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Introduction 
Aurora Avenue North is classified as a statewide urban principal arterial that serves 
regional and local traffic north of downtown Seattle. It is designated a Highway of 
Statewide Significance (HSS) and a T-2 statewide freight route by WSDOT and is often used 
as an alternate route to Interstate 5 because it runs parallel to and west of the interstate.   

This technical memorandum summarizes the traffic analysis performed in support of the 
Aurora Avenue North - Transit, Pedestrian and Safety Improvement Project. This project 
will widen Aurora Avenue North to a seven (7) lane roadway section comprised of a 
northbound and southbound business access and transit (BAT) lanes, two general purpose 
lanes in each direction, a left-turn lane/landscaped center median, curb-and-gutter and a 
minimum ten-and-a-half feet wide sidewalk with landscaping.  The sidewalk area will 
require consolidation of some business access points and provide new driveways where 
before there was continuous shoulder access.  Additional improvements include street 
lighting, enhanced transit areas, traffic signal modifications, relocation of utility poles, and 
storm drainage improvements (if necessary). 

The business access and transit lanes, turn restrictions resulting from the raised center 
median, and sidewalk improvements can be expected to provide improvements and 
benefits to intersection operations, transit reliability, pedestrian usage, and reducing the 
angle and driveway type accidents.  

This technical memorandum contains the AM and PM peak hour intersection operations 
analysis for the existing (2005) year and the Build scenario for the year of opening (2010). 
The operational analyses for both the No Build and Build scenarios in the design (2030) year 
are also presented.  This memorandum also includes a safety analysis, traffic volume 
forecasting, and the methods and assumptions used to complete the operational analysis. 



AURORA AVENUE NORTH - TRANSIT, PEDESTRIAN, AND SAFETY IMPROVEMENTS 

FINAL_SEATTLEAURORA_TRAFFIC.DOC 2 

Project Description 
The Aurora Avenue North project is located within the City of Seattle in King County, 
Washington. Aurora Avenue North is a major north/south urban highway that serves both 
local and regional traffic within the City of Seattle. Aurora Avenue North, as named within 
the City of Seattle, is a portion of signed State Route 99 (SR 99) that extends from north 
Pierce County to north Snohomish County and serves as a regional link between cities 
within the Puget Sound Region. Within the project limits, Aurora Avenue serves as a major 
traffic artery for the City of Seattle, with links to I-5 through connections at North 130th 
Street and North 145th Street.  

The City of Seattle, in cooperation with the Washington Department of Transportation 
(WSDOT) and the Federal Highway Administration (FHWA), proposes to make 
improvements to Aurora Avenue North between North 110th Street and North 145th Street 
(approximately 1.6 miles; see Figure 1). The project improvements are described in greater 
detail below. These improvements are consistent with the Route Development Plan (RDP) 
(WSDOT 2003) prepared by WSDOT for Aurora Avenue North between the north end of the 
Battery Street Tunnel and North 145th Street in the City of Seattle, Washington (milepost 
32.44 to milepost 40.47). The RDP is a 25-year plan intended to assist WSDOT, the City of 
Seattle, and King County Metro in making informed decisions on future improvements to 
the SR 99 corridor.  

The RDP listed the following six long-term improvement recommendations for what was 
referred to as the North Focus Area, from North 110th Street to North 145th Street (see 
Figure 2): 

• Widen existing lanes 
• Add a southbound business access and transit (BAT) lane  
• Add a raised median with controlled access points 
• Construct a continuous amenity zone on both sides of SR 99 
• Improve pedestrian crossings 
• Driveway consolidation at logical locations 

This project has been designed with the intent of fulfilling those recommendations.  

Existing Conditions 
Physical Characteristics 
The study area for this project extends along Aurora Avenue North from N. 110th Street to 
N. 145th Street within the City of Seattle (see Figure 1). The study area includes eleven (11) 
study intersections.  The unsignalized intersection at N. 127th Street was not chosen to be a 
study intersection.  Seven intersections are currently signalized, while four of them are 
unsignalized (stop-controlled on the minor street approaches to Aurora Avenue North).    
These study intersections are located on Aurora Avenue North at: 

• North 112th Street (signalized) 
• North 115th Street (signalized) 
• North 117th Street (signalized) 
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• North 125th Street (signalized)  
• North 128th Street (unsignalized) 
• North 130th Street (signalized) 
• North 135th Street (signalized) 
• North 137th Street (unsignalized) 
• North 140th Street (unsignalized) 
• North 143rd Street (unsignalized) 
• North 145th Street (signalized) 

Within the project limits, Aurora Avenue North is a six-lane roadway. Travel lanes through 
the study area are typically 10 to 12-feet wide.  In the northbound direction, there are two 
general purpose lanes and business access and transit (BAT) lanes. The northbound BAT 
lane begins north of N. 112th Street and is restricted to transit vehicles, vehicles accessing 
business driveways, and right-turning vehicles exiting Aurora Avenue North. In the 
southbound direction, there are two general purpose lanes only. A center two-way left-turn 
lane (TWLTL) separates north and southbound traffic and provides full access to businesses 
and cross streets throughout the length of the project.  Additional exclusive left-turn pockets 
occur at many of the study intersections described below.  

Aurora Avenue North currently lacks adequate access management.  Freestanding 
commercial buildings with individual driveways or continuous shoulder access are 
dominant along the roadway throughout the study area, resulting in a large number of 
individual access points.  Much of the existing business parking along the corridor is 
directly adjacent to the roadway shoulders and is angled or perpendicular to the street.    

Aurora Avenue North is also deficient for non-motorized travel.  Numerous driveways, 
limited curbs and sidewalks, and erratic parking all contribute to a general lack of safe 
passage for pedestrians, wheelchairs, and bicyclists. Sidewalks are limited on either side of 
the roadway and generally occur only in front of recently developed establishments.  When 
there are no sidewalks, there is shoulder width available for pedestrians and bus riders.  

The roadway speed limit is posted at 35 miles per hour (mph) for the segment of Aurora 
Avenue North between North 110th Street and North 115th Street. Between North 115th Street 
and North 145th Street, the posted speed limit increases to 40 mph.    

The following paragraphs describe the characteristics of the study intersections along 
Aurora Avenue North.  Figure 3 shows the current lane channelization and intersection 
control. 

Aurora Avenue North and North 112th Street 
The Aurora Avenue North and North 112th Street intersection is a 4-leg, 2-phase signalized 
intersection with permitted left-turn phasing on all approach legs.  North 112th Street is the 
access point to the Washelli Cemetery and intersects Aurora Avenue North at 
approximately a 90-degree angle on both approaches.  The southbound approach consists of 
an exclusive left-turn pocket (approximately 200 feet long), two through lanes, and a shared 
through/right-turn lane.  The northbound approach consists of an exclusive left-turn pocket 
(approximately 250 feet long), two through lanes, and a shared through/right-turn lane. The 
eastbound approach on North 112th Street consists of an exclusive left-turn pocket 
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(approximately 50 feet long) and a shared through/right-turn lane. The westbound 
approach on North 112th Street consists of an exclusive left-turn pocket (approximately 65 
feet long) and a shared through/right-turn lane. Marked crosswalks are provided on the 
north, east, and west legs of the intersection. 

Aurora Avenue North and North 115th Street 
The Aurora Avenue North and North 115th Street intersection is a 3-leg, 3-phase signalized 
intersection with protected/permitted (flashing yellow) left-turn phasing on southbound 
Aurora Avenue North.  North 115th Street intersects Aurora Avenue North at approximately 
a 90-degree angle from the east.  The southbound approach consists of an exclusive left-turn 
pocket (approximately 120 feet long) and two through lanes.  The northbound approach 
consists of two through lanes and a BAT lane (exclusive to transit and right-turning 
vehicles). The westbound approach on North 115th Street consists of a single shared 
left/right-turn lane. A marked crosswalk is provided on the north leg of the intersection.  

Aurora Avenue North and North 117th Street 
The Aurora Avenue North and North 117th Street intersection is a 3-leg, 3-phase signalized 
intersection with protected/permitted (flashing yellow) left-turn phasing on southbound 
Aurora Avenue North.  North 117th Street approaches Aurora Avenue North from the west 
at a 90-degree angle. The southbound approach consists of an exclusive left-turn pocket 
(approximately 120 feet long) and two through lanes.  The northbound approach consists of 
two through lanes and a BAT lane (exclusive to transit and right-turning vehicles). The 
westbound approach on North 117th Street consists of exclusive left (approximately 240 feet 
long) and right-turn lanes. A marked crosswalk is provided on the north leg of the 
intersection. 

Aurora Avenue North and North 125th Street 
The intersection at Aurora Avenue North and North 125th Street is a 4-leg signalized 
intersection with protected left-turn phasing on all approaches.  North 125th Street intersects 
Aurora Avenue North at a 90-degree angle.  The southbound approach consists of an 
exclusive left-turn pocket (approximately 100 feet long), a through lane and a shared 
through/right-turn lane.  The northbound approach consists of an exclusive left-turn pocket 
(approximately 140 feet long), two through lanes, and a BAT lane. The cross street 
approaches on North 125th Street include left-turn pockets (westbound pocket is 150 feet 
long, eastbound pocket is 120 feet long) and one shared through/right-turn lane.  
Crosswalks and pedestrian push-buttons are provided on all the intersection legs. 

