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Introduction and Study Parameters 

Introduction 

As part of ongoing regional transportation planning, the City of Chico is evaluating long-term roadway 
alternatives for the East 20th Street corridor located in the southern section of the City.  The intent of 
this analysis was to determine the need for corridor enhancements and to present alternative mitigation 
schemes to meet future transportation needs.  The analysis was completed with a focus on balancing 
mobility and access for all users, including drivers, pedestrians, bicyclists and transit users. 

The report presents a holistic analysis of the East 20th Street corridor assuming anticipated regional 
development and the associated growth in traffic, but it does not replace the need for project-specific 
traffic impact analyses to be completed when new projects are proposed. 

Background 

Parts of this corridor have been the subject of numerous traffic studies over the last decade; however, 
many of the development projects evaluated in these studies have not fully materialized largely due to 
changes in the economic environment.  These studies generally presented very conservative 
assumptions about traffic generation that likely resulted in unrealistically high projected future traffic 
volumes.  So the purpose of this study is to create a unified study that considers the corridor as whole, 
not just individual segments. 

As part of a regional transportation system, East 20th Street connects to multiple regional routes 
including State Route (SR) 99, Forest Avenue, Bruce Road and Park Avenue.  The corridor is a major 
route within the city, especially due to the concentration of major commercial uses along the corridor. 

Study Area 

The study corridor of East 20th Street spans from Park Avenue on the western end to Bruce Road at 
the eastern limit.  This analysis focuses on the following major intersections with East 20th Street: 

1. Park Avenue 
2. Fair Street-Mulberry Street 
3. Martin Luther King Jr. Parkway 
4. SR 99 Southbound Ramps 
5. SR 99 Northbound Ramps 
6. Business Lane 
7. Chico Mall-Toys R Us Driveway 
8. Forest Avenue  
9. Notre Dame Boulevard 
10. Bruce Road 

The study area and the intersections included in the analysis are shown in Figure 1. 

Intersection Level of Service Methodologies 

Level of Service (LOS) is used to rank traffic operation on various types of facilities based on traffic 
volumes and roadway capacity using a series of letter designations ranging from A to F.  Generally, Level 
of Service A represents free flow conditions and Level of Service F represents forced flow or 
breakdown conditions.  A unit of measure that indicates a level of delay generally accompanies the LOS 
designation. 
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The study intersections were analyzed using methodologies published in the Highway Capacity Manual 
(HCM), Transportation Research Board, 2000.  This source contains methodologies for various types of 
intersection control, all of which are related to a measurement of delay in average number of seconds 
per vehicle. 

The Levels of Service for the intersections with side street stop controls, or those which are 
unsignalized and have one or two approaches stop-controlled, were analyzed using the “Two-Way Stop-
Controlled” intersection capacity method from the HCM.  This methodology determines a level of 
service for each minor turning movement by estimating the level of average delay in seconds per vehicle.  
Results are presented for individual movements together with the weighted overall average delay for the 
intersection. 

The study intersections that are currently controlled by a traffic signal, or may be in the future, were 
evaluated using the signalized methodology from the HCM.  This methodology is based on factors 
including traffic volumes, green time for each movement, phasing, whether or not the signals are 
coordinated, truck traffic, and pedestrian activity.  Average stopped delay per vehicle in seconds is used 
as the basis for evaluation in this LOS methodology.  For purposes of this study, delays were calculated 
using optimized signal timing. 

Intersections that are proposed to be controlled by modern roundabouts were evaluated using the 
“aaSIDRA” roundabout analysis software rather than the methodology in the HCM.  The aaSIDRA 
software is more advanced for roundabouts while the HCM roundabout methodology is relatively new 
and is still being refined and therefore has some limitations. 

The ranges of delay associated with the various levels of service are indicated in Table 1. 

Table 1 
Intersection Level of Service Criteria 

LOS Two-Way Stop-Controlled Signalized/Roundabouts 

A Delay of 0 to 10 seconds.  Gaps in traffic are readily 
available for drivers exiting the minor street. 

Delay of 0 to 10 seconds.  Most vehicles arrive during 
the green phase, so do not stop at all. 

B Delay of 10 to 15 seconds.  Gaps in traffic are somewhat 
less readily available than with LOS A, but no queuing 
occurs on the minor street. 

Delay of 10 to 20 seconds.  More vehicles stop than 
with LOS A, but many drivers still do not have to 
stop. 

C Delay of 15 to 25 seconds.  Acceptable gaps in traffic are 
less frequent, and drivers may approach while another 
vehicle is already waiting to exit the side street. 

Delay of 20 to 35 seconds.  The number of vehicles 
stopping is significant, although many still pass through 
without stopping. 

D Delay of 25 to 35 seconds.  There are fewer acceptable 
gaps in traffic, and drivers may enter a queue of one or two 
vehicles on the side street. 

Delay of 35 to 55 seconds.  The influence of 
congestion is noticeable, and most vehicles have to 
stop. 

E Delay of 35 to 50 seconds.  Few acceptable gaps in traffic 
are available, and longer queues may form on the side 
street. 

Delay of 55 to 80 seconds.  Most, if not all, vehicles 
must stop and drivers consider the delay excessive. 

F Delay of more than 50 seconds.  Drivers may wait for long 
periods before there is an acceptable gap in traffic for 
exiting the side streets, creating long queues. 

Delay of more than 80 seconds.  Vehicles may wait 
through more than one cycle to clear the 
intersection. 

Reference: Highway Capacity Manual, Transportation Research Board, 2000 
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Traffic Operation Standards 

In the Transportation Element of its General Plan, the City of Chico establishes requirements for 
intersection operation as follows: 

Policy CIRC-1.4 (Level of Service Standards) – Until a Multimodal Level of Service (MMLOS) 
methodology is adopted by the City, maintain LOS D or better for roadways and intersections at the 
peak PM period, except as specified below: 
• LOS E is an acceptable threshold for City streets and intersections under the following 

circumstances: 
• Downtown streets within the boundaries identified in Figure DT-1 of the Downtown 

Element. 
• Arterials served by scheduled transit. 
• Arterials not served by scheduled transit, if bicycle and pedestrian facilities are provided 

within or adjacent to the roadway. 
• Utilize Caltrans LOS standards for Caltrans’ facilities. 
• There are no LOS standards for private roads. 

