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1.  Executive Summary  

The purpose of this study has been to work with MTC, Caltrans, C/CAG, and SMCTA to investigate the feasibility 

of extending HOV lanes on US 101 from their current terminus at Whipple Avenue to the San Francisco/San 

Mateo County line (approximately 19 miles), without requiring a great deal of new right of way or reducing the 

number of existing mixed-flow through lanes.  Previously, an HOV Lane Feasibility Analysis (Dowling Associates, 

2011) was completed that evaluated two options to extend the HOV lane within the county. One option was to 

add a new HOV lane in each direction, while the other option was to convert the existing number one lane (left-

most lane) to HOV lane in each direction.  The add lane option would require significant right-of-way acquisition 

adversely impacting adjacent land uses, while the convert a lane option would adversely impact travel time in 

the mixed-flow lanes. This current study evaluates the traffic operations effects, design concepts, and cost 

estimates of a hybrid HOV lane option that combines the best features of the òadd laneó and the òconvert laneó 

options, and evaluates whether this hybrid HOV lane option is operationally feasible.   

 

Study Approach 

 

The general approach used to develop the òhybridó HOV Lane option was to:  

1. First identify the few segments of US 101 where there was sufficient spare right of way available to 

add an HOV lane.  If so, then use the spare right of way to add an HOV lane. 

2. For the majority of segments where there is insufficient spare right of way, check to see if an auxiliary 

lane is present.   

a. If an auxiliary lane is present, then check if the current maximum utilization of the auxiliary 

lane is less than the estimated usage of an HOV lane.   

i. If the auxiliary lane would be less utilized than an HOV lane, then punch the auxiliary 

lane through the downstream interchange (thereby making it a new through lane), 

and convert the left hand mixed-flow lane to HOV operation.   

ii. If the auxiliary lane would be more heavily used than an HOV lane, then acquire the 

necessary right of way to widen US 101 by one lane in each direction, preserving the 

auxiliary lanes. 

The result of this process was a cost effective method to widen US 101 from 8 continuous through lanes to 10 

continuous through lanes, with the two new inside lanes converted to HOV operation. 

 

Existing traffic data and the future baseline forecast were obtained from the US 101 Corridor System 

Management Plan (CSMP)1. A FREQ model of the freeway was used to evaluate the mobility impacts of the 

Hybrid HOV Option. The C/CAG countywide travel demand model was used to develop forecasts for 2015 and 

2030 as part of the HOV Lane Feasibility Analysis2. Induced demand effects of added capacity on the US 101 

freeway were taken into account by using C/CAG model forecasts that had been developed for an added HOV 

lane each direction on US 101.  Those forecast results were then extrapolated to year 2040 forecast volumes 

for the hybrid HOV lane analysis.  This will be 20 years beyond the estimated opening year between 2015 and 

2020.   The C/CAG model was also used to assess countywide effects of the proposed hybrid HOV lane option. 

 

Results 

 

Based on preliminary analysis, the cost of extending HOV lanes on US 101 the full length of San Mateo County 

is estimated to range between $285 million and $325 million, if implemented using the hybrid HOV lane option 

described in this study. 

 

                                                           

 
1 Technical Report for the US 101 Corridor System Management Plan, prepared by Dowling Associates, September 2010. 
2 Technical Report for the US 101 HOV Lane Feasibility Analysis, prepared by Dowling Associates, 2011. 
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In terms of freeway operations in the mixed-flow lanes, the hybrid HOV lane option would remove auxiliary 

lanes between freeway interchanges with right-of-way constraints but are not expected to cause significant 

operational effects. The hybrid option would also result in minor shifts to bottleneck locations throughout the 

corridor with a few new bottlenecks forming due to the loss of the auxiliary lane. However, these effects would 

not significantly affect mainline operations. 

 

The corridor wide mobility performance results for Year 2040 are summarized in Exhibit 1. With the hybrid HOV 

lane option on the SM 101 freeway corridor:  

 
¶ Carpool mode share would be increased by 2 to 3 percentage points. That is an increase from the 

existing 16% HOVõs in the traffic stream to about 18% to 19%; 

¶ Vehicle miles of travel would be increased by 7%, which would improve productivity of the freeway; 

¶ Both vehicle hours of travel and vehicle hours of delay would be reduced by 3%, and 9%, 

respectively, which translate to lower gasoline consumption and greenhouse gas emissions  

¶ Person hours of delay would be reduced by 8%, which translates into direct cost savings to 

freeway users; 

¶ Average peak period speeds would be increased for both vehicle-trips and person-trips. 

 

Exhibit 1: 2040 Freeway System Performance Changes from Baseline 

Performance Measures 2040 
Baseline 

2040 Hybrid 
HOV 

Difference 

VMT ï vehicle miles of travel 4,925,100 5,264,400 7% 

VHT ï vehicle hours of travel 196,000 190,500 -3% 

VHD ï vehicle hours of delay 120,400 109,400 -9% 

PHD ï person hours of delay 120,600 110,900 -8% 

Average vehicle speed (MPH) 25.1 27.6 10% 

Average person speed (MPH) 25.9 29.9 15% 
  Source: FREQ Analysis, both HOV and mixed-flow lanes. 

 

In terms of countywide effects, the C/CAG travel demand model showed that the hybrid HOV lane option would 

serve more vehicles through the US 101 corridor, therefore, would generally reduce vehicle traffic on the 

parallel arterial system within the county. Evaluating all roadways within the county, the C/CAG model showed 

that VMT would increase by about 1% with the proposed HOV lane option, when comparing to the baseline 

conditions.  Additionally, vehicle hours of delay would decrease by 7% and person-hours of delay (PHD) would 

be reduced by 8%. The hybrid HOV lanes would reduce VMT on local streets by 1% to 2%, while reducing 

vehicle hours of delay by a similar percentage. Congested lane miles would be reduced by 2% to 7%. 

