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EXECUTIVE SUMMARY

Oregon Expressway, as part of the Santa Clara County expressway system, is designed to relieve
local streets of commuter and other non-neighborhood traffic.  The expressway connects US-101
to El Camino Real and I-280, serving as a major commute route to Stanford Research Park.  It is
also a primary emergency response route, and a limited truck route from US-101 to midtown.
However, Oregon Expressway has some unique needs that vary from the other expressways in
Santa Clara County.  These needs are recognized in the vision for Oregon Expressway as a
multi-modal, pedestrian-friendly arterial roadway with slower, smooth-flowing traffic.
With residential neighborhoods, schools, and community services on both sides of the
expressway, accommodating pedestrian, bicycle, and motor vehicle crossings of the expressway
are just as important as the multi-modal travel along the expressway.  The challenge is balancing
the needs of the many users while maintaining a safer environment for everyone.

The County adopted a Comprehensive County Expressway Planning Study in 2003 that provided
a long-term plan for the improvement and maintenance of the expressway system, with
improvements tailored to the vision of each expressway.  For Oregon Expressway between
Bryant and US-101, the 2003 Study recommended a list of improvements to advance the overall
operations of Oregon Expressway and enhance pedestrian, bicyclist, and motor vehicle safety in
using and crossing the expressway.

Community outreach for this project began 2 years ago with meetings in April 2008, June 2008,
and March 2009.  A project website www.oregonexpressway.info was developed to host project
related information, including an email comments@oregonexpressway.info to communicate
with interested groups and individuals.  On April 3, 2008, the first community meeting was held
to share the project goals, listen to community concerns, and seek community input. From
public outreach efforts in April, the following community issues and concerns were identified for
Oregon Expressway:  1) Congestion and delay at red lights on the expressway; 2) Need for safer
pedestrian, bicycle, wheelchair, and vehicle crossings of Oregon Expressway; 3) Speeding of
motor vehicles traveling along the expressway; and 4) Safety issues at signalized intersections
(vehicle to vehicle and vehicle to pedestrian/bicyclists conflicts).

Preliminary Conceptual Alternatives Development
Based on the comments received at the first community meeting, several preliminary conceptual
alternative plans were developed for the nine (9) intersections between and including W.
Bayshore Road and Bryant Street.  The improvement concepts were developed to relieve
congestion and improve traffic flow and, at the same time, improve non-motorized travel by
eliminating conflicts between pedestrians/bicyclists and vehicles, reducing speeds, improving
visibility between drivers and pedestrians/bicyclists, increasing awareness of
pedestrians/bicyclists, and reducing driver impatience.  These improvements generally include:

• Intersection geometry and alignment
• Pedestrian curb ramps and push button accessibility
• Bicycle slots (where possible)
• Traffic signals upgrade including sequence and visibility

http://www.oregonexpressway.info
mailto:comments@oregonexpressway.info
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• Crosswalk(s) alignment/visibility
• Pedestrian countdown signals
• Red light indicators (aka rat boxes)
• Other safety and operational enhancements to minimize pedestrian/bicycle/vehicular

turning conflicts

Proposed Conceptual Alternatives
The preliminary conceptual alternatives were presented at the second community meeting and
the Midtown Residents Association (MRA) meeting on June 9, 2008, and August 28, 2008,
respectively.  The purpose of these meetings was to seek public input and comments from the
residents and the traveling public.  County staff also met with other project stakeholders.   Based
on the comments received, the preliminary conceptual alternatives were modified and new
proposed conceptual alternatives were developed to address community concerns.  The most
substantial enhancements to the preliminary conceptual alternatives to address public input
included development of new alternatives, Alternative  2 at Indian Drive to maintain left turns
from Oregon Expressway onto Indian Drive, Alternative 4 at Middlefield Road which does not
require widening and maintaining landscaping strip as is on all four sides and Alternative 3 at
Ross Road demonstrating potential conversion of the intersection to include bicycle access and
pedestrian crossing; enhancing preliminary conceptual alternatives, Alternative 1 at Louis Road
extending bike lanes all the way to the intersection, Alternative 2 at Ross Road & Waverley
Street to maintain the existing left turns from Oregon Expressway onto Ross Road & Waverley
Street, Alternative 2 at Bryant Street to preserve the north leg as is and a new bike shoulder in
the eastbound direction.  The enhanced alternatives were renamed as Alternative 1 Modified and
Alternative 2 Modified and are illustrated as such in the report.

Approved Alternatives
The Proposed Conceptual Alternatives were presented at a third community meeting on March 4,
2009 to receive community input prior to review and discussion by the Palo Alto Planning &
Transportation Commission on August 26, 2009 and recommendation to the Palo Alto City
Council for discussion and approval of the alternatives in its meeting of  November 9, 2009.
After review and discussions, the Council approved the following intersection improvements for
implementation as part of the Oregon Expressway Improvement Project:

West Bayshore Road (Alternative 1 Modified):  Minor road widening to improve right
turning radius, restriping to include a bicycle slot, curb ramps and enhanced pedestrian
crosswalk.

Indian Drive (Alternative 1 Modified): Installing a raised median on Oregon Expressway to
limit the access to right in and right out only from Indian Drive.

Greer Road (Alternative 1 Modified):  modifying signal to 8-phase operation, restriping
Greer Road for a short distance to include left turn lanes & enhanced crosswalks.
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Louis Road (Alternative 1 Modified):  modifying signal to 8-phase operation, restriping
Louis Road to add left turn lanes for a short distance, retaining bike lanes on Louis Road at
the intersection & enhanced crosswalks.

Ross Road (Alternative 3): Signalization of the intersection to provide for protected bicycle
and pedestrian crossing of Oregon Expressway and eliminating through and left turn
vehicular movements from Ross Road.

Middlefield Road (Alternative 4): Modifying the signal to 8-phase operation, restriping
northbound Middlefield Road south of Oregon Expressway upto Marion Avenue to include
one left turn lane, one through lane and one right turn lane, restriping southbound
Middlefield Road north of Oregon Expressway upto Garland Drive to include one left turn
lane, one through lane and one shared through-right turn lane, enhanced pedestrian
crosswalks and maintaining landscaping strip as is and no loss of street trees.

Cowper Street (Alternative 1 Modified): Modifying signal operation to 8-phase, restriping
Cowper Street for a short distance to include left turn lanes and enhanced pedestrian
crosswalks.

Waverley Street (Alternative 2 Modified): Addition of small raised medians on Waverley
Street  eliminating left and through vehicular movements from Waverley Street and
removing existing crosswalks.

Bryant Street (Alternative 2 Modified): Modifying the signal to 6-phase operation, adding a
bike slot in the southbound direction and removing the crosswalk from the west side.

Alternative 2 Modified at Waverley Street and Bryant Street include a new shoulder (Bicycle
Travel Way) in the eastbound direction by narrowing the median (0-3 ft) from west of Bryant
Street to east of Cowper Street to provide a continuous shoulder between Bryant Street and
W Bayshore Road to the bicycle bridge over US-101.

Key statistical findings of this report include:

Traffic Collisions: Between January 1, 2003, and July 19, 2008, there have been a total of
200 reported collisions at the nine (9) intersections studied.  Nearly half (92) of the collisions
were rear-enders, while the next highest type of collisions were broadside collisions (57).
Rear-end type collisions are fairly common at signalized intersections, with higher numbers
typically occurring on more heavily traveled corridors such as Oregon Expressway.
Broadside collisions can be more severe, and they could be attributed to many factors, but are
generally due to the existing permissive phasing (where left turn vehicles do not have their
own signal phase, or arrow indication, and must yield to opposing through vehicles and
conflicting pedestrian/bicyclists movements) on the side streets.  There were thirteen (13)
sideswipe collisions and nine (9) collisions with fixed objects.  In addition, five (5) collisions
involved vehicles with pedestrians/bicyclists.  The Oregon/Middlefield intersection had the
highest number of collisions (37), with Oregon/Greer close behind at 31 collisions. Of the
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three unsignalized intersections, Waverley experienced the highest number of collisions (24),
exceeding four of the signalized intersections despite its relatively low turning volumes.

Traffic Volumes: Currently, Oregon Expressway carries approximately 40,000 vehicles on a
typical weekday and about 24,000 per day during weekends. Weekday peak hour traffic
volumes indicate that Middlefield Road has the highest cross-street traffic demand, followed
by Louis Road as a distant second.  The three (3) unsignalized intersections had the lowest
cross-street traffic.  Over a four-hour peak period (two hours each for AM and PM), less than
ten (10) vehicles turned left onto Oregon Expressway from Ross Road and Indian Drive or
went straight across at  Ross Road.  The number of vehicles turning left  in the highest  peak
hour during a four-hour peak period (two hours each for AM and PM) from Oregon
Expressway  onto  the  cross-street  was  70,  60,  and  40  for  Waverley  Street,  Ross  Road,  and
Indian Drive, respectively.

