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Thank you for inviting me today and to talk you about the Corridor Bottleneck Operations Study or CBOS.  We began this study in 2009 as a focused approach to deal with recurring localized freeway bottlenecks in the Portland Metro area. 
With declining revenues and increasing congestion FHWA has asked the state DOT’s to focus on identify and addressing recurring bottlenecks.  
This study looked at all of the recurring bottlenecks on I-5, I-205, I-405, I-84, & US 26 and reviewed a range of solutions for each bottleneck.  Corridor Bottleneck Operations Study (C-BOS) effort is to identify Low Cost, Highly Effective and Immediate solutions to known recurring bottlenecks on I-5, I-205, I-405, I-84, & US 26.
The recurring bottlenecks are not difficult to find, drivers know them and either avoid them or sit through them…… we know they are problematic and happen at the same time at the same location every day. 
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Recurring bottlenecks are caused byare caused by

decision pointsdecision points……
entrances and exit-ramps, merge areas, weave areas or drop lanes 

physical constraintsphysical constraints…..
curves, underpasses, narrow structures or no shoulders.
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What we did in this study was to look at the freeway to understand what is causing the recurring bottlenecks on our system.

What we found was that these recurring bottlenecks were operational deficiencies that occur in two conditions: 
	decision points – where drivers have to make a decision, such as at: 
		interchange entrance or exit-ramps, merge or weave areas or 	drop lanes
	or physical constrains – where drivers have to react, such as at:
		curves, underpasses, narrow structures or no shoulders 

These conditions affect the driver’s attention and cause drivers to pay special attention to the traffic flow. As a result drivers slow down in high-speed lanes and they are forced to make maneuvers which result in unsafe conditions.
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The Goal…..is to improve safety at these 
recurring bottleneck locations

Improvement Type  Comparable Improvement  Before  After  Reduction 

Short Auxiliary Section  I‐205  Southbound  at  Sunnyside 
Road Interchange 

12  8  32% 

Long Auxiliary Section 

(Across multiple interchanges) 

US  26  Eastbound,  Cornell  Road  to 
OR 217  37  10  73% 

 
Our studies indicate we could achieve at least a 
30% or better reduction in crashes at this sites

Historical evaluation of Safety Improvements where auxiliary lanes 
were built within the last 20 years 
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Our primary mission and goal is to improve the safety of our highways and because operational bottleneck locations are high crash sites we are seeking ways to improve the safety at these bottleneck locations. 

To help us understand the safety impact of building safety and operational improvements, we investigated two urban sites in Region 1, where auxiliary lanes were built within the last 20 years.  

As part of the safety analysis we measured the before and after crash rates with and without  the auxiliary lanes. 

The safety analysis indicated that auxiliary lane improvements by itself can reduce crashes about 30% to 70%, depending on how long the lane is and how many interchanges it connects.

This is a very significant crash reduction for a freeway improvement.
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II--5, I5, I--205, I205, I--84, I84, I--405 and US26405 and US26

These recurring bottlenecks were defined by:
Influence area
such as, location of interchange and ramps, curve or tunnel

Congestion Duration
how long had it last

Contributing factors
mainline volumes, spacing of interchange and ramps or speed 
change

Speed
less than 30mph as the indicator of congestion

Area crashes
number of crashes Rate per MVMT and frequency

A Comprehensive Analysis and A Comprehensive Analysis and 
Evaluation of the Recurring Evaluation of the Recurring 
BottlenecksBottlenecks
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What we did in this study was to take a comprehensive look at the freeway to analysis and evaluate recurring bottlenecks.

To identify recurring bottlenecks we analyzed in the Region’s the five freeway corridor. Using  PORTAL data, ODOT cameras, and field travel time data.

Thirty-six (36) bottlenecks were identified along the I-5, I-205, I-84, I-405, and US 26 corridors. These bottlenecks were classified by direction, time of day (AM Peak or PM Peak), and location. 

The recurring bottlenecks were defined by
Influence area…….where it was location such as, an interchange and ramps, curve or tunnel
Congestion duration……how long had it last
Contributing factors…. mainline volumes, spacing of interchange and ramps or speed change
Speed……….less than 30mph as the indicator of congestion
Area crashes………number of crashes, Rate per MVMT and frequency 
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Over 30 recurring bottleneck Over 30 recurring bottleneck 
locations were indentified by locations were indentified by 
a design panel of expertsa design panel of experts
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After the bottlenecks were identified, a expert design and engineering panel was brought together for several workshop to review, evaluate and analyze potential solutions for each identified bottleneck with a focus on improving safety and operations.

