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1. EXECUTIVE SUMMARY

The Metropolitan Transportation Commission (MTC), in cooperation with the Contra Costa
Transportation Authority (CCTA) initiated the 1-680 (North) Northbound (NB) Design Alternative
Assessment (DAA) to identify and evaluate a range of alternatives between Livorna Road and
State Route (SR) 242 that would address the existing 1-680 northbound managed lane gap,
improve traffic operations and relieve congestion on northbound 1-680 in Contra Costa County.

The scope of the DAA includes the identification and development of geometric concepts,
operational analysis and feasibility assessment of selected alternatives. A Technical Advisory
Committee (TAC) consisting of MTC, CCTA, and local officials was formed in October 2015 to
provide input and guide the DAA Team on the identification and feasibility of geometric concepts
and traffic analysis alternatives. The goal of the DAA is to identify a set of feasible alternatives
that can be included for further study in the next project delivery phase of a future northbound I-
680 project.

Geometric Improvement Concepts

Working with the TAC, a wide range of solutions were considered to address the [-680
northbound gap, including several operational improvement strategies that would complement
the managed lane operation and provide additional congestion relief benefits.

The TAC eliminated design concepts based on the following criteria:

e Substantial design constraints/issues related to meeting the standards presented in
the California Highway Design Manual

e Significant right-of-way (ROW) constraints

e TAC consensus, based on projected volume forecasts, that the concept would not
meet the primary project objectives to improve managed lane connectivity or traffic
operations

Once the concepts were evaluated based on the criteria, the TAC determined how to arrange
the remaining concepts into alternatives for traffic analysis.

Traffic Analysis Alternatives

A total of ten alternatives (including No Build) were studied as part of this evaluation under year
2020 conditions. Due to design constraints along the corridor only two of the ten alternatives
(Alternatives 8 and 9) would provide a continuous managed lane (eliminate the gap). Six of the
alternatives would reduce the length of the gap (Alternatives 3, 4, 5, 6, 6A, and 7). Two
alternatives (Alternative 1 and 2) would maintain the existing gap. Table E-1 presents an
overview of the key features and assumptions for each alternative. A schematic of each of the
evaluated alternatives is presented in Appendix A.

Design Alternative Assessment Memo 1
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Table E-1: Traffic Analysis Alternatives

Alternative Title
1 No Build
2 Adaptive Ramp
Metering

Express Lane: GP
Lane Conversion with
Transit and Park &
Ride Investments

Express Lane: GP
Lane Conversion Plus
4 C-D System with
Transit and Park &
Ride Investments

Express Lane
5 Extension and GP
Lane Widening

Design Alternative Assessment Memo

Key Features And Assumptions

This is the baseline alternative. Assumes that by year
2020 the northbound I-680 Express Lane is operational
on the southern end of the study corridor. The
managed lanes gap is about 7.5 miles.

This alternative assumes adaptive ramp metering. This
is also included as part of Alternatives 3 through 9.

This alternative converts a General Purpose (GP) Lane
to an Express Lane. This alternative assumes a 20%
mode shift from SOV to HOV and transit, as a result of
an expanded Express Lane system and future corridor
investments in transit and park-n-ride facilities with
shuttle service to BART stations. This alternative also
assumes a policy change for the HOV Lane from 2+
persons to 3+ persons and an increase in HOV
occupancy from an average of about 2.2 persons under
existing conditions to 4.0 persons. The managed lanes
gap would be shortened from 7.5 miles to less than one
mile.

This alternative is similar to Alternative 3 but also
provides a Collector-Distributor (C-D) road system to
service the North Main Street off-ramp, North Main
Street on-ramp, and Treat Boulevard off-ramp to
eliminate mainline weaving and capacity issues at this
location. This alternative also assumes the 20% mode
shift from SOV to HOV and transit, as well as the HOV
occupancy change included in Alternative 3. The
managed lanes gap would be shortened from 7.5 miles
to less than one mile.

This alternative provides outside widening on both the
north side and south side of the SR 24 interchange to
increase the length of the Express Lane and reduce the
existing gap. The managed lanes gap would be
shortened from 7.5 miles to less than one mile.



MTC

Contra Costa 1-680 (North) Northbound Design Alternative Assessment

Express Lane
Extension and GP

This alternative is similar to Alternative 5 except it also
provides a C-D road system to eliminate the mainline
weaving between the North Main Street on-ramp and

6 Lane Widening Plus Treat Boulevard off-ramp. The managed lanes gap
C-D System would be shortened from 7.5 miles to less than one
mile.
This scenario is similar to Alternative 6 except it does
Express Lane: GP not include a managed lane extension from N. Main St
6A Lane Conversion and to SR 242 and only includes an express lane
GP Lane Widening conversion from Livorna Rd to SR 24. The managed
Plus C-D System lanes gap would be shorten from 7.5 miles to about 4.5
miles. This alternative would be an initial phase of
Alternative 6.
Expres§ Lane This alternative is similar to Alternative 6 except it does
Extension and GP : - . .
. not include the mainline widening between Olympic
Lane Widening Plus : .
7 Boulevard and Ygnacio Boulevard and instead
C-D System and : :
. reconfigures the Ygnacio Boulevard off-ramp. The
Ygnacio I/C .
. . managed lanes gap would be shortened from 7.5 miles
Reconfiguration X
to less than one mile.
Contra-Flow Plus This alternative provides a contra flow lane (by using
Express Lane .
8 . the southbound express lane during the PM peak) to
Extension and GP rovide a continuous Express Lane with no ga
Lane Widening P P gap
SR 24 and Ygnacio This alternative would reconfigure the 1-680/SR 24
9 I/C Reconfiguration interchange (SR 24 would join 1-680 on the right hand

Plus Express Lane
Extension and GP
Lane Widening

side as opposed to the left-side) to provide a
continuous Express Lane with no gap.

Traffic Operational Analysis Findings

Exhibit E-1 presents the average peak period travel time by mode (HOV, Toll, and SOV) and
alternative. Northbound 1-680 travel time is measured for drivers traveling between 1-580 and
State Route 4 (SR 4), a distance of approximately 23 miles. Under Alternative 1 the HOV and
tolled vehicles average peak period travel time would be about 41 minutes while the SOV

Design Alternative Assessment Memo 3
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average peak period travel time would be about 80 minutes in year 2020. The free-flow travel
time (average speed of 65 mph) is about 21 minutes. All of the alternatives are anticipated to
reduce average peak period travel times for all modes of travel compared to Alternative 1.

The greatest reduction to HOV/TOLL travel times would be provided under Alternatives 4, 6, 7,
8, and 9 where the average peak period travel time would be reduced to 22 minutes. The
largest reduction to SOV travel times would be provided under Alternative 4. Alternative 4
would improve traffic operations via the C-D road system at one of the major existing
bottlenecks on northbound 1-680 (North Main Street on-ramp to Treat Boulevard off-ramp).
Alternative 4 also assumes an overall 20% reduction in vehicle demand compared to Alternative
1 as a result of mode shift (SOV to HOV and transit) and future corridor investments in transit
and park-n-ride facilities that will increase the overall average HOV occupancy on the corridor
(from about 2.2 under Alternative 1 conditions to 4.0). Alternative 3 also assumed a similar 20%
reduction in vehicle demand compared to Alternative 1. As a result, travel times under
Alternative 3 for all modes would be reduced compared to Alternative 1. Alternatives 6, 6A, 7,
8, and 9 would also provide a substantial reduction to travel times. The reduction in travel times
under these alternatives is primarily attributed to operational and capacity improvements along
corridor. Alternative 2, ramp metering alone, would provide the least reduction to travel times.

EXHIBIT E-1: Average Peak Period Travel Times by Mode of Travel (3:00 PM to
7:00 PM)
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Conclusion and Recommendations

This DAA memo discusses the process the TAC has taken to determine and evaluate geometric
improvement concepts and develop alternatives for traffic analysis. A summary of the
assessment used to determine the recommended alternatives for the next phase of study is
provided below.