 

Carpool vehicles and express transit buses would experience much improved travel time savings and reliability 

with the HOV lane. The analysis found that average peak period travel times for HOVõs would be improved on 

the order of 11 to 32 minutes. For mixed-flow lane users, average travel times would be significantly improved, 

on the order of 30 minutes of travel time savings compared to baseline conditions for PM peak period travel in 

the northbound direction. SOVõs using US 101 during the AM peak period and in the southbound direction 

during the PM peak period, however, would experience minor increases of between 2 and 8 minutes when 

compared to baseline conditions (see Exhibit 2).  (All of these travel time savings or increases are for travel the 

full length of the corridor.) 

 

Maximum peak hour travel times (as opposed to the averages for the full peak period described above) would 

be affected to a much greater extent.   HOV lane users would experience savings of 20 to 68 minutes (30% to 

65% reduction in maximum peak hour travel times for travel the full length of the corridor).  Mixed-flow lane 

users would experience significant maximum peak hour travel time savings for northbound travel in the PM 

peak period (65 minutes, 26% savings on travel time the full length of the corridor).  However, mixed-flow lane 

users would experience increased maximum travel times during the peak periods of 8 to 16 more minutes (7% 
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to 10% of travel time full length of corridor) in the southbound direction (PM Peak) and during the AM peak 

(both directions). 

 

Exhibit 2: Travel Time Comparisons Along the Study Corridor 

Mixed-

Flow
HOV

HOV TT 

Savings

Mixed-

Flow
HOV

HOV TT 

Savings

(mins.) (mins.) (mins.) (mins.) (mins.) (mins.) (mins.) (%) (mins.) (%) (mins.) (%)

Northbound AM 108.6 54.5 54.1 117.1 43.7 73.4 8.5 8% -10.8 -20% 19.3 36%

Northbound PM 169 61.4 107.6 139.4 45.6 93.8 -29.6 -18% -15.8 -26% -13.8 -13%

Southbound AM 70.5 69.6 0.9 72.8 37.5 35.3 2.3 3% -32.1 -46% 34.4 >100%

Southbound PM 95.6 61.6 34 99.8 43.4 56.4 4.2 4% -18.2 -30% 22.4 66%

Mixed-

Flow
HOV

HOV TT 

Savings

Mixed-

Flow
HOV

HOV TT 

Savings

(mins.) (mins.) (mins.) (mins.) (mins.) (mins.) (mins.) (%) (mins.) (%) (mins.) (%)

Northbound AM 161.8 63.3 98.5 177.8 43.4 134.4 16 10% -19.9 -31% 35.9 36%

Northbound PM 249.7 75.5 174.2 184.5 47.1 137.4 -65.2 -26% -28.4 -38% -36.8 -21%

Southbound AM 105.9 105.9 0 113.8 37.5 76.3 7.9 7% -68.4 -65% 76.3 >100%

Southbound PM 139.8 88.4 51.4 153.8 50.7 103.1 14 10% -37.7 -43% 51.7 101%

Note: In the northbound direction, carpool vehicles on the HOV lane is assumed to be in free-flow conditions upstream of the study area, or south 

of SR 85, based on evaluation of HOV demand volumes.

In the southbound direction, there is no HOV lane upstream of the study area at Harney Way interchange, therefore carpool vehicles are assumed 

to experience the same amount of travel as the mixed-flow traffic upstream of the study area. 

Dir/Peak

Baseline Hybrid HOV Lane Hybrid HOV Versus Baseline

Mixed-Flow Diff HOV TT SavingsHOV Diff

Baseline Hybrid HOV Lane

Maximum Peak Period Travel Time

Average Peak Period Travel Time

Mixed-Flow Diff

Hybrid HOV Versus Baseline

Dir/Peak HOV TT SavingsHOV Diff

 
Source: Peak period average travel times from FREQ analysis, including congestion beyond study limits south of SR 85 interchange (13 

miles), and north of San Francisco county line (9 miles). Total distance is approximately 43 miles for the northbound direction, and 39 

miles for the southbound direction. 
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2.  Introduction and Approach  

The purpose of this study is to work with MTC, Caltrans, C/CAG, and SMCTA to investigate the feasibility of 

extending HOV lanes on US 101 from their current terminus at Whipple Avenue north to the San Francisco/San 

Mateo County line (approximately 19 miles), without requiring a great deal of new right of way or reducing the 

number of existing mixed-flow through lanes (The Hybrid Option).  Previously, an HOV Lane Feasibility Analysis 

(Dowling Associates, 2011) was completed that evaluated two options to extend the HOV lane within the 

county. One option was to add a new HOV lane in each direction, while the other option was to convert the 

existing number one lane (left-most lane) to HOV lane in each direction.  The add lane option would require 

significant right-of-way acquisition adversely impacting adjacent land uses, while the convert a lane option 

would adversely impact travel time in the mixed-flow lanes. This current study evaluates the traffic operations 

effects, design concepts, and cost estimates of a hybrid HOV lane option that combines the best features of 

the òadd laneó and the òconvert laneó options, and evaluates whether this hybrid HOV lane option is 

operationally feasible.   

 

This study builds on two previous studies conducted for the San Mateo US 101 corridor: the Corridor System 

Management Plan (CSMP, Dowling Associates, 2010), and the HOV Lane Feasibility Analysis. The CSMP 

provided a comprehensive collection of existing traffic data for the corridor, along with future trends in traffic 

demands and traffic operations. 

