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The San Francisquito Creek Joint Powers 
Authority (JPA), a coalition of cities, regional 
flood control districts, and other parties with 
a vested interest in flood management and 
environmental preservation of the creek, 
contracted with Philip Williams and Associates, 
Ltd. (PWA) and H.T. Harvey and Associates 
(HTH) to evaluate flood management strategies 
in the upper and lower portions of the San 
Francisquito Creek watershed. The project is 
divided into two distinct components, each with 
specific objectives: to reduce out of bank flooding 
in the lower reach of the creek downstream of 
the Highway 101 crossing (the Downstream 
Project) and to reduce peak flow rates in the 
creek through flood water detention in the upper 
portion of the watershed (the Upstream Project). 
PWA’s scope of work included evaluating 
potential alternatives for hydraulic and flood 

reduction performance, and developing a 
conceptual design and opinion of probable cost 
for each alternative. This phase of the project did 
not include evaluating land use, permitting, land 
ownership, detailed environmental assessment, 
or jurisdictional or other possible constraints.

PWA used a HEC-RAS hydraulic model to 
develop flood management alternatives in the 
most downstream reach of the creek and a 
combination of geospatial analysis and HEC-
HMS hydrologic modeling to identify possible 
detention sites in the upper watershed. HT 
Harvey and Associates provided input on the 
biological implications of the Downstream 
Project. This report describes the development, 
analysis, and interpretation of the Downstream 
and Upstream Project alternatives. 

This report is organized as follows:

Chapter 2 – Describes the alternatives analysis 
for the Downstream Project, including the HEC-
RAS modeling and an opinion of probable costs.

Chapter 3 – Describes the screening analysis 
used to develop alternatives for the Upstream 

Project, including HEC-HMS modeling, 
geospatial analysis and an opinion of probable 
costs.

Appendix A – Documents HTH’s biotic 
opportunities and constraints summary for the 
Downstream Project. 

1.2 | Report organization

1.1 | purpose

The purpose of this project is to develop and 
test alternatives that, once implemented, would 
reduce flood hazards in the highly urbanized 
portions of the San Francisquito Creek 
watershed, which includes the cities of East 
Palo Alto, Palo Alto, and Menlo Park. The JPA, 
formed in 1999 following the devastating floods 
of February 1998, serves as a vehicle for the 
local communities and Stanford University to 
develop cooperative and integrated strategies to 

flood management throughout the watershed. 
The JPA is working as the local sponsor with 
the United States Army Corps of Engineers 
(USACE) to initiate a long-term and large scale, 
comprehensive flood management plan. The 
alternatives analyzed in this report are potential 
early implementation projects that would serve 
as the first steps in the larger JPA-USACE 
cooperative management plan. 

1 .  introduction
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  INTRODUCTION

PWA developed conceptual-level flood 
management alternatives for the downstream 
reach and upper watershed of San Francisquito 
Creek and tested the performance of these 
alternatives relative to existing conditions using 
modeling software and geospatial analysis. This 
project is divided into two separate components 
referred to as the Downstream Project and the 
Upstream Project. 

For the Downstream Project, PWA developed 
two alternatives that use a combination of 
channel terrace lowering, levee setbacks, 
floodwalls and a bypass channel to reduce fluvial 
flood levels in the reach of San Francisquito 
Creek downstream of Highway 101. Alternative 
1 maintains the existing channel corridor 
downstream of Highway 101 and Alternative 
2 includes an expanded corridor. A third 
alternative was developed that diverts a 
significant portion of flow through a large bypass 
channel bisecting the Palo Alto Municipal Golf 
Course. The alternatives were compared with 
existing conditions using a hydraulic model and 
were found to significantly reduce water levels 
during the moderate flood event that occurred in 
February 2000 compared to existing conditions. 
Additionally, modeling results indicate that the 
alternative designs result in water levels for the 
February 1998 floods that are contained within 

the channel. For the 100-year design storm, 
model results indicate that Alternatives 2 and 3 
contained water levels within the channel based 
on existing levee heights, without consideration 
of freeboard requirements. Based on an opinion 
of probable costs, the costs of the first two 
alternatives were similar to each other, but the 
cost of the third alternative (golf course bypass) 
was significantly higher due to the large levees 
required.