Table E-2 shows the studied alternatives and the associated benefit-cost ratio based on
estimated average construction costs and an operational benefit factor based on the traffic
analysis results.

Table E-2: Alternative Benefit - Cost Ratios

ALTERNATIVE AVERAGE COST* OPERATIONAL BENEFIT- Blf:l\(l)ESEI!T_
(MILLIONS $) BENEFIT FACTOR | COST RATIO RANK
Alternative 2 17.5 240 13.7 1
Alternative 3 90 790 8.8 2
Alternative 4 144 999 6.9 3
Alternative 6A 112.5 760 6.8 4
Alternative 8 240 970 4.0 5
Alternative 5 230 870 3.8 6
Alternative 6 275 970 3.5 7
Alternative 7 375 970 2.6 8
Alternative 9 800 970 1.2 9

* Costs shown are construction estimates only and do not include support costs

The benefit/cost analysis is summarized as follows:

e Alternative 2 has the highest benefit-cost ratio as a result of a modest operational
benefit but with a substantially lower cost compared to the other alternatives. Some key
conclusions are :

0 This alternative is included in all the other studied alternatives, except Alternative
1.

0 Adaptive ramp metering if desired can be separated and delivered as an initial
delivery project for NB 1-680.

e Alternatives 4, 6 and 8 all provide similar substantial operational benefits for NB 1-680
under a different set of key assumptions and/or geometric improvement concepts:

0 Alternative 4 assumes a 20% mode shift (SOV to HOV and transit, through

investments in transit and park & ride services) with the GP Lane Conversion

Design Alternative Assessment Memo 5
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Design Concept C (North Main to SR 242). It has a lower cost compared to
Alternatives 6 and 8.

0 Alternatives 4 and 6 both include a C-D Road (North Main to Treat).

Alternative 6 and 8 include the Managed Lane Extension (North Main to SR 242).

0 Alternative 8 includes a Contra Flow Lane and has a lower cost than Alternative
9 (the other alternative that closely the gap completely).

0 Based on these findings and comparison to the other remaining alternatives
these three alternatives are ideal for further study.

o

e Alternative 3 can be considered a subset (or an initial phase) of Alternative 4 as it also
assumes a 20% mode shift and includes the same geometric improvement concepts
except the C-D Road (North Main to Treat). Some key conclusions for Alternative 3
compared to Alternative 4

0 Alternative 3 has a higher benefit-cost ratio than Alternative 4.

o Although Alternative 3 has a higher benefit-cost ratio, Alternative 4 is better
suited for further study as an analysis can be performed with and without the C-D
Road and effectively evaluate Alternative 3 and 4.

e Alternatives 5 and 6A can be considered subsets (or an initial phases) of Alternative 6
due to the following:

o Alternative 5 includes all of the geometric improvement concepts as Alternative 6
except the C-D Road (North Main to Treat).

o Alternative 6A includes all of the geometric improvement concepts as Alternative
6 except the Managed Lane Extension (North Main to SR 242).

0 Alternative 6 is better suited for further study vs. Alternatives 5 and 6A as
Alternative 6 can be evaluated with and without the C-D road and Managed Lane
Extension and effectively evaluate Alternatives 5, 6A, and 6.

e Alternatives 8 and 9 provide improvements that close the 1-680 NB managed lane gap:
0 Alternative 8 is better suited for further study compared to Alternative 9 as it fully
meets the project objective (closing the gap in the managed lane) at a lower cost.
0 Alternative 9 has the lowest benefit-cost ratio, highest cost, and substantial risks
and challenges that make this alternative not suitable for further study.

o Alternatives 7 and 9 have the lowest benefit-cost ratios along with several risks that
include:
o0 Significant project delivery risks and construction challenges.
o0 Alternatives 7 and 9 are not ideal alternatives to be carried through for further
study due to the costs, risks and approval challenges.

Design Alternative Assessment Memo 6
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RECOMMENDED ALTERNATIVES
This DAA recommends three proposed alternatives be studied and compared to the No Build
alternative to identify the preferred alternative during the next project delivery phase:

¢ No Build
e Alternative 4 - GP Lane Conversion Plus C-D System with Transit and Park & Ride

Investments
e Alternative 6 - Express Lane Extension and GP Lane Widening Plus C-D System

e Alternative 8 - Contra-Flow Plus Express Lane Extension and GP Lane Widening

Design Alternative Assessment Memo
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2. INTRODUCTION

The Metropolitan Transportation Commission (MTC), in cooperation with the Contra Costa
Transportation Authority (CCTA) initiated the 1-680 (North) Northbound (NB) Design Alternative
Assessment (DAA) to identify and evaluate a range of alternatives between Livorna Road and
State Route (SR) 242 that would address the existing 1-680 NB managed lane gap, improve
traffic operations and relieve congestion on northbound [-680 in Contra Costa County.

The scope of the DAA includes the identification and development of geometric concepts,
operational analysis and feasibility assessment of selected alternatives. A Technical Advisory
Committee (TAC) consisting of MTC, CCTA, and local officials was formed in October 2015 to
provide input and guide the DAA Team on the identification and feasibility of geometric concepts
and traffic analysis alternatives. The goal of the DAA is to identify a set of feasible alternatives
that can be included for further study in the next project delivery phase of a future northbound I-
680 project.

This technical memorandum, the Design Alternative Assessment Memo, summarizes the
assessment of the Geometric Improvement Concepts and Traffic Analysis Alternatives
developed during this study and provides a recommendation of project alternatives to be carried
to the next phase for project delivery.

3. BACKGROUND

[-680 Corridor

I-680 is a six- to ten-lane major north-south freeway connecting the Bay Area with 1-80 and I-
580 for travel to and from the Central Valley and Sacramento metropolitan area. Within the Bay
Area, 1-680 passes through Santa Clara, Alameda, Contra Costa, and Solano counties. 1-680 is
functionally classified as an Urban Principle Arterial-Interstate Freeway and is considered a
Lifeline Highway route along the entire length of the interstate freeway. The study segment of I-
680 is heavily traveled as it is utilized by commuters, recreational travelers, and public transit
services.

[-680 Managed Lanes System

Managed lanes include both High Occupancy Vehicle (HOV) lanes and express lanes. HOV
lanes are provided on several sections of 1-680 within Contra Costa County from the Benicia-
Martinez Bridge in the north to Alcosta Boulevard in the south. These lanes are open to only
HOV (carpool) eligible vehicles on weekdays between the hours of 5:00 AM to 9:00 AM and
3:00 PM to 7:00 PM. Express lanes, also known as High Occupancy Toll (HOT) lanes, are
either planned or currently under construction on 1-680 in Contra Costa County. Express lanes

Design Alternative Assessment Memo 8
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are HOV lanes that are free to carpools, buses, motorcycles, and other eligible vehicles, and
available to single occupant vehicles (SOV) that choose to pay a toll.

There will be a continuous express lane in Contra Costa County on |-680 in the southbound
direction from the Marina Vista Avenue interchange to the Alcosta Boulevard interchange
(approximately 30 miles) within the next five years. This express lane will provide increased
operational flexibility to respond to southbound traffic demand growth and enhance southbound
mobility. The southbound express lane is part of the Metropolitan Transportation Commission’s
vision to eventually provide 550 miles of express lane network in the Bay Area.

In the northbound direction there is an HOV lane in the southern part of the county between
Alcosta Boulevard and Livorna Road (southern managed lane) which is currently being
converted to an express lane, and an HOV lane in the northern part of the county from SR242 to
about 1-mile south of Benicia-Martinez bridge toll plaza (northern managed lane). There is a
7.5 mile gap between these managed lane segments which diminishes the effectiveness of the
northbound managed lane. The purpose of this study is to identify and evaluate improvements
to 1-680 in this gap.

