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1. Introduction

This Transportation Technical Report presents traffic analysis used to screen several alternative grade-separation corridors across the Burlington Northern Santa Fe (BNSF) railroad tracks in the vicinity of S Lander Street. Based on preliminary screening performed by KPFF, four potential corridors were evaluated: 

S Lander Street

S Stacy Street

S Forest Street

S Hanford Street

This report evaluates train crossing delays, traffic volumes, and traffic operations (level of service) for each of the corridor options compared to a future No Action condition for which no improvements would be made. 

2. Project Background

The need for roadway/railroad grade-separations in the Duwamish Industrial Area was recognized in the early 1990’s when the new touchdown ramps from I-90 were completed, substantially increasing traffic through the area and across the Burlington-Northern-Santa-Fe (BNSF) Railroad mainline tracks, particularly along the Royal Brougham Way corridor. At the same time, the City of Seattle and Washington State Ferries changed the access and egress routes for Colman Dock, which further increased vehicular traffic on Royal Brougham Way. These sudden changes in traffic patterns focused attention on the rail crossings in the Duwamish. The additional traffic exacerbated delays by extending queues past adjacent intersections, and overloading these intersections after the trains passed. 

A few years later, the Port of Seattle embarked on an aggressive plan to increase intermodal cargo  by increasing the capacity at Terminal 5 and Terminal 18. The Port of Tacoma, which also ships cargo north through Seattle on the BNSF mainline, had similar expansion plans. Expectations for larger containerships calling at northwest ports together with the rapidly expanding use of double-stack container trains (pioneered in 1979 by SeaLand) made it more cost-effective to transport cargo by rail. The effect of these changes was a substantial increase in rail volumes on the BNSF Mainline and its nearby rail yards. Increased train volumes added to the traffic congestion in the Duwamish Industrial area. Further increases in ship sizes have also contributed to forecast increases in train frequency and crossing closures. 

The first grade-separation project in the Duwamish area—SR 519 South Seattle Intermodal Access and Interchange Improvements—was proposed in 1996 to resolve transportation and safety issues in the Royal Brougham Way corridor. Phase 1 of SR 519, which includes constructing a new grade-separated arterial at S Atlantic Street between 1st Avenue S and I-90, is scheduled to be complete next year. Phase 2 of this project is still being designed. It will also provide access between I-90 and 1st Avenue S by building a grade-separated structure at Royal Brougham and closing the at-grade railroad crossing. When work at Royal Brougham is completed, it will serve westbound traffic only, and Atlantic Street would serve eastbound traffic only. Depending upon funding, the soonest Phase 2 construction would be complete is 2006. 

The need for additional grade-separations in the Duwamish area was evaluated by the Access Duwamish Study, which was a comprehensive study of transportation and freight needs performed between 1997 and 2000. The goals of the Access Duwamish project were to:

· Provide for the efficient movement of goods and people to ensure the economic vitality of the North Duwamish Industrial Area,

· Reduce modal conflicts and enhance traffic connections, 

· Contribute to regional air quality objectives by planning improvements that reduce congestion and transportation related pollution, and 

· Reduce safety hazards and ensure a safe operating environment for all modes of transportation. 

The study identified over 80 potential infrastructure improvements, which included grade-separation or closure of the remaining mainline grade crossings between S Horton Street and Royal Brougham Way. All of the potential grade-crossing locations were evaluated to determine which ones would provide the greatest benefit, and to determine the order in which such projects should be constructed. The results and recommendations from Access Duwamish are as follows:

1.  
Build SR 519 first. The crossing at Atlantic Street (Phase I) is already under construction, and Phase II at Royal Brougham Way has been designed, and is awaiting full funding. 

2.  
Build Lander Street next.

3.  
Build another grade separation after Lander Street, at either Holgate or Hanford Streets. 

As each grade separation project is constructed, the Access Duwamish plan calls for the closure of additional at-grade crossings in the corridor. Each crossing that is closed would improve safety by reducing the potential for train-vehicle accidents at the crossing. The long-term vision of the Access Duwamish Plan is that all existing grade-crossings would eventually be eliminated. Closing all of the at-grade crossings may allow increased track speeds, which would primarily benefit passenger train movements to and from King Street station by reducing travel times. Also, maintenance costs for the at-grade crossing and signal equipment would be reduced. Closure of consecutive crossings may provide additional rail operations benefits by providing a 6,000-foot train staging area between S Spokane Street and the King Street Tunnel. This would improve freight operations by allowing trains to wait near the tunnel for clearance rather than having to stage inside the SIG yard or further south on the Mainline where streets would not be blocked. The ability to stage long trains in this area would be a substantial benefit to freight rail operations, and would reduce the impact that increased passenger rail service may have on freight rail operations.

The purpose of the Lander Street grade-separation project is to improve freight operations, both truck and rail, through the Duwamish Industrial area as well as to improve traffic and safety conditions by eliminating rail delay and rail-vehicular conflicts at the mainline tracks. Additional purposes of the grade-separated crossing are to: serve truck traffic, local automobile traffic, as well as pedestrians and bicycles. 

3. Existing & Future No Action Conditions

The Lander Street Grade-Separation Type, Size and Location Study was prepared using traffic forecasts developed specifically for the local area. These forecasts were developed based on the following assumptions: 

· The afternoon PM peak hour will be the design hour, which is when traffic volumes at the intersection of S Lander Street/1st Avenue S and S Lander Street/4th Avenue S are the highest.

· Future traffic volumes for the year 2025 will be used for all analyses. These volumes include increases associated with new major development projects (Seattle School District Consolidated Support Center, Starbucks Center, offices on the WOSCA site, and the LINK Light Rail project), and increases associated with regional growth.

· The future traffic volumes reflect changes in travel patterns associated with several major transportation improvement projects: SR 519 Phase 1 (Atlantic Street), SR 519 – Alaskan Way Surface Street, SR 519 Phase 2 (Royal Brougham Way), Spokane Street Viaduct widening and new ramp at 1st Avenue S, and the LINK Light Rail in the E-3 corridor. 

· The grade separation will be designed to attain LOS D conditions for the intersections where it meets 1st Avenue S and 4th Avenue S during the design hour when there is no event at Safeco Field, the Exhibition Center, or the Football Stadium. 

· Metro Transit currently has no east-west transit routes that operate on S Lander Street. However, the Duwamish Neighborhood has identified its desire for east-west transit service in the future, and if Lander Street (or another street) were grade-separated from the railroad tracks, it may be a viable route. For this reason, the grade-separation will be designed to accommodate future transit service; however, the design will not provide for transit stop waiting areas between 1st Avenue S and 4th Avenue S. 

