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BENEFIT-COST ANALYSIS – 680 FORWARD 

EXECUTIVE SUMMARY 
A benefit-cost analysis (BCA) was conducted for the Contra Costa County Transportation Authority 
(CCTA) 680 Forward program for the submission to the United States Department of Transportation 
(USDOT) as a requirement for the 2022 Mega grant program. The 680 Forward entails several advanced 
technology strategies on the regionally significant national multimodal freight network corridor, to 
improve mobility, safety, reliability with multimodal commute alternatives along with modernizing and 
rehabilitating the existing infrastructure. The following ten components with independent utility are 
presented as a single project for a 37-year analysis period including the construction period. The 
construction period and year of opening varies slightly for each component. To have a combined BCA for 
all the components, the analysis period for 2021 to 2057 was kept constant. The ten components of 680 
Forward are: 

1. Zero Emission Express Bus
2. Part-Time Transit Lane
3. Shared Mobility Hubs with Micromobility and Charging Infrastructure
4. Bike and Pedestrian Improvements along the Iron Horse Trail (IHT)
5. I-680 Northbound Express Lanes
6. I-680/SR-4 Interchange Improvements
7. Highway Preservation and Rehabilitation
8. Coordinated Adaptive Ramp Metering
9. Mobility-as-a-Service (MAAS)/Mobility on Demand (MOD)
10. Automated Driving Systems

BCA Results Summary1 | The combined BCA shown in Table 1 reflects quantifiable benefits 
related to safety, economic impacts, freight movement and job creation, climate change, multimodal 
options and quality of life, and innovation.  

Table 1: BCA Summary 

Criteria Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Safety Benefits  $3,948,387,118  $1,145,252,161 
Travel Time Savings  $11,640,655,783  $2,875,540,938 
Operating Cost Savings  $84,276,168  $109,876,614 
Emissions Reductions Benefits  $90,291,104  $38,443,312 
Equity and Multimodal Benefits  $870,264,161  $261,220,336 
Residual Value  $388,767,557  $76,611,981 
Total Benefits  $17,022,641,891  $4,506,945,343 
Project Cost  $(1,143,889,986)  $(740,496,170) 
Net Present Value (2020 $)  $15,878,751,905  $3,766,449,173 
Benefit-Cost Ratio (BCR) 14.88 6.09 

1BCA Analysis Sheet  
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, May 2022 
Benefit-Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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The project benefits by category are summarized in the following Table 2 through Table 6, while Appendix A-1 
through Appendix A-10 details the benefit cost analysis of each component.  
Table 2: BCA Summary -Safety Benefits 

Project Safety Benefit 

Results 
Summary 

(2020 $ Discounted 
at 7%) 

Zero Emission Express 
Bus 

Reduction of 3 fatal collisions and 12 serious injuries over the 30-
year project life. 

$141,477,701 

Part-Time Transit 
Lane 
Shared Mobility Hubs Reduction of 40% pedestrian and bicycle related accidents with the 

pedestrian crosswalk improvements; 81% decrease in bicycle 
related accidents with separated bike lane improvements. 

$82,640,322 

IHT Pedestrian 
Overcrossings IHT-
CCCT Gap Closure 

Reduction of 100% ped and bike collisions associated with 
pedestrian and bicycle conflicts with vehicles the conversion of an 
HOV Lanes to an Express Lane. 21 % reduction in pedestrian and 
bicycle related accidents with the trail gap closure. 

$34,714,213 

I-680 NB Express
Lanes

Reduction of collisions associated with the conversion of an HOV 
Lanes to an Express Lane. 38 % reduction in angle, sideswipe 
collisions and 39% reduction in rear-end collisions in Express Lanes. 

$18,739,675 

I-680/SR-4 Interchange 36 % reduction of rear-end crashes on ramp where ramp meter is
installed. 22% reduction in rear-end angle and sideswipe 
intersections with auxiliary lane; 30% reduction of all crashes on 
ramp where loop is replaced with short ramp; 45% reduction of all 
crashes on ramp where loop is replaced with straight ramp; 17% 
reduction at Blum Road and Pacheco Intersection. This reduction is 
equivalent to 2 fatal collisions and 88 injury collisions over 30 years. 

$21,724,080 

Highway Preservation 
and Rehabilitation 

29% reduction in all incidents (dry conditions) due to improvements 
in pavement friction, 50% reduction in pedestrian related incidents 
with ADA improvements, 50% reduction in collisions in wet 
conditions with the storm water mitigation. The analysis indicates 
an overall reduction of 61 fatal collisions and 3254 injury collisions. 

$714,543,867 

Coordinated Adaptive 
Ramp Metering 

Breaks up the platoons of vehicles entering the freeway will smooth 
traffic flow and reduce potential for collisions.  CARM would 
minimize speed changes which studies have shown have a direct 
correlation to accidents. 8% reduction in all incidents on freeway 
with improving the weaving condition on the freeway. 

$27,700,938 

Mobility-as-a-
Service/Mobility on 
Demand 

Reduction of collisions associated with automobile trips that have 
been replaced by other modes that incur less collisions. Over the 
life of the project, it is estimated that seven injury collisions and 15 
property damage only collisions will be reduced. 

$58,190 

Automated Driving 
System 

Safety benefits by reducing the accidents involving human error 
factored with 10% AV Penetration on I-680 (2-mile Stretch); 19% 
modal shift for the Rossmoor area, 32% modal shift from Valley 
hospital area. - indicating an overall reduction of 29 fatal collisions, 
695 injury collisions, and 2011 property damage only collisions. 

$234,212,881 
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Table 3: Benefit Cost Analysis Summary -State of Good Repair 

Project Residual Value / Operating and Maintenance Cost Savings 

Results 
Summary 

(2020 $ Discounted 
at 7%) 

Zero Emission Express 
Bus 

$47,811 annual savings in fuel consumption and $47,928 annual savings 
in operating labor due to combining the operations from both LAVTA 
and County Connection facilities. 

$6,710,171 

Part-Time Transit 
Lane 
IHT Pedestrian 
Overcrossings IHT-CCCT
Gap Closure 

The service of life of the project improvements is 50 years, whereas 
the analysis period is 37 years. There is a residual value of $3.1 million 
discounted to new present value in 2020$. 

$3,156,030 

I-680 NB Express
Lanes

The service of life of the project improvements is 75 years, whereas 
the analysis period is 37 years. There is a residual value of $12.3 
million discounted to new present value in 2020$. 

$12,383,736 

The project includes pavement rehabilitation of existing pavement in 
the project opening year. Hence there are saving in O&M costs when 
build and no-build conditions are compared. 

$58,073,624 

I-680/SR-4 Interchange The service of life of the project improvements is 75 years, whereas
the analysis period is 37 years. There is a residual value of $25.1 
million discounted to new present value in 2020$. 

$25,142,878 

The project includes pavement rehabilitation of existing pavement in 
the project opening year and there a reduction of existing lane miles 
because of ramp reconfiguration. There are savings in O&M costs 
when build and no-build conditions when discounted. 

$47,447,416 

Highway Preservation 
and Rehabilitation 

Recapitalization of pavement rehabilitation and storm water 
mitigation is captured at 20 years. residual value of the capitalization 
costs at the end of 30 years is realized in residual value. Polymer 
overlay on bridge decks would prolong the service life of the bridges. 

$18,524,595 

Coordinated Adaptive 
Ramp Metering 

Recapitalization of coordinated adaptive ramp metering software and 
detection infrastructure is captured at 20 years. Residual value is 
realized at the end of the 30 years in operation. 

$27,700,938 

Automated Driving 
System 

Recapitalization costs are included at the end of 20 years of 
operations, and residual value is realized at the end of 30 years of 
project in operation. There is a residual value of $4.6 million 
discounted to new present value in 2020$. 

$3,196,437 

Pavement rehabilitation and roadway infrastructure maintenance 
costs are assumed to be the same in build and no-build conditions. 
Added cost to maintain the SAV vehicles (battery replacements, 
cleaning etc) and costs to maintain V2I infrastructure on roadways are 
included in the analysis. The maintenance cost of the build condition 
is more than that of no-build condition. 

$(338,355) 
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Table 4: Benefit Cost Analysis Summary -Economic Impacts, Freight Movement, and Job Creation 

Project Travel Time Savings/Vehicle Operating Cost 
Savings/Agglomeration Economies 

Results 
Summary 

(2020 $ Discounted 
at 7%) 

Zero Emission Express 
Bus 

Travel time savings with 35,000 daily savings in VMT.  $141,477,701 

Part-Time Transit 
Lane 
IHT Pedestrian 
Overcrossings IHT-
CCCT Gap Closure 

The pedestrian crossing bridge is expected to bring travel time savings 
to all users at the junction of Iron Horse Trail and Bollinger Canyon 
Road. The construction of the bridge would allow for the shortening 
of the signal cycle for users of Bollinger Canyon Road, saving 
approximately 0.0112 hours (37.5 seconds) per trip. It will also 
eliminate waiting time for pedestrians and cyclists to cross Bollinger 
Canyon Road, saving approximately 0.0222 hours (80 seconds) for 
each trip. 

$22,092,361 

I-680 NB Express 
 Lanes 

Travel time savings are realized from the reduction of 23% vehicle 
hours of delay in the opening year and reduction of 15% vehicle hours 
of delay in the design year along the corridor.   

$312,857,293 

I-680/SR-4 Interchange The project results in travel time savings from a 27% reduction in 
vehicle hours of delay in the opening year and a 24% reduction in 
vehicle hours of delay in the design year.  

$1,588,980,496 

Highway Preservation 
and Rehabilitation  

The project would yield in minor travel time savings with minor speed 
increases with improving the pavement conditions. This benefit is not 
quantified. 

 

Coordinated Adaptive 
Ramp Metering 

Travel time savings are realized with 8% reduction in the total vehicle 
hours of delay on the freeway. 

$761,007,318 

Mobility-as-a-
Service/Mobility on 
Demand 

Agglomeration (MOD will improve connectivity between people and 
their destinations) 

$9,728,658  

Automated Driving 
System 

Travel time savings are realized from the reduction of vehicle hours of 
travel from the mode shift from other modes to SAV. Mode shift from 
walking and bicycling mode is not considered. 

$39,397,110 

Vehicle operating costs of SAVs are compared to today's light duty 
vehicle. As the technology matures and lot of people shift to 
autonomous cars, it is assumed that the operating costs of AVs would 
decline after 2040. Vehicle operating costs are determined based on 
this assumption factored with reduction in vehicle hours traveled.  

$3,842,187 
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Table 5: Climate Change Resiliency and the Environment 

Project Emission Reductions 

Results 
Summary 

(2020 $  
Discounted at 7%)

Zero Emission Express 
Bus 

The I-680 Express would avoid about 54,200 tons of CO2 emissions over 
the project’s 20-year life, due to travelers shifting from personal cars to 
public transit. The project incorporates zero emission buses. 

$8,872,352 

Part-Time Transit 
Lane 
I-680 NB Express
Lanes

Incentive-based mode shift from SOV to HOV, increasing utilization of 
the transportation network, thereby increase person-throughput and 
reducing congestion and its associated GHG emissions. Vehicle speeds 
along the corridor are expected to improve and as a result, emissions 
level is estimated to decrease over the project’s duration. Project is 
expected to result in an emissions reduction savings of $54 million 
over 30 years. 

$18,604,196 

I-680/SR-4 Interchange Approximately 6,200 tons of CO2 emissions with increasing the
efficiency of the interchange with the ramp reconfigurations. 

$262,566 

Coordinated Adaptive 
Ramp Metering 

Emission reductions due to increase in freeway speeds with the 
reduction of weaving. 

$2,024,135 

Mobility-as-a-
Service/Mobility on 
Demand 

Incentive-based mode shift from SOV to other modes, increasing 
utilization of the transportation network, reducing congestion and its 
associated GHG emissions. Approximately 5,250 metric tons of Co2 
emissions are reduced over the life of the project. 

$6,237,618 

Automated Driving 
System 

Emission reductions are based on the increase in overall travel time 
with the increase in speed. 

$2,442,445 
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Table 6: Equity, Multimodal Options, and Quality of Life 

Project Facility and Amenities Benefits, Quality of Life and Health 
Benefits 

Results 
Summary 

(2020 $  
Discounted at 7%) 

Shared Mobility Hubs Mobility Hub Amenities-Benefits. Services and amenities at shared 
mobility hubs make it easier for travelers to connect to transit, shared 
micro mobility services, and enhanced bike/ped accessibility and has 
quantified benefits per user trip. 

$26,231,388 

Quality of Life- Cycling. Monetary value of quality of life per each new 
bicycle lane mile is calculated. 
Health Benefits – Cycling.  Monetary value of health benefits per each 
new bicycle trip is calculated. 

IHT Pedestrian 
Overcrossings IHT- 
CCCT Gap Closure 

Quality of Life- Walking. Monetary value of quality of life per each 
person mile walked is calculated. 

$180,452,169 

Quality of Life- Cycling.  Monetary value of quality of life per each new 
bicycle lane mile is calculated. 
Health Benefits – Monetary value of health benefits per each new 
bicycle trip and walking trip is calculated. 

Mobility-as-a-
Service/Mobility on 
Demand 

Benefits from integrated payment; can be a proxy for the 
payment/ticketing benefits 

$802,602 

Benefits for users induced to shift to active modes based on MOD 
incentives. Walking Quality of Life Benefits 

$28,412,097 

Cycling Quality of Life Benefits $25,322,080 

Automated Driving 
System 

This metric is not quantified. The quality of life of users is perceived to 
be improved with the opportunity to relax and use the time for 
recreational purposes during their ride. 

 

 



MPDG-National Infrastructure 
Project Assistance - Mega 2022 

Benefit Cost Analysis 
Appendix A-1 and A-2 
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BENEFIT-COST ANALYSIS – ZERO EMISSION 
EXPRESS BUS & PART-TIME TRANSIT LANE 
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Zero Emission 
Express Bus and Part-Time Transit Lane projects in Contra Costa County, California. The calculations for 
the BCA are provided in a spreadsheet, and this document includes a narrative for the calculations.  

SUMMARY  
BCA Results Summary1| The BCA of Zero Emission Express Bus and Part-Time Transit Lane 
projects (Table 1) reflects quantifiable societal benefits related to three of the five long-term outcomes 
which include travel time savings (economic impacts, freight movement and job creation), prevented 
collisions (safety), and reduced emissions (climate change resiliency and the environment). 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Travel Time Savings  $455,242,588   $141,477,701  
Prevented Collisions  $42,249,200   $10,917,996  
Reduced Emissions  $18,925,416   $8,872,352  
Residual Value in 2057  $41,094,099   $5,744,879  
Operations & Maintenance 
Savings 

 $3,111,706   $965,292  

Total Benefits  $560,623,009   $167,978,221  
Project Cost  $(89,175,640)  $(69,736,531) 
Net Present Value (2020 $)  $471,447,369   $98,241,690  
Benefit-Cost Ratio (BCR) 6.29 2.41 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using the United States 
Department of Transportation (USDOT) guidance and parameters. Qualitative benefits are discussed in 
the project narrative and not included in this memorandum. The BCA provides projections of the 
benefits that are expected to accrue from the Zero Emission Express Bus and Part-Time Transit Lane 
projects over 33 years from the opening year and compares them to the anticipated costs of the project. 
The Express Bus is expected to start with Interim Bus fleet in 2024 and with Hydrogen Fuel Cell Electric 
Buses (FCEB) in 2027. The BCA includes measurements of benefits against costs from 2024 to 2057 
throughout the 37-year analysis beginning at the start of calendar year 2001 and including 33 years of 
operations from 2024 and 2057. Recapitalization costs of Hydrogen FCEB are added to project costs at 
the end of 20 years. Discounted future benefits and costs were based on the 7% discount rates and 3% 
discount for Carbon dioxide (CO2) emissions recommended by USDOT. 

 
1BCA Analysis Sheet – Express Bus 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit-Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 
BACKGROUND 

 
The Interstate 680 (I-680) corridor has been identified as a potential transit link using express buses 
between California state’s rail systems in the 2018 California State Rail Plan3. I-680 currently does not 
have a train or bus service that connects the Martinez Amtrak Station (Contra Costa County) to the Tri-
Valley Area (Alameda County). An express bus service on I-680 would close the gap and serve the 
passengers (133,000 daily commuters) who have no other means than driving along the corridor.  

As highlighted in the State Rail Plan, I-680 is the major north-south corridor in Contra Costa County, 
which is consistently ranked as one of the most congested corridors in the San Francisco Bay Area and 
has significant delays in both directions during peak periods. A transit trip from Pleasanton to Martinez 
currently takes well over two hours and requires several transfers along other corridors in the area. 

Contra Costa Transportation Authority (CCTA), County Connection, and Livermore Amador Valley Transit 
Authority (LAVTA) combined their respective goals and strategies to improve transit service and address 
congestion on the I-680 corridor to implement the I-680 Express Bus Program. The key elements in the I-
680 Express Bus Program are: 

1. Express Lane Completion 
2. Advance Technologies 
3. Automated Driving Systems 
4. Part-Time Transit Lane / Transit Bus on Shoulder 
5. Shared Mobility Hubs 
6. Mobility-as-a-Service 

 

PROJECT DESCRIPTION 
These projects will complement the new zero-emission regional express bus service operated between 
the Martinez Amtrak Station in Contra Costa County and the Dublin/Pleasanton Bay Area Rapid Transit 
(BART) Station in Alameda County, with limited stops at the Walnut Creek BART Station and Bollinger 
Canyon Park-and-Ride in San Ramon, with peak-period service extending to the Pleasanton Altamont 
Corridor Express (ACE) Station in the Tri-Valley, Alameda County. The service will be utilizing a hydrogen 
bus fleet and will require a hydrogen fueling station and maintenance facility. The project will address 
the need for passengers traveling from disadvantaged and low-income communities to, or along, the I-
680 corridor and improve connections to the greater Bay Area. The zero-emission express bus service 
will reduce barriers to transit, provide connections throughout the region, improve mobility from one 
end of the County to the other end of the County and reduce Greenhouse Gas (GHG) emissions.  

The project components include: 

1. Bus Fleet – Hydrogen FCEB: A fleet of six over-the-road style buses, including 
one spare, are needed for the service at start-up. To initiate the service, an 
interim fleet, to be comprised of existing buses from County Connection and 
LAVTA, will be used while the hydrogen FCEBs are procured.   
 

 
3 https://dot.ca.gov/programs/rail-and-mass-transportation/california-state-rail-plan 
 

https://dot.ca.gov/programs/rail-and-mass-transportation/california-state-rail-plan
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2. Fueling Stations and Maintenance Infrastructure: Maintenance infrastructure to 
properly store the Hydrogen FCEBs and maintain the buses in a state of good 
repair and fueling stations to fuel the vehicles. The maintenance and supporting 
infrastructure will be located at County Connection facilities and at LAVTA’s new 
Atlantis Transit Facility. 
 