2.1. Study Corridor 

The US-101 Peninsula HOV Lane study corridor covers a total of 30 miles of the US 101 freeway from the San 

Francisco/San Mateo County line to the SR 85 interchange in Santa Clara County (see Exhibit 3). In addition, 

the study corridor was extended for about nine miles into San Francisco County, and thirteen miles south of SR 

85 to capture all congestion impacts caused by or affecting operations within the study corridor.  

 

HOV lanes currently extend south of Whipple Avenue along Route 101 into Santa Clara County. Baseline 

conditions include future-year improvements described in the San Mateo US 101 Corridor System 

Management Plan (CSMP) Technical Report, 2010. In general, there are auxiliary lane(s) in both directions 

between all interchanges (on-ramp to off-ramp) from Whipple Avenue to Harney Way except for the following: 

 

- Northbound between Sierra Point Parkway to Harney 

- Southbound between Harney Way and Oyster Point Boulevard 

 

The Santa Clara 101 Express Lanes were not assumed to be in place for the baseline improvements. The 

operations analysis did not look at the operations impacts of necking down from two express lanes in Santa 

Clara County to a single HOV lane in San Mateo County.  This effect was outside the focus of the current study, 

which was the extension of the existing single HOV lanes north of Whipple Avenue. 
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Exhibit 3: Study Corridor Map 
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2.2. Study Approach 

The general approach of the òhybridó HOV Lane study is to cost effectively extend HOV lanes north on US 101 

from Whipple Avenue to the San Francisco County line by converting auxiliary lanes to through lanes (or adding 

lanes in some segments) and extending these lanes through the interchanges to create a 10-lane freeway. The 

inside lanes would then be restriped as HOV lanes and 8 continuous mixed-flow lanes would be maintained 

along the entire corridor. Auxiliary lanes would be eliminated in many segments except where traffic analysis 

shows they would be beneficial to maintaining freeway operations. 

 

The corridor is divided into five sections based on their general characteristics, and then further divided into 

sixteen (16) contiguous segments for analysis purposes.  Each segment generally extends from one local road 

interchange to the next local road interchange (center of overcrossing to center of overcrossing).  Partial 

interchanges (i.e. hook on/off ramps on one direction only) were not used to divide segments but are included 

in the longer segment between full interchanges.  

 

The initial design approach used to create the fifth lane in each direction and extend the HOV lanes was 

generally based on the strategy outlined below:   

 

Section A - Whipple Ave to Millbrae Ave (Segments 1 ð 8):   

(This section is characterized by existing auxiliary lanes and narrow inside shoulders.)  

- Convert existing auxiliary lanes to thru lanes and extend through interchanges by reducing 

inside/outside shoulders at overcrossing structures  

- Convert inside lane to HOV (1 HOV + 4 mixed-flow)  

- Add new auxiliary lane where still required by traffic analysis  

- Assume no outside widening except where new auxiliary lanes are required  

 

Section B - Millbrae Ave to I-380 (Segments 9 ð 11): 

(This section is characterized by multiple existing auxiliary lanes and extra wide inside 

shoulders.)  

- Add new HOV lane to inside of existing lanes using extra wide inside shoulder space (1 HOV 

+ 4 mixed-flow) and reduce inside shoulders to non-standard  

- Assume minimal outside widening and retention of existing auxiliary lanes in this section  

 

Section C - I-380 to South San Francisco (SSF) Overhead (OH) (Segment 12): 

(This section is characterized by multiple existing auxiliary lanes and varying width inside 

shoulders.)  

- Realign freeway median and narrow shoulder where necessary to accommodate adding HOV 

lane or converting auxiliary lane to through lane (1 HOV + 4 mixed-flow)  

- Add new auxiliary lane where still required by traffic analysis  

 

Section D ð SSF OH to Sierra Point Overhead (Segments 13 ð 15): 

(This section is characterized by auxiliary lanes, narrow inside shoulders, and elevated 

freeway railroad undercrossing structures.)  

- Convert inside lane to HOV where existing auxiliary lanes are present and convert existing 

auxiliary lanes to thru lanes (1 HOV + 4 mixed-flow)  

- Reduce lane and shoulder widths in order to accommodate a 5-lane section in each 

direction on South San Francisco OH, widen to accommodate 5-lane section on Sierra Point 

OH  

 

Section E - Sierra Point Overhead to SF County Line (Segment 16): 

(This section is characterized by lack of auxiliary lanes and extra wide inside shoulders.)  

- Add new HOV lane to inside of existing lanes using extra wide inside shoulder space (1 HOV 

+ 4 mixed-flow) and reduce inside shoulders to non-standard  

- Assume minimal outside widening 
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This study primarily focuses on freeway operations analysis for Year 2040 conditions, which will be 20 years 

beyond the estimated opening year of 2020 or earlier. 
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3.  Travel Demand Forecast  

This chapter presents the travel demand forecasting process and results. 

3.1. The Demand Model 

The HOV demand forecasts were developed using the C/CAG travel demand model (ABAG Projection 2005 

version), as well as existing traffic volumes and occupancy survey results. Two-person HOVõs currently account 

for 15% to 17% of the peak period vehicle stream on US 101 while three-person HOVõs and buses account for 

only 1% to 2% of the peak period vehicle stream. This study assumed the HOV occupancy requirement would 

remain at two persons per vehicle. 

 

The C/CAG model is a traditional 4-step model covering the entire 9 county MTC region, focused on San Mateo 

County (finer zone and network detail).  This was the latest and most current version of the C/CAG model 

available at the initiation of the study, and represents and contains socio-economic data sets for 2005, 2015, 

and 2030.   