3.1. Existing Traffic Volumes

Design Hour

The existing traffic volumes used for this study represent year 2000 conditions. That year was selected because the City of Seattle performed comprehensive counts for the study area during that year including intersection turning movement counts for the AM peak hour, PM peak hour, and midday peak hour. The City also performed many seven-day machine counts in the study area in the year 2000 that included days with and without a Seattle Mariner’s game at nearby Safeco Field. This allowed good comparisons to be made related to the effect of special events in the area.. 

Of the four grade-separation corridor options—Stacy Street, Lander Street, Forest Street, and Hanford Street—only Lander Street crosses the mainline railroad tracks and connects between 1st and 4th Avenues S. Since a grade separation in this vicinity would be intended to serve some or all of the traffic on S Lander Street, existing traffic conditions focus on Lander Street and its intersections with 1st and 4th Avenues S. 

A seven-day traffic count was performed on S Lander Street during the week beginning May 24, 2000. On Wednesday, Thursday, and Friday of that week, there was no Mariners’ Game at Safeco Field. The counts for those three days were averaged to determined average weekday traffic volumes on Lander Street. The results are shown on Figure 1. The figure shows that eastbound and westbound traffic on Lander Street are very similar during all hours of the day. The peak hour for traffic on Lander Street occurs during the lunch hour. The two-way traffic volume during the PM peak hour is approximately 100 vehicles lower than during the midday peak hour. 

Figure 1. Existing Traffic Volumes on S Lander Street between 1st and 4th Avenues
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Source:  City of Seattle Automatic Traffic Count. Average of Wednesday, 24, 2000 through Friday, May 26, 2000. 

The capacity of the grade-separation project will be controlled by the intersections at each end of the structure—at 1st Avenue S and 4th Avenue S. The traffic volumes on these two north-south corridors have more abrupt peaking patterns in the afternoon. To illustrate this, traffic counts for the same three-day period on 1st Avenue S (between S Lander Street and S Spokane Street) were compiled, and are shown on Figure 2. 

Figure 2. Existing Traffic Volumes on 1st Avenue S between Lander and Spokane Streets
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Source:  City of Seattle Automatic Traffic Count. Average of Wednesday, 24, 2000 through Friday, May 26, 2000. 

Finally, intersection turning movement counts performed by Seattle Transportation for the S Lander Street/1st Avenue S intersection were compiled to compare the total entering volumes during each of the three peaks (AM peak hour, midday peak hour, and PM peak hour). These counts determined that the PM peak hour volume entering the intersection is approximately 200 vehicles higher than the AM peak hour volume, and approximately 400 vehicles higher than the midday peak hour volumes. Analysis performed by Seattle Transportation for the AM, midday, and PM peak hours also showed that the level of service is poorest during the PM peak hour. Based on this analysis, traffic volumes for the PM peak hour will be used to design the grade-separation facility.

Existing PM Peak Hour Traffic Volumes

Existing turning movement counts were compiled from available sources such as Seattle Transportation’s intersection counts, traffic studies performed for other developments in the area (e.g., Seattle School District Support Center and Starbucks Center), and Seattle Transportation’s Synchro traffic model for the 1st Avenue S and 4th Avenue S intersections. Most of the past counts were performed in the year 2000. New intersection counts were performed at the intersections of S Lander Street/Occidental Avenue S and S Forest Street/4th Avenue S on March 28, 2001. 

All traffic counts were adjusted to match the weekday average volumes determined from nearby machine traffic counts and to match the flows at adjacent intersections. This “balancing” process reduces fluctuations associated with daily changes in traffic volumes and travel patterns. For the Lander Street study area, the volumes at adjacent intersections and machine counts were very similar and required very little adjustment. 

The year 2000 (existing) traffic volumes for the study area are shown on Figure 3. 

Figure 3. Year 2000 PM Peak Hour Traffic Volumes

Existing Truck and Bus Volumes

Manual truck classification counts were performed on S Lander Street at the BNSF mainline crossing on Wednesday, October 8, 1997 between 6:00 a.m. and 8:00 p.m. These counts were performed for the Access Duwamish study. The total weekday truck traffic was estimated to be 1,500 trucks per day, which represents about 10% of the total daily vehicular traffic on the street (15,400 vehicles per day). 

Hourly count data (see Figure 4) show that truck volumes peak between 10:00 and 11:00 a.m. when 172 trucks (95 westbound and 77 eastbound) used S Lander Street. During the PM peak hour, the volume was 85 trucks (37 westbound and 48 eastbound). The PM peak hour truck volume represents about 6.7% of the PM peak hour vehicles (1,260 vehicles total).  

Figure 4. Hourly Truck Volumes on S Lander Street at BNSF Mainline

[image: image4.wmf]0

200

400

600

800

1000

1200

1400

1600

12:00 AM

1:00 AM

2:00 AM

3:00 AM

4:00 AM

5:00 AM

6:00 AM

7:00 AM

8:00 AM

9:00 AM

10:00 AM

11:00 AM

12:00 PM

1:00 PM

2:00 PM

3:00 PM

4:00 PM

5:00 PM

6:00 PM

7:00 PM

8:00 PM

9:00 PM

10:00 PM

11:00 PM

Time Begin

Vehicles per Hour

Without Event

With Mariners' Game


Source: 
 Manual truck classification counts performed by Heffron Transportation on October 8, 1997 for the Access Duwamish project. 

Most of the trucks using S Lander Street are classified as “single-unit” trucks. This classification includes most small to medium-sized trucks such as garbage trucks, United Parcel Service trucks, and food service trucks. Since S Lander Street is one of the primary access routes to the Rabanco garbage and recycling transfer facility, it is likely that many of these single-unit trucks were garbage trucks destined to that facility. Figure 5 shows the daily truck volumes by type of truck. 

Figure 5. Daily Trucks on S Lander Street by Type of Truck
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Source:  Manual truck classification counts performed by Heffron Transportation on October 8, 1997 for the Access Duwamish project. 

Metro Transit currently has no east-west transit routes that operate on S Lander Street. However, as shown above on Figure 5, some bus traffic does use S Lander Street. These are likely buses from the nearby Atlantic/Central Base that use S Lander Street when traveling between a route and the base. 