Key findings from the traffic analysis of this report include:

Intersections Level of Service (LOS) and Safety: Traffic analysis for the intersection
improvement alternatives showed that all Middlefield alternatives resulted in a significant
reduction in average intersection delay at Middlefield Road.  All other locations generally
showed the same amount of or a reduction in delay, with the exception of a few minor
signalized crossings that experienced a few seconds of increase in delay during the peak
period, primarily due to additional signal phases.  However, these signalized intersections
would continue to operate at very good levels of service and the additional signal phasing
(protected left turn or left turn green arrow) would significantly enhance vehicular,
pedestrian, and bicyclist safety at the intersections.

Corridor Analysis: Two scenarios, Scenario 1 and Scenario 2, utilizing various intersection
alternatives were evaluated and are included in Appendices - Section C.  Scenario 1 includes
alternatives approved by the Palo Alto City Council.  Approved alternatives were evaluated
and compared to existing conditions in terms of the peak hour traffic flow along Oregon
Expressway.   They  resulted  in  a  drop  in  average  travel  time  and  delay  at  signals  along
Oregon Expressway resulting in an average speed of 20 to 23 miles per hour.  In other words,
traffic would move slowly but more smoothly.  It is noted that the traffic signal at
Middlefield Road controlled the cycle length and timing operation for the corridor.
Therefore, only by adding left turn lanes on Middlefield Road, can reductions in delay and
congestion on Oregon Expressway be realized.

Benefit Analysis: A benefit analysis was conducted by using the existing traffic volume as
the baseline parameter.  The impact of the approved alternatives on travel time, fuel
consumption, and vehicle emissions during the AM and PM peak periods were calculated.
The approved alternatives resulted in substantial reductions in travel time, fuel consumption,
and vehicle emissions along Oregon Expressway.  Translating these combined AM and PM
peak period savings into dollars for traffic traveling along Oregon Expressway based on
value of time, cost of fuel, and health costs related to vehicular emissions, the estimated
annual savings amount to $888,000.  The savings of the improvement alternative for the
Middlefield Road intersection alone  amount  to $757,000 per year. There is also the
potential for additional significant cost savings, such as a reduction of loss from injuries and
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property damage as a result of reduced collisions due to improved traffic flow, which are not
quantified in this savings estimate.
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1.0 INTRODUCTION

Kimley-Horn and Associates, Inc. (KHA) was retained by the County of Santa Clara to provide
traffic engineering services for the Oregon Expressway Improvement Project.  The goal of the
project is to evaluate various improvements along Oregon Expressway between Bryant and W.
Bayshore Road to improve pedestrian, bicyclist, and vehicular operations and safety.
Improvement alternatives have been reviewed and operational analysis performed at nine
intersections between Bryant Street and W. Bayshore Road on Oregon Expressway.  This report
summarizes the improvements, operational analysis, and evaluation of the alternatives.

1.1 Background
The County of Santa Clara maintains eight (8) expressways totaling 62 centerline miles, which
serve 1.5 million vehicle trips daily.  The vision of the expressway system recognizes the unique
characteristics, function, and community relationship of each expressway, and the types of
improvements developed are tailored around each expressway’s vision.  For Oregon
Expressway, the vision is to maintain a multimodal, pedestrian friendly arterial roadway with
slower, smooth-flowing traffic.

A Comprehensive County Expressway Planning Study was conducted from 2001 to 2003 to
provide a long-term plan for the improvement and maintenance of the County Expressway
System.  The Expressway Study included the following proposed improvements for Oregon
Expressway:

1. Replace signal poles and optimize timing plan avoiding impacts on safety at
unsignalized intersections

2. Construct pedestrian curb ramps with relocation of traffic signal poles at signalized
intersections

3. Study operational  changes  at  the  unsignalized  intersections  at  Waverley,  Ross,  and
Indian to enhance bicyclist and pedestrian safety, and maintain vehicle safety

4. Conduct feasibility study of adding turn lane at Middlefield Road and converting to
8-phase signal operation to enhance efficiency and safety without taking right-of-
way

The Oregon Expressway Improvement Project has secured approximately $3.5 million as a
federal grant and County match to implement the above proposed improvements on Oregon
Expressway.  Three community meetings were held.  The first one took place on April 3, 2008,
and the second one on June 9, 2008, and the third one on March 4, 2009 at the Jordan Middle
School in Palo Alto.  The purpose of the first meeting was to collect public input in order to
refine the project description and to clearly define the project needs.  The purpose of the second
community meeting was to present the preliminary conceptual alternatives and to seek
community input.  The purpose of the third community meeting was to present the Proposed
Conceptual Alternatives to the community and receive input about the conceptual plans which
staff could use in developing final recommendations.  Design and construction are targeted to
begin in 2010 and 2011 respectively.
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As part of the community outreach, a project website www.oregonexpressway.info was
developed to host project related information, including an email
comments@oregonexpressway.info to communicate with interested groups (sample copy
included in Appendices – D).  Additionally, County staff met numerous times with City staff,
Palo Alto bicycle Advisory Committee, PTA Traffic Safety Committees & several neighborhood
groups during the improvements development stage to discuss and address their comments and
concerns.

The community outreach program also included a project information website and e-mail address
for submittal of comments, a phone number for comments and inquiries, and questionnaires that
could be mailed or faxed to the County.

First Community Meeting: The initial response after the first community meeting centered
around the following issues:

1. Congestion and delay at red lights on the expressway;
2. Need for safer pedestrian, bicycle, wheelchair and vehicle crossings of Oregon Expressway;
3. Speeding of motor vehicles traveling along the expressway; and
4. Safety issues at signalized intersections (vehicle to vehicle and vehicle to pedestrian/bicyclist

conflicts)

Based on the 250 questionnaires collected after the first community meeting, the following two
charts summarize areas of community concerns and requested improvement needs:
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Based on the identified needs and comments collected from the first community meeting, the
following general improvements were included in the preliminary conceptual alternatives for the
intersections within the project area:

Upgrading traffic signal equipment – improves driver visibility of traffic signal lights,
accessibility of new pedestrian push buttons that conform to current Americans with
Disabilities Act (ADA) requirements, and visibility of pedestrian signal heads (with
countdown timers).

Changing side street lane configurations – changing the use of a lane or restriping to add a
new lane reduces driver impatience, reduces traffic backup, and results in a more orderly
flow for all modes of traffic at the intersections.

Channeling pedestrians to the safest crossing – pedestrians and bicyclists crossing the
intersection will not conflict with left turning vehicular traffic.

Changing side street signal phasing sequence – adding protected left turns (left turn arrows)
or separating movements by direction results in smoother and safer traffic operations, as well
as eliminates conflicts between pedestrians/bicyclists/vehicles  and left turning traffic.

Restricting some side street traffic movements at unsignalized intersections – improves the
flow of traffic on Oregon Expressway and avoids pedestrian, bicyclist, and vehicle conflicts.
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Implementing signal synchronization – results in less traffic delay, smoother-flowing traffic
at a slower, more uniform speed, and reduces noise/air pollution and fuel consumption.

Straightening crosswalks – reduces the encroachment of drivers into crosswalks where the
crosswalks are currently angled across the intersection, thus providing a more direct path for
pedestrians and reducing their exposure to traffic.

Removing raised islands from crosswalks – currently raised median islands, with median
signal poles in place, intrude into most crosswalks.

Installing  curb  ramps  to  conform  to  new  Americans  with  Disabilities  Act  (ADA)
requirements – improves accessibility at the intersections for pedestrians/bicyclists and
wheelchairs.

Adding bicycle slots and bicycle detectors at signalized intersections where possible – makes
bicycling safer and more efficient by providing bicycle-specific signal timing.

Closing gaps in sidewalks – improves connectivity and choices for pedestrians.

Second Community Meeting: The public comments collected after presentation of the
preliminary conceptual plans at the second community meeting and subsequent meetings with
project stakeholders centered around the following issues:

Proposed improvements should focus on pedestrian and bicycle features.

Proposed improvements should eliminate potential conflicting movements at signalized
intersections.

Proposed improvements on Middlefield Road should minimize impacts on existing
landscaping strips and trees.

The preliminary conceptual alternatives at Bryant and Louis need to be modified.
Preliminary conceptual alternatives with median closures at Waverley and Ross were too
restrictive.

Third Community Meeting: County staff  met several  times with City staff,  Palo Alto bicycle
Advisory Committee, PTA Traffic Safety Committees & several neighborhood groups leading to
the third community meeting held on March 4, 2009.  At this meeting the Proposed Conceptual
Alternatives were presented and there was general consensus regarding the Proposed Conceptual
Alternatives at all the intersections except at Ross Road and Middlefield Road.