3.2. 2040 Forecast Extrapolation Procedures 

While the project implementation schedule is uncertain at this time, it was assumed for the purposes of this 

analysis that the project would be open for operation between 2015 and 2020. Therefore, to conduct traffic 

analysis of the proposed HOV lane project for 20-years beyond opening year, traffic forecasts were developed 

to reflect Year 2040, by conservatively assuming an opening year of 2020.  

 

The previous San Mateo/Santa Clara 101 HOV Lane Feasibility Analysis study had developed two sets of traffic 

forecasts, for 2015 and 2030 conditions. These forecasts were obtained from the C/CAG travel demand 

model. Raw model forecast volumes were adjusted based on taking the incremental difference between base 

year and future year, and adding to existing traffic volumes. To develop Year 2040 traffic forecasts, volumes 

were extrapolated from readily available forecast results from 2015 and 2030  forecasts, as illustrated below in 

Exhibit 4. Two sets of traffic forecasts were developed for 2040: one for the hybrid HOV lane option, and the 

other for baseline No Project conditions. Furthermore, 2040 volumes were checked and capped to no less 

than existing volume or 2030 adjusted forecasted volumes.  

Exhibit 4. 2040 Forecast Volume Extrapolation Equation 

 

 
 

For example, if 2015 ramp volume is 1,000 vph, and 2030 ramp volume is 1,200 vph,  

then 2040 forecast volume would be 1,333 vph as shown below: 

 

 
 



San Mateo 101 Hybrid HOV Lane Analysis 

Final Mainline Report ï March 8, 2012 

 
 

 
   

  9 Kittelson & Associates, Inc./Dowling 

Changes in mode shift were determined based on C/CAG model forecasts. On average throughout the corridor, 

the new HOV lane would encourage higher shared-ride mode split, from about 16.4% to about 19%, or an 

increase of about 2.6%. The 2040 extrapolated forecast volumes for the hybrid HOV lane option were 

developed using the previous 2015 and 2030 òAdd an HOV Lane Scenarioó. In reality, the hybrid HOV lane 

would result in less induced demands compared to the òAdd an HOV Lane Scenarioó by providing less overall 

capacity; therefore, this assumption would produce more conservative results on the freeway.  Exhibit 5 

provides a comparison of 2040 forecast results at key mainline locations, between baseline conditions and 

hybrid HOV lane condition. As shown in the comparison, induced demands accounted for approximately 5% to 

7% on average along the corridor.  

Exhibit 5. 2040 Forecast Volume Comparison Between Baseline and Hybrid HOV 

Location 

AM 4-HOUR 

2040 Baseline 2040 Hybrid HOV Lane 
Total 
% Diff Mixed-

Flow 
HOV Total 

Mixed-
Flow 

HOV Total 

Northbound 

South of SR 85 29,074 4,504 33,578 29,813 4,388 34,201 2% 

South of SR 92 

N/A 

35,551 31,738 6,427 38,165 7% 

South of I-380 35,366 31,754 6,272 38,026 8% 

San Francisco county line 31,719 28,333 5,512 33,845 7% 

Average      34,054     36,059 6% 

Southbound 

South of SR 85 23,155 1,572 24,727 22,879 1,730 24,609 0% 

South of SR 92 

N/A 

33,446 32,584 4,203 36,787 10% 

South of I-380 27,007 25,708 4,245 29,953 11% 

San Francisco county line 26,469 23,859 3,935 27,794 5% 

Average      27,912     29,786 7% 

Location 

PM 5-HOUR 

2040 Baseline 2040 Hybrid HOV Lane 
Total 
% Diff Mixed-

Flow 
HOV Total 

Mixed-
Flow 

HOV Total 

Northbound 

South of SR 85 35,654 4,902 40,556 35,094 5,500 40,594 0% 

South of SR 92 

N/A 

43,519 38,367 8,349 46,716 7% 

South of I-380 48,835 43,972 8,193 52,165 7% 

San Francisco county line 39,804 34,539 7,408 41,947 5% 

Average      43,179     45,356 5% 

Southbound 

South of SR 85 29,222 2,583 31,805 30,830 3,100 33,930 7% 

South of SR 92 

N/A 

37,506 32,157 6,727 38,884 4% 

South of I-380 34,788 28,607 7,585 36,192 4% 

San Francisco county line 37,151 32,094 6,899 38,993 5% 

Average      35,313     37,000 5% 
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Exhibit 6 provides a summary of forecasted hourly demand volumes on the hybrid HOV lane. Details of 

extrapolated volumes for 2040 are included in Appendix A. 

 

Exhibit 6. Hybrid HOV Lane 2040 Forecast Hourly Demand Volumes  

AM Peak Period 

  6 - 7 AM 7 - 8 AM 8 - 9 AM 9 - 10 AM AM Total 

Northbound      

South of SR 85 1,068 1,217 969 1,084 4,338 

South of SR 92 1,307 1,800 1,744 1,576 6,427 

South of I-380 1,284 1,785 1,736 1,471 6,276 

San Francisco county line 1,172 1,588 1,495 1,257 5,512 

Southbound      

South of SR 85 492 611 386 241 1,730 

South of SR 92 904 1,267 1,023 1,009 4,203 

South of I-380 782 1,288 1,191 984 4,245 

San Francisco county line 804 1,177 1,103 851 3,935 

PM Peak Period 

  
2:30-3:30 

PM 
3:30-4:30 

PM 
4:30-5:30 

PM 
5:30-6:30 

PM 
6:30-

7:30 PM 
PM 

Total 

Northbound             

South of SR 85 1,071 1,122 1,119 1,065 1,123 5,500 

South of SR 92 1,611 1,735 1,917 1,712 1,374 8,349 

South of I-380 1,535 1,690 1,884 1,735 1,349 8,193 

San Francisco county line 1,399 1,472 1,711 1,598 1,228 7,408 

Southbound             

South of SR 85 765 693 684 480 478 3,100 

South of SR 92 1,183 1,208 1,435 1,541 1,360 6,727 

South of I-380 1,498 1,509 1,569 1,636 1,373 7,585 

San Francisco county line 1,174 1,282 1,502 1,587 1,354 6,899 
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3.3. Verification of Extrapolated 2040 Forecasts 