Their objective was to look at a wide range of options to develop low cost solutions, highly effective and immediate solutions to improve safety and operations of the freeway. 
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Of the recurring bottlenecks Of the recurring bottlenecks 
identified only about 20 potential identified only about 20 potential 
solutions were recommended to solutions were recommended to 
move forwardmove forward
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What they found was that not every bottleneck has an immediate and effective, low cost solution. Of the 30 bottlenecks, only about 20 had potential low cost solutions within the cost range of $1.0 to $20.0 million.

There were are number of bottleneck solutions are beyond the scope of this study.  

Only the ones that were identified as a potential low cost, highly effective and immediate solutions to improve safety and operations of the freeway were recommended for further analysis. 

Examples of solutions ranged from simple re-strip for better channelization of the traffic flow; to improving signage, to help reduce driver confusion; or re-striping on a 1-lane exit to a 2-lane exit ramp, so car do not back onto the freeway. 
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What is the Most Frequent Cause for Recurring 

Bottlenecks in Region 1?

Vehicles entering or exiting must merge and weave using the freeway through-lane 
resulting in congestion and overall slowing of the freeway traffic.

Vehicles entering or exiting can use the auxiliary lane to merge and weave outside of 
the freeway through-lane improving safety and freeway traffic flow.

Inadequate Interchange Spacing.……

Provide Additional Space ……..
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The study’s analysis highlighted that one of the biggest causes of the bottleneck in the Portland area is a combination of high mainline volumes, weaving behaviors between the entrance-ramps and exit-ramps and speed change.
 
The basic problem is that our interchanges are spaced too close. 	As the diagram illustrates, inadequate interchange spacing forces cars 	to entering or leaving the freeway to use the freeway through lanes.  
		This results in turbulence in traffic flow caused by merge/weave 	maneuvers results in slowing of the mainline and the creation of the 	recurring bottleneck. 

National studies indicate that solution to is to provide more space for the weaving/merging segment and to provide a separate space for entering and exiting traffic movements outside of the through lanes.  

National studies recommend C/D roads, braided ramps or auxiliary lanes for this.  These operational improvements will reduce of turbulence and will allow the through traffic to flow more smoothly. 

As shown in the diagram, our expect design panel chose auxiliary lanes, because they are low cost and effective solutions to provide addition space for weaving and merging onto and off the freeway and separated from the through lanes.
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Recently Completed Improvements

II--5 SB auxiliary lane built in 20105 SB auxiliary lane built in 2010
This auxiliary lane is 1.5 miles long from I-205 to Elligsen Rd. This 
section of I-5 was ranked 125th on the national freight congestion list. 
The construction cost was approximately $5.0 million. 

II--5 SB exit5 SB exit--ramp to Nyberg Road built in 2010ramp to Nyberg Road built in 2010
The improvement widened the southbound Nyberg Road exit-ramp 
from one lane to two lanes. The ramp widening resulted in significant 
crash reduction and operational improvement.  
The construction cost was approximately $500,000.

II--5 SB: Phase 1 5 SB: Phase 1 -- Carman Dr Entrance Ramp to Lower Boones Carman Dr Entrance Ramp to Lower Boones 
Ferry Exit Ramp Ferry Exit Ramp -- Auxiliary LaneAuxiliary Lane Completed in 2012Completed in 2012
This project extended the current lane drop just south of the Carman Dr. exit-ramp 

to the Lower Boones Ferry Rd. exit-ramp, where it would become a drop lane.

The construction cost was approximately $1.25 million.
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We have recently fixed several of the bottlenecks identified in CBOS, with low-cost safety and operations improvements.  These were implemented very quickly, had low environmental and ROW issues and impacts, and were highly visible and popular with the public.  
		
On I-5 there are several example:
I-5 Southbound auxiliary lane built in 2010 
	This auxiliary lane is 1.5 miles long from I-205 to Elligsen Rd. This section of I-5 was ranked 125th on the national freight congestion list. 
	The construction cost was approximately $5.0 million. 
I-5 Southbound exit-ramp to Nyberg Road built in 2010
	The improvement widened the southbound Nyberg Road exit-ramp from one lane to two lanes. The ramp widening resulted in significant crash reduction and operational improvement.  
	The construction cost was approximately $500,000.
I-5 SB: Phase 1 - Carman Dr Entrance Ramp to Lower Boones Ferry Exit Ramp -  Auxiliary Lane Completed in 2012
	This project extended the current lane drop just south of the Carman Dr. exit-ramp to the Lower Boones Ferry Rd. exit-ramp, where it would become a drop lane. 
	The construction cost was approximately $1.25M
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II--84 EB: Halsey St. Exit Ramp to I84 EB: Halsey St. Exit Ramp to I-- 
205 NB Entrance Ramp 205 NB Entrance Ramp -- Auxiliary Auxiliary 
LaneLane