Part-Time Transit Lane/Transit Bus on Shoulder (PTTL) Implementation  
A variety of on-shoulder pavement improvements, Transit Signal Priority (TSP), lane striping and signage 
will be implemented to create a PTTL system along the I-680 corridor. The implementation of PTTL will 
increase efficiency of the I-680 Express Bus service and other commuter service on the corridor, 
encourage mode shift, and improve transit travel time reliability. The intent of the PTTL for the I-680 is 
to gauge the use of, and impacts from, allowing bus on shoulder operations on I-680 traveling 
northbound between Bollinger Canyon Road in San Ramon and Ygnacio Valley Road in Walnut Creek. 
The origin-destination is from the Bishop Ranch Business Park to the Walnut Creek BART Station.   

 
Figure 1 shows the Express Bus 
route, the transit hubs 
connections, and relative locations 
of the fueling and maintenance 
stations. 

 

 

 

 

 

 

 

 

  

PROJECT LOCATION 

Figure 1: I-680 Express Bus Route with Limited Stops 
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The following are the anticipated benefits from the Zero Emission Express Bus project: 

• Reduction in GHG emissions 
• Increase in transit ridership 
• Service integration with County Connection and LAVTA 
• Reduction in crashes 

BASELINE CONDITIONS 
No Build Baseline alternative remains with no physical improvements on the I-680 corridor 
improvements or changes to the existing transit routes or service on the I-680 corridor. 

PROJECT CONDITIONS 
The I-680 Express Bus Program includes Zero Emission Express Bus Service in combination with a Part-
Time Transit Lane option enabling buses to travel on the right shoulder where possible. 

PROJECT COSTS 
CAPITAL EXPENDITURES 

A total of six buses, including one spare, are needed for the I-680 Express Bus Program. Funding from 
Mega Grant will support the purchase and acquisition of six hydrogen FCEBs and costs associated with 
rebranding, refurbishing, and upgrading an interim fleet of six buses. The interim fleet will enable the I-
680 Express Bus Program to begin operating in FY2023. Table 2 shows the project capital costs and 
Table 3 shows the project costs by schedule. 

Table 2: Capital Costs and Funding Sources in 2020$. 
Line Items Mega Match Totals Match Source 
Rebranding and Updates to Interim 
Fleet – Six Buses 

$588,000 $0 $588,000 None 

Interim Fleet – Six Buses $0 $2,892,960 $2,892,960 CCTA and LAVTA 
Depreciated Vehicles 

Hydrogen FCEB – Six Buses $7,661,640 $0 $7,661,640 None 
County Connection-Fueling and 
Maintenance Facility 

$7,587,160 
 

$0 $7,742,000 None 

LAVTA-Fueling and Maintenance 
Facility 

$33,557,160 $6,408,220 $34,242,000 TDA 

Total $49,393,960 $9,301,180 $58,695,140  
 

Line Items – Part-Time Transit Lane Mega Match Totals Match Source 
Planning $0 $490,000 $490,000 Measure J 
Environmental $0 $1,078,000 $1,078,000 Measure J 
Design (Training at GoMentum) $0 $1,862,000 $1,862,000 RM3 
Design (Training) $1,960,000 $0 $1,960,000  
Construction $12,471,000 $4,802,000 $17,273,000 RM3 
Total $14,431,000 $8,232,000 $22,663,000  

 
  

ANTICIPATED BENEFITS 
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Table 3: Project Costs by Schedule – Express Bus and Part-Time Transit Lane (2020$) 
Project Phase Prior to 

FY21/22 
FY22/23 FY23/24 FY24/25 FY25/26 Total 

Planning $200,455 $289,545 $0 $0 $0 $490,000 
Environmental $0 $1,275,960 $0 $0 $0 $1,275,960 
Design  $477,750 $2,388,750 $4,140,500 $0 $0 $7,007,000 
ROW/Utilities $423,427 

 
$2,117,134 $3,669,699 $0 $0 $6,210,260 

Construction* $2,765,601 $13,828,004 $22,124,807 $27,656,008 $0 $66,374,420 
Total $3,867,232 $19,899,394 $29,935,006 $27,656,008 $0 $81,357,640 

*Construction Costs include construction of fueling and maintenance facilities and procurement of buses.  

BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS 
The main benefit categories associated with the project are mapped into the six primary selection 
criteria set forth by USDOT in Table 4. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the main body of the application.  

Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection 
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitative  

Safety Safety benefits Safe movement of 
people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Residual value of 
investment 

Residual value of project 
investment at the end 
of the project life cycle. 

Yes Yes Yes 

Operations and 
Maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

Yes Yes Yes 

Economic 
Impacts, Freight 
Movement, and 
Job Creation 

Job growth Improved access to 
employment centers 
and job opportunities. 

No No Yes 

Goods movement Provide efficient flow of 
goods in and out of 
region. 

No No Yes 

Decrease 
transportation 
costs 

Travel time savings due 
to lower congestion. 

Yes Yes Yes 

Climate Change 
Resiliency and the 
Environment 

Reduces 
congestion-related 
emissions 

Changes to emissions 
due to lower vehicle 
miles traveled in the 
region. 

Yes Yes Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Improved access 
to jobs 

Expanded and improved 
access and connectivity 
to jobs. 

No No Yes 

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technologies and 
project delivery 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 
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Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection 
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitative  

Local and regional 
partnership 

Strong collaboration and 
partnering to achieve 
regional goals. 

No No Yes 

 
 

SAFETY 

The I-680 Express Bus Program would avoid about 3 deaths and 12 serious injuries over the 33-year life 
of the project. Traffic injuries and deaths have been shown to correlate closely with vehicle miles 
traveled (VMT): more driving leads to more injuries and death, while less driving reduces injuries and 
saves lives.  In 2019, California reported five-year moving averages of 3,704 annual traffic fatalities and 
14,382 annual serious injuries.4  These figures translate to rates of 1.084 deaths and 4.202 serious 
injuries per 100 million VMT on California’s roads.  Meanwhile, we estimate the I-680 Express Bus 
Program will displace about 305 million VMT over 33 years.  By multiplying the observed rates of traffic 
injuries and deaths in California by the estimated VMT reductions of the I-680 Express Bus Program, we 
arrive at the above estimates for avoided traffic injuries and deaths attributable to the project. 

Monetary value of these collisions’ reductions over the period of 33 years is $42,249,200 in constant 
2020$ and $10,917,996 in discounted 7% 2020$. 

TRAVEL TIME BENEFITS 

The value of travel time (VTT) refers to the cost of time spent on transport. It includes waiting time as 
well as actual time in travel. The peak travel time through the corridor using PTTL would be 
approximately 20 minutes in the northbound direction, compared to 34 minutes using general purpose 
lanes. This means that authorized transit vehicles could save almost 14 minutes during the most 
congested northbound peak period for a 40%-time savings.  Transit dead load time savings by combining 
the transit operations from LAVTA and County Connection to one location is 2 hours 35 minutes. There 
is a total reduction of 35,000 VMT through the corridor with the project. 

Travel time savings after the project is implemented over 33 years is $455,242,588 in constant 2020$ 
and $141,477,701 when discounted to 7% in 2020$. 

  

 
4 State Highway Safety Report (2019) - California - State - Reporting - Transportation Performance Management - Federal 
Highway Administration (dot.gov) 
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OPERATING COST SAVINGS 
 
With the use of Hydrogen FCEB buses, it is estimated that there are annual savings of $47,811 using a 
unit price of $10 per kg2 of hydrogen and $47,928 in revenue hour savings from combined agency 
operations. This resulted in operating cost savings of $3,111,706 in 2020$ over the period of 33 years. 
 

EMISSION REDUCTION BENEFITS 

The I-680 Express Bus Program would avoid about 54,200 tons of CO2 emissions over the project’s 20-
year life, due to travelers shifting from personal cars to public transit.  Avoided emissions would start 
high at about 3,770 tons of CO2 emissions in 2022 but lessen over time to about 1,680 tons in 2041 as 
the passenger vehicle fleet becomes cleaner, due to a major shift toward electric vehicles and continued 
fuel economy improvements.  These values are based on Ascendal’s GHG emissions model (See 
Resource Documents, E.c.ix). The emissions savings over the period of 33 years is $18,925,416 in 2020$.  

 
 
 

https://ccta.net/wp-content/uploads/2022/05/Ec9-NEW-DRAFT-Planning-TIRCP-Report-v4.4_SH.pdf
https://ccta.net/wp-content/uploads/2022/05/Ec9-NEW-DRAFT-Planning-TIRCP-Report-v4.4_SH.pdf


MPDG-National Infrastructure 
Project Assistance - Mega 2022 

Benefit Cost Analysis 
Appendix A-3 
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BENEFIT-COST ANALYSIS –  
SHARED MOBILITY HUBS 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Shared Mobility 
Hubs project in Contra Costa County, California. The calculations for the BCA are provided in a 
spreadsheet and this document includes a narrative for the calculations.  
 

SUMMARY  
BCA Results Summary1 | The BCA of Shared Mobility Hubs (Table 1) reflects quantifiable 
societal benefits related to three of the five long-term outcomes which include prevented collisions 
(safety), and facility amenities benefits, quality of life, and health (equity, multimodal options, and 
quality of life). 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Travel Time Savings   
Prevented Collisions $294,090,448 $82,640,322 
Reduced Emissions   
Residual Value in 2057   
Quality of Life  $93,238,933   $26,231,388  
Operations & Maintenance   
Total Benefits  $387,329,381   $108,871,710  
Project Cost  $(42,365,400)  $(31,236,564) 
Net Present Value (2020 $)  $344,963,981   $77,635,146  
Benefit-Cost Ratio (BCR) 9.14 3.49 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using the United States 
Department of Transportation (USDOT) guidance and parameters. Qualitative benefits are discussed 
in the project narrative and not included in this memorandum. The BCA provides projections of the 
benefits that are expected to accrue from the Shared Mobility Hubs over 30 years from the opening 
year and compares them to the anticipated costs of the project. The BCA includes measurements of 
benefits against costs throughout the 37-year analysis beginning at the start of calendar year 2001 
and including 30 years of operations from 2027 and 2057. Discounted future benefits and costs were 
based on the 7% discount rates and 3% discount for Carbon dioxide (CO2) emissions recommended by 
USDOT. 
 

 
1 BCA Analysis Sheet – Shared Mobility Hub 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit-Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 
 

PROJECT DESCRIPTION 
 
These three Shared Mobility Hubs projects will complement the new zero emission regional express 
bus service operated between the Martinez Amtrak Station in Contra Costa County and the 
Dublin/Pleasanton Bay Area Rapid Transit (BART) Station in Alameda County, with limited stops at the 
Walnut Creek BART Station and Bollinger Canyon Park-and-Ride in San Ramon, with peak-period 
service extending to the Pleasanton Altamont Corridor Express (ACE) Station in the Tri-Valley, 
Alameda County. The service will be utilizing a hydrogen bus fleet and will require a hydrogen fueling 
station and maintenance facility. The project will address the need for passengers traveling from 
disadvantaged and low-income communities to or along the Interstate 680 (I-680) corridor and 
improve connections to the greater Bay Area. The zero-emission express bus service will reduce 
barriers to transit, provide connections throughout the region, improve mobility from one end of the 
County to the other end of the County and reduce Greenhouse Gas (GHG) emissions.  

The project components include: 

1. Martinez Amtrak Mobility Hub:  The key objectives and planned improvements for the 
Martinez Amtrak mobility hub include: 

• Increase transit capacity and improve transit transfers: Convert the short-term parking 
lot close to the rail platforms for relocation of existing bus bays located on the far side of 
the parking lot, accommodate additional bus bays for future express bus service, provide 
bus layover and bus charging space, and space for microtransit vehicles. This will 
significantly improve bus-to-rail and bus-to-bus transfers by shortening transfer distance 
and removing barriers, enhancing the desirability of transit and prioritizing equity. Provide 
transit signal priority (TSP), dedicated transit lane and access point at the entrance to the 
station to reduce transit travel times, improve reliability, and improve safety. Providing 
enhanced facilities will promote transit usage and help encourage mode shift. 

• Relocate most or all of vehicle parking to the north lot: Assess the potential of relocating 
most short and long-term private vehicle parking and supporting services to the large 
parking lot north of the station. Locate all electric vehicle (EV) charging and carpool 
parking in spaces closest to the pedestrian bridge over the rail tracks. Provide real-time 
parking information to direct private vehicles to this location and include other amenities 
such as solar power canopies. Directing most, if not all, parking to the north lot provides 
clear wayfinding for drivers. Americans with Disabilities Act (ADA) spaces and some short-
term spaces would be preserved south of the tracks. Modification of parking layout will 
need close coordination between Contra Costa Transportation Authority (CCTA), City of 
Martinez and Capitol Corridor Joint Powers Authority.   

• Expand passenger pick-up/drop-off and transportation network company (TNC) loading: 
Reconfigure parking spaces in front of the station to an expanded pick-up/drop-off curb 
for private vehicles, TNCs, and taxis near the front of the station. This will help promote 
the shift of station access away from single occupant parking.  

• Enhance bicycle access and amenities: Provide enhanced bike facilities at the station, 
including increased bike parking and storage, electric bike (e-bike) charging, repair 
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stations, and space for bikeshare and other micromobility services. Provide bike lanes and 
bike routes on key streets connecting to the station to improve safety, prioritize equity, 
and promote bicycle access and active transportation modes. 

• Enhanced wayfinding and user comfort: Improve pedestrian wayfinding to the Contra 
Costa Community College and major employers at the Contra Costa County Superior Court 
and County government office complexes near the station, such as provide real-time 
transit information at key waypoints, and improve lighting along key pedestrian paths of 
travel and in gathering places at the station. 

• Promote placemaking: Implement placemaking improvements around the station to 
connect the mobility hub with downtown, adjacent parks and open spaces, and 
surrounding residential areas. Create a new plaza with mobile retail opportunities near 
the bus transit facility to promote activity outside the station. Implement lighting, 
wayfinding, and other pedestrian focused improvements to increase the visibility of the 
station and incorporate better into the downtown. 

2. Walnut Creek BART Station Mobility Hub:  The proposed mobility hub improvements focus 
on providing enhanced bicycle and pedestrian access to the station, through establishing new 
on-street and off-street connections, improving street crossings, and enhancing wayfinding 
and amenities both inside the station and along the surrounding roadway network.  The key 
objectives and planned improvements for the Walnut Creek mobility hub include: 

• Improve bicycle access and connect to surrounding facilities: Implement a series of bike 
facilities connecting transit access points and bike parking within the station footprint and 
land uses within the surrounding community. The bike network immediately surrounding 
the station is limited and new connections are needed in several directions, such as to the 
Iron Horse Trail and downtown Walnut Creek. Providing a robust network of connections 
to office, retail, and residential uses surrounding the station will help make the station 
easier and safer to access via bicycle. 

• Enhance pedestrian crossings at key intersections: Implement enhanced high visibility 
crosswalks, leading pedestrian intervals at traffic signals, and remove channelized right-
turns at intersections of major streets surrounding the station. These improvements will 
enhance walking access for all users, improve safety, and further help promote station 
access via active transportation modes. 

• Provide additional station amenities to improve the customer experience: Implement 
real-time parking and transit information systems that integrate and complement planned 
upgrades by BART and the City, provide additional bicycle services in conjunction with 
improved bicycle access, such as a staffed bike station, e-bike charging, and repair 
facilities. Implement additional wayfinding measures that integrate with the surrounding 
transit-oriented development (TOD). These programs will improve the arrival and transfer 
experience for passengers.  

• Provide enhanced transit amenities: Implement TSP measures at key intersections to 
reduce bus delay to/from the station. Provide a driver relief facility in the South Garage 
near the bus station. 

• Provide enhanced amenities: Provide additional parking amenities such as EV charging, 
priority carpool/vanpool spaces, and implement programs that complement BART’s 
existing parking programs. 
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3. Bollinger Canyon Park-and-Ride Mobility Hub:  The proposed mobility hub improvements 
focus on providing transit facilities at the park-and-ride (PNR), which includes adding bus 
access and circulation into and through the parking lot, creating a new driveway that will 
improve access for all modes, improving bicycle and pedestrian access across I-680, and 
improving amenities for commuters.  The key objectives and planned improvements for the 
Bollinger Canyon PNR mobility hub include: 

• Provide dedicated bus bays inside the PNR lot: Convert parking along the southwestern 
edge of the parking lot to provide three bus bays with shelters and other transit 
amenities.  

• Provide a new in-line bus bay on the I-680 on-ramp: Provide a single in-line bus bay on 
the southbound I-680 on-ramp adjacent to the mobility hub. An in-line bus bay will allow 
express buses operating on southbound I-680 to avoid circulating through the mobility 
hub which results in significant travel time savings.  

• Provide a second access point at the southern end of the lot: A second access point will 
allow buses to exit without having to turn around, which is very difficult given the small 
size of the lot. The second access point connects to San Ramon Valley Road at Harness 
Drive, which is a signalized intersection with full access. This new connection will provide 
a much better experience for pedestrians and bicyclists to access the site from the west 
and will replace the existing secondary driveway, which is narrow and does not provide a 
pedestrian connection. 

• Create a new transit-only left-turn at the primary access point: Provide a new transit-
only left-turn lane at Bollinger Canyon Road by cutting into the existing median. Providing 
a dedicated transit left-turn lane at this location will allow buses to access the mobility 
hub more directly from northbound I-680 and from destinations in Bishop Ranch to the 
east. This new access will save a significant amount of travel time and improve safety as 
buses will not have to make several left turns, including an unprotected left-turn, to 
access the site.  

• Improve bicycle and pedestrian connectivity across I-680: Widen the existing sidewalk 
along the south side of Bollinger Canyon Road between San Ramon Valley Boulevard and 
Sunset Drive/Chevron Drive east of I-680 to provide a shared-use path for bi-direction 
travel for pedestrians and bicyclists. This will directly connect the mobility hub with 
Chevron and other major employment and commercial centers in Bishop Ranch. To widen 
the sidewalk, the existing concrete barrier on the Bollinger Canyon Road bridge will need 
to be shifted north and the existing travel lanes narrowed. 

• Expand the mobility and provide enhanced amenities: Enhance the user experience at 
the mobility hub by exploring options for expanding the space to the southeast and 
adding amenities such as bike parking, e-bike charging, food trucks, and a small plaza. 
Provide EV charging and real-time parking information and reservation systems along with 
solar power canopies.  

 

PROJECT LOCATION 
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Figure 1 shows the Express Bus route, the transit hubs connections, and relative locations of the 
fueling and maintenance stations. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The following are the anticipated benefits from the Shared Mobility Hubs Project: 
Martinez Amtrak Station Mobility Hub 

• Increase transit capacity 
• Improve transfer and customer experience 
• Promote transit, bicycle, and pedestrian access 
• Promote opportunities for enhanced placemaking 

ANTICIPATED BENEFITS 

Figure 1: I-680 Shared Mobility Hubs 
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• Improved rider security due to upgraded lighting, surveillance, and access 
Walnut Creek BART Station Mobility Hub 

• Support ridership growth from TOD project under construction adjacent to BART station 
• Improve transfer and customer experience 
• Promote transit, bicycle, and pedestrian access to BART while reducing the reliance on parking 
• Improve rider security due to upgraded lighting, surveillance, and access 

Bollinger Canyon Park-and-Ride Mobility Hub 
• Enhance transit access and operations 
• Long-term mode shift goals along the I-680 corridor  
• Improve bicycle and pedestrian access across I-680 
• Improve transfer and customer experience 
• Improve rider security due to upgraded lighting, surveillance, and access 

PROJECT COSTS 

CAPITAL EXPENDITURES 
 

Table 2 shows the project capital costs and Table 3 shows the project costs by schedule. 
 