The ònewó C/CAG travel demand model, prepared by the Valley Transportation Authority, became available in 

early October 2011. This model reflects ABAG projection òpre-P11ó socio-economic data set, for sustainable 

community strategies (SCS).  Exhibit 7 provides a comparison of the 2030 forecast results, as well as 2040 

extrapolated forecast results developed using the òoldó C/CAG demand model, and the ònewó C/CAG modelõs 

2035 raw model volumes for AM and PM peak periods.  Both the 2030 and extrapolated 2040 forecasts 

developed from the old model are generally higher compared to those forecasted from the new model.  The 

extrapolated 2040 forecasts based on the old model are  between 15% and 24% higher than the 2035 

forecasts based on the new model, except for the southbound PM peak period, which the new model showed 

being 5% to 6% higher. The higher forecast volumes based on the old model suggest that the current 

operational analysis using these forecast volumes, is rather conservative. In particular, in the vicinity of SR 92 

interchange, 2040 forecasts from the old model are 24% to 30% higher than those forecasted from the new 

model, except for southbound PM peak, where the new model is higher by 10%.  

 

Based on the volume comparisons above, the conclusions from this study should be conservative in identifying 

potential operational hot spots. 

Exhibit 7. Forecast Comparison Between the Old and New C/CAG Models 

Old C/CAG - 

Forecasted 

2030 

Old C/CAG - 

Extrapolated 

2040

New 

C/CAG 

2035

2030 Old 

C/CAG vs 

2035 New 

C/CAG (% 

Diff)

2040 Old 

C/CAG vs 

2035 New 

C/CAG (% 

Diff)

Old C/CAG - 

Forecasted 

2030 

Old C/CAG - 

Extrapolated 

2040

New 

C/CAG 

2035

2030 Old 

C/CAG vs 

2035 New 

C/CAG (% 

Diff)

2040 Old 

C/CAG vs 

2035 New 

C/CAG (% 

Diff)

South of SR 85 32,204 34,201 21,225 52% 61% 30,624 32,921 23,034 33% 43%

South of SR 92 38,016 38,165 30,282 26% 26% 37,895 38,859 31,428 21% 24%

South of I-380 37,628 38,026 32,743 15% 16% 41,513 43,467 34,545 20% 26%

San Francisco 

county line
32,759 33,845 31,692 3% 7% 33,045 34,407 33,842 -2% 2%

Average 35,152 36,059 28,986 21% 24% 35,769 37,414 30,712 16% 22%

South of SR 85 23,589 24,609 22,541 5% 9% 26,529 28,231 25,926 2% 9%

South of SR 92 36,189 36,787 28,362 28% 30% 33,590 32,478 36,116 -7% -10%

South of I-380 29,968 29,953 23,527 27% 27% 29,176 29,077 30,331 -4% -4%

San Francisco 

county line
26,729 27,794 28,804 -7% -4% 31,604 32,283 35,617 -11% -9%

Average 29,119 29,786 25,809 13% 15% 30,225 30,517 31,998 -6% -5%

Southbound

Location

Northbound

AM 4-Hour PM 4-Hour

 
Note: Positive differences indicate that the forecasts based on the older model are higher than those based on the new model.  Readers 

should allow for the 5 years of growth (nominally around 5%) that may be ordinarily expected to occur between 2030 (old model) and 

2035 (new model) and between 2035 (new model) and 2040 (extrapolated old model).  
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4.  Traffic Operations  Analysis  

This chapter describes the effect on traffic operations of extending the hybrid alternative HOV lanes throughout 

the SM-101 corridor in San Mateo County.  These effects are identified in terms of the following performance 

measures: 

 

¶ The impacts on SM-101 freeway operations, including changes in bottleneck locations, areas of 

congestion, peak period speeds in the managed and mixed-flow lanes, mixed-flow lane vehicle delays, 

and time-savings for HOV lane-eligible vehicles. 

 

¶ The corridor-wide benefits (e.g., in changes in corridor-wide person hours of delay on SM-101 corridor). 

4.1. Analysis Methodology 

The FREQ modeling software was used to simulate peak period freeway operations on the US-101 study 

corridor in San Mateo County.  FREQ is a macroscopic freeway facility operations simulation model that can 

generate speeds, densities, volume/capacity ratios, levels of service (based on the Highway Capacity Manual 

2000  criteria), bottleneck locations, queue lengths, and delays by each hour and study section.   

 

FREQ inputs include on-ramp and off-ramp demands for a single direction by hour within each peak period.  

FREQ estimates an origin-destination table from the ramp volumes for each hour.  It then propagates the 

vehicles down the length of the freeway, queuing the vehicles when demand exceeds capacity and reducing 

the volumes reaching downstream off-ramps when traffic is trapped at a bottleneck.  Excess demand is stored 

on the freeway at the end of each hour and then released in the following hour, if capacity permits.  FREQ 

predicts speeds and densities of traffic based on the volume/capacity ratios and the classical speed-flow and 

flow-density curves.  

