for some racking of new woody debris in the proposed 
structures, although extensive racking can block large portions of the channel, effectively 
changing the channel cross section dimension, and this analyses has not accounted for that degree 
of racking. If a high degree of large wood racking occurs, we recommend post-project 
maintenance to remove some of the racked material. 
 
The existing and proposed conditions water surface elevations (WSEs) for the 100-, 10-, and 2-
year storm events are shown on Figures 9 to 11. HEC-RAS output tables for existing and 
proposed conditions are included in Appendix C describing flow velocity and shear forces for a 
variety of flows at each project site. 
 

Figure 9. Existing and proposed water surface elevations for Snyder site estimated by HEC-RAS. 
 
 
The figure above shows that the proposed Snyder project will result in minor increases in WSEs 
(less than 0.5 feet) within the immediate vicinity of channel widening and wood placement, based 
on HEC-RAS model outputs. The channel widening and increased roughness at Stations 232 and 
260 will result in slower water velocities and thereby increase WSEs slightly according to the 
model. However, WSEs upstream of the project site will decrease because the proposed project is 
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effectively widening a pinch point that was causing upstream flow to back up. The predicted 
increase in localized water surface elevation during the 100-year event will not increase risk to 
any adjacent infrastructure. 
 

 
Figure 10. Existing and proposed water surface elevations for McGuinn site estimated by HEC-
RAS 
 
 
The figure above shows that the proposed McGuinn project will result in very minor increases to 
WSEs within the immediate vicinity of the boulder and wood placement ranging from 
approximately 3 inches during the 2-year event to 1 inch during the 100-year event. These WSE 
increases dissipate farther upstream. These minor increases are due to the rock and wood 
structures which result in minor decreases to the channel cross sectional area and increase 
roughness.  
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Figure 11. Existing and proposed water surface elevations for Watson site estimated by HEC-
RAS. 
 
 
The figure above shows that the proposed Watson project will result in very minor increases to 
WSEs within the immediate vicinity of the boulder and wood placement of approximately 1 inch 
during all storm events. These WSE increases dissipate farther upstream. These minor increases 
are due to the rock and wood structures which result in increased channel roughness.  
 

7.2.3 Freund hydraulic model 

A more simplistic approach was used for the Freund site that included hydraulic modeling of four 
cross sections. Modeling results define the channel cross section dimensions needed to contain 
flows up to the 100-year event of 8 cfs as well as the bed material that will be needed to withstand 
flow velocities ranging from 3 to 5 ft/sec during the 100-year event. As shown on the Plans, a 
channel width of 6 ft and depth of 1.5 ft is recommended and a mixture of gravel to large cobble 
is needed to withstand the expected flow velocities.  
 

7.3 Summary of Hydraulic Modeling Results 

One of the main goals of this project is to enhance winter habitat for salmonids through 
decreasing high flow velocities and an expected consequence of this type of project is higher 
WSEs. However, in the case of the proposed project, the increased WSEs are small and localized 
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and do not increase flooding hazards for existing infrastructure such as houses, roads, or bridges. 
Therefore, we believe that the proposed designs achieve a fair compromise between salmonid 
habitat enhancement and flooding concerns. 
 

8 HABITAT ENHANCEMENT DESIGNS  

8.1 Snyder-Stanger Project 

8.1.1 Project information 

This project is located on property owned by Michael Snyder and Carol Stanger (APN#: 170-021-
16; Address: 7303 Sir Francis Drake Boulevard, Lagunitas) at the confluence of San Geronimo 
and Cintura Creeks, across from the Lagunitas Store. A portion of the proposed work is also 
located on the adjacent upstream right bank property and the landowner has expressed 
willingness to participate in the project. We are currently working with this landowner to secure 
access and expect to have full landowner permission in place by January 29, 2016. 
 

8.1.2 Project objectives 

The San Geronimo Creek Salmon Enhancement Plan identified Lower San Geronimo Creek as 
one of the reaches in greatest need of rehabilitation. Specifically, limited high-flow refugia for 
salmonid winter rearing was identified as an instream condition that directly affects fish 
(Stillwater Sciences 2009). Our approach for habitat enhancement at this site is based on 
conditions observed in habitat units with the greatest retention of juvenile coho salmon and 
steelhead from fall to winter during intensive research on other portions of the Lagunitas Creek 
Watershed with similarly incised channels (Stillwater Sciences 2008), as well as PIT tag 
monitoring of juvenile salmonids during winter flow events (Bell 2001). The primary objective of 
this project is to create high flow refugia/winter rearing habitat for coho salmon through creation 
of contiguous rearing habitat from low winter base flows to storm event flows, allowing fish to 
migrate as flows increase, as demonstrated in Figure 12. In addition, this project will also enhance 
summer rearing habitat by increasing pool depth, cover, and complexity. 
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Figure 12. Conceptual design of simple 3-piece large wood structure. 
 
 

8.1.3 Snyder design 

The Design Plans for this project are located on Sheets 2–6 in Appendix A. Overall the channel 
slope ranges from 1.5% to .4%, and this site has unique potential for habitat enhancement due to 
the complexity provided by the Cintura Creek tributary confluence and due to the localized low 
channel slope (0.4%) at this location resulting from the downstream bedrock that controls channel 
gradient. Channel banks within the project area have slopes ranging from 35% to 45% adjacent to 
the creek with flatter terraces ranging in slope from 20% to nearly flat located at an elevation of 
7–10 ft above the channel. Topographic constraints limit the amount of floodplain habitat that can 
be constructed cost-effectively on the right bank where landowner access is secured. Therefore, 
we are proposing opportunistic grading activities that work around well-established riparian 
vegetation and lay back steep channel banks to a 2:1 slope. In combination with the grading, 
anchored log and rootwad structures will be installed that provide contiguous habitat from low 
flows to storm flows as demonstrated on Design Plan Sheet 4. Work will be focused around the 
Cintura Creek confluence with additional structures and grading upstream and downstream. All 
disturbed areas will be re-vegetated with native riparian plants (Figure 13).  
 
