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Abstract 

San Anselmo Creek is one of several tributaries of Corte Madera Creek in Marin 
County, California. Historical land use changes starting in the mid 1800’s have led to 
channel entrenchment. Incision has caused the creek to abandon its original flood plain 
except for very high flows. Higher flows have lead to further entrenchment.  The 
combination of floodplain abandonment and channel scour has lead to bank stability 
problems and degraded habitat. The County of Marin and the Friends of the Corte 
Madera Creek have contracted Stetson Engineers to propose a conceptual-level flood-
plain re-establishment project at the Marin Town & Country Club. Their proposal calls 
for creating a two-stage channel designed to reduce flood flows, improve and increase 
riparian habitat, reduce shear stresses and provide easier public access to the channel.  
We carried out a hydraulic modeling exercise with the objective of simulating the flows 
in the project reach for the pre- and post-project conditions. Using data from field 
surverying as inputs to the 1-D numerical model (HEC-RAS), we designed a two-stage 
channel to carry the Q1.5 in the first-stage and higher flows in the 2nd-stage. Water 
surface elevations for the proposed two-stage channel decreased for flows greater than 
the Q1.5.  We also observed a decrease in shear stress along the two-stage channel reach.  
Upstream of the modified channel, the shear stress actually increased.  This can be 
explained by the abrupt change in channel geometry.  This behavior needs to be 
addressed in future restoration plans for this site, either by making the expansion more 
gradual or implementing a bio-technical bank stabilization.  In general, our findings show 
that the proposed modifications will reduce flood stage and shear stress.  Reestablishing 
an channel-flood-plain interactions can help restore riverine processes and restore lost 
riparian habitat.  
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1 Introduction 

1.1 Problem Statement 

San Anselmo Creek is one of several tributaries of Corte Madera Creek in Marin 

County, California (Figure 1). Logging, grazing, and urbanization over the past two 

hundred years have greatly altered the sediment load, aquatic and riparian habitat, and 

natural hydrologic cycle of the Court Madera Creek watershed (Stetson, 2000).  

Consequently, San Anselmo Creek has incised approximately 15 feet below the 

floodplain. Flow rates with return intervals as large as 20 years do not currently reach the 

floodplain in the project reach (U.S.A.C.O.E, 1974).  This type of behavior can lead to a 

positive-feedback loop in which shear stresses associated with higher flows cause the 

channel to further incise, increasing the channel's capacity (Holdner, Personal comm., 

2000). Once the channel bed slope has achieved equilibrium or hits bedrock, a natural 

geomorphic response could be lateral erosion. This widening process could lead to re-

establishment of an active floodplain.  However, bank protection structures have been 

built along the creek, limiting this natural recovery process (Stetson, 2000). 

The County of Marin Flood Control District and the Friends of the Corte Madera 

Creek have contracted Stetson Engineers to propose a conceptual-level flood-plain re-

establishment project at the Marin Town & Country Club (Project Site). The Project Site 

is one of the only areas of abandoned floodplain in the watershed with little development. 

Stetson Engineers’ proposal (The Proposal) includes the creation of a compound (two-
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stage) channel, public access pathways, and a community park (Smeltzer, Personal 

Communication, 2000).   

Compound channels have been used successfully for river restoration projects in 

California (Haltiner et al., 1996).  A schematic of the two-stage channel design can be 

found in Figure 8. The low-flow channel typically carries the 1.5- to 2-year flow while 

higher flows are conveyed along the second stage.  The interaction between the first and 

second stage closely mimics natural river-floodplain interactions.  This restoration 

strategy gives the river the freedom to meander within the confines of the constructed 

floodplain. River-floodplain interactions can stabilize the river system’s geomorphology, 

provide habitat for a range of riparian species, and limit flood danger (Ward and 

Stanford, 1995).   