The Duwamish Neighborhood plan identified its desire for east-west transit service in the future. If Lander Street were grade-separated from the railroad tracks, it may be a viable route. For this reason, the grade separation will be designed to accommodate future transit service; however, the design will not provide for transit stop waiting areas between 1st Avenue S and 4th Avenue S. 
Effect of Mariners’ Game

The effect of a Mariners’ game on traffic volumes in the area was determined using the Seattle Transportation counts performed on S Lander Street and 1st Avenue S. Those seven-day counts included two days when a Mariners game was played at Safeco Field: Monday, May 29, 2000 (6:00 p.m. start time) and Tuesday, May 30, 2000 (7:00 p.m. start time). Both games were against the Chicago White Sox. Monday was a holiday (Memorial Day) and the traffic volumes on that day were about half of a normal day’s traffic volumes. Therefore, Tuesday’s volumes were used for this comparison. Figures 3 and 4 compare the traffic volumes on the Mariners’ game day to the average weekday volumes for S Lander Street and 1st Avenue S, respectively. 

The comparisons show that a Mariners’ game added 335 vehicles to S Lander Street during the PM peak hour (165 vehicles westbound and 170 vehicles eastbound). On 1st Avenue S, the Mariner’s game added about 560 vehicles to the street during the PM peak hour, and almost all of this increase occurred in the northbound direction (510 vehicles northbound and 50 vehicles southbound). This information will be used to test operations of the grade-separation project during event conditions. It is recognized that congestion is expected during events; therefore, operating conditions below a level of service (LOS) D condition would be acceptable during events.  

Figure 6. Existing Traffic Volumes with and without Mariners' Game – S Lander Street
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Figure 7. Existing Traffic Volumes with and without Mariners' Game – 1st Avenue S
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Source:  
City of Seattle Automatic Traffic Count. Without event conditions are the average of Wednesday, 24, 2000 through Friday, May 26, 2000. With-event conditions are from Tuesday, May 30, 2000 when the Mariners played the White Sox at Safeco Field. 

3.2. Future Traffic Volume Forecasts

Year 2025 was chosen to represent future conditions for this project analysis. Therefore, all traffic forecasts were developed for this year. The volume forecasts include increases associated with regional growth (background growth) that could include new development downtown or small developments in the vicinity that are not specifically counted. The forecasts also include growth associated with major development projects within close proximity to S Lander Street. Finally, the forecasts account for changes in travel patterns resulting from major transportation improvement projects in the vicinity. These elements of the forecasts are described in the following sections. 

Background Traffic Growth

Seattle Transportation has performed a seven-day machine traffic count on S Lander Street east of 4th Avenue S every month for the past 10 years. The average annual traffic volumes at this location were compiled to show how they have changed in the past 10 years. As shown on Figure 8, traffic volumes have increased at a compound growth rate of 1.2% per year since 1991. Traffic volumes have actually declined at this location since about 1996; however, to be conservative, the 1.2% per year growth rate was used to forecast year 2025 traffic volumes for the corridor. 

Figure 8. Annual Growth on S Lander Street east of 4th Avenue S
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Source:  
Seattle Transportation historic counts. The volumes represent the annual average of monthly counts performed at this location. 

Effect of Major Development Projects

There are several major development projects proposed in downtown Seattle that could increase traffic in the study area. Specific traffic associated with the following development projects was included in the future traffic forecasts:

· Seattle School District Consolidated Support Center – This project was recently completed at the former U.S. Postal Facility site located on S Lander Street at 3rd Avenue S. Traffic impacts associated with this project were documented in the Traffic Impact Analysis for the Consolidated School Support Center (Heffron Transportation, January 27, 1999.) This project is expected to generate 373 PM peak hour trips (60 enter and 313 exit). Access to the site is provided on Lander Street and 3rd Avenue S. 

· Starbucks Center Office Conversion – This project would change the mix of uses within the existing Starbucks Center building by converting approximately 400,000 gsf of the existing warehouse space to office use for Starbucks Corporation or other office tenants. The proposal also included a new eight-story parking garage (now complete) immedi​ately north of and adjacent to the existing Starbucks Center parking garage. Traffic volumes for this project were documented in Traffic Impact Analysis for Starbucks Center Office Conversion & North Accessory Parking Garage (Heffron Transportation, Inc., November 24, 2000) and a subsequent memorandum (January 29, 2001). The proposed project would generate 293 PM peak hour trips (39 enter and 254 exit). The expanded parking garage is accessed from Utah Avenue S north of S Stacy Street.

· LINK Light Rail and LINK Maintenance Base – The LINK Light Rail project proposes a new station near S Lander Street. In addition, the facility’s maintenance base would be located south of Forest Street on the former Rainier Brewery site. The LINK Light Rail EIS and Maintenance Base EA determined that the new Lander Street station would generate approximately 84 drop-off/pick-up trips during the commuter peak hours. The maintenance base, however, would displace existing industrial uses and would reduce traffic in the site vicinity. 

· Potential Development of WOSCA Site – Although no formal plans have been submitted to the City for development of the WOSCA site on the northwest corner of 1st Avenue S/Royal Brougham Way, traffic for a potential development of this site was included in this analysis since it could add substantial traffic to the 1st Avenue S corridor at S Lander Street. Preliminary estimates by City staff suggest that up to 1.1 million square feet of office space could be developed on the site. Trips for this use were estimated by applying the standard rates from the Institute of Transportation Engineers (ITE) Trip Generation (6th Edition), and a transit-usage factor. For this analysis, it was assumed that the project would generate 1.49 trips per 1,000 square feet during the PM peak hour, and that 75% of the trips would occur by automobile. At this rate, the project would generate 1,230 trips during the PM peak hour. The trip distribution pattern derived for the Starbucks Center development was used to determine the number of trips that would use 1st Avenue S. 

· Atlantic/Central Base Expansion – King County Metro proposes to expand its existing transit base located along 6th Avenue S north of S Massachusetts Street. The King County Metro Atlantic/Central Base Expansion Project Transportation Technical Report (Heffron Transportation, January 28, 2002) determined that most of the traffic associated with the base occurs during off-peak hours. Also, the base is expected to displace some existing uses. Therefore, this project is not expected to increase traffic volumes in the S Lander Street Grade-Separation Project study area. 

· Other developments – Other development projects are planned for the area or could occur prior to the year 2025. The growth rate used for the study provides for additional in-fill development. To illustrate this, the background growth rate alone accounted for about the same volume of traffic that the WOSCA project is expected to add to 1st Avenue S near Lander Street. 