Table 2: Capital Costs and Funding Sources in 2020$. 

Line Items Mega Match Totals Match Source 
Preliminary 
Design/Feasibility Study 

$0 $529,000 $529,000 Measure J 

Bollinger Canyon Rd Park 
and Ride  

$9,808,800 $1,424,000 $11,231,000 RM3, Measure J 

Walnut Creek BART Station  $15,959,000 $1,446,000 $17,405,000 RM3, Measure J 
Martinez Amtrak Station  $11,860,000 $1,340,000 $13,200,000 RM3, Measure J 
Total $37,627,000 $4,739,000 $42,365,000  

 
Table 3: Project Costs by Schedule (2020$) 

Project Phase Prior to 
FY21/22 

FY22/23 FY23/24 FY24/25 FY25/26 FY26/27 

Planning $211,680 $141,120 $176,400    
Environmental  $134,138 $938,963    
Design    $316,960 $1,584,800 $2,535,680 

 

Construction     $20,757,520 $12,973,450 
Total $211,680 $275,258 $1,432,323 $1,584,800 $23,293,200 $12,973,450 

 
Project Phase FY27/28 Total 
Planning 

 
$529,000 

Environmental  $1,073,000 
Design   $4,437,440 
Construction $2,594,690 $36,325,660 
Total $2,594,690 $42,365,400 
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BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS
The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 4. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the main body of the application. 

Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary 
Selection 
Criteria 

Benefit or 
Impact 
Categories 

Description Monetized Quantitative Qualitative 

Safety Safety benefits Safe movement of 
people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Residual value 
of investment 

Residual value of 
project investment at 
the end of the project 
life cycle. 

No No No 

Operations and 
Maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

No No No 

Economic 
Impacts, Freight 
Movement, and 
Job Creation 

Job growth Improved access to 
employment centers 
and job opportunities. 

No No Yes 

Goods 
movement 

Provide efficient flow of 
goods into and out of 
region. 

No No Yes 

Decrease 
transportation 
costs 

Travel time savings due 
to lower congestion. 

No No Yes 

Climate Change 
Resiliency and 
the Environment 

Reduces 
congestion-
related 
emissions 

Changes to emissions 
due to lower vehicle 
miles traveled in the 
region. 

No No Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Quality of Life Transit hub vehicle 
amenities, quality of life 
and health benefits 
from cycling. 

Yes Yes Yes 

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technologies 
and project 
delivery 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 

Local and 
regional 
partnership 

Strong collaboration 
and partnering to 
achieve regional goals. 

No No Yes 
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SAFETY BENEFITS 
 
The improvements made at the shared mobility hubs would avoid about 4 deaths and 526 injuries 
over the 30-year life of the project. The collisions reduction summary is shown in Table 5 and the 
reduction would result in $294,000,000 in 2020$ and $82,600,000 in 7% discounted 2020$. 
 

Table 5: Collision Reduction Summary 
 Project-Related Collision (2016-2019) 
 PDO Injury Fatal 
Martinez 685 407 4 
Walnut Creek 627 375 1 
Bollinger 182 108 1 
 

 

 Project-Related Collision over Project Life (2027-2057) 
 PDO (No Build/Build) Injury (No Build/Build) Fatal (No Build/Build) 
Martinez 7442/6933 4422/4119 43/40 
Walnut Creek 6807/6473 4074/3873 11/10 
Bollinger 1973/1934 1173/1150 11/11 

 

EQUITY, MULTIMODAL OPTIONS, AND QUALITY OF LIFE 
  
Transit Station Amenities Benefits Valuation 

According to the USDOT BCA Guidance 2022, the recommended value per user trip for rail stations 
may be used for major bus or light rail transfer facilities, as well as intercity bus stations, where 
applicable. For all three shared mobility hubs, the values for rail stations were considered to quantify 
the benefits from the transit station amenities. There are additional transit amenity improvements 
included at each hub, such as EV car charging stations, EV bike charging, lighting etc., but the benefits 
from those amenities were not quantified. The additional improvements listed in Table 6 at each 
mobility hub resulted in $0.53 per user trip at Martinez Amtrak station, $0.23 per user trip at Walnut 
Creek BART station and $0.48 per user trip at Bollinger Canyon PNR lot. 

 
Table 6: Transit Amenity Assumptions and Sources 
 Value per User 

Trip (2020$) 

Martinez 
Amtrak Station Walnut Creek 

BART Station 

Bollinger 
Canyon Park 

and Ride 
Electronic Real-Time 
Information Displays 

$0.14 Yes Yes Yes 

Retail/Food Outlet 
Availability 

$0.06 Yes  Yes 

Step-Free Access to 
Station/Stop 

$0.19 Yes  Yes 

Bike Facilities $0.09 Yes Yes Yes 
Taxi Pickup/Drop Off $0.05 Yes   
Total  $0.53 $0.23 $0.48 

 
Based on 2019 Streetlight data, currently 1,200 people are using Martinez Amtrak Station, 8,000 
people are using Walnut Creek BART station, and 100 people are using the Bollinger Canyon PNR lot. 
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With the daily user data, along with an annualization factor of 260, the calculated annual monetized 
benefit of these facility improvements is: 

• Martinez Amtrak Station: 1,200*$0.53*260 =$165,360 
• Walnut Creek BART station: 8,000*$0.23*260 = $478,400 
• Bollinger Canyon Park & Ride: 100*$0.48*260 = $12,480 

The value of station amenities to the user over the period of 30 years is $23,400,000. 

Cycling Journey Quality Valuation 

Addition of cycling infrastructure on roadways connecting to the mobility hubs increases ride quality 
of the bicyclists. The cost of $1.69 per mile was used to quantify the benefits to existing users and half 
the benefit to new users. It is estimated that there would be 70 new bicycle users, in addition to the 
increase in existing users, with the increase in transit ridership. The value of quality of life over 30 
years is $10,600,000. 

Health Benefits 

Health benefits for the new bicycle users are quantified at $7.08 per trip. The value of health benefits 
over 30 years is $59,200,000. 
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BENEFIT-COST ANALYSIS – BIKE AND 
PEDESTRIAN IMPROVEMENTS 
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Bike and Pedestrian 
Improvements project in Contra Costa County, California. The calculations for the BCA are provided in a 
spreadsheet, and this document includes a narrative for the calculations. 
 

SUMMARY  
BCA Results Summary1 | The combined BCA of Bike and Pedestrian Improvements project 
(Table 1) reflects quantifiable benefits related to safety, economic impacts, freight movement and 
job creation, climate change, multimodal options and quality of life, and innovation.  

 
Table 1: BCA Summary  

Criteria Program Lifecycle (2021-2057) 
2020 $2 Discounted (x%) 

Travel Time Saving $76,969,502 $22,092,361 
Prevented Collisions $80,590,006 $34,714,213 
Quality of Life $616,204,918 $180,452,169 
Residual Value in 2057 $24,024,504 $3,156,030 
Total Benefits $797,788,930 $240,414,773 
Project Cost $(66,168,080) $(52,153,305) 
Net Present Value (2020 $) $731,620,851 $188,261,468 
Benefit-Cost Ratio (BCR) 12.06 4.61 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for each project component includes monetized benefits measured using the 
United States Department of Transportation (USDOT) guidance and parameters. Qualitative benefits 
are discussed in the project narrative and not included in this memorandum.  The BCA includes 
measurements of benefits against costs throughout the 37-year analysis beginning at the start of 
calendar year 2021 and including 30 years of operations from 2027 and 2057. Discounted future 
benefits and costs were based on the 7% discount rates and 3% discount for Carbon dioxide (CO2) 
emissions recommended by USDOT. 
 
 
 
 

 
1 BCA Analysis Sheet – Ped and Bike Improvements 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit-Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 
BACKGROUND 

 
This project component will close a crucial gap in the regional bicycle and pedestrian network and 
connect the termini of two heavily utilized, high-quality regional trails: the Contra Costa Canal Trail 
and the Iron Horse Regional Trail. While they are located just over a mile apart as the crow flies, no 
straightforward path exists between them. To travel between the two termini, pedestrians and 
bicycles must travel two and a half miles along local roadways, with significant sidewalk gaps and 
very few designated bicycle facilities.  

The new trail facility will offer a new connection between the two termini. A key element of this 
connection is the Bollinger Canyon Road/Iron Horse Trail Bicycle Pedestrian Overcrossing, a planned 
16-foot-wide Americans with Disabilities (ADA) compliant cable-stayed bridge. This project element 
will create a pedestrian and bicycle overcrossing for the Iron Horse Regional Trail across Bollinger 
Canyon Road. Currently, the intersection is served by a signalized crosswalk. However, since this 
stretch of Bollinger Canyon Road is up to ten lanes and more than 120 feet wide, and vehicles speeds 
regularly exceed 45 miles per hour, the crossing still proves to be unsafe and uncomfortable to use 
for pedestrians and bicyclists, and there is a history of collisions between vehicles and pedestrians 
and bicyclists at the location.  The overcrossing will remove the existing at-grade crossing and allow 
pedestrians and cyclists to move unimpeded over this high-volume, high-speed arterial roadway, 
providing safety and quality of life benefits to the users through the safer and less stressful facility, 
and also provides time savings for both bicyclists and pedestrians, as well as vehicles, who will no 
longer have to wait for each other to cross at that location. 

In addition to the safety and comfort provided by the new overcrossing, more than two-thirds of the 
new trail facility will consist of a Class I bicycle-pedestrian shared-use path physically separated from 
vehicle traffic to ensure maximum safety and comfort for users. The remainder will consist of Class II 
bike lanes and high-intensity activated crosswalks (HAWK) along Blum Road and Muir Road. The new 
facility will be a lynchpin for both regional and local transportation priorities. The Iron Horse Regional 
Trail is a high-quality active transportation artery of regional significance that serves as a pedestrian 
corridor through central Contra Costa County. It extends from Dublin in the south to Martinez in the 
north, connects to numerous Bay Area Rapid Transit (BART) stations with a direct connection to the 
Pacheco Transit Hub, and serves both local and regional users for both commute and recreational 
trips. Locally, the project will dramatically improve connectivity for bicyclists and pedestrians in the 
heart of San Ramon. The trail directly serves a large array of important destinations, including four 
schools, City Hall, the San Ramon Library, Central Park and the San Ramon Community Center, 
Bishop Ranch Business Park, San Ramon Transit Center, and important commercial centers including 
City Center Bishop Ranch, the Shops at Bishop Ranch, and the Market Place Shopping Center – all 
within the immediate vicinity of the project. The trail connection will also help bridge the barriers 
currently posed by the State Route 4 (SR-4) and I-680 freeways and offer a new connection for 
communities on either side. Regionally, the trail is also expected to induce greater recreational travel 
along it and the two already-well patronized trails it connects. This project component is expected to 
result in health, safety and mobility benefits by increasing recreational, commuter, and school-age 
children users. 
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BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS 
The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 2. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the project narrative of the 
application.  

Table 2: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary 
Selection 
Criteria 

Benefit or 
Impact 
Categories 

Description Monetized Quantitative Qualitative 

Safety Safety benefits Safe movement of 
people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Residual value 
of investment 

Residual value of project 
investment at the end of 
the project life cycle. 

Yes Yes Yes 

Operations 
and 
Maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

No No No 

Economic 
Impacts, 
Freight 
Movement, 
and Job 
Creation 

Job growth Improved access to 
employment centers and 
job opportunities. 

No No Yes 

Goods 
movement 

Provide efficient flow of 
goods into and out of 
region. 

No No Yes 

Decrease 
transportation 
costs 

Travel time savings due 
to lower congestion. 

Yes Yes Yes 

Climate 
Change 
Resiliency and 
the 
Environment 

Reduces 
congestion-
related 
emissions 

Changes to emissions 
due to lower vehicle 
miles traveled in the 
region. 

No No Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Improved 
access to jobs 

Expanded and improved 
access and connectivity 
to jobs. 

No No Yes 

Innovation 
Areas: 
Technology, 
Project 
Delivery, and 
Financing 

Innovative 
technologies 
and project 
delivery 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 

Local and 
regional 
partnership 

Strong collaboration and 
partnering to achieve 
regional goals. 

No No Yes 
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CAPITAL EXPENDITURES 
 
The total capital expenditures for this component is $51,084,454 (7% discount rate). 
 
 

OPERATING AND MAINTENANCE EXPENDITURES 
 
The annual operating and maintenance costs associated with this component is $1,068,852 (7% 
discount rate). 
 

SAFETY BENEFITS 
 
The Bike and Pedestrian Improvements project would avoid an estimated 6 bicyclist/pedestrian 
fatalities and 30 injuries over 30 years.  Currently, there is no direct path between the two trail 
termini that the project would connect, and SR-4 and I-680 present barriers to pedestrian and bicycle 
travel.  Existing intersection crossings consist of a signalized crosswalk at the junction of Iron Horse 
Regional Trail and Bollinger Canyon Road. There are also crosswalks at the signalized intersection 
between Bollinger Canyon Road and Sunset Drive one-eighth mile to the west, and at the signalized 
intersection between Bollinger Canyon Road and Alcosta Boulevard one-quarter mile to the east. All 
of these crossings can be unsafe and uncomfortable to use for pedestrians and bicyclists since this 
stretch of Bollinger Canyon Road is up to ten lanes and more than 120 feet wide, and vehicle speeds 
regularly exceed 45 miles per hour. Unsurprisingly, collisions between bicycles and pedestrians at all 
three intersections remain common despite the presence of signalized intersections. Today, to travel 
between the two termini, pedestrians and bicycles must use circuitous routes that often lack 
sidewalks and almost always lack bicycle facilities. It is expected that bicycle and pedestrian crashes 
along these routes would be reduced significantly. The new bridge and off-road Class I bike path 
account for 68% of the new trail, which will eliminate the possibility of conflicts with automobile 
traffic, while the remaining 32% consist of on-street Class II bike lanes, which carry a crash reduction 
factor (CMF) of 35%. Based on an average of the two weighted for distance, the combined facility 
thus is expected to reduce collisions by 79%. In addition, the bridge will eliminate pedestrian- and 
bicycle-involved collisions at three intersections. The monetary value of the estimated collision 
reductions is shown in Table 3.  
 
Table 3: Estimated Collision Cost Reduction 

 Gap Closure – Estimated Cost Reduction (2027-2057) 

Year PDO Injury Fatal 

2027 $48,752 $374,216 $1,831,374 

2047 $49.565 $380,453 $1,861,897 

2057 $49,971 $383,571 $1,877,159 
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 Crossing - Estimated Cost Reduction (2027-2057) 

Year PDO Injury Fatal 

2027 $30,880 $282,360 NA 

2047 $31,395 $287,066 NA 

2057 $31,652 $289,419 NA 

 

RESIDUAL VALUE AND REMAINING SERVICE LIFE 
 
The service life of the project is assumed to be 50 years. At the end of 30-year analysis the discounted 
residual value of the project is $3,100,000. 
 

TRAVEL TIME BENEFITS 
 
The shortest path of travel between the two trail termini is currently 2.34 miles, whereas the new trail 
connection between the two would only measure 1.79 miles, yielding a distance savings of 0.55 miles. This 
would generate 0.23 hours in time savings for each pedestrian trip (assuming an average walking speed of 3.5 
feet per second) and 0.055 hours in time savings for each bicycle trip (assuming an average bicycling speed of 
10 miles per hour). Using USDOT’s BCA Guidance for Discretionary Grant Programs, these time savings have 
been assigned a value of $32.40 per hour. The construction of the bridge would significantly reduce and 
potentially eliminate the need for longer green time for pedestrians at three intersections resulting in vehicular 
travel time savings of approximately 0.0112 hours (37.5 seconds) per trip. The new overcrossing would also 
eliminate wait time for pedestrians and cyclists crossing Bollinger Canyon Road, saving approximately 0.0222 
hours (80 seconds) for each trip. The travel time savings in the opening year, design year and horizon year are 
shown in Table 4. 
 

Table 4: Travel Time Savings 

Year Walk Bike Auto 

2027 $596,160 $245,203 $1,610,871 

2047 $606,096 $249,290 $1,637,719 

2057 $611,064 $251,333 $1,651,143 

 

FACILITY AND VEHICLE AMENITY BENEFITS 
 
USDOT BCA Guidance for Discretionary Grant Programs prescribes quantified quality of life benefits per unit of 
bicycle and pedestrian facilities provided. Included in this accounting are the infrastructure components of this 
project: 1.21 miles of cycle paths with no at-grade crossings; 0.58 miles of Class II bike lanes; and two crosswalks 
across 40-ft wide roadways equipped with HAWK beacons, which were accounted for as signalized crosswalks. 
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USDOT BCA Guidance for Discretionary Grant Programs does not provide estimates for a pedestrian 
bridge as a facilities type. To that end, the benefits the bridge provides are quantified as the sum of two 
elements. The first element is a crosswalk across Bollinger Canyon Road’s width (120 feet); as the 
Guidance does not provide a quantification for a grade-separated crossing, the benefits were calculated 
using the quantified benefits of a signalized crosswalk, the highest quality facility quantified by the 
Guidance, and to which the benefits of a grade-separated crossing would certainly be equal and likely 
superior to. The second element is a bicycle path with no grade crossings 1.37 miles in length, which is 
the stretch of Iron Horse Regional Trail between the closest grade crossings to the north and south of 
Bollinger Canyon Road, becoming free of grade crossings altogether with the construction of the bridge.  
 
 

HEALTH BENEFITS 
 
The USDOT BCA Guidance for Discretionary Grant Programs prescribes quantified health benefits per 
induced (new) bicycle and pedestrian trip of $6.31 and $7.08, respectively, of which we estimate 250 
of each.  
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BENEFIT-COST ANALYSIS – I-680 
NORTHBOUND EXPRESS LANE COMPLETION 
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Interstate 680 (I-680) 
Northbound (NB) Express Lane Completion project in Contra Costa County, California. The calculations 
for the BCA analysis are provided in a spreadsheet and this document includes a narrative for the 
calculations. 
 