1.2 Study Objectives 

The purpose of our study was to simulate the hydraulic performance of the proposed 

two-stage channel, using a numerical modeling approach.  The main objectives of 

carrying out the modeling exercise were to help us design the 2-stage channel and to 

simulate the flows in the project reach for the current and post-project conditions.  In 

particular we focused on how the two-stage channel could: 

1. Reduce the stage of floods greater than the 1.5-yr flow. 

2. Reduce the total shear stress on channel. 

 

There were two parallel studies performed on this project reach looking at historical 

conditions (Kimball, 2000) and salmonid habitat enhancement (Barth & Frank, 2000).   
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1.3 Site Description 

San Anselmo Creek drains 21.4 km2, and is a tributary to Corte Madera Creek in 

Marin County, California. The project reach is approximately 2000 feet in length, located 

adjacent to the Marin Town and Country Club between the Forest Avenue footbridge and 

the Pastori Avenue Bridge in the city of Fairfax (Figure 1). 

The creek-bed is sand and gravel with a few isolated locations of exposed bedrock 

and clay lenses.  Homeowners bordering the left bank of the creek have constructed a 

patchwork of concrete walls to form nearly continuous bank protection for about 500 

feet.    The concrete retaining walls on the left bank have acted to deflect the flow into the 

opposite bank causing severe lateral bank erosion, located at cross-sections 6 and 7 and 

shown in Figure 2.  A building on the eroded bank was severely undercut and has been 

removed (see photograph in Figure 3). Downstream from the concrete walls, rip-rap is 

protecting a small meander that cuts beneath the Fair-Anselm shopping complex, which 

was actually built out over the creek (.  The Marin Town and Country Club borders the 

right side of the creek and is the historical floodplain.  Currently, the channel bed is 

approximately 15 feet below the historical floodplain. A map showing the maximum 

extent of the 1955 floodplain (Q10yr) shows that at the project site the flows did not 

overflow the banks (U.S.A.C.O.E., 1974).  

2 Methods 

2.1 Field Reconnaissance and Surveying 

On Saturday October 7th, we conducted a preliminary walk-through and 

reconnaissance of the project site. The purpose of this visit was to familiarize ourselves 
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with the general layout of the site, identify areas of special interest, and to help us plan a 

more detailed surveying trip. Two important man-made hydraulic features that we 

identified were the Pastori Road Bridge, the fish ladder and check dam under the Pastori 

Avenue Bridge (see Figure 5), and a broken concrete culvert at the upstream end of the 

project reach near Main Court (Figure 6). 

The following week we returned to the to conduct a comprehensive survey of the 

creek morphology. A team using a TOPCON laser total survey station planted and 

surveyed benchmark locations along the length of creek to obtain relative X-Y-Z 

coordinates, while two other teams surveyed cross-sections at these benchmarks using 

auto-level/rod surveying equipment. A total of 16 cross-sections were surveyed. The 

locations of these cross-sections and benchmarks are shown in on the site map in Figure 

7. Using the elevations of two benchmarks on the platform of the Pastori Ave. Bridge, we 

were able to convert our surveyed elevations into absolute elevations with respect to 

Mean Sea Level (MSL). Northing (Y) and Easting (X) coordinates were measured with 

respect to Magnetic North, determined with a Brunton compass. Unfortunately we forgot 

to measure the azimuth of the cross-sections during the survey and had to later estimate 

them from an existing topographic map. Additionally, by finding the minimum elevation 

of each cross-section, we were able to generate a longitudinal profileof the project reach 

(Figure 10), extending from just about 100 ft upstream of the culvert to around 150 ft 

downstream of the fish ladder. 

2.2 Hydrologic Data 

Flood-Frequency Analysis 



SLS & PHB  Final Draft  

Page 6 of 19 

 Currently, the only flow data available within the watershed were measured from 

1951-1993 at a U.S.G.S gauging station below the confluence of Ross Creek and Corte 

Madera Creek (Figure 1).  We performed a flow frequency analysis (Dunne and Leopold 

1978), scaling the magnitudes of these peak flows by the ratio of watershed area at the 

site (21.4 km2) to the watershed area at the station (47.3 km2), and increasing the resultant 

flow by 10% to account for the higher annual precipitation in the San Anselmo Creek 

basin (Smeltzer, Personal Comm., 2000).  For the these return intervals the preliminary 

analysis gave the following peak flows: 

 

Return Interval   Peak Flow [cfs] 

20 – yr   2300 

10 – yr   1900 

5 – yr   1725 

2.5 – yr  1400 

1.5 – yr  775 

 

We used these peak flows as inputs for our hydraulic model. 