Project Cost: 
$5.9M

Improvements Under Construction
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In addition, we have several projects scheduled for construction this year that were identified as CBOS bottleneck locations.
This project at I-84 EB: at the Halsey Street Exit Ramp it is to provide a new exit-only auxiliary lane to I-205 NB. 
Currently, I-84 EB is three lanes till the Halsey St. exit.  At that point the third lane becomes a drop lane at the exit-ramp.  I-84 traffic is forced into 2-lanes, causing sever queuing at this bottleneck.
The solution is to provide an auxiliary lane from Halsey to the I-205 NB entrance ramp.  It will provide space for I-205 NB traffic going to the airport and Vancouver to queue outside of the I-84 EB mainline traffic.
		This will improve safety by reducing traffic queuing and congestion 	on I-84 EB. It will also improve traffic flow for I-84 EB through traffic 	including freight movements destined to Troutdale or locations further 	east not only in the p.m. peak hours, but also throughout most of the day.
The project is an example of a low cost solution that required no ROW and minimal envir. work.






II--84 WB: I84 WB: I--5 NB and I5 NB and I--5 SB Diverge 5 SB Diverge 
ReRe--stripingstriping

Project Cost: 
$0.5M
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Proposed

Existing
5%

28%

67%

5%
28%

67%

Improvements Under Construction
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This is another example of a low cost solution that is being done as part of a IM project.  
It is a simple re-striping of lane markings to better channelization traffic at the  Junction of I-84 and I-5.
		Over the past five years (2007-2011), there have been 237 collisions 	on I-84 westbound between the Convention Center/Rose Quarter exit 	ramp and 33rd Avenue. Of these, 31 occurred between the Grand 	Avenue overpass and the ramp for Convention Center/Rose Quarter. 	Most of these have been rear end or sideswipe collisions resulting from 	traffic merging and weaving to get into the correct lanes and from the 	speed reductions and congestion that result from these actions. 
		Traffic analysis showed that the I-5 SB is the heaviest movement 	… about 2/3 of the traffic going to I-5SB and 1/3 goes to I-5 NB.
The improvement will clearly dedicated 2 exit lanes to SB I-5 and 1 dedicated exit lane to NB I-5.  Along with the channelization, the existing signage will be upgrade.
The restriping and signage upgrades will improve traffic flow and help reduce motorist confusion in this area.  This is designed to reduce the collisions by clearly marking the dedicated exit-only lanes.
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We expect similar results from the following We expect similar results from the following 
CBOS Projects that have been Submitted to CBOS Projects that have been Submitted to 

the STIP Enhancethe STIP Enhance
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II--5 SB:  Phase 2 5 SB:  Phase 2 -- Lower Lower 
Boones Ferry Rd. Exit to Boones Ferry Rd. Exit to 
Lower Boones Ferry Rd. Lower Boones Ferry Rd. 
Entrance Auxiliary LaneEntrance Auxiliary Lane

Project Cost: 
$7.0 to $8.5M

Corridors Bottleneck Operations Study (Corridors Bottleneck Operations Study (CBOS)CBOS)

Submitted for the STIP Enhance
Recommended for the 150% List
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This project is located on I-5 SB at the Lower Boones Ferry Rd. Exit to Lower Boones Ferry Rd. Entrance ramps. It has been submitted for the 2016-2018 STIP as an Enhance project
		This project is an example of the use of auxiliary lanes.  Currently, there 	is a drop lane at Lower BF exit ramp.  This causes a short weave/merge 	distances from the Carman entrance ramp.  
		This project provides an auxiliary lane, so motorists will have additional 	time and distance to find gaps and safely weave over lanes into the flow 	of traffic.  
		This is expected to reduce congestion, improve lane balance and travel 	time reliability, and sustain stable traffic flow. 

	As we previously stated auxiliary lane like this have historically reduced 	mainline crashes by at least 30%  This is a very significant safety 	improvement for the freeway. 
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II--5 NB:  Phase 1 5 NB:  Phase 1 -- Lower Boones Ferry Road Lower Boones Ferry Road 
Exit Ramp Reconfiguration Exit Ramp Reconfiguration 

Project Cost: 
$1.0 to $2.0M

Submitted for the STIP Enhance
Recommended for the 150% List
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This project is located on I-5 NB at Lower Boones Ferry Road Exit Ramp. It is a simple reconfiguration of the exit ramp to accommodate a second lane.  This will allow cars to more easily and safer to exit I-5 NB at Lower Boones Ferry. 
		Currently, the I-5NB fourth lane is an operational auxiliary lane that 	is a drop lane a the LBF exit.  This forces traffic to change lanes if 	they want to continue NB.  

		The 2-lane exit ramp will reduce the turbulence near the exit for 	the 2 outside through lanes. 
 