Aurora Avenue North and North 128th Street 
At the intersection of Aurora Avenue North and North 128th Street, there are four 
approaches, which generally meet at 90 degree angles. This intersection is unsignalized. The 
approaches on North 128th Street are stop-controlled and consist of a single shared lane 
approach in each direction. Traffic on Aurora Avenue North operates as the free movement. 
The southbound approach to this intersection consists of a through lane, a shared 
through/right-turn lane, and an exclusive left-turn pocket (approximately 130 feet long). 
Similarly, the northbound approach consists of two through lanes, a BAT lane, and an 
exclusive left-turn pocket (290 feet long). North and southbound left-turning traffic must 
yield to opposing through traffic. Crosswalks are not provided at this intersection.  
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Aurora Avenue North and North 130th Street 
The Aurora Avenue North and North 130th Street intersection is a 4-leg signalized 
intersection with protected left-turn phasing on all approaches. The northbound approach 
includes a left-turn pocket (150 feet long), two through lanes, and a BAT lane. The 
southbound approach includes a left-turn pocket (320 feet long), a through lane, and a 
shared through/right-turn lane. The eastbound and westbound approaches each consist of a 
left-turn pocket (westbound pocket is 190 feet, eastbound pocket is 210 feet long), a through 
lane, and a shared through/right-turn lane.  Crosswalks and pedestrian push-buttons are 
provided on all legs except across the north leg, where a pedestrian overpass bridge is 
provided.  

Aurora Avenue North and North 135th Street 
The intersection at Aurora Avenue North and North 135th Street is a 4-leg, 3-phase 
signalized intersection. The northbound and southbound left turns have separate pockets 
(each is 140 feet long) and protected phasing. The remaining northbound approach lanes 
include two through lanes and a BAT lane, while the southbound approach consists of a 
through lane and a shared through/right-turn lane. The eastbound approach is a single, 
shared turn lane. The westbound approach includes a separate left-turn pocket (120 feet 
long) and one shared through/right lane. Eastbound and westbound traffic share the same 
phase with permitted left turns. Crosswalks and pedestrian push-buttons are provided on 
all of the intersection legs. 

Aurora Avenue North and North 137th Street 
At the unsignalized intersection of Aurora Avenue North and North 137th Street, the 
northbound and southbound approaches include two through lanes in each direction (with 
a northbound BAT lane). The north and southbound movements are free and are divided by 
a center two-way left turn lane that provides storage for left turning vehicles. There are no 
exclusive turn pockets marked at this intersection.  The storage distance northbound is 
approximately 300 feet, while the storage distance southbound is approximately 660 feet 
and extends upstream to North 140th Street.  
The eastbound and westbound approaches on North 137th Street are stop-controlled and 
each consists of a single, shared left/through/right-turn lane.  Crosswalks are not provided 
at this intersection.  

Aurora Avenue North and North 140th Street 
The Aurora Avenue North and North 140th Street intersection is a 3-leg, unsignalized 
intersection.  North 140th Street intersects Aurora Avenue North at approximately a 90-
degree angle from the east.  This westbound approach consists of a single, stop-controlled, 
shared left/through/right-turn lane. The southbound approach consists of two through 
lanes and the northbound approach consists of two through lanes and a BAT lane (exclusive 
to transit and right-turning vehicles). The northbound and southbound movements are free 
and divided by a center two-way left-turn lane. This center lane provides separated storage 
length for left-turning vehicles, which must yield to oncoming traffic. There are no exclusive 
turn pockets marked at this intersection.  A marked crosswalk is provided on the south side 
of the intersection. 
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Aurora Avenue North and North 143rd Street 
The intersection at Aurora Avenue North and North 143rd Street is a 4-leg unsignalized 
intersection. Through movements are free along Aurora Avenue North, which includes two 
through lanes in the southbound direction and two through lanes and a BAT lane in the 
northbound direction. The directions are separated by a center two-way left turn lane, 
which provides storage for north and southbound left-turning vehicles. The cross street 
approaches on North 143rd Street are stop-controlled and each include one shared 
left/through/right-turn lane. Crosswalks are not provided at this intersection. 

Aurora Avenue North and North 145th Street 
At the intersection of Aurora Avenue North and North 145th Street, the northbound and 
southbound approaches include two through lanes in each direction (with an additional 
BAT lane northbound). The north and southbound directions also include left-turn storage 
pockets, each of which is approximately 250 feet long.  The eastbound approach on North 
145th Street includes a through lane, a shared through/right-turn lane, and an exclusive left-
turn pocket approximately 120 feet long. The westbound approach also includes two 
through lanes and exclusive left-turn (approximately 165 feet long) and right-turn 
(approximately 300 feet long) pockets. This intersection is controlled by a 4-phase signal, 
which provides protected left-turn phases. Crosswalks and pedestrian push-buttons are 
provided on all of the intersection legs. 

Traffic Volumes 
Within the study area, average daily traffic volumes along Aurora Avenue North vary 
between 35,000 vehicles per day (vpd) and 39,000 vpd.  Daily traffic volumes are evenly 
split between northbound and southbound travel. 

Morning and afternoon peak period traffic counts were conducted at study intersections in 
March and June of 2005 by the City of Seattle.  The 2-hour counts occurred between 7 AM 
and 9 AM in the morning and 4 PM and 6 PM in the afternoon.  The traffic counts showed 
that northbound travel is the dominant movement in the afternoon peak hour while 
southbound travel is heaviest in the morning.  The AM peak traffic volumes in the study 
area are approximately 75 percent of the PM peak traffic volumes.   

The 2005 peak period traffic counts had large volume differences between adjacent study 
intersections that could not be fully explained by business driveway activity.  Historical 
traffic counts from 2002 and 2003 were used as part of the volume balancing effort to reduce 
these volume differences.  Figure 4 provides a summary of the adjusted existing AM and 
PM peak hour study intersection turning movement volumes used in the intersection 
operational analysis. 

Pedestrian Volumes 
Pedestrian volumes at intersection crosswalks were also collected with the traffic counts in 
March and June of 2005.  These counts showed pedestrian activity as high as 59 crossings 
per intersection during the morning peak hour and 125 per intersection during the 
afternoon peak hour.  The lowest pedestrian counts were collected at the south end of the 
study area near N. 117th Street and the highest at N. 135th Street and N. 145th Street.  See 
Appendix A for the original traffic count data collected in the study area. 
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Transit Service 
Transit service is provided in the study area by King County Metro. Route number 358 
serves Aurora Avenue North in both directions, with many transit stops between North 
110th Street and North 145th Street. Route number 345 provides service on North 130th Street, 
which crosses Aurora Avenue North at a major transfer point. Similarly, route number 304 
provides east/west service across Aurora Avenue North along North 145th Street. Table 1 
shows the King County Metro route number, description, service days, service times and 
directions, and typical headways of each route. 

TABLE 1 
King County Metro Routes within Study Area 

No. Route Description 
Service 

Days 
Service Times1 

(Direction) Typical Headways 
358 Downtown Seattle to Aurora 

Village 
Weekdays 4:25 AM to 1:00 AM    

(to Seattle) 
5:35 AM to 2:00 AM    
(to Aurora Village) 

6 to 7 minutes 
(between 6:30 AM and 8:00 AM 
to Downtown Seattle, 4:30 PM 
and 6:00 PM to Aurora Village) 

 
15 minutes 

(all other times of day) 

  Weekends 5:05 AM to 1:00 AM    
(to Seattle) 

6:10 AM to 2:00 AM    
(to Aurora Village) 

15 to 20 minutes 
 

30 minutes 
(after 7:00 PM) 

345 Northgate to Shoreline 
Community College 

Weekdays 6:00 AM to 11:00 PM   
(to Northgate) 

6:20 AM to 12:00 AM   
(to Shoreline CC) 

30 minutes 

  Weekends 6:30 AM to 10:00 PM   
(to Northgate) 

6:30 AM to 10:30 PM   
(to Shoreline CC) 

30 minutes (Saturdays) 
60 minutes (Sundays) 

304 Downtown Seattle to Richmond 
Beach 

Weekdays 6:10 AM to 8:25 AM    
(to Seattle) 

3:35 PM to 6:40 PM 
(to Richmond Beach) 

20 minutes (AM to Seattle) 
30 minutes (PM to Richmond 

Beach) 

1 Service times are approximate. 
Source: http://transit.metrokc.gov 

There are no Park-and-Ride lots located in the vicinity of the project area.  Sound Transit 
does not provide any transit service (ST Express) to the area.  Transit zones (bus stops) are 
not well defined, are often marked by a single pole-mounted sign, and lack safe access for 
people with disabilities.  The absence of safe, continuous pedestrian facilities dissuades 
many potential transit patrons from using the bus system.  