The northbound gap in the Contra Costa County 1-680 Managed Lanes is shown in Figure 3-1.

Design Alternative Assessment Memo 9
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Figure 3-1: Contra Costa County I-680 Managed Lanes
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Problems, Deficiencies, Constraints:

As identified in MTC’s 2014 Bay Area Congested Segments, traffic during the northbound 1-680
PM peak period between Crow Canyon Road and Treat Boulevard has been ranked as the fifth
worst commute corridor in the San Francisco Bay Area. There are two primary bottlenecks
between the Livorna Road on-ramp and Rudgear Road off-ramp and between the North Main
Street (Lawrence Way) on-ramp and Treat Boulevard off-ramp. These bottlenecks result in
congestion between 3:30 PM and 7 PM and vehicle queues in excess of 12 miles.

At the heart of the northbound congestion near the City of Walnut Creek, a three-lane freeway
ramp connector from SR 24 eastbound connects with 1-680 northbound from the left-hand side
in the median. Immediately north of the ramp connector, elevated tracks for the Bay Area Rapid
Transit (BART) cross I-680 resulting in several structural columns in the median and the outside
shoulder of northbound 1-680. These two elements create significant design constraints that
make it challenging to widen the mainline to create a continuous northbound express lane
through the existing managed lane gap.

Design Alternative Assessment Memo 10
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4. GEOMETRIC CONCEPTS DEVELOPMENT

In collaboration with the TAC, a wide range of solutions were considered to close the
northbound gap, including several operational improvement strategies that would complement
the managed lanes and provide additional congestion relief benefits. Concepts and findings
were presented by the Project Team and explored with the TAC over a series of five meetings
held between October 2015 and March 2016. The Project Team and TAC members are shown

in Table 4-1.

Table 4-1: Project Team and Technical Advisory Committee Members

Representing

Contra Costa County Public Works
Department

City of Walnut Creek

CCTA

CCTA

CCTA/ Gray-Bowen-Scott

MTC

Name Title
Technical Advisory Committee

Jerry Fahy Division Manager, Transportation
Engineering

Steve Waymire City Engineer

Ross Chittenden Deputy Executive Director, Projects

Susan Miller Director, Projects

Leo Scott I-680 N. Express Lane Project
Manager

Ashley Nguyen Principal

Andrew Dillard Transportation Manager

Project Study Team

Kevin Chen Project Manager
Mike Kerns Traffic Manager
Eddie Barrios Project Manager
Rob Rees Traffic Advisor
Brian Stewart Engineering Lead
Carl Haack Design Manager

City of Danville

MTC
MTC
Fehr & Peers
Fehr & Peers
HDR
HDR

Table 4-2 and 4-3 presents the geometric improvement concepts that were investigated with
the TAC and identifies those that were eliminated prior to the traffic analysis for one or more of

the following reasons:

1. Substantial design issues or constraints and the ability to satisfy California Highway

Design Manual standards

2. Significant right-of-way (R/W) impacts

Design Alternative Assessment Memo
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3. TAC / Team consensus, based on projected volume forecasts, that the concept would
not meet the primary project objectives to improve managed lane connectivity or traffic
operations

Table 4-2: Evaluated Geometric Improvement Concepts

|D) Title Description
: . Adaptive ramp metering installed and activated at all on-
A Adaptive Ramp Metering o o\ cant EB SR 24 to NB I-680
B General Purpose (GP) Convert GP Lane (#1 lane) to express lane from Livorna
Lane Conversion (South) Road On-Ramp to Ygnacio Valley off-ramp.
Convert GP lane (#1 lane) to express lane from North Main
c  General Purpose (GP) Street Overcrossing (O/C) to the start of planned express
Lane Conversion (North)  |ane north of SR 242.
Near the northbound Rudgear Road on-ramp the
northbound express lane would transition to the southbound
Contra Flow Lane (south [-680 express lane and operate as a contraﬂo_w lane roughly
. between the Rudgear on-ramp and North Main Street off-
D of SR 24 to North Main
St. O/C) ramp. The southbound 1-680 express lane would be
inoperable between the North Main Street and Rudgear
Road interchanges during the operation of the contra flow
lane.
Provide a C-D road to service the North Main Street off-
Collector-Distributor (C-  ramp, North Main Street on-ramp, and Treat Boulevard off-
E1 D) Road (North Main ramp. The C-D road is intended to address the existing
Street/Treat Boulevard bottleneck between the North Main Street on-ramp and
Area) Treat Boulevard off-ramp by moving weaving traffic from the
mainline to the C-D road.
Outside Widening Widen the mainline on the outside to provide a new lane
. from the Livorna Road on-ramp to the Rudgear Road on-
J Livorna Road to Rudgear . . ) th .
Road ramp. With the widening a 5™ lane woulq be provided from
the Livorna Road on-ramp to the Olympic/SR 24 off-ramp.
. A Widen the mainline on the outside from the Olympic/SR 24
K 8:;?:3?&;&?2\'/;? dto of_f-rar_np to trghe Olympic BouIevarc_I on-ramp. With the_
Ygnacio Valley Road widening a 4™ lane would be provided from the Olympic/SR
24 off-ramp to the Ygnacio Valley Road off-ramp.
Extend the Managed Extend the northern planned managed lane (including new
M1 Lane from SR 242 South lane from SR 242 to North Main OC Geometric ID “L") to the
to North Main Street O/C  south an additional 1,950 feet south of the North Main Street
(Plus) on-ramp.
Reconfigure the SR 24/1-680 interchange such that
;Selzozn‘:c{ggg%g:lt?rscxggge eastbound SR 24 would join northbound 1-680 on the right
side instead of the left side. Provide a new direct connector
SR 24 and 1-680 lanes . o
N to the Ygnacio Boulevard off-ramp from the existing

Design Alternative Assessment Memo

including Ygnacio
Boulevard off-ramp
reconfiguration)

northbound to westbound SR 24 flyover (the existing off-
ramp from northbound 1-680 to the Ygnacio Boulevard would
be closed).
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Title Description
Provide a new direct connector to the Ygnacio Boulevard
Ygnacio Boulevard Off- off-ramp from the existing northbound 1-680 to westbound

Ramp Reconfiguration SR 24 flyover (the existing off-ramp from northbound 1-680

NB [-680 - Express Lane

Infrastructure

to the Ygnacio Boulevard off-ramp would be closed).
Provide Express Lane infrastructure (civil and TSI
components) for I-680 northbound from Livorna Road to 1-
mile south of the Benicia Bridge Toll Plaza (12 Miles)

Table 4-3: Eliminated Geometric Improvement Concepts

ID Title Description

F2

Tunnel

Braided Ramps
(North Main
Street/Treat
Boulevard Area)

North Main Street
(Lawrence Way)
On-Ramp Direct
Connector

Permanent
Northbound
Express Lane on
the Southbound
Roadbed

Shoulder Running
Lane

Construct a tunnel underneath the 1-680/SR 24 interchange to
allow a continuous express lane through the interchange.
Preliminary geometric review of the tunnel concept indicates that
grades may need to be as high as 15%. Due to the significant
design issues associated with the concept, it was not progressed
into the traffic analysis.

Provide braided ramps as an alternative to the C-D system.
(F1).Due to the similar operational improvements and the
significant increased cost compared with the C-D Road Concept
(F1), this concept was not progressed into the traffic analysis.
Provide a direct express lane connector to the median on
northbound [-680 from Lawrence Way on-ramp (North Main St). It
was determined that the direct connector would effectively prohibit
the extension of the express lane to the south of the North Main
Street and beginning the express lane at this location would not be
effective in addressing the existing bottleneck between the North
Main Street on-ramp and Treat Boulevard off-ramp. Due to these
concerns the concept was not progressed into the traffic analysis.
Use the southbound roadbed (primarily southbound shoulder) to
provide a northbound express lane. Currently (2016), there is
sufficient shoulder width to consider this concept; however, the
southbound HOV Completion project (to be completed by year
2020) will utilize the majority of the southbound shoulder to close
the existing southbound HOV lane gap. The concept was not
progressed into traffic analysis.