2.3 Hydraulic Modeling using HEC-RAS 

2.3.1 Overview 

HEC-RAS (Hydrologic Engineering Center – River Analysis System) is a numerical 

modeling software package that computes water surface profiles for steady, gradually 

varied flow in natural or man-made channels. The computational method is based on 

solving a one-dimensional energy equation in which energy losses attributed to friction 

are modeled using Manning’s equation.  
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The software also allows for the consideration of the effects due to bridges, weirs, 

culverts, and other structures in the channel or floodplain (U.S. Army Corps of 

Engineers, 1998). In the United States, HEC-RAS is widely used for flood management 

and restoration analysis, primarily because of its ease of use and its acceptance by many 

regulatory agencies (Haltiner et al., 1996). The limitations imposed by the one-

dimensional simplifications used by HEC-RAS are described in the Discussion section. 

2.3.2 Governing Equations 

The flow equation relates discharge, Q, to average velocity, V, and cross-sectional 

flow area, A: 

 

Q=VA      (1) 

 

HEC-RAS subdivides each cross-section into three areas, the Left-Over-Bank (LOB), the 

Channel, and the Right-Over-Bank (ROB). The flow rate within each subdivision is 

calculated from the following form of Manning’s equation (based on English units) that 

relates flow rate to the friction slope, Sf, and hydraulic radius, R. 

 

2/13/2486.1
fSAR

n
Q =      (2) 

 

Manning’s roughness coefficient, n, cannot be measured independently but must be estimated 

or back calculated with a known flow rate and cross-sectional dimensions (Kondolf and 

Williams, 1999). HEC-RAS also calculates the shear stress, τ, for each sub-division using the 

following equation relating shear stress to the hydraulic radius and the friction slope, 
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fRSγτ =      (3) 

 

where, γ, is the specific weight of water. The hydraulic radius is the ratio of the cross-

sectional area to the wetted perimeter. 

2.3.3 Data Input Requirements 

HEC-RAS requires that the user input the elevations and distance from left bank 

for each point in a cross section, as well as the distances between the LOB, Channel, and 

ROB subdivisions of adjacent cross-sections.  We assigned Manning’s n values for each 

cross-section by comparing field observations of channel and bank material to a chart of 

empirical values ( U.S.A.C.O.E., 1998).  In places where several different bed or bank 

materials were present, we further subdivided the cross-sections into distinct sub-regions. 

The assigned roughness values are shown on the cross-sections in the Appendix. The 

roughness values ranged from 0.02 to 0.06. 

The Pastori Avenue Bridge and fish ladder (cross-section #16) represents the 

downstream limit of the model, while cross-section # 1 sets the upstream boundary. We 

ran the model set for sub-critical flow and specified the downstream boundary condition 

as the normal depth. We then ran the model using different flow rates.  

2.3.4 Two-Stage Channel Design 

We created two geometry files: the first was based on the surveyed cross-sections, 

and it represents the creek at its current condition; the second represents the post-project 

condition with the proposed two-stage channel. We first ran the pre-project model using 

the 1.5-year flow rate (Q1.5) and identified the water surface elevations at each cross-

section. We then created the post-project cross-sections by setting the starting elevation 
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of the second stage as the Q1.5 water surface elevations, and extending the right bank 

outward from this point, as shown in Figure 9 for cross-section 11. We had to “kink” the 

cross-sections for the post-project channel in order to prevent them from overlapping 

when we extended them out into right bank. We did this by estimating a mean flow path 

across the extended channel and aligning the second-stage portions of the cross-sections 

to be orthogonal to this flow path. Figure 10b shows the resulting post-project 

longitudinal profile for the compound channel.  Using the five peak flows identified in 

the previous section, we ran the model for both the current and post-project conditions.  

