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ABSTRACT 

In 1996, Sound Transit became the regional transit authority for the Puget Sound region and began development of 
the following:  light rail, commuter rail, and regional express bus service utilizing the region’s high occupancy 
vehicle (HOV) lane system.  A primary objective was to improve the speed, reliability, and ridership of transit.  
Sound Transit’s preferred method to accomplish this for express bus service is to make more effective use of the 
HOV system by reducing travel time for buses between park-and-ride lots and transit centers to inside freeway HOV 
lanes through the use of direct access ramps.  While direct access ramps are effective at this, Sound Transit was 
committed to also assessing whether other strategies could achieve equivalent benefits at a lower cost.  They 
conducted a study including, 1) a systems analysis of the benefits of HOV direct access ramps and TSM/TDM 
alternatives to assess whether HOV direct access ramps are a reasonable investment choice system-wide; and 2) a 
case study of a specific proposed HOV direct access ramp to identify what the TSM/TDM alternatives to the ramp 
would be, and their relative costs and benefits on a sub-area basis.  This is believed to be the first study of this kind 
undertaken.  The results indicate that for transit speed and reliability, the HOV direct access ramps out-performed 
the TSM and TDM alternatives.  However, for transit ridership, the TDM alternative, which included reduced fares 
and increased service, performed better.  With the TDM alternative however, transit reliability was degraded and 
travel time increased.   
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BACKGROUND 

Context 

In 1996, Puget Sound region voters approved the regional transit plan “Sound Move” which authorized the 
establishment of a regional transit authority, Sound Transit (ST), to oversee the development of a combination of 
transit modes including light rail, commuter rail, and regional express bus service utilizing the region’s extensive 
high occupancy vehicle (HOV) lane system.  One of the objectives of Sound Move is to improve the speed, 
reliability, and ridership of public transportation in the region.  Several strategies exist for doing this, such as 
decreasing delay for buses at signalized intersections, or implementing transit service that makes effective use of 
freeway HOV lanes.   A complementary strategy, one that allows transit to make even more effective use of freeway 
HOV lanes, is to reduce the time it takes to travel from park-and-ride lots or transit centers to inside freeway HOV 
lanes through the use of HOV direct access ramps.  A recent study (1) by the Washington State Department of 
Transportation (WSDOT) indicated that implementation of HOV direct access ramps at key locations would 
significantly enhance the effectiveness of the region’s HOV system.  Implementing a select number of the ramps 
identified by that study is a key component of the Sound Move program. 

Most freeways in the central Puget Sound region have inside HOV lanes, which are generally considered 
safer and more effective than outside HOV lanes.  Inside HOV lanes allow buses and carpools to travel in the HOV 
lane without general-purpose traffic merging in and out of the lane.  They are also easier to enforce than outside 
HOV lanes (2).  However, to use these lanes buses entering and exiting the freeway from typical right-side general 
purpose on- and off-ramps have to travel through several lanes of traffic to get into and out of the HOV lanes.  When 
the freeway is congested, crossing several lanes of traffic can be hazardous and time-consuming.  HOV direct access 
ramps can make it much easier for buses and carpools to use inside freeway HOV lanes by providing them a direct 
connection from either a transit center, park-and-ride lot, adjacent arterial or intersecting freeway.   

An example of an HOV direct access ramp is shown in Figure 1, which is a photo of an HOV direct access 
ramp to the I-10 Katy Freeway transitway in Houston, Texas.  The ramp shown is located at a park-and-ride lot 
eventually planned to have over 2,500 spaces.  The ramp is elevated over a railroad track and parallel street before 
coming down into the bus loading area in the lot.  

HOV direct access ramps can enable a high volume of HOVs to move into and out of the HOV lane 
without requiring them to weave across two or more general-purpose lanes. ST believes an effective system of HOV 
direct access ramps can help create a network that operates more like a rail system on the freeway, where buses and 
carpools can travel at nearly full speed between stops. However, ST is also committed to assessing whether, over the 
long-term, there are other ways to achieve equivalent transit speed, reliability, and ridership at a lower cost than 
HOV direct access ramps. These other methods could include implementing transportation systems management 
(TSM) or transportation demand management (TDM) programs instead of building HOV direct access ramps.  This 
would involve implementing aggressive TSM and TDM strategies as a substitution for HOV direct access ramps 
(however, in cases where HOV direct access ramps are ultimately determined to be the preferred alternative, TSM 
and TDM strategies can be used in conjunction with HOV direct access ramps to maximize their effectiveness and 
use).   