Since the corridor is served by regularly scheduled transit and includes bicycle and pedestrian facilities, 
the applicable LOS standard is LOS E.  Business Lane is a privately owned and maintained roadway, so 
the City’s LOS standards would not normally apply; however, since the intersection of East 20th 
Street/Business Lane is an intersection with a public road, the City’s standards were applied. 

Two of the study intersections (the SR 99 ramps) are operated by Caltrans, so their standards apply.  
Caltrans, in its Guide for the Preparation of Traffic Impact Studies, states that the department “endeavors to 
maintain a target LOS at the transition between LOS C and LOS D.” 

Traffic Data 

Existing Traffic Volumes 

Existing peak hour traffic volumes in the study area were collected by City staff in February and March 
2011 during the weekday evening peak hour and the Saturday midday peak hour, which represent the 
highest levels of traffic on the corridor.  All counts were conducted on days with good weather and 
absent of holidays or other special events while local schools were in session, so are expected to 
represent a typical day. 

This traffic volume data was compared to previous traffic volume data collected along the corridor.  The 
most recent traffic data collection for the entire corridor was completed for the Walmart Expansion 
EIR, with the data collected in December 2004.  It was determined that the new traffic volume data 
obtained in 2011 was generally 10 to 20 percent lower than the December 2004 data.  This is consistent 
with a national trend of decreased traffic volumes over the last several years attributed to increasing fuel 
prices and economic changes.  Additional variations in traffic volumes can be accounted for by the fact 
that the corridor is flanked a large amount commercial retail space, which typically generates more 
traffic during the December holiday period than would be expected in February and March when the 
data was collected in 2011. 

Existing traffic volumes obtained in 2011 were used to establish the existing conditions, but both the 
2011 and 2004 traffic volumes were considered when developing future traffic volume projections, as 
discussed below. 
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Future Traffic Volumes 

The City of Chico, as part of the General Plan Update, has recently updated its travel demand 
forecasting model to include projected growth in traffic for the build-out year of 2035.  Segment 
volumes for the horizon year of 2035 were obtained from the City’s gravity demand model and 
translated to turning movement volumes at each of the study intersections using a combination of the 
“Furness” method and factoring, depending on how the model was configured at each intersection.  The 
Furness method is an iterative process that employs existing turn movement data, existing link volumes 
and future link volumes to project likely turning future movement volumes at intersections.  The City’s 
model does not include projections for future growth in weekend traffic, so a growth factor was 
developed using the projected growth in weekday evening traffic then applied to the weekend existing 
traffic volumes. 

In applying the Furness method, an increment of growth is determined which is then added to the 
existing traffic volumes.  Because two sets of existing traffic volumes were available and the Year 2011 
traffic volumes were lower than the previous 2004 traffic counts, two sets of future traffic volumes were 
developed for this analysis.  One set based upon the traffic volume data obtained in 2004, and another 
set based on lower traffic volume data obtained in 2011.  These two sets of data were used to provide 
the City with a range of likely future operations to help consider alternative improvements. 

The lower future traffic volumes are based on traffic volumes data collected in 2011 and are expected to 
represent the lower end of typical daily operations.  The higher traffic volumes were developed utilizing 
the 2004 traffic volume as a base and resulted in traffic volumes approximately 10 to 20 percent higher 
than the lower range volumes.  These higher volumes are expected to represent peak corridor traffic 
such as might be experienced during the December holiday season. 

Year 2004 traffic volumes were not available for the intersection of East 20th Street/Park Avenue, so it 
was not possible to develop two sets of projected future traffic volumes for this location.  However, 
since this intersection is located away from the commercial retail core it is not expected to experience 
the magnitude of seasonal variations in traffic volumes that would be found along the eastern portions of 
the corridor.  Therefore, only a single set of future volumes were used for this intersection. 

Planned Regional Improvements 

There are several regional transportation projects that would be expected to affect traffic patterns 
within Chico, including some along the East 20th Street corridor, although the improvements are not 
within the study area.  These regional improvements have been accounted for in the City’s travel 
demand forecasting model, so it is expected that the future projected traffic volumes reflect a possible 
shift in traffic patterns. 

State Route 32 

State Route 32 is a parallel route located approximately three-quarters to one mile north of East 20th 
Street.  To the east of SR 99, this route has one lane in each direction, widening to two lanes in each 
direction just east of the interchange with SR 99.  The interchange with SR 99 is a non-standard 
configuration and commonly experiences congestion during peak periods.  It is planned that SR 32 will 
be widened to provide two lanes in each direction within Chico and that the interchange with SR 99 will 
be improved to alleviate congestion.  These improvements are expected to result in a shift in regional 
traffic patterns, and would likely reduce traffic along East 20th Street. 
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Meriam Park 

The proposed Meriam Park development, located northwest of East 20th Street/Bruce Road would be a 
medium to high-density mixed-use development.  Through the environmental review process, various 
roadway improvements have been identified that would be necessary to accommodate traffic generated 
by the development.  The majority of these improvements are located along the project’s frontage, but 
improvements to major intersections along East 20th Street are also included.  Both Bruce Road and East 
20th Street would be widened to provide two lanes in each direction along the project frontage.  This 
would result in a minimum of two continuous lanes in each direction on East 20th Street from Park 
Avenue to Bruce Road. 

State Route 99 

It is anticipated that SR 99 would be widened to provide auxiliary lanes between ramps within Chico 
while maintaining the existing two continuous lanes in each direction.  This would increase capacity on 
the freeway and may result in some drivers who would otherwise use parallel routes shifting to using 
the freeway.  While East 20th Street is perpendicular to SR 99, this could shift where drivers enter and 
exit the corridor (such as shifting traffic from Bruce Road, Forest Avenue or Park Avenue to the 
freeway). 
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Base Corridor Conditions 

Corridor Characteristics 

The East 20th Street corridor consists of the following distinct segments from west to east. 

Park Avenue to Martin Luther King Jr. Parkway 

The western-most portion of the corridor consists of a mixture of both residential and commercial 
uses, with numerous parcels fronting East 20th Street.  Access to the Silver Dollar Fairgrounds is taken 
from Fair Street, which is about one-quarter of a mile east of Park Avenue.  This segment has two 
though lanes in each direction, a center two-way left-turn lane that transitions to left-turn lanes at 
intersections, and bicycle lanes. 