Use the existing right-side shoulder to provide the necessary
roadway width for a northbound express lane. Further review of
this concept revealed that there are geometric, grade, and
operational design challenges at each off- and on-ramp. Most of
the constraints are in the vicinity of the SR 24 interchange. A
shoulder running lane between I-580 and SR 24 for buses was
evaluated as part of a CCTA effort entitled I-680 Transit
Investment/Congestion Relief Options Study. The concept was not
progressed into the traffic analysis.
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ID Title Description

This improvement is presented in the March 2007 Caltrans PSR.
Further analysis of this concept by CCTA in 2014 revealed that the
proposed start of the express lane would not allow sufficient
distance for northbound drivers to transition from the general
purpose lanes to the managed lane prior to reaching the bottleneck
between the North Main Street on-ramp and Treat Boulevard off-
ramp. Thus, minimal operational benefit would be achieved. The
2014 analysis indicated that the managed lane would need to start
at least 1,500 feet prior to the North Main Street on-ramp to
provide a substantive operational benefit (Concept M1 includes the
additional 1,500 feet). Due to these findings the concept was not
progressed into the traffic analysis.

Extend the
Managed Lane
L from SR 242
South to North
Main Street O/C

Extend the Extend the northern managed lane to the south to about 4,860 feet
Managed Lane south of the North Main Street on-ramp. Due to substantial ROW

M2 ¢ om SR 242 and design constraints the concept was not progressed into the
South to SR 24 traffic analysis.

5. GEOMETRIC CONCEPTS EVALUATION

The design team evaluated each of the improvement concepts that were identified by the TAC
to be progressed into the next phase of the study. The team performed a design evaluation of
each of the concepts including considerations for construction costs, R/W impacts, design
feasibility and constructability. Safety considerations were also noted in association with each
concept’s required exceptions to design standards from the California Highway Design Manual
(HDM).

Design Evaluation Criteria

Cost Range: Costs shown include capital construction costs for each of the geometric
improvement concepts.  Project development costs (including design and oversight),
Environmental Mitigation and R/W costs are not included in the estimates. General quantities
were prepared for the major work items including pavement widening, structure widening,
retaining walls, sound walls and signing and striping. Lump sum estimates of work were
prepared for grading and drainage, traffic handling and various miscellaneous construction
items based off the size and scale of the overall construction work required for each of the
concepts. The capital cost range includes a cost confidence factor and constructability factor
as discussed below.

Cost Confidence: A cost confidence factor has been applied to account for uncertainty in
construction cost due to complexity, constructability and uncertainty in the construction work
associated with each geometric improvement concept. The cost confidence factor has been
applied to the construction estimate values. A high cost confidence factor applies a 0% to 20%
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cost range above the base estimate, a medium cost confidence factor is 20% to 40%, and a low
cost confidence factor applies 40% to 60% range above the base estimate.

R/W Impact: R/W impacts have been evaluated for each of the geometric improvement
concepts. A high impact value assumes that there is significant R/W acquisition required to
construct the improvement concept that would substantially affect the project cost and delivery
schedule. A medium impact value assumes there is some R/W acquisition required for
construction but the affect is relatively lower to the project cost and delivery schedule. A low
impact value assumes there is no R/W acquisition required for construction of the improvement
concept. R/W impacts were based on design and R/W information available at the time of this
study.

Design Feasibility: This factor is based on the magnitude, type and likelihood of obtaining the
necessary exceptions to the HDM design standards associated with each geometric
improvement concept. A high design feasibility value assumes low risk with approval of design
exceptions. A low feasibility value is used when there are high risks associated with design
approval from Caltrans.

Constructability: The constructability factor is used to account for the overall complexity of the
construction involved for each design improvement concepts. A high constructability value is
assigned to the concepts where the construction work is typical for highway construction,
provides adequate work areas and would require little impact to existing traffic. A low value is
assigned when the construction work is very complex, requires significant impacts to traffic and
the work area is highly constrained.

Table 5-1 summarizes the evaluation of each geometric improvement concept and includes
additional considerations associated with each improvement concept.

Table 5-1: Summary of Geometric Concepts Evaluation

Cost R/W Design
Confidence Impact Feasibilit

Cost Range

Constructability

Adaptive Ramp Metering

A $15M to $20M High Med High High
Seven (7) of the 1-680 northbound on-ramps will have TOS elements installed for
Design ramp metering. Design Exceptions: If R/W can not be acquired at certain ramps
Summary to accommodate HOV by-pass lanes a Caltrans policy exception would be

required to install the ramp metering improvements without a HOV by-pass lane.

R/W: R/W may be required for the addition of HOV by-pass lanes at certain ramp
locations. Constructability: The proposed work is straight forward and would

Considerations require some temporary closures of the on-ramps. That work can be done at night
with detours. Safety: There should be little concern with safety for this concept as
long as the design meets current standards.
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Cost Range Cost R/W Design

Constructability

Confidence Impact Feasibilit

General Purpose (GP) Lane Conversion (South)

B

Design
Summary

Considerations

$900K to $1.1M High Low High High

Converting a general purpose (GP) lane into a managed lane is relatively non-
complex. Work mainly includes re-striping and signing. There are about 3.9 miles
of GP lane conversion along 1-680 assumed for this concept (south of the SR 24
Interchange). Costs do not include express lane system costs. Design
Exceptions: Although it is assumed there are no new design exceptions required
for this design concept, implementation of an express lane may require a striped 2-
foot wide buffer along the limits, potentially requiring new design exceptions to
reduce shoulder width or lane width to accommodate the buffer. Conversion of a
GP lane would require policy approval from FHWA and Caltrans.

R/W: Itis assumed that no new R/W would be required for this concept and use of
the existing pavement width would be utilized. Constructability: Construction
work is straight forward and would require re-striping on 1-680 to be performed
during night time hours. Safety: There should be little concern with safety for this
concept, provided the design meets currents standards.

General Purpose (GP) Lane Conversion (North)

C

Design
Summary

Considerations

$900K to $1.1M High Low High High

Converting a general purpose (GP) lane into a managed lane is relatively non-
complex. Work mainly includes re-striping and signing. There are about 3.3 miles
of GP lane conversion along 1-680 assumed for this concept (north of the SR 24
Interchange). Costs do not include express lane system costs. Design
Exceptions: Although it is assumed there are no new design exceptions required
for this design concept, implementation of an express lane may require a striped 2-
foot wide buffer along the limits, potentially requiring hew design exceptions to
reduce shoulder width or lane width to accommodate the buffer. Conversion of a
GP lane would require policy approval from FHWA and Caltrans.

R/W: It is assumed that no new R/W would be required for this concept and use of
the existing pavement width would be utilized. Constructability: Construction
work is non-complex and would require re-striping on 1-680 to be performed during
night time hours. Safety: Safety concerns are low for this concept, provided the
design meets currents standards. There is a proposed left lane drop after the SR
24 merge and before the start of the managed lane. This proposed lane drop
feature should be evaluated in the next phase of project design. Lane
Conversion: This improvement assumes a GP lane drop before the start of the
converted managed lane near N. Main St . During the next phase of design a
direct GP lane to managed lane facility should be considered without a lane drop.
Advanced signing can be installed per MUTCD to address the transition without a
lane drop. The two options should be discussed with Caltrans and considered in
the Traffic Operations Analysis during the next phase of design.
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Cost R/W Design

Cost Range

Confidence Impact Feasibilit SO A

Contra Flow Lane (south of SR 24 to North Main St. O/C)

D

Design
Summary

Considerations

$20M to $25M Med Low Low High

The Contra Flow Lane concept provides just over 2 miles of an I-680 northbound
managed lane along the southbound travel way section. It requires a left exit to
access the lane south of SR 24 and a merge section back to northbound [-680
near N. Main Street. The north merge location would require a left side lane drop
along the southbound direction of travel while the contra flow lane is operational in
the PM peak period. The concept would also require the use of a movable barrier
system to protect the contra flow lane traffic during operations. The movable
barrier system would include a "zipper" truck and a location to house and store the
truck while not in use. The cost estimate assumes the costs for the movable
barrier system and truck. There would be an on-going cost of about $400K/year
for operations and maintenance of the system. Design Exceptions: There are
several design exceptions required for this concept. Reduction of the southbound
left shoulder width would be required to store the moveable barrier while not in
operation (shoulder reduction of 2-feet). During operations there would be design
exceptions associated with the travel lane widths (11-feet) and the proposed
shoulder widths along the movable barrier limits (0-2-foot shoulders). This concept
would also require a left side lane drop along southbound 1-680 during contra flow
lane operation.