2.3.5 Calibration and Verification 

Model calibration is accomplished by adjusting Manning’s n and ineffective flow 

areas until the model output matches observed water surface elevations for known flow 

rates.  During verification, the calibrated model is run for another measured discharge 

and water surface elevation. If the model predicts the actual, without parameter 

manipulations, then it's verified.  We could not perform calibration and verification of the 

model because we did not have an adequate stage-discharge record for San Anselmo 

Creek.   

2.3.6 Sensitivity Study (Effect of varying Manning’s Roughness Coefficient, n) 

The calibration and verification stage of the modeling process would normally be 

used to determine the most accurate values for Manning's n.  In absence of an adequate 

stage-discharge data set, a sensitivity analysis gives a sense of how the uncertainty in 

assigning n would affect predicted water levels. For the sensitivity study we ran the 

model for both geometry files with three sets of Manning’s n values, and observed the 
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resulting variations in water surface elevation and shear stress profiles. We ran the 

models for all five flows using three sets of Manning’s n values based on our original 

assignments (no): 

 

1) Low Range:  n = n0 × 0.75 

2) Original values: n = n0 

3) High Range: n = n0 × 1.25 

The high and low ranges represent a 25% scaling of our original values.  In all, our 

sensitivity study evaluates a 66% range in n values. 

 

3 Results/Data 

3.1 Water Surface Elevation Sensitivity Study 

The sensitivity study results for water surface elevations are shown in Figure 11 and 

Figure 12.  For the current channel conditions, the Q10 and Q1.5 both have a 16% change 

in water surface elevation for a 67% change in Manning’s n, as illustrated in Figure 11 

(a). For the pre-project geometry, varying n (0.75n0 1.25n0) resulted in a maximum 

change of 2 feet in Q10 water surface elevations, with an average change of 1.4 feet.  The 

Q1.5 water surface elevations had a maximum change of 1.4 feet, with an average of 1 

foot.   

The post-project sensitivity results are shown in Figure 11 (b).  The Q1.5 and Q10 

water surface profiles exhibited similar trends. For the post-project channel geometry, 

varying n resulted in a maximum change in Q10 water surface elevations of 1.5 feet 
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(10%), with an average change of 0.85 feet. The 1.5-yr flow in the post-project channel 

has a maximum change of 1.5feet (15%), and an average change of 0.8 feet.  In general, 

for flows greater than Q1.5 the water surface elevations in the post-project channel are less 

sensitive to changes in Manning’s n.   

The Q10 residuals, Figure 12 (b), show a consistent decrease in water surface 

elevation between pre- and post-project conditions, except near the downstream boundary 

condition.  The greatest change in water surface elevation is upstream of the floodplain.  

The channel modification has a greater reduction of water surface elevation for the 10-yr 

flow, which is reasonable, since the 1.5-yr flow barely encroaches on the floodplain 

(Figure 15).  

3.2 Shear Stress Sensitivity Study 

From Eq.2 and Eq.3, it can be shown that the shear stress is proportional to the 

flow rate and the roughness, and is inversely proportional to the cross-sectional flow area. 

The effect that variations in Manning’s n have on shear stresses is depicted in Figure 13 

(current conditions) and Figure 14 (post-project).  For the current channel conditions, the 

Q1.5 and the Q10 caused the same average fluctuation in shear stress.  The 10-year flow is 

more sensitive to varying Manning’s n for the two-stage channel. The relationship for the 

1.5-yr flows is not as straightforward. In some instances, an increase in n actually results 

in a decrease in shear stress (e.g. xs-11). Increasing the roughness coefficient leads to a 

higher water surface elevation.  If the water over-tops the low-flow channel and spreads 

out onto the second stage, water velocities and shear stresses will both decrease. 
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4  Discussion 

4.1  Water Surface Elevation  

The main objective of our study was to evaluate simulated flow through the 

proposed two-stage channel.  The compound channel was designed to convey the 1.5-

year flow in the main channel, allowing greater flows to spread over the second stage.  