Effect of Major Transportation Improvements in South Downtown

There are several major transportation improvement projects that will affect traffic patterns in South Downtown. These include the SR 519 Phase I and Phase II projects and the Spokane Street Viaduct improvement. The effects of these projects are summarized below:

· SR 519 Phase I and II – Phase I of this project (Atlantic Street) is currently under construction. Phase II (Royal Brougham Way) is expected to be constructed prior to the grade separation in the vicinity of S Lander Street. When complete, the two overpasses are planned to operate as a one-way couplet with eastbound traffic on Atlantic Street and westbound traffic on Royal Brougham Way. Because Atlantic Street is a new link in the street grid, it is expected to divert traffic away from S Holgate Street, particularly eastbound traffic. Some westbound traffic is also likely to divert north to Royal Brougham Way to reach an overpass of the mainline rail tracks. Information in SR 519 Alternatives Analysis (CH2M Hill for the Washington State Department of Transportation (WSDOT), April 1999) along with projected turning movements at S Holgate Street/1st Avenue S and S Holgate Street/4th Avenue S were used to determine how traffic patterns in the area would change. It is expected that SR 519 would divert about 420 vehicles off of S Holgate Street during the PM peak hour (180 westbound and 240 eastbound). A very small decrease in traffic is expected to occur on S Lander Street. The following table shows the east-west traffic that crosses the BNSF Mainline and the effect of SR 519. It is expected that the total volume of traffic crossing the tracks at these five streets would increase slightly since some traffic now using streets through Pioneer Square may use Royal Brougham Way once it is grade-separated from the railroad tracks. 

Table 1. Effect of SR 519 Phase I and II on Traffic Crossing BNSF Mainline

	
	
Year 2000 Volumes
	Year 2025 Volumes 
without SR 519

	Year 2025 Volumes 

with SR 519


	Location
	Eastbound
	Westbound
	Eastbound
	Westbound
	Eastbound
	Westbound

	Royal Brougham Way
	760
	850
	1,430
	1,120
	0
	1,600*

	Atlantic Street
	0
	0
	0
	0
	1,700*
	0

	Holgate Street
	470
	455
	560
	610
	310
	370

	Lander Street
	630
	630
	830
	840
	810
	840

	Horton Street
	100
	130
	120
	160
	120
	160

	Total Vehicles Crossing Railroad
	1,960
	2,065
	2,940
	2,730
	2,940
	2,970


* - Traffic volume projections from SR 519 Alternatives Analysis, (CH2M Hill, April 1999). 

· Spokane Street Viaduct – Improvements on the Spokane Street Viaduct would eliminate the existing off-ramp from the westbound viaduct to northbound 4th Avenue S. A new off-ramp would be constructed to northbound 1st Avenue S. Approximately 240 vehicles now use the 4th Avenue S off-ramp during the PM peak hour, and would be expected to grow to 330 vehicles by 2025. These vehicles are expected to divert to northbound 1st Avenue S, and filter through the neighborhood. This change is expected to add 330 PM peak hour trips to northbound 1st Avenue S at S Forest Street, would add 130 vehicles to northbound 1st Avenue S north of Stacy Street, and would add 100 vehicles to northbound 1st Avenue S north of Holgate Street. Similar decreases in traffic would be expected at these same locations along 4th Avenue S. The change in the Spokane Street Viaduct ramps is expected to add 100 PM peak hour trips to eastbound S Lander Street and eliminate 100 trips from westbound S Lander Street. 

The are several major transportation improvements in an initial planning stage that could affect traffic patterns in South Downtown. The largest of these is the Alaskan Way Viaduct project, for which many alternatives that would alter its location and access points are being evaluated. However, not enough is known about this project to determine its impact on S Lander Street, and it was not included in this analysis. Another potential project is the Seattle Monorail. Again, this project is in a planning stage, and has not yet been approved for construction. However, it is unlikely that a monorail would change traffic patterns in the vicinity. 

3.3. Year 2025 Design Hour Volumes

The year 2025 design hour traffic volumes for the grade-separation project combine all of the changes described above. These volumes are shown on Figure 9.

Figure 9. Year 2025 PM Peak Hour Traffic Volumes – No Action Alternative

Rail Volumes

Train activity on the BNSF Mainline were compiled for the Access Duwamish project. These data were collected from members of the local BNSF Pacific Northwest en​gineering staff, as well as the Network Operations Analysis staff in Fort Worth, Texas. Train volumes from the Access Duwamish study projected train activity through the year 2005. Projections beyond this year were beyond the rail forecasting capability of the BNSF Railroad. Blockage times were computed based on average train speeds at each crossing for each of three types of train: passenger, through freight, and local freight. Table 3 summarizes the existing and year 2005 train activity and average blockage duration for each type of train crossing. 

Table 2. Peak Day Train Crossing Activity on BNSF Mainline

	
	Passenger Trains
	Through Freight Trains
	Local Freight Trains

	
At Grade Crossing Location on Mainline
	Number 
of Trains
	Blockage Duration
	Number 
of Trains
	Blockage Duration
	Number 
of Trains
	Blockage Duration

	Year 1997 
	
	
	
	
	
	

	S Royal Brougham Way
	12
	2.5
	43
	7.1
	35
	0.8

	S Holgate Street
	12
	2.5
	43
	5.9
	35
	0.7

	S Lander Street
	6
	1.4
	46
	5.7
	35
	0.7

	S Spokane Street
	6
	1.1
	43
	6.6
	35
	0.7

	Year 2005
	
	
	
	
	
	

	S Royal Brougham Way
	32
	1.8
	61
	7.0
	50
	0.8

	S Holgate Street
	32
	1.8
	61
	5.9
	50
	0.7

	S Lander Street
	25
	1.0
	63
	5.6
	32
	0.7

	S Spokane Street
	25
	0.8
	61
	6.7
	32
	0.7


1. Blockage Duration = Minutes the crossing is closed to traffic including 30 seconds gate clearance (20 seconds down and 10 seconds up).

Source:  VZM/TranSystems, In.c.

3.4. Rail Crossing Delay

The total delay incurred by roadway vehicles in queue at a railroad crossing was determined during the Access Duwamish project. A methodology was developed from the theory of traffic flow, and assumes that the railroad crossing operates similar to a signalized intersection with two phases. Since the typical blockage time caused by a train crossing is often much longer than “red time” at a signalized intersection, it is important to calculate the total delay which accounts for stopped delay as well as traffic queue-dissipation delay. An equation to determine rail delay was derived from one of the underlying equations of traffic flow theory—the Webster equation. Details about how this equation was changed are presented in a memorandum Access Duwamish Grade Crossing Delay Analysis (Heffron Transportation, December 19, 1997). The resulting equation determines the total delay in vehicle-hours for a single roadway approach during one hour. 

D   =
    nr2


      2(-)

D
=
Total delay in vehicle-hours



Arrival rate of vehicles (vehicles per hour)

 
=
Queue dissipation rate (vehicles per hour)

r 
=
Average blockage time at crossing (hours)

n 
=
Number of blockages per hour (similar in magnitude)

Most railroad crossings have traffic passing in both directions and may have multiple train blockages of varying durations. Therefore, the total delay should be calculated as the sum of total delays in both directions for each train crossing. It is important that the delay be calculated separately when multiple crossings have very different blockage durations since the delay is a function of the square of blockage duration. For example, a 2-minute passenger train blockage should not be averaged with a 7-minute freight train blockage and represented as two 4.5-minute blockages. Instead, the delay for each should be calculated separately and then summed.