R/W: It is assumed that no new R/W would be required for this concept and the
existing pavement width would be utilized. Constructability: Construction work
is non-complex and would require work to the median barrier for the
northbound/southbound merge sections on 1-680 to be performed during night time
hours. Consideration of the overhead express lane signs would be required to
allow for dual direction operation and could present issues with the tolling system
design. Safety: Due to multiple new design exceptions, a southbound left side
lane drop and introduction of a new managed lane concept to California, the safety
considerations are high. Approval would be required from Caltrans and FHWA to
implement the contra flow lane. A proposed 50 MPH speed limit for the contra
flow lane should be discussed with Caltrans design and safety in PA/ED.
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Cost Range Cost R/W Design

Constructability

Confidence Impact Feasibilit

Collector-Distributor (C-D) Road (North Main Street/Treat Boulevard Area)

F1

Design
Summary

Considerations

$47M to $58M Med Med Med Med

The collector -distributor (C-D) road concept would provide a C-D system from the
N. Main off-ramp to the Treat Blvd. on-ramp. The concept provides a two lane off-
ramp at N. Main St, a three lane C-D roadway section between the Lawrence Way
on-ramp and the Treat Blvd. off-ramp and a 1-lane on-ramp onto |-680 at the
location of the current truck scale on-ramp. A 4,700-foot long retaining wall
structure would be required along the outside of the proposed pavement widening
to reduce R/W impacts and conflicts with BART. Structure widening would be
required at the Contra Costa Canal bridge as well as the potential to addition of
sound barriers along the outside of the C-D road on top of the proposed retaining
structure. This concept would require the closure of the northbound CHP truck
scale facility. A high speed Weigh-In-Motion (WIM) and Bypass system is
assumed in the cost estimate to mitigate the closure of the Truck Scale Facility.
Also $5M to $10M in costs has been included to mitigate operational conflicts with
the City of Walnut Creek Maintenance Facility (see R/W impact below). Design
Exceptions: There would be no new major design exceptions associated with this
concept. There is a design constraint at the location of the N. Main St
overcrossing structure that would require a design exception for left shoulder width
and a special barrier design to protect the existing structure columns in order to
maximize the travel way width for the proposed two lane off-ramp.

R/W: This concept would require R/W acquisition on two parcels (0.1 to 0.2 AC).
On the City of Walnut Creek parcel, there would be potential impacts to the
existing set-back of the building structure. There would be a small R/W acquisition
required from the BART property that doesn't appear to impact the BART line or
setbacks. Additional design exceptions could be proposed to reduce the R/W
impact at this location. Constructability: Although most of the construction work
would be off of the 1-680 mainline, this concept would temporarily impact the N.
Main Street off-ramp, Lawrence Way on-ramp and Treat Blvd off-ramp. It is highly
likely that temporary closures of these ramps would be required to complete the
work and could be done over a 3-day weekend closure. Night time closure would
also be required to complete the majority of the work. The proposed widening
work encroaches onto city property and requires a retaining structure to be
constructed along the existing R/W line of Caltrans and the BART parcel. The
construction work would require coordination with BART for work in or near (25
feet) of BART operating right-of-way and could increase the duration of the
construction phase. Safety: Other than construction phase considerations there
should be minimal concern with the safety of this concept provided the design
meets current standards and the merge section along the C-D road does not
present any operational issues.
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Cost R/W Design

Cost Range

Constructability

Confidence Impact Feasibilit

Outside Widening Livorna Road to Rudgear Road

J

Design
Summary

Considerations

$25M to $30M High Low High High

This concept would provide a 2-mile long additional northbound lane from the
Livorna Road on-ramp to the existing auxiliary lane between the Rudgear Road
on-ramp and the South Main Street off-ramp. This concept would provide a 5th
lane from the Livorna Road on-ramp to the Olympic Blvd. off-ramp. It would
require about 8,100-feet (25 to 35-foot max height) of retaining structures along
the outside pavement widening limits. The concept would also require structure
widening of the Rudgear Road Undercrossing (UC) structure. Design
Exceptions: There are no new design exceptions assumed for this design
concept.

R/W: It is assumed that no new R/W would be required for this concept and the
proposed outside retaining wall would minimize R/W impacts. Constructability:
Construction work would require outside pavement widening and most of the work
could be done without major impacts to existing traffic. The concept would require
structure widening of the Rudgear Road UC and would temporarily impact local
traffic on Rudgear Road to complete the work. The proposed retaining wall would
likely be a soil nail type to allow for fewer impacts during construction. The overall
wall height of the proposed retaining structure would need to be investigated to
determine the best wall type along the proposed limits. Safety: There should be
minimal concern with safety for this concept provided the design meets current
standards. During the construction phase, protection of local traffic along Rudgear
Road would need to be considered to accommodate the structure widening.

Outside Widening Olympic Boulevard to Ygnacio Valley Road

K

Design
Summary

$6.5M to $8.0M High Low High High

This concept would provide a 0.6-mile long additional lane from the SR 24 off-
ramp to the Olympic Blvd on-ramp. This concept would provide a 4th lane from
SR 24 off-ramp to the Ygnacio Valley Blvd off-ramp. It would require outside
structure widening of the Olympic Blvd UC and Mount Diablo UC structures. The
work would also include minor re-alignment of the Olympic Blvd on and off ramps.
Design Exceptions: There are no new design exceptions assumed for this
design concept.

Design Alternative Assessment Memo 19



MTC
Contra Costa 1-680 (North) Northbound Design Alternative Assessment

Cost R/W Design
Confidence Impact Feasibilit

Cost Range

Constructability

R/W: Itis assumed that no new R/W would be required for this concept.
Constructability: Construction work would require outside pavement widening
and most of the work could be done without major impacts to existing traffic. The
concept would require structure widening of the Olympic and Mount Diablo UCs

Considerations  and would temporarily impact local traffic on these roads to complete the work.
Safety: There should be minimal concern with safety with this concept provided
the design meets current standards. During the construction phase, protection of
local traffic along Olympic and Mount Diablo Blvd would need to be considered to
accommodate the structure widening.

Extend the Managed Lane from SR 242 South to North Main Street O/C (Plus)

$140M to

$160M Med Med Med Low

M1

This concept would extend the northbound I-680 managed lane from SR 242 to
south of the N. Main St Overcrossing structure (4 miles). It would require
significant re-striping, outside pavement widening, structure widening, and
retaining wall and sound wall replacement. The NB Truck Scales would also be
rebuilt to accommodate the widening work. Structure work would include

Design replacement of the I-680/SR 242 separation structure, and widening of the Contra

Summary Costa Canal Bridge and the Monument Blvd Undercrossing structure. Caltrans has
studied the majority of this concept under a Project Study Report (PSR) previously
approved. Design Exceptions: There are no new design exceptions required for
this design concept north of N. Main St; the proposed features provide standard
sight distance, lane width and shoulder widths. Extending the new lane south of
the N. Main St Overcrossing would require nonstandard shoulder and lane widths.

