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EXECUTIVE SUMMARY

The purpose of conducting an Intersection Control
Evaluation (ICE) is to provide a holistic approach to the
consideration and evaluation of intersection control
alternatives. ICE is a decision-making process and
framework to evaluate the control of intersections
using a performance-based approach to engineering
and investment decisions.

Effective August 30, 2013, Caltrans released Traffic
Operations Policy Directive 13-02 (TOPD 13-02)
describing guidance for completing an ICE on State
highway facilities. TOPD 13-02 establishes procedures
to evaluate impacts to all intersection users (e.g.,
pedestrian, bicycle, auto, transit) in order to identify
the most effective and comprehensive access
alternatives. Specifically, the evaluation is used to:

= Justify the installation of traffic signal systems,
yield-control (roundabouts), and multi-way stop
control at state highway intersections and
interchanges.

= |dentify effective intersection control strategies
and alternative treatments, strategies and
configurations for particular conditions.

= Estimate the relative effectiveness, impacts and
utility of specific control strategies.

In addition to Caltrans, other State Departments of
Transportation and local agencies have adopted
similar policies in order to:

= Emphasize context, key performance outcomes,
cost-effectiveness and sustainability instead of
the historical reliance on intersection control
warrants.

= Effect a cultural change and departure from the
pre-selection or reliance on traffic signals and
the widening they require along approach
roadways.

= Promote and mainstream the consideration of
innovative access strategies that are proven but
under-utilized, such as a roundabout.

GOALS AND OBJECTIVES

The Transportation Agency for Monterey County
(TAMC), through this study, has developed a Regional
Intersection Control Evaluation of high priority
intersections throughout Monterey County to
evaluate the benefit of roundabouts or other
alternative control devices to traditional signalized

intersections. Overall, the purpose of the Regional
Intersection Control Evaluation is to:

= Provide useful tools for jurisdictions to make
investment decisions at the study intersections.

= Assess the benefit / cost of conceptual
roundabouts and other intersection control
measures to traditional signalized intersections
at high priority intersections.

= Provide concept level intersection operations,
intersection layouts, and initial capital costs.

= |dentify cost effective improvements that may be
eligible for grant funding.

= Prompt the ICE decision making process and
framework to evaluate intersection control
alternatives  using a  performance-based
approach to engineering and investment
decisions.

STUDY OVERVIEW

Within the TAMC region, 26 study area intersections
were proposed by cities and the county to conduct an
ICE. The study locations selected for evaluation are
located in the following jurisdictions:

= City of Greenfield.
= City of Gonzalez.

= King City.

= City of Marina.

= Monterey County.
= City of Monterey.
= City of Pacific Grove.
= City of Salinas.

= Sand City.

= City of Seaside.

= City of Soledad.

Kittelson & Associates, Inc.

Sacramento, California
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KEY PERFORMANCE MEASURES

Five performance metrics were evaluated for
proposed conceptual control types at each study
location. The metrics include:

= Safety — measuring the societal cost associated
with the predicted number and severity of
collisions.

= Delay — measuring the societal cost associated
with the number of person-hours of delay.

= Emissions — measuring the societal cost
associated with the exposure to health based
pollutants emitted by motor vehicles.

= QOperations and Maintenance — measuring

common annualized costs associated with
operating and maintaining the intersection
control.

= |nitial Capital Costs — measuring the capital costs
needed to plan, design, and construct the
intersection improvement. The capital costs
include construction, capital support, and right
of way.

In addition to the key performance measures
mentioned above, consideration is also given to
pedestrian, bike, and transit facilities. The conceptual
design accounts for pedestrian, bike, and transit
access to ensure their sensible accommodation in the
conceptual layout. As the project moves forward, a
detailed design will need to be prepared accounting
for each jurisdictions design standards as well as the
best access and circulation for each transportation
mode. Summary of Findings

Benefit cost (B/C) ratios were calculated for each
study intersection to evaluate the return on
investment of the existing control, proposed
traditional signal control, or proposed roundabout
control. Based on the initial layout and initial cost
estimates, the conceptual roundabout control was
identified as the highest scoring at the study locations
shown in the table below:

B/C Rankings: Roundabout Control

Jurisdiction Study Intersection
City Of. Walnut Avenue at El Camino Real
Greenfield

B/C Rankings: Roundabout Control

Jurisdiction Study Intersection

Reservation Road at Deforest
Road

City of Marina Cardoza Avenue at Abdy Way

8th Street at Inter-Garrison

San Miguel Canyon Road at
Castroville Boulevard

M
onterey Laurles Grade at Carmel Valley
County
Road
Highway 68 at Corral de Tierra
Pearl Street at Camino El Estero
Del Monte Boulevard at English
City of Avenue
Monterey

Munras Avenue / Abrego Street
at El Dorado Street

East Franklin Street at Camino El
Estero

West Alisal Street at Capitol
Street

City of Salinas
East Laurel Drive at St Edwards
Street

Tioga Avenue at California

Fifth Street at US 101
City of Gonzalez | Northbound and Southbound
Ramp Terminals (2 intersections)

Sand City Avenue
B A Alh
City of Seaside roadway Avenue at Alhambra
Street
Metz Road at Pinnacles Parkway
City of Soledad

Front Street at East Street

Broadway Street at San Antonio
King City Drive /US 101 Northbound
Ramps

Kittelson & Associates, Inc.
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The conceptual signal control produced the best
results at the following locations:

B/C Rankings: Signal Control

Jurisdiction Study Intersection

City of Marina Reservation Road at Beach Road

Sherwood Drive at Sherwood

City of Salinas Place

Tioga Avenue at Del Monte

Sand City Boulevard

Broadway Avenue & Contra Costa
City of Seaside Street at Del Monte Boulevard
(2 intersections)

The conceptual stop control produced the best results
at the following locations:

B/C Rankings: Stop Control

Jurisdiction Study Intersection
City of Pacific First Street at Central Avenue
Grove

RECOMMENDATIONS FOR FURTHER
STUDY

The study uses performance measures to recommend
the best intersection control at study locations
throughout the TAMC region. These measures intend
to identify potential fatal flaws in an alternative based
on conceptual plans for each control type. The next
step of preliminary engineering is required to fully
investigate the option. Additional recommendations
for further study include site investigations and traffic
and collision data.