Martin Luther King Jr. Parkway to SR 99 

This short segment is a transitional segment from the more residential uses to the west and the intense 
commercial uses to the east and connects the corridor to the freeway.  Martin Luther King Jr. Parkway 
connects to several major, big-box retail stores and is the most congested intersection to the west of 
SR 99.  There are two lanes in each direction, plus turn lanes and bicycle lanes. 

SR 99 to Forest Avenue 

The central part of the corridor is fronted primarily by commercial uses.  This section includes the 
Chico Mall as well as access to other big-box stores, grocery stores and large-scale shopping centers.  
At the east end of this segment are several business parks and access to a residential area.  This section 
generally experiences the heaviest traffic of the corridor and therefore the most congestion.  A 
minimum of two lanes in each direction and bicycle lanes are provided, with turn lanes at intersections. 

Within this section, the following critical access areas have been previously identified: 

Mall Access 

Located to the north of East 20th Street, primary access for the Chico Mall is currently provided via a 
signalized driveway that is shared with the Target and Toys R Us parking lot to the south.  There are 
additional unsignalized driveways on East 20th Street as well as Forest Avenue and Springfield Drive.  On 
Forest Avenue, the Chico Mall shares an unsignalized driveway opposite the Winco Foods shopping center. 

The Chico Mall owners have previously studied expanding the mall, but plans were delayed due to the 
current economic conditions.  It is anticipated that when economic conditions further improve 
expansion of the mall may be reconsidered.  Although such an expansion would require a traffic study, 
the future traffic volumes developed for this corridor analysis include assumed expansion that is 
accounted for in the Chico travel demand forecasting model future projected traffic volumes. 

Business Lane 

Business Lane is a privately owned street that runs between East 20th Street and Baney Lane.  The street 
provides access to numerous restaurants, a hotel and a gas station as well as providing secondary access to 
the Walmart that fronts on Baney Lane.  Due to its proximity to the existing signalized intersection 
providing access to the Chico Mall and the Toys R Us-Target access approximately 150 feet to the east, 
the intersection of Business Lane/East 20th Street is restricted to right-turn in/right-turn out movements 
only.  Drivers destined for westbound East 20th Street must travel through the Toys R Us private parking 
lot in order to access the signalized intersection at East 20th Street/Chico Mall as do inbound drivers 
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approaching in the westbound direction.  Because of this configuration, access/egress to and from some 
businesses is somewhat restricted, and confusing, especially if a driver is not familiar with the area. 

Property owners along Business Lane have approached City staff about improving access and circulation 
to the intersection of East 20th Street/Business Lane with the ultimate goal of converting Business Lane 
to a public street. 

Forest Avenue to Bruce Road 

There is commercial development along the segment between Forest Avenue and Huntington Drive; 
however, the eastern-most portion of the corridor is mostly vacant with access to some residential 
areas, but residences do not front East 20th Street.  There are approved plans for the Meriam Park 
development at the eastern end which will be a mixed-use development consisting of medium to high-
density residential and commercial centers.  Additionally, Butte County is currently constructing a 
courthouse and support facilities at the northwest corner of East 20th Street/Bruce Road.  The planned 
phasing of development is expected to change over time based on economic conditions.  Because of this 
uncertain development pattern, the City has previously established development thresholds when 
improvements need to be completed.  These improvements were assumed to be completed by the 
future horizon year of 2035 used in this analysis. 

Since the most recent revisions to the Meriam Park development have been approved by the City, the 
developer has proposed including a minor league baseball stadium and community center as part of the 
development.  Though not yet finalized, it was determined through analysis of the proposed ballpark that 
it would result in negligible impacts during the weekday p.m. and weekend midday peak hours because 
games would occur outside of these peaks. 

Existing Traffic Operations 

Existing Intersection Operations 

Currently, the west side of the corridor generally operates with Level of Service C conditions or better.  
The intersection with the Mall access is operating with an acceptable LOS D while the East 20th Street/ 
Forest Avenue operates unacceptably at LOS F.  The existing operations are summarized in Table 2.  It 
should be noted that these conditions represent average conditions.  More significant congestion would 
be prevalent during peak retail seasons, such as the December holiday season.  Intersection level of 
service calculations are provided in Appendix A. 
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Table 2 
Existing Intersection Operations 

Intersection of 
E 20th St with: 

PM Peak Hour Weekend Midday Peak Hour 

Delay/LOS Acceptable 
Queuing 

Delay/LOS Acceptable 
Queuing 

Park Ave 14.9/B Yes 15.3/B Yes 

MLK Jr. Pkwy 33.1/C Yes 34.0/C Yes 

SR 99 SB 27.7/C Yes 29.0/C Yes 

SR 99 NB 16.1/B Yes 14.5/B Yes 

Mall Driveway 27.8/C Yes 44.6/D Yes 

Forest Ave 104.4/F No 52.9/D Yes 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
Results are presented as Delay/LOS 

 
Queuing Conditions 

Queuing occurs when vehicles line up while waiting to enter an intersection.  Queuing can become a 
major traffic flow issue if vehicles back up enough to block downstream intersections or driveways, or 
restrict other movements.  Additionally, since vehicles are idling while queuing, excessive queuing leads 
to an increase in fuel consumption and vehicle emissions.  Queue lengths were determined based upon 
simulated traffic flow utilizing the SIM Traffic software package.  Queuing is considered unacceptable if it 
extends beyond the length of the entire block, if it continually blocks access to driveways, or if it 
extends beyond the length of the turn pocket where there is one. 

Generally, the corridor currently operates acceptably with regards to queuing, but like operations, the 
corridor does experience excessive queuing during peak seasons and time periods.  Even though 
queuing may not reach unacceptable levels, the queuing does result in stop-and-go traffic which 
increases travel time as well as vehicle fuel consumption and emissions produced. 

Property Access 

The critical locations of the Mall Access and Business Lane were considered based upon observation and 
experience with the corridor as standard quantitative analysis methodologies would not be applicable to 
these non-standard intersections and access points.  Currently, both of these access locations 
experience considerable delay and queuing during both peak and off-peak periods. 