Delay to traffic and specifically to truck traffic was estimated for each crossing location for existing and future conditions. The existing and forecast train activity was distributed throughout a 24-hour period and combined with hourly traffic volumes. For each type of train crossing, the delay to roadway traffic was calculated and summed for an entire day. Table 3 summarizes the total daily traffic volumes, the total delay to roadway traffic (due to all three types of train movements over the course of a day), the average delay per vehicle, the truck percentages, and the total delay to truck traffic per day. 
Table 3. Delay Summary for East Marginal Way At-Grade Rail Crossings 

	
Crossing Location
	
Existing
	Future Year 2010 Traffic
 & 2005 Train Activity*

	Royal Brougham Way – BNSF Mainline
	
	

	Existing ADT
	24,024
	26,000

	Total Delay at Crossing (hrs/day)
	361.1
	543.8

	Delay per Vehicle (hrs)
	0.015
	0.021

	Percent Trucks
	7%
	7%

	Truck Delay (hrs/day)
	25.3
	38.1

	Holgate Street – BNSF Mainline
	
	

	Existing ADT
	12,697
	15,370

	Total Delay at Crossing (hrs/day)
	131.7
	219.2

	Delay per Vehicle (hrs)
	0.010
	0.014

	Percent Trucks
	8%
	8%

	Truck Delay (hrs/day)
	10.2
	17.2

	Lander Street – BNSF Mainline
	
	

	Existing ADT
	15,001
	18,060

	Total Delay at Crossing (hrs/day)
	157.6
	243.3

	Delay per Vehicle (hrs)
	0.011
	0.013

	Percent Trucks
	10%
	10%

	Truck Delay (hrs/day)
	16.5
	23.5

	Spokane Street – BNSF Mainline
	
	

	Existing ADT
	17,444
	18,750

	Total Delay at Crossing (hrs/day)
	239.3
	316.6

	Delay per Vehicle (hrs)
	0.014
	0.017

	Percent Trucks
	12%
	12%

	Truck Delay (hrs/day)
	28.7
	38.0


*  - This analysis assumes that year 2010 truck percentage remains the same as existing. 

Source:  Access Duwamish Grade Crossing Delay Analysis, Heffron Transportation, December 19, 1997.
3.5. Intersection Level of Service

Level of service (LOS) is a qualitative measure used to characterize traffic operating conditions. Six letter desig​na​tions, “A” through “F,” are used to define level of service. LOS A is the best and represents good traffic opera​tions with little or no delay to motorists. LOS F is the worst and indicates poor traffic operations with long delays. LOS D is acceptable to the City of Seattle and represents intersections that are approaching capacity. 

Operating conditions for the study area intersections were determined using the Synchro/SimTraffic software package. Synchro is a macroscopic traffic software program with the ability to optimize traffic signal timings and replicate the signalized intersection capacity analysis as specified in the Highway Capacity Manual 2000 (HCM2000, Transportation Research Board, 2000). SimTraffic is a microscopic simulation model with the capability to animate traffic conditions. Data required for Synchro/SimTraffic analyses are: 

· Intersection lane geometry and roadway geometry,

· Traffic volumes (including truck volumes),

· Truck percentages,

· Intersection control, and 

· Traffic signal phasing and signal timing information.

The City of Seattle Department of Transportation (SDOT) had created a comprehensive traffic operations model for the 1st Avenue S and 4th Avenue S corridors. This model was used by SDOT to interconnect and optimize all of the traffic signals along these two corridors. SDOT’s model was obtained and used to evaluate the various grade-separation options. Future year 2025 traffic volumes were input into the model, and the signal system was re-optimized for this future growth condition. Existing and year 2025 levels of service for key intersections are presented in Table 4. As shown, all intersections in the corridor currently operate at LOS C or better. Several intersections (4th Avenue/Lander Street, 1st Avenue/Lander Street, and 1st Avenue/Spokane Street) are forecast to operate at LOS E or LOS F in the year 2025 without any improvements. 

Table 4. Level of Service Summary

	
	Existing
	2025 Without-Project (No Action)

	Signalized Intersections
	LOS1
	Delay2
	LOS
	Delay

	1st Avenue/S Holgate Street
	C
	34.3
	C
	22.1

	1st Avenue/S Stacy Street
	A
	6.5
	B
	13.8

	1st Avenue/S Lander Street
	B
	19.8
	E
	74.8

	1st Avenue/S Forest Street
	A
	5.2
	A
	6.1

	1st Avenue/S Hanford Street
	A
	5.3
	A
	6.2

	1st Avenue/S Horton Street
	A
	6.3
	A
	9.0

	1st Avenue/S Spokane Street
	C
	24.8
	E
	64.5

	4th Avenue/S Holgate Street
	C
	31.5
	D
	39.0

	4th Avenue/S Stacy Street
	A
	2.5
	B
	10.3

	4th Avenue/S Lander Street
	C
	27.4
	F
	84.6

	4th Avenue/S Horton Street
	A
	3.2
	A
	3.6

	4th Avenue/S Hanford Street
	C
	29.0
	C
	29.8


Source: 
Synchro model developed by SDOT and modified by Heffron Transportation. Levels of service were calculated using the Highway Capacity Manual methodology in the Synchro program. 

1
Level of service.

2
Average seconds of delay per vehicle.

3
Volume-to-capacity ratio.

Transit

No transit routes currently use S Lander Street between 1st and 4th Avenues S. The Manufacturing and Industrial Council (MIC) of Seattle and the SODO Neighborhood groups have expressed interest in establishing east-west transit service in the area. However, Metro is not likely to consider such service until and unless a route could be grade-separated from the BNSF Mainline. The unpredictable delays associated with rail crossings would make it difficult to schedule buses in the area. 

More than 17 transit routes serve the project vicinity, and provide access to many locations in King County. Transit stops are located on 4th Avenue S and 1st Avenue S. Shelters are located on both sides of 1st and 4th Avenues north and south of S Lander Street. Routes that serve 4th Avenue S at S Lander Street include 35, 36, 39, 136, 137, 152, 163, 174, and 191. Routes that serve 1st Avenue S at S Lander Street include 21, 22, 56, 57, 116, 118, 119, and 132.