Kittelson & Associates, Inc.
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B/C Rankings Figure for all Studv Locations
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OVERVIEW OF STUDY AND
FINDINGS

STUDY OVERVIEW

TAMC requested that interested jurisdictions submit a
prioritized list of locations for which they would like to
conduct an ICE. The following list of 26 study
intersections was compiled by TAMC based on
jurisdiction responses:

Jurisdiction Study Intersection

City of

) Walnut Avenue at El Camino Real
Greenfield

Fifth Street at US 101

City of Gonzalez | Northbound and Southbound
Ramp Terminals (2 intersections)
Broadway Street at San Antonio
Drive /US 101 Northbound
Ramps

King City

Reservation Road at Beach Road

Reservation Road at Deforest

City of Marina Road

Cardoza Avenue at Abdy Way

8th Street at Inter-Garrison

San Miguel Canyon Road at
Castroville Boulevard

Montere
y Laurles Grade at Carmel Valley

County
Road
Highway 68 at Corral de Tierra
Pearl Street at Camino El Estero
Del Monte Boulevard at English

City of Avenue

Monterey
Munras Avenue / Abrego Street
at El Dorado Street
East Franklin Street at Camino El
Estero

itv of Pacifi
City of Pacific First Street at Central Avenue
Grove

Jurisdiction Study Intersection

West Alisal Street at Capitol
Street

East Laurel Drive at St Edwards

City of Salinas Street

Sherwood Drive at Sherwood
Place

Tioga Avenue at California
Avenue

Sand City
Tioga Avenue at Del Monte
Boulevard

Broadway Avenue & Contra Costa
Street at Del Monte Boulevard
(2 intersections)

City of Seaside
Broadway Avenue at Alhambra
Street

Metz Road at Pinnacles Parkway

City of Soledad

Front Street at East Street

Report Structure

The Regional ICE study is primarily intended to be used
as a tool for each jurisdiction to make investment
decisions for improvements at high priority
intersections they submitted to TAMC. With this as
the foundation of the study, the Regional ICE study is
comprised of 11 standalone sections, one section for
each jurisdiction. For each section, a screening
summary is provided as an overview of the
performance measures used to calculate the return on
investment for the study intersections in the
jurisdiction. Results of the analysis and preferred
traffic control type are presented in graphical form for
quick reference.

Following the screening summary, a section is
provided for each study intersection summarizing the
design year peak hour operations, site constraints,
concept layouts, and benefit cost calculations for each
control alternative.

The table below lists the types of intersection control
evaluated in the study. For each type of control,
whether existing or proposed, a corresponding icon is
assigned and used throughout the report.

Kittelson & Associates, Inc.

Sacramento, California
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Control Type Legend

Existing  Proposed

Stop Sign
Traffic Signal €:93
Roundabout N/A

SUMMARY OF KEY PERFORMANCE
MEASURES

Five performance metrics were evaluated at each
study intersection to calculate the B/C ratio which
measures the expected return on investment for the
various intersection controls. The performance
measures used to calculate the benefits of a
roundabout compared to a stop or traffic signal are:

 Safety Benefit (of a roundabout)

* Delay Reduction Benefit (of a roundabout)

* Emission Reduction Benefit (of a roundabout)

Performance measures used to calculate the
conceptual level costs of a roundabout compared to a
stop or traffic signal are:
° Operations and Maintenance Cost (added costs
of a roundabout)
* Initial Capital Cost (added costs of a
roundabout)
The benefit cost ratios were calculated at each study
location and an overall ratio is presented below for
the TAMC region. The summation of the performance
measure benefits and performance measure costs for
all study intersections are illustrated below:

Life Cycle Benefits & Costs (Millions)

$- $10  $20 $30 %40 $50  $60

@ Total Benefits

@ Total Costs

Discounted Life
Cycle Costs

Life Cycle Benefit Cost

Regional ICE Study

Total Benefits of a
roundabout compared to a
traditional intersection
Total Costs of a roundabout
compared to a traditional
intersection

$48,962,291

$25,484,189

B/C ratio based on study wide
Benefits and Costs 1-92

Intersection control based on
study wide B/C ratio

A brief overview of each performance measure and
the assumptions used to calculate the performance
measure costs are provided below. A bar chart
illustrating the calculated cost of each performance
measure by intersection control type is provided for
each intersection. Performance measure costs are a
summation of the individual performance measures at
each study location. Following the performance
measure overview is a table summarizing the
discounted life cycle costs for traditional and
roundabout intersection control types. Traditional
intersection control includes both stop and traffic
signal control types.

Benefit Performance Measures

The following performance measures are used to
calculate the benefit, or cost savings, of a roundabout
compared to stop or signal control. For each
performance measure, the roundabout provides a
benefit if the calculated life-cycle cost of the
roundabout is less than the life-cycle cost of stop or
signal control. The magnitude of the benefit is the
difference between the life-cycle cost of the stop or
signal less the life-cycle cost of the roundabout. The
performance measures were calculated at each study
location and overall summation data is presented
below for the TAMC region.