Floodplain detention opportunities were 
identified in the upper part of the San 
Francisquito Creek watershed for the Upstream 
Project. PWA developed the flow reduction 
criteria for this analysis and used hydrologic 
(rainfall-runoff) modeling to identify locations 
in the watershed where detention basins could 
significantly reduce flows to meet the established 
criteria. We then estimated the storage volume 
required. Geospatial tools were then used to 
identify specific locations within the target 
watershed area with the potential to provide the 
required flood storage. Three possible “offline” 
(separate from the stream channel) detention 
sites were identified. For each site, conceptual 
grading plans were developed, the percent 
reduction of the 100-year runoff events was 
estimated, and an opinion of probable costs was 
developed. 

1.3 | Report summary
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2.  Downstream project

The goal of the Downstream Project is to 
reduce the frequency of out-of-bank flooding 
in the reach of San Francisquito Creek between 
Highway 101 and San Francisco Bay (the 
Bay). Three conceptual-level alternatives were 
developed to address the flood management 
objectives of the JPA, which, in addition to 
reducing flooding for flows up to the 100-year 
fluvial event, include developing a design that 
would be compatible with potential future 
projects in other locations of the watershed, 
minimize impacts to infrastructure, and result in 
a net habitat and ecological benefit. (The 100-year 
event is the flood event that has a 1% chance of 
occurring in any given year.) The main tool used 
to compare the alternatives performance relative 
to existing conditions was a HEC-RAS hydraulic 
model. Figure 1 shows the creek channel stations 
referenced in this report and depict the creek’s 
location relative to East Palo Alto, Palo Alto, and 
Menlo Park. 

In this description of our analysis of the 
downstream portion of San Francisquito Creek, 
the upper reach refers to the portion of the creek 
between Highway 101 and the large bend in the 

channel near the baseball fields and the Palo Alto 
Municipal Golf Course (Station 7762 to Station 
6009). The middle reach refers to the portion of 
the creek downstream of this bend and upstream 
of the Friendship Bridge (Station 5807 to Station 
3003), and the lower reach refers to the portion 
of the creek between Friendship Bridge and San 
Francisco Bay (Station 2967 to Station 0). All 
references to the left or right side of the creek 
are made facing downstream. Station numbers 
refer to the distance, in feet along the channel 
centerline, upstream from San Francisco Bay.

Based on the HEC-RAS model results, the upper 
reach, especially immediately downstream of the 
Highway 101, is the portion of San Francisquito 
Creek most prone to levee overtopping. This 
results from the constricted, narrow channel 
width in this reach. This reach is also constrained 
by surrounding infrastructure and therefore the 
options for increasing channel capacity here are 
more limited. Due to these constraints, lowering 
water levels in this reach was a particular focus 
in developing alternatives for the downstream 
project. 

2.1 | design criteria

The downstream project alternatives were 
developed with the primary goal of reducing 
peak water levels lower below existing left and 
right levee crest elevations downstream of the 
Highway 101 Bridge during a 100-year fluvial 
flood event. The design flow rates at various flow 
change locations in the channel were defined 
based on the Santa Clara Valley Water District’s 
(SCVWD) San Francisquito Creek Hydrology 
Report (2007). Creek cross-sectional topographic 
data, including levee crest elevations, were 
obtained from the HEC-RAS model provided 
by the USACE (see Section 2.4.1 for further 
discussion). 

This analysis focused on hydraulic conditions 
in San Francisquito Creek downstream of the 
Highway 101 crossing. Additionally, this analysis 
assumed that all upstream flows reach the 
channel at Highway 101 (i.e. no flow is lost from 
out-of-bank flooding at channel constrictions 
in the upper reaches) and that no new flow 
reduction activities, such as detention storage 
in the upper watershed, have occurred relative 
to current conditions. Because the existing 
hydraulic model was designed to simulate lower 
flows only, the 100-year flood event was not 
analyzed for existing conditions and only for the 
alternative designs (this is further described in 
Section 2.4.1). 
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  Downstream project

2.2 | Formulation of project Alternatives

Project alternatives for the downstream reach of 
San Francisquito Creek evaluated in this study 
were developed from previously-identified 
concepts to meet flood management objectives 
within the infrastructure and habitat constraints 
of the site. To lower peak water levels during 
floods relative to existing conditions, the 
alternative designs increase channel conveyance 
through a combination of terrace excavation 
in the existing channel, levee removal and 
levee setbacks, flood wall construction, and 
construction of new bypass channels. These 
elements are described in further detail below. 