Palo Alto Planning & Transportation Commission: Following the third community meeting and
at the request of County staff (County recommendations to the City are included in the
Appendices – Section B), Palo Alto staff took the proposed Conceptual Alternatives to the
Planning & Transportation Commission on August 26, 2009 for review and recommendation to
the  City  Council   for  the  City’s  preferred  Conceptual  Alternatives.  Staff  recommended  to  the
Commission to endorse the following conceptual alternatives for implementation as part of the
Oregon Expressway Improvement Project.
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West Bayshore Road (Alternative 1 Modified)
Indian Drive (Alternative 1 Modified)
Greer Road (Alternative 1 Modified)
Louis road (Alternative 1 Modified)
Ross Road (Alternative 3) which would include signalization to provide a protected
pedestrian and bicycle crossing of Oregon Expressway and facilitate implementation
of a bicycle boulevard along Ross Road
Middlefield Road (Alternative 3 Modified) which includes widening of 5 feet which
staff considers consistent with existing City policy.  If the widening is not acceptable
to the Commission, the commission should endorse alternative 4 as the preferred
alternative.
Cowper Street (Alternative 1 Modified)
Waverley Street (Alternative 2 Modified)
Bryant Street (Alternative 2 Modified)

The Commission reviewed and discussed the conceptual alternatives and concurred with staff
recommendation at all the nine locations except at Middlefield.  At Middlefield, the Commission
endorsed Conceptual Alternative 4 as the preferred alternative and recommended to the City
Council accordingly.

Palo Alto City Council Meeting: The Council reviewed and discussed the Planning &
Transportation Commission recommendations in its meeting of November 9, 2009.  The Council
concurred with the Commission recommendations and approved the following proposed
conceptual alternatives, referred to herein as “Approved Alternatives”.

West Bayshore Road (Alternative 1 Modified)
Indian Drive (Alternative 1 Modified)
Greer Road (Alternative 1 Modified)
Louis road (Alternative 1 Modified)
Ross Road (Alternative 3)
Middlefield Road (Alternative 4)
Cowper Street (Alternative 1 Modified)
Waverley Street (Alternative 2 Modified)
Bryant Street (Alternative 2 Modified)
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1.2 Project Area

The alternative improvements, proposed by the County of Santa Clara, were evaluated on the
Oregon Expressway segment between W. Bayshore Road and Bryant Street.  The following
intersections were evaluated:

1. W. Bayshore Road
2. Indian Drive (unsignalized)
3. Greer Road
4. Louis Road
5. Ross Road (unsignalized)
6. Middlefield Road
7. Cowper Street
8. Waverley Street (unsignalized)
9. Bryant Street

Figure 1 illustrates the study area and intersections.

Figure 1: Study Area Map

Project
Area



County of Santa Clara: Oregon Expressway Improvement Project Page 12
Project Concept Report June 2010

2.0 DATA COLLECTION

Existing and alternative conditions information was collected to enable development of a traffic
model and to analyze alternatives.  Data collection included the following:

Existing traffic data from the County
Existing traffic volume data from year 2008 traffic counts
Field review of the project area

2.1 Data from the County
KHA coordinated with the County for collection of existing traffic data.  Data collected from the
County included:

Existing traffic signal timing for each signalized intersection
Collision data
Aerial photos of the project area
Electronic base plans of the intersections in AutoCAD format
Existing Synchro model (traffic operations analysis software)
Preliminary concept plans for alternative improvements

2.2 Existing Traffic Volumes

The time periods during which traffic volumes were being studied are as follows:
AM Peak 7:30 AM to 9:30 AM
Midday Peak 11:30 AM to 1:30 PM
PM Peak 4:30 PM to 6:30 PM

Traffic, pedestrian, and bicycle volumes were collected at the following seven (7) signalized
intersections during AM, midday and PM peak periods:

Oregon Expressway / W. Bayshore Road
Oregon Expressway / Louis Road
Oregon Expressway / Greer Street
Oregon Expressway / Middlefield Road
Oregon Expressway / Cowper Street
Oregon Expressway / Bryant Street

Traffic, pedestrian and bicycle volumes were collected at the following three (3) unsignalized
intersections during AM and PM peak periods:

Oregon Expressway / Indian Drive
Oregon Expressway / Ross Road
Oregon Expressway / Waverley Street
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The peak hour vehicular, pedestrian, and bicycle volumes for each intersection are summarized
in Figure 2, Figure 3, and Figure 4, respectively at the end of the section.  The peak hour is
defined as the highest four (4) consecutive fifteen-minute periods selected from the data
collected during the peak two-hour period.

In addition, twenty-four hour, bi-directional mechanical tube traffic count data was collected at
one (1) location along Oregon Expressway between Cowper Street and Middlefield Road during
a one-week time period.  This data is summarized in Table 1.

Table 1: Average Daily Traffic (ADT) Counts

Road Direction ADT
Weekday Weekend

Oregon Expressway between Cowper
Street and Middlefield Road

Eastbound 20,220 12,340
Westbound 19,175 11,840

Total 39,400 24,180

2.3 Collision Review

The collision history was reviewed to identify any collision patterns at the project intersections
for over five (5) years for which data* is available (January 1st, 2003, to July 19th, 2008).
Table 2 summarizes the collisions and includes the total  number and the total  for each type of
collision occurring at each project intersection.

Table 2: Collision Summary

Intersection Total
Collision

Collision Type

Rear-
End Broadside Sideswipe Hit

Object
Head-

on
Veh with

Ped/Bicycle**
Unstated/

Others

W. Bayshore Rd. 20 12 1 2 1 1 1 2
Indian Drive 15 7 5 3 0 0 0 0
Greer Road 31 17 9 0 0 2 1 2
Louis Road 23 10 9 0 0 0 1 3
Ross Road 9 4 3 0 0 0 0 2
Middlefield Road 37 18 11 3 1 0 0 4
Cowper Street 23 14 6 1 1 0 1 0
Waverley Street 24 5 10 2 3 0 0 4
Bryant Street 18 5 3 2 3 2 1 2

Total 200 92 57 13 9 5 5 19
Percentage 100% 46.0% 28.5% 6.5% 4.5% 2.5% 2.5% 9.5%

Note:  Includes intersection related collisions, defined as collisions within 150 feet of the intersection for rear-end
collisions and within 50feet from the intersection for all other types of collisions.

*  January 1, 2003 to July 19, 2005: source from Statewide Integrated Traffic Records System (SWITRS)
July 20, 2005 to July 19, 2008: source from City of Palo Alto

** Vehicles with Pedestrians/Bicyclists collision data only available with SWITRS data and not included as a
 collision type in the City of Palo Alto data source.
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In review of the collision data, there were ninety-two (92) rear-end collisions, fifty-seven (57)
broadside collisions, thirteen (13) sideswipe collisions, and nine (9) collisions with fixed objects.
In addition, five (5) collisions involved vehicles with pedestrians/bicyclists as identified by
SWITRS data.  Each of these collision types can generally be attributed to factors such as driver
inattention, driver error, or following too closely.  Rear-end type collisions are often less severe
and are fairly common at signalized intersections, with higher numbers typically occurring on
more heavily traveled corridors such as Oregon Expressway.  Broadside collisions can be more
severe, and they could be attributed to many factors, but are generally due to the existing
permissive phasing (where left turn vehicles do not have their own signal phase, or green arrow
indication, and must yield to opposing through vehicles and conflicting pedestrian/bicycle
movements) on the side streets.  The Oregon/Middlefield intersection had the highest number of
collisions (37), with Oregon/Greer close behind at 31.  Of the three unsignalized intersections,
Waverley Street experienced the highest number of collisions (24), exceeding four of the
signalized intersections, despite its relatively low turning volumes.

Typical improvements or adjustments that may reduce the number of collisions by collision type
are as follows:

Right-angle/Broadside: Install protected phases (i.e., left turn arrows), adjust yellow
phase, provide all-red clearance phases, or re-time signals.
Head-On: Provide protected left turn phasing, install/improve intersection signing,
improve or increase visibility of median striping or median island.
Rear-end: Adjust signal timing (offsets) or improve synchronization of signals to reduce
the number of vehicles that arrive at the intersection during the yellow and red intervals,
adjust yellow interval time, or change in permitted left condition to protected left
condition.
Sideswipe: Install/improve pavement marking and signing, remove on-street parking,
and/or widen lanes.

2.4 Field Observations

KHA conducted field reviews of the project area on April 29 and May 1, 2008 during the AM,
afternoon school peak, and PM peak periods to review corridor operations and to gather
additional data for the analysis. Field review included observing general traffic flow conditions,
each intersection’s operation, pedestrian and bicycle operations, and other intersection specific
issues.

Figure 5 illustrates the existing lane configuration and traffic control at each project intersection.
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3.0 ALTERNATIVES

The potential conceptual improvement alternatives at the nine (9) study intersections were
developed to address community concerns and the project goals of enhancing vehicle, pedestrian
and bicyclist safety, and improving intersection and corridor traffic operations. The improvement
alternatives included a menu of measures:

upgrading traffic signal equipment including pedestrian countdown timers;
modifying lane geometry on cross streets for short distances;
upgrading signal phasing sequence;
adding/improving pedestrian curb ramps;
adding bicycle slots and detection;
straightening crosswalks; and
other operational and safety improvements.

3.1 Summary of Improvements
The following highlights some of the various types of improvements considered and a discussion
of the general advantages/disadvantages of each measure.  Further discussion on specific
improvements at each intersection and evaluation of the improvements are included below and in
Sections 4 and 5 of this report.