Safety

Safety measures the societal cost associated with the
predicted number and severity of collisions that may
occur for each proposed intersection control type.
The number of predicted collisions was calculated
using Highway Safety Manual predictive methods and
crash modification factors. The societal cost of
property damage only (PDO) collisions is consistent
with the Caltrans Life-Cycle Benefit-Cost Analysis
Economic Parameters 2012. The societal cost of
fatal/injury collisions are a weighted average based on
the 2012 Statewide Integrated Traffic Records System
(SWITRS) proportion of fatal/injury collisions. Safety
costs are the summation of predicted PDO and
fatal/injury collisions.

Safety Cost (Millions)

$- $10 $20 $30 $40 $50

— 1L
STUDY
:—;

@ Traditional Intersection @ Roundabout

Kittelson & Associates, Inc.
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Based solely on the summation of the predicted
discounted life-cycle cost for safety at all project study
intersections, the intersection control type with the
lowest predicted study wide safety costs is a
roundabout. The following table summarizes study
wide safety costs:

Safety Discounted Life
Regional ICE Study Cycle Costs
Traditional Intersection $39,735,189
Roundabout Intersection $15,591,519
Intersection control type with g‘f‘@‘:h.

the lowest safety cost LV 4

Percent reduction in

Safety Costs with 61%
Roundabout Control

Estimated study wide savings

with roundabout control $24,143,670

Average savings per

intersection $928,603

Delay

Delay measures the societal cost associated with the
number of person-hours of delay at the intersection
during the study period. Consistent with the Caltrans
Life-Cycle Benefit-Cost Analysis Economic Parameters
2012, vehicle occupancy of 1.15 is used to convert
delay to person-hours of delay at a value of $17.35 per
vehicle-hour of delay.

Delay Cost (Millions)
$- $20 $40 $60 $80  $100

[@ Traditional Intersection @ Roundabout

Based solely on the summation of the predicted
discounted life-cycle cost for person hours of delay at
all study intersections, the intersection control type
with the lowest predicted study wide delay costs is a
roundabout. The following table summarizes study
wide delay costs:

Delay Discounted Life
Regional ICE Study Cycle Costs
Traditional Intersection $93,253,069
Roundabout Intersection $68,757,635

Intersection control type with
the lowest delay cost

Percent reduction in

Delay Costs with Roundabout 26%
Control

Estimated study wide savings

with roundabout control 224,495,434
Average savings per $942,132

intersection

Emissions

The emissions performance measure calculates the
societal cost associated with exposure to health based
pollutants emitted by motor vehicles. Pollutant
emissions are running emissions based on the average
speed of vehicles traveling through the intersection
during the study period. Pollutant emissions
evaluated include reactive organic gasses (ROG),
nitrogen oxides (NOx), and particulate matter (PM10).
The societal cost of emissions is calculated using
emission data from the California Air Resource Board
(CARB) Methods to Find the Cost-Effectiveness of
Funding Air Quality Projects, Table 4 Emission Factors
by Speed, April 2013 and cost per ton data from
Caltrans Life-Cycle Benefit-Cost Analysis Economic
Parameters 2012 for emissions (Note: VOC is assumed
to be synonymous with ROG).

Emission Cost (Millions)

$- $1 $2 $3 $4

@ Traditional Intersection @ Roundabout

Based solely on the summation of the predicted
discounted life-cycle cost for tons per year of mobile
source pollutant emissions (i.e., fewer vehicle stops,
fewer hard acceleration events, higher average speeds
through the intersection) and the societal cost
associated with exposure to these health based
pollutant emissions, the intersection control type with
the lowest predicted study wide emission costs is a
roundabout. The following table summarizes study
wide emission costs:

Kittelson & Associates, Inc.
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Emission Discounted Life
Regional ICE Study Cycle Costs
Traditional Intersection $3,727,987
Roundabout Intersection $3,404,800

Intersection control type with
the lowest emission cost

Percent reduction in
Emission Costs with 9%
Roundabout Control

Estimated study wide savings

with roundabout control $323,187

Average savings per

. . $12,430
intersection

Cost Performance Measures

The following performance measures are used to
calculate the added cost of a roundabout compared to
stop or signal control. For each performance measure,
the roundabout adds to the cost of the intersection if
the calculated life-cycle cost of the roundabout is
greater than the life-cycle cost of stop or signal
control. The magnitude of the cost is the difference
between the life-cycle cost of the roundabout less the
life-cycle cost of the stop or signal. The performance
measures were calculated at each study location and
overall summation costs are presented below for the
TAMC region.

Operations and Maintenance (O&M)

The operations and maintenance performance
measure incorporates common annualized costs
associated with operating and maintaining the
proposed type of intersection control. Common costs
include signal timing and maintenance, power
consumption for signal operations and intersection
illumination, landscape maintenance, and pavement
rehabilitation. Average annualized costs were used if
intersection specific costs were not provided.

Operations & Maintenance Costs (Millions)

$- $1 %2 83 4 S5 %6

@ Traditional Intersection @ Roundabout

Based solely on the summation of the predicted
discounted life-cycle cost for lowest expected annual
operations and maintenance costs, the intersection
control type with the lowest predicted study wide
operations and maintenance costs is a roundabout.
The following table summarizes study wide operations
and maintenance costs:

Operations and I‘Tlaintenance Discounted Life

Regional ICE Study Cycle Costs
Traditional Intersection $5,063,009
Roundabout Intersection $2,339,743
Intersection control type with _#‘G'--'
the lowest O&M cost \ ¥ 4
Percent reduction in

O&M Costs with Roundabout 54%
Control

Estimated study wide savings

with roundabout control 32,723,266
Average ?¢.avmgs per $104,741
intersection

Initial Capital Costs

The initial capital costs performance measure
estimates the capital costs needed to plan, design, and
construct the proposed intersection improvement.
The capital costs include construction, capital support,
and right of way.