Current Ridership 
Ridership data was collected for Metro routes 304, 345, and 358. The average weekday 
(Monday – Friday) and weekend (Saturday, Sunday) boardings and deboardings at stops 
within the study area are summarized in Table 2. Ridership data is provided in Appendix B. 
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TABLE 2 
King County Metro Ridership Data 
February to June 2006 

Bus 
Route Direction 

Average Daily 
Boardings 

Average Daily 
Deboardings 

Average Daily 
Total 

Weekdays    

3581 Northbound 345 894 1,239 

 Southbound 936 372 1,308 

3452 Eastbound 39 25 64 

 Westbound 30 41 71 

3043 Eastbound 4 0 4 

 Westbound 0 5 5 

Weekends    

3581 Northbound 193 456 649 

 Southbound 673 312 985 

3452 Eastbound 20 10 30 

 Westbound 18 42 60 

1 – Stops providing data located along Aurora Avenue N. near the Washelli Cemetery 
Entrance, N. 115th Street, N. 125th Street, N. 130th Street, N. 135th Street, and N. 
145th Street intersections. 
2 – Stops providing data located near the intersection of Aurora Avenue N. and N. 130th 
Street. 
3 – Stops providing data located near the intersection of Aurora Avenue N. and N. 145th 
Street. 
Source: Seattle Metro APC System. 

Table 2 shows that average daily riders in the study area total approximately 2,700 on 
weekdays and approximately 1,700 on weekend days. 

Accident History 
The most current accident data was provided by WSDOT for the period from January 1, 
2002 to December 31, 2004.  The following discussion will reveal the accident rates and the 
important patterns that emerged from the analysis.  The accident data is categorized by 
intersection and roadway segment. 

A total of 544 accidents were reported for the 3-year period along the study section of 
Aurora Avenue North.  Of the total, 277 resulted in property damage only, 265 accidents 
resulted in an injury, and 2 fatal crashes were reported. 

The predominant accident type along Aurora Avenue North in the past three years has been 
rear-end accidents (34.9%).  The rear-end accident is the most common type in a congested 
corridor with stop-and-go conditions and long queues.  The next most frequent accident 
type was entering driveway (19.1%), common for a corridor with unmanaged access and 
numerous business driveways.  Combining the entering driveway (19.1%), angle (15.1%), 
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entering at angle (8.1%), and leaving driveway (6.1%) accidents gives a total of 48.4 percent 
angle-type accidents in the study area.  Table 3 summarizes the type and frequency of the 
accident.  

TABLE 3 
Aurora Avenue North Accident Type Summary (January 1, 2002 to December 31, 2004) 
N. 110th Street to N. 145th Street 

Accident Type Number of Accidents  Percentage 
Rear-end 190 34.9% 
Entering driveway 104 19.1% 
Angle 82 15.1% 
Entering at angle 44 8.1% 
Sideswipe, same direction 37 6.8% 
Leaving driveway 33 6.1% 
Pedestrian 16 2.9% 
Object 15 2.7% 
Other 12 2.2% 
Parked 7 1.3% 
Bicycle 2 0.4% 
Sideswipe, opposite direction 2 0.4% 
Total 544 100% 

Sources:  WSDOT Collision Data Office.  

A trend not captured by Table 3 is the number of accidents occurring in the left-turn lane or 
median and those involving at least one vehicle making a left-turn movement at an 
unsignalized location.  These are also accidents common for a corridor with unmanaged 
access.  In the three-year period, there were 177 (32%) accidents that involved one of the 
vehicles in the crash turning left or the location of the impact being in the left-turn lane or 
TWLTL median at an unsignalized location.  This reveals that nearly one-third of the 
accidents could be prevented by implementing the turn restrictions with the raised median.  

During the three-year period along the study section an average of 181 accidents occurred 
per year.  The greatest number of accidents, 190, occurred in 2004.  The fewest number of 
accidents, 174, occurred in 2002.  There were at least 89 and no greater than 95 accidents that 
resulted in property damage only and between 85 and 95 accidents that resulted in injury 
each of the three years.  Two fatal crashes occurred in the three-year study, both in 2004, and 
alcohol was not involved in either crash.  One fatal crash occurred at the N. 115th Street 
intersection, where a pedestrian (crossing against the signal) was struck and killed by a 
vehicle traveling in the southbound direction.   The second fatal crash occurred at the N. 
128th Street intersection, where a southbound motorcycle (exceeding the speed limit) struck 
a northbound vehicle turning left.  Table 4 summarizes the yearly accidents. 
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TABLE 4 
Aurora Avenue North Accident Yearly Summary (January 1, 2002 to December 31, 2004) 
N. 110th Street to N. 145th Street 

Year Total 
Accidents PDO Injury Fatality 

Under 
Influence 
of Alcohol 
or Drugs 

2002 174 89 85 0 2 
2003 180 95 85 0 6 
2004 190 93 95 2 7 
Total 544 277 265 2 15 

Sources:  WSDOT Collision Data Office.  

During the three-year study period, 393 of the 544 accidents occurred during daylight hours.  
One-hundred and twelve accidents occurred during dark hours with street lights on.  This 
accounts for 93 percent of all accidents along Aurora Avenue North.  The lighting 
conditions of 11 accidents were unknown. 

The surface condition during accidents was dry during 388 of the 544, or 71.3 percent.  Wet 
surface conditions accounted for 145 of the 544, or 26.6 percent.  Snow/Slush or ice 
accounted for only three total accidents.  The surface conditions of seven accidents were 
unknown.  Table 5 summarizes the lighting and surface conditions during the 544 accidents. 

TABLE 5 
Aurora Avenue North Accident Conditions Summary (January 1, 2002 to December 31, 2004) 
N. 110th Street to N. 145th Street 

Surface Condition 
Lighting Condition 

Wet Dry Oil Snow/Slush Ice Unknown Total 
Dark – Street Lights On 50 60 0 1 0 1 112 
Dark – Street Lights Off 1 1 0 0 0 0 2 

Dawn 5 0 0 0 0 0 5 
Daylight 78 312 1 1 0 1 393 

Dusk 10 10 0 0 1 0 21 
Unknown 1 5 0 0 0 5 11 

Total 145 388 1 2 1 7 544 

Sources:  WSDOT Collision Data Office. 

Accident Rates 
Roadway segment accident rates, expressed in “accidents per million vehicle-miles 
traveled,” are used to compare the accident experience of one roadway segment to another.  
Intersection accident rates, expressed in “accidents per million entering vehicles,” are used 
to compare the accident experience of one intersection to another.  These rates allow a 
comparison to state and national rates for similar roads.  The City of Seattle prioritizes high 
accident intersections using the number of crashes occurring per year.  The threshold for 
signalized intersections is 10 accidents per year and the threshold for unsignalized 
intersections is 5 accidents per year. 
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The study section of Aurora Avenue North was divided into segments between study 
intersections in order to quantify the accident rate.  The accident rate was computed for each 
intersection and segment based on reported accidents between 2002 and 2004, as shown in 
Table 6. 

TABLE 6 
Intersection and Segment Accident Rates (January 1, 2002 to December 31, 2004) 

   Number of Accidents  

Description 
Length
(miles)

ADT  
(vpd) PDO Injury Fatal Total 

Average Annual 
Accident Rate1 

Aurora Avenue North Intersections      
N. 112th Street 0.05 30,200 4 1 0 5 0.15 
N. 115th Street 0.05 31,800 14 13 1 28 0.80 
N. 117th Street 0.05 33,600 6 13 0 19 0.52 
N. 125th Street 0.05 39,600 20 22 0 42 0.97 
N. 128th Street 0.05 31,450 22 23 1 46 1.34 
N. 130th Street 0.05 43,450 20 18 0 38 0.80 
N. 135th Street 0.05 33,950 11 13 0 24 0.65 
N. 137th Street 0.05 31,950 6 6 0 12 0.34 
N. 140th Street 0.05 31,450 5 13 0 18 0.52 
N. 143rd Street 0.05 31,200 27 19 0 46 1.35 
N. 145th Street 0.02 45,200 32 16 0 48 0.97 
 Aurora Avenue North Segments       
N. 110th Street to N. 112th Street 0.09 38,130 3 1 0 4 0.10 
N. 112th Street to N. 115th Street 0.11 38,130 3 6 0 9 0.22 
N. 115th Street to N. 117th Street 0.12 38,100 8 4 0 12 0.29 
N. 117th Street to N. 125th Street 0.27 38,100 22 28 0 50 1.20 
N. 125th Street to N. 128th Street 0.15 38,190 25 30 0 55 1.32 
N. 130th Street to N.135th Street 0.23 38,790 23 15 0 38 0.89 
N. 135th Street to N. 137th Street 0.05 38,710 6 2 0 8 0.19 
N. 137th Street to N. 140th Street 0.08 38,710 3 3 0 6 0.14 
N. 140th Street to N. 143rd Street 0.07 38,710 6 5 0 11 0.26 
N. 143rd Street to N. 145th Street 0.08 38,710 11 14 0 25 0.59 
Totals for Aurora Avenue North 1.77 38,400 277 265 2 544 7.31 

Notes: 
Segments less than one-mile in length are considered as a one-mile segment to compute the 
accident rate. 
1 Units for intersection accident rates are accidents per million entering vehicles.  Units for roadway 
segment accident rates are accidents per million vehicle-miles. 