R/W: This concept would require new R/W acquisitions from two parcels (0.3 AC)
to allow room to widen 1-680 and realign Buskirk Ave. Also, significant utility
relocation work would be required for this design concept. Constructability:
Construction work would require structure replacement and structure widening,

Considerations  outside pavement widening, sound wall and retaining wall construction. The
majority of this work would be performed during night time hours. Reconstruction
of the Truck Scale facility and Buskirk Ave would require additional traffic control
and detours. Safety: There are safety considerations that will need to be
considered during the review and approval of the project in the PA/ED phase.
There are also several safety considerations for the construction phase including
overhead structure replacement at SR 242.
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Cost R/W Design

Constructability

Cost Range

Confidence Impact Feasibilit

SR 24/1-680 Interchange reconfiguration (Swap SR 24 and 1-680 lanes including Ygnacio
Boulevard off-ramp reconfiguration)

N

Design
Summary

Considerations

$500M to
$600M

This concept would realign the EB SR24 connector on-ramp to the right side
(outside) of the 1-680 travel way. This re-alignment would allow for an additional
northbound managed lane to be constructed closing the existing managed lane
gap through the SR 24/1-680 Interchange location. The design work would be
significant and very complex. Major demolition work would be required with
significant pavement widening and reconstruction. The concept would include
about 7,600 of reconstructed concrete barrier, about 6,900-feet of reconstructed
retaining walls (16 to 35 -feet in height), reconstruction of three major structures
(SR24 WB Connector, SR 24 EB Connector and SR 24/Ygnacio Valley ramp), a
new aerial structure for the 1-680 Ygnacio Valley Blvd off-ramp (re-aligned to
diverge off of the SR24 WB off-ramp connector) and outside structure widening of
Ygnacio Valley UC and Parkside UC structures. Design Exceptions: Left and
right shoulder width design exceptions would be required along 1-680 at the
existing BART and Trinity Ave OC structure columns (approximately 4-foot
shoulder widths).

Low High Low Low

R/W: This concept would require significant R/W acquisition on 16-parcels (about
1.0 AC total). The concept would result in impacts to 13 existing building structures
within the acquired parcels and one parking lot area. The amount of R/W
acquisition could increase if the remaining parcel size is determined to be
unusable during the R/W appraisal evaluation process. Constructability: There
are numerous concerns regarding the constructability of this design concept. The
work is very complex and the added need to maintain existing traffic flows on 1-680
and SR 24 may potentially make this concept unfeasible to construct. Significant
detail is needed to determine the constructability and feasibility of this concept if it
moves forward into a PA/ED phase for implementation. Safety: Due to the
complex nature of this design concept various safety considerations should be
reviewed during the PA/ED phase; construction phase safety is likely to be the
biggest concern.
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Cost R/W Design o
Clgsth [REleis Confidence Impact Feasibilit SO A
Ygnacio Boulevard Off- Ramp Reconfiguration
@] $90M to $100M Low High Med Low

This concept would add a new aerial structure to serve the 1-680 northbound
traffic to Ygnacio Valley Blvd via the existing SR 24 WB connector structure.
Widening of the existing SR 24 WB connector would be required to provide a
three lane diverging connector configuration from northbound 1-680. The
concept would re-route Ygnacio Valley Blvd users to the SR 24 off-ramp then to
an exit ramp. The concept would also close the existing I-680 off-ramp to
Ygnacio Blvd. The concept would require a 1,100-foot retaining wall along the
approach to Ygnacio Valley Blvd. This design concept is also included under
design concept N (SR 24/680 Interchange reconfiguration). Design
Exceptions: There are no new design exceptions assumed for this design
concept.

Design Summary

R/W: This concept would require significant R/W acquisition on nine parcels
(about 0.7 AC total). This concept would result in impacts to seven existing
building structures within the acquired parcels. The amount of R/W acquisition
could increase if the remaining parcel size is determined to be unusable during
the R/W appraisal evaluation process. Constructability: If adequate R/W is

Considerations acquired to provide for ample construction room, the construction work for this
concept could be done without major concerns. Work would be required over
Olympic and Mount Diablo Blvd impacting local traffic. Safety: Due to the
complex nature of this design concept various safety considerations should be
reviewed during the PA/ED phase; construction phase safety is likely to be the
biggest concern.

NB 1-680 - Express Lane Infrastructure
X $18M to $24M High Low High High

This concept would provide the addition of express lane infrastructure on 1-680
northbound from Livorna Road to the Benicia Bridge Toll Plaza (12 miles).
Costs include all civil and Toll System Integration (TSI) construction
components. There are no backhaul costs assumed (MTC Backhaul system will
already have been installed in the corridor). Design Exceptions: New design
exceptions for this concept would include reduction of median shoulder widths
for sign and gantry structures and lane widths for the installation of a striped 2-
foot wide buffer (if required).

Design Summary
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Cost R/W Design

Cost Range Confidence Impact Feasibilit

Constructability

R/W: It is assumed that no new R/W will be required for this concept.
Constructability: Construction work would mostly be performed at night and
within the median of I-680 and along the outside shoulder areas. Temporary
lane closures would be necessary to complete the work along with the potential

Considerations for temporary lane shifts to provide an adequate working area in the median of I-
680. Safety: Due to the complex nature of this design concept with respect to
traffic operations and weaving (buffer determination), several safety
considerations would be reviewed during the PA/ED phase of the project and
will be identified in the Traffic Safety Analysis Report (TSAR).

6. ALTERNATIVES RECOMMENDED FOR TRAFFIC STUDY

Table 6-1 presents the traffic analysis alternatives that were evaluated in the second phase of
this DAA study. The traffic analysis alternatives were developed based on combinations of the
various geometric concepts presented above.

A total of ten alternatives (including No Build) were studied as part of this evaluation under year
2020 conditions. Due to design constraints along the corridor only two of the ten alternatives
(Alternatives 8 and 9) would provide a continuous managed lane (eliminate the gap). Six of the
alternatives would reduce the length of the gap (Alternatives 3, 4, 5, 6, 6A, and 7). Two
alternatives (Alternative 1 and 2) would maintain the existing gap.

Table 6-1: Traffic Analysis Alternatives
Alternative Title Key Features And Assumptions

This is the baseline alternative. Assumes that by year

1 No Build 2020 the northbound I-680 Express Lane is operational
on the southern end of the study corridor. The
managed lanes gap is about 7.5 miles.

2 Adaptive Ramp This alternative assumes adaptive ramp metering. This
Metering is also included as part of Alternatives 3 through 9.

SRS Lane:_ G ) This alternative converts a General Purpose (GP) Lane
Lane Conversion with

3 _ to an Express Lane. This alternative assumes a 20%

Transn and Park & mode shift from SOV to HOV and transit, as a result of

Ride Investments an expanded Express Lane system and future corridor
investments in transit and park-n-ride facilities with
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Express Lane: GP
Lane Conversion Plus
C-D System with
Transit and Park &
Ride Investments

Express Lane
Extension and GP
Lane Widening

Express Lane
Extension and GP
Lane Widening Plus
C-D System

Express Lane: GP
Lane Conversion and
GP Lane Widening
Plus C-D System

Design Alternative Assessment Memo

shuttle service to BART stations. This alternative also
assumes a policy change for the HOV Lane from 2+
persons to 3+ persons and an increase in HOV
occupancy from an average of about 2.2 persons under
existing conditions to 4.0 persons. The managed lanes
gap would be shortened from 7.5 miles to less than one
mile.

This alternative is similar to Alternative 3 but also
provides a Collector-Distributor (C-D) road system to
service the North Main Street off-ramp, North Main
Street on-ramp, and Treat Boulevard off-ramp to
eliminate mainline weaving and capacity issues at this
location. This alternative also assumes the 20% mode
shift from SOV to HOV and transit, as well as the HOV
occupancy change included in Alternative 3. The
managed lanes gap would be shortened from 7.5 miles
to less than one mile.