Upgrade traffic signals:  All of the intersections have older
traffic signal equipment, including non-ADA (Americans with
Disabilities Act) compliant pedestrian push buttons and older
pedestrian signal heads.  In addition, the side street traffic signal
heads at W. Bayshore Road, Greer Road, Louis Road, Cowper
Street, and Bryant Street are currently located on 10-foot poles or
light poles at the corners of the intersection, not on overhead mast

arms.  The proposed improvements
include upgrading the traffic signals
with new signal equipment, including
new 3-inch diameter ADA compliant pedestrian push buttons
and countdown pedestrian signal heads
to enhance the pedestrian crossings and
safety, while installation of mast arms

signal heads on the side street would improve visibility of traffic
signals.  In addition, the existing 8-inch diameter signal indications
would be replaced with more visible 12-inch diameter indications.
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RemoveRemove

Install ADA curb ramps: The proposed
improvements include upgrading the curb ramps at
all  of  the  intersections  in  the  study  area  to  current
ADA standard ramps to enhance pedestrian
accessibility and safety.

Install sidewalk:  Several gaps in the sidewalk on the
south side of the Expressway between 1) Greer Road and Indian Drive; 2) Ross Road and
Middlefield Road ; 3) Tasso Street and Cowper Street; and 4) Anton Court and Waverley
Street have been completed as part of the Pavement Rehabilitation Project.  Closure of
these gaps will enhance pedestrian circulation and provide access to signalized
intersections from non-signalized intersections.  Further, sidewalk gap closures will direct
pedestrians from neighborhoods to the signalized intersections for safer crossing of the
Expressway.   There  is  also  a  gap  between  High  street  (at  Alma  Street  entrance)  and
Waverley Street, but its implementation is very long term and dependent on pedestrian
travel demand and/or redevelopment.

Realign crosswalks at signalized intersections:
Currently many of the crosswalks at the signalized
intersections have angled crosswalks or
crosswalks that change their alignment at the
center of the intersections.  In addition, currently
many crosswalks have median islands that extend
into the crosswalks.  Current design standards and
preference is to have straight crosswalks to
provide a direct route for pedestrians without
median intrusion into the crosswalks.  In addition,
vehicles stopped at a red light often encroach into the crosswalk when there is an angled
crosswalk, while straight, non-angled crosswalks provide a clearly visible stop line.

Modify side street lane configurations:  Review of the existing side street (non-
expressway) lane configurations was completed to determine if existing lane designation
(i.e., number of left, through, or right lanes, etc.) could be modified within the existing
roadway width to improve traffic operations and safety.  This review included changing

the existing lane usage, such as changing a shared
through-left lane to an exclusive left turn and a
through lane, or re-striping an approach
to add lanes.  Benefits of adding or
modifying a lane would be to allow for
modified traffic signal phasing (i.e.,
protected left turns), as described
below, or to improve visibility between

turning vehicles and opposing vehicular and bicycle traffic.  Exclusive
lanes  are  proposed  for  improved  traffic  signal  operation  and  to  avoid  left
turn conflicts and to prevent vehicles squeezing their way to the right of through/left-
turning traffic.   In addition, bicycle slots will be added where possible for special bicycle
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detection to provide bicycle-specific signal timing.  All of the above modifications will
result in more orderly flow for all modes of traffic at the intersections.

Review side street signal phasing: A  review  and
evaluation of side street (non-expressway) signal
phasing was completed at the signalized intersections.
The goal of the review was to determine if changes in
side street phasing could enhance safety and improve
intersection and corridor traffic operations.  The
following summarize various signal phasing options
and potential advantages or disadvantages of each:

Permissive left turn phasing (5-phase):  Permissive phasing is the current
operation on the side streets at W. Bayshore Road, Greer Road, Louis Road,
Cowper Street, and Bryant Street.  Permissive left turn
phasing is where left turn vehicles do not have their own
signal phase, or left-turn arrow indication, and receive a
circular green display at the same time as opposing
through vehicles and conflicting pedestrian/bicycle
movements.  With permissive phasing, left turn vehicles
must yield to oncoming traffic or pedestrians/bicyclists,
waiting until there is sufficient gap in traffic to make the
turn safely. With permissive phasing, there is a higher number of conflicting
movements, such as left turns conflicting with the opposing through and
pedestrians/bicyclists, increasing the opportunity for collisions between
opposing movements.

Split phasing (6-phase):  Split phasing is the signal operation where opposing
approaches (example: eastbound vs. westbound) operate on separate signal phase.

With split phasing, all movements in one direction,
including the left, through, right, and
pedestrians/bicyclists moving along the same direction as
the through traffic, operate on a single phase.  In other
words, each direction gets green display of its own.
With split phasing, the left turn movements are
essentially “protected” movements and they do not need
to yield to opposing through and conflicting

pedestrian/bicycle traffic. Split phasing eliminates conflicting movements as
mentioned above under “5-phase” operation, reducing the opportunity for
collisions between opposing movements.  Split phasing often increases
intersection delay, especially if a separate pedestrian crossing is associated with
each approach.  To minimize the delay, crosswalks are often installed on one side
to reduce the amount of green time necessary to serve the side street.

OR

optional



County of Santa Clara: Oregon Expressway Improvement Project Page 22
Project Concept Report June 2010

Protected left turn phasing (8-phase):  Protected left turn phasing
is the signal operation where left turn vehicles have their own
signal phase, or green arrow indication, and therefore they are not
in conflict with oncoming traffic or pedestrians/bicyclists.
Protected left turn phasing is the current operation for turning left
from Oregon Expressway onto side streets, but not for turning left
from side streets onto Oregon Expressway. Similar to split
phasing, an advantage of protected left turn phasing is that it
reduces the number of conflicting movements; thus, reducing the
opportunity for collisions between opposing movements. Pedestrian and
bicycle crossing traffic also will travel with the through traffic movement without
conflicting with left turning movements and crosswalks could be maintained or
installed on both sides.

Modification of side street movements at unsignalized intersections: The options include
restricting access at Indian Drive, Ross Road, and Waverley Street to eliminate conflicting
movements and potential collisions.  A couple of potential options considered include 1)
installation of median islands on Oregon Expressway at Indian Drive to limit access to right
turns in and right turns out of the side street or 2) installation of small “pork chop” islands on the
side street to limit access out of the side street to right out only while continuing to provide left
turn  and  right  turns  onto  the  side  streets  from  the  expressway  all  the  time.   Restricting  the
movements  would  result  in  some  vehicles  needing  to  use  a  different  route  to  enter  or  exit  the
neighborhoods, such as completing a u-turn or left-turn at an adjacent intersection.  Discussion of
the affect of restricting access at Indian Drive, Ross Road, and Waverley Street on traffic
patterns and diversion of traffic is included in the following section, Section 3.2. Both options
eliminate pedestrian and bicyclists crossing the expressway except at Ross Road where
Alternative 3 includes a new signal allowing bicyclists and pedestrians to cross Oregon
Expressway. Eliminating these crosswalks will reduce the opportunity of vehicle/pedestrian
collisions; however, the pedestrians can use the adjacent signalized intersections to cross the
street.  In addition, based on a report1 published by the Federal Highway Administration
(FHWA), these types of marked crosswalks, where there are no substantial crossing
improvements  such  as  traffic  calming  treatments,  traffic  signals,  or  pedestrian  signals,  are  not
recommended on multilane roadways (i.e., four or more lanes) with a raised median that have an
average daily traffic (ADT) volume of 15,000 or greater.

3.2 Intersection Summaries

Based on the intersection traffic operations, safety enhancement considerations, current roadway
conditions, and public input, various alternative options were developed for the intersections
under  study.    The  following  sections  describe  the  alternatives  for  each  intersection.   A  table,
Table 5, summarizing the preliminary and proposed conceptual alternatives and detailed concept
plans illustrating the possible improvements, presented to the public at the community meetings
on June 9, 2008 and March 4, 2009 respectively, is included in the Appendix.

1 FHWA Publication Number: HRT-04-100, September 2005, Page 51-53
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General Improvements

Improvements included with all alternatives at the signalized intersections are upgrading the
traffic signal equipment to improve driver visibility of traffic signal lights and installing new
pedestrian signal heads with countdown timers and push buttons that conform to new Americans
with  Disabilities  Act  (ADA)  requirements.   Other  improvements  that  are  included  in  each
alternative are straightening crosswalks, removing median island intrusion into crosswalks, and
upgrading curb ramps to current ADA standards.

W. Bayshore Road

W. Bayshore Road is a signalized T-intersection that has one left and one right turn lane exiting
and one lane entering the roadway.  The primary concern raised from the community at this
intersection is the safety of the pedestrian and bicycle crossing due to limited visibility of a small
landing area adjacent to the frontage road and the lack of bicycle detection/timing.  One
conceptual alternative, Alternative 1, was presented to the community on June 9, 2008,
addressing the above concerns and seeking community comments and suggestions.  Proposed
improvements include new pedestrian curb ramps and re-striping of the W. Bayshore Road
approach along with some minor roadway widening to add a bicycle slot for better bicycle
detection/timing and to improve the turn radius for the right turn movement. Alternative 1 was
enhanced and illustrated as “Alternative 1 Modified”. Enhancements to Alternative 1
included minor changes to the bicycle slot striping and adding the removal of the median island
nose at existing crosswalk. Alternative 1 Modified was approved by the Palo Alto City
Council in its meeting on November 9, 2009.