Purpose 

To assess whether alternatives to HOV direct access ramps can achieve equivalent transit speed, reliability, and 
ridership at a lower cost, ST brought together a committee and hired a consultant to address this issue.  The 
committee was composed of state, regional, and local agency staff as well as representatives of public interest 
groups.  The committee’s mission was to define the direction of the regional and project-level HOV direct access 
studies with respect to considering TSM/TDM alternatives to direct access ramps.   An initial step assessed whether 
any similar analyses around the country had been undertaken.  The results indicated, “as far as can be determined, 
no other studies have been conducted that directly compare HOV direct access ramps to other alternatives” (3).  This 
paper provides a summary of the study and its results, as documented in the study report (4). 

The next step was to conduct a systems level analysis of HOV direct access ramps versus TSM/TDM 
alternatives to assess whether, on a system-wide basis, HOV direct access ramps appear to be a reasonable 
investment choice for improving transit speed, reliability and ridership.  Next, a sub-area case study was conducted 
to identify what the specific TSM/TDM alternatives to HOV direct access might be and assess their relative costs 
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and benefits on a sub-area basis.  Following this, an analytical approach to developing and evaluating TSM/TDM 
alternatives at the project level was developed.   

SYSTEMS ANALYSIS 

Purpose 

The purpose of the systems level analysis was to assess whether, system-wide, HOV direct access ramps are a 
reasonable investment choice for improving transit speed, reliability and ridership.  For this analysis, HOV direct 
access projects for 14 ramps in seven sub-areas were compared to an equivalent expenditure in those sub-areas on 
TSM or TDM alternatives. 

Alternatives 

Two alternatives were compared to the Baseline alternative of HOV direct access ramps:  a transportation systems 
management (TSM) alternative, and a transportation demand management (TDM) alternative.   

Baseline Alternative 

The baseline alternative for the systems analysis is ST’s regional transit plan Sound Move.  Sound Move includes 
commuter rail, light rail, and regional express buses.  The regional express bus plan includes new regional express 
service, community connections (e.g., transit centers and park-and-ride lots) and HOV direct access ramps.  Some of 
the benefits of the “baseline” Sound Move plan over a “no build” scenario are presented in Table 1.  These benefits 
include increases in estimated transit trips ranging from 51 to 70 percent.   

Transportation Demand Management (TDM) Alternative 

The TDM alternative assumed that the ST budget for HOV direct access facilities was instead used to increase 
transit service and decrease transit fares in the districts with direct access projects. 

Assumptions.  Key assumptions made in developing this alternative are described below.  Additional cost and travel 
time assumptions are presented in Table 2.   
 
Budget.  The total ST HOV direct access ramp budget was assumed to be $370 million (1995 $).  To determine the 
annual TSM/TDM expenditure, the number of years assumed for the total expenditure was an estimated “life” of the 
direct access ramps — 25 years.  Assumed expenditures were spread out evenly over 25 years in constant 1995 
dollars even though more rigorous economical assumptions would include such factors as interest and inflation.  The 
calculated annual budget was $14.8 million in constant $1995.  HOV direct access budget assumptions by sub-area 
are listed in Table 3. 
 
Retain Geographic Equity.  It was assumed that the geographic allocation of ST funds would continue in the TDM 
alternative.  The total and annual budgets for each location are shown in Table 3. Note that some districts included 
funds for more than one HOV direct access project. 
 
Service Increase.  Forty percent of all funds were used to increase transit service to and through the districts 
involved.  The budget required to increase service also included new buses that would be required as a result of the 
service increase.  Routes identified for potential service increase were those that would operate in the vicinity of 
where the HOV direct access facilities would have been.     
 
Fare Decrease.  Thirty six percent of all funds were used to decrease transit fares to and from the districts involved 
for 25 years.  The fare decrease possible (applying fare reduction to the baseline transit ridership) varied from about 
5 percent for South Everett to about 49 percent for the Kirkland area.  The average fare reduction for all districts was 
24 percent. 
 
New Parking Required.  The change in transit ridership would require additional parking at park-and-ride lots.  The 
proportion of transit riders that access transit via an automobile (i.e., drive to Park-and-Ride lot) is a variable in the 
ST Ridership Forecasting Model.  For the districts of interest, the proportion of transit riders driving to park-and-
rides to access transit varied from about 20 to 68 percent.  For each district, it was assumed that the same proportion 
of new transit riders would also use park-and-rides; therefore, a portion of the available budget was allocated to 
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cover new parking for these additional riders.  In the final analysis, about three percent of funds were used to 
provide new parking. 
 