The study intersections along Aurora Avenue North had approximately 60 percent (326 of 
544) of all accidents in the study area. These accidents occurred within 100 feet of a 
controlled intersection and the highest number of accidents (48 of 280) occurred at N. 145th 
Street.  Intersection accident rates ranged from 0.15 accidents per million entering vehicles at 
N. 112th Street to 1.35 accidents per million entering vehicles at N 143rd Street.  The 
signalized intersections that had 10 or more accidents in a year were N. 115th Street (2002 
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and 2004), N. 125th Street (2002, 2003, and 2004), N. 130th Street (2003 and 2004), N. 135th 
Street (2004), and N. 145th Street (2002, 2003, and 2004).  The unsignalized intersections that 
had 5 or more accidents in a year were N. 128th Street (2002, 2003, and 2004), N. 137th Street 
(2003), N. 140th Street (2002, 2003, and 2004), and N. 143rd Street (2002, 2003, and 2004).  The 
unsignalized intersections at N. 128th Street and N. 143rd Street have the second highest 
three-year accident totals and two of the lowest traffic volumes among all intersections.  
Together they had approximately 17 percent of all accidents in the study area over the last 3 
years.  Congestion and nearby business access contributed to the types of crashes 
experienced at these two intersections.  

The segments along Aurora Avenue North between study intersections had approximately 
40 percent (218 of 544) of all accidents in the study area.  The section of Aurora Avenue 
North, between N. 125th Street and N. 128th Street, had the highest incidence of accidents in 
the last three years when compared to the entire length.  A contributing factor to this total is 
the unsignalized intersection at N. 127th Street that was not considered a study intersection.  
Roadway segment accident rates ranged from 0.10 accidents per million vehicle-miles 
between N. 110th Street and N. 112th Street to 1.32 accidents per million vehicle-miles 
between N. 125th Street and N. 128th Street.  Statewide accident data from 2003 (latest 
information available) indicates an overall average accident rate of 2.41 accidents per million 
vehicle-miles for statewide urban principal arterials.  Individual segment accident rates are 
much less than the statewide average, but the accident rate for the study area (7.31 accidents 
per million vehicle-miles) is much greater than the statewide average because it includes 
intersection-related accidents. 

The WSDOT Collision Data Office recognized two locations in the study area as High 
Accident Locations (HALs) for the 2004-2006 Biennium listing.  The two HALs were from 
south of N. 125th Street to south of N. 135th Street and from N. 135th Street to N. 145th 
Street.  This is consistent with the intersection and segment accident rates summarized 
above. 
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Intersection Operational Analysis 
Methods and Assumptions 
A Synchro traffic operations model from the Route Development Plan1 was modified for the 
study area based on traffic counts and field observations. The model includes traffic volume 
parameters, such as peak hour factors, truck percentages, pedestrians, and bicyclists that 
were derived from the hourly turning movement counts.   

Synchro software uses methodology defined in the 2000 Highway Capacity Manual (HCM 
2000) to analyze both signalized and stop-controlled intersections.  The model computes the 
level-of-service, delay, and queue to quantify traffic operations at the study intersections 
and determine whether the intersections meet the level-of-service goal set in the Methods 
and Assumptions technical memorandum (see Appendix C).   

Refer to Appendix C (Methods and Assumption technical memorandum) for the 
assumptions and data inputs used in the Synchro model. 

Based on existing turn movement counts, forecasted traffic volumes, and the assumptions 
presented above, an operational analysis was prepared for the existing year (2005), year of 
opening (2010), and design year (2030).  The operational analysis evaluated intersection 
LOS, intersection delay, and 95th percentile queue lengths.  To uphold the LOS goal, LOS E 
must be maintained for the Build analysis.  

Intersection Level-of-Service 
The Synchro software program, which incorporates the 2000 Highway Capacity Manual 
(HCM) methodologies, was used to estimate level-of-service (LOS), a qualitative description 
of traffic flow characteristics.  The highest level (LOS A) describes free-flow conditions in 
which vehicles experience minimal delay.  The lowest level (LOS F) describes stop-and-go 
conditions in which long delays are experienced by most vehicles in the traffic stream.  

The LOS for stop-controlled intersections is defined by the control delay at the minor stop-
controlled approach.  Control delay is defined as the total elapsed time from when a vehicle 
stops at the end of the queue until the vehicle departs from the stop line; this time includes 
the time required for the vehicle to travel from the last-in-queue position to the first-in-
queue position. 

LOS defines the overall operations at a signalized intersection based on average control 
delay.  Control delay is a complex measure and is dependent on a number of variables, 
including the quality of progression, the cycle length, the deceleration and acceleration 
delay, the stopped delay, and the amount of green time available to a street.  Table 7 
describes the LOS and delay parameters. 

 

 

                                                      
1 Washington State Department of Transportation, Northwest Region, Planning and Policy Office.  Route Development Plan, 
State Route 99/Aurora Avenue North, From the North End of the Battery Street Tunnel (MP 32.44) to N. 145th Street (MP 
40.47).  March 2003. 
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TABLE 7 
HCM LOS and Delay Parameters 
Unsignalized and Signalized Intersections 

Delay1 
LOS 

Unsignalized Intersections Signalized Intersections 

A ≤ 10 ≤ 10 

B > 10 and ≤ 15 > 10 and ≤ 20 

C > 15 and ≤ 25 > 20 and ≤ 35 

D > 25 and ≤ 35 > 35 and ≤ 55 

E > 35 and ≤ 50 > 55 and ≤ 80 

F >50 >80 

1 Delay is measured in units of average seconds per vehicle. 

95th Percentile Queue 
The 95th percentile queue length is the accepted measurement in the transportation industry 
for determining the necessary storage length at signalized intersections.  This term is made 
up of two concepts that can be explained separately.  First, the queue length refers to the 
distance from the front bumper of the first stopped vehicle to the rear bumper of the last 
stopped vehicle.  And second, the 95th percentile refers to the amount of time out of the 
peak hour of travel that the line of cars will be that distance or less.  In other words, the line 
of cars will be less than the distance indicated 95 percent of the time.  It is possible that the 
line of cars will be longer, but only 5 percent of the time.  Designing to the 95th percentile 
queue length will minimize the occurrence of vehicles extending beyond the turn lane and 
blocking through lanes, possibly into upstream intersections.  

Existing Conditions and Deficiencies 
The signalized intersections on Aurora Avenue North and the stop-controlled streets 
intersecting it currently operate at LOS E or better during both AM and PM peak hours, 
with three exceptions.  The stop-controlled westbound approaches at N. 137th Street, N. 
140th Street, and N. 143rd Street all operate at LOS F during the PM peak hour.  The turning 
movement volumes at these approaches are small, but the conflicting volume along Aurora 
Avenue North is so high that few gaps exist.  This effectively reduces the capacity of the 
movement.  Table 8 summarizes the existing peak hour levels-of-service at study 
intersections along Aurora Avenue North. 
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TABLE 8 
Existing (2005) Intersection LOS Results 

AM Peak Hour PM Peak Hour 

Intersection LOS Delay2  LOS Delay2  

Aurora Avenue North & N. 112th Street A 3 A 4 

Aurora Avenue North & N. 115th Street A 9 B 13 

Aurora Avenue North & N. 117th Street A 5 B 16 

Aurora Avenue North & N. 125th Street C 34 D 55 

Aurora Avenue North & N. 128th Street 1 E 37 C 19 

Aurora Avenue North & N. 130th Street E 67 E 76 

Aurora Avenue North & N. 135th Street B 13 B 19 

Aurora Avenue North & N. 137th Street 1 D 33 F >150 

Aurora Avenue North & N. 140th Street 1 C 17 F 69 

Aurora Avenue North & N. 143rd Street 1 D 34 F 77 

Aurora Avenue North & N. 145th Street D 49 E 69 

Bold text indicates operations exceed goal of LOS E.  
1 Unsignalized intersection.  Reported delay is for the highest minor street approach delay. 
2 Delay is reported in units of average seconds per vehicle. 

While many intersections may meet the LOS goal for acceptable operations, there are areas 
of excessive queuing that exceed the available storage length of turn lanes or extend into an 
upstream study intersection.  These queues block other vehicles and prohibit the 
progression of traffic along Aurora Avenue North, effectively reducing the mobility of the 
corridor.  These areas of congestion and blocking begin between the signalized intersections 
at N. 125th Street and N. 130th Street and propagate north to the study area limit at N. 145th 
Street.  Table 9 shows the current 95th percentile queue lengths that exceed the available 
storage.  
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TABLE 9 
Existing (2005) AM and PM Peak Hour 95th Percentile Queue Lengths1 

Aurora Avenue North Intersection 
Available Storage 

Length (ft) 
AM 95th Percentile 

Queue (ft) 
PM 95th Percentile 

Queue (ft) 

N. 125th Street    
Eastbound Left 1202 N/A 190 

Northbound Left 1402 N/A 200 
N. 130th Street    

Eastbound Left 210 N/A 310 
Westbound Left 190 310 300 

Northbound Through (each lane) 330 N/A 950 
N. 135th Street    

Southbound Through (each lane) 660 700 N/A 
N. 145th Street    

Eastbound Left 120 N/A 240 
Westbound Left 1702 380 260 

Northbound Through (each lane) 670 N/A 910 
Southbound Left 2502 N/A 310 

1 Queue lengths reported are those that exceed the available storage. 

2 Storage lengths are based on striping limits, but turn pocket is preceded by a center TWLTL. 
N/A: 95th percentile queue did not exceed available storage for that peak hour. 
Storage and queue lengths rounded up to the nearest 10 feet. 