By spreading over a greater surface area, the depth of high flows would be reduced. An 

example of this behavior can be seen in Figure 15.  The residuals, Figure 12 (b), show 

the greatest change in water surface elevation occurs upstream of the floodplain.  This 

can be best understood by looking at the general trendline which illustrates a gradual 

increase in the water surface elevation residual, meaning a greater decrease in water 

surface elevation. A possible explanation for this observation can be seen from the 

perspective of HEC-RAS’s computational algorithms.  Working from the downstream 

end of the reach, HEC-RAS iteratively solves the energy and Manning’s equations to 

give the water surface elevation, shear stress, and a host of other outputs.  Over the reach 

of the compound channel, HEC will compute a lower water surface elevation than the 

pre-project channel because of the wider channel geometry.  Moving upstream to the 

transition from the original channel to the two-stage channel, the energy equation will 

force the upstream water depth to be lower.  Since the cross-sectional flow area has 

decreased, the velocity must increase, following Q=VA. The channel modification has a 

greater reduction of water surface elevation for the Q10 than the Q1.5, which is reasonable 

since the 1.5-yr flow barely encroaches on the floodplain (Figure 15).  
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4.2 Shear Stress Interactions 

For a compound channel, the relationship between Manning's n, water depth, and 

shear stress is complex. When flows approach bankfull discharge, a small increase in 

water surface elevation can lead to a sudden inundation of the floodplain.  This greatly 

increases the wetted perimeter, while only slightly raising the cross-sectional flow area.  

Thus, the hydraulic radius decreases, resulting in a lower total shear stress.  Although this 

is computationally correct, it may be physically inaccurate (Lane et al., 1999). Three-

dimensional models are often able to identify subtle variations in shear stress that cannot 

be observed using a 1-D model (Knight & Shiono, 1996; MacWilliams & Harrison, 1999; 

Lane et al., 1999). This limitation of HEC-RAS is clearly illustrated by flows that just 

reach the second stage, seen in Figure 12 (a) and (b).  For the 1.5-year flows at cross-

section 11, the n and 1.25n flows reached the second stage while the 0.75n remained on 

the cusp.  The post-project n and 1.25n flows had a dramatic decrease in shear stress 

compared to the pre-project conditions, and the 0.75n did not change much at all.  This 

accounts for the apparent anomaly observed in the residuals, seen in Figure 12 (c). 

As soon as the flows inundate the floodplain, the velocity decreases, and the shear 

stresses subsequently fall below those calculated for the current conditions.  This 

phenomenon continues for the length of the floodplain (Figure 16). Upstream of the two-

stage channel, the water surface elevation also drops below the pre-project conditions.  

Without a proportional increase in cross-sectional area, the velocity actually increases in 

this portion of the reach (xs-1 to xs-5).  The increased velocity upstream of the two-stage 

channel will cause the shear stress to increase, as seen in Figure 16.  This may result in 

headcutting and lateral bank erosion.  This is a critical design element that needs to be 
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addressed in future work on the Corte Madera Creek restoration plan.  Bio-technical bank 

and channel bed stabilization options should be explored.  An alternative solution could 

be a very gradual widening of the channel into the floodplain to alleviate excessive shear 

stresses or extending the floodplain upstream until there is an upstream flow control, such 

as the culvert at cross-section 2.  

5 Conclusions 

Floodplain re-establishment can provide a multitude of benefits for San Anselmo 

Creek, the wildlife, and the neighboring community.  We chose to explore how the 

creation of a two-stage channel would affect water surface elevation and shear stress in 

the channel.  Through the proposed channel widening, average depth during flood flows 

will be reduced, even upstream of the floodplain.  In addition, flow velocities and shear 

stresses will be reduced over the floodplain, possibly allowing riparian species to 

reestablish themselves.  The shear stress increase upstream from the compound channel is 

cause for concern.  We suggest that this situation be fully evaluated in the next stage of 

this project. Due to the hydraulic complexity that arises in modeling compound channels 

and channel-flood plain interactions, we recommend that a 3-D numerical model, that can 

include sediment transport, be used for future studies. It is also likely that more cross-

sections may be necessary to obtain accurate results in regions where the channel turns 

sharply. Additionally, in order to calibrate and verify any future modeling efforts, future 

researches will need to measure discharge-stage relationships for San Anselmo creek.  