We believe that this project could be constructed without dewatering the channel considering that 
all of the proposed excavation will occur above the low-flow water level and there is easy heavy 
equipment access to the right channel bank. If needed, a turbidity curtain could be used at some 
locations to control sedimentation. 
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Figure 13. Photo of Cintura Creek Confluence looking upstream (photo courtesy of PCI). 
 
 

8.1.4 Changes from PCI design 

In comparison with the PCI conceptual plans developed for this site (Appendix B), Stillwater’s 
Design Plans has scaled back the amount of grading and wood placement upstream from the 
Cintura Creek confluence and extended proposed grading and wood placement activities to 
downstream areas. We were concerned that the floodplain habitat proposed in the PCI conceptual 
plans would be filled with sediment relatively rapidly considering that Cintura Creek carries high 
sediment loads, and there would not be an obvious mechanism for maintaining the newly created 
habitat over time. The new conceptual designs have a much lower likelihood of sedimentation 
because no excavation is occurring within the Cintura creek channel, and the newly excavated 
areas adjacent to San Geronimo Creek are more likely to be maintained by the floodplain 
processes of San Geronimo Creek. In addition, the new conceptual design enhances habitat over a 
longer reach of San Geronimo Creek and also provides summer rearing habitat for salmonids in 
the form of pool cover, in close proximity to the high-flow rearing habitat. 
 

8.1.5 Additional details related to off-channel habitat/floodplain 
enhancement 

The Snyder-Stanger project involves off-channel floodplain creation/enhancement. As required to 
be considered for funding from the CA Department of Fish and Wildlife’s Fisheries Restoration 
Grants Program (2015 Drought PSN Part V-27 to Part V–30), we are including additional details 
related to this activity below. This project will improve hydrologic connectivity between 
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approximately 600 square feet of floodplain and the main channel. The goal of this project is to 
create conditions that allow the floodplain to inundate at lower discharges than under existing 
conditions. Currently, there is minimal active floodplain at the project site and the goal of the 
project is to create inset floodplains that inundates at flows between the winter baseflow to the 
bankfull event. This will be achieved through excavation of the channel banks as shown on the 
plans, and installation of wood structures that will direct water onto the floodplains. There is no 
infrastructure risk associated with this portion of the project because the area proposed for 
enhancement treatments is small, and there are no houses or other structures adjacent to the site. 
As shown on Figure 9, there will be some localized increases in post-project WSEs, but the 
project will decrease upstream WSEs. It is anticipated that the new floodplain will maintain itself 
over time due to the large wood structures and location along a gentle outside bend in the creek, 
although there will likely be localized areas of aggradation and degradation.  
 
8.1.5.1 Biological evaluation 

The Snyder-Stanger project is designed to provide velocity refuge for salmonids during a range of 
winter flows that currently exists in the project reach. As described earlier in this report, lack of 
winter refuge limits salmon populations in San Geronimo Creek. In addition, analyses of the San 
Geronimo Creek watershed have determined that widespread channel incision has largely been 
driven by anthropogenic factors. Therefore, these proposed floodplain enhancement activities are 
justified. Due to the fact that the proposed floodplain enhancement reach is relatively short and 
will not include any off-channel pools, there is minimal risk of fish stranding. 
 
8.1.5.2 Site hydrology and hydraulics 

As previously discussed, the floodplain enhancement component of the Snyder-Stanger project is 
designed for winter habitat only and will be designed to begin to be partially inundated by San 
Geronimo Creek at winter base flows. Given the proposed function and location of this feature, 
there is no need to analyze groundwater or tidal influence. Figure 9 shows the existing conditions 
HEC-RAS modeling results at the site which shows the general lack of floodplain within the 
project reach.  
 
8.1.5.3 Site physiography 

Currently, there are only a few small high-elevation floodplains within the project reach that are 
composed of a mix of gravel, silt and sand and stabilized by tree roots. The area where the 
primary floodplain habitat enhancement is being proposed upstream of Cintura Creek is 
composed of a nearly vertical bank. The geology, hydrology, and geomorphology of the site are 
described earlier in this document. Substantial large wood and boulder structures are proposed 
along the right bank throughout the site to minimize the risk of avulsion. As discussed earlier, San 
Geronimo Creek carries a significant sediment load and there is potential for aggradation of the 
enhanced floodplain. For this reason, we are proposing large wood features both in the main 
channel and along the floodplain to promote some scour at high flows. We expect that the 
floodplain enhancement component of this project will have a minimum design life of 10 years. 
(Note that the large wood structures are expected to have a design life of 20+ years). Even if 
some aggradation does occur such that the floodplain is not beginning to be inundated at winter 
baseflow, the project will still have a benefit at higher flows due to the new features installed on 
the floodplain that add complexity. This project does not reestablish stream flow through 
disconnected water bodies so no assessment of the existing habitat value is necessary. 
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8.1.5.4 Engineering and implementation 

As previously mentioned, detailed topography for this portion of the project has been obtained. 
Approximately 360 cubic yards of material will be excavated and hauled offsite. Ultimately, the 
construction contractor selected to implement the project will be responsible for the off-hauled 
material, but should consult with Marin County Public Works to identify an appropriate nearby 
site that can result in a cost saving to the project. Wood and boulder structures will be 
incorporated into the design as shown on the plans to direct water into the floodplain area and 
protect the adjacent banks. All floodplain enhancement work will occur outside of the wetted 
channel and above groundwater levels so no flow management is necessary during construction. 
 