The signalized intersections from N. 125th Street to N. 145th Street currently have 95th 
percentile queue lengths that exceed the available storage.  This mainly occurs during the 
PM peak hour except at N. 130th Street, N. 135th Street, and N. 145th Street, which have 
excessive queuing during the AM peak hour.  During the AM peak hour, vehicles in the 
southbound through lanes at N. 135th Street extend past N. 137th Street.  During the PM 
peak hour, vehicles in the northbound through lanes at N. 130th Street extend past N. 128th 
Street and vehicles in the northbound through lanes at N. 145 Street extend past N. 143rd 
Street.  The northbound and southbound storage problems are consistent with the corridor’s 
peak direction of travel. 

Forecasted Traffic Volume Growth Trends 
The Puget Sound Regional Council’s (PSRC) 2030 travel demand model was surveyed to 
determine the expected growth in traffic volumes along Aurora Avenue North.  At the 
coordination meeting on July 26, 2005, CH2M HILL suggested an AM peak hour growth 
rate of 0.85 percent per year and a PM peak hour growth rate of 1.23 percent per year as an 
alternative to the 1.21 percent per year growth rate for both peak periods.  All three growth 
rates were derived from the PSRC’s travel demand model (computed assuming annual 
compound growth) and the City agreed that separate growth rates for each peak period 
were acceptable.   
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The AM and PM peak hour traffic volume growth rates were applied to the 2005 existing 
intersection turning movement volumes to derive year 2010 Build, 2030 No-Build and 2030 
Build condition traffic volume forecasts.   

Figure 5 shows the year of opening 2010 Build AM and PM peak hour traffic volumes 
forecasted for the intersection operational analysis.  Figure 6 shows the design year 2030 No-
Build AM and PM peak hour traffic volumes forecasted for the intersection operational 
analysis.  Figure 7 shows the design year 2030 Build AM and PM peak hour traffic volumes 
forecasted for the intersection operational analysis. 

Year of Opening (2010) 
Future Build Conditions 
Future traffic conditions were analyzed for the Build condition in the year of opening (2010) 
and the design year (2030).  The Build condition lane channelization and intersection control 
were analyzed according to the channelization proposed in the Route Development Plan 
(see Figure 8).  The improvements include the following:  

• Extending the northbound BAT lane south to the north side of N. 110th Street. 

• Widening Aurora Avenue North to provide a southbound BAT lane from north of 
N. 110th Street to south of N. 145th Street. 

• Replacing the center TWLTL with a raised, landscaped center median that narrows 
at intersections and select mid-block locations to provide left-turn lanes. 

• Restricting turns from N. 127th Street, N. 128th Street, N. 137th Street, N. 140th Street, 
and N. 143rd Street to right-out only. 

• Prohibiting left-turns into N. 128th Street and N. 143rd Street (southbound only). 

• Provide for and allow U-turns (passenger cars only) and left-turns (passenger cars 
and small delivery trucks) at all mid-block and signalized left-turn lanes.  

Additional improvements were assumed to be in place (by 2010) north of N. 145th Street.  
These improvements (within the City of Shoreline) include widening Aurora Avenue North 
to provide a southbound BAT lane and a second southbound left-turn lane. 

The improvements described above were assumed to be constructed by 2010.  Forecasted 
traffic volumes for both peak hours were used to analyze the study intersections.  The 
average annual growth rates used were 0.85 percent for the AM peak hour and 1.23 percent 
for the PM peak hour.  Forecasted traffic volumes for both peak hours were used to analyze 
the study intersections.  Figure 5 shows the year of opening (2010) Build AM and PM peak 
hour traffic volumes forecasted for the intersection operational analysis. 

Table 10 summarizes the 2010 Build peak hour levels-of-service along Aurora Avenue 
North. 
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TABLE 10 
Future Build (2010) Intersection LOS Results 

AM Peak Hour PM Peak Hour 

Intersection LOS Delay2  LOS Delay2  

Aurora Avenue North & N. 112th Street A 4 A 7 

Aurora Avenue North & N. 115th Street B 13 B 17 

Aurora Avenue North & N. 117th Street A 8 B 15 

Aurora Avenue North & N. 125th Street C 25 D 46 

Aurora Avenue North & N. 128th Street 1 B 13 B 14 

Aurora Avenue North & N. 130th Street D 47 E 67 

Aurora Avenue North & N. 135th Street A 8 B 14 

Aurora Avenue North & N. 137th Street 1 C 21 C 17 

Aurora Avenue North & N. 140th Street 1 B 11 D 28 

Aurora Avenue North & N. 143rd Street 1 B 13 C 25 

Aurora Avenue North & N. 145th Street D 52 D 52 

1 Unsignalized intersection.  Reported delay is for the highest minor street approach delay. 
2 Delay is reported in units of average seconds per vehicle. 

Under the Build scenario, all the signalized intersections and stop-controlled approaches 
intersecting Aurora Avenue North are forecasted to operate at LOS E or better during both 
peak hours.  Each of the stop-controlled approaches restricts the through and left-turn 
maneuvers that require the largest gaps and, therefore, experience the most delay.  Right-
turning vehicles require smaller gaps that allow them to enter the traffic stream more easily. 

The recommended storage lengths were incorporated into the design to accommodate the 
95th percentile queue lengths.  In some cases this was not possible due to limitations of 
widening the side street approaches for additional turn lanes.  This caused more of the cycle 
length to be used by the side street approaches and resulted in remaining areas of excessive 
queuing that exceed the available storage length of turn lanes or extend to an upstream 
study intersection.  These queues block other vehicles and prohibit the progression of traffic 
along Aurora Avenue North. Table 11 shows the predicted 95th percentile queue lengths 
that will exceed the recommended storage.   
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TABLE 11 
2010 Build AM and PM Peak Hour 95th Percentile Queue Lengths1 

Aurora Avenue North Intersection 
Recommended 

Storage Lengths (ft)
AM 95th Percentile 

Queue (ft) 
PM 95th Percentile 

Queue (ft) 

N. 125th Street    
Eastbound Left 250 N/A 340 

N. 130th Street    
Eastbound Left 320 N/A 380 
Westbound Left 380 410 450 

Northbound Through (each lane) 330 N/A 1,030 
Southbound Left 390 N/A 460 

N. 135th Street    
Westbound Left 120 N/A 140 

N. 145th Street    
Eastbound Left 120 150 380 
Westbound Left 300 500 410 

Northbound Through (each lane) 670 N/A 990 
1 Queue lengths reported are those that exceed the recommended storage. 

N/A: 95th percentile queue did not exceed recommended storage for that peak hour. 
Storage and queue lengths rounded up to the nearest 10 feet. 

The signalized intersections from N. 125th Street to N. 145th Street are predicted to have at 
least one approach with 95th percentile queue lengths that exceed the available storage.  
This primarily occurs during the PM peak hour except at N. 130th Street and N. 145th Street, 
which have excessive queuing in the side street left-turn pockets during the AM peak hour.  
During the PM peak hour, vehicles in the northbound through lanes at N. 130th Street and 
N. 145th Street will extend past the upstream intersection and block the progression of 
traffic. 

Design Year (2030) 
Future No-Build Conditions 
Future traffic conditions were analyzed for the design year (2030) No-Build condition.  
Future traffic conditions were not analyzed for the year of opening (2010) No-Build 
condition according to Table 1 of the Methods and Assumptions technical memorandum 
(see Appendix C).  The No-Build condition lane channelization and intersection control 
were assumed to remain the same as currently exists because no other improvement projects 
are currently planned.  Optimization of signal timing was performed for the signalized 
intersections as a coordinated system.  Figure 3 provides the current intersection lane 
channelization and control.  

Forecasted traffic volumes for both peak hours were used to analyze the study intersections.  
The average annual growth rates used were 0.85 percent for the AM peak hour and 1.23 
percent for the PM peak hour.  Figure 6 shows the design year (2030) No-Build AM and PM 
peak hour traffic volumes forecasted for the intersection operational analysis. 
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Table 12 summarizes the 2030 No-Build peak hour levels-of-service along Aurora Avenue 
North and at the stop-controlled intersecting streets. 

TABLE 12 
Future No-Build (2030) Intersection LOS Results 

AM Peak Hour PM Peak Hour 

Intersection LOS Delay2  LOS Delay2  

Aurora Avenue North & N. 112th Street A 5 A 4 

Aurora Avenue North & N. 115th Street A 7 C 32 

Aurora Avenue North & N. 117th Street A 6 C 35 

Aurora Avenue North & N. 125th Street D 40 F 84 

Aurora Avenue North & N. 128th Street 1 F >150 F >150 

Aurora Avenue North & N. 130th Street E 68 F 144 

Aurora Avenue North & N. 135th Street A 7 D 52 

Aurora Avenue North & N. 137th Street 1 F 78 F >150 

Aurora Avenue North & N. 140th Street 1 C 20 F >150 

Aurora Avenue North & N. 143rd Street 1 F >150 F >150 

Aurora Avenue North & N. 145th Street E 72 F 122 

Bold text indicates operations exceed goal of LOS E.  
1 Unsignalized intersection.  Reported delay is for the highest minor street approach delay. 
2 Delay is reported in units of average seconds per vehicle. 