This alternative provides outside widening on both the
north side and south side of the SR 24 interchange to
increase the length of the Express Lane and reduce the
existing gap. The managed lanes gap would be
shortened from 7.5 miles to less than one mile.

This alternative is similar to Alternative 5 except it also
provides a C-D road system to eliminate the mainline
weaving between the North Main Street on-ramp and
Treat Boulevard off-ramp. The managed lanes gap
would be shortened from 7.5 miles to less than one
mile.

This scenario is similar to Alternative 6 except it does
not include a managed lane extension from N. Main St
to SR 242 and only includes an express lane
conversion from Livorna Rd to SR 24. The managed
lanes gap would be shorten from 7.5 miles to about 4.5
miles. This alternative would be an initial phase of
Alternative 6.
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Express Lane
Extension and GP
Lane Widening Plus
C-D System and
Ygnacio I/C
Reconfiguration

Contra-Flow Plus
Express Lane
Extension and GP
Lane Widening

SR 24 and Ygnacio
I/C Reconfiguration
Plus Express Lane
Extension and GP

This alternative is similar to Alternative 6 except it does
not include the mainline widening between Olympic
Boulevard and Ygnacio Boulevard and instead
reconfigures the Ygnacio Boulevard off-ramp. The
managed lanes gap would be shortened from 7.5 miles
to less than one mile.

This alternative provides a contra flow lane (by using
the southbound express lane during the PM peak) to
provide a continuous Express Lane with no gap.

This alternative would reconfigure the 1-680/SR 24
interchange (SR 24 would join 1-680 on the right hand
side as opposed to the left-side) to provide a
continuous Express Lane with no gap.

Lane Widening

7. TRAFFIC FORECAST AND OPERATIONS ANALYSIS

DATA COLLECTION

Existing Demand Volumes and Travel Speeds

The existing PM peak period demand volumes (3 PM to 7 PM) for northbound 1-680 from
Bollinger Canyon Road to Concord Avenue are presented in Appendix D. The existing demand
volumes were based on data from the [-680 North Express Lane Conversion and 1-680 South
Express Lane Conversion projects, and a PEMS traffic count (March/April 2015) south of the
Bollinger Canyon Road interchange.

Northbound 1-680 travel speed data for the study corridor was obtained from the INRIX
database. INRIX provides a traffic flow archive with the capability to access speeds reported at
the segment level for specific days and times of day. INRIX data are gathered from a variety of
sources, including in-vehicle GPS systems, mobile smart phones, and roadway sensors. INRIX
provides a much larger data set than could be collected performing travel-time surveys utilizing
the floating-car method and therefore is more comprehensive. INRIX speed data for April/May
2015 was used to establish a typical weekday condition. The observed INRIX speed data for
the corridor is presented in Appendix B.
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Existing Northbound 1-680 Bottleneck Locations and Queue Observations

Bottleneck locations and queue length estimates for the 2015 PM peak period were determined
primarily from field observations and INRIX speed data.

HOV LANE

No bottlenecks or queuing were consistently observed on the HOV Lane. However, between
the Crow Canyon Road and Livorna Road interchanges the HOV Lane does experience a
speed reduction between 4:00 PM and 6:30 PM as a result of congestion on the adjacent
General Purpose Lanes. Slowing in the northern end of the HOV Lane was also observed as
vehicles approach queues in the General Purpose Lanes extending from a bottleneck between
the Lawrence Way on-ramp and Treat Boulevard Off-ramp.

GENERAL PURPOSE LANES

Table 7-1 summarizes the bottleneck and queuing observations on northbound 1-680 during the
2015 weekday PM study period. Four bottlenecks develop on northbound I-680 during the PM
study period. The bottlenecks for northbound 1-680 during the PM study period are:

e Between the El Pintado Road on-ramp and Stone Valley Road off-ramp
o Between the Livorna Road on-ramp and Rudgear Road off-ramp
e Between the Ygnacio Valley Road off-ramp and North Main Street off-ramp

o Between the North Main Street on-ramp and Treat Boulevard off-ramp

Table 7-1: NB 1-680 General Purpose Lane Bottlenecks — PM Study Period

Time Period Bottleneck Location Controlling Causes of Approximate Queue
or Hidden Bottleneck Length and Location
Bottleneck of End of Queue
3to 3:30 PM Between the Livorna on-ramp Controlling | Lane utilization 0.8 miles (Stone Valley
and Rudgear off-ramp imbalance & uphill on-ramp)
grade
3:30to 4 PM Between the North Main on- Controlling | High mainline and 3.0 miles (Rudgear
ramp and Treat off-ramp on-ramp/off-ramp Road on-ramp)
weaving volume
Between the Ygnacio Valley Hidden Hidden within the n/a
off-ramp and North Main congestion of N.
Street off-ramp Main St. bottleneck
Between the Livorna on-ramp Controlling | Lane utilization 1.3 miles (Stone Valley
and Rudgear off-ramp imbalance & uphill off-ramp)
grade
Between the El Pintado on- Controlling | High mainline 2.4 miles (Sycamore
ramp and Stone Valley off- volumes & uphill Valley off-ramp)
ramp grade
4 to 4:30 PM Between the North Main on- Controlling | High mainline and 9.4 miles (Sycamore
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Table 7-1: NB 1-680 General Purpose Lane Bottlenecks — PM Study Period

Time Period Bottleneck Location Controlling Causes of Approximate Queue
or Hidden Bottleneck Length and Location
Bottleneck of End of Queue
ramp and Treat off-ramp on-ramp/off-ramp Valley off-ramp)
weaving volume
Between the Ygnacio Valley Hidden Hidden within the n/a
off-ramp and North Main congestion of N.
Street off-ramp Main St. bottleneck
Between the Livorna on-ramp Hidden Hidden within the n/a
and Rudgear off-ramp congestion of N.
Main St. bottleneck
Between the El Pintado on- Hidden Hidden within the n/a
ramp and Stone Valley off- congestion of N.
ramp Main St. bottleneck
4:30to 5 PM Between the North Main on- Controlling | High mainline and 11.4 miles (Crow
ramp and Treat off-ramp on-ramp/off-ramp Canyon WB on-ramp)
weaving volume
Between the Ygnacio Valley Hidden Hidden within the n/a
off-ramp and North Main congestion of N.
Street off-ramp Main St. bottleneck
Between the Livorna on-ramp Hidden Hidden within the n/a
and Rudgear off-ramp congestion of N.
Main St. bottleneck
Between the El Pintado on- Hidden Hidden within the n/a
ramp and Stone Valley off- congestion of N.
ramp Main St. bottleneck
5to 5:30 PM Between the North Main on- Controlling | High mainline and 11.4 miles (Crow
ramp and Treat off-ramp on-ramp/off-ramp Canyon WB on-ramp)
weaving volume
Between the Ygnacio Valley Hidden Hidden within the n/a
off-ramp and North Main congestion of N.
Street off-ramp Main St. bottleneck
Between the Livorna on-ramp Hidden Hidden within the n/a
and Rudgear off-ramp congestion of N.
Main St. bottleneck
Between the El Pintado on- Hidden Hidden within the n/a
ramp and Stone Valley off- congestion of N.
ramp Main St. bottleneck
5:30 to 6 PM Between the North Main on- Controlling | High mainline and 11.4 miles (Crow
ramp and Treat off-ramp on-ramp/off-ramp Canyon WB on-ramp)
weaving volume
Between the Ygnacio Valley Hidden Hidden within the n/a
off-ramp and North Main congestion of N.
Street off-ramp Main St. bottleneck
Between the Livorna on-ramp Hidden Hidden within the n/a
and Rudgear off-ramp congestion of N.
Main St. bottleneck
Between the El Pintado on- Hidden Hidden within the n/a

ramp and Stone Valley off-
ramp

congestion of N.
Main St. bottleneck
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Table 7-1: NB 1-680 General Purpose Lane Bottlenecks — PM Study Period