8.2 McGuinn-Newman Project 

8.2.1 Project information 

The proposed project is located on property owned by Allan Newman and Donna McGuinn 
(APN#: 169-071-20; 6355 Sir Francis Drake Boulevard, San Geronimo) on the mainstem San 
Geronimo Creek immediately downstream of the confluence with Larsen Creek. A significant 
portion of the proposed project is also located on the adjacent upstream property which has 
recently transferred ownership. We are currently working with the new landowner to secure 
access. 
 

8.2.2 Project objectives 

The primary objective of this project is to reduce bank erosion adjacent to the McGuinn-Newman 
residence. To protect their house, a sheet pile wall was constructed as shown on Design Plan 
Sheet 10, Cross Section 2+85 of the design plans. The sheet pile wall is completely buried in the 
ground and extends down to an elevation below the channel depth (personnel communication 
with landowner). The proposed design will stabilize the stream banks with the installation of 
willow-planted boulder and wood structures that direct the stream’s erosive forces away from the 
toe of the bank. Through these features and additional bioengineered bank stabilization treatments 
as shown on the plans, native riparian vegetation will become established thereby preventing 
bank erosion, eventual exposure of the sheet pile wall and further loss of property. 
 
A second project objective is preventing channel incision from migrating upstream along San 
Geronimo Creek. There is evidence of approximately 2 ft of incision in the form of exposed roots 
in the channel reach downstream from the proposed project. Currently, the 100-ft stream reach 
located adjacent to the toe of the eroding bank has a steeper gradient than adjacent stream reaches 
accounting for approximately 1.5 ft of elevation change (see longitudinal profile on Design Plan 
Sheet 9). If this gradient is lost and incision migrates upstream, aquatic habitat would be further 
degraded and bank erosion would be exacerbated. The conceptual design includes two large wood 
and boulder structures designed to maintain channel gradient (and turn flows away from the toe 
of the bank).  
 
Consistent with the objectives described for the Snyder-Stranger Project, a third objective of the 
McGuinn-Newman Project is creating summer and winter rearing habitat for salmonids 
throughout the project reach by opportunistically incorporating large wood structures into the 
design as demonstrated on Design Plan Sheet 9. 
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8.2.3 McGuinn design 

The Design Plans for this project can be found on Sheets 7–11 in Appendix A. We are proposing 
four right-bank structures with the upstream and downstream structures designed to enhance 
summer rearing habitat and provide minor bank stability benefits and the two middle structures 
designed primarily to promote bank stability and control channel gradient (Figure 14). The 
localized channel slope ranges between of 0.3% and 1.4%. Channel banks within the project area 
have slopes ranging from 215% to 22% adjacent to the creek with flatter terraces ranging in slope 
from 15% to nearly flat, located at an elevation of 11ft to 13ft above the channel.  
 
It should be noted that the type of boulder cluster structures proposed for this site are naturally 
occurring in adjacent reaches of San Geronimo Creek (left bank at Station 1+45). All four right 
bank structures will enhance slow-water edge habitat at low to moderate winter flows. In 
addition, a fifth structure proposed for the left bank at the downstream extent of the project is 
designed to provide contiguous rearing habitat from low winter base flows to storm event flows. 
All disturbed areas and oversteepened streambanks will be re-vegetated with native riparian 
plants.  
 
An additional three large wood and boulder structures are also proposed upstream from the 
Larsen Creek confluence designed to enhance existing pool habitat and protect the toe of the bank 
from long-term scour and undercutting. It is possible, that these new structures could result in 
minor increases in erosion rates along the left bank between Stations 3+50 and 4+50 where the 
oversteepened bank is shown on Sheet 7 of the Design Plans. During a field visit with the 
landowner, we discussed this scenario and considering the infrastructure on the right bank and 
lack thereof on the left bank, this was a tradeoff that the landowner was comfortable with. 
Considering that the oversteepened bank lays along the inside of a sharp bend, significant long-
term erosion is not expected to occur.  
 
This project will require heavy equipment access within the San Geronimo Creek channel and 
associated dewatering activities because there is no equipment access to the top-of-right-bank and 
two of the proposed structures require channel excavation within the low flow thalweg. We are 
currently working with the landowner to secure equipment access. 
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Figure 14. Photo of eroding right bank adjacent to McGuinn-Newman residence taken looking 

downstream. 
 
 

8.2.4 Changes from PCI design 

The current Design Plans now include three additional downstream structures (the PCI design 
only included two structures). Due to the sharp bend in the creek and high erosion potential along 
the entire extent of the bend, we believe that it is important to treat the entire bend. In addition, 
we are proposing the use of large wood turning structures instead of a boulder vane and are 
proposing the installation of additional willow-planted boulder clusters along the eroding bank to 
provide the toe protection that is required for permanent riparian vegetation to become 
established.  
 

8.3 Watson Project 

8.3.1 Project information 

The proposed project is located on property owned by Robin Watson (APN#: 169-111-48; 
Address: 585 San Geronimo Valley Drive, San Geronimo) on mainstem San Geronimo Creek 
immediately upstream of the Creamery Road bridge. A significant portion of the proposed project 
is also located on the adjacent left bank property which is owned by Larry Klein who has also 
expressed support for the project.  
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8.3.2 Project objectives 

The objective of this project is to reduce bank erosion adjacent to the Watson backyard patio/pool 
and the Klein house, while improving habitat conditions for salmonids with enhancement of 
summer rearing and winter refuge habitat (as described in detail for Snyder-Stranger Project). 
 