Service/Buses Required to Maintain Schedules.  One assumption is that the baseline headways will need to be 
maintained.  If, relative to the baseline (HOV direct access ramps), an alternative leads to an increase in delay for 
buses, additional service (including the purchase of new buses) is required to maintain schedules.  This cost will 
need to be included in the cost of the alternative.  In the final analysis, about 21 percent of funds were used to 
provide service and buses to maintain schedules.  

Transportation Systems Management (TSM) Alternative 

The Transportation Systems Management (TSM) alternative includes enhancements to improve transit speed and 
reliability, including transit signal priority, arterial HOV lanes, and queue jumps.   

TSM Enhancements 

Signal Priority.  Signal priority treatments alter the timing at traffic signals to favor eligible HOVs.  In order to 
obtain priority, eligible vehicles, such as transit coaches, are equipped with a technology component, or transponder, 
that identifies the vehicle.  Special roadside or overhead equipment notes the presence of the vehicle in the traffic 
stream and sends a signal to the signal controller.  Upon receiving the message, the signal controller reacts, 
depending on the programming strategy, and may give the approaching vehicle additional green time or reduced red 
time.  Figure 2 conceptually diagrams this process.  

The signal control programming strategy determines the level of priority that eligible vehicles are given, 
and under what conditions priority will be granted.  There are many possible control strategies.  The assumption 
used for this study is that signal priority strategies are developed so as to minimize impacts to general purpose traffic 
and to optimize overall person travel time savings within a given corridor area. 
 
Right Side HOV Lanes.  Right side HOV lanes are the most common application of HOV lanes in the arterial 
environment.  Because there are fewer vehicles in the HOV lane, HOVs experience shorter queues at intersections.  
The reduction in delay associated with a shorter queue length is where the majority of travel time savings is realized.  
Figure 3 diagrammatically shows a right side arterial HOV lane 
 
Signal Queue Jumps.  Signal Queue Jumps include a short right-side lane at the near and far sides of a signalized 
intersection, with loop detection on the near side.  The application can include a special phase at the intersection 
such that when a vehicle (HOV) is detected in the lane, the signal controller gives that lane an “advanced green” 
light, while holding adjacent lanes back for several seconds.  This allows the HOVs to bypass the queue and return 
to the general-purpose lane, ahead of the other vehicles.  The signal queue jump concept is illustrated in Figure 4. 

TSM Enhancements for Each Area.  The TSM alternative assumed that the ST budget for HOV direct access 
facilities ($370 million) was instead used to improve transit operations and increase transit service in the districts 
with direct access projects.  The specific TSM elements selected as part of the overall alternative were based on 
previous studies conducted and personal communication with agency staff within the affected jurisdictions.   

Analysis 

As presented in Table 4, both quantitative and qualitative measures were used to evaluate TDM and TSM 
alternatives to HOV direct access ramps and a variety of analysis tools and techniques were utilized.  The criteria 
were initially developed using documents from the Federal Transit Administration’s Technical Guidance on Section 
5309 New Starts Criteria. September 1997, and from the Transportation Research Board’s NCHRP Synthesis 201 
Multimodal Evaluation in Passenger Transportation, published in 1994. The initial criteria list was reviewed and 
modified by the HOV/TSM Committee, and criteria to reflect local interests and conditions were added.  A key 
analysis tool was the ST Ridership Demand Forecasting Model (5). 

Table 5 shows how costs for the TSM and TDM alternatives were allocated among arterial HOV lanes, 
transit signal priority, signal queue jumps, increased service, reduced fares, new parking required, and the additional 
cost of increasing service to maintain headways.   

Analysis of TDM Alternative 

For the TDM alternative, several ST model iterations were required to balance the amount required for increased 
parking and service maintenance, with fare reduction and service increase.  As shown in Table 5, for the TDM 
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alternative about 40 percent of the total budget was allocated to increase service for particular bus routes (and to 
purchase new buses required to implement that service), and about 36 percent was allocated to reduce fares.  An 
average of 3 percent was allocated to provide additional new parking for a portion of new transit riders.  Together, 
these budgets totaled about 79 percent of the baseline budget.  In addition, because there were no HOV direct access 
ramps, a number of other bus routes were delayed.  In order to maintain the desired headways, those bus routes that 
were delayed would require additional service (additional runs throughout the day). The proportion of the budget 
required to add service to maintain headways was about 21 percent.  