Levee Lowering at Faber Tract
All alternatives include lowering the levee 
on the north side of the lower reach of the 
creek and establishing a more active hydraulic 
connection between San Francisquito Creek and 
the Faber Tract wetland, a portion of the Palo 
Alto Baylands Nature Preserve. The Faber Tract, 
owned by the City of Palo Alto, is a tidal marsh 
that was diked and isolated from the tidal action 
beginning the in 1930’s. The outboard levees 
were breached in 1971, making the site one of 
the earliest tidal marsh restoration projects in 
San Francisco Bay. Due to the original breach 
location, the borrow ditch along the northern 
side forms the main drainage element of the 
marsh. Consequently, most of the marsh’s 
secondary slough channels drain from south to 
north, and the southern portion of the Faber 
Tract, which is adjacent to San Francisquito 
Creek, has a less-developed slough channel 
network as compared to the northern portion. 

Each alternative includes lowering this levee to 
the elevation of the adjacent marsh plain, which 
is typically assumed to be equal to the elevation 
of mean higher high water (MHHW). (MHHW 
was assumed to be equal to 7.1 feet NAVD for 
this analysis based on Noble, 2009.) From a flood 

management perspective, lowering the lower 
reach’s northern levee would greatly increase 
the available flow conveyance area during fluvial 
flood events by allowing flood waters to spread 
out over the Faber Tract. 

Terrace Excavation
Terrace lowering, common to all alternatives, 
involves excavating the existing earthen terraces 
immediately adjacent to the main channel of 
the creek to marshplain elevation (MHHW). 
Currently, the creek channel cross-section is such 
that either the main channel is confined by the 
existing levees or, in locations with an existing 
floodplain terrace, the terrace is perched several 
feet above marsh elevation (see Figure 5 through 
Figure 9). This floodplain terrace is dominated 
by non-native ruderal plant species and is of 
lower habitat quality than that proposed by the 
alternatives: a marsh dominated by native tidal 
salt and brackish marsh species (Apendix A). 
Lowering the existing floodplain elevation by 
several feet will increase the flow conveyance area 
in the channel, reducing peak water levels in San 
Francisquito Creek

Levee Setback 
Levee setbacks involve moving a portion of 
levee away from the creek to increase the width 
and flow conveyance area of the channel. At 
locations where levees are set back, the main 
low-flow channel would not be modified, but 
the marshplain terraces would be widened to 
accommodate the additional width. In the middle 
reach, there are opportunities to shift the left 
and right levees away from the channel without 
significantly impacting existing infrastructure 
on adjacent land owned by the City of Palo Alto. 
In the upper reach, there is less opportunity for 
levee setbacks because of the location of adjacent 
infrastructure. 
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2.3.2 | alternative 2

2.3.3 | alternative 3

Alternative 2 is similar to Alternative 1, but 
modified to further reduce peak flood water 
levels relative to existing conditions. This 
alternative includes levee setbacks in the upper 
reach, increased levee setbacks in the middle 
reach, and an overflow terrace at a marsh 
elevation. A plan view of Alternative 2 can be 
seen in Figure 3. 

To maximize flow conveyance in the upper 
reach, the channel would be widened to include 
any available open space on the outboard sides 
of the left and right levees. This includes the 
crescent-shaped parcel, owned by the SCVWD, 
on the left bank where Verbena Drive dead ends 
and a sliver of land that is parallel to Daphne 
Way near the beginning of the middle reach. On 
the right bank, the channel would be widened 
by 30 feet beginning at San Francisquito Creek 
Pump Station in Palo Alto and ending near 
the basketball court next to the International 
School. Downstream of this, the right levee 
would be shifted back by 50 feet, through the 
reach adjacent to the post office parking lot and 
the baseball field overflow parking lot. Similar 
to Alternative 1, the interior sides of the left and 
right levees would be vertical and the marshplain 
terraces in the channel would extend from the 
low-flow channel to the edge of the floodwalls. 

In the middle reach, the left levee alignment for 
Alternative 2 would be the same as the left levee 
for Alternative 1. The right levee, however, would 
extend further east between Stations 5206 and 
4606 by approximately 45 feet. This may require a 
minor realignment of one of the holes at the golf 
course. 