Under the No-Build scenario, all the stop-controlled approaches intersecting Aurora 
Avenue North are forecasted to operate at LOS F during both peak hours, except during the 
AM peak hour at N. 140th Street.  This would occur because north and southbound traffic 
are expected to leave minimal gaps for side-street traffic to make a turn. 

The signalized intersections between N. 112th Street and N. 117th Street are forecasted to 
operate at LOS C or better during both peak hours.  Beginning with N. 125th Street, the 
signalized intersections to the north are forecasted to operate at LOS E or F, with few 
exceptions.  The intersection at N. 135th Street shows LOS D or better during both peak 
hours, but it is unlikely that the signal would operate this well with queuing and blocking 
from adjacent signalized intersections.   

Table 13 shows the predicted 95th percentile queue lengths that will exceed the available 
storage. 
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TABLE 13 
Future No-Build (2030) AM and PM Peak Hour 95th Percentile Queue Lengths1 

Aurora Avenue North Intersection 
Available Storage 

Lengths (ft) 
AM 95th Percentile 

Queue (ft) 
PM 95th Percentile 

Queue (ft) 

N. 112th Street    
Eastbound Left 50 N/A 70 

N. 115th Street    
Northbound Through (each lane) 820 N/A 1,450 

Southbound Left 1202 N/A 210 
N. 117th Street    

Westbound Left 240 N/A 290 
Northbound Through (each lane) 890 N/A 1,580 

Southbound Left 1202 N/A 150 
N. 125th Street    

Eastbound Left 1202 200 430 
Westbound Left 150 180 180 
Northbound Left 1402 180 260 

N. 130th Street    
Eastbound Left 210 N/A 510 
Westbound Left 190 490 580 

Westbound Through (each lane) 660 N/A 770 
Northbound Left 1502 160 N/A 

Northbound Through (each lane) 330 N/A 1,560 
Southbound Left 3202 N/A 560 

N. 135th Street    
Westbound Left 1202 N/A 200 

Southbound Through 660 N/A 700 
N. 137th Street    

Eastbound Left/Thru/Right 120 N/A Error 
N. 145th Street    

Eastbound Left 120 180 510 
Westbound Left 1702 620 580 

Westbound Right 300 N/A 370 
Northbound Through (each lane) 660 N/A 1,380 

Southbound Left 2502 410 690 
Southbound Through (each lane) 990 1,100 N/A 

1 Queue lengths reported are those that exceed the available storage. 

2 Storage lengths are based on striping limits, but turn pocket is preceded by a center TWLTL. 
N/A: 95th percentile queue did not exceed available storage for that peak hour. 
Error: Queuing exceeds limits of equation.  No distance given. 
Storage and queue lengths rounded up to the nearest 10 feet. 

During the AM peak hour, excessive queuing is expected at N. 125th Street, N. 130th Street, 
and N. 145th Street.  Although the analysis does not show it, excessive southbound queues 
could still be expected at N. 135th Street during the AM peak hour.  The 95th percentile 
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queue lengths are reduced by the metering effect of upstream intersections.  During the PM 
peak hour, all but three study intersections (N. 128th Street, N. 140th Street, and N. 143rd 
Street) are predicted to have at least one approach with an excessive queue length.  PM peak 
hour vehicles in the northbound through lanes at N. 115th Street, N. 117th Street, N. 130th 
Street, and N. 145th Street will block the upstream study intersection.  This will also have a 
metering effect at adjacent study intersections, such as N. 125th Street and N. 135th Street.  
At the same time southbound queuing at N. 135th Street will block the upstream 
intersection at N. 137th Street. 

Future Build Conditions 
Future traffic conditions were analyzed for the Build condition in the year of opening (2010) 
and the design year (2030).  The Build condition lane channelization and intersection control 
were analyzed according to the channelization proposed in the Route Development Plan 
(see Figure 8).  The improvements include the following:  

• Extending the northbound BAT lane south to the north side of N. 110th Street. 

• Widening Aurora Avenue North to provide a southbound BAT lane from north of 
N. 110th Street to south of N. 145th Street. 

• Replacing the center TWLTL with a raised, landscaped center median that narrows 
at intersections and select mid-block locations to provide left-turn lanes. 

• Restricting turns from N. 127th Street, N. 128th Street, N. 137th Street, N. 140th Street, 
and N. 143rd Street to right-out only. 

• Prohibiting left-turns into N. 128th Street and N. 143rd Street (southbound only). 

• Provide for and allow U-turns (passenger cars only) and left-turns (passenger cars 
and small delivery trucks) at all mid-block and signalized left-turn lanes.  

Additional improvements were assumed to be in place (by 2010) north of N. 145th Street.  
These improvements (within the City of Shoreline) include widening Aurora Avenue North 
to provide a southbound BAT lane and a second southbound left-turn lane. 

Design Year (2030) 
Future traffic conditions were analyzed for the design year (2030).  Forecasted traffic 
volumes for both peak hours were used to analyze the study intersections.  The average 
annual growth rates used were 0.85 percent for the AM peak hour and 1.23 percent for the 
PM peak hour.  Figure 7 shows the design year (2030) Build AM and PM peak hour traffic 
volumes forecasted for the intersection operational analysis. 

Table 14 summarizes the 2030 Build peak hour levels-of-service along Aurora Avenue North 
and provides the 2030 No-Build results from Table 12 for comparison. 
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TABLE 14 
Future Design Year (2030) No-Build and Build Intersection LOS Results 

2030 No-Build 2030 Build 

AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 

Intersection LOS Delay2 LOS Delay2 LOS Delay2  LOS Delay2 

Aurora Avenue North & N. 112th Street A 5 A 4 A 4 A 8 

Aurora Avenue North & N. 115th Street A 7 C 32 B 13 C 30 

Aurora Avenue North & N. 117th Street A 6 C 35 A 10 E 56 

Aurora Avenue North & N. 125th Street D 40 F 84 D 36 F 86 

Aurora Avenue North & N. 128th Street 1 F >150 F >150 B 15 C 21 

Aurora Avenue North & N. 130th Street E 68 F 144 E 68 F 134 

Aurora Avenue North & N. 135th Street A 7 D 52 A 10 D 43 

Aurora Avenue North & N. 137th Street 1 F 78 F >150 D 26 C 20 

Aurora Avenue North & N. 140th Street 1 C 20 F >150 B 12 E 43 

Aurora Avenue North & N. 143rd Street 1 F >150 F >150 B 15 E 40 

Aurora Avenue North & N. 145th Street E 72 F 122 E 74 F 95 

Bold text indicates operations exceed goal of LOS E.  
1 Unsignalized intersection.  Reported delay is for the highest minor street approach delay. 
2 Delay is reported in units of average seconds per vehicle. 

Under the Build scenario, all of the stop-controlled approaches intersecting Aurora Avenue 
North are forecasted to operate at LOS E or better during both peak hours.  This is because 
each of the stop-controlled approaches restricts the through and left-turn maneuvers that 
require the largest gaps and, therefore, experience the most delay.  Right-turning vehicles 
require smaller gaps that allow them to enter the traffic stream more easily.   

During the AM peak hour, all of the signalized intersections are forecasted to operate at LOS 
E or better.  Similar results are expected in the PM peak hour except at N. 125th Street, N. 
130th Street, and N. 145th Street.  The intersection at N. 135th Street is predicted to operate 
at LOS D or better during both peak hours, but it is unlikely that the signal would operate 
this well with the expected queuing and blocking effects from adjacent signalized 
intersections.  Three signalized intersections are predicted to operate at LOS F during the 
PM peak hour in both No-Build and Build conditions (N. 125th Street, N. 130th Street, and 
N. 145th Street).  The Build condition shows that the delay at these intersections is predicted 
to worsen by 2 seconds (N. 125th Street) or improve by as much as 27 seconds per vehicle (N. 
145th Street) compared to the No-Build. 

Overall, the Build condition improves the operations of the signalized intersections, 
especially the stop-controlled approaches when compared to No-Build.  The 2030 No-Build 
condition is predicted to have 10 instances of intersections operating at LOS F, whereas the 
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2030 Build condition is predicted to have 3 instances of intersections operating at LOS F.  
The proposed improvements totally eliminate the predicted instances of LOS F operation at 
stop-controlled approaches. 

The recommended storage lengths were incorporated into the design to accommodate the 
95th percentile queue lengths.  In some cases this was not possible due to limitations of 
widening the side street approaches for additional turn lanes.  This caused more of the cycle 
length to be used by the side street approaches and resulted in remaining areas of excessive 
queuing that exceed the available storage length of turn lanes or extend to an upstream 
study intersection.  These queues block other vehicles and prohibit the progression of traffic 
along Aurora Avenue North.  Table 15 shows the predicted 95th percentile queue lengths 
that will exceed the recommended storage. 