For the TDM alternative, fares were reduced in the ST ridership model in a manner that kept the geographic 
distribution of funds similar to the baseline Sound Move alternative.  Bus routes that would likely use HOV direct 
access ramps were identified and transit service was increased for these routes in the model.   

Analysis of TSM Alternative 

For the TSM alternative, about 45 percent of the budget was allocated for arterial HOV lanes, about 38 percent for 
increased service, about five percent for transit signal priority, and one percent for queue jumps.  The proportion of 
the budget required to add service to maintain headways was about 11 percent.  All TSM improvements were made 
on portions of routes with transit service. 
 Travel time savings from TSM improvements were modeled by adjusting transit speeds on portions of 
routes selected for TSM improvements. The assumptions for travel time savings were based on measurements taken 
in the field, or modeled estimates of travel time savings.  Bus service on selected routes was also increased in the 
model. 

Results 

The results of the systems analysis are summarized in Table 6.  Discussion of the results for both the TDM and TSM 
alternatives are presented below. 

TDM Alternative Results 

As shown, the system-wide TDM alternative results in slower buses, carpools, and single occupancy vehicles 
(SOVs) relative to the HOV direct access ramp baseline, but also provides some additional transit ridership in the 
districts affected.  Travel time for buses, HOVs, and SOVs increases because this alternative assumes no HOV 
direct access ramps, which can reduce travel time by several minutes.  However, because the ST model is more 
sensitive to fare changes than travel time changes, the decreased fares and increased service resulted in an increase 
in transit ridership in the effected districts by about 2 percent over the baseline HOV direct access ramp alternative.  
Transit reliability for the TDM alternative is worse, however, than it is for the baseline HOV direct access ramps 
alternative since HOV direct access ramps can enable buses and HOVs to bypass variable congestion.   

Many of the ratings for other criteria are a function of the change in travel times and ridership.  For 
example, because ridership increased, the cost effectiveness per transit rider for the TDM alternative is higher than 
for the baseline HOV direct access alternative.  

TSM Alternative Results 

As shown in Table 6, the system-wide TSM alternative results in slower buses, carpools, and SOVs relative to the 
HOV direct access ramp baseline, and slightly less transit ridership in the districts affected.  Similar to the results for 
the TDM alternative, travel time for buses, HOVs, and SOVs increases because this alternative assumes no HOV 
direct access ramps, which can reduce travel time by several minutes.  Although travel time for the TSM alternative 
was better than travel time for the TDM alternative, it was worse than travel time for the HOV direct access ramps 
alternative.  In addition, because of travel time increases (and no transit fare decreases) transit ridership decreased 
slightly in the affected districts (-0.7 percent) relative to the baseline HOV direct access ramp alternative.   

Similar to the TDM ratings, many of the ratings for other criteria are a function of the change in travel 
times and ridership.  For example, because ridership decreased, the cost effectiveness per transit rider is lower than 
for the baseline HOV direct access alternative.  

Summary of Systems Analysis Results 

The overall results of the systems level analysis suggest that for improving transit speed and reliability, the HOV 
direct access ramps perform better than either the TSM or TDM alternatives.  However, for increasing transit 
ridership, the TDM alternative of reduced fares and increased service appears to perform better than the HOV direct 
access ramps alone (although travel times for all modes increase).  Overall, the Sound Move HOV direct access 
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program is an effective approach to increasing speed and reliability of transit service in the central Puget Sound 
region.  
 

CASE STUDY OF ASH WAY/SWAMP CREEK AREA 

Purpose 

The purpose of the case study was to demonstrate and document how a TSM/TDM alternative at a project or sub-
area level could be developed and analyzed.  For the Ash Way/Swamp Creek sub-area, TSM/TDM alternatives were 
developed and their relative costs and benefits evaluated.  Conducting this case study provided an opportunity to 
develop a prototypical approach to developing and evaluating TSM/TDM alternatives at the project level.   

Alternatives 

For the case study, all alternatives were compared to a “no build” alternative.  The elements of the alternatives 
include service increase, service maintenance, arterial HOV lanes, transit signal priority, fare reduction, flyer stops, 
and HOV direct access ramps.  The budget allocation for elements in each alternative is provided in Table 7.  Four 
alternatives were evaluated for this case study: 

HOV Direct Access Ramps 

The HOV direct access assumptions were as follows:  
◊ For Swamp Creek, right-side HOV-only direct access ramps to and from the south (1/2 diamond HOV only 

interchange from 164th St to SR 525). 
◊ For Ash Way, HOV direct access ramps to and from the north and south (flyover Texas T style ramp from 

the P&R lot connecting directly into the center I-5 HOV lanes).  Note that the ramp connections to and 
from the north are not currently part of the Sound Move program. 