Indian Drive

Indian Drive is an unsignalized T-intersection with Oregon Expressway, with one-way stop
control  (stop  on  Indian  Drive).   The  intersection  currently  provides  full  vehicle  access  to  and
from Indian Drive, including left and right turn movements.  The intersection is located in
between and in close proximately of two signalized intersections.  There are currently no
pedestrian crosswalks across Oregon Expressway at this intersection.  Concerns from the
community include difficulty in making left turns out of Indian Drive and difficulty in making
left turns into Indian Drive due to heavy eastbound traffic on Oregon Expressway, and drivers
accelerating to get onto US-101.  One conceptual alternative, Alternative 1, was presented to the
community addressing the above concerns and seeking community comments and suggestions.
The  goal  of  the  alternative  is  to  remove  the  left  turn  conflicts  and  potential  collisions,  thus
enhancing safety at the intersection.  Alternative 1 would install a median island on Oregon
Expressway to limit the access to right in and right out only from Indian Drive. Based on the
feedback received, Alternative 1 was enhanced and illustrated as “Alternative 1 Modified”
and an additional alternative, Alternative 2, was developed.  Alternative 1 enhancements
included minor changes to the Indian Drive “pork chop” island design and installation of a
proposed pedestrian path towards Greer Road rather than a sidewalk.  Alternative 2 would install
“pork chop” islands on Indian Drive to restrict left turns out but would allow right in/right out
and left turns onto Indian Drive from westbound Oregon Expressway.  In restricting movements,
vehicular traffic would be diverted to Greer Road.  Left turn traffic into and out of Indian Drive
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could make u-turns at Greer Road or use other neighborhood streets to access Oregon
Expressway.  Less than ten (10) vehicles during the highest peak hour of the AM/PM peak
periods  (two hours  each  for  AM and PM) currently  make  a  left  turn  onto  Oregon Expressway
from Indian Drive and would most likely use other neighborhood streets to get to Oregon
Expressway.  A maximum of twenty eight (28) vehicles in the highest peak hour of the AM/PM
peak periods (two hours each for AM and PM) currently turn left onto Indian Drive from
westbound Oregon Expressway, with diverted traffic estimated to be distributed between making
u-turns  at  Greer  Road  or  use  other  streets  to  access  the  neighborhoods.   The  estimated  traffic
diversion, including diversion paths and total volumes, was developed for Indian Drive and the
adjacent intersections and is illustrated in Figure 6 through Figure 8 at the end of the section.
Alternative 1 Modified was approved by the Palo Alto City Council in its meeting on
November 9, 2009.

Greer Road

Greer Road is 36 feet wide from the face-of-curb to the face-of-curb with 3-foot rolled curb and
gutter on the east side and 6-foot rolled curb and gutter on the west side.  Currently, the road has
two lanes of traffic, one in each direction, with parking allowed on both sides of the street.  The
intersection is controlled by a five-phase signal with permissive left turns on Greer Road, where
traffic from both directions on Greer goes simultaneously.  Concerns and comments heard from
the community include overall safety for pedestrians and bicycles crossing Oregon Expressway
due to conflicts with turning traffic, confusion for left turning movements off of Greer Road, not
knowing who is turning left and who is going straight, vehicles squeezing to the right of vehicles
waiting to go through or turn left, left turn confusions, through traffic queues blocking turn
traffic, need to enhance bicycle detection, and need to reduce jog at the intersection by
improving intersection geometry.   It should be noted that nine (9) broadside collisions have
occurred during the study period, and could be attributed to such factors as the existing
permissive phasing on Greer Road.  Two conceptual alternatives, Alternatives 1 and 2, were
presented to the community addressing the above concerns and seeking community comments
and suggestions.  Both of the alternatives include re-striping (no widening) on Greer Road for a
short distance to accommodate two approach lanes and one receiving lane in each direction to
reduce left turn confusion, minimizing the jog in the road, organizing traffic so drivers won’t
squeeze to the right, providing a bicycle slot in the southbound direction for better bicycle
timing, and changing the signal to 8-phase (protected left phasing) operation, Alternative 1, or 6-
phase  (split  phasing)  operation,  Alternative  2.   Both  alternatives  will  remove  the  left  turn
conflicts with other vehicles, pedestrians, and bicyclists.  The two alternatives include
prohibiting parking for a short distance on Greer Road south of Oregon Expressway affecting
only the on street parking along the side yard portion of two corner properties.  Minimal parking
activity has been observed in this section on several occasions and corner properties front to cul-
de-sacs with available parking, therefore little impact to the two corner properties is anticipated.
Based on the feedback received, Alternative 2 was no longer considered, and Alternative 1
was enhanced and illustrated as “Alternative 1 Modified”. Alternative 1 enhancements
included minor striping changes on both sides of Greer Road, installation of a bulb-out on the
northwest corner, and installation of a proposed pedestrian path towards Indian Drive rather than
a sidewalk. Alternative 1 Modified was approved by the Palo Alto City Council in its
meeting on November 9, 2009.





County of Santa Clara: Oregon Expressway Improvement Project Page 26
Project Concept Report June 2010

Alternative 2 was revised by allowing lefts turns from Oregon Expressway onto Ross Road
at all hours and is illustrated as “Alternative 2 Modified”.  In addition, Alternative 3, was
developed to demonstrate potential future implementation of a bicycle/pedestrian signal
consistent with the City of Palo Alto Ross Road bicycle boulevard concept.   Alternative  3
would include “pork chop” islands on Ross Road to restrict left turns and through vehicular
movements from Ross Road, and install a traffic signal to provide full bicycle and pedestrian
access.  Included in Alternative 3 would be the installation of bicycle slots with signal detection
for  bicycles  to  cross  Oregon  Expressway  and  installation  of  a  pedestrian  crossing  on  the  west
side of the intersection.  In restricting movements, some vehicular traffic would be diverted to
adjacent intersections for access to and from Oregon Expressway.  Left turn traffic out of Ross
Road and through traffic crossing Oregon Expressway could use Middlefield Road, Louis Road,
or other streets to access Oregon Expressway.  Less than ten (10) vehicles during the highest
peak hour of the AM/PM peak periods (two hours each for AM and PM) currently make a left
turn onto or cross Oregon Expressway from both southbound and northbound Ross Road and
would most likely use other neighborhood streets to get to or cross Oregon Expressway.  The
estimated traffic diversion, including diversion paths and total volumes, was developed for Ross
Road and the adjacent intersections and is illustrated in Figure  9 at  the  end  of  the  section.
County staff recommended Alternative 2 Modified to the City of Palo Alto for approval. (County
recommendations to the City are included in the Appendices – Section B) The City Council
approved Alternative 3 in its meeting of November 9, 2009 and includes adding a
bicycle/pedestrian signal.  The signal is added at the request of the City of Palo Alto and County
staff concurs with it, but implementation of Alternative 3 may be constrained by available county
funding for the entire project.

Addition of signal would provide a protected and safe crossing of the Expressway for pedestrians
and bicyclists enhancing overall safety at the intersection.  The new signal may result in minor
delays, but the safety benefits outweigh the minimal increased delay.  The traffic signal at
Middlefield Road controls the cycle length and timing operation of the corridor.  The new
pedestrian/bicycle signal at Ross Road will be a part of the traffic signal coordination system and
it will operate within the constraints of traffic signal coordination timings, thus resulting in
minimal delays.

Middlefield Road

Middlefield Road is a 41-foot wide roadway from the face-of-curb to the face-of-curb north of
Oregon  Expressway  and  a  46-foot  wide  roadway  south  of  Oregon  Expressway.   The  road  has
four  lanes  of  traffic,  two  in  each  direction,  with  no  right  turn  or  left  turn  pockets  at  the
intersection.  The intersection is controlled by a split phase signal with northbound and
southbound direction operating independently.  Concerns and comments heard from the
community include congestion at the intersection causes back-ups on Middlefield Road resulting
in cut-through traffic into neighborhood streets, and safety improvements are needed for
pedestrians and bicyclists crossing Oregon Expressway.