Time Period Bottleneck Location Controlling Causes of Approximate Queue
or Hidden Bottleneck Length and Location
Bottleneck of End of Queue
6 to 6:30 PM Between the North Main on- Controlling | High mainline and 9.4 miles (Sycamore
ramp and Treat off-ramp on-ramp/off-ramp Valley off-ramp)
weaving volume
Between the Ygnacio Valley Hidden Hidden within the n/a
off-ramp and North Main congestion of N.
Street off-ramp Main St. bottleneck
Between the Livorna on-ramp Hidden Hidden within the n/a
and Rudgear off-ramp congestion of N.
Main St. bottleneck
Between the El Pintado on- Hidden Hidden within the n/a
ramp and Stone Valley off- congestion of N.
ramp Main St. bottleneck
6:30to 7 PM Between the Ygnacio Valley Controlling | Lane utilization and 2.7 miles (Rudgear on-
off-ramp and North Main mainline lane drop ramp)
Street off-ramp

VISSIM MODEL DEVELOPMENT

The VISSIM microsimulation model developed as part of the [-680 North Express Lane
Conversion and I-680 South Express Lane Conversion projects were updated reflect year 2015
traffic conditions. The existing (2015) observed and modeled speed contour maps for the
General Purpose Lanes on northbound 1-680 are presented in Appendix B. Bottleneck
locations, congestion duration, maximum queues, and travel times were replicated adequately
in the updated VISSIM model.

Table 7-2 presents the observed versus modeled travel time. In general, the simulated travel
times are more conservative than the observed travel times.

Table 7-2: Observed versus Modeled Travel Time on Northbound 1-680*

PM Peak Period Observed (2015) Travel Modeled Travel Time % Difference
Time (minutes) (minutes)
3:00-3:30 22.6 22.5 -0.2%
3:30-4:00 32.3 40.2 24.5%
4:00-4:30 39.2 48.3 23.0%
4:30-5:00 49.8 48.6 -2.4%
5:00-5:30 57.0 52.7 -7.6%
5:30-6:00 55.5 51.2 -7.7%
6:00-6:30 36.1 41.6 15.3%
6:30-7:00 23.2 25.5 9.8%

! Limits are from the Alcosta Boulevard on-ramp to the SR 4 off-ramp.
Source: Fehr & Peers and INRIX, 2015.
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EXISTING NETWORK MEASURES OF EFFECTIVENESS

Several Measures of Effectiveness (MOEs) computed with the VISSIM models are being used
to quantify traffic operations for the project study area. Network MOEs are presented for the
four-hour study period to provide a better understanding of overall traffic operations during the
study period. Note that some MOEs (such as vehicle miles of travel) are presented for all
origin/destination pairs while others (such as average travel time) are presented for just travel
through the corridor between two discreet points. A distinction is made because some MOEs
are most meaningful when the delays and traffic volumes from all on-ramps and off-ramps are
considered while others are most meaningful when comparing only travel through the entire
corridor on the freeway as experienced by users. The network MOEs can be particularly useful
when comparing project alternatives by demonstrating the aggregate benefits of the project
beyond a single peak hour. Table 7-3 presents the existing network MOEs.

All Origin-Destination Pairs

e Vehicle Miles of Travel (VMT) & Person Miles of Travel (PMT) — is a measure of the total
vehicle (person) throughput of the study area taking into consideration the actual volume served
versus the demand and the trip lengths.

e Vehicle Hours of Delay (VHD) & Person Hours of Delay (PHD) — is a measure of the total
delay incurred by all vehicles (persons) during the study period due to congestion.

Travel Through the Corridor

e Average Travel Time — is a measure of the time taken by all vehicles (on average) to travel
through the network i.e., between two discreet points during the study period. The travel time
calculation considers the average delay, vehicle queues, and friction caused by merging vehicles.

e Average Travel Speed — is a measure of vehicle speeds in the network that travel between two
discreet points during the study period. This measure depends both on the posted speed for a
given link and the level of congestion.

Lane-Mile Duration Index

The lane-mile duration index is another useful MOE when comparing alternatives especially if
the location of the bottlenecks will differ among the alternatives. The lane-mile duration index is
determined by summing the product of congested lane-miles and congestion duration for
segments of roadway. For the purposes of this study a modified version of the lane-mile

duration index will be used as follows®:

Modified Lane-Mile Duration Index = (Congested miles * Congestion Duration) / (Total miles * 4 Hours)

! This calculation includes only the congested miles and does not include the number of lanes provided segment by
segment.
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The modified lane-mile duration index will provide results between 0 and 1.0 and will be useful
in determining how overall congestion changes from one alternative to the next. A value of O
indicates that no roadway segments on northbound I-680 between 1-580 and SR 4 are
congested (speeds less than 35 mph) while a value of 1.0 would indicate that every roadway
segment on northbound I-680 is congested for the entire four hour peak period. Therefore, a
lower index value would indicate less overall congestion.

Table 7-3: Existing NB 1-680 PM Study Period Network Measures of Effectiveness

Measure | Value
All Origin-Destination Pairs
Vehicle Miles of Travel (VMT) 769,225
Person Miles of Travel (PMT) 919,517
Vehicle Hours of Delay (VHD) in hours 359
Person Hours of Delay (PHD) in hours 408
Travel Through the Corridor (I-580 to SR 4)
Average Travel Time (minutes): SOV 43.1
Average Travel Speed (mph): SOV 32
Average Travel Time (minutes): HOV 32.0
Average Travel Speed (mph): HOV 43
Modified Lane-Mile Duration Index 0.35

Notes

All origin-destination pairs consider all on- and off-ramps in the study network

Travel through the corridor includes only those vehicles that travel between the I-580 on-ramp and SR 4 off-ramp.
Delay is calculated relative to 65 mph on freeways.

Source: Fehr & Peers, 2016

EXPRESS LANE ASSUMPTIONS AND TRAFFIC DEMAND FORECASTS

Year 2020 Roadway Network Assumptions

The roadway network assumptions for each of the alternatives were presented earlier in Table
6-1 in this study. The Express Lane operational assumptions are:

e Alternative 1 and 2 — The Express Lane is operational in the southern part of the study corridor
(Alcosta Boulevard to Livorna Road). Express lane operations are not provided in the northern
part of the study corridor (north of SR 242).

e Alternatives 3 through 9 — Existing HOV lanes and proposed managed lanes within the study
corridor will operate as Express Lanes.

Year 2020 Traffic Demand Forecasts

The traffic demand forecasts for each of the alternatives are presented in Appendix B. The
traffic demand forecasts are generally the same for Alternatives 1, 2, 5, 6, 6A, 7, 8, and 9.

The traffic demand forecasts for Alternatives 3 and 4 differ from the other alternatives due to a
20% mode shift assumption (SOV to HOV). The overall vehicle demand volumes for Alternative
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3 and 4 are lower (about 20% lower) than the other alternatives due to implementation of these
alternatives with future corridor investments in transit that increase the overall average vehicle
occupancy along the corridor and park-n-ride facilities with shuttle service to BART stations. It
is estimated that about 103 northbound bus trips with an average occupancy of 60 passengers
per bus during the PM peak period would be necessary to achieve the 20% vehicle demand
reduction. Alternatives 3 and 4 also assume a policy change on vehicle occupancy for the HOV
Lane from 2 persons to 3+ persons to gain free access to the Express Lane. In general,
Alternatives 3 and 4 assume that the HOV occupancy will increase from an average of 2.2
persons under existing conditions to an average of 4.0 persons. While the vehicle demand
forecasts may be different between the alternatives the same person demand is assumed for
each of the alternatives.

2020 Corridor Operations

This section summarizes the corridor operations analysis for year 2020 applying the
calibrated/validated VISSIM micro-simulation model developed under Existing Conditions. The
speed contour maps for each of the alternatives are presented in Appendix D. EXHIBIT 7-
presents the modified lane-mile duration index by alternative.
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