SUMMARY  
BCA Results Summary1 | The BCA of the I-680 NB Express Lane Completion project (Table 1) 
reflects quantifiable societal benefits related to travel time savings (economic impacts), prevented 
collisions (safety), and reduced emissions (climate change). 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Travel Time Savings $1,220,349,407  $312,857,293  
Prevented Collisions $74,172,238  $18,739,675  
Reduced Emissions $46,737,329  $18,604,196  
Residual Value in 2057 $94,268,160 $12,383,736 
Operations & Maintenance $81,464,687  $58,073,624  
Total Benefits  $1,516,991,821   $420,658,524  
Project Cost  $(157,113,600)  $(97,991,808) 
Net Present Value (2020 $)  $1,359,878,221   $322,666,716  
Benefit-Cost Ratio (BCR) 9.66 4.29 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using the United States 
Department of Transportation (USDOT) guidance and parameters. Qualitative benefits are discussed 
in the project narrative and not included in this memorandum. The BCA provides projections of the 
benefits that are expected to accrue from the I-680 NB Express Lane Completion project, specific to 
Alternative 2 over 28 years from the opening year and compares them to the anticipated costs of the 
project. The BCA includes measurements of benefits against costs throughout the 37-year analysis 
beginning at the start of calendar year 2021 (planning phase) and including 28 years of operations 
from 2029 and 2057. Discounted future benefits and costs were based on the 7% discount rates and 
3% discount for Carbon dioxide (CO2) emissions recommended by USDOT. 
 

PROJECT OVERVIEW 

 
1 BCA Analysis Sheet – Express Lanes 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit Cost Analysis Guidance 2022.pdf (tranportation.gov)  

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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BACKGROUND 

 
I-680 is a major north-south freeway connecting the Southern San Francisco Bay Area with Interstate 
80 (I-80), which crosses the Central Valley including the Sacramento metropolitan area. I-680 passes 
through Santa Clara, Alameda, Contra Costa, and Solano counties.  The I-680 corridor within Contra 
Costa currently experiences significant delays due to congestion, which is expected to worsen if not 
remedied properly. The Contra Costa Transportation Authority (CCTA) is seeking to address the 
congestion along the corridor through the 680 Forward program, a suite of multimodal, technology-
driven, innovative solutions. One of the projects identified as part of the 680 Forward program is the 
I-680 NB Express Lane Completion project, which is also part of the Metropolitan Transportation 
Commission (MTC) Express Lanes network.  

Northbound I-680 includes two types of managed lanes: high occupancy vehicle (HOV) lanes and 
express lanes. An express lane is currently in operation from south of Alcosta Boulevard to Livorna 
Road and an HOV lane is also provided from north of the State Route 242 (SR-242) junction to south 
of Benicia-Martinez Bridge. A 7.5-mile gap exists between these two segments of the mainline from 
Livorna Road to the SR-242 junction, causing operational challenges along NB I-680. The I-680 NB 
Express Lane Completion project proposes to construct an express lane on NB I-680 from Livorna 
Road to just north of I-680/SR-242 junction and convert the existing HOV lane from SR-242 to Marina 
Vista Avenue to an express lane. Addressing the existing I-680 NB mainline gap is expected to 
improve traffic operations and relieve traffic congestion on NB I-680 in Contra Costa County. 

 

PROJECT DESCRIPTION 
 
The I-680 NB Express Lane Completion project is part of the 680 Forward program, which seeks to 
implement a suite of projects that, when operating together, will address corridor-wide congestion, 
travel delays, and operational challenges. The I-680 NB Express Lane Completion project is considering 
up to three configurations, all which would reduce or eliminate the existing express lanes gap. The build 
alternatives were designed to satisfy the project purpose and need, while avoiding and/or minimizing 
environmental impacts. The three build alternatives are as follows: 

• Alternative 1C: Constructs a managed lane between Livorna Road and the SR-242 
interchange and would convert the existing HOV lane from SR-242 to just south of the 
Benicia-Martinez Bridge Toll Plaza. This alternative would complete the 7.5-mile express lane 
gap. Construction of this alternative is anticipated to take approximately two years to 
complete. 

• Alternative 2: Extends the NB Express Lane from Livorna Road to the South Main Street off-
ramp. It would also construct an express lane from just south of the North Main Street off-
ramp to the I-680/SR-242 interchange. Similar to Alternative 1C, Alternative 2 would convert 
the existing HOV lane north of SR-242 to an express lane. This alternative would leave a 2-
mile gap in the vicinity of the I-680/SR-24 interchange.  Construction of this alternative is 
anticipated to take approximately two years to complete. 

• Alternative 3: Combines Alternatives 1C and 2 by closing the 7.5 miles gap between the two 
existing managed lane systems and by converting the existing northbound HOV lane just 
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north of SR-242 to the Benicia-Martinez Bridge Toll Plaza.  Construction of this alternative is 
anticipated to take approximately two years to complete. 

In addition to the express lane and HOV conversion, the project would include several ramp 
improvements along with widening lane width and lane realignments to accommodate a separated 
express lane facility and provide standard shoulder widths.  

PROJECT LOCATION 
 
The project is located primarily within the cities of Walnut Creek, Pleasant Hill, Concord, and Martinez in Contra 
Costa County, California. 

 

ANTICIPATED BENEFITS 

Figure 1: I-680 NB Express Lane Completion Project Limits  
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The I-680 NB Express Lane Completion project is expected to result in the following benefits for 
travelers in the region: 

• Economic Impacts, Freight Movement, and Job Creation: Reduction in travel time and 
vehicle hours of delay along the corridor.   

• Safety: Reduction of collisions associated with the conversion of an HOV lane to an Express 
Lane. 

• Climate Change Resiliency and the Environment:  Incentive-based mode shift from single 
occupancy vehicle (SOV) to HOV, increasing utilization of the transportation network, thereby 
increase person-throughput and reducing congestion and its associated Greenhouse Gas 
(GHG) emissions. 

BASELINE CONDITION 
The I-680 Express Lane Existing Conditions Report, approved by California Department of 
Transportation (Caltrans), and CCTA’s countywide travel behavior model was used to establish baseline 
travel conditions and travel patterns, and upon which to analyze future benefits. Findings from the 
Existing Conditions Report were based on a micro-simulation of the corridor which was then modified 
to evaluate future No Build and Build scenarios. The Contra Costa Countywide Travel Model (CCTA 
Model) was most recently updated in April 2019 to update base year validation and to incorporate 
assumptions consistent with the current (as of 2017) regional transportation plan (RTP) prepared by the 
Metropolitan Transportation Commission (MTC), Plan Bay Area 2040 (PBA 2040). The CCTA Model is a 
four-step trip-based model, including a full mode choice model to estimate auto, transit, pedestrian, 
and bicycle trips. The baseline (“No Build”) condition includes person trips, vehicle hours of delay, and 
vehicle miles traveled (VMT) forecast by the model in year 2020, 2027 (opening year) and 2047 (design 
year).  
 

PROJECT COSTS 
CAPITAL EXPENDITURES 

 
Table 2 summarizes the project costs and Table 3 summarizes the project’s cost by schedule for the I-680 NB 
Express Lane Completion project. 
 
Table 2: I-680 NB Express Lane Completion Expenditures and Funding Sources in (2020$). 

Line Items Mega Match Totals Match Source 
Planning $0 $401,800 $401,800 Measure J, STP 
Environmental Clearance $0 $15,983,800 $15,983,800 Measure J, STP, SB1 
Design $0 $17,130,400 $17,130,400 Measure J, STP 
Right of Way $0 $2,940,000 $2,940,000 RM3 
Construction $81,634 $157,031,966 $157,113,600 RM3, STP 
Total $81,634 $193,487,966 $193,569,600  

 
 
 
 
Table 3: Project Costs by Schedule (2020$) 
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Project Phase Prior to 
FY21/22 

FY22/23 FY23/24 FY24/25 FY25/26 FY26/27 

Planning $401,800 $0 $0 $0 $0 $0 
Environmental $14,106,120 $1,396,01

0 
$481,670 $0 $0 $0 

Design  $0 $0 $1,713,040 $5,139,120 $10,278,240 $0 
ROW/Utilities $0 $0 $0 $0 $0 $1,470,000 
Construction $0 $0 $0 $0 $0 $52,371,200 
Total $14,507,920 $1,396,01

0 
$2,194,710 $5,139,120 $10,278,240 $53,841,200 

 
Project Phase FY27/28 FY28/29 Total 
Planning $0 $0 $401,800 
Environmental $0 $0 $15,983,800 
Design  $0 $0 $17,130,400 
ROW/Utilities $1,470,000 $0 $2,940,000 
Construction $52,371,200 $52,371,200 $157,113,600 

Total $53,841,200 $52,371,200 $193,569,600 
 

OPERATING AND MAINTENANCE EXPENDITURES 
 

BENEFITS MEASUREMENT, DATA AND ASSUMPTIONS 

The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 4. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the main body of the application.  
 

Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection  
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitativ

e  
Safety Safety benefits Safe movement of people 

by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Operations and 
Maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

Yes Yes Yes 

Economic Impacts, 
Freight 
Movement, and 
Job Creation 

Job growth Improved access to 
employment centers and 
job opportunities. 

No No Yes 

Goods movement Provide efficient flow of 
goods into and out of 
region. 

No No Yes 

Travel time savings Travel time savings due 
increased vehicle 
throughput and person 
throughput. 

Yes Yes Yes 
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Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection  
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitativ

e  
Climate Change 
Resiliency and the 
Environment 

Reduces 
congestion-related 
emissions 

Changes to emissions due 
to lower vehicle miles 
traveled in the region. 

Yes Yes Yes 

Equity, Multimodal 
Options, and 
Quality of Life 

Improved access to 
jobs  

Expanded and improved 
access and connectivity 
to jobs by prioritizing and 
incentivizing transit and 
shared modes.  

No No Yes 

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technology 

Using dynamic pricing, 
the project uses the best 
use of existing capacity 
and gives solo drivers the 
choice to pay a toll to use 
the lanes. 

No No Yes 

 

SAFETY BENEFITS 
 
From 2016 through 2019, the I-680 NB Express Lane Completion study corridor experienced 
approximately 1,981 collisions of which approximately 67% were categorized as property damage only, 
32% were injuries, and less than 1% resulted in a fatal collision. The corridor’s collision rate is typically 
higher than the statewide average. The conversion of the HOV lane to an express lane is expected to 
result in fewer collisions along the extent of the express lane. The construction of the lane conversion is 
estimated to result in approximately 270 fewer property damage collisions, 130 injuries, and 1 fatality. 
(Table 5) 
 

Table 5: Collision Reduction Summary 
 Project-Related Collision (2016-2019) 
 PDO  Injury  Fatal  
Mainline 1,335 640 6 
 Project-Related Collision over Project Life (2027-2057) 
 PDO (No Build/Build) Injury (No Build/Build) Fatal (No Build/Build) 
Mainline 19,986/19,730 9,581/9,459 90/89 

 

TRAVEL TIME BENEFITS 
 
The construction of the I-680 NB Express Lane Completion project is expected to improve the 
utilization of the existing HOV lane by making it available to SOV users. It is also expected to increase 
vehicle throughput and person throughput through the corridor. Table 6 summarizes the project’s 
effect on Congestion Metrics. As shown, the project is expected to reduce opening year vehicle hours 
of delay by 23% and design year vehicle hours of delay by 15%, resulting in an approximately 
$40,000,000 in annual travel time savings.   
 
 

Table 6: Project Related Congestion Metrics 
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Condition Daily Vehicle Hours of Delay Value of Time Delayed 

2029 No Build (Opening Year) 17,365 $168,762,082 

2029 Build (Opening Year) 13,410 $130,333,337 

2049 No Build (Design Year) 30,725 $298,66,467 

2049 Build (Design Year) 26,234 $254,960,194 

 

OPERATING COST SAVINGS 
 
The addition of the I-680 NB Express Lane Completion project is expected to result in an Operating 
and Maintenance cost savings of $81,464,687 (Table 7).  
 

Table 7: Operating and Maintenance Savings 

 Pavement Rehab Costs Total 
No Build $88,083,162 $88,083,162 
Build $6,618,475 $6,618,475 
 O&M Savings $81,464,687 

 

EMISSION REDUCTION BENEFITS 
 
The I-680 NB Express Lane Completion project is expected to improve efficiency along the corridor, 
thereby reducing vehicles hours of delay and improving travel time. Vehicle speeds along the 
corridor are expected to improve and as a result, emissions levels are estimated to decrease over the 
project’s duration. Using VMT calculations from the CCTA Model and the 2017 EMFAC emissions 
model calculator, the project is expected to result in emissions reduction savings of $46,737,329. 
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BENEFIT-COST ANALYSIS – I-680 / SR-4 
INTERCHANGE IMPROVEMENTS  
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted 
in support of the FY2022 Mega Transportation Grant application for the 680 Forward Interstate 
680/State Route 4 (I-680/ SR-4) Interchange Improvements project in Contra Costa County, 
California. The calculations for the BCA analysis are provided in a spreadsheet and this document 
includes a narrative for the calculations.  

SUMMARY  
BCA Results Summary1 | The BCA of I-680/SR-4 Interchange Improvements (Table 1) reflects 
quantifiable societal benefits related to three of the five long-term outcomes which include travel 
time savings (economic competitiveness), prevented collisions (safety), and reduced emissions 
(environmental sustainability). 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Travel Time Savings $6,305,836,266  $1,588,980,496  
Prevented Collisions $76,767,033  $21,724,080  
Reduced Emissions $567,064  $262,566  
Residual Value in 2057 $191,394,000  $25,142,878  
Operations & Maintenance $(6,356,381) $47,447,416  
Total Benefits $6,568,207,982  $1,683,557,435  
Project Cost $(318,990,000) $(235,436,129) 
Net Present Value (2020 $) $6,249,217,982  $1,448,121,306  
Benefit-Cost Ratio (BCR) 20.59 7.15 

 
APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using the United States 
Department of Transportation (USDOT) guidance and parameters. Qualitative benefits are 
discussed in the project narrative and not included in this memorandum. The BCA provides 
projections of the benefits that are expected to accrue from the I-680/SR-4 Interchange 
Improvements project, specific to Phases 1 and 2A over 30 years from the opening year and 
compares them to the anticipated costs of the project. The BCA includes measurements of benefits 
against costs throughout the 37-year analysis beginning at the start of calendar year 2001 and 
including 30 years of operations from 2027 and 2057. Discounted future benefits and costs were 
based on the 7% discount rates and 3% discount for Carbon dioxide (CO2) emissions recommended 
by USDOT. 
 

 
1 BCA Analysis Sheet – 680/SR 4 Interchange 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 
The I-680/SR-4 Interchange Improvements has long been identified as a high-priority project in Contra 
Costa County needing operational and capacity improvements. The project area currently ranks as the 
10th most congested travel corridor in the San Francisco Bay Area. The congestion is expected to 
increase with continuous development in the area.  

The existing interchange is a freeway-to-freeway cloverleaf interchange with short weaving sections 
between ramps and low-speed loop ramps. The congestion combined with travel delays contributes to 
a high frequency of collisions at the interchange. To improve operations and safety, the interchange is 
planned to be replaced with a new facility. The overall project includes 5 phases. Phase 2 is further 
divided into Phase 2A and Phase 2B. This BCA is for Phase 1 and Phase 2A.  
 

 
 

PROJECT COSTS 

CAPITAL EXPENDITURES 
 
Table 2 includes project costs in 2020 dollars. The total cost to implement the project is expected to 
be $319,000,000 in 2020 dollars. The project costs are included in the project cost tab and the 
inflation adjustment values are included in the parameters tab of the BCA spreadsheet. 
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Table 2: Project Costs by Schedule (2020$) 
Project 
Phase 

Prior to 
FY22/23 

FY23/24 FY24/25 FY25/26 FY26/27 Total 

Design  $3,838,333   $15,353,333   $3,838,333   $0  $0 $23,030,000  
ROW/Utilities  $3,283,000   $13,132,000   $3,283,000   $0  $0 $19,698,000  
Construction  $0  $0  $103,598,250   $138,131,000   $34,532,750  $276,262,000 
Total  $7,121,333   $28,485,333   $110,719,583   $138,131,000   $34,532,750  $318,990,000 

 

RESIDUAL VALUE AND REAMINING SERVICE LIFE 

 
A discounted residual value of $25,000,000 is added to project benefits for 2057 to capture the 
remaining 45 years of useable life beyond the 30-year analysis period. Residual value calculations are 
included in the project cost tab of the BCA spreadsheet.  
AND REAMINING SERVICE LIFE 

BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS 
The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 3. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the main body of the application. 
 

Table 3: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection  
Criteria 

Benefit or Impact 
Categories Description   

Monetized Quantitative  Qualitative  

Safety Safety benefits Safe movement of 
people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Residual value of 
investment 

Residual value of project 
investment at the end 
of the project life cycle. 

Yes Yes Yes 

Operations and 
maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

Yes Yes Yes 

Economic 
Impacts, Freight 
Movement, and 
Job Creation 

Job growth Improved access to 
employment centers 
and job opportunities. 

No No Yes 

Goods movement Provide efficient flow of 
goods into and out of 
region. 

No No Yes 

Decrease 
transportation 
costs 

Travel time savings due 
to lower congestion. 

Yes Yes Yes 

Climate Change 
Resiliency and the 
Environment 

Reduces 
congestion-related 
emissions 

Changes to emissions 
due to lower vehicle 
miles traveled in the 
region. 

Yes Yes Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Improved access 
to jobs 

Expanded and improved 
access and connectivity 
to jobs. 

No No Yes 
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Table 3: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection  
Criteria 

Benefit or Impact 
Categories Description   

Monetized Quantitative  Qualitative  

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technologies and 
project delivery 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 

Local and regional 
partnership 

Strong collaboration and 
partnering to achieve 
regional goals. 

No No Yes 

 

SAFETY BENEFITS 
 
The project will improve the Northbound (NB) I-680 to Westbound (WB) SR-4 ramp, as well as the 
lane drop/merge area for the Eastbound (EB) SR-4 to Southbound (SB) I-680 ramp, both of which 
are geometrically deficient and have substandard alignments that prevent traffic from safely 
entering and exiting SR-4 mainline at freeway speeds. The project will create a new ramp alignment 
for the NB I-680 to WB SR-4 traffic, thus removing that volume from the weave section on SR-4 
between the loop ramps. Capacity improvements at the ramp intersections would alleviate queuing 
and spillback onto the SR-4 and I-680 mainline in periods of high demand. The existing collision 
history for the segments of the interchange affected by the project is presented in Table 4. 
 
Safety benefits for the mainline, interchange ramps and intersection are also summarized in Table 5 
below, along with an overall monetized collision reduction and benefits summary. 
 

Table 4: Existing Collisions 
 Project-Related Collision (2015-2019) 
 PDO  Injury  Fatal  
Mainline 224 114 1 
Ramps 20 8 1 
Intersections 0 8 0 
 

 

Table 5: Collision Reduction Summary 
 Project-Related Collision over Project Life (2027-2057) 
 PDO (No Build/Build) Injury (No Build/Build) Fatal (No Build/Build) 
Mainline 842/705 429/359 4/3 
Ramps 89/55 36/21 4/2 
Intersections 0/0 27/23 0/0 

 
The BCA incorporates safety benefits from the project’s opening year to the project’s horizon year 
in 2057. Safety benefits of the project were calculated using the following method: 

• Collecting freeway mainline, interchange ramp, and intersection collision data from the 
California Highway Patrol’s Statewide Integrated Traffic Records System (SWITRS) 
database for five years between 2015 and 2019. 