Specific design requirements for each jurisdiction were
not evaluated and any specific design standards or
features required by a jurisdiction will be evaluated in
future phases of the project. If the specific design
standard or feature would impact the cost of the
overall intersection, the guiding principle of this study
is that design exemptions can be implemented.

Initial Capital Cost (Millions)
S- $10 $20 $30 $40 $50 $60

STUDY :L-E,M
—

@ Traditional Intersection @ Roundabout

Based solely on the summation of the predicted
discounted life-cycle cost for the lowest estimated
initial capital cost, the intersection control type with
the lowest predicted study wide initial capital costs is a
traditional intersection. The following table
summarizes study wide initial capital costs:

Kittelson & Associates, Inc.
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Discounted Life
Cycle Costs

Initial Capital Cost
Regional ICE Study

Traditional Intersection $25,318,550

Roundabout Intersection $53,526,005

Intersection control type with @
the lowest O&M cost

Percent Increase in
Initial Capital Costs with 111%
Roundabout Control

Estimated study wide added

costs with roundabout control 528,207,455

Average added cost per

. . $1,084,902
intersection

NOTE: The Broadway Street at San Antonio Drive / US
101 Northbound Ramp Terminals study intersection
does not include an initial capital cost for the
traditional intersection. Refer to Section 3: King City
for additional information.

OTHER PERFORMANCE MEASURES

The following performance measures were evaluated
at each study intersection:

¢ Intersection Delay
e Cost Effectiveness to Reduce Pollutant Emissions

The performance measures were calculated at each
study location and overall summation data s
presented below for the TAMC region.

Intersection Delay

Intersection delay was calculated using existing and
design year peak hour traffic data provided by the
jurisdictions. The following bar chart illustrates the
average peak hour delay for design year traffic
operations by intersection control form.

Delay (seconds)
0 20 40 60 80 100 120

! ! ! Il !

STUDY F

M Existing

@ New Traditional Intersection
@ New Roundabout

Significant reduction in delay can be made by
improving the existing intersection with either
traditional or roundabout control options. The
following table summarizes the average peak hour
delay:

% Reduction
Compared to
Delay Existing  Traditional

Average Peak Hour Delay
Regional ICE Study

Control Type J (s)

Existing 104
Traditional 37 65%
Roundabout 24 77% 35%

Cost Effectiveness to Reduce Pollutant Emissions
(AB 2766 Grant)

The cost effectiveness to reduce pollutant emissions
measures the return on investment of funding
intersection improvements based on the California Air
Resources Board (CARB) Cost Effectiveness Analysis
Tools for the Motor Vehicle Registration Fees Program
(AB 2766) and the Congestion Mitigation and Air
Quality (CMAQ) Program. The emission factors used
in the calculations are based on the year 2013 Table 4
Emission Factors by Speed for Project Life 6-10 years.
The assumed funding amount is $400,000 with an
effectiveness period equaling the life cycle analysis
period. The discount rate for emissions is 3% and the
capital recovery factor (CRF) is 0.12.

Intersection alternatives with a cost effectiveness to
reduce pollutant emissions of $20,000 or less should
be considered for grant funding through the Motor
Vehicle Registration Fees Program (AB 2766)
administered by the Monterey Bay Unified Air
Pollution Control District (MBUAPCD). The following
table summarizes the number of intersections, by
control type, that may be good candidates for AB 2766
grant funding:

AB 2766 Cost Effectiveness No. of
Regional ICE Study Locations
New Traditional Control 8
New Roundabout Control 15

Note: Study locations may include multiple
intersections.

SUMMARY OF FINDINGS

The following section provides the project wide results
of the Regional ICE as well as a brief overview of the
benefit / cost methodologies used to determine the
return on investment for improvements at the study
intersections.

Kittelson & Associates, Inc.
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Benefit Cost Ratio Scoring

The B/C ratio measures the expected return on
investment when either a proposed stop control or a
proposed signal controlled intersection is compared
relative to a proposed roundabout controlled
intersection.

B/C =1.00: AB/C ratio of 1.00 is a neutral rating. This
indicates that the return on investment for either stop
or signal control improvement is equal to a
roundabout.

B/C < 1.00: A B/C ratio less than 1.00 indicates that a
stop/signal will provide a better return on investment
when compared to a roundabout.

B/C > 1.00: A B/C ratio greater than 1.00 indicates
that a roundabout provides a better return on
investment when compared to either stop or signal
control.

Benefit Cost Ratio Results

Based on data provided by each jurisdiction, a holistic
B/C score was developed based on the net present
value (i.e., life cycle duration using a discount rate of
4%) for the following five performance measures:

* Safety Benefit

* Delay Reduction Benefit

* Emission Reduction Benefit

* Operations and Maintenance Costs
* Initial Capital Costs

The resulting B/C ratio and the associated intersection
control type based on return on investment for each
study intersection(s) is as follows:

Kittelson & Associates, Inc.