8.3.3 Watson design 

The Design Plans for this project can be found on Sheets 12–16 in Appendix A. The localized 
channel slope ranges between of 0.5% and 1.7%. Channel banks within the project area have 
slopes ranging from 175% to 30% adjacent to the creek, with nearly vertical slopes at the down 
and upstream ends of the culvert with flatter terraces ranging in slope from 9% to nearly flat, 
located at an elevation of 11 ft to 13 ft above the channel (Figure 15). We are proposing two large 
wood and boulder structure on the left bank that will provide contiguous habitat from summer to 
winter flows and also stabilize the toe of the bank. For the right bank, we are proposing a willow-
planted rock toe and boulder cluster with large wood incorporated to provide winter refuge during 
flows up to the bankfull event. The close proximity of the swimming pool at the top-of-bank 
constrains the proposed design on the right bank. We are proposing a rock toe consisting of two 
layers of large boulders precisely stacked to provide a stable 0.75:1 (H:V) slope for the lower 5 ft 
of bank. The upper 5 ft of bank will be laid back at a 2:1 slope, covered with erosion fabric and 
planted with native shrubs and trees.  
 
A shallow toe trench is sufficient for this site because there is a bedrock outcropping with a top 
elevation of approximately 200 ft (local datum) that will prevent further incision and scour along 
the base of the eroding right bank. However, above this elevation, the bank consists of 
unconsolidated gravels, sand, and silt which are being eroded during high flows and will be 
protected by the proposed willow-planted rock slope protection. 
 
To minimize channel disturbance, we recommend that some of the work on both sides of the 
creek takes place from the top-of-bank and believe that this will be feasible with experienced 
contractors and the use of the proper types of equipment.  
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Figure 15. Photo of oversteepened right bank adjacent to Klein residence taken looking 

upstream from Creamery Road. 
 
 

8.3.4 Changes from PCI design 

The current Design Plans has eliminated the retaining wall from the right bank which was 
prescribed in the PCI conceptual design. Aside from the removal of the wall and some other 
minor differences, the plans are very similar. 
 

8.4 Freund Project 

8.4.1 Project information 

The proposed project is located on property owned by Alane Freund (APN#: 172-122-20; 
Address: 17 Laurel Ave., Woodacre) along a small gully draining to Woodacre Creek that was 
created by road construction and an associated ditch relief culvert drainage.  
 

8.4.2 Project objectives 

The objective of this project is to reduce sediment and nutrient delivery to Woodacre Creek 
which in turn drains into San Geronimo Creek. In addition, the project will harvest rainwater to 
provide summer irrigation for an existing garden. 
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8.4.3 Freund design 

The Design Plans for this project is shown on Sheets 17 and 19 in Appendix A. We are proposing 
to construct a cobble roughened channel to dissipate energy and limit soil erosion within the 
small gully (Figure 16). An existing trail will be moved away from channel to provide space for a 
vegetated buffer strip along the channel to filter sediment and nutrients from the hillslope. In 
addition, a roofwater harvesting system is proposed for the barn. 
 

 
Figure 16. Photo of eroding drainage on Freund property taken near footbridge looking 

downstream (photo courtesy of PCI). 
 
 

8.4.4 Changes from PCI design 

The current Design Plans is nearly identical to the PCI conceptual design. The one difference is 
that we have included a runoff management component at the upstream extent of the project site 
to control runoff from the parking area.  
 

9 WOOD STRUCTURE STABILITY ANALYSES 

9.1 Stability Analyses Overview 

The large wood structure stability analysis used to develop this project design was generally 
based on the methodology presented in Castro and Sampson (2001). The constants, freebody 
diagram and equations from Castro and Sampson are included in Appendix D as well as a 
spreadsheet that describes the stability calculations for each specific wood structure and diagrams 
identifying each piece of wood and structure name. In summary, this method uses a basic force 
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balanceapproach in the vertical and horizontal directions to insure that each wood structure will 
be stable during a specific flow regime. The calculation process begins with a sum of vertical 
forces to determine the boulder weight that is necessary to give each structure a factor of safety of 
1.5 for buoyancy. Then based on these boulder weights, the factor of safety for momentum was 
calculated and in the case of every structure, it was determined to be 2.0 or greater.  
 

9.1.1 Stability analyses parameters 

Below is a list of assumptions that went into these calculations: 
• Analysis was performed under 100-year flow regime 
• All boulders submerged at 100-year flows 
• Rootwad dimensions: 4 ft diameter x 5 ft length with porosity = 0.3 
• Channel bed and banks composed of medium gravel: Friction angle = 40 degrees, which 

results in coefficient of friction for bed of 0.84 (Castro and Sampson) 
• All wood is calculated as dry Douglas Fir: density = 33.7 lb/ft^3 (Castro and Sampson) 
• Anchor to live tree is assumed to be equivalent to 4 tons of ballast and 4 tons of 

momentum-resisting force 
• Boulders required for each feature are calculated based on a Factor of Safety = 1.5 for 

buoyancy 
• Avg 100-year velocity for each project reach from HEC-RAS outputs: 

o Snyder = 11.3 ft/s 
o McGuinn = 6.1 ft/s 
o Watson = 4.8 ft/s 

• For flow force calculation on multi-log structures located along the stream bank, 
calculations assume a shadow effect, i.e. flow only acts on upstream log  

• For single rootwad structures on Watson property, assume flow force acts on 1/3 of the 
rootwad area 

• Ө (angle from rootwad face to vertical) = 0; except for calculating “Downward Force of 
Flow” where stream flow force works to hold structures in place due to the structures’ 
positioning and orientation (Feature 3, 4, 8, 11, and 12) this force is calculated based on a 
wood angle (Ө) of 30 degrees (approximate angle of channel bank) by the formula: 
Downward Force of Flow = Force of Flow*Sin(Ө) 

 

9.1.2 Stability analyses results 

Overall, the Factor of Safety for buoyancy/lift governs stability for all wood structures. Table 6 
summarizes the results of the full calculations presented in Appendix D. 
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Table 6. Wood structure stability overview. 