Transportation Systems Management (TSM) Alternative 

The TSM alternative consists of arterial HOV lanes, transit signal priority, queue jumps, and increased transit 
service.  Specific improvements are as follows: 
• Bus queue jump on SB off-ramp from I-5 to 164th 
• Signalization out of the Park-and-Ride lot at the transit-only entrance/exit on the north end of the Park-and-Ride 

lot.  This signal will enable left turns on Ash Way to reach 164th.  The signal could include detection 
capabilities that provide transit signal priority.  

• Right side arterial HOV lanes on 164th between Ash Way and Swamp Creek Park-and-Ride, 
• HOV/bus left turn only lane/advance green to turn left from 164th into Ash Way, 
• Transit signal priority on 164th east of I-5, 
• Additional transit service. 

Flyer Stop/TSM Improvements  

The flyer stop/TSM alternative consists of outside flyer stops at Ash Way and Swamp Creek and arterial HOV lanes, 
queue jumps, and transit signal priority.   

This alternative also includes some TSM elements, such as a bus-only left-turn queue jump to turn left from 
164th into Ash Way and flyer stops alongside SR 525 next to the Swamp Creek park-and-ride lot. 

Transportation Demand Management (TDM) Alternative 

The TDM Alternative includes a transit fare decrease, service increase, and a number of land use assumptions 
including multi-family housing near the Ash Way Park-and-Ride lot.  As part of the TDM alternative strong 
pedestrian and bicycle connections would be provided between the apartments and the transit waiting areas.  The 
location of convenience services and stores close to transit waiting areas was also considered, though its impact on 
ridership was not quantitatively assessed.  

Assumptions 

Following are some of the assumptions made for this case study: 
• The case study included the Swamp Creek Park-and-Ride and Ash Way Park-and-Ride areas.  
• The total assumed cost was $19 million in 1995 dollars. 
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• The assumed life of the HOV direct access ramps was 25 years. 
• Most cost assumptions (for TSM, service increase, and fare decrease) were the same as those used for the 

systems analysis.  

Analysis 

For the case study, four alternatives (HOV direct access, TSM, TSM with flyer stops, and TDM) were compared 
using the following data: 
 
• Transit route information for the Swamp Creek/Ash Way areas, 
• Headways of bus routes, 
• Potential transit service changes/increases 
• Regional Express routes that will operate in the area  
• Available information regarding existing and forecast traffic volumes in the area,  
• Available information regarding average delay at intersections in the area. 
 
Estimates for the transit travel time savings of HOV direct access ramps, flyer stops, arterial HOV lanes, transit 
signal priority, and queue jumps were derived from previous studies, and sketch-planning analyses.  Estimates of the 
travel time impacts of HOV direct access ramps were derived from previous studies conducted for WSDOT (1).  A 
sketch-planning tool (SMArtHOV)(2) was used to estimate transit travel time savings associated with transit signal 
priority and arterial HOV lanes.  Although as much as possible available data was used in the sketch planning 
analysis, because not all of the data required was available for this case study, some assumptions were made.  
Previous research and professional judgment was used to estimate average travel time savings associated with queue 
jumps. 

To determine total transit travel time impacts for each alternative, bus routes that would make use of the 
various enhancements were identified.  Once the bus routes that would use each enhancement were determined, total 
transit travel time impacts associated with each alternative were calculated.   

Impacts to HOVs were also estimated.  First the number of 3+ HOVs was estimated based on WSDOT 
vehicle occupancy counts, and based on existing and forecasted vehicle volumes in the study area.  Estimates of the 
HOV travel time impacts of HOV direct access ramps were derived from previous studies conducted for WSDOT.  
A sketch-planning tool (SMArtHOV)(2) was used to estimate HOV travel time savings associated with arterial HOV 
lanes.  