• Identifying non-survivable, critical, severe, serious, moderate, minor, and property 
damage only collisions on the freeway mainline, interchange ramps, and intersections. 
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• Applying appropriate collision modification factors (CMF) from the CMF Clearinghouse 3 to 
determine the collision reduction benefit for each phase of the project. Countermeasures 
included Ramp Meters, Auxiliary Lanes, Replacing Interchange Loop Ramps, and 
Intersection Signalization. 

• Calculating injury rates per Million Vehicle Miles (MVM) for project roadway segments, 
Million Entering Vehicles (MEV) for intersections, and calculating annual collision rates and 
reductions for each roadway category. 

• Assessing a monetary value for each collision severity category to determine the project’s 
cost-savings. 

Freeway Mainline Collision Reductions 

The project proposes the construction of auxiliary lanes on each segment of SR-4 and I-680 
connecting the mainline to interchange ramps. The auxiliary lanes will reduce weaving between 
lanes, which is likely to reduce collisions on the mainline. Studies show that auxiliary lanes can 
reduce rear-end, sideswipe, and angle collisions by as much as 22%. 

Furthermore, the project proposes installing ramp meters on the WB SR-4 and EB SR-4 on-ramps, 
which would control the number of vehicles weaving onto the mainline during peak hours of 
congestion. Ramp meters are found to have a crash modification factor of 0.64, resulting in a 36% 
reduction in collisions. Applying these collisions reduction factors resulted in a reduction of 1 fatal 
collision, 70 injury collisions and 137 property damage only collisions on the freeway over the life of 
the of the project. 

Interchange Ramp Collision Reductions 

The project would replace the existing NB I-680 to WB SR-4 loop ramp with a direct fly-over ramp. 
The new direct connector would widen the turning radius and improve visibility on the interchange. 
Replacing a loop ramp with a direct flyover has a CMF of 0.55, resulting in a 45% reduction in 
collisions. Overall, there is a reduction of 2 fatal collision, 15 injury related collisions and 34 
property damage only collisions over the life of the project. 

Intersection Collision Reductions 

Phase 1 of the project proposes relocating the intersection of Blum Road/Pacheco Boulevard 300 
feet to the north. This improvement removes a curvy section of Blum Road as it approaches the 
existing intersection. The improvement will also signalize the intersection. Signalizing an 
intersection offers a CMF of 0.83 or a 17% reduction in all collisions. Reduction is 8 injury related 
collisions is estimated at the intersection over the life of the project. 

Monetized Value of Collision Reductions and Benefit Summary 

Monetized values for reduced fatalities and injuries are based on the recommended values in the 
Mega Grant BCA guidance. The total discounted collision reduction benefit is estimated to be 
$21,700,000. 

 

 

 
3 http://www.cmfclearinghouse.org/stateselectedlist.cfm 

http://www.cmfclearinghouse.org/stateselectedlist.cfm


 680 FORWARD | USDOT FY2022 Mega Grant Application | NIPA-22-MEGA-22 | Benefit Cost Analysis 
 

Page | 7 
  
 

TRAVEL TIME BENEFITS 
A separate direct connector from NB I-680 to WB SR-4 eliminates an existing double-weave 
movement that happens in a very short distance on WB SR-4. This double-weave movement causes 
significant congestion on both NB I-680 and WB SR-4 and is the source of many collisions. Phase 2A 
will lengthen an existing lane drop for the EB SR-4 to SB I-680 connector ramp, including ramp 
metering. These improvements will significantly reduce travel time over the lifetime of the project. 
The project would not only reduce travel time during peak congested times, but it would also 
reduce the duration of congested times as the volume of vehicles flowing through the interchange 
would increase. By the year 2057, the project is estimated to reduce the duration of the PM Peak 
congestion period from 5 to 1-1/2 hours. The summary of travel time savings is shown in Table 6.  

Table 6: Project Related Congestion Metrics  

Condition 
AM Congested 

Hours 
PM Congested 

Hours 
Daily Vehicle 

Hours of Delay 
Value of Time 

Delayed 

2057 No Build 5 5 51,039 $432.6M 

2057 Build 1.5 1.5 12,110 $102.6M 

 

The Final Traffic Analysis Operations Report (TOAR) for the I-680/SR-4 Interchange Improvement project 
evaluated the year 2002 and 2030 conditions with and without the project using the VISSIM 
microsimulation software. The analysis included the overall project including all phases. The vehicle 
hours of delay (VHD) for the opening year and design year are extrapolated as shown in the 
performance indicators tab in the BCA spreadsheet.  

The following assumptions were made in the calculation of travel time savings for this BCA.  

• 25% of overall project VHD are attributed to Phase 1 and Phase 2A. 

• Construction-related delay was accounted for by assuming VHD would be 15% higher during the 
scheduled construction period. 

• Travel time savings measured in VHD were converted to Person Hours of Delay (PHD) by 
applying the average vehicle occupancy of 1.48 provided by the Mega Grant BCA guidance. 

• A truck percentage of annual average daily travel of 5% was taken from the California 
Department of Transportation (Caltrans) vehicle counts at the interchange. 

• Truck VHD was multiplied by $32 using the recommended hourly value of travel time savings by 
the Mega grant BCA Guidance.   

• PHD was multiplied by a blended 90% intercity and 10% local travel of $22.05.  

• The daily value of travel time was converted to annual by assuming 260 workdays in a calendar 
year. 

The total discounted value of travel time savings is estimated to be $1,580,000. 
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OPERATING COST SAVINGS 

The service of life of the project improvements is 75 years, whereas the analysis period is 37 years. 
There is a residual value of $25,100,000 discounted to new present value in 2020$.The project includes 
pavement rehabilitation of existing pavement in the project opening year and there a reduction of 
existing lane miles because of ramp reconfiguration. There are $47,400,000 savings in operating and 
maintenance costs when Build and No Build conditions when discounted by 7%. 

EMISSION REDUCTION BENEFITS 

The project would result in modest emissions benefit by increasing average vehicle speeds during 
congested periods, thus reducing tailpipe emissions. 

Emissions for Nitrous Oxides (NOx), Sulfur Oxides (SOx), Particulate Matter (PM 2.5, PM 10), and CO2 
were calculated using the California Air Resources Board (CARB) Mobile Sources Emissions Inventory 
EmFac 2017 Web Database emissions factor by speed bin for both gasoline-powered passenger vehicles 
and diesel-powered trucks. Build and No Build vehicle speeds were applied to the emissions factors by 
speed bin to calculate the difference in emissions between the two scenarios for the project opening 
year and horizon year. The benefits for intermediate years were interpolated. 

Monetized values recommended by the Mega Grant BCA guidance were used for inflation adjusted NOx, 
SOx, PM 2.5, and CO2. The monetized value for PM 10 was taken from Caltrans Emission Cost 
Parameters, which is $151,100 per U.S. ton in 2016 dollars. Applying the inflation adjustment value and 
a conversion factor to a metric ton, the monetized value for PM 10 is $178,0871 per metric ton in 2020 
dollars. The monetized values of PM 10 for the remainder of project life cycle years use same growth 
factors as PM 2.5 in the Mega Grant BCA guidance. 
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BENEFIT-COST ANALYSIS – HIGHWAY 
PRESERVATION AND REHABILITATION  
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted 
in support of the FY2022 Mega Transportation Grant application for the 680 Forward Highway 
Preservation and Rehabilitation project in Contra Costa County, California. The calculations for the 
BCA are provided in a spreadsheet and this document includes a narrative for the calculations.  
 

SUMMARY  
BCA Results Summary1 | The BCA of the Highway Preservation and Rehabilitation project 
(Table 1) reflects quantifiable societal benefits related to one of the five long-term outcomes which 
include prevented collisions (safety). Table 1 provides combined benefit to cost for the entire project 
including Storm Water Preservation, Polymer Concrete Overlay to Bridge Decks, Pavement 
Rehabilitation from Alcosta Boulevard to Diablo Road and from State Route 242 to Solano County 
Line. 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Travel Time Savings   
Prevented Collisions  $2,463,736,496   $714,543,867  
Reduced Emissions   
Residual Value in 2057  $44,843,131   $18,524,595  
Operations & Maintenance   
Total Benefits  $2,508,579,627   $733,068,462  
Project Cost  $(190,673,403)  $(101,119,990) 
Net Present Value (2020 $)  $2,317,906,225   $631,948,472  
Benefit-Cost Ratio (BCR) 13.16 7.25 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using the United States 
Department of Transportation (USDOT) guidance and parameters. The BCA provides projections of 
the benefits that are expected to accrue from the project, specific to Storm Water Preservation, 
Polymer Concrete Overlay to Bridge Decks, Pavement Rehabilitation from Alcosta Boulevard to 
Diablo Road and from State Route 242 (SR-242) to Solano County Line, over 30 years from the 
opening year and compares them to the anticipated costs of the project. The BCA includes 
measurements of benefits against costs throughout the 37-year analysis beginning at the start of 
calendar year 2001 and including 30 years of operations from 2027 and 2057. Discounted future 
benefits and costs were based on the 7% discount rates recommended by USDOT. 
 

 
1 BCA Analysis Sheet – Highway Preservation 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit-Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 
BACKGROUND 

 
The Highway Preservation and Rehabilitation project will rehabilitate pavement; upgrade guardrail; 
upgrade drainage systems; install lighting, traffic devices, closed-circuit TV (CCTV) and fiber; 
construct concrete barriers; and upgrade facilities to Americans with Disabilities Act (ADA) 
standards. These projects are all included in the 2022 California Department of Transportation 
(Caltrans) State Highway Operations and Protection Program (SHOPP).  Projects in the 2022 SHOPP 
were developed under an asset management framework established through the California 
Transportation Asset Management Plan (TAMP). These corridor rehabilitation projects will be 
designed and constructed using best management practices (BMP) focused on sustainability, 
innovation and resiliency and will incorporate advanced construction technologies and material 
recycling techniques. 

Caltrans strives to preserve the condition of the state highway system (SHS) in the most economical 
means possible through carefully planned preservation strategies (i.e., preventive maintenance, 
corrective maintenance, and minor rehabilitation) and rehabilitation or replacement when 
necessary. Caltrans manages the SHS condition by performing the right treatment at the right time 
through a combination of three approaches: Field Maintenance Crews, Major Maintenance projects, 
and SHOPP projects3. 

One important preservation strategy employed by Caltrans is the use of deck protection systems, 
including deck crack filling/sealing and overlays.  The polyester concrete deck overlay to maximize its 
effectiveness in extending the life of Caltrans concrete bridge decks.  The overlay material is 
designed to protect bridge decks from the infiltration of deicing salts and reduce long-term 
maintenance costs. 

PROJECT DESCRIPTION 
 
The Highway Preservation and Rehabilitation projects in I-680 corridor includes the following four 
SHOPP projects.  

The project components include: 

1. In and near various cities, from Alameda County line to south of Waterfront Road/Marina 
Vista Avenue at various locations. Construct permanent BMPs to achieve statewide National 
Pollutant Discharge Elimination System (NPDES) permit compliance units for trash capture and 
Total Maximum Daily Load (TMDL) 

2. In and near Walnut Creek and Martinez, at Rudgear Road Undercrossing No. 28-0059 (PM 
R12.6), Olympic Boulevard Undercrossing No. 28-0161 (PM 13.9), and Mococo Overhead No. 
28-0356R (PM 24.3). Apply polyester concrete overlay to bridge decks. 

3. In San Ramon and Danville, from Alcosta Boulevard to north of Diablo Road. Rehabilitate 
pavement, upgrade guardrail, and upgrade facilities to ADA standards. 

 
3 2021 StatenHighway Management Plan (ca.gov) 

https://dot.ca.gov/-/media/dot-media/programs/asset-management/documents/2021-shsmp-final-10-06-21-a11y.pdf
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4. In and near Concord and Pleasant Hill, from SR-242 to Solano County line. Rehabilitate 
pavement, upgrade drainage systems, install lighting, construct concrete barrier, and upgrade 
facilities to ADA standards. 

ANTICIPATED BENEFITS 

The following are the anticipated benefits from the Highway Preservation and Rehabilitation Project: 

1. Project 1: I-680 Stormwater Preservation 

a. 309.4 acres treated/pollutant 

2. Project 2: I-680 Bridge Crossings (Polymer Concrete Overlay to Bridge Decks) 

a. 266,385 square feet of bridge deck from poor condition to good condition 

3. Project 3:  I-680 from Alcosta Blvd to North of Diablo Rd (Pavement Rehabilitation) 

a. 43.5 lane miles of pavement conditions from poor to good 

4. Project 4:  I-680 from SR-242 to Solano County Line (Pavement Rehabilitation) 

a. Total 60.0 lane miles of pavement rehabilitation 

b. 18.7 lane miles from good to good 

c. 40.7 lane miles from fair to good 

d. 0.6 lane miles from poor to good 

PROJECT COSTS 

CAPITAL EXPENDITURES 

Tables 2, 3, 4, and 5 include all project costs in 2020 dollars. The total cost to implement the project is 
expected to be $190,600,000 in 2020 dollars. These project costs reflect recapitalizations costs at the 
end of service life of the pavement rehabilitation. The project costs are included in the project cost 
tab and the inflation adjustment values are included in the parameters tab of the BCA spreadsheet. 

Table 2: Project Costs by Schedule (2020$) for Project 1 - I-680 Stormwater Preservation 

Project Phase Prior to 
FY22/23 FY22/23 FY23/24 FY24/25 FY25/26 Total 

Environmental $1,054,419   $479,281   $0  $0  $0 $1,533,700 
Design $419,756   $839,512   $839,512   $69,959   $0 $2,168,740  
ROW/Utilities $6,186   $37,118   $37,118   $18,559   $0 $989,980 
Construction $0  $0  $0  $3,808,578   $9,140,588  $17,519,460 
Total $1,480,361  $1,355,911  $876,630  $3,897,096 $9,140,588 $21,320,880 

 
 
Table 3: Project Costs by Schedule (2020$) for Project 2: I-680 Bridge Crossings 

Project Phase Prior to 
FY22/23 FY22/23 FY23/24 FY24/25 FY41/42 FY42/43 FY43/44 FY44/45 Total 

Environmental $105,898    $57,762    $0  $0 $105,898  $57,762   $0  $0  $327,320  
Design  $0  $1,131,900  $1,131,900   $0 $0  $1,131,900   $1,131,900   $0  $4,527,600  
ROW/Utilities  $0  $40,670 $40,670   $0 $0  $40,670   $40,670   $0  $162,680  
Construction  $0  $0 $3,829,558   $11,488,674 $0 $0 $3,829,558  $3,829,558  30,636,463 
Total $105,898  $1,230,332  $5,002,128  $11,488,674  $105,898   $1,230,332   $5,002,128   $11,488,674  $35,654,063 
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Table 4: Project Costs by Schedule (2020$) for Project 3: I-680 from Alcosta Blvd to North of Diablo Rd 

Project Phase Prior to FY 
FY23/24 FY23/24 FY24/25 FY25/26 FY26/27 FY27/28 FY42/43 

Environmental  $879,918   $959,910   $79,992.50   $0 $0 $0 $879,918 
Design  $0   $1,125,209   $1,227,501   $613,750  $0 $0 $0 
ROW/Utilities  $0  $90,701   $98,946   $49,473  $0  $0  $0  
Construction  $0  $0   $0   $0  $23,619,699  $8,588,981  $0 
Total  $879,918   $2,175,820   $1,406,439   $663,223   $23,619,699   $8,588,981  $879,918 
 
 

Project Phase FY43/44 FY44/45 FY45/46 FY46/47 FY47/48 FY48/49 Total 

Environmental  $959,910   $959,910   $0 $0  $0  $0   $3,839,640  
Design  $1,125,209   $1,227,501   $613,750  $0  $0  $0   $5,932,920  
ROW/Utilities  $90,701   $90,701   $90,701  $0  $0  $0   $478,240  
Construction  $0  $0  $0 $23,619,699  $8,588,981  $0   $64,417,360  
Total  $2,175,820   $1,406,439   $663,223   $23,619,699   $8,588,981  $0  $74,668,160 
 
Table 5: Project Costs by Schedule (2020$) for Project 4: I-680 from SR-242 to Solano County Line 

Project Phase Prior to FY 
FY23/24 FY23/24 FY24/25 FY25/26 FY26/27 FY27/28 FY28/29 

Environmental  $933,481  $1,018,343  $763,757   $0  $0 $0 $0 
Design  $0  $0  $0   $2,238,435   $1,220,965  $0 $0 
ROW/Utilities  $0 $0  $0   $691,822   $377,358  $0  $0  
Construction  $0 $0  $0   $0   $1,940,019  $23,280,227  $9,700,094  
Total  $933,481  $1,018,343  $763,757   $2,930,258   $3,538,341   $23,280,227   $9,700,094  
 

Project Phase FY48/49 Total 

Environmental $0   $2,715,580  
Design $0   $3,459,400  
ROW/Utilities $0   $1,069,180  
Construction $16,865,800  $51,786,140  
Total $16,865,800  $59,030,300 
 

  



 Page | 6 
  
  

BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS 
The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 6. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the project narrative of the 
application. 
 
Table 6. Benefits by USDOT Category 
 

Primary Selection  
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitative  

Safety Safety benefits Safe movement of 
people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Residual value of 
investment 

Residual value of project 
investment at the end of 
the project life cycle. 

Yes Yes Yes 

Operations and 
maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

No No Yes 

Economic 
Impacts, Freight 
Movement, and 
Job Creation 

Job growth Improved access to 
employment centers 
and job opportunities. 

No No Yes 

Goods movement Provide efficient flow of 
goods into and out of 
region. 

No No Yes 

Decrease 
transportation 
costs 

Travel time savings due 
to lower congestion. 

No No Yes 

Climate Change 
Resiliency and the 
Environment 

Reduces 
congestion-related 
emissions 

Changes to emissions 
due to lower vehicle 
miles traveled in the 
region. 

No No Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Improved access 
to jobs 

Expanded and improved 
access and connectivity 
to jobs. 

No No Yes 

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technologies and 
project delivery 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 

Local and regional 
partnership 

Strong collaboration and 
partnering to achieve 
regional goals. 

No No Yes 

 

SAFETY BENEFITS 
 
These benefits include a reduction is fatalities, injuries, and property damage only crashes/collisions. 
The safety benefits are realized due to the following project elements. (Table 7) 
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• The vehicular safety will be improved in wet and rain weather conditions due to stormwater 
mitigation measures. A 50% reduction was assumed given the fact that a robust body of 
research, including national weather-related crash statistics,4 indicate that wet and rainy 
conditions greatly contribute to the prevalence of traffic crashes across the US. 

• Safety will be improved on roadways due to improvement friction with the pavement 
rehabilitation. Applying a CMF factor of 0.71 (based on CMF IDs 2299 and 2300) resulted in 
29% reduction in all crashes in dry conditions. 