 

The FREQ model covers 30.4 miles of the US 101 freeway from the San Francisco/San Mateo County line to  

the SR 85 interchange in Santa Clara County.  Freeway operations were evaluated for the SM-101 study 

corridor from 6:00 AM to 10:00 AM and from 2:30 PM to 7:30 PM.  These time periods include the majority of 

the busiest weekday commute hours in the morning and afternoon, as well as the HOV lane hours. 

 

In addition, the southbound entry link (in San Francisco County) was initially extended for about nine miles so 

as to be able to store the queues resulting under the future scenarios. Similarly, the northbound entry link (in 

Santa Clara County) was initially extended thirteen miles. These entry links with unusually long link lengths 

resulted in erroneous computation results within FREQ. Therefore, these unusually long links were removed 

from the FREQ files, and supplemental computations were performed externally to evaluate queues and delays 

associated with the entry links.  

 

The FREQ model was calibrated to the local conditions for each direction and each peak period by running it for 

existing conditions and comparing the model-predicted bottleneck locations and queues with those observed 

in the field at the time the traffic counts were collected.  The input data and assumptions used in the validation 

and application of the SM-101 FREQ models are described below: 

 

¶ Existing freeway mainline counts were collected from two sources: available PeMS count stations and 

manual mainline occupancy counts.  Freeway ramp counts were collected from tube machines 

conducted January 28-29, 2009.  A set of freeway balanced traffic counts were produced using this 

data for input into the FREQ models.  The FREQ freeway models were validated based on this count 

data and field observations from floating car surveys conducted on January 28, 2009. 

¶ The free flow speed on the mainline freeway was assumed to be 65 mph. 
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¶ The capacity of each freeway section was established based on its geometry and known or assumed 

bottleneck flow rates within the corridor.  The capacity for the mainline freeway, and that of the HOV 

lane, was generally assumed to be 1900 vehicles per hour per lane (vphpl).  The capacity of the 

auxiliary lanes was assumed to be the minimum of (a) the maximum hourly on-ramp volume, (b) the 

maximum hourly off-ramp volume, or (c) the hourly capacity per lane for through lanes. 

¶ Vehicle occupancy was estimated based on counts taken at three locations along the study corridor; 

one location each north of I-380, between I-380 and SR 92, and between SR 92 and Whipple Avenue.  

The vehicle occupancy data south of Whipple Avenue was obtained through Caltrans.  

¶ Traffic demand was then estimated for each section and adjusted until congestion locations, 

congestion onset times, congestion clearance times, queue lengths, delay, and travel times matched 

those observed in the field. 

¶ HOV occupancy requirement would remain at 2+ persons per vehicle. 

¶ All US 101 CSMP baseline corridor improvements were assumed to be in place (see San Mateo 101 

Corridor System Management Plan Technical Report, 2010, for listing of improvements). 

¶ Ramp metering was assumed to be in effect for full length of corridor, except for freeway-to-freeway 

connectors.  This included widening of all on-ramps where feasible to provide HOV queue bypass 

lanes.  No bypass lanes were assumed for freeway-to-freeway ramps. 

¶ The FREQ model was allowed to vary metering rates between a minimum metering rate of 240 vph 

and a maximum metering rate of 900 vph for single-lane on-ramps and 1700 vph for dual lane on-

ramps.  FREQ selected the optimal metering rate for each ramp within the defined range that would 

maximize person-miles of freeway travel. 

 

For the FREQ model runs of future SM-101 scenarios, the C/CAG travel demand model was used to generate 

forecasts of demand and estimates of mode shifts, route shifts, and destination shifts at a region-wide level 

during the 4-hour AM peak period and the 5-hour PM peak period.  Growth factors and changes in occupancy 

factors were calculated based on these forecasts and applied to the existing demand volumes.   

 

The proportions of HOVs in the traffic stream at each on-ramp were further adjusted manually to balance 

freeway volumes such that congestion on the priority lane did not exceed the congestion in the mixed-flow 

lanes. 
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4.2. 2040 Baseline Traffic Operations 

As described earlier in Chapter 2, baseline conditions include future-year improvements described in the San 

Mateo US 101 Corridor System Management Plan (CSMP) Technical Report, 2010. Detailed FREQ subsection 

input data are provided in the Appendix B. 

4.2.1. Freeway Bottleneck Analysis for 2040 Baseline Conditions 

Peak period mixed-flow lane bottleneck locations, as well as the locations and extent of congestion 

approaching controlling bottlenecks during the height of the peak, are described below for Year 2040 

conditions. Mixed-flow lane bottlenecks and maximum queue lengths for Baseline conditions are shown in 

Exhibit 8. 

Substantial traffic growth is expected to occur on U.S.101 between now and 2040. This growth will result in 

new bottlenecks developing by year 2040 and longer queues approaching existing bottlenecks. 

 

Northbound AM Peak ð During the AM peak period, five (5) bottlenecks would develop in the following freeway 

segments:  

 

¶ Rengstorff Avenue loop off-ramp to on-ramp 

¶ Willow Road loop off-ramp to loop on-ramp 

¶ Marine Parkway loop on-ramp to diagonal on-ramp 

¶ 3rd Avenue off-ramp to on-ramp 

¶ Bayshore Boulevard off ramp to Sierra Point Parkway off-ramp 

By the height of the peak (when delay or travel time through the corridor is the longest), it would take 

approximately 162  minutes for mixed-flow lane vehicles to travel through the entire corridor (including the 13-

mile section south of SR 85), of which about 121 minutes are associated with delay due to bottleneck and 

queuing effects. Two of the bottlenecks, Rengstorff Avenue and Marine Parkway, will have become hidden by 

queues from the downstream bottlenecks. The Rengstorff Avenue bottleneck will be hidden by queues 

extending south approximately 9 miles beyond the SR-85 study limit from the Willow Road bottleneck, resulting 

in a total queue length of 15.4 miles. Similarly, the Marine Parkway bottleneck will be hidden by queues 

extending south of the Woodside interchange from the 3rd Avenue bottleneck, with a total queue length of 

about 10 miles.  The bottleneck at Bayshore Boulevard/Sierra Point Parkway will also develop during the AM 

peak period, with a queue extending approximately 2.1 miles to south of the North Access Road interchange. 