 TABLE 15 
2030 Build AM and PM Peak Hour 95th Percentile Queue Lengths1 

Aurora Avenue North Intersection 
Recommended 

Storage Lengths (ft)
AM 95th Percentile 

Queue (ft) 
PM 95th Percentile 

Queue (ft) 

N. 112th Street    
Eastbound Left 50 N/A 70 

N. 115th Street    
Northbound Through (each lane) 820 N/A 1,440 

N. 117th Street    
Westbound Left 240 N/A 250 

Northbound Through (each lane) 890 N/A 1,660 
N. 125th Street    

Eastbound Left 250 260 440 
Westbound Left 150 200 180 

N. 130th Street    
Eastbound Left 320 N/A 520 
Westbound Left 380 530 600 

Westbound Through (each lane) 660 N/A 730 
Northbound Through (each lane) 330 N/A 1,550 

Southbound Left 390 N/A 610 
N. 135th Street    

Westbound Left 120 N/A 180 
N. 145th Street    

Eastbound Left 120 190 500 
Westbound Left 300 650 560 

Westbound Right 300 N/A 530 
Northbound Through (each lane) 670 N/A 1,290 
Southbound Through (each lane) 990 1,120 N/A 

1 Queue lengths reported are those that exceed the recommended storage. 

N/A: 95th percentile queue did not exceed recommended storage for that peak hour. 
Storage and queue lengths rounded up to the nearest 10 feet. 
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In the future, only the stop-controlled intersections are predicted to have approaches 
without excessive queuing.  The excessive queues are primarily predicted to occur during 
the PM peak hour except at N. 125th Street, N. 130th Street, and N. 145th Street, which all 
have excessive queuing during the AM peak hour.  Although the analysis does not show it, 
excessive southbound queues could still be expected at N. 135th Street during both peak 
hours.  The predicted 95th percentile queue lengths are reduced by the metering effect of 
upstream intersections.  During the PM peak hour, vehicles in the northbound through 
lanes from N. 115th Street to N. 145th Street will block the upstream study intersection.  This 
will also have a metering effect at adjacent study intersections like N. 125th Street. 

Compared to the No-Build condition, the Build has the same number of intersections and 
three less approaches with 95th percentile queue lengths that exceed the recommended 
storage during the AM peak hour.  And during the PM peak hour, the Build has one fewer 
intersection and six fewer approaches with 95th percentile queue lengths that exceed the 
recommended storage.  The AM peak hour shows similar queuing to the No-Build, but the 
PM peak hour is predicted to have definite improvements to traffic moving along Aurora 
Avenue North.  In addition, both peak travel periods will have reduced delays to stop-
controlled approaches, as shown in Table 15.  



AURORA AVENUE NORTH - TRANSIT, PEDESTRIAN, AND SAFETY IMPROVEMENTS 

FINAL_SEATTLEAURORA_TRAFFIC.DOC 26 

Expected Improvements and Benefits 
The improvements analyzed in the design year (2030) show that traffic operations at 
signalized intersections and stop-controlled approaches are predicted to improve compared 
to the No-Build condition.  These improvements combined with the sidewalk, enhanced 
transit areas, and business access point consolidation into defined driveways are expected to 
provide benefits to transit operators and users, allow greater pedestrian usage and ease, and 
improve safety for all modes of travel. 

Transit 
The extension of the northbound BAT lane to south of N. 112th Street and the construction of 
a new southbound BAT lane can be expected to improve the reliability and speeds of the 
transit system serving north Seattle along Aurora Avenue North.  Specifically, the BAT lane 
allows buses to avoid the congestion of the through lanes in both directions and for longer 
lengths of the route.  This may allow for increased or new transit service. 

The bus stops will be enhanced with urban treatments and lighting, thereby clearly defining 
them as transit areas and making them more secure.  These transit-oriented improvements 
will be integrated with a continuous sidewalk system. 

Pedestrian 
The Aurora Avenue North improvements will improve conditions for pedestrians by 
providing a continuous sidewalk system on both sides of the roadway and easier access to 
the transit system.  The project will widen the total width of the roadway, which will 
increase the time necessary for pedestrians to cross the street in crosswalks at signalized 
intersections.   

Safety 
Multiple locations along Aurora Avenue North have been identified as High Accident 
Locations (HAL) by WSDOT.  The safety analysis indicated that the overall accident rate 
(7.31 accidents per million vehicle-miles) is approximately three times greater than the 
statewide average for similarly classed roadways.  The safety analysis also showed that 
nearly half (48.4 percent) of the accidents were some form of angle or driveway accident.  
And approximately one-third (32%) of the accidents involved one of the vehicles turning left 
or the location of the impact being in the left-turn lane or TWLTL median at an unsignalized 
location. 

Many of these accidents can be attributed to the continuous shoulder access to businesses.  
The access management provisions that were incorporated into the project are expected to 
reduce the accident experience along Aurora Avenue North.  

Removing the center TWLTL and installing a landscaped median that will control access at 
mid-block locations and unsignalized intersections will limit the conflict points between 
opposite direction vehicles.  This can be expected to contribute to a reduction in the 
driveway and angle type accidents. 
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Truck and Emergency Vehicle Access 
The restrictive, landscaped medians included under the Build alternative would affect 
routing and access to properties along Aurora Avenue North. Trucks accessing Aurora 
Avenue North from regional points would be able to position for right-in/right-out access 
by using the I-5 interchanges at North 105th Street/Northgate Way, North 130th Street (to 
and from the south only), and North 145th Street to access properties on both sides of 
Aurora Avenue North.  Once the proposed improvements have been constructed local truck 
traffic delivery routes will adjust so that access to the properties will be right-in and right-
out movements.  The nearest parallel arterials for use as truck circulation are Roosevelt Way 
North, Linden Avenue North, Dayton Avenue North, and Meridian Avenue North (City of 
Seattle Department of Transportation, Major Truck Streets Map, November 13, 2002). 

Access to properties and cross streets will be maintained by locating mid-block and 
unsignalized median openings between signalized intersections. Left-turns for trucks and 
passenger vehicles and U-turns for passenger vehicles will be allowed from these openings.  
The same left and U-turn accommodations will be made at all signalized intersections.  The 
Build alternative would have 9 unsignalized median openings along the 1.75-mile project. 
These openings will make it possible for trucks and emergency vehicles to make left-turns 
into unsignalized cross streets and properties along the project.  The openings will be 
designed to accommodate a SU design vehicle, which is typically the size of truck used to 
make deliveries to residents and businesses.  The City could monitor neighborhood streets 
for inappropriate truck traffic and take measures to discourage such action. 

Neighborhood Traffic Impacts 
Measures to address increases neighborhood traffic impacts could be applied during and 
after construction. The Neighborhood Traffic Control Program (NTCP) could be used to 
address cut-through traffic issues and inappropriate truck traffic. The NTCP is available to 
business owners, residents, and anyone in nearby neighborhoods to monitor traffic impacts 
on adjacent and parallel streets to Aurora Avenue North during and after construction.  If a 
street has traffic growth resulting from the Aurora Avenue North Transit, Pedestrian, and 
Safety Improvement Project that is documented, then physical devices may be installed such 
as traffic circles, diverters, chicanes, or street closures. 
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Saturday and Sunday On / Off Zone Data for Selected Zones
Spring 2006 Signup
Source:  APC LogStop File

Observed Observed Total Total
Average Average Daily Daily

"Ons" "Offs" Scheduled Average Average
Day Keyzone On Street Cross Street Intersect Direction Route(s) In / Out per Trip per Trip Trips "Ons" Offs"

Saturday 6950 Aurora Ave N N 145th St FM S 28, 358 In 2.30 1.15 103 236.99 118.60
Saturday 6990 Aurora Ave N N 135th St FS S 358 In 2.43 1.86 66 160.53 123.08
Saturday 7000 Aurora Ave N N 130th St FS S 358 In 2.96 0.84 66 195.60 55.47
Saturday 7010 Aurora Ave N N 125th St FM S 358 In 1.62 0.69 66 106.70 45.33
Saturday 7040 Aurora Ave N N 115th St FS S 358 In 0.88 0.24 66 57.97 15.82
Saturday 7050 Aurora Ave N WASHELLI NS S 358 In 0.21 0.13 66 13.93 8.37
Saturday 7840 Aurora Ave N WASHELLI ENT FS N 358 Out 0.07 0.06 65 4.52 3.75
Saturday 7850 Aurora Ave N N 115th St FS N 358 Out 0.29 1.08 65 19.07 70.18
Saturday 7880 Aurora Ave N N 125th St FS N 358 Out 0.47 1.67 65 30.78 108.60
Saturday 7900 Aurora Ave N N 130th St FS N 358 Out 1.54 3.56 65 100.37 231.63
Saturday 7912 Aurora Ave N N 135th St FS N 358 Out 0.68 1.81 65 43.93 117.80
Saturday 43050 N 130th St Aurora Ave N NS W 345 Out 0.91 2.35 25 22.73 58.71
Saturday 43110 N 130th St Aurora Ave N FS E 345 In 0.91 0.45 25 22.73 11.36
Saturday 75820 Aurora Ave N N 145th St FM N 358 Out 1.30 2.28 65 84.25 148.47
Sunday 6950 Aurora Ave N N 145th St FM S 28, 358 In 2.43 1.23 85 206.35 104.56
Sunday 6990 Aurora Ave N N 135th St FS S 358 In 2.10 1.21 50 105.10 60.40
Sunday 7000 Aurora Ave N N 130th St FS S 358 In 2.71 0.73 50 135.35 36.60
Sunday 7010 Aurora Ave N N 125th St FM S 358 In 1.47 0.63 50 73.65 31.35
Sunday 7040 Aurora Ave N N 115th St FS S 358 In 1.02 0.44 50 51.15 22.05
Sunday 7050 Aurora Ave N WASHELLI NS S 358 In 0.07 0.05 50 3.65 2.40
Sunday 7840 Aurora Ave N WASHELLI ENT FS N 358 Out 0.06 0.13 50 2.90 6.70
Sunday 7850 Aurora Ave N N 115th St FS N 358 Out 0.44 1.19 50 22.25 59.55
Sunday 7880 Aurora Ave N N 125th St FS N 358 Out 0.57 1.40 50 28.65 69.80
Sunday 7900 Aurora Ave N N 130th St FS N 358 Out 1.30 3.26 50 65.05 162.95
Sunday 7912 Aurora Ave N N 135th St FS N 358 Out 0.56 1.23 50 27.85 61.45
Sunday 43050 N 130th St Aurora Ave N NS W 345 Out 0.73 1.54 17 12.33 26.17
Sunday 43110 N 130th St Aurora Ave N FS E 345 In 1.08 0.57 16 17.33 9.08
Sunday 75820 Aurora Ave N N 145th St FM N 358 Out 1.30 2.57 50 65.10 128.70