 



SLS & PHB  Final Draft  

Page 15 of 19 

6 Acknowledgements 

We would like to thank Lisa Kimball, Cheryl Lee, Ryan Barth, Paul Frank, and Matt 
Smeltzer for their hard work in carrying out the field survey, and Dan Plumlee of the 
U.C. Berkeley Geography Dept. for taking the time to teach us how to use the total 
station.   We also thank Professor Matt Kondolf, Lisa Kimball, and Matt Smeltzer for 
providing their thorough and usefull comments on earlier drafts of this report. Lastly, we 
thank Stetson Engineers and The Friends of Corte Madera Creek for letting us participate 
in this project. 



SLS & PHB  Final Draft  

Page 16 of 19 

7 References Cited 

Barth, R., and Frank, P., 2000. Feasibility Study on Salmonid Restoration in the San Anselmo 
Demonstration Reach. Term Project: LAEP 227,  Cal. Wat. Resour. Archive. U.C. 
Berkeley, CA (in press). 

 
Dunne, T., and Leopold, L.B., 1978. Water in Environmental Planning. W. H. Freeman, 

San Francisco. 
 
Haltiner, J.P., Kondolf, G.M., and, Williams, P.B., 1996. Restoration Approaches in California, in 

River Channel Restoration, (pp. 291-329), Eds. Brookes, A., and Shields, F.D., John Wiley 
and Sons, New York. 

 
Kimball, L.  2000. Historical Conditions Analysis of San Anselmo Creek. Term Project: LAEP 

227,  Cal. Wat. Resour. Archive. U.C. Berkeley, CA (in press). 
 
Kondolf, G.M., and J.G. Williams. 1999. Flushing flows: a review of concepts relevant to Clear 

Creek, California.  Draft Report to US Fish and Wildlife Service, Red Bluff, California. 
 
Knight, D.W., and Shiono, K., 1996. River Channel and Flood Plain Hydraulics, in Floodplain 

Processes, (pp.139-181), Eds. Anderson, M.G., Walling, D.E., and P.D. Bates. John Wiley 
& Sons, New York. 

 
Lane, S.N., Bradbrook, K.F., Richards, K.S., Biron, P.A., and A.G. Roy. 1999. The application of 

computational fluid dynamics to natural river channels: three-dimensional versus two-
dimensional approaches. Geomorphology, 29 1-20. 

 
MacWilliams, M.L., and Harrison, D.T., 1999. The role of numerical modeling in river-

restoration: An analysis of 1-D and 3-D Flow Modeling on Tassajara Creek, CA. Term 
Project: LAEP 227,  Cal. Wat. Resour. Archive. U.C. Berkeley, CA. 

 
U.S. Army Corps of Engineers, 1974. Final Environmental Impact Statement: Corte Madera 

Creek Flood Control Project, Marin County, California. San Francisco Corps District. 
 
U.S. Army Corps of Engineers, 1998. HEC-RAS Rivers Analysis System: Hydraulic Reference 

Manual, Version 2.2., Hydrologic Engineering Center, Davis CA. 
 
Ward, J.V., and J.A. Stanford. 1995. Ecological connectivity in alluvial river ecosystems and its 

disruption by flow regulation, Regulated Rivers, Res. & Manage. 10: 1-15. 
 



SLS & PHB  Final Draft  

Page 17 of 19 

8 Figure Captions 

Figure 1. Watershed and Geologic Map showing location of project site, watershed area, and regional 
geology (source: Stetson, 2000). 

Figure 2.  Photo showing lateral and vertical erosion on left bank near cross-sections 6 & 7. (source: A.A. 
Rich, 1999). 

Figure 3. Photograph showing undercut buildings on the Marin Town and Country Club falling into the 
channel (source: http://www.marindirect.com/fxhistory/). 