Multi-Modal Transportation 

Part of the intent of this study was to balance the mobility and access needs of all users, including driver, 
pedestrians, bicyclists and transit users.  Below is a summary of the existing facilities for non-passenger 
vehicle transportation. 

Pedestrians 

Continuous sidewalks are provided along the East 20th Street corridor west of Notre Dame Boulevard.  
Adjacent parcels along East 20th Street east of Notre Dame Boulevard are undeveloped, reducing the 
potential for pedestrian demand.  Marked pedestrian crossings of East 20th Street are provided at all 
signalized intersections, with the exception of the SR 99 Ramps where crossing of East 20th Street is 
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prohibited.  Marked crossings of East 20th Street are not provided at unsignalized intersections or at 
midblock locations.  Additionally, marked crossings are provided across all side street approaches. 

Crosswalks are provided crossing East 20th Street at the following locations: 

• Park Avenue 
• Fair Street-Mulberry Street 
• C Street 
• Franklin Street 
• Martin Luther King Jr. Parkway 
• Chico Mall Driveway (east leg only) 
• Forest Avenue 
• Huntington Drive 
• Bruce Road 

Marked crosswalks are not provided across East 20th Street at uncontrolled approaches; however, 
crossing generally is not prohibited at these locations, resulting in an unmarked crosswalk. 

Bicycle Travel 

Class II bicycle lanes are present on the entire East 20th Street corridor as well as on Forest Avenue and 
Notre Dame Boulevard.  A citywide network of bicycle facilities provides connectivity between the 
study corridor and Downtown Chico, including Chico State University. 

The Chico Bike Path, a Class I, off-street path, runs parallel to SR 99 north of East 20th Street and 
connects to East 20th Street through the Chico Mall parking lot.  To the north, this route turns to run 
parallel to the Little Chico Creek, which connects to major routes to Forest Avenue and Bruce Road.  
This path connects to the downtown bicycle network, which provides access to various downtown 
destinations. 

Transit 

Butte Regional Transit (BLine), operated by the Butte County Association of Governments (BCAG) 
provides regional bus transit service throughout Butte County and to neighboring counties, as well as 
providing intracity service within Chico. 

BLine provides service along East 20th Street from Park Avenue to Notre Dame Boulevard in addition to 
routes that cross the corridor at Park Avenue, Fair Street-Mulberry Street, Dr. Martin Luther King Jr. 
Parkway, Forest Avenue, Huntington Drive and Notre Dame Boulevard.  Transfer points are provided 
at the Chico Mall near the intersection of East 20th Street/Forest Avenue and on Forest Avenue south of 
Baney Lane, near Walmart.  Routes that serve the corridor include: 

• Route 5 – Travels along Forest Avenue and loops around Notre Dame Boulevard and briefly travels 
on East 20th Street between Forest Avenue and Notre Dame Boulevard.  The route connects to 
Downtown Chico via SR 32.  Service is provided Monday through Saturday on approximately 30-
minute headways in each direction. 

• Route 7 – Is a generally north-south route running along the east side of Chico that travels along 
Forest Avenue and connects to the Forest Transfer Point.  The route runs Monday through Friday 
and serves the a.m. and p.m. commute peak periods between approximately 6:45 a.m. and 9:00 a.m. 
and 2:45 p.m. to 5:30 p.m.  During these time periods, the service is provided at approximately 30-
minute headways in each direction. 
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• Route 15 – Runs along the eastern portion of the corridor from Park Avenue to Martin Luther King 
Jr. Parkway.  The north-south route connects through downtown and continues north on Esplanade 
and runs Monday through Saturday with approximately 30-minute headways in each direction. 

• Route 20 – This regional route connects Chico to Oroville with stops in front of the Chico Mall.  
The route runs Monday through Friday with approximately one-hour headways in each direction.  
Additionally, Saturday and Sunday service is provided with one to two hour headways that vary 
through the day. 

• Route 40 – The regional route connects Downtown Chico to the Town of Paradise with stops along 
East 20th Street.  Weekday service is provided with one-hour headways, but there is an 
approximately three hour gap in service mid-day. 

• Route 41 – Connects Downtown Chico to the Town of Paradise and the Community of Magalia.  On 
weekdays the route runs on approximate one and a half hour headways in each direction.  Three 
daily buses are provided on Saturdays and no service is provided on Sundays. 
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Alternatives Development 

As development continues along the East 20th Street corridor, there will be a need to enhance 
transportation facilities to provide capacity for the increase in traffic.  Previously, the City had plans to 
widen the corridor to three lanes in each direction from SR 99 to east of Forest Avenue.  At 
intersections, this would include construction of new turn lanes and extension of existing ones. 

With the adoption of the City’s 2030 General Plan in April 2011, the City established goals of enhancing 
a city-wide multimodal transportation network that balances the access and mobility needs of both 
motorized and non-motorized users.  Generally, a six-lane arterial would not be the most conducive 
transportation facility for bicyclists and pedestrians, so the City is considering whether this widening is 
necessary to accommodate future vehicular traffic levels, or if alternative improvements are possible to 
provide better access for all users while still accommodating future traffic volumes.  Part of the goal of 
this analysis was to develop alternatives that would maintain or enhance access to properties along the 
East 20th Street corridor, including the existing intersection with Business Lane, and to determine if 
conversion to a full access intersection is feasible. 

Through an iterative process with City staff, the following primary alternatives were developed focused 
on intersection controls within the corridor 

• No change from existing conditions. 
• Major intersections controlled with traffic signals and the improvements necessary to achieve 

acceptable operations. 
• Conversion of existing signalized intersections to modern roundabouts, including capacity needs of 

the roundabouts and other corridor improvements necessary to maintain acceptable operations. 

The following sections outline the alternatives and provide the possible impacts of each. 
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No Change Alternative 

The “No Change” alternative reflects an analysis of the existing East 20th Street corridor with future 
volumes and assuming that no major enhancements are constructed.  While it is recognized that it is 
unlikely that no enhancements to the corridor would be constructed by 2035, this alternative provides a 
basis of comparison with other alternatives. 

Future Traffic Operations 

Projected future vehicular operations were determined for both the lower and higher volume 
thresholds based upon the existing transportation network.  The only assumed transportation 
enhancements included in this scenario are improvements along the Meriam Park development frontage 
and coordination of traffic signals on East 20th Street between Martin Luther King Jr. Parkway and Notre 
Dame Boulevard. 