Sacramento, California
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Benefit Cost Ratio Results

Metz Road at Pinnacles Parkway

Munras Avenue / Arbrego Street at El Dorado Street
Laurles Grade at Carmel Valley Road

Highway 68 at Corral de Tierra

San Miguel Canyon Road at Castroville Boulevard
Pearl Street at Camino El Estero

Broadway Avenue at Alhambra Street

Reservation Road at Deforest Road

Walnut Avenue at El Camino Real

East Franklin Street at Camino El Estero

Front Street at East Street

East Laurel Drive at St Edwards Street

Project Average

West Alisal Street at Capitol Street

Del Monte Boulevard at English Avenue

Fifth Street at US 101 Ramps

Broadway Street at San Antonio Drive / US 101 Northbound Ramps
Tioga Avenue at California Avenue

Cardoza Avenue at Abdy Way

8th Street at Inter-Garrison

Broadway Avenue & Contra Costa Street at Del Monte Blvd
First Street at Central Avenue

Tioga Avenue at Del Monte Boulevard

Reservation Road at Beach Road

Sherwood Drive at Sherwood Place

0.0 :& 1.0 \.) 2.0

Benefit Cost Ratio

Kittelson & Associates, Inc. Sacramento, California
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CITY OF GREENFIELD SCREENING SUMMARY

STUDY OVERVIEW

An Intersection Control Evaluation (ICE) was
performed to objectively evaluate and screen
intersection control alternatives at the following
intersection(s):

Intersection
Number

WaInu'F Avenue at GRE-01

El Camino Real

Study Intersection

This screening summary provides an overview of
performance measures used to calculate the return on
investment for study intersections under City of
Greenfield jurisdiction. Results of the analysis and
preferred traffic control type are presented in
graphical form for quick reference.

Following the screening summary, a section is
provided for each study intersection summarizing the
design year peak hour operations, site constraints,
concept layouts, and benefit cost calculations for each
control alternative.

The table below lists the symbols of intersection
control types evaluated (refer to the intersection
summary for the list of alternatives evaluated at each
intersection).

Control Type Legend
Existing  Proposed
Stop Sign
Traffic Signal (:f t @
P A
Roundabout N/A @)
oundabou Y/

RETURN ON INVESTMENT SUMMARY

Benefit Cost Ratio Scoring

Benefit cost (B/C) ratios were calculated for each
study intersection. The B/C ratio measures the
expected return on investment when either a
proposed stop control or a proposed signal controlled
intersection is compared relative to a proposed
roundabout controlled intersection.

B/C =1.00: AB/C ratio of 1.00 is a neutral rating. This
indicates that the return on investment for either stop
or signal control improvement is equal to a
roundabout.

B/C < 1.00: A B/C ratio less than 1.00 indicates that a
stop/signal will provide a better return on investment
when compared to a roundabout.

B/C > 1.00: A B/C ratio greater than 1.00 indicates
that a roundabout provides a better return on
investment when compared to either stop or signal
control.

B/C = NA-R: When the cost of a roundabout is less
than the cost of a stop/signal and the roundabout
provides benefits over the stop/signal, a B/C ratio
cannot be computed. This special case is denoted by
“NA-R” and indicates that a roundabout provides a
better return on investment when compared to a
stop/signal.

Benefit Cost Ratio Results

Based on data provided by the City of Greenfield, a
holistic B/C score was developed based on the net
present value (i.e., life cycle duration using a discount
rate of 4%) for the following five performance
measures:

* Safety Benefit

* Delay Reduction Benefit

° Emission Reduction Benefit

* Operations and Maintenance Costs
* Initial Capital Costs

The resulting B/C ratio and the preferred intersection
control type based on return on investment for each
study intersection(s) is as follows:

Study Intersection B/C Preferred
Ratio Control
Walnut Avenue at N
A
El Camino Real 2.95 \ ¥ 4

SUMMARY OF KEY PERFORMANCE
MEASURES

As stated above, five performance metrics were
evaluated at each study intersection to calculate the
B/C ratio. The performance measures used to
calculate the benefits of a roundabout compared to a
stop or traffic signal are:

* Safety Benefit (of a roundabout)
* Delay Reduction Benefit (of a roundabout)
° Emission Reduction Benefit (of a roundabout)

Kittelson & Associates, Inc.

Sacramento, California



Transportation Agency for Monterey County (TAMC)

City of Greenfield Screening Summary

Regional Intersection Control Evaluation Page 1- 2
Performance measures used to calculate the costs of a Safety Cost (Thousands)
roundabout compared to a stop or traffic signal are:
$- $500 $1,000  $1,500  $2,000
* Operations and Maintenance Cost (added costs GRF_01 ?:i:
of a roundabout) o
[ Traffic Signal [@ Roundabout

* Initial Capital Cost (added costs of a
roundabout)

The summation of the performance measure benefits
and performance measure costs are illustrated below
for each intersection:

Life Cycle Benefits & Costs (Thousands)

$- $500 $1,000  $1,500  $2,000

GRF_01 #

@ Total Benefits @ Total Costs

A brief overview of each performance measure and
the assumptions used to calculate the performance
measure costs are provided below. A bar chart
illustrating the calculated cost of each performance
measure by intersection control type is provided for
each intersection. Following the performance
measure overview is a table summarizing the
preferred form of intersection control based solely on
the results of individual performance measure.

Benefit Performance Measures

The following performance measures are used to
calculate the benefit, or cost savings, of a roundabout
compared to stop or signal control. For each
performance measure, the roundabout provides a
benefit if the calculated life-cycle cost of the
roundabout is less than the life-cycle cost of stop or
signal control. The magnitude of the benefit is the
difference between the life-cycle cost of the stop or
signal less the life-cycle cost of the roundabout.

Safety

Safety measures the societal cost associated with the
predicted number and severity of collisions that may
occur for each proposed intersection control type.
The number of predicted collisions was calculated
using Highway Safety Manual predictive methods and
crash modification factors. The societal cost of
property damage only (PDO) collisions is consistent
with the Caltrans Life-Cycle Benefit-Cost Analysis
Economic Parameters 2012. The societal cost of
fatal/injury collisions are a weighted average based on
the 2012 SWITRS proportion of fatal/injury collisions.
Safety costs are the summation of predicted PDO and
fatal/injury collisions.