Site Feature 
# 

Number 
of Pieces 
of Wood 

Weight of 
Boulder 

Required   
(tons) 

Factor of 
Safety 

(Buoyancy/ 
Lift) 

Factor of 
Safety 

(Momentum) 

Sn
yd

er
 

1 2.0 13.6 1.5 2.0 
2 2.0 4.9 1.5 3.1 
3 4.0 14.0 1.5 2.3 
4 6.0 18.1 1.5 2.4 
5 2.0 3.4 1.5 2.1 
6 2.0 3.0 1.5 2.7 

M
cG

ui
nn

 

7 2.0 0.0 1.5 13.0 
8 3.0 2.9 1.5 5.2 
9 3.0 14.3 1.5 3.5 

10 3.0 14.3 1.5 3.5 
11 1.0 2.2 1.5 4.4 
18 2.0 0.0 1.5 4.7 
19 2.0 3.6 1.5 4.0 
20 2.0 0.0 1.5 5.8 

W
at

so
n 

12 6.0 21.9 1.5 7.8 
13 2.0 6.8 1.5 15.1 
14 1.0 2.3 1.5 3.0 
15 1.0 2.3 1.5 3.0 
16 1.0 2.3 1.5 3.0 
17 2.0 4.2 1.5 4.1 

 
 

9.1.3 Stability analyses uncertainties and factors of safety 

There are several areas of uncertainty associated with this stability analyses as discussed below. 
However, we are confident that the structures will be stable for the long-term due to the Factors 
of Safety built into this analysis and engineering judgement that has guided the layout of the 
structures (based on design, installation and monitoring of 50+ similar wood structures by the 
engineer). In addition, long-term stability will be guaranteed through proper installation as 
described in the plans and specifications, and guided by technical oversight.  
 
The first area of uncertainty is that average flow velocities through each project reach 
(determined by HEC-RAS) are used for the stability analyses. In reality, water velocities vary 
greatly both laterally across the channel cross section and with depth. However, we believe that 
using average velocities is a conservative estimate because the highest velocities generally occur 
in the middle of the channel and all of the proposed structures are located along the streambanks. 
However, in some cases, especially along outside bends, velocities along the banks can be as high 
or higher than velocities in the middle of the channel. In these areas, structures will be designed 
with greater Factors of Safety considering the higher shear forces that may act against them, 
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especially related to sliding stability (momentum). As seen in Table 6, most structure have a very 
high momentum Factor of Safety which implies that they could withstand much higher flow 
velocities then those used in this analyses, and still stay in place.  
 
A second area of uncertainty is the possibility that the position of the wood structures may adjust 
due to scour. Most of the structures are built off of the bank with strong anchor points to existing 
trees or new boulders and in many cases the structures have been designed so that the force of the 
flow will hold them in place. In the case of these structures, minor scour and settling may actually 
help the structure stay in place because it will increase resistant forces via wedging. However, 
there is one structure (Structure 1, Snyder Project) that has potential to rotate if significant scour 
were to occur. For this structure, it is recommended that the two boulders anchoring the upstream 
portion of this structure are keyed deeply into the channel bed and bank and that the engineer is 
onsite as this structure is being constructed to insure proper installation.  
 
A third area of uncertainty is the possibility of contractor error or faulty materials (wood or rock 
with insufficient strength) leading to failure of one or more of the anchoring connections. As 
such, we have included a significant amount of redundancy in the anchoring of each structure and 
will consider adding more redundancy prior to finalizing the Design Plans. To further insure the 
quality of anchoring, we strongly recommend that a contractor is selected that has previous 
experience with implementation of large wood projects. Also, it is recommended that the 
engineer is onsite during large wood placement and anchoring to insure proper installation.  
 
Finally, to insure long-term durability of the structures, we recommend that the engineer performs 
post-storm inspections for the Snyder, McGuinn and Watson sites and identifies any areas where 
post-project maintenance is required to insure long-term stability of the structures.  
 

10 IMPLEMENTATION 

10.1 Cost Estimate 

Tables 7 to 10 provide engineer’s cost estimates for each project site. These costs are based on the 
assumption that the projects will be permitted through the FRGP process. 
 

Table 7. Snyder engineer’s cost estimate. 

No. Item Unit Cost Quantity Units Total cost 

1 Mobilization  and Site 
Protection $10,000.00  1 LS $10,000.00  

2 Grading $25.00  360 CY $9,000.00  

3 Offhaul $25.00  360 CY $9,000.00  

4 Large Wood—Placed 
and Anchored $2,500.00  20 each $50,000.00  

5 Boulders—Placed and 
Anchored $200.00  40 CY $8,000.00  
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6 Coir Log  $15.00  40 LF $600.00  

7 Bioswale $1,500.00  1 LS $1,500.00  

8 Seeding/mulch/planting $3,500.00  1 LS $3,500.00  

9 Irrigation/Rainwater 
Catchment  $15,000.00  1 LS $15,000.00  

10 
Permits (DFW 1600 

and Marin Creek 
Permit ) 

$5,000.00  1 LS $5,000.00  

11 
Engineering - Bid 

support, construction 
oversight, As-builts 

$15,000.00  1 LS $15,000.00  

12 Monitoring $3,000.00  1 LS $3,000.00  

Total construction cost:  $129,600.00  
 
 

Table 8. McGuinn engineer’s cost estimate. 