Sound Transit’s LINK Light Rail Line includes a major station and transfer point located approximately 160 feet north of Lander Street on the E-3 Busway (approximately 5th Avenue). Sound Transit predicts about 1,700 daily boardings at this station because of its proximity to more than 10,000 jobs within ½ mile of the station, including those at the Starbucks Center and the Seattle School District’s new Consolidated Support Center. There will be no parking at this station, so all boardings will either be by patrons who walk to the station or transfer from another mode. Sound Transit predicts that the major pedestrian access routes would be along S Lander Street or the new pedestrian/bicycle path that will be constructed parallel to the light rail line. Construction of this station is scheduled to begin in late 2003 with light rail service beginning in 2009. (Source: Sound Transit’s web site, soundtransit.org, December 4, 2002.) 

City of Seattle voters recently approved the Seattle Monorail Initiative. In the SODO neighborhood, the proposed monorail route would follow 3rd Avenue S on the east side of the stadiums, turn west on or near S Lander Street to 1st Avenue S (or a parallel street), for its approach to the West Seattle Bridge. The route would turn west on the bridge for its approach to West Seattle. The current plan proposes a station to be located between 1st and 3rd Avenues S on or near S Lander Street. (Source: Building the Monorail, ETC Seattle Popular Monorail Plan, August 5, 2002.) 
3.6. Non-Motorized Facilities

Of the four grade-separation options—Stacy Street, Lander Street, Forest Street, and Hanford Street—only Lander Street connects from 1st to 4th Avenues S and is the only good east-west connection for pedestrians and bicyclists that exists between S Holgate Street and S Spokane Street. The only other east-west street that connects between 1st and 4th Avenues is S Horton Street, which has no pedestrian facilities. 

S Lander Street currently has sidewalks on both sides of the street. As described in the transit section above, this street is expected to be a major pedestrian route for transit riders accessing either the LINK light rail station east of 4th Avenue or the monorail station between 1st and 3rd Avenues. 

There are no bicycle facilities on S Lander Street; bicyclists must share the travel lanes with vehicles. Lander Street does connect to the the E-3 busway where a proposed pedestrian/bicycle path will be constructed parallel to the LINK light rail line. The other major bicycle facility in the area is located along East Marginal Way, where lanes are striped on both sides of that roadway. 

4. Future With Grade-Separation 

Four potential grade-separation projects were evaluated for this project:

S Lander Street

S Stacy Street

S Forest Street

S Hanford Street

The conceptual design for each grade-separation would be the same for each option: a four-lane overcrossing with two lanes in each direction, left-turn pockets at 1st and 4th Avenues,  elevated structure as needed to clear the tracks, retained earth fills for the approach ramps, and cul-de-sacs on Occidental Avenue S and Third Avenue S where the streets are blocked by the approach ramps. A maximum seven-percent grade was used in laying out the approach ramps to minimize the length of the ramps.  

4.1. Traffic Volumes

Year 2025 traffic volumes for the various grade-separation options were derived based on existing travel patterns and the likelihood that traffic would divert to a new route. For the purpose of this analysis, it was assumed that the creation of additional capacity in the area would not increase the number of trips that cross the railroad tracks. This analysis also assumes that construction of a grade-separated facility on a street other than Lander Street would not result in the closure of Lander Street at the railroad tracks. 

Table 5 summarizes the year 2025 PM peak hour traffic volumes on each east-west street between 1st and 4th Avenues S. Turning movement volumes at each intersection are attached. 

Table 5. Year 2025 PM Peak Traffic Volumes for Various Grade-Separation Alternatives

	
	Grade Separation at:

	
	Lander Street
	Stacy Street
	Forest Street
	Hanford Street a

	Traffic Volume Location b
	EB
	WB
	EB
	WB
	EB
	WB
	EB
	WB

	Holgate Street
	465
	430
	395
	430
	465
	430
	465
	430

	Stacy Street
	n/a
	n/a
	480
	370
	n/a
	n/a
	n/a
	n/a

	Lander Street
	910
	840
	500
	470
	540
	535
	720
	685

	Forest Street
	n/a
	n/a
	n/a
	N/a
	440
	355
	n/a
	n/a

	Hanford Street
	n/a
	n/a
	n/a
	N/a
	n/a
	n/a
	275
	430

	Horton Street
	140
	170
	140
	170
	70
	120
	75
	45

	Spokane Street
	840
	970
	840
	970
	840
	970
	820
	820

	Total
	2,355
	2,410
	2,355
	2,410
	2,355
	2,410
	2,355
	2,410


Note:  EB = Eastbound; WB = Westbound

a
Hanford Street alternative would have higher total traffic volume across the screenline than the other alternatives because it would attract some traffic from Spokane Street. 

b
Traffic volumes are at the mid-point between 1st and 4th Avenues S. 

4.2. Traffic Operations

Levels of service for the various grade-separation options were calculated using the Synchro model. The model was modified for each option to include the new link (if applicable), and to reflect the change in traffic volumes.  These levels of service reflect the intersections operations only, and do not include the potential rail delay at the existing at-grade rail crossings. 

Table 6. Level of Service Summary – Year 2025 with Grade Separation Options 

	
	


Grade Separation at:  




	
	No Action
	Lander Street
	Stacy Street
	Forest Street
	Hanford Street

	Intersection
	LOS 1
	LOS
	LOS
	LOS
	LOS

	1st Avenue/S Holgate Street
	C
	C
	C
	C
	C

	1st Avenue/S Stacy Street
	B
	B
	D
	B
	B

	1st Avenue/S Lander Street
	E
	E
	C
	D
	D

	1st Avenue/S Forest Street
	A
	A
	A
	B
	A

	1st Avenue/S Hanford Street
	A
	A
	A
	A
	B

	1st Avenue/S Horton Street
	A
	B
	A
	B
	B

	1st Avenue/S Spokane Street
	E
	E
	E
	E
	E

	4th Avenue/S Holgate Street
	D
	D
	C
	D
	D

	4th Avenue/S Stacy Street
	B
	B
	D
	B
	B

	4th Avenue/S Lander Street
	E
	D
	C
	C
	D

	4th Avenue/S Hanford Street
	Unsignalized
	Unsignalized
	Unsignalized
	Unsignalized
	C

	4th Avenue/S Horton Street
	A
	A
	A
	A
	A

	4th Avenue/S Spokane Street
	C
	C
	C
	C
	C


Source: 
Synchro model developed by SDOT and modified by Heffron Transportation. Levels of service were calculated using the Highway Capacity Manual methodology in the Synchro program. 