Figure 4. Photograph showing the Fair-Anselm shopping plaza built out over creek. Note the extensive 
erosion exposing the base of the concrete piling in the center of the photo, as well as the rip-rap 
which has been recently placed to armor the bank under the mall . (source: A.A. Rich, 1999). 

Figure 5.  This is a photograph of the fish ladder/ check dam underneath the Pastori Avenue Bridge. There 
is a difference of approximate seven feet in elevation from the top of the ladder to the bottom. 
The bridge represented the downstream boundary of our numerical model (source: A.A. Rich, 
1999). The fish ladder was used as the down-stream boundary for our numerical model. 

Figure 6. This photograph shows the concrete culvert near the upstream limit of the project site. This 
feature was modeled explicitly in our HEC-RAS model (source: A.A. Rich, 1999). 

Figure 7. This map shows the locations of our surveyed cross-sections and the locations of the other 
important features such as the Pastori Ave. Bridge, the upstream culvert, and the Fair-Anselm 
shopping center built out over the creek. 

Figure 8. Schematic plan-view and cross-section of proposed 2-stage channel. 
 
Figure 9. This shows a typical cross-section (xs-11) of pre-project (solid line) and post-project (dashed line) 

channel geometry, and the Q1.5 and Q10 water elevations. The Q1.5 water levels were chosen as the 
elevation at which to create the 2nd-stage of the proposed channel.  Note that post-project water 
elevations are lower than pre-project conditions. 

Figure 10. Longitudinal Profiles: (a) Pre-project channel profiles of thalweg and right-bank elevation. The 
channel slope upstream of the fish ladder relatively gentle at approximately 0.0008 ft/ft, whereas 
there is a sudden drop of about 8 ft over 25 ft (0.28 ft/ft) at the fish ladder. The average height of 
the right bank above the thalweg is 18 feet. (b) Channel profiles of thalweg elevation, right-bank 
elevation for the low-flow channel, and for righ-bank elevations for the high-flow second-stage 
are shown for the Post-project conditions. Cross-section numbers are given at top. 

 
Figure 11. This plot shows the effect of varying Manning’s n on water surface elevation (WSE) profiles for 

1.5yr and 10yr flows for (a)pre- and (b)post-project conditions.  HEC-RAS was run with three 
sets of Manning’s n values: an initial estimate (n0) based channel characteristics and high 
(1.25n0) and low values (0.75n0). (a) For the pre-project geometry, varying n resulted in a 
maximum change in Q10 water surface elevations of 2 feet (0.75n0 1.25n0), with an average 
change of 1.4 feet.  The Q1.5 water surface elevations had a maximum change of 1.4 feet, with 
an average of 1 foot.  (b) For the post-project channel geometry, varying n resulted in a 
maximum change in Q10 water surface elevations of 1.5 feet (0.75n0 1.25n0), with an average 
change of 0.85 feet. The 1.5-yr flow in the post-project channel has a maximum change of 1.5ft, 
and an average change of 0.8 feet.  In general, the flows greater than Q1.5 the water surface 
elevations in the post-project channel are less sensitive to changes in Manning’s n. When higher 

http://www.marindirect.com/fxhistory/


SLS & PHB  Final Draft  

Page 18 of 19 

flows inundate the wider second stage of the channel they spread out over a greater area, 
resulting in a smaller water depth. 

 

Figure 12.  These plots illustrate how changes in Manning’s n affect the change in WSE between pre- and 
post-project conditions, the water surface elevation residuals (∆WSE). Note that for both pre- 
and post-project conditions the water surface elevations at the downstream boundary are the 
same due to the fixed downstream boundary condition (for a given flow rate and set of 
roughness values). (a) For Q1.5 the maximum difference in ∆WSE caused by varying n 
(0.75n0 1.25n0) is 0.37 ft, with an average change of 0.185 ft. (b) For Q10 the maximum 
difference is. 1.83 ft, with an average change of 0.56 ft. The largest drops in water level occur in 
the reach upstream of two-stage channel. This is due to the hydraulics associated with the 
channel expansion. Because the low-flow channel was designed to carry the 1.5-year flow, the 
WSE residuals are greater for Q10 than for Q1.5. For the same reason, the Q10 residuals are more 
sensitive to variations in n. 