Jon Flug SelectedZonesWeekend061.xls 7/17/2006
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This memorandum outlines the methods and assumptions that will be used for the Seattle 
Aurora Corridor project.  One goal of this memo is to achieve consensus within the project team 
which will help produce consistent and defensible analysis.  This memo will identify the 
analysis years and study area limits.  Travel demand forecasting and modeling methodologies 
will be defined.  In addition, traffic analysis scenarios and the software that will be used to 
support design decisions will be identified. Lastly, the operations parameters and assumptions 
will be outlined.  

Analysis Years 
The AM and PM peak hours will be analyzed for each scenario in Table 1. 

• Existing Year (2005) 

• Year of Opening (2010) 

• Design Year (2030) 

TABLE 1 
Traffic Analysis Scenarios 

Condition Existing (2005) Year of Opening (2010) Design Year (2030) 

Existing AM and PM   

No-Build   AM and PM 

Build  AM and PM AM and PM 
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Study Area Limits 
The study area for this project is defined as Aurora Avenue North between North 110th Street 
and North 145th Street in the City of Seattle (see Figure 1).  This is approximately 1.7 miles and 
includes eleven (11) study intersections.  Other intersections or mid-block driveways may be 
added to the traffic model, but will first require PM approval from CH2M HILL and the CITY 
for change management and adjustment to the current scope of work (SOW). 
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Forecasting/Modeling Methodology 
As directed by the Scope of Work (SOW), CH2M HILL obtained from the City of Seattle and the 
Puget Sound Regional Council’s latest calibrated EMME/2 travel demand model.  At the 
coordination meeting on July 26, 2005, CH2M HILL suggested an AM peak hour growth rate of 
0.85 percent per year and a PM peak hour growth rate of 1.23 percent per year as an alternative 
to the 1.21 percent per year growth rate for both peak periods.  All three growth rates were 
derived from the PSRC’s travel demand model.  The City agreed that separate growth rates for 
each peak period were acceptable.   
The growth rates will be applied to the final 2005 AM and PM peak hour traffic volumes to 
reach forecasted 2010 and 2030 traffic volumes.  The traffic volumes will be rounded to the 
nearest 5 vehicles; if less than 5 vehicles are present it will remain that value.  The 2030 traffic 
volumes will be used for both Build and No-Build scenarios. 
 

Operational Analysis Methods/Parameters 
General Parameters 
Existing conditions will be represented by data from the year 2005.  In addition, the City of 
Seattle’s model will be used to forecast both AM and PM volumes for the year of opening (2010) 
and the design year (2030). 
 

Existing AM and PM Peak Hour Scenarios 
In order to understand existing travel patterns, the Synchro model developed during the Route 
Development Plan process, and provided by the City, will be used as the base conditions.  The 
Synchro files will be updated to reflect existing (2005) conditions.  In addition, volumes will be 
balanced between intersections for consistency. 
 

Intersection Analysis 
Software 
All intersection analysis will be performed using the Synchro software package (version 6).  
This software implements methods from the Highway Capacity Manual (HCM) and will be 
used to analyzed both signalized and unsignalized intersections.  The level-of-service (LOS), 
intersection delays (per vehicle), and lane group queuing results will be reported using Synchro 
methodology, which is accepted by WSDOT.  
BAT Lane Coding 
The curb lane (Lane #1) will be marked as a Business Access and Transit (BAT) lane in both 
directions along Aurora Avenue.  This lane will operate as a normal right-turn lane for general 
purpose vehicles at controlled intersections, but transit vehicles will be allowed to continue 
through the intersection.  In the Synchro model, this lane will be coded as a general purpose 
right-turn lane that drops and does not permit through vehicles because Synchro does not have 
the ability to model a BAT lane.  Also, no adjustments will be made to the existing or forecasted 
approach volumes because buses make up a small portion of the right-turn volume. 
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Study Area 
Synchro results will be reported for eleven (11) total intersections, seven signalized intersections 
and four unsignalized, within the Aurora Corridor study area.  The intersections are listed in 
Table 2. 

TABLE 2 
Study Intersections 

Intersection Type Intersecting Street 

Signalized (7) N. 112th Street 

 N. 115th Street 

 N. 117th Street 

 N. 125th Street 

 N. 130th Street 

 N. 135th Street 

 N. 145th Street 

Unsignalized (4) N. 128th Street 

 N. 137th Street 

 N. 140th Street 

 N. 143rd Street 

 

Intersection Parameters 
Refer to Table 3 for a list of all intersection parameters/inputs that will be assumed for this 
project. 

TABLE 3 
Arterial Operations Parameters/Assumptions  

 Condition 
Arterial Intersection 

Parameters 
Existing 2010 - Year of Opening  2030 - Design Year  

Peak Hour Factor  From traffic count and by 
approach 

0.92 for intersection 0.92 for intersection 

Conflicting Bikes and 
Pedestrian per Hour  

From traffic count, 
otherwise assume 20 
peds/bikes 

Assume 1% growth in 
number of conflicting 
pedestrians 

Assume 1% growth in number 
of conflicting pedestrians 

Area Type “Other” Same as Existing Same as Existing 
Ideal Saturation Flow Rate 
(for all mvmts) 

1,900 passenger cars per 
hour green per lane 

Same as Existing Same as Existing 

Lane Width  From CAD files Based on design No-Build: Same as Existing 
Build: Based on design 

Percent Heavy Vehicles From traffic count, 
otherwise 2% 

Same as Existing Same as Existing 

Percent Grade From CAD files Based on design No-Build: Same as Existing 
Build: Based on design 

Parking Maneuvers per No parking maneuvers Same as Existing Same as Existing 
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TABLE 3 
Arterial Operations Parameters/Assumptions  

 Condition 
Arterial Intersection 

Parameters 
Existing 2010 - Year of Opening  2030 - Design Year  

Hour  
Bus Blockages  Headway information 

provided by transit 
agencies 

Assume 1% growth in 
number of transit stops 

Assume 1% growth in number 
of transit stops 

Intersection signal phasing 
and coordination 

From current timing plans 
provided by City of Seattle

Optimized by Synchro Optimized by Synchro 

Intersection signal timing 
optimization limits 

From current timing plans 
provided by City of Seattle

Between 60-160 seconds Between 60-160 seconds 

Minimum Green time From current timing plans 
provided by City of Seattle

Based on pedestrian times (7 
sec. walk and 3.5 feet per 
second for FDW clearance) 
10 sec. if no crosswalk  
15 sec. for protected LT 
phase  
10 sec. for prot/perm LT 
phase 

Based on pedestrian times (7 
sec. walk and 3.5 feet per 
second for FDW clearance) 
10 sec. if no crosswalk  
15 sec. for protected LT phase 
10 sec. for prot/perm LT phase

Yellow and all-red time From current timing plans 
provided by City of Seattle

New signals: (Y) = 3.5 
seconds and (R) = 1 second 

New signals: (Y) = 3.5 
seconds and (R) = 1 second 

Right Turn on Red  Allow Allow Allow 
Right Turn Overlaps From current timing plans 

provided by City of Seattle
Identify if used Identify if used 

95th percentile vehicle 
queues calculated based on 
an average of 25 feet per 
vehicle 

Yes Yes Yes 

Level of service goals (for 
mitigation) per HCM 2000  

N/A LOS E  (signalized 
intersections from Synchro, 
unsignalized intersections 
from the HCM) 

LOS E (signalized 
intersections from Synchro, 
unsignalized intersections from 
the HCM) 

LOS, delay, and vehicle queues will be reported from Synchro. 
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