Based solely on the lowest predicted life-cycle cost for
safety, the preferred intersection control type for each
study intersection is as follows:

Safety Preferred

Study Intersection Control

Walnut Avenue at
El Camino Real

Delay

Delay measures the societal cost associated with the
number of person-hours of delay at the intersection
during the study period. Consistent with the Caltrans
Life-Cycle Benefit-Cost Analysis Economic Parameters
2012, vehicle occupancy of 1.15 is used to convert
delay to person-hours of delay at a value of $17.35 per
vehicle-hour of delay.

Delay Cost (Thousands)

$- $1,000 $2,000 $3,000
@ Traffic Signal @ Roundabout

Based solely on lowest expected person hours of
delay, the preferred intersection control type for each
study intersection is as follows:

Delay Preferred

Study Intersection Control

Walnut Avenue at
El Camino Real

Emissions

The emissions performance measure calculates the
societal cost associated with exposure to health based
pollutants emitted by motor vehicles. Pollutant
emissions are running emissions based on the average
speed of vehicles traveling through the intersection
during the study period. Pollutant emissions
evaluated include reactive organic gasses (ROG),
nitrogen oxides (NOx), and particulate matter (PM10).
The societal cost of emissions is calculated using
emission data from the California Air Resource Board
(CARB) Methods to Find the Cost-Effectiveness of
Funding Air Quality Projects, Table 4 Emission Factors
by Speed, April 2013 and cost per ton data from

Kittelson & Associates, Inc.

Sacramento, California
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Caltrans Life-Cycle Benefit-Cost Analysis Economic
Parameters 2012 for emissions (Note: VOC is assumed
to be synonymous with ROG).

Emission Cost (Thousands)

$220 $240 $260 $280
GRF 01 ;ﬁ
@ Traffic Signal [@ Roundabout

Based solely on fewer tons per year of mobile source
pollutant emissions (i.e., fewer vehicle stops, fewer
hard acceleration events, higher average speeds
through the intersection) and the societal cost
associated with exposure to these health based
pollutant emissions, the preferred intersection control
type for each study intersection is as follows:

Emissions Preferred
Study Intersection Control
Walnut Avenue at P AN

. e 4
El Camino Real A Y ’

Cost Performance Measures

The following performance measures are used to
calculate the added cost of a roundabout compared to
stop or signal control. For each performance measure,
the roundabout adds to the cost of the intersection if
the calculated life-cycle cost of the roundabout is
greater than the life-cycle cost of stop or signal
control. The magnitude of the cost is the difference
between the life-cycle cost of the roundabout less the
life-cycle cost of the stop or signal.

Operations and Maintenance

The operations and maintenance performance
measure incorporates common annualized costs
associated with operating and maintaining the
proposed type of intersection control. Common costs
include signal timing and maintenance, power
consumption for signal operations and intersection
illumination, landscape maintenance, and pavement

rehabilitation. Average annualized costs were used if
intersection specific costs were not provided.

Operations & Maintenance Costs (Thousands)

$70 $80 $90 $100
GRF_01 ?
[ Traffic Signal @ Roundabout

Based solely on lowest expected annual operations
and maintenance costs, the preferred intersection
control type for each study intersection is as follows:

Operations and Maintenance Preferred
Study Intersection Control
Walnut Avenue at y A Y
e
El Camino Real \ ¥ 4
Initial Capital Costs

The initial capital costs performance measure
estimates the capital costs needed to plan, design, and
construct the proposed intersection improvement.
The capital costs include construction, capital support,
and right of way.

Initial Capital Cost (Thousands)

S- $1,000 $2,000 $3,000
@ Traffic Signal [@ Roundabout

Based solely on lowest estimated initial capital cost,
the preferred intersection control type for each study
intersection is as follows:

Initial Capital Cost Preferred

Study Intersection Control

Walnut Avenue at
El Camino Real

Summary of B/C Performance Measures

The following table summarizes the five performance measures evaluated at each project location.

Preferred Intersection Control by Performance Measure

Study Intersection Safety Delay Ops. & Emission Capital

Maint. Cost
Walnut Avenue at N\ N\ N\ N\ @ N\
El Camino Real \ ¥ 4 \ ¥ 4 \ ¥ 4 \ ¥ 4 \ ¥ 4

Kittelson & Associates, Inc. Sacramento, California
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COST EFFECTIVENESS TO REDUCE
POLLUTANT EMISSIONS (AB 2766 GRANT)

The cost effectiveness to reduce pollutant emissions
measures the return on investment of funding
intersection improvements based on the California Air
Resources Board (CARB) Cost Effectiveness Analysis
Tools for the Motor Vehicle Registration Fees Program
(AB 2766) and the Congestion Mitigation and Air
Quality (CMAQ) Program. The emission factors used
in the calculations are based on the year 2013 Table 4
Emission Factors by Speed for Project Life 6-10 years.
The assumed funding amount is $400,000 with an
effectiveness period equaling the life cycle analysis
period. The discount rate for emissions is 3% and the
capital recovery factor (CRF) is 0.12.

Intersection alternatives with a cost effectiveness to
reduce pollutant emissions of $20,000 or less should
be considered for grant funding through the Motor
Vehicle Registration Fees Program (AB 2766)
administered by the Monterey Bay Unified Air
Pollution Control District (MBUAPCD). This funding
source could help with the cost to TAMC and the City
of Greenfield.

AB 2766 Cost Effectiveness (Thousands)

$- $5 $10 $15 $20

GrRF_01

@ Traffic Signal [@ Roundabout

Based solely on lowest cost per ton in reducing
pollutant emissions, the preferred intersection control
type for each study intersection is provided below.