Impacts to single occupancy vehicles (SOVs) only included impacts to those traveling on freeways.  These 
impacts were determined through a freeway weave analysis, utilizing methodologies presented in the Highway 
Capacity Manual.  SOV impacts resulting from arterial TSM measures (arterial HOV lanes, transit signal priority, 
and queue jumps) were not analyzed in great depth as part of this case study (though they should be assessed more 
comprehensively in actual project studies).  Arterial HOV lanes could help SOVs by removing some vehicles from 
general-purpose lanes.  Transit signal priority could also help some SOVs traveling in the same direction as transit 
vehicles.  However, transit signal priority would also increase delay to some vehicles at cross streets.  Transit queue 
jumps could degrade travel time for some SOVs in locations near the queue jumps.  
 For the TDM alternative, similar ridership impacts as those determined in the systems analysis for this sub-
area were assumed.  The land use changes associated with the TDM alternative (pedestrian and bicycle oriented 
facilities, transit-oriented development near the park-and-ride, etc.) would not result in a change in travel time over 
the no build alternative.   

Results 

The purpose of the case study was to demonstrate and document how a TSM/TDM alternative at a project or sub-
area level could be developed and analyzed.  The results of the analysis, however, should not to be used to actually 
recommend alternatives for the Ash Way/Swamp Creek sub-area since a number of the assumptions made for this 
case study do not reflect actual conditions.  This said, as shown in Table 8 the results of this case study suggest that 
for the Ash Way/Swamp Creek sub-area (and with the assumptions used in this case study), HOV direct access 
ramps provide the most travel time savings and reliability between park-and-ride lots and inside freeway HOV lanes.  
While the TDM alternative of reduced transit fares, transit oriented development, and increased service increases 
travel time for all modes, it does, however, provide the most transit ridership.  As shown in Table 8, for the criteria 
evaluated the HOV direct access ramps either ranked first or tied for first nine times, the TDM alternative ranked 
first or tied for first for five criteria, and the TSM alternatives each ranked first or tied for first once. 
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FINDINGS AND CONCLUSIONS 

Both the systems analysis and case study results indicated that HOV direct access ramps are themselves an effective 
TSM strategy that can provide significant benefits to transit.  Results for the Puget Sound region indicate that HOV 
direct access ramps are more effective than most other TDM or TSM alternatives at improving transit speeds and 
reliability.  The TDM option of increased service and reduced fares resulted in higher projected transit ridership; 
however, with an associated degradation in speed and reliability.  Other outcomes of the study included the 
development of a standard approach for identifying and evaluating TDM and TSM alternatives to HOV direct access 
ramps.  Detailed approach recommendations were developed which served as a guideline for all subsequent project-
level analyses conducted as part of the environmental documentation for individual HOV direct access ramp 
projects.    
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TABLE 1  Baseline Alternative (Sound Move Plan) Projected Impact on Transit Trips 
 

 2010 No Build 2010 Sound Move 
Forecast 

Difference % Difference 

Daily transit trips 258,000 389,000 131,000 51% 
Daily transit boardings 335,000 555,000 220,000 66% 
Annual transit trips 75,000,000 117,000,000 42,000,000 56% 
Annual transit boardings 98,000,000 167,000,000 69,000,000 70% 
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TABLE 2  List of Assumptions for Systems Analysis1 
Geographic Equity of TSM/TDM Alternatives: Must Match HOV Direct Access 

Geographic Equity 

Total Cost: $370 Million 

Life of HOV Direct Access Ramps (for purpose of budget allocation 
for TSM/TDM Alternatives): 

25 years 

Service Per Revenue Hour Cost: $89 

Parking - Per Structured Stall Cost: $18,000 

Per Bus (40 ft.) Cost: $230,000 

Per Arterial HOV Mile Cost: $5,000,000 

Signal Priority - Per Intersection Cost: $16,500 

Queue Jump - Per Intersection Cost: $350,000 

Operations and Maintenance Costs  

� Annual O&M Cost Arterial HOV Per Mile $11,200 

� Signal Priority Per Intersection O&M Cost $1,500 

� Annual Queue Jump O&M Cost Per Intersection $784 

Assumed TSM Delay Reduction   

� Arterial HOV Lanes 0.8 Min./Mile 

� Transit Signal Priority2 0.27 Min./Mile 

� Queue Jump 0.33 Min./Queue Jump 

Assumed Percent Carpool/Vanpool (3+) 5% 

Assumed AVO of Carpools/Vanpools 3.7 

SOVs per each GP Arterial Lane in Peak Periods 600 

Arterial HOV Lanes Each Direction 1 HOV lane; 2 GP lanes 

SOVs/HOVs During Peak Hours 63  3+ HOVs; 1200 SOVs 

 

                                                           
1   All costs in $1995. Most cost assumptions from Mitretek, PBQD, and CH2MHill, Incorporation of ITS Into Corridor Planning - 