No. Item Unit Cost Quantity Units Total cost 

1 Mobilization  and Site 
Protection $10,000.00  1 LS $10,000.00  

2 Temporary Access $5,000.00  1 LS $5,000.00  

3 Dewatering $5,000.00  1 LS $5,000.00  

4 Large Wood—Placed 
and Anchored $2,500.00  18 each $45,000.00  

5 Boulders—Placed and 
Anchored $200.00  90 CY $18,000.00  

6 Coir/Willow Fence 
Structures  $30.00  300 LF $9,000.00  

7 Seeding/mulch/planting $3,000.00  1 LS $3,000.00  

8 Irrigation $1,500.00  1 LS $1,500.00  

9 
Permits (DFW 1600 

and Marin Creek 
Permit ) 

$5,000.00  1 LS $5,000.00  
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10 
Engineering - Bid 

support, construction 
oversight, As-builts 

$15,000.00  1 LS $15,000.00  

Total construction cost:  $116,500.00  

 
 

Table 9. Watson engineer’s cost estimate. 

No. Item Unit Cost Quantity Units Total cost 

1 Mobilization  and Site 
Protection $10,000.00  1 LS $10,000.00  

2  Temporary Access $5,000.00  1 LS $5,000.00  

3 Dewatering $5,000.00  1 LS $5,000.00  

4 Grading $40.00  120 CY $4,800.00  

5 Offhaul $40.00  120 CY $4,800.00  

6 Large Wood—Placed 
and Anchored $2,500.00  12 each $30,000.00  

7 Boulders—Placed and 
Anchored $250.00  80 CY $20,000.00  

8 Coir/Willow Fence 
Structures  $25.00  100 LF $2,500.00  

9 Seeding/mulch/planting $3,000.00  1 LS $3,000.00  

10 Irrigation $3,000.00  1 LS $3,000.00  

11 Rebuild Fence $10.00  120 LF $1,200.00  

12 
Permits (DFW 1600 

and Marin Creek 
Permit ) 

$5,000.00  1 LS $5,000.00  

13 
Engineering - Bid 

support, construction 
oversight, As-builts 

$15,000.00  1 LS $15,000.00  

Total construction cost:  $109,300.00  
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Table 10. Freund engineer’s cost estimate. 

No. Item Unit Cost Quantity Units Total cost 

1 Mobilization  $5,000.00  1 LS $5,000.00  

2 Grading (cut/fill) $50.00  20 CY $1,000.00  

3 Cobble—Placed   $250.00  25 tons $6,250.00  

4 Trail $2,000.00  1 LS $2,000.00  

5 Surface runoff 
management $7,500.00  1 LS $7,500.00  

6 Seeding/mulch/planting $2,500.00  1 LS $2,500.00  

7 Irrigation/Rainwater 
Catchment $15,000.00  1 LS $15,000.00  

8 Rebuild Fence/bridge $2,500.00  1 LS $2,500.00  

9 Permits (DFW 1600) $1,000.00  1 LS $1,000.00  

10 
Engineering - Bid 

support, construction 
oversight, As-builts 

$10,000.00  1 LS $10,000.00  

Total construction cost:  $52,750.00  

 
 

10.2 Recommended Heavy Equipment Type 

Each of the four sites pose challenges in terms of constructability due to tight working spaces and 
difficult equipment access. Choosing the type of equipment and developing a specific workplan 
will be the responsibility of the contractor who is selected to implement the projects. However, 
below are recommendations: 
 
Snyder Stanger: It is recommended that the contractor use a large excavator (Cat 320 size class or 
equivalent) on the north side of Cintura Creek and use a rubber tracked skid steer (Takeuchi TL10 
or similar) and small rubber tracked excavator (Takeuchi TB180 or similar) to construct the 
habitat enhancement features on the south side of Cintura Creek. Rubber-tracked equipment will 
help to protect Snyder-Stanger’s landscaping. 
 
McGuinn-Newman: It is recommended that the contractor use a large excavator (Cat 320 size 
class or equivalent) for primary site construction and use a rubber tracked skid steer (Takeuchi 
TL10 or similar) to shuttle materials to the project site along the temporary access road. 
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Watson: It is recommended that the contractor use a large excavator (Cat 320 size class or 
equivalent) positioned on Creamery Road to construct a portion of the large wood structure 
located on the left bank. For the right bank work adjacent to Watson’s pool, a small rubber 
tracked excavator (Takeuchi TB180 or similar) working in combination with a rubber tracked 
skid steer (Takeuchi TL10 or similar) should be used. The excavator would be used to excavate 
the bank and set the rock and wood features and the skid steer would be used to shuttle material.  
 
Freund Stables: It is recommended that the contractor use a small rubber-tracked excavator 
(Takeuchi TB180 or similar) and skid steer (Takeuchi TL10 or similar). 
 

10.3 Large Wood Structures 

10.3.1 Anchoring Techniques for Large Wood Structures 

The general anchoring techniques used for this project will follow procedures listed in the CDFW 
Restoration Manual with log to log and log to tree connections made with threaded rebar. 
However, as shown on Design Plan Sheet 20 of the design plans, 7/8-in diameter threaded rebar, 
cast eyenuts, and ¾-in diameter quick links will be used for log to rock anchoring. This will 
provide clean and durable connections and eliminates the need for cable which is more likely to 
rust and break down over time. A similar technique has recently been used successfully in Scotts 
Creek. As discussed previously, post-storm inspections are recommended for the Snyder, 
McGuinn, and Watson sites. 
 

10.3.2 Large Wood Dimensions 

All pieces of large wood and rootwads used for the project should meet DFW’s definition of 
Large Woody Debris which is >1 foot diameter measured anywhere along the log and >6 feet in 
length (Flosi et al, 2010). All logs without rootwads should be >1 foot diameter measured 
anywhere along the log and >20 length to fit into DFW’s LWD Length Category 2 (Flosi et al., 
2010). Specific dimensions for each piece of wood are shown in Appendix D and Sheet 23 of the 
Design Plans. 