AB 2766 Cost Effectiveness Preferred

Study Intersection Control

Walnut Avenue at
El Camino Real

NOTE: Only the alternative with the lowest cost
effectiveness score is reported. Both alternatives may
be cost effective to reduce pollutant emissions.

Kittelson & Associates, Inc.

Sacramento, California
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WALNUT AVENUE AT EL CAMINO
REAL

Capital Cost
Sensitivity 1
B/C Ratio
2.95
D ‘ig
Result:

Roundabout

Based on the Life Cycle Benefit Cost
ratio

The Benefit Cost (B/C) ratio for the intersection of
Walnut Avenue at El Camino Real is 2.95. Based on
the B/C ratio, the form of intersection control with the

greatest potential return on investment is a
roundabout.
CAPITAL COST SENSITIVITY

The B/C ratio for this study intersection is sensitive to
estimated capital costs. Based on the B/C ratio’s
sensitivity to estimated capital costs, the preferred
intersection control may change with further
refinement of the project costs as proposed
improvements progress through detailed planning and
design. The B/C ratio would reduce to 1.00 if initial
capital costs for the construction of the roundabout

Summary of Existing Conditions

Corridor Context

Intersection Roadway

exceed $3.0M and all other performance measures
remained unchanged.

Safety is a notable performance metric driving the B/C
Ratio. The estimated safety costs of the signal are 2
times higher than that of the roundabout. The costs to
modify the retention pond and right of way acquisition
are primary factors driving the cost sensitivity. The
total life cycle benefits of the roundabout are
estimated at $1,450,000 when compared to a traffic
signal.

Operationally, the roundabout configuration is a viable
alternative to serve forecast traffic. The existing signal
control or, no project alternative, is at capacity and
will continue to degrade over time with queues
exceeding available storage capacity. Modifying the
existing signal control may be a viable alternative
considering the project constraints given for this
evaluation. There may be other considerations,
constraints, and project factors identified in future
design evaluations that could affect the feasibility and
prioritization of a specific configuration.

The intersection evaluation was based on traffic
operations for the 2040 design year. The year 2015
was assumed for the baseline “build” condition for a
total 25 year life cycle duration to determine the B/C
Ratio.

Refer to the Intersection Cost Comparison for
intersection Number GRF-01 on the following pages
for a complete summary of the Life Cycle Benefit/Cost
Analysis.

Multimodal Transportation

Active Transportation Links

Transit
. Functional Speed . i Pedestrian Bicycle
Cross Section “ ) ,I ) P Regional Context Service A I. .
Classification | (mph) Considerations Routes
2-lan
ane Central Business . Sidewalks
T Service
. . District R
Raised median provided
. Serves Heavy east — west Class Il
El Camino | northleg . . by K .
Local 25 residential, pedestrian bike
Real R Monterey- .
commercial/ . volumes accessing lanes
. Two-Way-Left- R Salinas )
El Camino retail, and A Greenfield
Turn-Lane south o Transit
Real at leg institutional uses Elementary School
Walnut 2-lane Access to US 101 )
Avenue Service
Walnut Two-Way-Left- Serves Erowded Sidewalks No bike
Avenue Turn-Lane east leg Local 25 residential, ¥ ) lanes
R Monterey- Greenfield .
commercial/ Sali l tarv School provided
Undivided west retail, and Ta 'na_s ementary >choo
L ransit
leg institutional uses :

Kittelson & Associates, Inc.
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EXISTING CONDITIONS

This section provides a brief overview of the
transportation facilities and geometric characteristics
of the roadways within the study area. This section
also describes the existing conditions and constraints
identified at the study location.

Walnut Avenue at El Camino Real is controlled by stop
signs on the minor approach.

Parcels in the immediate vicinity of the project are
developed. The existing intersection is within City of
Greenfield right of way.

Existing design constraints and considerations at the
study intersection include (see map for locations):

1. Greenfield Elementary School
Retention Basin

McDonalds

Chase Bank

Garage / Auto Repair

vk wnn

The Summary of Existing Conditions table describes
the study area roadways. An aerial view of the
project location with existing design constraints is
provided below.

PLANNED IMPROVEMENTS

The study intersection is part of the Walnut Avenue
Specific Plan. The Walnut Avenue Specific Plan
identifies 335,000 square feet of commercial retail

development and 220 high-density residential housing
units. Full build-out of the Walnut Avenue Specific
Plan is contingent on a number of significant
infrastructure improvements being constructed before
the final increment of approximately 250,000 square
feet of commercial retail space can be developed. At
this time it is anticipated that neither those
infrastructure improvements nor development of the
final increment of commercial retail space will occur
by 2035. It is more likely that those improvements will
not occur until the post-2040 timeframe.

INTERSECTION CONTROL ALTERNATIVES

The existing and proposed intersection control options
that were evaluated at the study intersection include:

Control Type Legend
Existing Signal

Proposed Signal improvements @

Proposed Roundabout

3001t

@ Refer to the Existing Conditions section on the previous page for description of the design constraint.

Kittelson & Associates, Inc.

Sacramento, California
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Design Year Traffic

Base year and design year traffic data was provided by
the City in the “Walnut Avenue Specific Plan,” dated
2012. Due to changes in the regional growth forecast
for Greenfield and development contingencies, the
City has requested the design year traffic data be
shifted, at minimum, 5-years out.

Signal Control (Existing)

With signal control, demand exceeds capacity for both
peak hours under existing conditions. Westbound
Walnut Avenue left turning vehicles exceed available
storage capacity. Heavy pedestrian movements
further degrade vehicle operations. With buildout of
the Walnut Avenue Specific Plan, operations are
expected to degrade with demand exceeding available
capacity.