• 50% reduction in pedestrian related accident was applied to locations where ADA 
improvements were implemented. 

Table 7: Collision Reduction Summary 
 Project-Related Collision (2016-2019) 
 PDO  Injury  Fatal  
I-680 from Alcosta to 
Diablo Road 

764 271 4 

Three Bridge Crossings 86 24 7 
I-680 from SR-242 to 
Solano County Line 

767 272 4 

Storm Water Mitigation 378 216 2 
 Project-Related Collision over Project Life (2027-2057) 
 PDO (No Build/Build) Injury (No Build/Build) Fatal (No Build/Build) 
I-680 from Alcosta to 
Diablo Road 

7888/5784 2798/2052 41/30 

Three Bridge Crossings 922/675 257/188 75/55 
I-680 from SR-242 to 
Solano County Line 

7247/4023 2749/1427 40/21 

Storm Water Mitigation 3923/2116 21/1209 21/11 

The total prevented accidents cost savings is $2,463,736,496 and the total discounted collision reduction 
benefit is estimated to be $714,543,867. 

  

 
4 How Do Weather Events Impact Roads? - FHWA Road Weather Management (dot.gov) 

https://ops.fhwa.dot.gov/weather/q1_roadimpact.htm
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RESIDUAL VALUE OF INVESTMENT 

The useful life of core-asset treatment information is from the Caltrans 2022 State Highway Operation 
and Protection Program5 as illustrated in Figure 1. Based on this information the useful life of 
pavement rehab. Recapitalization costs for pavement rehabilitation at 20 years, deck overlay at 20 
years were applied to the project costs to calculate the residual value at the end of 2027. The useful 
life of storm water mitigation factors is assumed to be 60 years. 

Based on this approach total residual value of the project at the end of 2057 is $44,843,131 and the 
total discounted residual value is $18,524,595. 

 

 
Figure 1: Useful Life of Core-Asset Treatments-Caltrans 

 

 
5 https://dot.ca.gov/-/media/dot-media/programs/financial-programming/documents/20220329-2022-shopp-document-
final.pdf 
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BENEFIT-COST ANALYSIS – COORDINATED 
ADAPTIVE RAMP METERING 
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Coordinated 
Adaptive Ramp Metering (CARM) project in Contra Costa County, California. The calculations for the BCA 
are provided in a spreadsheet, and this document includes a narrative for the calculations.  
 

SUMMARY  
BCA Results Summary1| The BCA of the CARM project (Table 1) reflects quantifiable societal 
benefits related to three of the five long-term outcomes which include travel time savings (economic 
impacts, freight movement and job creation), prevented collisions (safety), and reduced emissions 
(climate change resiliency and the environment) and residual value and operations and maintenance 
(state of good repair). 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2020 $2 Discounted (7%) 

Travel Time Savings  $3,443,010,782   $761,007,318  
Prevented Collisions  $92,129,691   $27,700,938  
Reduced Emissions  $4,357,337   $2,024,135  
Residual Value in 2057  $27,949,886   $14,208,305  
Operations & Maintenance Savings  $(433,400)  $(113,550) 
Total Benefits  $3,567,014,296   $804,827,145  
Project Cost  $(176,688,692)  $(99,172,703) 
Net Present Value (2020 $)  $3,390,325,604   $705,654,442  
Benefit-Cost Ratio (BCR) 20.19 8.12 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using the United States 
Department of Transportation (USDOT) guidance and parameters. Qualitative benefits are discussed 
in the project narrative and not included in this memorandum. The BCA provides projections of the 
benefits that are expected to accrue from the coordinated adaptive ramp metering component over 
30 years from the opening year and compares them to the anticipated costs of the project. The BCA 
includes measurements of benefits against costs from 2027 to 2057 throughout the 37-year analysis 
beginning at the start of calendar year 2001 and including 30 years of operations from 2027 and 2057. 
Recapitalization costs (50 percent construction costs) are added to project costs at the end of 20 
years. Discounted future benefits and costs were based on the 7% discount rates and 3% discount for 
Carbon dioxide (CO2) emissions recommended by USDOT. 
 
 

 
1 BCA Analysis Sheet – CARM 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 
 

BACKGROUND 
 
Contra Costa Transportation Authority (CCTA) intends to implement CARM technology on the 
Interstate 680 (I-680) corridor in Contra Costa County as one of the components of the larger 
Innovate 680 program. The vision of the Innovate 680 program is to harness new techniques and 
strategies to provide the most efficient modern transportation infrastructure for travel in the I-680 
Corridor. CCTA’s mission is to manage the I-680 corridor by providing alternate modes of transport 
for all travelers in the short-term and modernizing the corridor for more sustainable transportation 
in the future. 

CCTA has conducted feasibility studies of implementing CARM on I-680 in Contra Costa County in 
both directions and has determined that fully implementing CARM will cost in excess of $200 million 
to accomplish. CCTA intends to implement CARM in a phased effort as funding becomes available 
and in a coordinated manner as other elements of the Innovate 680 program are completed. 

 CCTA’s feasibility assessment determined that CARM implementation would most readily be 
able to be implemented on I-680 Northbound (NB) south of State Route 24 (SR-24) compared 
to other segments of I-680 in Contra Costa County; 

 All civil works can be completed within existing right of way;  

 No significant environmental impacts are anticipated, pending confirmation through the 
project approval and environmental document (PAED) process;  

 The entrance ramps at the eleven contiguous service interchanges from Alcosta Boulevard to 
Olympic Boulevard form a segment offering functional utility for CARM operations to provide 
discernable benefits; 

 Starting with the most readily implementable segment expedites the delivery of CARM to 
provide benefits sooner and provides an opportunity to garner lessons learned that can be 
applied as more complex CARM implementations are pursued in other portions of the corridor; 
and  

 The schedule allows the CARM construction to be integrated with the Caltrans State Highway 
Operation and Protection (SHOPP) Ramp Metering project (EA: 04-1Q720). 

PURPOSE AND NEED 

The purpose of the CARM project is to supplement the Caltrans Traffic Operations Systems Project by 
adding system functionality and infrastructure improvements to: 

 Proactively manage both recurrent and non-recurrent congestion in a coordinated, real-time 
manner to improve productivity and reliability of the I-680 corridor. 

 Balance freeway performance objectives and ramp queues. 

 Improve the detection of traffic and incidents to support real-time CARM and other traffic 
operations strategies. 
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 Encourage collaboration with local agencies for further implementation of intelligent 
transportation systems (ITS) and integrated real-time traffic operations strategies that address 
regional and local objectives. 

The recurrent and non-recurrent congestion on weekdays and weekends along the I-680 corridor in 
Contra Costa County results in traffic delays, reduction in traffic throughput and inconsistent travel-
time reliability. In some instances, this reportedly leads to natural diversion of freeway traffic onto 
the local street network. This will require that the following needs to be addressed by the proposed 
project: 

 There is currently congestion in the NB direction beginning at El Pintado Road during the AM 
peak period and at Treat Boulevard during the PM peak period, with both areas of congestion 
propagating and ultimately extending south to Sycamore Valley Road. 

 Current ramp meter system does not automatically operate in response to crashes and lane 
blocking events on the freeway, coordinate metering rates across multiple ramps, and 
distribute queues on the ramps. 

 Current traffic monitoring infrastructure provides lower resolution information on mainline 
traffic performance and incident identification. 

 Demonstrate to local and regional stakeholders the benefits of advanced ITS and real-time 
traffic operations strategies including corridor adaptive ramp metering. 

PROJECT DESCRIPTION 

The project includes reconfiguration at six ramps; I-680/Eastbound (EB) and Westbound (WB) 
Bollinger Canyon Road, I-680/EB and WB Crow Canyon Road, I-680/Sycamore Valley Road, and I-
680/Olympic Boulevard. It will streamline access points to the I-680 mainline and provide enough 
storage behind the meter limit line to prevent queues from extending onto and impacting local street 
operations. ITS detection equipment and supporting electrical equipment will also be installed at 
each NB ramp and on the mainline between interchanges. The baseline conditions for the CARM 
project are the SHOPP ramp metering project. Different components of the baseline conditions (No 
Build conditions) and project Build conditions are shown in Table 1.  

Table 1: Caltrans SHOPP and CARM Project Improvements – I-680 Northbound Ramps 
Location Ramp Type Proposed 

No. Lanes 
(SHOPP) 

SHOPP Scope of Work CARM Scope of Work 

Alcosta Boulevard S 3 Install missing over ground 
equipment and restripe to 
2 General-Purpose (GP) 
and 1 High Occupancy 
Vehicle (HOV) lane 

No physical improvements 
proposed 

EB Bollinger 
Canyon Road 

L 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

 Reconfigure ramp, 
provide a total of 3 
lanes behind the stop 
bar after merging the 
loop and diagonal on- 
ramps. 

 Install necessary ITS 
equipment 
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WB 
Bollinger Canyon 
Road 

S 3 Widen ramp to 3 lanes 
(2GP + 1HOV) and install 
ramp meter equipment 

Merge WB diagonal ramp 
with EB loop ramp 

EB Crow Canyon 
Road 

L 2 Re-stripe ramp to 2 lanes 
(1GP + 1HOV) and install 
above ground ramp meter 
equipment 

 Reconfigure ramp, 
provide a total of 3 
lanes behind the stop 
bar after merging the 
loop and diagonal on- 
ramps. 

 Install necessary ITS 
equipment 

WB Crow Canyon 
Road 

S 3 Widen ramp to 3 lanes 
(2GP + 1HOV) and install 
ramp meter equipment. If 
forecasted volume is less 
than 900 vph, widening is 
not required. 

Merge WB diagonal ramp 
with EB loop ramp 

Sycamore Valley 
Road 

S 2 Re-stripe ramp to 2 lanes 
(1GP + 1HOV) and install 
above ground ramp meter 
equipment 

Reconstruct the CHP 
enforcement area to add a 
third lane behind the stop 
bar to provide 200 feet of 
additional storage capacity. 

EB Diablo Road L 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

WB Diablo Road S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

El Cerro 
Boulevard 

S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

El Pintado Road S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

Stone Valley Road S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

Livorna Road S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

Danville 
Boulevard / 
Rudgear Road 

S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

No civil improvements 
proposed 

Olympic 
Boulevard 

S 2 Widen ramp to 2 lanes 
(1GP + 1HOV) and install 
ramp meter equipment 

Reconstruct the CHP 
enforcement area to add a 
third lane behind the stop 
bar to provide 150 feet of 
additional storage capacity. 
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Additional Equipment to Facilitate CARM: The following equipment will be needed to facilitate 
CARM. 

 46 NB Infra-Red Traffic Logger (TIRTL) to collect real-time information on traffic conditions on I-
680 

 STREAMS control system software or approved equivalent. 

 An additional mainline merge detector 

 A small dynamic message board at the entrances to highway ramps 

 Additional loops at the entrance ramps and mast arm signal with additional traffic signal heads. 

 

The CARM project is an important and foundational element of integrated strategies to relieve 
congestion and provide more sustainable and efficient transportation choices. University of California 
Berkeley Partners for Advanced Transportation Technology (PATH) documented before and after 
conditions of adaptive ramp metering on two corridors I-80 Corridor in Caltrans District 4 and SR-99 in 
Caltrans District 3. The report states that the evaluation of Coordinated Ramp Metering (CRM) on the 
selected corridors based on “before” and “after” field data during the peak periods showed a 3-9% 
delay reduction, and 18-28% travel time reliability improvement3.   The CRM strategies implemented 
(along with the corridors “Before” conditions) were:  
 SR-99: Local Adaptive Ramp Metering vs. CRM  

 I-80: No Metering vs. CRM Fuzzy logic 

The CRM strategy implemented in SR-99 is like the proposed project where the baseline condition is 
local ramp metering. Before and after conditions on SR-99 showed about an 8% decline in vehicle 
hours traveled (VHT) during the AM peak period. The reductions in corridor travel time reliability were 
18-28% for the Planning Time Index (PTI) and in the 2-15% range for the Travel Time Index (TTI). Based 
on these results it is 8% travel time savings are anticipated from the project 

PROJECT COSTS 

CAPITAL EXPENDITURES 

Project costs by funding sources are included in Table 2 and project costs by schedule are included in 
Table 3. The physical improvements to the ramps have service life of 75 years. The signal and 
detection infrastructure have useful life of 20 years. 50% of the construction costs are recapitalized at 
the end of 20 years to estimate the benefits till the end of 2057. 

 

 

 

 
 

 
3 Evaluation of Coordinated Ramp Metering (CRM) Systems in California, UCB-ITS-RR-2020-02, March 30, 2021. 

ANTICIPATED BENEFITS 
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Table 2: Capital Costs and Funding Sources in 2020$. 
 

Line Items Mega Match Totals Match Source 
CARM $4,900,000 $115,888,920 $120,788,920 Measure J, STIP, SHOPP 
Total $4,900,000 $115,888,920 $120,788,920  

 
Table 3: Project Costs by Schedule (2020$) 

Project Phase Prior to 
FY21/22 

FY22/23 FY23/24 FY24/25 FY25/26 FY26/27 Total 

Planning $1,018,000      $1,018,000  
Environmental $1,862,000      $1,862,000  
Design    $2,254,000    $2,254,000  
Construction    $28,913,675 $38,551,567 $48,189,458 $115,654,700 
Total $2,880,000  $2,254,000 $28,913,675 $38,551,567 $48,189,458 $120,788,920  

 

OPERATING AND MAINTENANCE COSTS 

It is assumed that the STREAMS control system software needs to be updated every five years at the 
cost of $60,000, and the maintenance costs of TIRTL for the real-time data collection is $100 per year. 
With these assumptions the discounted value of the maintenance costs for 30 years’ service life is 
$113,550. 

BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS 
The main benefit categories associated with the project are mapped into the six primary selection 
criteria set forth by USDOT in Table 4. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the project narrative of the 
application.  

Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection 

Criteria 
Benefit or Impact 

Categories Description  Monetized Quantitative  Qualitative  

Safety Safety benefits Safe movement of 
people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

State of Good 
Repair 

Residual value of 
investment 

Residual value of project 
investment at the end 
of the project life cycle. 

Yes Yes Yes 

Operations and 
Maintenance 

Savings from operations 
and maintenance of no-
build vs build facilities. 

No No No 

Economic 
Impacts, Freight 
Movement, and 
Job Creation 

Job growth Improved access to 
employment centers 
and job opportunities. 

No No Yes 

Goods movement Provide efficient flow of 
goods in and out of 
region. 

No No Yes 

Decrease 
transportation 
costs 

Travel time savings due 
to lower congestion. 

Yes Yes Yes 
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Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria 
Primary Selection 

Criteria 
Benefit or Impact 

Categories Description  Monetized Quantitative  Qualitative  

Climate Change 
Resiliency and the 
Environment 

Reduces 
congestion-related 
emissions 

Changes to emissions 
due to lower vehicle 
miles traveled in the 
region. 

Yes Yes Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Improved access 
to jobs 

Expanded and improved 
access and connectivity 
to jobs. 

No No Yes 

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technologies and 
project delivery 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 

Local and regional 
partnership 

Strong collaboration and 
partnering to achieve 
regional goals. 

No No Yes 

 

SAFETY BENEFITS 
 

The BCA incorporates safety benefits from the project’s opening year to the project’s horizon year in 
2057. Safety benefits of the project were calculated using the following method: 

 Collecting collision data from California Highway Patrol’s Statewide Integrated Traffic Records 
System (SWITRS) database for five years between 2016 and 2019. 

 Identifying non-survivable, critical, severe, serious, moderate, minor, and property damage 
only collisions. 

 Applying appropriate collision modification factors (CMF) from the CMF Clearinghouse 4 to 
determine the collision reduction benefit for each phase of the project.  

 Calculating injury rates per Million Vehicle Miles (MVM) for project roadway segments, Million 
Entering Vehicles (MEV) for intersections, and calculating annual collision rates and reductions 
for each roadway category. 

 Assessing a monetary value for each collision severity category to determine the project’s cost-
savings. 

With 8% reduction to all types of collisions on the I-680 NB in the limits of the CARM strategy 
implementation, it is estimated that there would be a reduction of 2 fatal and 136 injury related 
collisions. Table 5 includes the collision reduction summary. 

 

 

 

 
4 http://www.cmfclearinghouse.org/stateselectedlist.cfm 

http://www.cmfclearinghouse.org/stateselectedlist.cfm
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Table 5: Collision Reduction Summary 
 Project-Related Collision (2016-2019) 
 PDO  Injury  Fatal  
Mainline 1494 531 7 
 

 

 Project-Related Collision over Project Life (2027-2057) 
 PDO (No Build/Build) Injury (No Build/Build) Fatal (No Build/Build) 
Mainline 5480/5098 1947/1811 26/24 

 

RESIDUAL VALUE OF INVESTMENT 

As mentioned in the project costs section, the useful life of different CARM component elements 
vary. The service life of physical improvements of the ramp is 75 years, and the useful life of traffic 
signal and detection infrastructure is 20 years. Software maintenance costs for 5 years is captured in 
maintenance costs. To analyze the project benefits for 30 years in operations through the end of 
2057, 50% of the project costs are recapitalized at the end of 20 years.  There is a discounted residual 
value of $14,000,000 at the end of year 2057. 

TRAVEL TIME BENEFITS 

The evaluation of existing conditions showed that there are several recurring and isolated 
bottlenecks along I-680 in both NB and Southbound (SB) directions. Based on the preliminary traffic 
forecasts, there would be 20% growth in traffic from year 2019 to 2047 in the NB direction on I-680. 
With the proposed CARM strategies, it is anticipated that there would be 8% improvement in the 
peak period vehicle hours of delay (VHD). The I-680/SR-4 interchange Improvements project traffic 
analysis was used for existing VHD values.  

The discounted travel time savings after the project is implemented over 30 years is $761,000,000. 

EMISSION REDUCTION BENEFITS 

The emission reductions are estimated using EMFAC emissions model.  The project would result in 
emissions benefits by increasing average vehicle speeds during congested periods, thus reducing 
tailpipe emissions. Emissions for Nitrous Oxides (NOx), Sulfur Oxides (SOx), Particulate Matter (PM 
2.5, PM 10), and CO2 were calculated using the California Air Resources Board (CARB) Mobile Sources 
Emissions Inventory EmFac 2017 Web Database emissions factor by speed bin for both gasoline-
powered passenger vehicles and diesel-powered trucks. No Build and Build vehicle speeds were 
applied to the emissions factors by speed bin to calculate the difference in emissions between the two 
scenarios for the project opening year and horizon year. The benefits for intermediate years were 
interpolated. 

Monetized values recommended by the Mega Grant BCA guidance were used for inflation adjusted 
NOx, SOx, PM 2.5, and CO2. The monetized value for PM 10 was taken from Caltrans Emission Cost 
Parameters, which is $151,100 per U.S. ton in 2016 dollars. Applying the inflation adjustment value 
and a conversion factor to a metric ton, the monetized value for PM 10 is $178,087 per metric ton in 
2020 dollars. The monetized values of PM 10 for the remainder of project life cycle years use same 
growth factors as PM 2.5 in the Mega Grant BCA guidance.  