With the heaviest cross street traffic, this is the controlling intersection for the entire signal
system on Oregon Expressway.  On June 9, 2008, three conceptual alternatives, Alternatives 1, 2,
and 3, were presented to the community to seek input and suggestions.  All three alternatives
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include adding a left turn lane on Middlefield Road in both directions and changing the signal to
8-phase (protected left phasing) operation to reduce intersection delay, reduce intersection
queuing, separate turning movements from through movements, and allow for more orderly flow
of multimodal traffic in all directions.  Alternative 1 would add northbound and southbound left
turn pockets by widening the roadway by three (3) feet on the east side and five (5) feet on the
northwest side of the intersection within existing right-of-way.  With the Alternative 1, four (4)
trees would be impacted by the southeast side widening, five (5) trees would be impacted by the
northeast side widening, and four (4) trees would be impacted by the northwest side widening.
Alternative 2 would add a southbound left turn pocket and modify the northbound approach to
exclusive left, through, and right lanes by widening the roadway by three (3) feet on the
southeast side of the intersection and five (5) feet on the northwest side of the intersection within
existing right-of-way.  With the Alternative 2, four (4) trees would be impacted by the southeast
widening and four (4) trees would be impacted by the northwest widening.  Alternative 3 is the
same as Alternative 1, but with narrower northbound and southbound lanes to limit roadway
widening to five (5) feet on the northwest side only.  With the Alternative 3, four (4) trees would
be impacted by the northwest widening. Based on the feedback received, Alternative 1, which
had the greatest impact on trees, was no longer considered and Alternative 2 was enhanced
to provide dual curb ramps at each corner and modified lane widths to provide additional
pedestrian buffer on the northwest side of the intersection, and is illustrated as
“Alternative 2 Modified”.  With “Alternative 2 Modified”, four (4) trees would be impacted
by the southeast widening and four (4) trees would be impacted by the northwest widening.
In addition, a fourth alternative was developed. Alternative 4 is similar to Alternative 2,
but  would  not  widen  the  roadway  on  either  side  of  Middlefield  Road. As a result of no
widening, no trees would be impacted by Alternative 4. This alternative maintains the existing
landscaping strip as is by providing narrower lanes and offsets for traffic traveling through the
intersection.   Alternatives  2  Modified,  3  and  4  were  presented  at  the  3rd Community Meeting.
Shortly after the meeting, the Alternative 3 was revised to provide more details for the northwest
corner of the intersection.  The revised plan was named as Alternative 3 Modified (3M).
Alternative 3M does not have any design changes from Alternative 3 but it clarifies the
landscaping changes on the northwest side.  Both Alternatives 2 (M) and 3 (M) included
provisions to mitigate loss of trees per City of Palo Alto policies.  All alternatives would result in
a significant Level of Service (LOS) improvement.  County staff recommended approval of
Alternative  3M to  the  City  of  Palo  Alto,  since  it  is  considered  to  provide  the  most  operational
benefits relative to landscaping impacts. The Palo Alto City Council in its meeting of
November 9, 2009 approved Alternative 4 for implementation as part of Oregon
Expressway Improvement Project.

Cowper Street

Cowper Street is a 36-foot wide roadway from the face-of-curb to the face-of-curb, although
wider at the intersection of Oregon Expressway due to the frontage roads, Oregon Avenue and
Anton Court, on both sides of the expressway.  Currently, the road has two lanes of traffic, one in
each direction, with parking allowed on both sides of the street.   The intersection is controlled
by a 5-phase signal with permissive left turns on Cowper Street, where traffic on both directions
of Cowper Street gets a green signal indication simultaneously.  Minimal concerns were raised
by the community regarding the existing intersection operation although requests were made to
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improve the pedestrian and bicycle crossings.  One conceptual alternative, Alternative 1, was
presented at to the community to seek community comments and suggestions.  The alternative
includes re-striping (no widening) on Cowper Street for a short distance to accommodate two
approach lanes and one receiving lane in each direction and change the signal to 8-phase
(protected left phasing) operation to remove the left turn conflicts with other vehicles,
pedestrians, and bicyclists.  The alternative includes prohibiting parking for a short distance on
Cowper Street on the east side, south of Oregon Expressway, affecting off street parking for one
property. Based on community input, Alternative 1 was enhanced as is and is illustrated as
“Alternative 1 Modified”. Enhancements to Alternative 1 included minor changes to the
frontage road “stop” line striping. Alternative 1 Modified was approved by the Palo Alto
City Council in its meeting on November 9, 2009.

Waverley Street

Waverley  Street  is  an  unsignalized  intersection  with  Oregon  Expressway,  with  a  2-way  stop
control (stops on Waverley Street).  The intersection currently provides full vehicle access to and
from the neighborhoods, including left, through, and right movements, and two pedestrian
crosswalks across Oregon Expressway.  Many residents from the community noted difficulty in
crossing Oregon Expressway at this intersection either in a vehicle or as a pedestrian or bicyclist.
Most residents do not want a traffic signal at this location to improve the crossing.   It should be
noted that ten (10) broadside collisions, which are typically more severe, have occurred at the
intersection during the study period.  Two conceptual alternatives, Alternatives 1 and 2, were
presented at the community addressing the above concerns and seeking community comments
and suggestions.  The goal of both alternatives is to reduce conflicts and potential collisions, thus
enhancing safety for all modes of traffic.  Alternative 1 would install a median island on Oregon
Expressway to limit the access to right in and right out only from Waverley Street.  Alternative 2
would install “pork chop” islands on Waverley Street to allow right in/right out and left turns
onto Waverley Street from Oregon Expressway in the off-peak hours.  Both alternatives will
remove the crosswalks and install sidewalk to connect with existing sidewalk on Anton Court in
order to provide pedestrian access to the signalized intersection.  In restricting movements, some
vehicular traffic would be diverted to adjacent intersections for access to and from Oregon
Expressway.  Left turn traffic into and out of Waverley Street and through traffic crossing
Oregon Expressway could  use  Cowper  Street,  Bryant  Street,  or  other  streets  to  access  Oregon
Expressway.  During the highest peak hour of the AM/PM peak periods (two hours each for AM
and PM) less than ten (10) vehicles currently make a left turn onto Oregon Expressway or go
through from both southbound and northbound Waverley Street.  These vehicles would most
likely use other neighborhood streets to turn onto or cross Oregon Expressway.  The estimated
traffic diversion, including diversion paths and total volumes, was developed for Waverley Street
and the adjacent intersections and is illustrated in Figure 10 at the end of the section. Based on
the feedback received, Alternative 1 was no longer considered and Alternative 2 was
revised by allowing left turns from Oregon Expressway onto Waverley Street at all times
and is illustrated as “Alternative 2 Modified”.  Alternative 2 Modified was approved by the
Palo Alto Council in its meeting of November 9, 2009.
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Bryant Street

Bryant Street is 36-37 feet wide from the face-of-curb to the face-of-curb with 6-inch curb on the
north side of Oregon Expressway and rolled curb on the south side of the expressway.  Currently,
the road has two lanes of traffic, one in each direction, with parking allowed on both sides of the
street.  Bryant Street is designated as a bicycle boulevard.  The intersection is controlled by a 5-
phase signal with permissive left turns on Bryant Street, where traffic on both directions of
Bryant Street gets a green signal indication simultaneously.  Concerns heard from the community
include overall safety for pedestrians and bicyclists crossing Oregon Expressway and confusion
for crossing traffic.  Two conceptual alternatives, Alternatives 1 and 2, were presented to the
community on June 9, 2008, to address concerns and to seek community input and suggestions.
Both of the alternatives include re-striping (no widening) on Bryant Street for a short distance to
accommodate two approach lanes and one receiving lane in each direction to avoid left turn
confusion, providing a bicycle slot in the southbound direction for better bicycle timing, and
changing the signal to 6-phase (split phasing) or 8-phase (protected left phasing) to remove the
left turn conflicts with other vehicles, pedestrians, and bicyclists.  Both alternatives presented
included prohibiting parking for a short distance on Bryant Street south of Oregon Expressway.
Based on the feedback received, Alternative 1 was no longer considered and Alternative 2
was revised by maintaining the northbound leg on Bryant Street as is, and is illustrated as
“Alternative 2 Modified”.  Alternative 2 Modified was approved by the Palo Alto City
Council in its meeting on November 9, 2009.

Alternative  2  Modified  at  Waverley  Street  and  Bryant  Street  include  a  new  shoulder  (Bicycle
Travel  Way)  in  the  eastbound direction  by  narrowing  the  median  (0-3  ft)  from west  of  Bryant
Street to east of Cowper Street to provide a continuous shoulder between Bryant Street and W
Bayshore Road to the bicycle bridge over US-101.

Summary of Approved Alternatives
As noted in the intersection summaries, multiple alternatives were developed and presented to
the community.  Based on feedback received, a number of alternatives were no longer considered
and other alternatives were modified to incorporate comments received. The following
summarizes  the  alternatives  which  were  approved  by  the  Palo  Alto  City  Council  for
implementation as part of Oregon Expressway Improvement Project.

W Bayshore Road – Alternative 1 Modified
Indian Drive – Alternative 1 Modified
Greer Road – Alternative 1 Modified
Louis Road – Alternative 1 Modified
Ross Road – Alternative 3
Middlefield Road – Alternative 4
Cowper Street – Alternative 1 Modified
Waverley Street – Alternative 2 Modified
Bryant Street – Alternative 2 Modified
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4.0 OPERATIONAL ANALYSIS

A traffic operations analysis was completed for the AM and PM peak periods to evaluate the
various alternatives.  The analysis looked at each intersection individually under the existing and
alternative conditions and for the entire corridor to determine the benefits of the improvements
on  corridor-wide  operations.   Intersection  evaluation  was  completed  using  TRAFFIX  traffic
model software, which is a common tool used to evaluate planning level alternatives.  For the
corridor-wide evaluation, Synchro© signal timing software was used, and is a common tool used
to develop arterial signal timing plans. Both the TRAFFIX and Synchro© models analyses are
based on the Highway Capacity Manual (HCM) methodology.

The following sections summarize the model development process, the Level of Service
methodology, the results of the intersection analysis, and the results of the corridor-wide
analysis.