		This will also allow the mainline I-5NB traffic from the Nyberg St. 	Interchange to exit to Lower Boones Ferry Road without having to 	make a lane change. 

The duration of queuing is expected to be reduced by 30 minutes. 
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II--205 SB: I205 SB: I--84 EB Entrance ramp 84 EB Entrance ramp 
to Stark St./Washington St. Exit to Stark St./Washington St. Exit 
Ramp Ramp -- Auxiliary LaneAuxiliary Lane

Cost:
$6.0M to $7.0M

Submitted to the STIP Enhance
Recommended for the 150% List
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This project is on I-205 SB from the I-84 EB entrance ramp to Stark St./Washington St. Exit Ramp.  
		It would provide an Auxiliary Lane from the I-84 entrance ramp to 	Stark/Washington street exit.
	
	Our traffic analysis shows that approximately 25% of traffic from 	the I-84 EB entrance-ramp is destined for Division/Powell. 
	
	This project would provide a direct connection to this exit.  
	
	It would eliminate the need for that traffic to mix into the SB 	through lanes.
Congestion/queuing would be reduced in all lanes and completely reduced in the two leftmost lanes.  
As we previously stated auxiliary lane like this have historically reduced mainline crashes by at least 30%  This is a very significant safety improvement for the freeway. 
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Questions We Have Heard:

Do these improvements add to the capacity of the Do these improvements add to the capacity of the 
freeway?freeway?
NoNo……....CBOS improvements do not add capacity to thru capacity to 
the freeway system. The CBOS improvements are designed to 
improve operations and safety at localized recurring bottleneck 
locations.  By improving these locations the existing through lanes 
operated better.

Will these improvements to the freeway just encourage Will these improvements to the freeway just encourage 
more thru trips?more thru trips?
NoNo……....CBOS improvements are designed to address specific 
bottleneck areas. They do not attract more thru trips to the freeway 
system.  These improvements do improve safety, and reduce 
diversion and out of direction travel. 
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Questions we have heard
1.  Do these improvements add to the capacity of the freeway?
CBOS improvements are to address localized recurring bottlenecks, by correcting operational and safety deficiencies. CBOS is not a large-scale freeway corridor planning effort that traditionally dealt with adding freeway capacity to reduce congestion.
We tested the recommended CBOS improvements to see if they would increase the corridor or region travel.  We used the Metro 2010 and 2035 AM and PM Metro travel demand models and compared to No-Build conditions to determine the travel impacts. 
The modeling results reconfirmed our assumptions that the improvements addressed the operational deficiencies and allowed motorists to more safety enter and exit the freeway at these locations. Auxiliary lanes used between consecutive entrance and exit ramps allow traffic to speed up and slow down in designated lanes while reducing interference to the through lanes.
The modeling results indicated that beyond one interchange from the CBOS improvements the traffic volume did not change. For freeway sections where there are series of auxiliary lane improvements, the trip difference is consistent with the goal of relieving localized bottlenecks.  

2. Will Improvements to the freeway just encourage more thru trips?
We have modeled the CBOS auxiliary lane projects for the freeway system to determine if the improvements attract more freeway thru trips. The modeling results indicate that existing trips on the freeway stay on the freeway longer and by 1 to 2 interchanges. There is generally 1-6% trip increases on the freeway section within the project area and extended to one interchange downstream.  Beyond that next interchange the freeway traffic volumes showed no changes.
What we have noticed from the modeling information is that the auxiliary lane allows area traffic to use a more direct on-ramp from their origin and a more direct off-ramp to their destination which reduces the traffic that is rerouting through local streets, thereby reducing out of direction travel.  As a result, the local streets generally are showing a minor reduction in traffic.
What we found was that auxiliary lanes improve operations around the interchange, but they did not attract more trips on a corridor-wide basis.  

Therefore, these improvements do not encourage more thru trips 
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The CBOS Atlas is available at the The CBOS Atlas is available at the 
ODOT FTP siteODOT FTP site..

ftp.odot.state.or.us/outgoing/cbos2013/ftp.odot.state.or.us/outgoing/cbos2013/

Region 1 CBOS Contacts:Region 1 CBOS Contacts:
Rian WindsheimerRian Windsheimer

Planning and Development ManagerPlanning and Development Manager
503.731.8456503.731.8456

Rian.M.WINDSHEIMER@odot.state.or.usRian.M.WINDSHEIMER@odot.state.or.us

Tim WilsonTim Wilson
Senior Transportation PlannerSenior Transportation Planner

Major ProjectsMajor Projects
503.731.8534503.731.8534

timothy.j.wilson@odot.state.or.ustimothy.j.wilson@odot.state.or.us
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