10.4 Riparian Planting 

Planting of native riparian species is an important aspect of this project. Project-specific planting 
species, zones, quantities, and/or spacing are described on the Planting Sheets of the Design 
Plans. The purpose of the riparian planting is to provide long-term bank stability and shade for 
the riparian corridor while also providing a diverse riparian ecosystem. The contractor and/or 
landowners should follow instructions listed in the Planting and Revegetation section in the 
Special Specifications for planting and plant maintenance activities.  
 

10.5 Avoiding Invasive Species 

Implementation of this project will be conducted with a strong commitment to avoid the spread of 
aquatic invasive species (AIS), most notably New Zealand mudsnail, quagga mussels, and zebra 
mussels. No AIS have been documented to occur within the San Geronimo Creek watershed at 
this time (New Zealand mudsnail are documented in nearby Abbotts Lagoon). Protocols will be 
used consistent with CDFW (2013) to decontaminate all gear (e.g., waders, boots, etc.) and 
equipment (e.g., survey rods, excavators, block nets, etc.) prior to entering the project reach to 
ensure protection from AIS.  
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10.6 Changing Site Conditions 

Due to the dynamic nature of the instream projects, significant changes to the project sites could 
occur between the date that design plans are finalized and construction. To address these potential 
changes, it is strongly recommended that the restoration engineer and DFW staff is closely 
involved in the final construction planning process including a site visit to determine if site 
conditions have changed since the Design Plans were finalized. If changes did occur at any of the 
sites, modifications to the designs may be necessary and should be completed by the engineer 
with input from DFW, the landowner, and Marin County.  
 

11 POST-CONSTRUCTION MONITORING AND MAINTENANCE 

It is recommended that post-construction monitoring and/or maintenance is conducted in relation 
to four specific areas. 
 

11.1 Implementation Effectiveness Monitoring 

Following project completion, As-built Design Plans should be created so that the actual 
constructed project can be compared to the proposed project for each of the four sites. In addition, 
restoration effectiveness monitoring at each site should be conducted using protocols described in 
the California Department of Fish and Wildlife’s Fisheries Restoration Grants Program Manual or 
other similar approaches. The purpose of these activities is to insure that specific habitat 
enhancement goals were met as described in the design plans. 
 

11.2 Large Wood Structures Monitoring and Maintenance 

Following storm events with bankfull or greater flow discharges, it is recommended that field 
monitoring is conducted at the Snyder, McGuinn, and Watson sites to insure that the large wood 
structures are functioning as designed. Field photos and observations should document any 
evidence of the following conditions: 

• Scour beyond expected pool formation that could undermine the structure or cause 
extensive bank erosion. 

• Significant shifting of a structure. 
• Failure or potential failure of anchoring hardware. 
• Racking of new large wood on the structure. 

 
Based on monitoring results, maintenance activities may be recommended such as removing 
excess racked wood or installing new anchoring hardware. Note that racking of new wood is 
general considered to be a positive project outcome, and this wood should only be modified or 
removed if the engineer determines that the racked wood may lead to instability of the large wood 
structure, excessive erosion, or flooding of adjacent infrastructure. 
 

11.3 Off-channel Habitat Monitoring 

The Marin County RCD will work with local California Department of Fish and Wildlife 
(CDFW) biologists to develop a monitoring plan for the floodplain enhancement component of 
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the Snyder project that will include surveys of water depths and estimated flow velocities within 
the enhanced floodplain during a range of winter flows. 
 

11.4 Riparian Plant Maintenance 

It is recommended that a “one-year plant maintenance and replacement” clause is included in the 
contract with the landscape contractor who is hired to perform the project revegetation, as 
described in the project specifications. After the landscape contractor has maintained the plans for 
the first year, the RCD should train each landowner to maintain and operate the irrigation system 
and perform weeding and/or other maintenance activities that may be required to promote healthy 
long-term growth of the new riparian plants. 
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Feature 
number

Feature 
component 

number

Total pieces 
of wood (#)

Log 
length 

(ft)

Log 
width 

(ft)

Tree with 
rootwad

Rootwad 
length (ft)

Rootwad 
width (ft)

Tree volume 
(ft3)

Rootwad 
volume (ft3)

Total volume 
(ft3)

% submerged
Force 

gravity (lbs)
Force boyancy 

(lbs)

Ballast from 
live tree 

anchor (lbs)

Log flow acting 
area (ft2)

Rootwad flow 
acting area (ft2)

Channel velocity 
for force of lift 

calculation

Force of lift 
from flow (lbs)

Force of flow 
(lbs)

Weight of boulder 
required to counteract 
buoyancy & lift (tons)  

FSB=1.5

Normal force  
(without live tree 

ballast) (lbs)

Resistance force 
from live tree 
ballast (lbs)

Factor of safety 
for momentum 

(FSM=2 min)

Governing factor 
of safety

Final weight of 
boulder required for 
FSB=1.5 min & FSM=2 

min (tons)