4.1 Model Development

Once all the data was collected, existing conditions traffic models were developed in the
TRAFFIX and Synchro© software for the AM and PM peak periods. Peak hour turning
movement volumes, existing lane information, and existing timing parameters were used for
development of the models.  The models were reviewed and calibrated by verifying that the data,
such as queue lengths, degree of saturation, average delay, and travel time reasonably matched
the observed conditions in the field.

4.2 Intersection Analysis
The existing and proposed conditions were inputted into the TRAFFIX model for the AM and
PM peak conditions to evaluate the alternatives.

4.2.1 Level of Service Methodology

The traffic impact of existing conditions and improvements is based on the concept of Level of
Service  (LOS).   LOS  is  a  qualitative  term  that  describes  congestion  at  an  intersection,  on  the
basis  of  ratings  from A to  F.   LOS A describes  a  completely  uncongested  operating  condition
where motorists encounter virtually no delay.  LOS B and LOS C describe increasing levels of
congestion  compared  to  LOS  A.   LOS  D  is  what  one  would  observe  at  a  typical  busy  urban
intersection during peak periods of traffic.  With LOS D, some motorists may need to wait for
more than one red signal cycle to get through an intersection.  LOS E represents congested
conditions, where a majority of motorists may need to wait for more than one red signal cycle to
get through an intersection.  LOS F describes severe congestion, where long queues develop and
motorists encounter long delays.

For this analysis, the LOS at signalized intersections is measured using the methodology
contained in the Highway Capacity Manual (HCM), 2000 Edition.  The 2000 HCM methodology
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utilizes average delay per vehicle based upon peak hourly traffic volumes, peak hour factors,
number of lanes, etc., in the calculation.

The qualitative A through F LOS scale is measured quantitatively using measures of
effectiveness. The measure used depends on the type of facility being assessed. Table 3 relates
the operational characteristics associated with each LOS category for signalized intersections.

Table 3: Signalized Intersection Level of Service Definitions
Level of
Service Description Avg. control delay

per vehicle (sec/veh)

A Free flow with no delays.  Users are virtually unaffected by others in the
traffic stream  10

B Stable traffic.  Traffic flows smoothly with few delays.  10 – 20

C Stable flow but the operation of individual users becomes affected by other
vehicles.  Modest delays.  20 – 35

D
Approaching unstable flow.  Operation of individual users becomes
significantly affected by other vehicles.  Delays may be more than one
cycle during peak hours.

 35 – 55

E Unstable flow with operating conditions at or near the capacity level.  Long
delays and vehicle queuing.  55 – 80

F Forced or breakdown flow that causes reduced capacity.  Stop and go
traffic conditions.  Excessive long delays and vehicle queuing.  80

Source: Transportation Research Board, Highway Capacity Manual 2000, National Research Council, 2000.

4.2.2 Signalized Intersection Level of Service (LOS) Results Summary

For this analysis, the signal timing at each intersection was optimized with the modified signal
phasing and lane configurations.  Performance measures included the average intersection delay
measured in seconds per vehicles and LOS determined according to the methodology noted
above.  These two performance measures were obtained from the existing and proposed
conditions models and are summarized in Table 4A.

Table 4A: Intersection Level of Service Summary

Intersection Scenario

AM Peak Hour PM Peak Hour
Average

Intersection
Delay (sec)

Volume to
Capacity

(v/c)
LOS

Average
Intersection
Delay (sec)

Volume to
Capacity

(v/c)
LOS

Oregon Expressway
at W. Bayshore

Road

Existing 17.5 0.68 B 19.2 0.80 B

Alternative 1M 17.5 0.68 B 18.8 0.77 B

Oregon Expressway
at Greer Road

Existing 17.4 0.68 B 18.6 0.53 B
Alternative 1M 21.8 0.68 C 21.2 0.51 C

Oregon Expressway
at Louis Road

Existing 28.3 0.72 C 20.8 0.58 C

Alternative 1M 26.9 0.70 C 26.1 0.55 C
M- Modified
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Table 4A, continued: Intersection Level of Service Summary

Intersection Scenario

AM Peak Hour PM Peak Hour
Average

Intersection
Delay (sec)

Volume to
Capacity

(v/c)
LOS

Average
Intersection
Delay (sec)

Volume to
Capacity

(v/c)
LOS

Oregon Expressway
at Middlefield Road

Existing 64.0 0.95 E 61.8 0.82 E
Alternative 4 46.2 0.85 D 44.1 0.72 D

Oregon Expressway
at Cowper Street

Existing 15.4 0.67 B 17.2 0.54 B
Alternative 1M 15.1 0.64 B 18.2 0.61 B

Oregon Expressway
at Bryant Street

Existing 20.3 0.73 C 19.4 0.63 B
Alternative 2M 22.3 0.69 C 21.1 0.60 C

M- Modified

The analysis showed a significant reduction in average intersection delay at Middlefield Road.
At W. Bayshore Road, the analysis showed the same delay in the AM period but a slight
decrease in delay during the PM period.  At Louis Road, Alternative 1 Modified showed a
reduction in intersection delay in the AM period but an increase in the PM period.  Similarly,
Alternative 1 Modified showed a slight decrease in delay at Cowper Street in the AM period but
an increase in delay in the PM period.  At Greer Road and Bryant Street, the analysis showed a
slight to moderate increase in intersection delay during the AM and PM periods.  The increases
in delay at these intersections are minimal and primarily due to the additional signal phases.
However, the additional phasing would provide enhanced vehicular, pedestrian, and bicycle
safety at the intersection. The safety benefits of improved signal operation outweigh the
minimal increase in delay.

Currently Ross Road is an unsignalized intersection with an unprotected crosswalk. The signal is
added at the request of the City of Palo Alto.  Addition of signal would provide a protected and
safe crossing of the Expressway for pedestrians and bicyclists enhancing overall safety at the
intersection.  The new signal may result in minor delays, but the safety benefits outweigh the
minimal increased delay.

A benefits analysis was conducted for the intersection of Oregon Expressway and Middlefield
Road for the AM and PM peak periods for the alternatives in comparison to existing conditions.
Fuel and delay savings were estimated based the decrease in average intersection delay,
including all approaches.  The benefits summary for the approved Alternatives 4 at Middlefield
Road during the AM and PM peak periods (three hours each) is summarized in Table 5A.  It
should be noted that the reduced delay and fuel savings are for the three-hour AM and PM peak
periods only (six hours total) of a weekday.
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Table 5A: Oregon Expressway & Middlefield Road Benefits Summary

Time Period Scenario Est. Delay Savings
(hrs)

Estimated Fuel
Consumption
Savings (gal)

Savings Per Year

AM Alternative 4 27,180 4,305 $436,670
PM Alternative 4 19,965 3,120 $320,650

Total (AM+PM) Alternative 4 47,145 7,425 $757,330
M- Modified

Notes:
1.  Fuel consumption factor based on estimate from Ohio Air Quality Development Authority
2. Cost savings include time savings ($15.67/hour per MTC operations benefit-cost method) and fuel consumption savings
($2.50/gallon).
3. Because savings are for weekday peak periods only, there would be additional benefits beyond those calculated since the
improvements and signal timing operations would be in effect for hours and days outside of the weekday peak period.

4.3 Corridor-wide Analysis

An analysis was conducted in the Synchro© software to review the expressway performance with
the improvements in comparison to the existing conditions.  The analysis included alternatives
approved at W Bayshore Road (Alternative 1 Modified), Greer Road (Alternative 1 Modified),
Louis Road (Alternative 1 Modified), Middlefield Road (Alternative 4), Cowper Street
(Alternative 1 Modified) and Bryant Street (Alternative 2 Modified). Figure 11A shows which
improvements are included at each intersection.

The signal timings and the signal coordination plans along the corridor were optimized and the
traffic signal at Middlefield Road controlled the cycle length and timing operation for the
corridor.  For the purpose of this analysis, the optimized corridor-wide cycle length of 150
seconds for the AM peak and 130 seconds for PM peak were used.

Corridor-wide performance measures for proposed conditions were obtained from the Synchro
model for the AM and PM peak periods and compared to existing conditions. The performance
measures are summarized in Table 7A and include:

Total Travel Time (hr) for all vehicles to traverse through the corridor in a one-hour
period.
Total Delay (hr) for all vehicles traveling along the corridor in a one-hour period.
Total Stops (number) along the corridor at all intersections in a one-hour period.
Average speed (mph) for vehicles traveling along the corridor, in both directions during
the peak hour.
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Table 7A: Oregon Expressway Corridor-wide Performance Measures

Time
Period Scenario

Total
Travel
Time
(hour)

%
Difference

From
Existing

Total
Delay
(hour)

%
Difference

From
Existing

Total
Stops

(#)

%
Difference

From
Existing

Average
Speed
(mph)

%
Difference

From
Existing

AM
Peak

Existing 870 - 495 - 28,722 - 20.6 -
Approved 744 -14.5% 369 -25.5% 27,891 -2.9% 23.2 12.6%

PM
Peak

Existing 759 - 399 - 34,341 - 20.3 -
Approved 672 -11.1% 312 -21.8% 26,748 -22.1% 23.5 15.8%

Note: Based on the peak three hours during each period.