The discounted value of emission benefits from 2027 to 2057 is $2,024,135. 
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BENEFIT-COST ANALYSIS –          
AUTOMATED DRIVING SYSTEMS 
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Automated Driving 
Systems (ADS) project in Contra Costa County, California. The calculations for the BCA are provided in a 
spreadsheet and this document includes a narrative for the calculations.  
 

SUMMARY  
BCA Results Summary1 | The BCA of ADS project (Table 1) reflects quantifiable societal 
benefits related to three of the five long-term outcomes which include travel time savings (economic 
competitiveness), prevented collisions (safety), and reduced emissions (environmental sustainability). 

Table 1: BCA Summary 

BCA Metric Program Lifecycle (2021-2057) 
2021 $ Discounted (7%) 

Travel Time Savings  $105,609,392   $39,397,110  
Prevented Collisions  $824,480,526   $234,212,881  
Reduced Emissions  $7,510,407   $2,442,445  
Residual Value in 2057  $6,287,876   $3,196,437  
Operations & Maintenance  $(1,241,219)  $(338,355) 
Vehicle Operating Cost Savings  $7,730,775   $3,842,187  
Total Benefits  $950,377,757   $282,752,706  
Project Cost  $(44,203,292)  $(25,720,767) 
Net Present Value (2020 $)  $906,174,465   $257,031,939  
Benefit-Cost Ratio (BCR) 21.50 10.99 

 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using United States 
Department of Transportation (USDOT) guidance and parameters. Qualitative benefits are discussed in 
the project narrative and not included in this memorandum. The BCA provides projections of the 
benefits that are expected to accrue from the ADS project over 30 years from the opening year and 
compares them to the anticipated costs of the project. The BCA includes measurements of benefits 
against costs throughout the 37-year analysis beginning at the start of calendar year 2001 and including 
30 years of operations from 2027 and 2057. Costs of replacing autonomous shuttles were added to the 
project costs at 20 years. Discounted future benefits and costs were based on the 7% discount rates 
and 3% discount for Carbon dioxide (CO2) emissions recommended by USDOT. 
 

  

 
1 BCA Analysis Sheet – ADS 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
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PROJECT OVERVIEW 
BACKGROUND 

 
In 2014, Contra Costa Transportation Authority (CCTA) founded GoMentum Station, which is a 
collaborative partnership among multiple automobile manufacturers, original equipment 
manufacturers (OEMs) and Tier 1 suppliers, communications suppliers, technology companies, 
researchers and academia, and public agencies. At GoMentum Station, technology, innovation, and 
commercialization are converging to define the next generation of transportation network 
infrastructure, including ADS.  Underwritten through a recent investment by the AAA Northern 
California, Nevada, and Utah (NCNU), GoMentum Station continues to demonstrate emerging ADS 
technologies to solve mobility challenges occurring both today and in the future. 
 
Over the past five years, through the Connected Autonomous Vehicles (CAV) program, CCTA has 
collaborated with dozens of local, state, and regional transportation agencies and private industry 
partners. CCTA’s public and private sector partners have successfully advanced automation to improve 
vehicle safety and have invested in projects and initiatives to address challenges related to the safe 
integration of ADS.   
 
In September 2019, CCTA was awarded a $7,500,000 competitive grant from the USDOT to support this 
four-year ADS pilot program for three “real-world” demonstration projects.  The program was designed 
in collaboration with public and private sector partners such as County Connection, University of 
California Berkeley Partners for Advanced Transportation Technology (PATH), University of California 
Berkeley Transportation Sustainability Research Center (TSRC), San Jose State University, AAA NCNU, 
Advanced Mobility Group, Nissan USA, Verizon, Telegra, Local Motors, and Amazon Web Services. 
 

PROJECT DESCRIPTION 
 
CCTA’s ADS Demonstration project includes three real-world demonstration projects that take a 
unique, data-driven approach to finding proper solutions for key safety measures that can be used for 
effective rulemaking. ADS underscores CCTA’s commitment to deliver unprecedented mobility choices 
to transportation-challenged, underserved communities, while advancing automated driving systems 
to increase safety and expand shared mobility options for residents. The ADS Demonstration project 
includes these projects: shared autonomous transportation for a Walnut Creek senior community; 
autonomous vehicle (AV) shuttle service with a self-docking wheelchair apparatus for patients at 
County Hospital in Martinez; and the preparation of the Interstate 680 (I-680) corridor for future CAVs. 

These demonstration projects will provide an opportunity to gather data and develop safety 
performance measures on the state highway system aimed at reducing accidents and fatalities and 
improving traffic flow. Secondly, the ADS program of projects enhances access and connectivity for the 
traveling public to provide a viable alternative to driving single occupant vehicles. ADS demonstration 
projects will provide measurable, scalable, and replicable data to support the implementation of safety 
standards for autonomous vehicles across the nation. 
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PROJECT 1 | Rossmoor First Mile/Last 
Mile Shared Autonomous Vehicles,  
Walnut Creek, California 

Increase transit accessibility for the elderly 
community using shared autonomous vehicles 
(SAVs). Data gathered will be used to develop 
safety performance measures. 

  

  

PROJECT 2 | County Hospital 
Accessible Transportation,  
Martinez, California 

Provide on-demand, wheelchair accessible, AV 
shuttle service to people who don’t have 
transportation. Gather data to develop safety 
performance measures and to provide accessible 
transportation to public health facility improving 
quality of life and medical appointment 
absenteeism. 

 

PROJECT 3 | Personal Mobility on I-680 
Corridor, Contra Costa County, California 

Prepare the corridor for future CAV. Install new 
and upgraded vehicle-to-vehicle infrastructure 
(V2I) and vehicle-to-vehicle (V2V) such as 
Dedicated Short-Range Communications (DSRC) 
and 4G/5G communications, to accommodate 
both CAV technology and implementation of 
innovative operational strategies. 

 

 

PURPOSE AND NEED 
 
The project is intended to demonstrate the use of ADS to increase the capacity of the corridor, improve 
traffic operations and safety, and relieve congestion on I-680 in Contra Costa County. Serving 
communities in central and southern portions of Contra Costa County, I-680 is a backbone corridor of 
the San Francisco Bay Area’s highway network and ranks in the top 10 worst commutes in the Bay Area. 
It extends south to Silicon Valley and north to Fairfield in Solano County, and provides access to scenic 
recreational areas, popular retail hubs, three colleges, four hospitals, including the County’s Trauma 
Center, thriving business centers, and goods movement throughout the region and beyond.  

I-680 travelers experience significant delays and congestion in both directions, which is expected to 
continue in the foreseeable future. Expanding and widening I-680 would be expensive and building 
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additional rail service in the corridor could cost billions of 
dollars. Neither option is currently financially feasible. 

Collectively, three proposed demonstration projects will 
benefit the public by reducing traffic congestion and 
accidents, improving safety on our roads, reducing CO2 
emissions, and lowering fuel consumption. Our projects 
will greatly improve transportation accessibility for 
transportation challenged communities, reduce travel 
time and transportation costs, and promote better health. 

The Rossmoor First Mile/Last Mile (FM/LM) SAV 
demonstration project will provide an electric AV shuttle 
service for senior residents who live in a transportation-
challenged community. This project will increase the ease 
of accessibility for all residents, regardless of ability. CCTA 
will 

collaborate with the community of Rossmoor to empower 
and enable access to community facilities for residents 
that have transportation challenges with the goal of 
providing 

transportation comparable to the convenience of travel by 
personal vehicles. 

The County Hospital Accessible Transportation Shuttle 
demonstration project will increase accessibility for 
transportation challenged individuals in the City of 
Martinez through the deployment of wheelchair 
accessible vehicles with on-demand capabilities. This project aims to improve better access to 
healthcare by lowering the occurrence of missed medical appointments. Patrons that have 
transportation challenges could use Level 4 AVs to access preventative healthcare more easily. This will 
reduce the need for emergency medical transport to the emergency room. 

Our third demonstration project, Personal Mobility on I-680 Corridor, will test ADS at higher speeds on 
freeways and local streets. The data gathered from these tests will serve to help develop data for safety 
performance measures and will prepare CCTA’s vital transportation corridors for CAVs. All data 
gathered will be stored in the CCTA Safety Performance Measurement and Monitoring System in real-
time. The data will be aggregated and anonymized to be shared on the CCTA website with separate 
access portals for the public, the USDOT contractors and consultants, and the OEMs sharing their data. 

PROJECT LOCATION 
 

All the work will be performed in Contra Costa County near San Francisco, California.  The three project 
locations are illustrated on the map below. The first project will test a slow-moving (up to 30mph) AV 
shuttle in a gated community for senior residents (over age 55) living in a transportation-challenged 
community. Implementations of SAVs in the area will help connect them to transit and mobility hubs. 

The location of the second project is near the Contra Costa Regional Medical Center, also known as the 
County Hospital, in the City of Martinez. The hospital is in a suburban community and is visited by 
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patients from throughout Contra Costa County. While bus transit service is available to the hospital, 
there are a high level of medical appointment cancellations due to lack of transportation to the facility.  
We will deploy an on-demand wheelchair accessible vehicle with speeds up to 55mph to provide 
greater access to preventative medical care. 

The third project will be along freeway, arterials, and local streets within a two-mile radius of the City 
of San Ramon and Bishop Ranch Business Park. For the past three years, the area has been involved in 
multiple demonstrations of ADS technology and some of the infrastructure on local roadways may be 
re-used for these demonstration purposes. We are planning to test and validate many personal 
mobility vehicles with speeds up to 65 mph for demonstration purposes in this area. 

CCTA expects all the vehicles for the three demonstration projects to be first tested at the GoMentum 
Station. Upon verification at GoMentum Station, the vehicle will be deployed for testing at the 
demonstration project site where they will continue to undergo testing and verification. Only when the 
vehicle is verified to meet specified safety requirements and validated to meet user needs will that 
vehicle be deployed to scale. 

 
 
 

  

The following are the anticipated benefits from the ADS Program: 

Increased Safety: Automation can help reduce the number of crashed on roads. Data identifies driver 
behavior or error as a factor in 94 percent of crashes, and self-driving vehicles can help reduce driver 
error. Potential for reduction of crashes is measured by those caused by impaired driving, unbelted 
vehicle occupants, speeding and distraction.  Not only do safety incidents result in injuries and fatalities, 
but vehicles will also be damaged, resulting in unwanted cost for users and insurance companies. 

ANTICIPATED BENEFITS 
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There are many underlying reasons for such safety incidents, studies claim, however, most of the 
underlying reasons are related to human errors. For instance, distraction during driving is a key factor in 
vehicle crashes and around 30% of all road deaths in the U.S. are alcohol related ([CDC20]). Some of 
these human behavior related incidents have the potential to be reduced significantly by autonomous 
technologies. Making vehicles autonomous, could result in a reduction in road safety incidents, although 
studies are not always aligned in terms of how much. Some studies estimate that AVs can reduce the 
chance of a vehicle crash by 33% ([IIHS20]) while others indicate a 90% ([McKin15]) reduction. 

Increased Accessibility: Autonomous vehicles can provide self-sufficiency for people with disabilities. 
These vehicles also enhance the independence of seniors.  

Shared Mobility: Ride sharing in autonomous vehicles could reduce costs of personal transportation, 
providing more affordable mobility.  

Congestion Relief: Reduction of accidents will result in fewer roadway backups. By maintaining a safe 
and consistent distance between vehicles, the number of stop-and-go waves that produce road 
congestion will be reduced.  

Environmental Sustainability: Fewer traffic jams save fuel and reduce greenhouse gases from needless 
idling. Automation and car sharing may spur more demand for all types of electric vehicles and 
eventually results in broader environmental sustainability. 

Quality of Life: The occupants can safely pursue more productive or entertaining activities. 

Economies: In 2010, the cost of motor vehicle crashes in the United States alone was estimated at a 
staggering $836 billion. Of this, $242 billion was linked to economic damage, including $57.6 billion in 
lost workplace productivity. The cost due to loss of life and decreased quality of life due to injuries was 
estimated to be almost $600 billion ([NHTS15]). 

PROJECT COSTS 
CAPITAL EXPENDITURES 

 
Vehicle operating costs of SAVs are compared to today's light duty vehicle. As the technology matures 
and lot of people shift to autonomous cars, it is assumed that the operating costs of AVs would decline 
after 2040. Vehicle operating costs are determined based on this assumption factored with reduction in 
vehicle hours traveled. (Table 2 and 3) 
 
Table 2: ADS Capital Costs and Funding Sources in 2020. 
 

Line Items Mega Match Totals Match Source 
Project Management  $0  $3,339,840 $3,339,840 ADS, In Kind Contribution, 

Measure J  
Environmental  $0  $196,000 $196,000 ADS, SB1LPP 
Design  $ 0  $10,299,240 $10,299,240 ADS, In Kind Contribution, 

SB1LPP 
Construction  $4,900,000 $13,065,360 $17,965,360 ADS, In Kind Contribution, 

SB1LPP, Measure J  
Total $4,900,000 $26,830,440 $31,730,440  

 
 

https://www.compact.nl/en/articles/the-economic-and-social-impacts-of-fully-autonomous-vehicles/#ref
https://www.compact.nl/en/articles/the-economic-and-social-impacts-of-fully-autonomous-vehicles/#ref
https://www.compact.nl/en/articles/the-economic-and-social-impacts-of-fully-autonomous-vehicles/#ref
https://www.compact.nl/en/articles/the-economic-and-social-impacts-of-fully-autonomous-vehicles/#ref
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Table 3: Project Costs by Schedule (2020) 
Project Phase Prior to 

FY21/22 
FY22/23 FY23/24 FY24/25 FY25/26 FY26/27 Total 

Project 
Management 

$0 $0 $0 $1,213,853  $1,618,470  $404,618  $3,236,940  

Environmental   $154,000 $42,000 $0 $0  $0   $196,000  
Design  $0 $0 $1,163,260 $5,114,620  $0   $10,229,240  
Construction $0 $0 $5,918,220     
Total $154,000 $42,000 $7,658,700 $6,737,010  $8,982,680  $2,245,670  $17,965,360  

 

BENEFITS MESASUREMENT, DATA AND ASSUMPTIONS 

The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 4.  This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the project narrative of the 
application.  
 

Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria  
Primary Selection  
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitative  

Safety Safety benefits Reduction of collisions 
that involves human 
error.  

Yes Yes Yes 

State of Good 
Repair 

Residual value of 
investment 

Residual value of project 
investment at the end of 
the project life cycle. 

Yes Yes Yes 

Operations and 
Maintenance 

Savings from operations 
and maintenance with 
and without the project.  
Operations and 
Maintenance is involved 
only in the build project. 

Yes Yes Yes 

Economic 
Impacts, Freight 
Movement, and 
Job Creation 

Shared mobility Ride sharing in 
autonomous vehicles 
could reduce costs of 
personal transportation, 
providing more 
affordable mobility.  

No No Yes 

Decrease 
transportation 
costs 

The operating costs of 
AV are comparable to 
current day personal 
vehicles, and it will 
decline over the period 
of time when the 
technology matures and 
the AV penetration on 
roads increase. 

Yes Yes Yes 

Travel time savings   Travel time savings due 
to mode shift with a 
higher speed and more 
accessibility.  

Yes Yes Yes 
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Table 4: Benefit Categories and Expected Effects on Primary Selection Criteria  
Primary Selection  
Criteria 

Benefit or Impact 
Categories Description  Monetized Quantitative  Qualitative  

Climate Change 
Resiliency and the 
Environment 

Reduces 
congestion-related 
emissions 

Reduction of accidents 
will result in fewer 
roadway backups. By 
maintaining a safe and 
consistent distance 
between vehicles, the 
number of stop-and-go 
waves that produce 
road congestion will be 
reduced.  

Yes Yes Yes 

Environmental 
Sustainability 

Fewer traffic jams save 
fuel and reduce 
greenhouse gases from 
needless idling. 
Automation and car 
sharing may spur more 
demand for all types of 
electric vehicles and 
eventually results in 
broader environmental 
sustainability. 

No No Yes 

Equity, 
Multimodal 
Options, and 
Quality of Life 

Increased 
Accessibility  

Autonomous vehicles 
can provide self-
sufficiency for people 
with disabilities. These 
vehicles also enhance 
the independence of 
seniors. 

No No Yes 

Quality of Life  The occupants can 
safely pursue more 
productive or 
entertaining activities. 

No No Yes 

Innovation Areas: 
Technology, 
Project Delivery, 
and Financing 

Innovative 
technologies 

Incorporation of 
innovative technologies 
to improve outcomes to 
communities and the 
environment. 

No No Yes 

 

SAFETY BENEFITS 
 
Reduction in collisions related to human error can be attributed to SAVs. Three major human factors 
mostly reported in collisions are improper lookout, excessive speed, inattention. Statewide Integrated 
Traffic Record System (SWITRS) data includes the following primary collision factor (PCF) violation 
categories. The underlined categories reported by SWITRS can be reduced by implementing the SAVs. 

• 01 - Driving or Bicycling Under the Influence of Alcohol or Drug 
• 02 - Impeding Traffic 
• 03 - Unsafe Speed 
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• 04 - Following Too Closely 
• 05 - Wrong Side of Road 
• 06 - Improper Passing 
• 07 - Unsafe Lane Change 
• 08 - Improper Turning 
• 09 - Automobile Right of Way 
• 10 - Pedestrian Right of Way 
• 11 - Pedestrian Violation 
• 12 - Traffic Signals and Signs 
• 13 - Hazardous Parking 
• 14 – Lights 
• 15 – Brakes 
• 16 - Other Equipment 
• 17 - Other Hazardous Violation 
• 18 - Other Than Driver (or Pedestrian) 
• 21 - Unsafe Starting or Backing 
• 22 - Other Improper Driving 
• 23 - Pedestrian or "Other" Under the Influence of Alcohol or Drug 
• 24 - Fell Asleep 
• 00 - Unknown 

The total number of collisions reported by SWITRS by collision severity and primary collision factor are 
determined. 21% of the collisions included in the highlighted PCF categories are attributed to the 
reduction by the SAVs.  

All three projects shared autonomous transportation, AV shuttle service, and preparation of the I-680 
corridor for future CAVs minimize safety risk factors on roads.  The reduction of accidents has been 
analyzed by gathering data and developing safety performance measures on the State Route highway 
system.  

Collision reductions are summarized in Table 5. The monetary value of these collision reductions is 
$825,000,000 in 2020$ and $234,000,000 in discounted 2020$. 

Table 5: Collision Reduction Summary 
 Project-Related Collision (2016-2019) 
 PDO  Injury  Fatal  
Rossmoor 103 36 1 
Valley Hospital 242 82 5 
I-680/Bishop Ranch 483 169 5 
 

 

 Project-Related Collision over Project Life (2027-2057) 
 PDO (No Build/Build) Injury (No Build/Build) Fatal (No Build/Build) 
Rossmoor 1681/1309 588/458 17/14 
Valley Hospital 1013/222 355/78 10/2 
I-680/Bishop Ranch 2267/1419 769/482 47/29 

 

 

RESIDUAL VALUE AND REMAINING SERVICE LIFE 
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Recapitalization costs of autonomous vehicles are included at the end of 20 years of operations, and 
residual value is realized at the end of 30 years of project in operation. There is a discounted residual 
value of $3,200,000 in 2020$. 