1
Level of service.

This analysis indicated that modest improvement in operations would be realized by constructing a new grade-separation facility in the existing Lander Street right-of-way. The intersection at S Lander Street/4th Avenue S would improve from LOS E to LOS D because of changes in the lane configuration that could be achieved with the proposed project. If a grade-separated facility were constructed at Lander Street, all other intersections in the corridor would continue to operate the same as the No Action condition.

More substantial improvement in level of service throughout the 1st and 4th Avenue S corridors would be realized if the grade-separation facility were constructed at Stacy, Forest, or Hanford Streets. This is because any of these other options  would create a new east-west roadway that does not exist today. A new roadway would reduce traffic volumes on S Lander Street, which would improve traffic operations at the 1st and 4th Avenue intersections with Lander Street. In this case, the new roadway and its signalized intersections with 1st and 4th Avenues would share traffic demand that would otherwise be carried by only Lander Street. Other improvements in level of service would also be realized as traffic diverts from existing roadways to a new roadway. For example, a new grade-separation facility at S Stacy Street would likely divert some traffic off of S Holgate Street, which would improve operations at its intersections with 4th Avenue S and 1st Avenue S. 

4.3. Rail Operations, Delay, and Safety

One of the primary goals of this grade-separation project is to close one or more existing at-grade crossings of the BNSF Mainline. If the new grade-separated facility were constructed at S Lander Street, the existing crossing of Lander Street could be closed. However, if the new facility were constructed off Lander Street (at Stacy, Forest, or Hanford), closing the Lander Street crossing may be more difficult because none of the other grade-separation options would create a continuous east-west link between 1st Avenue S and Airport Way. Lander Street is the only street that provides this continuity. The continuity of the grid is important for freight mobility, emergency access, and ease of navigation. Construction of a grade-separated facility at S Hanford Street may allow closure of the existing at-grade crossing on S Horton Street. Neither the Stacy Street nor Forest Street options would likely provide enough capacity or continuity to allow any existing at-grade crossing to be closed. 

A new grade-separation facility at S Lander Street would eliminate rail delay at the existing BNSF Mainline crossing of this street because it is assumed that the new facility would allow closure of the crossing. In the future, the cumulative vehicular delay at this crossing is expected to be more than 240 hours per day due to the increase in freight rail and passenger rail traffic. A new grade-separated facility at S Hanford Street may allow closure of the adjacent at-grade crossing of S Horton Street, which would reduce the delay at that crossing. Because traffic volumes at that crossing are lower than at Lander Street, the cumulative delay saved is expected to be small. Grade-separation facilities at either Stacy Street or Forest Street may not support closure of an adjacent at-grade rail crossing. Small reductions in rail-related delay would be realized since these facilities would provide a good alternative route if S Lander Street were blocked by a train. However, it is expected that because Lander Street provides the best east-west route in this area that it would still be used by most through traffic. This traffic could continue to be delayed by train traffic on the BNSF Mainline. 

Closing an existing at-grade crossing provides the greatest benefit to the railroad from a safety standpoint. A new overcrossing without closing an existing at-grade crossing would have little benefit for the railroad. Only a new grade-separated facility at S Lander Street affords the opportunity to close the existing at-grade crossing at S Lander Street. 

A grade-separated facility at S Lander Street is the only alternative that does not conflict with any of the existing auxiliary tracks. Of the three other alternatives, the Hanford option would impact five auxiliary tracks, while both the Stacy and Forest Street options would impact two tracks each. 

4.4. Truck Circulation

All of the grade-separation options would have approximately the same approach grade. A 7% grade would be required to attain the needed elevation above the railroad track and still reach existing grade before intersecting 1st and 4th Avenues S. This grade is steeper than the preferred grade for heavy truck traffic, which is about 5%. Therefore, heavy trucks may be slowed by the grade. 

Continuity of the network is also important for good truck mobility. Lander Street is the only option that would provide a continuous link between 1st Avenue S and Airport Way S. A new facility at S Hanford Street would create some network continuity by providing a direct link between the Port Terminals on East Marginal Way, BNSF’s Seattle International Gateway (SIG) and Stacy Yards, and 4th Avenue S. Facilities at Stacy Street and Forest Street would only connect between 1st and 4th Avenues, and would not provide the network continuity needed for truck movements in the Duwamish. Table 7 summarizes the out-of-direction travel distance (in feet) for various origins and destinations in the Duwamish. The out-of-direction travel is listed for ach grade separation alternative. 

Table 7. Network Continuity for Various Origins and Destinations in Duwamish

	
	Distance of Out-of-Direction Travel with Grade Separation at: 

	Origin – Destination
	Lander Street
	Stacy Street
	Forest Street
	Hanford Street 

	1st Ave/Lander St – Airport Way/Lander St
	0 feet
	1,450 feet 
	1,450 feet
	3,050 feet

	1st Ave/Lander St – I-5 on-ramp at Spokane St
	0 feet
	1,450 feet
	1,450 feet
	1,200 feet a

	1st Ave/Holgate St – Airport Way/ Lander St
	0 feet
	0 feet
	1,450 feet
	3,050 feet

	Terminal 25 – 4th Ave/Lander St
	0 feet
	1,450 feet
	0 feet
	0 feet

	Terminal 25 – 4th Ave/Spokane St
	3,050 feet
	4,500 feet
	1,600 feet
	0 feet

	Terminal 25 – 4th Ave/Royal Brougham Way 
	0 feet
	0 feet
	0 feet
	0 feet


a.
Assumes drivers would go south to Spokane Street and use the U-turn facility to access the I-5 on-ramp. 

4.5. Transit

If a grade-separated facility were constructed along S Lander Street, it would need to include a sidewalk to accommodate the expected increase in pedestrian traffic. If the grade-separation were constructed elsewhere, existing rail delays on Lander Street would remain, which would delay transit patrons walking to these stations.

4.6. Pedestrian & Bicycle Mobility

As described above, S Lander Street is expected to be a major walking route to the new LINK and Seattle Monorail stations. If a grade-separated facility were constructed along S Lander Street, it would need to include a sidewalk to accommodate the expected increase in pedestrian traffic. If the grade-separation were constructed elsewhere, pedestrians walking along S Lander Street could be delayed by train movements on the BNSF Mainline. It is unlikely that many pedestrians would divert to other grade-separation facilities if the facility added travel distance to their trip. Most pedestrian trips are less than ½-mile in length. A diversion to Stacy Street for example, could add over 1,400 feet (over ¼-mile) to a trip between Starbucks Center and the LINK station at Lander Street. 

Of the four grade-separation alternatives, S Lander Street would provide the best continuity for pedestrians and bicycles in the Duwamish. It connects across SODO to Airport Way; provides access to the proposed pedestrian/bicycle path in the E-3 busway; and provides pedestrian access to the proposed LINK and Monorail stations. A grade-separation at S Stacy Street may be able to provide a connection to the transit stations. A grade-separation at S Hanford Street could connect to the bicycle lanes on East Marginal Way. However, neither Forest Street nor Hanford Street could provide good connections to the transit stations. 