Future Intersection Operations 

Without any improvements to the existing East 20th Street corridor, the signalized intersections  east of 
SR 99 are expected to experience increased congestion, resulting in unacceptable delay based upon 
thresholds established by the City of Chico.  The expected future operations for the higher and lower 
volumes are summarized in Table 3 and full calculations are provided in Appendix A.  Generally, 
intersections west of SR 99 are expected to continue to operate acceptably without any major 
improvements. 

Table 3 
Future Intersection Operations – No Change Alternative 

Intersection of 
E 20th St with: 

PM Peak Hour Weekend Midday Peak Hour 

Lower Threshold Higher Threshold Lower Threshold Higher Threshold 

Delay/ 
LOS 

Acceptable 
Queuing 

Delay/ 
LOS 

Acceptable 
Queuing 

Delay/ 
LOS 

Acceptable 
Queuing 

Delay/ 
LOS 

Acceptable 
Queuing 

MLK Jr. Pkwy 36.2/D No 42.9/D No 36.3/D No 87.5/F No 

SR 99 SB 26.2/C No 36.7/D No 29.3/C No 31.1/C No 

SR 99 NB 15.8/B No 34.6/C No 11.9/B No 14.4/B No 

Business Ln N/A No N/A No N/A No N/A No 

Mall Driveway 37.8/D No 55.0/E No 78.5/E No 99.3/F No 

Forest Ave 58.1/E No 70.8/E No 60.1/E No 98.7/F No 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
Results are presented as Delay/LOS 

 
It is noted that some intersections are projected to operate with less average delay under future 
conditions than they currently do.  This is attributed to the fact that future traffic volumes at some 
intersection are expected to be more balanced on all approaches, allowing for more efficient traffic 
signal operations.  Further, this scenario assumes re-timing of traffic signals, which would also improve 
efficiency. 
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Queuing Conditions 

From Martin Luther King Jr. Parkway through Forest Avenue, queuing is expected to extend beyond the 
available storage and to adjacent intersections during the peak periods.  This could result in increased 
delay and safety concerns related to stop-and-go traffic. 

Multimodal Transportation 

No change to the multimodal transportation network would be included in this alternative.  The existing 
levels of pedestrian and bicycle access would be maintained along the corridor, including sidewalks, 
crosswalks and bicycle lanes.  However, generally both pedestrians and bicyclists are less comfortable in 
congested environments.  Transit operations would be negatively impacted by increased corridor 
congestion, resulting in slower bus travel speeds. 
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Signal Alternative 

This alternative identifies the improvements that would have to be made to the East 20th Street corridor 
in order to achieve acceptable operations while retaining the use of traffic signals at major intersections. 

Necessary Improvements 

Corridor Improvements 

It was determined that in order to maintain acceptable operations along the East 20th Street Corridor 
under future conditions, three lanes would need to be provided in each direction on East 20th Street 
from SR 99 to just east of Forest Avenue.  Additionally, turn lanes at many signalized intersections 
would need to be extended and/or new turn lanes would need to be constructed. 

It would beneficial, but not necessary, to restrict turns at unsignalized commercial driveways to only 
right turn movements if an alternative routes exist.  This would include driveways for the Chico Mall 
and Target shopping center to the west of Forest Avenue. 

The improvements are expected to result in acceptable operations at intersections along the corridor, 
as summarized in Table 4 with calculations provided in Appendix A.  However, even with these 
improvements, unacceptable queuing is expected to continue to occur on Business Lane and the Chico 
Mall-Toys R Us Driveway, and occasional unacceptable queuing is expected to occur during peak traffic 
periods at other intersections. 

Table 4 
Future Intersection Operations – Signal Alternative 

Intersection of 
E 20th St with: 

PM Peak Hour Weekend Midday Peak Hour 

Lower Threshold Higher Threshold Lower Threshold Higher Threshold 

Delay/ 
LOS 

Acceptable 
Queuing 

Delay/ 
LOS 

Acceptable 
Queuing 

Delay/ 
LOS 

Acceptable 
Queuing 

Delay/ 
LOS 

Acceptable 
Queuing 

Park Ave* 16.4/B Yes N/A N/A 15.1/B Yes N/A N/A 

MLK Jr. Pkwy 34.9/C Nos 41.7/D No 33.7/C Yes 51.4/D No 

SR 99 SB 20.8/C Yes 26.2/C No 22.9/C Yes 23.2/C No 

SR 99 NB 24.2/C Yes 39.1/D Yes 20.3/C Yes 22.7/C Yes 

Business Ln N/A Nos N/A No N/A No N/A No 

Mall Driveway 26.2/C No 35.9/D No 50.7/D No 52.9/D No 

Forest Ave 39.8/D Yes 47.9/D Yes 43.0/D Yes 53.5/D Yes 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service; Results are presented as 
Delay/LOS; * A single set of future volumes was developed for E 20th St/Park Ave 

 
Freeway Ramp Improvements 

Congestion is projected at the northbound SR 99 on-ramp due to heavy eastbound left-turns and 
westbound right-turns to enter the freeway.  Two possible improvements to alleviate this congestion 
would be to install an eastbound to northbound loop ramp; this would replace the left-turn movement 
with an eastbound right-turn movement.  This would allow for the westbound right-turn be converted 
to an uncontrolled movement, reducing delay on that approach as well.  However, to accomplish this, 
the bridge structure over the freeway would need to be widened to accommodate the additional lane.  
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Another option would be to channelize the westbound right-turn movement and make it yield-
controlled.  Since the eastbound left-turn movement would still be present, an additional merge lane 
would be needed on the ramp to allow the streams to merge before entering the mainline freeway. 

Either possible solution would result in one or more yield-controlled right-turn movement.  These 
movements, although beneficial for traffic operations, are not ideal for pedestrian crossings as they 
increase the possibility of vehicle-pedestrian conflicts.  Because of this, it may be necessary to install 
enhanced pedestrian crossing devices, such as pedestrian-activated in-pavement flashing lights or 
overhead warning lights. 

Multimodal Transportation 

Bicycle 

The existing Class II bicycle lanes found on East 20th Street should be included in any future widening 
project and connections to Class I bicycle paths should be maintained or enhanced.  However, even with 
dedicated bicycle lanes, a six-lane arterial is generally not a comfortable riding environment for most 
cyclists. 