TRAVEL TIME BENEFITS 

There are travel time savings realized from shifting from one mode to the other. The travel time 
includes in-vehicle travel time, wait time and walking time to the mode where applicable. For each 
mode shift changes in travel time were calculated. Using this information, value of travel time savings 
was calculated for each mode using this formula. The formula and value of time per hour are based on 
the 2022 BCA guidance. The trips are based in an established senior community with less scope for 
growth. 5% growth is assumed in trips over the analysis period is assumed over the analysis period. 

Value of Travel Time Savings = Value of time (per hour) x change in trip time (hr) x affected trips per 
year. 

Travel time would be saved by shifting to the higher speed and more accessible modes of 
transportation. As it mentioned earlier, automated vehicles can reduce collisions related to human 
errors. So, reduction of collisions would reduce the congestion and travel time. Moreover, shared 
autonomous vehicles (AV shuttle service) would provide better access to public transit stations by 
reducing the first and last mile. In addition, personal mobility on the I-680 corridor would provide 
connection between vehicles and vehicles to infrastructure. This kind of connection would enhance 
mobility throughout the road and can eliminate crashes which eventually lead to shorter travel time.  

Travel time savings are realized from the reduction of vehicle hours of travel from the mode shift from 
other modes to SAV. Mode shift from walking and bicycling mode is not considered. The monetary 
value of travel time savings over 30 years is $105,600,000 in constant 2020$ and $39,300,000 
discounted to new present value in 2020$ 

OPERATING COST SAVINGS 

Vehicle operating costs of SAVs are compared to today's light duty vehicle. As the technology matures 
and more people shift to autonomous cars, it is assumed that the operating costs of AVs would decline 
after 2040. Vehicle operating costs are determined based on this assumption factored with reduction in 
vehicle hours traveled. 

The monetary value of vehicle operating cost savings estimated is $7,700,000 in 2020$. 
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EMISSION REDUCTION BENEFITS 

The I-680 ADS would reduce 32,722 tons of CO2 and save $2,500,000 for users over the project’s 30 
year life. There would be emission reduction of some other greenhouse gases (GHG) that are 
summarized in Table 6.  

Table 6: Emission Reduction Summary  

Condition 

Combined Car and Truck Annual Savings (Metric 
Tons) 

(2027-2057) 

NOx 212.7 

SOx 3.5 

PM 2.5 0.3 

PM 10 3.0 

CO2 32,722.1 

Total                                            32,941.7 

 
One of the reasons of GHG emissions is due to using alternative fuel for cars. The increase in the number 
of electric cars and EV stations would lead to higher use of clean energy fuel and minimize production of 
GHG. Moreover, providing users with SAVs such as AV shuttle service, would encourage more people to 
use public transits. This shift of mode from personal cars to transit services would significantly reduce the 
CO2 emission. (Table 7) 
 
 Table 7: Monetary Benefit of Emission Reduction  

Condition Cost Reduction (2027-2057) 

NOx $ 3, 845, 288 

SOx $ 171, 632 

PM 2.5 $ 290, 924 

PM 10 $ 627, 290 

CO2 $ 2, 575, 273 

Total $ 7, 510, 407 

ION BENEFI 
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BENEFIT-COST ANALYSIS –                 
MOBILITY ON DEMAND 
 
This document provides detailed technical information on the Benefit-Cost Analysis (BCA) conducted in 
support of the FY2022 Mega Transportation Grant application for the 680 Forward Mobility on Demand 
(MOD) project in Contra Costa County, California. The calculations for the BCA are provided in a 
spreadsheet and this document includes a narrative for the calculations.  
 

SUMMARY  
BCA Results Summary1 | The BCA of MOD project (Table 1) reflects quantifiable benefits 
related to safety, economic impacts, freight movement and job creation, climate change, multimodal 
options and quality of life, and Innovation.  

Table 1: BCA Summary  

Criteria Program Lifecycle (2022-2053) 
2020 $2 Discounted (7%) 

MOD Transit Ticketing Benefit  $2,366,745   $802,602  
Walking QOL Benefit  $83,782,766   $28,412,097  
Biking QOL Benefit  $74,670,799   $25,322,080  
Emissions Savings Benefit  $12,193,551   $6,237,618  
Auto Cost and Time Benefit  $30,775,931   $8,902,594  
Truck Time Benefit  $2,861,915   $826,065  
Safety Benefit  $171,478   $58,190  
Total Benefits  $206,823,186   $70,561,245  
Project Cost  $(58,511,880)  $(27,928,371) 
Net Present Value (2020 $)  $148,311,306   $42,632,874  
Benefit-Cost Ratio (BCR) 3.53 2.53 

APPROACH AND GENERAL ASSUMPTIONS  
The BCA conducted for this project includes monetized benefits measured using United States 
Department of Transportation (USDOT) guidance and parameters. The BCA provides projections of the 
benefits that are expected to accrue from the MOD project, specific to Phases 1 and 2 over 30 years 
from the opening year and compares them to the anticipated costs of the project. The BCA includes 
measurements of benefits against costs throughout the 30-year analysis beginning at the start of 
calendar year 2022 and including 30 years of operations from 2022 and 2053. Discounted future 
benefits and costs were based on the 7% discount rates and 3% discount for Carbon dioxide (CO2) 
emissions recommended by USDOT. 
 

  

 
1 BCA Analysis Sheet – MOD 
2 Recommended base year (2020) per USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, March 2022, 
Benefit-Cost Analysis Guidance 2022.pdf (tranportation.gov) 

https://ccta.net/680FORWARD-2022-MPDG-Mega-Application-Resource-Page/
https://www.transportation.gov/sites/dot.gov/files/2022-03/Benefit%20Cost%20Analysis%20Guidance%202022%20%28Revised%29.pdf
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PROJECT OVERVIEW 

BACKGROUND 
Interstate 680 (I-680) is a major north-south interstate highway in Contra Costa County; commuters and 
travelers on I-680 experience significant delays and inconsistent flow of traffic in both directions and the 
delays are expected to continue in the foreseeable future. Expanding and widening I-680 would be 
expensive and building additional rail service in the corridor would cost billions of dollars.  Neither 
option is currently financially feasible. 

In Contra Costa County, over 90% of trips are taken by automobile, which greatly contributes to traffic 
congestion. Contra Costa Transportation Authority (CCTA) is determined to improve regional 
transportation by investing in MOD technology to provide residents and travelers with a variety of 
transportation options.  As the congestion management agency for the county, CCTA is focused on 
alleviating the congestion that plagues I-680.   

MOD is an innovative concept based on the principle that transportation is a commodity where modes 
have economic values that are distinguishable in terms of cost, travel time, wait time, number of 
connections, convenience, and other attributes. MOD enables consumers to access mobility, goods, and 
services on demand by dispatching or using shared mobility, delivery services, and public transportation 
strategies through an integrated and connected multimodal network. MOD also includes the 
management of supply and demand across mobility services through an integrated transportation 
systems management and operations approach that is coordinated among the public and private sectors 
and the traveling public. As such, MOD encompasses decision support systems to:  

1) aggregate real-time, historic, and predicted system condition information; 

2) analyze alternative response strategies to address current or predicted problems; 

3) assess the tradeoffs associated with strategies that support a number of operational objectives 
that vary dynamically; and 

4) produce recommended strategies for implementation by system operators to guide and 
influence consumer choice (Shaheen et al., 2017).  

CCTA, in collaboration with key regional partners, GoMentum Station, Metropolitan Transportation 
Commission (MTC), and Bay Area Rapid Transit (BART), and local jurisdictions, is taking an “integrated 
systems solutions” approach to solving mobility challenges – this approach is called 680 Forward. The 
approach includes the development of several advanced technology strategies to address these 
congestion problems. Our primary focus is the Bay Area MOD project, which is the cornerstone of 
CCTA’s current Transportation Demand Management (TDM) program.  

PROJECT DESCRIPTION 
 
The 680 Forward program will improve transit reliability, mobility for autos, bicyclists, and pedestrians, 
and will offer new autonomous mobility options.  The MOD project will communicate these options to 
travelers within the county.  It will be a “one-stop shop”, web-based and mobile application, seamlessly 
connecting travelers with multiple forms of shared transportation. The MOD application will provide 
uniquely tailored mobility choices to users based on their point of origin and destination. It will provide 
trip planning (including parking), travel time by option, cost by option, and incentives based on time of 
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day. Incentives are designed to nudge travel behavior change, reward desired travel behaviors, and 
incorporate a uniform payment structure that will address the needs of all users.  

The program will enable more efficient use of existing systems to provide transportation services to a 
broader population representing a larger service area.  It will enhance and improve upon existing legacy 
trip planning and real-time transit information, integrated with innovative mobility assets, to offer next-
generation services such as guaranteed service backed by connection protection.  

The Bay Area MOD Platform, as shown in Figure 1, will combine available mobility options into a single 
user interface. The real-time application will combine transportation assets from different providers, 
including travel planning and payments.  The platform incorporates three core project components:   

• A smart phone app with trip planning and fare integration capability  

• Shared mobility, including carsharing, micromobility, and other service providers  

• Public transportation  

Initial deployment will be focused on the communities surrounding the I-680 corridor with a larger 
vision of expanding countywide and, ultimately, throughout the Bay Area. The project will be developed 
and implemented in a three-phased approach: Phase 1 will focus on the I-680 corridor communities, 
Phase 2 will expand countywide, and with the help of our key regional partners, Phase 3 will cover the 
greater Bay Area. Subsequent to the Phase 1 project evaluation, lessons learned from the evaluation will 
be applied to Phase 2 and 3.  Deployment of Phase 1 is expected in June 2022 to run through February 
2023; Phase 2 will follow.  This application requests funding for, and anticipates benefits/costs for, 
Phase 1 and 2 only. 

Figure 1: MOD Program 
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PROJECT LOCATION 
 
Serving communities in central and southern portions of 
Contra Costa County, I-680 is a backbone corridor of the San 
Francisco Bay Area’s highway network (Figure 2). It extends 
south to Silicon Valley and north to Fairfield in Solano 
County, and provides access to scenic recreational areas, 
popular retail hubs, three colleges, four hospitals, including 
the County’s Trauma Center, a seniors-only community of 
more than 9,000 residents, thriving business centers, and 
goods movement throughout the region and beyond.  

The project location contains both urban and rural areas, 
including Mt. Diablo State Park and dozens of regional parks, 
and qualifies as an ideal choice for a model project that 
could be expanded to the entire county and region in the 
near future. 

 

 
 
The 680 Forward MOD project is expected to reap the following benefits for travelers in the region: 

• Safety: Reduction of collisions associated with automobile trips that have been replaced by 
other modes that incur less collisions 

• Travel Time Savings: Reduction in travel time for both autos and trucks in the corridor due to 
estimated mode shift associated with MOD project 

• Emission reductions:  Incentive-based mode shift from SOV to other modes, increasing 
utilization of the transportation network, reducing congestion and its associated Greenhouse 
Gas (GHG) emissions 

• Facility/Vehicle Amenity Benefits: Consider benefits from integrated payment; can be a proxy 
for the payment/ticketing benefits in the appendices 

• Health benefits: Benefits for users induced to shift to active modes based on MOD incentives 

• Other benefits: Agglomeration (MOD will improve connectivity between people and their 
destinations)  

  

ANTICIPATED BENEFITS 

Figure 2: MOD Location (Phase 1) 
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BASELINE CONDITIONS 
The countywide application of the MOD Platform suggests use of CCTA’s Countywide travel behavior 
model to establish baseline travel behavior, and upon which to analyze future benefits.   The Contra 
Costa Countywide Travel Model (CCTA Model) was most recently updated in April 2019 to update base 
year validation and to incorporate assumptions consistent with the current (as of 2017) regional 
transportation plan (RTP) prepared by MTC, Plan Bay Area 2040 (PBA 2040). The CCTA Model is a four 
step trip-based model, including a full mode choice model to estimate auto, transit, pedestrian, and 
bicycle trips. The Model has available scenario years 2010, 2015, 2018, 2025, 2030, 2035, and 2040. 

The baseline (“No Build”) condition includes person trips and vehicle miles traveled (VMT) forecast by the 
model in year 2018, 2023 (opening year) and 2040.  
 

PROJECT COSTS 
Project costs associated with the MOD are organized as follows: (Table 2 and 3) 

• Project Management: Stakeholder coordination, developing agreements 
• Environmental Clearance: National Environmental Policy Act (NEPA) 
• Design: Development of System Concept, Detailed Design, Testing and Evaluation Plans 
• Implementation, System Integration: Rollout of the MOD application and integration with 

providers 
 
Table 2: MOD Expenditures and Funding Sources in (2020$). 

Line Items Mega Match Totals Match Source 
Project Management $0 $2,654,000 $2,654,000 Local, ATCMTD 
Environmental Clearance $0 $417,000 $417,000 Local, ATCMTD, TAM 
Design $0 $2,109,000 $2,109,000 Local, ATCMTD, TAM 
Implementation, System Integration $6,370,000 $12,291,000 $18,661,000 Local, ATCMTD 
Total $6,370,000 $17,471,000 $23,841,000  

 
Table 3: MOD Project Costs by Schedule (2020$) 

Project Phase Prior to FY21/22 FY22/23 FY23/24 FY24/25 FY25/26 Total 
Project 
Management 

$1,422,000 $734,000 $498,000 $0 $0 $2,654,000 

Environmental 
Clearance 

$402,000 $15,000 $0 $0 $0 $417,000 

Design $1,397,000 
 

$711,000 $0 $0 $0 $2,109,000 

Implementation, 
System 
Integration 

$3,222,000 $4,376,000 $6,164,000 $4,900,000 $0 $18,662,000 

Total $6,444,000 $5,836,000 $6,662,000 $4,900,000 $0 $23,841,000 

SERVICE LIFE 
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BENEFITS MEASUREMENT, DATA AND ASSUMPTIONS 
The main benefit categories associated with the project are mapped into the five primary selection 
criteria set forth by USDOT in Table 4. This section describes how the benefits are quantified and 
monetized. A qualitative description of the benefits is provided in the Project Narrative of the 
application.  
 

Table 4. MOD Benefits by USDOT Category 

Primary Selection  
Criteria Description  Monetized Quantitative  Qualitative  

Safety Safe movement of people by reductions in 
occurrence of collisions. 

Yes Yes Yes 

Travel Time Savings Reduction in travel time due to traffic flow 
improvements, transit reliability. 

Yes Yes Yes 

Operating Cost 
Savings 

Reduction of vehicle, terminal or dispatching 
costs 

No No Yes 

Emissions Reduction 
Benefits 

Changes to emissions due to lower vehicle 
miles traveled in the region. 

Yes Yes Yes 

Amenity Benefits Expanded and improved access to facilities 
and vehicles (primarily transit for MOD) 

Yes Yes Yes 

Health Benefits Reduction in mortality risk for those induced 
to active transportation modes 

Yes Yes Yes 

Other Benefits Agglomeration, etc. No No Yes 

 

The following assumptions related to MOD benefits were applied to base scenario person trips (by 
mode) and VMT provided by the CCTA Model: 

• Regarding the market penetration of the MOD platform—which informs how many trips/how 
much VMT is impacted by people using the service— we initially assume a low percent (3% use 
of MOD application) since the service is still in the early stages. This value remains constant for 
all future years.  

• For the potential mode shift associated with MOD, we assume 10% of auto trips will be 
influenced to change modes (CCTA 2018 Advanced Transportation and Congestion 
Management Technologies Deployment Grant, Volume 1 Technical Application).  

• Among these, we assume 50% will move to rideshare/carpool, 25% shift from auto to transit 
for commute trips (beginning in the county, ending elsewhere), and 12.5% shift to walk/bike for 
shorter trips within the county.  

• These assumptions are based on incentives for making transit connections easier (via first/last 
mile improvements), as well as incentives for active transportation.  

• We also assume that the MOD platform results in 5% VMT reduction 
(https://escholarship.org/uc/item/9678b4xs#article_main)  

  

https://escholarship.org/uc/item/9678b4xs#article_main
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SAFETY BENEFITS 
 
The safety benefits resulting from using the MOD service are related to the reduction in VMT 
associated with mode shift. Injury rates for property damage only, injury, and fatal crashes per 1-
million VMT (MVM) (California Highway Patrol Statewide Integrated Traffic Record System (SWITRS), 
2013-2017.) were used to quantify the No Build and Build scenario crashes. The reduction in crashes 
due to VMT reduction was converted to monetary values using the BCA Guidance. 
 

TRAVEL TIME SAVINGS BENEFITS 
 
The travel time savings benefits associated with the MOD project are related to mode shift that results 
in a reduction of single occupancy vehicles in the corridor. The travel time savings benefits were 
monetized in accordance with the USDOT’s BCA Guidance. These benefits reduce travel time for trucks 
and other modes operating in the I-680 Corridor. 
 

EMISSION REDUCTION BENEFITS 
 
The increased number of shared rides along with mode shift resulting from using the MOD platform 
will result in reduced emissions via reduced VMT. All emission reduction benefits (NOx, Sox, PM2, 
CO2) were converted to monetary values using the BCA Guidance. 
 

FACILITY AND VEHICLE AMENITY BENEFITS 
 
Using the MOD platform helps streamline the process of buying transit ticketing for a trip, which can 
induce more users to use transit (as described earlier in our mode shift assumptions). This benefit is 
converted into monetary values using the BCA Guidance. 
 

HEALTH BENEFITS 
 

The MOD service will incentivize mode shift for shorter trips. Specifically, active transportation (biking 
and walking) is encouraged for all users. The BCA Guidance provides monetary values for quality-of-life 
improvements associated to induced walk and/or bike trips, and these values are in the BCA. 

 

https://nam12.safelinks.protection.outlook.com/?url=http%3A%2F%2Fiswitrs.chp.ca.gov%2FReports%2Fjsp%2FRawData.jsp&data=05%7C01%7CS.Spana%40fehrandpeers.com%7Cb7a6e47d2ee2481ae73608da337a9174%7C087dca4b49c742c6a76649a3f29fc3f4%7C1%7C0%7C637878898782670211%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FRhZgIf3lx1DphH9A153E%2Fb%2BKK5dP5hi3gEE0Pi8ovM%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=http%3A%2F%2Fiswitrs.chp.ca.gov%2FReports%2Fjsp%2FRawData.jsp&data=05%7C01%7CS.Spana%40fehrandpeers.com%7Cb7a6e47d2ee2481ae73608da337a9174%7C087dca4b49c742c6a76649a3f29fc3f4%7C1%7C0%7C637878898782670211%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FRhZgIf3lx1DphH9A153E%2Fb%2BKK5dP5hi3gEE0Pi8ovM%3D&reserved=0
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