Adjacent to the Friendship Bridge, Alternative 2’s 
overflow terrace would have the same footprint 
and a similar design to Alternative 1’s overflow 
terrace, but would be graded to an elevation 
equal to MHHW (7.1 feet NAVD). This would 
create a continuous tidal marsh beginning in the 
downstream reach, surrounding the Friendship 
Bridge’s right approach, and extending upstream 
along the creek’s right bank to Highway 101. The 
bypass terrace would be inundated during spring 
tides and most moderate fluvial flow events. 
Vehicle access would be limited to the levee 
on the right side of the bypass, but pedestrians 
would be able to access the Friendship Bridge by 
means of a boardwalk second bridge span over 
the marshplain bypass terrace (see Figure 3). The 
boardwalk would most likely not survive a large 
flood event and have to be replaced periodically. 

Alternative 3 includes in-channel marshplain 
terraces and a large bypass channel extending 
across the center of the golf course. It does not 
include levee setbacks in either the middle or 
upper reaches. A plan view of Alternative 3 can 
be seen in Figure 4. 

Alternative 3 has the same terracing and vertical 
flood wall alignment as Alternative 1 in the upper 
reach. In the middle reach, Alternative 3 includes 

marshplain terraces excavated in the existing 
channel, but without realigning the existing 
levee layout. The existing levee crests would not 
be modified (except at locations where the East 
Palo Alto levees are lower than the Palo Alto golf 
course levees) and the inboard levee sides would 
be re-graded to be at 2:1 slopes. 

The primary feature of Alternative 3 is a large 
bypass channel extending from south to north 
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through the center of the golf course. This bypass 
reach would intersect the existing channel 
at Station 5604 and reconnect with the main 
channel near the airport runway at Station 1401. 
During both normal daily flows and fluvial flood 
events, a portion of upstream flows would be 
diverted through the bypass channel, therefore 
significantly reducing water levels in the middle 
reach. 

The bypass reach would be designed with a low-
flow channel, floodplain terraces at marshplain 
elevation, and levees on the right and left sides, 
with a total width between levees equal to 
300 feet. The size of the low-flow channel was 
designed using empirical hydraulic geometry 
relationships that were developed for tidal 
marshes in San Francisco Bay (Williams and 
Others, 2002). The depth and top width of the 
low-flow channel, calculated from the total marsh 
area in the bypass reach, would be 6.5’ and 30’, 

respectively. The low-flow channel is the channel 
below the marsh elevation of MHHW and was 
assumed to be parabolic in shape. Marshplain 
terraces would extend from the right and left 
channel banks for a distance of approximately 
115’ on each side, until intersecting with the 
toes of the levees. Inboard levee sides would 
be at 2:1 slopes. Levee crests were assumed to 
be comparable in elevation to the levee crest 
elevations in the main channel at parallel 
locations. The outboard levee sides slope very 
gradually downward at a 2% grade to the existing 
golf course elevations so that the levees could 
be integrated into the golf course and would not 
be too steep for playing. Because the golf course 
is at a fairly low elevation (approximately 4 ft 
NAVD) relative to the proposed bypass channel 
levee tops, the overall footprint of these levees are 
much larger than the existing and proposed main 
channel levees. 

2.4 | Hydraulic modeling

PWA used hydraulic modeling software to 
compare the flood management benefits of 
each of the three alternatives relative to existing 
conditions and each other.  This section describes 

the existing conditions hydraulic model and 
its adaptation to represent the alternative 
conditions. 

2.4.1 | Existing conditions model

A hydraulic model representing the existing 
conditions of San Francisquito Creek was 
obtained from Noble Consultants, Inc. (Noble) 
on March 12th, 2009. Noble constructed the one-
dimensional, steady-state HEC-RAS model for 
the USACE to evaluate the flow capacities of the 
existing channel and the major bridges on the 
creek (Noble, 2009). We focused our hydraulic 
analysis entirely on the reach of San Francisquito 
Creek downstream of Highway 101 and did not 
review the model upstream of this location. 

Geometric Data
The Existing Conditions model extends from the 
mouth of the creek at the Bay to approximately 
one mile upstream of Highway 280. Channel 
geometry was developed from a digital terrain 
model based on a combination of cross section 
survey data and LiDAR data. Bridge data was 
derived from field surveys (Noble, 2009). 

Cross sections in the reach downstream of 
Highway 101 are spaced approximately every 