Pedestrian 

Sidewalks should be provided along the entire corridor and crossings installed at all signalized 
intersections.  Where adequate right-of-way exists and it is feasible, sidewalks should be widened.  With 
the street widening, the pedestrian crossing distances at some intersections could reach upwards of 120 
feet, which would take an average person 30 to 40 seconds to cross. 

Transit 

It is expected that transit service would be provided in a similar manner as today.  Since corridor 
operations would remain acceptable, there would likely be little impact to transit operations.  However, 
there would be impacts on people accessing transit due to the pedestrian and bicycle impacts discussed 
above. 

Other Impacts 

Right-of-way 

Widening of East 20th Street from SR 99 to east of Forest Avenue would require at least an additional 
24 feet of pavement along the length of the corridor, possibly more at intersections, and when sidewalk 
widening is included, may result in the need for the City to obtain additional right-of-way.  Most of the 
landscaping along the corridor would need to be removed, and some buildings and parking may be 
impacted by the widening.  These impacts would need to be fully determined and addressed during the 
design and environmental clearance process for the widening. 

Property Access 

This alternative does not directly address needs for improved access to the Chico Mall and Business 
Lane.  Due to the close spacing of the two intersections, it would not be possible to signalize Business 
Lane while maintaining the signalized Chico Mall-Toys R Us driveway to the east.  It would be possible 
to consolidate the two intersections into one, but this would require either significant reconfiguration of 
the Toys R Us parking lot to the south, or the removal of at least one building to the north (likely an 
outer pad at the Chico Mall that is currently occupied by a fast-food restaurant). 
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With this alternative, it may be possible to relocate the Chico Mall’s primary driveway to the east.  If 
this is done, the intersection of East 20th Street/Business Lane could be converted to a signalized 
intersection allowing full access.  In order for this to occur, the Business Lane approach to the 
intersection would need to be widened to allow for turn lanes.  If the intersection is signalized, it is 
possible that queuing may extend beyond the intersection with SR 99 Northbound ramps to the west. 



 

 

East 20th Street Circulation Study for the City of Chico 
October 18, 2011 Page 18 

Roundabout Alternative 

Background on Modern Roundabouts in the United States 

Modern roundabouts are relatively new to the United States, though in the past several years their use 
has been growing rapidly as decision makers, the public, and the development community have come to 
realize their benefits.  In 2010 the National Cooperative Highway Research Program (NCHRP) of the 
Transportation Research Board in cooperation with the Federal Highway Administration (FHWA) 
published Roundabouts: An Informational Guide, Second Edition¸ also identified as NCHRP Report 672 
(referred to herein as the “Roundabout Guide”) which provides design guidelines as well as discussions 
of the operational impacts of roundabouts.  This is an update to the FHWA’s previous Roundabout 
Guide published in 2000.  Following is a synthesis of the benefits typically associated with modern 
roundabouts based on discussion in the Roundabout Guide. 

1. Safety – NCHRP Report 572 Roundabouts in the United States indicates that collisions have been found 
to decrease by approximately 35 percent on average when intersections are converted to 
roundabouts, with a 76 percent decrease in injury-producing collisions.  Intersections converted 
specifically from signals to roundabouts have been found to have a 48 percent drop in collisions, while 
collisions at converted all-way stop-controlled intersections remain generally unchanged (at 
comparatively low rates compared to other forms of intersection control).  There are multiple 
characteristics of roundabouts that lead to their safety performance.  Perhaps the most influential are 
related to speed moderation and reduction in conflict points.  Properly-designed roundabouts are 
configured to regulate all vehicle speeds to the 15-25 mph range, and collisions in roundabouts tend to 
be low-speed incidents that often result only in property damage.  The most severe types of accidents, 
head-on and broadside, do not occur at roundabouts.  Another major difference between 
roundabouts and other intersections is a substantial reduction in the number of potential conflict 
points.  At four-way intersections roundabouts have eight vehicle-to-vehicle conflict points versus 32 
at a conventional intersection, and eight vehicle-to-pedestrian conflict points in comparison to 16.  
Diagrams showing conflict point locations at both four-way and tee intersections are provided below. 
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  Source:  Roundabout Guide 

2. Capacity and Delay Times – For a given number of entering lanes, roundabouts are capable of handling 
a higher volume of vehicles than other types of intersection controls.  For many intersections, and in 
particular those that are all-way stop-controlled, roundabouts will have lower average vehicle delay 
and better Levels of Service. 

3. Aesthetics and “Gateway” Effect – Roundabouts provide an excellent opportunity for landscaping 
and/or public art, work well as transition points between higher-speed and lower-speed 
environments, and work effectively as a transition between one- and two-way streets.  Roundabouts 
also create “gateways” into urban areas that visually alert drivers that they are entering a different 
type of street environment. 

4. Speed Moderation – Roundabouts are carefully designed to moderate traffic speeds through 
maneuverability restrictions, with all traffic flowing through the roundabout at design speeds of 15 
to 20 miles per hour.  This also results in moderated traffic speeds on the roundabout approaches 
and exits without creating the stop-and-start conditions associated with stop signs and traffic signals. 

5. Fuel Consumption, Air Quality, and Energy – By reducing the amount of rapid acceleration and 
deceleration associated with other types of intersection controls, roundabouts typically cause 
vehicles to consume less fuel and correspondingly lead to lower vehicle emissions.  Roundabouts 
also use no electricity other than street lighting, and have a longer expected service life than 
signalized intersections. 

6. U-turns – The ability to make U-turns is relatively easy and safe at roundabout-controlled 
intersections.  This can facilitate parking circulation, and can improve access from driveways along 
adjacent street segments where left-turns are difficult or prohibited. 

Necessary Improvements 

Intersection Improvements 

This alternative would require the following intersection improvements in order to achieve acceptable 
operations: 

• East 20th Street/Martin Luther King Jr. Parkway – No physical modifications are recommended; 
however, the traffic signal may need to be re-timed based on corridor modifications. 

• East 20th Street/SR 99 Southbound – No physical modifications are recommended; however, the traffic 
signal may need to be re-timed based on corridor modifications. 
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• East 20th Street/SR 99 Northbound – Convert the intersection to a two-lane modern roundabout plus 
right-turn slip lane on the westbound approach. 