 

The HOV lane would generally operate at or near free flow speeds throughout the peak period, except between 

the Rengstorff interchange and San Antonio interchange, where HOV lane would operate at reduced speeds 

between about 30 to 50 MPH.   

 

Northbound PM Peak ð During the PM peak period, five (5) bottlenecks would develop in the following freeway 

segments: 

 

¶ Rengstorff Avenue loop off-ramp to on-ramp   

¶ Marsh loop onðramp to diagonal on-ramp 

¶ 3rd Avenue off-ramp to on-ramp 

¶ Peninsula Avenue off-ramp to on-ramp 

¶ Sierra Point Parkway on-ramp to Harney Way off-ramp 

 

By the height of the peak, it would take approximately 250 minutes for mixed-flow lane vehicles to travel 

through the entire corridor, of which about 209 minutes are associated with delay due to bottleneck and 

queuing effects.  Two of these the bottlenecks, Marsh Road and Rengstorff Avenue, will have become hidden 

by queues from the downstream bottlenecks, with severe congestion approaching Marsh Road and 3rd Avenue 
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bottlenecks. The combination of these bottlenecks would result in maximum queues extending a total of 29.7 

miles, or approximately 13.2 miles south of the SR-85 interchange. Minor congestion would occur approaching 

the Peninsula Avenue bottleneck, and queues from the bottleneck at Sierra Point Parkway/Harney Way would 

extend as far south as the Grand Avenue interchange, or approximately 2.1 miles. 

 

The HOV lane would operate at or near free flow speeds throughout the peak period. 

 

Southbound AM Peak ð During the AM peak period, five (5) bottlenecks would develop in the following freeway 

segments: 

¶ Beatty Road on-ramp to Sierra Point Parkway off-ramp  

¶ Millbrae Avenue loop on-ramp to diagonal on-ramp 

¶ Hillsdale Boulevard loop on-ramp to diagonal on-ramp 

¶ Willow Road loop off-ramp to diagonal on-ramp  

¶ University Avenue off-ramp to on-ramp 

 

By the height of the peak, it would take approximately 106  minutes for mixed-flow lane vehicles to travel 

through the entire corridor, of which about 68 minutes are associated with delay due to bottleneck and 

queuing effects. The Millbrae bottleneck will have become hidden by queues from the downstream bottleneck 

at Hillsdale, and would result an overall queue length of over 12 miles. Minor congestion would occur 

approaching the Beatty Road, Willow Road and University Avenue bottlenecks. The bottlenecks at Willow Road 

and University Avenue would not appear during the height of the peak.  

 

The HOV lane would operate at or near free flow speeds throughout the peak period. 

 

Southbound PM Peak ð During the PM peak period, two (2) bottlenecks would develop in the following freeway 

segments: 

¶ Oyster Point Boulevard on-ramp to Miller Avenue off-ramp 

¶ Rengstorff Avenue on-ramp to Old Middlefield Way on-ramp 

 

By the height of the peak, it would take approximately 140  minutes for mixed-flow lane vehicles to travel 

through the entire corridor, of which about 102 minutes are associated with delay due to bottleneck and 

queuing effects. Queues resulting from the Rengstorff Avenue bottleneck would extend beyond the Whipple 

Avenue off-ramp, or approximately 9 miles. As for the bottleneck at Oyster Point Boulevard, queues would 

extend approximately 9.2 miles beyond the study limit into the San Francisco County, resulting in a total queue 

length of 12.6 miles. 

 

The HOV lane would operate at or near free flow speeds throughout the peak period. 

 

Detailed FREQ subsection output data, as well as graphical outputs are included in the Appendix C and 

Appendix D.  
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Exhibit 8: Freeway Bottlenecks and Queues in 2040 Baseline 

  
* Note: Only congestion on US 101 within the study corridor is shown. Northbound AM and PM queues would extend about 9 

miles, and 13 miles south of SR 85, respectively, while southbound PM peak would extend about 9 miles into San Francisco.  

*  

*  
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4.2.2.  Freeway On-Ramp Queues 

 

Ramp metering was assumed for all on-ramps on the SM-101 corridor, excluding freeway-to-freeway ramps.  

FREQ selected the optimal metering rate for each ramp that would maximize person-miles of freeway travel.  

Ramp queuing analysis indicates the following ramps would have significant queue overflows. (A queue 

overflow is defined as the predicted 50 percentile queue of vehicles at the meter exceeding the available 

storage capacity on the ramp, sometime during either the AM or PM peak periods.) 