The analysis showed a drop in average travel time and delay during the AM and PM peak
periods.  In reviewing the traffic model results, the most significant reduction in delay and travel
time occurred at the intersection of Middlefield Road with the approved improvements.  Since
Middlefield Road is the most critical intersection within the project section and controls the
signal coordination for the entire corridor, those improvements would have the greatest impact
on corridor-wide traffic operations.  The signal at Ross Road is added at the request of the City
of  Palo  Alto.  It  was  not  included  in  the  corridor  wide  analysis.   It  will  be  a  part  of  the  traffic
signal coordination system.  Thus it is likely to result in minimal changes in corridor wide
benefits specially given that the most significant reduction in delay and travel times is due to the
improvements at Middlefield Road and Middlefield Road also controls the signal timing of the
entire corridor.

A  project  benefit  analysis  was  conducted  based  on  the  study  data  for  the  AM  and  PM  peak
periods compared to existing conditions.  Average reduction in travel time and average increase
in speeds were calculated for the corridor.  Reduction in vehicle stops and delay will in turn
result in reduced noise and air pollution from vehicle emissions and increased fuel/time savings.

The emission reductions were calculated based on the California Environmental Protection
Agency Air Resources Board (ARB) method.  The fuel and time savings were calculated based
on a method adopted and used by the Metropolitan Transportation Commission (MTC) for traffic
operations projects.  The benefits summary is summarized below in Table 8A.  It should be
noted that the above emissions reductions, time savings, and fuel savings are for the three-hour
AM and PM peak periods only (six hours total) of a weekday.  Approved alternatives would
result in additional emissions reductions beyond the periods studied.
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Table 8A: Oregon Expressway Corridor-wide Benefits Summary

Time
Period Scenario

Est.
Travel
Time

Savings
(hrs)

Estimated
Fuel

Consumption
Savings (gal)

Emission Savings

Savings
Per

Year

Estimated
ROG

Emission
Reduction

(lbs)

Estimated
NOx

Emission
Reduction

(lbs)

Estimated
PM10

Emission
Reduction

(lbs)

Estimated
CO

Emission
Reduction

(lbs)
AM Approved 18,093 22,275 330 330 60 2,505 $345,030

PM Approved 28,164 38,556 495 525 30 4,425 $543,270

Total
(AM+PM) Approved 46,257 60,831 825 855 90 6,930 $888,300

Notes:
1. Fuel consumption factors and health costs of motor vehicle emissions based on Caltrans' California Life-Cycle Benefit/Cost
Analysis Model.  Emissions factors obtained from California Air Resources Board, June 2005.
2. Cost savings include travel time savings ($15.67/hour), fuel consumption savings ($2.50/gallon), and health cost savings
associated with emissions reductions for weekday peak periods only.
3. Because savings are for weekday peak periods only, there would be additional benefits beyond those calculated since the
improvements and signal timing operations would be in effect for hours and days outside of the weekday peak period.
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5.0 EVALUATION

Based on the project goals, existing conditions, collision history, and traffic operations analysis,
a list of advantages (“pros”) and disadvantages (“cons”) were developed for each intersection
alternative. Table 9A summarizes the advantages (pros) and disadvantages (cons) for the
approved improvement alternatives at each intersection.  Tables summarizing the “Pros” and
“Cons” for alternatives developed but were no longer considered are included in the Appendix.
“Pros” and “Cons” are also displayed on the concept plans included in the Appendix.

Table 9A: Improvement Alternatives Evaluation

Intersection Approved
Alternative Advantages (“Pros”) Disadvantages (“Cons”)

Oregon
Expressway

at W.
Bayshore

Road

Alternative 1 M

Improved bicycle detection and timing
Enhanced pedestrian crossing with wheel chair ramps
Pedestrian countdown signal

None

Oregon
Expressway

at Indian
Drive

Alternative 1 M

Eliminates potential collision
Enhances safety for all modes of traffic

No left turn from
Oregon Expressway to
Indian Dr.
No  left  turn  from
Indian Dr. to Oregon
Expressway

Oregon
Expressway

at Greer
Road

Alternative 1 M

Enhanced pedestrian crossings with countdown signals
Left turns from both directions of Greer Rd. are served
first followed by through movements
Eliminates conflicts between left turners and opposing
through movements
Eliminates conflicts between left turn traffic and
pedestrian/bicycle movements
Allows for more orderly flow of traffic in all directions
Improved signal displays
Straightened crosswalks
Separate left and through lanes
Intersection jog is reduced
Maintains two crosswalks to cross Oregon Expressway
New/Enhanced wheel chair ramps

Left turn or through
traffic queue may
occasionally exceed
the short turn-pockets
on Greer Rd. and block
traffic
Parking to be
prohibited for about 75
feet on both sides of
Greer Rd. south of
Oregon Expressway

M- Modified
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Table 9A, continued: Improvement Alternatives Evaluation

Intersection Approved
Alternative Advantages (“Pros”) Disadvantages (“Cons”)

Oregon
Expressway

at Louis
Road

Alternative 1 M

Enhanced pedestrian crossings with countdown signals
Left turns from both directions of Louis Rd. are served
first followed by through movements
Eliminates conflicts between left turners and opposing
through movements
Eliminates conflicts between left turn traffic and
pedestrian movements
Allows for more orderly flow of traffic in all directions
Improved signal displays
Straightened crosswalks
Separate left and through lanes
Tighter radius at intersection corners to reduce speed of
right turning vehicles
Maintains two crosswalks to cross Oregon Expressway
New/Enhanced wheel chair ramps
Bicycle lanes are carried all the way to the intersection

Parking to be
prohibited for 105 feet
on both sides of Louis
Rd. north and south
of Oregon Expressway,
respectively

Oregon
Expressway

at Ross
Road

Alternative 3

Allows left turns from Oregon Expressway
Eliminates potential collisions
Enhances safety for all modes of traffic
Provides new sidewalk for pedestrians
Provides a signal with special bicycle detection and
timing at bicycle slots for bicyclists and pedestrians to
cross Oregon Expressway, but no vehicular through or
left turn movement out of Ross Rd. (consistent with
Bicycle Boulevard concept)

No left turn from Ross
Rd. to Oregon
Expressway
No through traffic on
Ross Rd. to cross
Oregon Expressway
Parking to be
prohibited for about 70'
on both sides of Ross
Rd. south of Oregon
Expressway

Oregon
Expressway

at
Middlefield

Road

Alternative 4

Includes no widening
Maintains existing landscaping strip as is
Provides efficient signal operation
Minimizes delay at intersection and system-wide on
Oregon Expressway
Improves intersection level of service by a grade
Reduces queuing and delay on Middlefield Rd.
Enhanced pedestrian crossings with countdown signals
Left turns from both directions of Middlefield Rd. are
served first followed by through movements
Continues to eliminate conflicts between left turn traffic
and opposing through movements
Dedicated right turn lane on northbound Middlefield
Rd.

Narrower lanes
Creates an offset of 5'
in both directions on
Middlefield Rd.
One through lane for
northbound on
Middlefield Rd.

M- Modified
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Table 9A, continued: Improvement Alternatives Evaluation

Intersection Approved
Alternative Advantages (“Pros”) Disadvantages (“Cons”)

Oregon
Expressway
at Cowper

Street

Alternative 1 M

Enhanced pedestrian crossings with countdown signals
Left turns from both directions of Cowper St. are served
first followed by through movements
Eliminates conflicts between left turners and opposing
traffic
Eliminates conflicts between left turn traffic and
pedestrian/bicycle movements
Allows for more orderly flow of traffic in all directions
Improved signal displays
Straightened crosswalks
Separate left and through lanes
Two crosswalks to cross Oregon Expressway

Left turn or through
traffic queue may
occasionally exceed
the short turn-pockets
on Cowper St. and
block traffic
Parking to be
prohibited for about 60
feet on Cowper St.
south of Oregon
Expressway

Oregon
Expressway
at Waverley

Street

Alternative 2 M

Allows left turns from Oregon Expressway
Provides new sidewalk connection to nearby signalized
intersections for safer expressway pedestrian/bicycle
crossing
Improves intersection traffic safety
5' continuous paved shoulder (bicycle travel way) in the
eastbound direction

Prohibits left turns
coming out from
Waverley St.
No through traffic on
Waverley St. to cross
Oregon expressway

Oregon
Expressway

at Bryant
Street

Alternative 2 M

Enhanced pedestrian crossings with countdown signals
Vehicular movements from one direction of Bryant St.
are served first followed by movements from other
directions on Bryant St.
Eliminates conflicts between left turners and opposing
left and through movements
Eliminates conflicts between left turn traffic and
pedestrian/bicycle movements
Allows for more orderly flow of traffic for all directions
Improves signal displays
Improves crosswalk alignment
Enhanced bicycle detection and timing on southbound
Bryant St.
Northbound approach remains as is
5' continuous paved shoulder (bicycle travel way) in the
eastbound direction

One crosswalk to cross
Oregon Expressway
(two crosswalk option
is not recommended as
it will cause long wait
time to cross Oregon
Expressway)

M- Modified
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