• East 20th Street/Business Lane – Convert the intersection to a two- to three-lane modern roundabout 
with full access on all approaches. 

• East 20th Street/Chico Mall Entrance – Close the existing intersection and relocate it to the east.  The 
new intersection would be a two to three-lane modern roundabout and would connect to the 
Chico Mall to the north and the Target-Toys R Us Shopping Center to the south. 

• East 20th Street/Forest Avenue – Convert the intersection to a two to three-lane modern roundabout. 

Redistribution of Traffic Volumes 

To assess impacts associated with the proposed modifications, existing and projected future traffic volumes 
were redistributed to the reconfigured driveways.  Volumes were redistributed along the routes likely to 
be used, based upon route travel time, intersection control, distance and proximity to destinations. 

Roundabout Size 

The size of a roundabout is largely dependent on traffic volumes and patterns.  Since this analysis 
presents a range of possible future volumes, three locations resulted in two different possible 
roundabout sizes.  These locations are discussed in more detail below, and graphics showing the smaller 
possible configurations of the roundabouts are included in Appendix B. 

East 20th Street/SR 99 Northbound 

A two-lane roundabout is expected to accommodate future traffic volumes, but a channelized 
westbound, right-turn slip lane onto northbound SR 99 may be necessary to minimize queuing on that 
approach. 

East 20th Street/Business Lane 

A two-lane roundabout is expected to be acceptable for the lower end of projected future traffic 
volumes, but a third westbound through lane could be necessary if higher traffic volumes are 
experienced.  This expansion could be accomplished by building a two-lane roundabout, but obtaining 
and maintaining the necessary right-of-way to the north of the intersection to provide this third lane at a 
later date if necessary.  This third lane could potentially be a bypass lane that does not enter the 
roundabout, but instead directs westbound drivers into a lane that serves traffic destined to the SR 99 
Northbound On-ramp at the next intersection. 

East 20th Street/Chico Mall Entrance 

At minimum, a two-lane roundabout would be necessary at the Chico Mall Entrance.  It is possible that a 
partial three-lane roundabout would ultimately be necessary to accommodate dual eastbound left turn 
movements, depending in growth in traffic associated with the mall.  This configuration would result in 
three circulating roundabout lanes on the southern quadrant of the roundabout and two circulating 
lanes in the remainder of the roundabout.  If the mall owners propose expanding the mall once 
economic conditions improve, a detailed traffic study would need to be completed, including 
determination of increases in traffic at the mall driveways.  Since any conversion to a roundabout at the 
Mall Entrance would require modifications to the mall’s parking lot it would likely be completed in 
conjunction with a possible expansion. 

A possible alternative to a partial three-lane roundabout would be to enhance access to the Mall at 
locations on Forest Avenue or Springfield Drive to shift traffic away from this entrance; however, this 
could result in other impacts which would need to be analyzed as part of a site-specific study. 
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East 20th Street/Forest Avenue 

A two-lane roundabout would be expected to accommodate future volumes to the mid-range of those 
analyzed.  If the upper-range future traffic volumes are realized, a third circulating lane in the eastern 
quadrant of the roundabout would likely become necessary.  The resulting configuration would include a 
three-lane entry on northbound Forest Avenue with lane designations indicating left, left-through, and 
through-right movements.  However, for planning purposes, it is recommended that a two-lane 
roundabout be initially constructed with provisions for acquiring additional right-of-way on the eastern 
half of the intersection should it become necessary to add the third circulating lane in the future. 

Vehicle Traffic Operations 

Intersection Level of Service 

With the implementation of the proposed modifications, the corridor and all of the study intersections 
are expected to continue to operate acceptably without widening the entire length of the East 20th 
Street study corridor to provide additional through lanes.  While the corridor would still be expected 
to experience times of congestion, there would be a considerable decrease in stop-and-go traffic since 
roundabouts facilitate continuous flow.  Since there is a range of roundabout design options that would 
need to be further developed, intersection levels of service are not reported here, but would be 
determined through the design process.  However, it is expected that acceptable intersection is 
achievable by implementing the roundabouts discussed above. 

Queuing 

In general, queuing is expected to be acceptable along the East 20th Street corridor with the 
implementation of the propose modifications.  During the highest volume periods, some long queues 
would exist, but they are expected to be much shorter than queues associated with traffic signal control.  
One of the benefits of a modern roundabout is that when a queue does exist, it tends to be a rolling 
queue in which drivers would seldom be stationary. 

Multimodal Transportation 

Pedestrians 

Pedestrians would still be served by sidewalks on both sides of the East 20th Street.  Pedestrian crossings 
at roundabouts would include a refuge area separating each direction of travel.  These refuges allow a 
pedestrian to contend with crossing only one direction of travel and a maximum of two to three lanes 
at a time.  The vehicle approaches at the crosswalks would be uncontrolled, but drivers would be 
slowing to enter the roundabout and would be able to come to a stop for a pedestrian waiting to cross 
the lanes.  A possible enhancement to the pedestrian crossings would be to provide a pedestrian-
activated warning system, such as in-pavement or overhead flashing lights, or a device called a pedestrian 
hybrid beacon, which is a special signal that stops drivers with a red light during pedestrian crossing 
intervals but remains dark when no pedestrians are present. 

Bicycle 

Roundabouts are generally considered safer for bicyclists and easier to traverse because roundabouts 
result in more uniform traffic speeds, fewer conflict points, and vehicle speeds that are closer to bicycle 
speeds.  A bicyclist would have two options: either travel like a vehicle through the roundabout or exit 
the road and travel on the adjacent multi-use path utilizing crosswalks.  Adjacent to the roundabouts the 
sidewalks would need to be a minimum of ten feet wide to accommodate the multi-use path.  Bicycle 
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lanes would continue to be provided along East 20th Street and connections to Class I paths should be 
maintained or enhanced. 

Transit 

Since acceptable operations would be maintained along the corridor, minimal impact to transit service is 
expected.  All roundabouts would need to be designed to accommodate transit vehicles to ensure full access. 

Other Impacts 

Right-of-way 

With this alternative, widening of East 20th Street from SR 99 to east of Forest Avenue would not be 
necessary, so no additional right-of-way would need to be obtained along the corridor.  In fact, a 
narrower roadway may be possible between intersections, and this extra space could be used for wider 
sidewalks or additional landscaping. 