Seattle Case Study. These cost assumptions were based on local and national cost estimates. 
2  Assumes 2 signals/mile, and relatively conservative signal control strategy. 
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TABLE 3  Estimated Total and Annual Budget by Sub-Area for Sound Transit HOV Direct Access  
Projects 
 Sub-Area Direct Access Project Budgets 

Included 
Total Budget 

($1995) 
Annual Budget 

($1995) 

 South Everett I-5 at 112th (Silver Lake) $6,000,000  $240,000  

 South Snohomish 
County 

I-5 at 164th (Ash Way) and at 
Lynnwood Park-and-Ride; SR 
525 at 164th (Swamp Creek) 

$43,000,000  $1,720,000  

 Renton I-405 at Southcenter, Park Ave., 
and Talbot Road 

$81,000,000  $3,240,000  

 Federal Way I-5 at 320th and 272nd $52,000,000  $2,080,000  

 Kirkland/Northeast 
King County 

Kirkland I-405 HOV Access 
Improvements 

$84,000,000  $3,360,000  

 West Bellevue/Bellevue I-90 at Eastgate Park & Ride; I-
405 at Bellevue 

$95,000,000  $3,800,000  

 Issaquah/Sammamish 
Plateau 

I-90 at Sunset Interchange (HOV 
Share) 

$9,000,000  $360,000  

 
 
   $370,000,000 $14,800,000 
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TABLE 4  Analysis Methods/Tool s Used in Evaluating Criteria 
Criteria Analysis Method/Tool 

Transit:  Impact on Travel Time Sound Transit model results 

Auto:  Impact on Travel Time HCS analysis of weave impacts 

HOV:  Impact on Travel Time Estimate from WSDOT Puget Sound HOV  
Pre-Design Studies (1) 

Transit Reliability Sound Transit model transit travel time results  

Cost:  Capital Plus O&M Same as HOV DA cost 

Daily Transit Ridership Sound Transit model transit ridership results 

Cost Effectiveness  

  Cost Per Person Minutes Saved Cost per transit travel time 

        Cost Per Rider Cost per rider 

Safety Assessment of weave impacts 

Environmental (Air Quality) Travel time and ridership 

Land Use Potential land use support for transit oriented  
development (TOD) 

Feasibility of Implementation Institutional assessment 

Supports Sound Move Service Plan How well the alternative facilitates Regional  
Express routes 

VMT  Transit ridership 

Provides Benefits in Buildout Scenario Consistency With Sound Transit’s Regional  
Long Range Vision 

Trip Reduction Transit ridership 
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TABLE 5  Percent Budget Breakdown for TDM and TSM Alternatives 
 Component TDM Alternative 

Percent of Budget 
TSM Alternative 
Percent of Budget 

 Arterial HOV Lanes 0% 45% 
 Transit Signal Priority 0% 5% 
 Queue Jumps 0% 1% 
 Increase Service 40% 38% 
 Reduce Fares 36% 0% 
 New Parking 3% 0% 
 Maintain Headways 21% 11% 
 Total Allocation  100% 100% 
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TABLE 6  Systems Level Comparison of TDM and TSM Alternatives to Baseline Alternative (Sound Move 
Plan w/HOV Direct Access)  
 Analysis Results and Criteria Rankings in Comparison to the HOV Direct 

Access “Baseline” Alternative 
Criteria  TDM Alternative TSM Alternative 
Transit:  Impact on 
Travel Time 

 +243,400 Daily Person Minutes  
(+2.3 Min. Per Trip) 

(-) 

+136,600 Daily Person Minutes  
(+1.4 Min. Per Trip) 

(-) 
Auto:  Impact on Travel 
Time 

 +92,400 Daily Person Minutes  

(-) 

+92,400 Daily Person Minutes 

(-) 
HOV:  Impact on Travel 
Time 

 +349,000 Daily Person Minutes  

(-) 

+303,600 Daily Person Minutes 

(-) 
Transit Reliability  (-) (=) 
Cost:  Capital Plus O&M  (=) (=) 
Daily Transit Ridership  +2.2 % in Districts in Study Area 

(✚) 
-0.7 % in Districts in Study 

Area 

(-) 
Cost Effectiveness    
 Cost/Person Min. 