1A 20 1.5 Yes 5 3 35 44 79 100% 2673 4950 0 0 15 11.33 1776 2239 1694.9 0.0
1B N/A 5 3 0 44 44 100% 1483 2746 0 0 15 11.33 985 2239 3499.6 0.0
2A 30 2 No 0 0 94 0 94 80% 3175 4702 8000 60 0 11.33 2109 2239 -603.2 8000.0
2B 30 2 No 0 0 94 0 94 80% 3175 4702 0 0 0 11.33 2109 0 -603.2 0.0
3A 20 1.5 Yes 5 3 35 44 79 80% 2673 3960 0 22.5 15 8 885 1535 2153.6 0.0
3B 30 2 No 0 0 94 0 94 80% 3175 4702 0 0 0 8 1051 0 1746.2 0.0
3C 20 1.5 Yes 5 3 35 44 79 80% 2673 3960 0 0 15 8 885 1116 2153.6 0.0
3D 20 1.5 No 0 0 35 0 35 100% 1190 2204 0 30 0 8 394 558 2917.5 0.0
4A 25 1.5 Yes 5 3 44 44 88 100% 2971 5501 8000 30 15 8 984 1674 217.5 8000.0
4B 25 2 Yes 5 3 79 44 123 100% 4128 7644 0 40 15 8 1367 1860 -1151.5 0.0
4C 40 1.5 No 0 0 71 0 71 80% 2381 3527 8000 0 0 8 789 0 1797.0 8000.0
4D 25 2 Yes 5 3 79 44 123 100% 4128 7644 0 40 15 8 1367 1860 -1151.5 0.0
4E N/A 5 3 0 44 44 100% 1483 2746 0 0 15 8 491 1116 1977.6 0.0
4F 30 2 No 0 0 94 0 94 80% 3175 4702 0 60 0 8 1051 1116 1152.2 0.0
5A 25 2 Yes 5 3 79 44 123 100% 4128 7644 8000 40 15 11.33 2743 3731 -5550.8 8000.0
5B 30 2 No 0 0 94 0 94 100% 3175 5878 8000 0 0 11.33 2109 0 -4105.0 8000.0
6A 30 2 No 0 0 94 0 94 80% 3175 4702 8000 60 0 11.33 2109 2239 -1773.5 8000.0
6B 20 2 No 0 0 63 0 63 80% 2116 3135 0 0 0 11.33 1406 0 -561.2 0.0

Snyder Total 18 57.0

7A 40 2 No 0 0 126 0 126 80% 4233 6270 8000 80 0 6.08 810 860 -2847.0 8000.0
7B 40 2 No 0 0 126 0 126 80% 4233 6270 8000 0 0 6.08 810 0 -2847.0 8000.0
8A 40 2 No 0 0 126 0 126 100% 4233 7837 8000 80 0 6.08 810 860 -3209.6 8000.0
8B 35 2 Yes 5 3 110 44 154 80% 5186 7683 8000 0 15 6.08 992 645 -2283.6 8000.0
8C N/A 5 3 0 44 44 100% 1483 2746 0 0 15 6.08 284 645 -341.6 0.0
9A 25 3 No 0 0 177 0 177 100% 5952 11021 0 75 0 6.08 1139 806 -289.7 0.0
9B 20 1.5 Yes 5 3 35 0 35 100% 1190 2204 0 0 15 6.08 228 645 4676.6 0.0
9C N/A 5 3 0 44 44 100% 1483 2746 0 0 15 6.08 284 645 4371.7 0.0

10A 25 3 No 0 0 177 0 177 100% 5952 11021 0 75 0 6.08 1139 806 -289.7 0.0
10B 20 1.5 Yes 5 3 35 0 35 100% 1190 2204 0 0 15 6.08 228 645 4676.6 0.0
10C N/A 5 3 0 44 44 100% 1483 2746 0 0 15 6.08 284 645 4371.7 0.0

11 11A 1 35 2 Yes 5 3 110 44 154 100% 5186 9603 8000 60 15 6.08 992 1289 2.2 -2710.1 8000.0 4.4 Bouyancy/ Lift 2.2
18A 30 2 Yes 5 3 94 44 138 100% 4657 8624 8000 50 15 6.08 891 1182 -4856.6 8000.0
18B 40 2 No 0 0 126 0 126 80% 4233 6270 8000 80 0 6.08 810 860 -2846.2 8000.0
19A 25 2 No 0 0 79 0 79 100% 2645 4898 0 50 0 6.08 506 537 -521.2 0.0
19B 30 2 Yes 5 3 94 44 138 80% 4657 6899 8000 50 15 6.08 891 1182 -894.7 8000.0
20A 30 2 Yes 5 3 94 44 138 80% 4657 6899 8000 15 15 6.08 891 806 -3132.6 8000.0
20B 40 2 No 0 0 126 0 126 100% 4233 7837 8000 80 0 6.08 810 860 -4414.5 8000.0

Mcguinn Total 18 37.3

12A 30 2 No 0 0 94 0 94 100% 3175 5878 8000 60 0 4.8 379 402 1449.9 8000.0
12B 40 2 No 0 0 126 0 126 80% 4233 6270 0 0 0 4.8 505 0 1990.0 0.0
12C 25 2 Yes 5 3 79 44 123 80% 4128 6115 0 0 15 4.8 492 402 2052.7 0.0
12D 25 2 Yes 5 3 79 44 123 80% 4128 6115 0 0 15 4.8 492 402 2052.7 0.0
12E 25 2 Yes 5 3 79 44 123 80% 4128 6115 0 0 15 4.8 492 402 2052.7 0.0
12F 25 2 Yes 5 3 79 44 123 80% 4128 6115 0 40 15 4.8 492 670 2052.7 0.0
13A 35 2 No 0 0 110 0 110 100% 3704 6858 6000 70 0 4.8 442 469 637.3 6000.0
13B 35 2 No 0 0 110 0 110 100% 3704 6858 0 0 0 4.8 442 0 637.3 0.0

14 14A 1 N/A 5 3 0 44 44 100% 1483 2746 0 0 15 4.8 177 402 2.3 1452.7 0.0 3.0 Bouyancy/ Lift 2.3
15 15A 1 N/A 5 3 0 44 44 100% 1483 2746 0 0 15 4.8 177 402 2.3 1452.7 0.0 3.0 Bouyancy/ Lift 2.3
16 16A 1 N/A 5 3 0 44 44 100% 1483 2746 0 0 15 4.8 177 402 2.3 1452.7 0.0 3.0 Bouyancy/ Lift 2.3

17A 20 1.5 No 0 0 35 0 35 100% 1190 2204 0 20 0 4.8 142 134 1451.4 0.0
17B N/A 5 3 0 44 44 100% 1483 2746 0 0 15 4.8 177 402 1167.6 0.0

Watson Total 13 40.0
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