Additional right-of-way would, however, be required at roundabout intersections.  While exact right-of-
way requirements would need to be determined during the design phase, below is a summary of the 
anticipated right-of-way needs for each intersection. 

East 20th Street/SR 99 Northbound 

The intersection footprint would require additional space on all corners, but would likely remain within 
the existing landscaping areas around the intersection. 

East 20th Street/Business Lane 

Some additional right-of-way would be necessary on the two southern corners; this would result in a 
modification to the access to the gas station on the southwest corner and likely result in a loss of some 
parking spaces on the southeast corner.  The impacts to the north side of the intersection will depend 
on if a third westbound through lane is constructed.  If the third westbound through lane is constructed, 
it is likely that the building to the north (currently a fast-food restaurant) would be greatly impacted, 
including possible removal of the building.  If the lane is not constructed, right-of-way needs would likely 
be within the existing landscaped area; however, modifications may need to extend into the parking lot, 
including the fast-food restaurant’s drive-through lane. 

East 20th Street/Mall Entrance 

If it is determined that a partial three-lane roundabout is necessary to accommodate growth in traffic, it 
is likely that one building in either the Mall parking lot or the Target Shopping Center would need to be 
removed.  However, if a two-lane roundabout is determined to be adequate, it is likely that buildings 
would not be impacted, but landscaping and parking would. 

East 20th Street/Forest Avenue 

It is anticipated that the need for additional right-of-way could be limited to the northeast and southeast 
corners, which are currently landscaping buffers.  Buildings are located on the other two corners, but 
could likely be avoided if adequate right-of-way can be obtained along the eastern side. 
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Property Access 

This alternative allows for full access to both the Chico Mall and Business Lane and also provides an 
opportunity to restrict uncontrolled driveways between SR 99 and Forest Avenue to allow only right-
turns, which would reduce mid-block conflicts.  The restriction would have minimal impact on property 
access because drivers wishing to make turns that would be blocked could complete U-turn movements 
at roundabouts to reach the driveways. 

Phasing 

While it is ideal to complete all modifications at the same time, logistically and financially this may not be 
possible.  Therefore, the following phasing of improvements is recommended: 

• Relocation of the Chico Mall Driveway 
• Conversion of the East 20th Street/SR 99 Northbound intersection to a modern roundabout 
• Conversion of the East 20th Street/Business Lane intersection to a modern roundabout 
• Conversion of the East 20th Street/Forest Avenue intersection to a modern roundabout 

During each phase of improvements it is recommended that timing of adjacent traffic signals be 
evaluated to ensure that acceptable corridor progression is retained. 
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Conclusions 

Existing Conditions 

• Currently, the East 20th Street corridor operates within the upper range of acceptable delay and 
experiences congestion during some peak periods, such as the December holiday season. 

• With the current configuration, full access at the intersection of East 20th Street/Business Lane is not 
possible. 

• Occasionally vehicle queuing extends beyond adjacent intersections.  Furthermore, queuing on 
private property adjacent to the corridor results in congestion within major commercial parking 
lots. 

• Sidewalks with marked crosswalks are provided at most intersections along the corridor. 

• Class II bicycle lanes are provided along the corridor and connect to a citywide network of bicycle 
facilities. 

• BLine Transit provides service along the corridor with two transfer points located near the 
intersection of East 20th Street/Forest Avenue. 

Future Conditions 

No Change Alternative 

• With no capacity enhancements to the corridor, many intersections along East 20th Street are 
expected to operate unacceptably in the future. 

• Vehicle queuing would often extend beyond adjacent intersections, worsening overall operations. 

• Existing pedestrian and bicycle facilities would still be present, but generally increased vehicle 
congestion makes use of the facility less comfortable for some bicyclists and pedestrians. 

• Transit service along the corridor would likely be impacted by the increased congestion and 
resulting slower bus travel speeds. 

Signal Alternative 

• To achieve acceptable operations along the corridor with traffic signal controls the corridor would 
need to be widened to provide three through lanes in each direction from SR 99 to east of Forest 
Avenue.  Extension of intersection turn lanes would also be necessary. 

• Although acceptable level of service operations could be achieved with this widening, occasional 
excessive vehicle queuing is likely to occur. 

• The existing level of pedestrian and bicycle facilities should be provided or enhanced with this 
alternative. 

• Due to the widening at intersections, pedestrian crossing distances would increase, and in some 
cases it could take a pedestrian 30 to 40 seconds to cross a leg of an intersection. 
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• Some bicyclists may be less comfortable using a bicycle lane adjacent to three travel lanes compared 
to a narrower street. 

• Transit service is expected to be provided in a similar manner as today. 

Roundabout Alternative 

• This alternative would include converting the following intersections to modern roundabout 
controls: 
o East 20th Street/SR 99 Northbound 
o East 20th Street/Business Lane 
o East 20th Street/Chico Mall Entrance 
o East 20th Street/Forest Avenue 

• To accommodate converting East 20th Street/Business Lane to a modern roundabout, the adjacent 
Chico Mall Entrance would need to be moved to the east.  This is also expected to have a positive 
effect on corridor congestion by providing more even separation of intersections. 

• The roundabouts would need to have at least two lanes on all approaches. 

• If traffic volumes reach the higher-level volume thresholds, the roundabouts may need to be 
expanded to include a third lane on select approaches and circulating lanes in order to achieve 
acceptable operations. 

• It is recommended that the exact roundabout size be determined in coordination with adjacent 
property owners to establish project access needs based upon planned future use and expansion. 

• Implementation of roundabouts would not require additional right-of-way between intersections, 
but would require additional right-of-way at intersections. 

• Parking lots would likely be impacted and would need to be slightly reconfigured. 

• Depending on the size of the roundabouts, the need for right-of-way may impact several buildings 
adjacent to intersections. 

• Sidewalks would continue to be provided along the corridor.  Pedestrian crossings at roundabouts 
would be divided so that a pedestrian only needs to cross one direction of traffic at a time. 

• Bicycle lanes would be provided along the corridor.  At roundabout-controlled intersections, 
bicyclists would have the option of riding through the roundabout with vehicle traffic, or exiting the 
roundabout and using an adjacent multi-use path. 
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