 

Figure 13 . These plots illustrate how changes in Manning’s n affect the shear stress for Q1.5 (a) pre-project, 
(b) post-project conditions as well as (c) the shear stress residuals (∆τ=τpre−τpost).  In general, 
shear stresses increased with increasing n, as predicted by Eqs. 2 & 3.  However, exceptions 
occur in the two-stage channel because water surface elevation also increases with n.  When the 
stream just reaches the second stage of the compound channel, the velocity over the second 
stage decreases, lowering the shear stress.  This can be seen by looking at the changes in shear 
stress for cross-section 11 for pre- and post-project conditions in the shear stress residuals. Note 
that the shear stresses at xs-16 are fixed by the downstream boundary condition. 

 
Figure 14. These plots illustrate how changes in Manning’s n affect the shear stress for Q10 (a) pre-project, 

(b) post-project conditions as well as (c) the shear stress residuals (∆τ=τpre−τpost).  As predicted 
by Eqs. 2 & 3, shear stresses increased with increasing n. Along the length of the two-stage 
channel (xs-6 to xs-15) the shear stresses decreased dramatically, as shown in the shear stress 
residuals (c).  Upstream of the two-stage channel (xs-1 to xs-5), shear stresses actually increased 
for the post-project conditions.  This is due to upstream velocity increases associated with the 
expansion of the channel. The transition to the two-stage channel in our model might have been 
too abrupt, or the two-stage interactions may be too complex for HEC-RAS to model correctly.  
This matter warrants closer consideration. Also, note that the shear stresses at xs-16 are fixed by 
the downstream boundary condition. 

Figure 15. This figure compares water surface elevations for current and proposed two-stage channel 
geometries for 1.5-yr and 10-yr flows.  The channel modification has a greater reduction of 
water surface elevation for the 10-yr flow, which is reasonable since the 1.5-yr flow barely 
encroaches on the floodplain.  For the 10-year flow, the water surface elevation is reduced by a 
maximum of 1.5 feet.  For larger storm flows, the water surface reduction is probably greater. 

Figure 16. This figure depicts total shear stress for both the current and modified channels during the 1.5 
and 10-yr flows.  (a) The total shear stress does not vary considerably for the 1.5-yr flows 
because the flow rarely reaches the floodplain.  (b) However, the shear stress decreases for the 
10-yr flow in the modified region where the floodplain is inundated.  Note that the total shear 
stress actually increases upstream of the floodplain, indicating that channel incision may occur.  
Suitable preparation for such conditions is advised. 
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9 Figures  

(see following pages…) 
 

10 Appendices 

Appendix I: Pre-project, channel cross-sections and water surface elevations for 1.5-yr, 
2.5-yr, 5-yr, 10-yr, and 20-yr flow rates. Manning’s n = original values, no. 
 
Appendix II: Post-project, channel cross-sections and water surface elevations for 1.5-yr, 
2.5-yr, 5-yr, 10-yr, and 20-yr flow rates. Manning’s n = original values, no. 
 



 

 

 

San Anselmo Creek: Post-Project Longitudinal Profile 
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San Anselmo Creek: Longitudinal Profile 
Pre-Project [MTCC 10/15/2000]
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(a)

Figure 10. 
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Total Shear Stress, ττττ: Q=Q1.5-yr 
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(a) Total Shear Stress, ττττ: Q=Q10-yr 
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(a)

Total Shear Stress Residuals: Q=Q1.5-yr 
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(c) Total Shear Stress Residuals: Q=Q10-yr 

∆τ∆τ∆τ∆τ = [ττττpreproject-ττττpostproject]
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(c)

Total Shear Stress, ττττ: Q=Q1.5-yr 
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(b) Total Shear Stress, ττττ: Q=Q10-yr 
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Sensitivity Study: Shear Stress and Manning's Roughness Coeff., n 
 
                   Figure 13.                                                              Figure 14. 



 

 

 

Water Surface Elevation (WSE): Q = Q1.5-yr & Q10-yr 
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