 

Northbound 

¶ SR 85 on-ramp during AM peak period  

¶ Shoreline Boulevard northbound on-ramp during both AM and PM peak periods 

¶ San Antonio Road northbound on-ramp during AM peak period 

¶ Oregon Expressway on-ramp during PM peak period 

¶ Marsh Road SB on-ramp during AM peak period 

¶ Holly Street on-ramp during PM peak period 

¶ Millbrae Avenue on-ramp during PM peak period 

¶ E Grand Avenue on-ramp during AM peak period 

¶ Oyster Point Boulevard on-ramp during AM peak period 

 

 

Southbound 

¶ Sierra Parkway on-ramp during PM peak period 

¶ Airport Boulevard on-ramp during PM peak period 

¶ San Bruno Avenue on-ramp during AM peak period 

¶ Broadway on-ramp during PM peak period 

¶ 3rd Avenue on-ramp during PM peak period 

¶ Fashion Island Boulevard on-ramp during AM peak period 

¶ Hillsdale Boulevard loop on-ramp during AM peak period 

¶ Hillsdale Boulevard diagonal on-ramp during PM peak period 

¶ Ralston Avenue on-ramp during both AM and PM peak periods 

¶ Brittan Avenue on-ramp during PM peak period 

¶ Woodside on-ramp during PM peak period 

¶ University Avenue on-ramp during AM peak period 

¶ Charleston Rd on-ramp during both AM and PM peak periods 

¶ Rengstorff Avenue on-ramp during PM peak period 

¶ Shoreline Boulevard on-ramp during AM peak period 

 

Details of on-ramp queues are included in the Appendix E. 
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4.3. 2040 With Hybrid HOV Lane Traffic Operations 

This section discusses the traffic operation impacts of adding a hybrid HOV lane each direction from the 

existing HOV lane terminus at the Whipple Avenue interchange to the San Francisco/San Mateo county line.    

Impacts are compared to the 2040  baseline condition. 

4.3.1. Hybrid HOV Lane Configuration and Auxiliary Lane Assumptions 

As mentioned previously, the general approach of the òhybridó HOV Lane study is to cost effectively extend HOV 

lanes north on US 101 from Whipple Avenue to the San Francisco County line by converting auxiliary lanes to 

through lanes (or adding lanes in some segments) and extending these lanes through the interchanges to 

create a 10-lane freeway. The inside lanes would then be restriped as HOV lanes and 8 continuous mixed-flow 

lanes would be maintained along the entire corridor.  

 

Auxiliary lanes would be eliminated except where traffic analysis shows they would be beneficial to maintaining 

freeway operations or where there is sufficient right of way to add a HOV lane. Initially, HOV volumes were 

compared to potential auxiliary lane volumes (on-ramp or off-ramp volumes) in each freeway segment, if HOV 

volumes are higher than the highest auxiliary lane ramp volume, then the lane conversion would likely yield 

operational improvements for non-HOV traffic, and therefore the auxiliary lane could be eliminated (actually the 

auxiliary lane would be extended through the downstream interchange to become a new through lane, and the 

existing left hand through lane would be converted to HOV lane operation, in effect, adding an HOV lane and 

eliminating the auxiliary lane). Conversely, if HOV volumes are lower, then it would likely be required to retain 

the auxiliary lane in order to maintain mixed-flow traffic service levels, in which case, the freeway would then 

need to be widened to accommodate the lane addition. Subsequently, more detailed FREQ simulations were 

conducted to refine auxiliary lane requirements throughout the corridor.  

 

Based on this approach, the following auxiliary lanes would be retained: 

 

 Northbound Direction 

¶ Whipple Avenue loop on-ramp to diagonal on-ramp  

¶ Marine Parkway/Ralston Avenue diagonal on-ramp to Hillsdale off-ramp 

¶ Hillsdale Boulevard diagonal on-ramp to SR 92 off-ramp 

¶ SR 92 WB diagonal on-ramp to lane drop just south of Kehoe Ave 

¶ Millbrae Avenue on-ramp to I-380 off-ramp  

¶ I-380 on-ramp and South Airport Boulevard off-ramp 
 

In addition, at the northern HOV lane terminus at the Harney Way interchange, the HOV lane is assumed to 

transition into a mixed-flow lane, which the mainline would continue as five mixed-flow lanes into San 

Francisco County to connect with the existing five-lane section immediately downstream of the Third Street off-

ramp.  

Southbound Direction 

¶ Airport Blvd/Produce Ave on-ramp to I-380 WB off-ramp (2 aux lanes) 

¶ I-380 WB off-ramp to N Access Road/SF Airport off-ramp 

¶ I-380 on-ramp to San Bruno Avenue on-ramp  

¶ Last SF Airport on-ramp to Millbrae Avenue off-ramp 

¶ 3rd Avenue on-ramp to SR 92 off-ramp 

¶ SR 92 EB on-ramp to Hillsdale off-ramp 

¶ Hillsdale Boulevard on-ramp to Marine Parkway/Ralston Avenue off-ramp 
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¶ Marine Parkway/Ralston Avenue on-ramp to Holly Street off-ramp  

¶ Brittan Avenue on-ramp to Whipple Avenue off-ramp 
 

At three (3) northbound locations, partial auxiliary lanes (deceleration lanes) in advance of the exit are 

proposed in order to maintain 2-lane off-ramps: 

 

¶ Northbound off-ramp at Marine Parkway 

¶ Northbound off-ramp at SFO 

¶ Northbound off-ramp at Harney Way 

 

Similarly for the southbound direction approaching the SR 92 off-ramp, a deceleration lane would be 

maintained approaching the off-ramp, in order to keep the off-ramp at 3-lanes. Exhibit 9 provides a map 

comparing auxiliary lanes in place for the baseline and hybrid HOV lane options.  Additional details of FREQ 

subsection input data are included in the Appendix B. Also, detailed hybrid HOV lane option lane configuration 

is included in Appendix G.  
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Exhibit 9: Auxiliary Lane Locations ð Between Whipple Avenue and Harney Road 

 






















































