Saved 
 (-) (-) 

Cost Per Rider  (✚) (-) 
Safety  (-) (-) 
Environmental (Air 
Quality) 

 (✚) (-) 

Land Use  (✚) (-) 
Feasibility of 
Implementation 

 (-) (=) 

Supports Sound Move 
Service Plan 

 (-) (-) 

VMT   (✚) (=) 
Provides Benefits in 
Buildout Scenario 

 (=) (=) 

Trip Reduction  (✚) (-) 
Criteria Rankings Legend: 
(✚) Better than HOV DA Baseline;  

(-) Worse Than HOV DA Baseline;  
(=) Same as HOV DA Baseline 
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TABLE 7  Case Study Budget Allocation for Alternatives 
 

 Budget Allocation for Case Study Alternatives 

 HOV DA 
Ramps 

Flyer Stops Arterial HOV 
Lanes 

Signal Priority Queue 
Jumps 

Service Increase Service 
Maintenance 

Fare 
Decrease 

Total 

HOV Direct Access  100% 0% 0% 0% 0% 0% 0% 0% 100% 

TSM Alternative 0% 0% 37% 2% 4% 17% 40% 0% 100% 

Flyer Stop with TSM  0% 9% 37% 2% 4% 18% 30% 0% 100% 

TDM Alternative 0% 0% 0% 0% 0% 40% 24% 36% 100% 
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TABLE 8  Ash Way/Swamp Creek Case Study Summarized Results 
 

Travel Time and Ridership Relative to No Build

Criteria No Build
HOV Direct 

Access TSM
TSM and Outside 

Flyer Stops TDM

Transit:  Impact on Travel Time (Person Minutes) - -25,300 -6,100 -9,100
Slight 

Decrease
     Range of Savings Per Trip (Minutes) - 0 to 9.4 0.6 to 2.5 0.6 to 4.2 0 to 2
     Average Time Savings Per Trip (Minutes) - 2.9 0.7 1.1 0.1
Auto: Impact on Travel Time (Person Minutes) - -8,400 0 0 0
     Range of Savings Per Trip (Minutes) - 0.05 0 0 0
     Average Time Savings Per Trip (Minutes) - 0.05 0 0 0
HOV:  Impact on Travel Time (Person Minutes) - -40,200 -1,800 -1,800 0
     Range of Savings Per Trip (Minutes) - 0 to 4.9 0 to 1.3 0 to 1.3 0
     Average Time Savings Per Trip (Minutes) - 1.8 0.1 0.1 0
Daily Transit Ridership 8,500 8,630 8,560 8,580 8,707
     Transit Ridership Increase - 1.5% 0.7% 0.9% 2.4%

Times Ranked or Tied for First for Criteria in Table Below - 9 1 1 5

Ranking of Alternatives

No Build
HOV Direct 

Access TSM
TSM and Outside 

Flyer Stops TDM

Transit:  Impact on Travel Time - 4 2 2 1

Auto: Impact on Travel Time - 2 1 1 1

HOV:  Impact on Travel Time - 5 2 2 1

Transit Reliability - 5 2 3 1

Daily Transit Ridership - 2 1 1 3

Cost Effectiveness

     Cost Per Person Minutes Saved - 5 2 2 1

     Cost Per Rider - 2 1 1 3

Safety - 4 1 1 2

Environmental (Air Quality) - 3 2 2 3

Land Use - 3 2 2 4

Feasibility of Implementation - 3 3 3 2

Supports Sound Move Service Plan - 4 2 2 1

Trip Reduction - 2 2 2 3

Times Ranked or Tied for First - 5 2 2 3

EVALUATION CRITERIA RANKING
     1        2         3        4         5

    1   2   3   4   5

    Least                                          Most
     Effective                                     Effective

 

TRB 2003 Annual Meeting CD-ROM    Paper revised from original submittal.



Wellander, Tull, Leotta and Rutherford  17 

 

 
Source:  FHWA/Parsons Brinckerhoff, HOV Interactive 1.0, 1996 

 
 
FIGURE 1  Photo of an HOV Direct Access Ramp in Houston, Texas 
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S ignal  
C ontroller  
C abinet *D etection of transit vehicle and  

com m unication  to controller can 
occur in a  variety of w ays. 

C  o m  m  u n  i c a t i o n   
t o   C  o n t r o l l e r * 

 
 
FIGURE 2  Signal Priority Concept
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FIGURE 3  Continuous Right-Side Arterial HOV Lane 

TRB 2003 Annual Meeting CD-ROM    Paper revised from original submittal.



Wellander, Tull, Leotta and Rutherford  20 

 

 

 

 

 

 

Length of Lane  
Based on Maximum  
Queue Length  
at Signal. 

Except  
Buses  
and  

Carpools 

ONLY 

 
FIGURE 4  Signal Queue Jump 
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