Summary

Each of the four alternatives were evaluated with respect to traffic operations, truck circulation, transit operations and access, pedestrian mobility, and network connectivity. The following summarizes the analysis results and compares the various options. 
· Traffic Operations – Constructing a new grade-separation facility on S Lander Street would result in a modest improvement in intersection level of service at both ends of the facility because of changes in the lane configuration that could be achieved with the proposed project. More substantial improvement in level of service throughout the 1st and 4th Avenue S corridors would be realized if the grade-separation facility were constructed in one of the other three corridor options (Stacy Street, Forest Street, or Hanford Street). This is because any of these other options would create a new east-west roadway that does not exist today. A new roadway would reduce traffic volumes on S Lander Street, which would improve traffic operations at the 1st and 4th Avenue intersections with Lander Street. In this case, the new roadway and its signalized intersections with 1st and 4th Avenues would share traffic demand that would otherwise be carried by only Lander Street. Other improvements in level of service would also be realized as traffic diverts from existing roadways to a new roadway. 

A grade-separated facility at S Lander Street would require two lanes in each direction with long left turn lanes at the 1st and 4th Avenue intersections. All of the other alternatives could operate at acceptable levels of service with just two lanes in each direction and no additional turn lanes at the intersections. 

· Rail Delay – A new grade-separation facility at S Lander Street would eliminate rail delay at the existing BNSF Mainline crossing of this street because it is assumed that the new facility would allow closure of the crossing. In the future, the cumulative vehicular delay at this crossing is expected to be more than 240 hours per day due to the increase in freight rail and passenger rail traffic. 

A new grade-separated facility at S Hanford Street may allow closure of the adjacent at-grade crossing of S Horton Street, which would reduce the delay at that crossing. Because traffic volumes at that crossing are lower than at Lander Street, the cumulative delay saved is expected to be small.

Grade-separation facilities at either Stacy Street or Forest Street may not support closure of an adjacent at-grade rail crossing. Small reductions in rail-related delay would be realized since these facilities would provide a good alternative route if S Lander Street were blocked by a train. However, it is expected that because Lander Street provides the best east-west route in this area that it would still be used by most through traffic. This traffic could continue to be delayed by train traffic on the BNSF Mainline. 

· Rail Safety – Closing an existing at-grade crossing provides the greatest benefit to the railroad from an operational and safety standpoint. This is also true for the general public, especially vehicular and pedestrian safety. A new overcrossing without closing an existing at grade crossing would have little benefit for the railroad. Only a new grade-separated facility at S Lander Street affords the opportunity to close the existing at-grade crossing at S Lander Street. A new facility at S Hanford Street may allow closure of the existing at-grade crossing on S Horton Street. 

· Rail Operations – A grade-separated facility at S Lander Street is the only option that does not conflict with any of the existing auxiliary rail tracks. Of the three other options, the Hanford options would impact five auxiliary tracks, while both the Stacy and Forest Street options would impact two tracks each.  

· Truck Circulation – All of the grade-separation options would have approximately the same grade. A 7% grade would be required to attain the needed elevation above the railroad track and still reach existing grade before intersecting 1st Avenue and 4th Avenue S. This grade is steeper than the preferred grade for heavy truck traffic, which is about 5%. Therefore, heavy trucks may be slowed by the grade. 

Continuity of the network is also important for good truck mobility. Lander Street is the only option that would provide a continuous link between 1st Avenue S and Airport Way S. A new facility at S Hanford Street would create some network continuity by providing a direct link between the Port Terminals on East Marginal Way, BNSF’s Seattle International Gateway (SIG) and Stacy Yards, and 4th Avenue S. Facilities at Stacy Street and Forest Street would only connect between 1st and 4th Avenues, and would not provide the network continuity needed for truck movements in the Duwamish. 

As mentioned above for operations, the options that provide additional east-west capacity will improve truck circulation more than the Lander Street option, which does not provide additional east-west roadway capacity. All three of the other options (Stacy, Forest, and Hanford) would provide truck drivers with alternative routes to avoid congestion and train crossing delays. Since S Hanford Street would connect Fourth Avenue to East Marginal Way and would likely attract the lowest amount of commuter automobile traffic, this option would likely best serve the truck circulation demands of South Seattle. None of the other alternatives provides this connection and all others would draw more commuter automobile traffic.

· Network Connectivity – The existing alignment of S Lander Street provides connections to nearly all of the South Seattle area. Network connections exist from S Utah Street east to Airport Way. Therefore, this alignment provides the best network connectivity. The Hanford Street Alternative would provide a desirable connection to East Marginal Way from Fourth Avenue. As a result, this alternative has relatively strong network connectivity for industrial and truck traffic but does not have strong network connectivity for commuter traffic. The Stacy and Forest Street alternatives would both require travel route diversions (north or south) to access other key network streets beyond First and Fourth Avenues. 

· Transit – Neighborhood groups have expressed interest in establishing east-west transit service in the area. However, Metro is not likely to consider such service until and unless this route could be grade-separated from the BNSF Mainline. Network continuity is important for transit service, particularly the east-west service across South Downtown desired by the community. Because of this, only a new facility at Lander Street would provide an adequate transit link. 

Both LINK and the Seattle Monorail propose to construct station on or near S Lander Street. The LINK Light Rail Station would be located along the E-3 busway approximately 160 feet north of Lander Street. The Monorail proposes a station between 3rd and 1st Avenues on or near S Lander Street. These stations are located within walking distance to major employment hubs at Starbucks Center and the Seattle Schools Consolidated Support Center. S Lander Street is envisioned to be the major walking route to these station. If a grade-separated facility were constructed along S Lander Street, it would need to include a sidewalk to accommodate the expected increase in pedestrian traffic. If the grade-separation were constructed elsewhere, existing rail delays on Lander Street would remain, which would delay transit patrons walking to these stations. 

· Pedestrian and Bicycle Mobility – Of the four grade-separation alternatives, S Lander Street would provide the best continuity for pedestrians and bicycles in the Duwamish. It connects across SODO to Airport Way; provides access to the proposed pedestrian/bicycle path in the E-3 busway; and provides pedestrian access to the proposed LINK and Monorail stations. A grade-separation at S Stacy Street may be able to provide a connection to the transit stations. A grade-separation at S Hanford Street could connect to the bicycle lanes on East Marginal Way. However, neither Forest Street nor Hanford Street could provide good connections to the transit stations.  