Signal Control - Modification

With  signal control modifications, additional
westbound and southbound left turn lanes are
required.  Additional southbound and westbound
lanes are needed to receive the dual left turns. The
additional lanes needed for the signal modification will
require right of way acquisition and modification to
the retention pond. The proposed lane additions are
expected to improve intersection performance to
acceptable levels. However, vehicle queueing is
expected to impact local access during the PM peak
periods for all design years.

The additional lanes will also increase crossing
distance as well as overall cycle length for protected
phasing. Bike lanes along El Camino Real can be
maintained with the necessary lane additions. Transit
stops are not provided at the intersection therefore
the necessary lane additions will not impact transit
access.

Roundabout Control

With roundabout control, a single lane roundabout
with single lane approaches and departures will
improve intersection performance. A single right turn
lane is needed for the westbound approach. The
proposed roundabout is not expected to impact the
retention basin and will likely require less right of way
than the signal alternative. Intersection performance
is expected to be well below capacity for the 2014
design year operations. The service life of the single
lane roundabout is expected to be approximately 25
years based.

Crossing distances will be significantly reduced with
the one lane roundabout and midway refuge areas can
also be provided. Bike lanes along EI Camino Real can
be maintained with a one lane roundabout. Transit
stops are not provided at the intersection therefore

the roundabout alternative will not impact transit
access.

As full build out of the Walnut Avenue Specific Plan is
achieved, additional approach and departure lanes will
be required for the northbound, southbound, and
eastbound directions.  An additional westbound
departure lane and conversion of the westbound right
turn lane to a through-right lane will be required. The
conversion of the roundabout to a dual lane
roundabout will extend the design life of the
intersection beyond forecast demand identified in the
Walnut Avenue Specific Plan.

TRAFFIC OPERATIONS SUMMARY

The following bar chart illustrates the peak hour
intersection delay for design year traffic operations by
intersection control form. Refer to the Intersection
Control Alternative Summary table for additional
information.

Delay (seconds)
0 10 20 30 40 50 60 70 80

=

PM

@ Existing @ New Traffic Signal @ New Roundabout

The following bar chart illustrates the calculated
average speeds through the study intersection used to
determine AB 2766 cost effectiveness.

Average Speed (miles per hour)
0 10 20 30

g="—u=

M Existing M New Traffic Signal @ New Roundabout

PERFORMANCE MEASURE SUMMARY

The following table summarizes the five performance
measures evaluated to calculate the B/C ratio and the
cost effectiveness to reduce pollutant emissions. Refer
to the Screening Summary for a brief overview of each
performance measure and the assumptions used to
calculate the performance measure costs. Refer to
the Intersection Cost Comparison table for
performance measure costs and B/C ratio calculations.

Intersection alternatives that may be considered for
grant funding through the Motor Vehicle Registration
Fees Program (AB 2766) administered by the
Monterey Bay Unified Air Pollution Control District
(MBUAPCD) are noted in the Performance Measure

Kittelson & Associates, Inc.

Sacramento, California



Transportation Agency for Monterey County (TAMC)
Regional Intersection Control Evaluation

Walnut Avenue at El Camino Real
Page 1- 7

Summary Table. Alternatives with a cost effectiveness
to reduce pollutant emissions of $20,000 or less are
identified.

Performance Measure Summary Preferred
Performance Measure Control
Benefits
Safety <¢>
Delay <0>
o F A
Emission Ohm)
\ ¥ 4
Costs

Operations and Maintenance

Initial Capital Cost

i

Return on Investment

A
. . o
Life Cycle B/C Ratio 7
AB 2766 Cost Effectiveness
. AN
Cost effectiveness < $20,000 ®
’ \'/

Recommendations for Further Study

The following recommendations for further study will
likely have the greatest effect on the B/C ratio and the
potential return on investment:

= Cost to modify and/or relocate retention basin for
Walnut Avenue widening.

= Preliminary engineering and additional site
investigations.

Kittelson & Associates, Inc.

Sacramento, California
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KITTELSON & ASSOCIATES, INC. : GRF-01
01/16

Intersection Cost Comparison

Walnut Avenue at El Camino Real
Greenfield, California

Cost Performance Measure Intersection Type

Roundabout Traffic Signal
Total Total
Discounted Discounted
Annual Annual Life Cycle Annual Annual Life Cycle
Quantity Cost Cost Quantity Cost Cost
SAFETY
Predicted Fatal/Injury Crashes 0.30 $ 43599|$ 681,107 0.66 $ 96,887 | $ 1,513,571
Predicted PDO Crashes 1.05 $ 10,727 | $ 167,583 1.16 $ 11,875 $ 185513
Subtotal - Safety Costs - $ 54,326 | $ 848,690 - $ 108,762 | $ 1,699,084
DELAY
Delay to Persons in Vehicles (hours) 8926 $ 86,698 $ 2,254,150 10357 $ 108,528 | $ 2,821,733
Subtotal - Delay Costs - $ 86,698 | $ 2,254,150 - $ 108,528 | $ 2,821,733
OPERATIONS & MAINTENANCE
Cost of Signal Retiming - $ 567 8,853
Cost of Power for Signal - $ 400 6,249
Cost of lllumination $ 200 | $ 3,124 $ 200 3,124
Cost of Landscaping Maintenance - $ 2,000 | $ 31,244
Cost of Signal Maintenance - $ 1,080 16,872
Cost of Pavement Rehabilitation $ 46,758 $ 61,613
Subtotal - Operations and Maintenance Costs - $ 2,200 | $ 81,127 - $ 2,247 | $ 96,711
EMISSIONS
Tons of ROG 0351 $ 331 $ 5,166 049} $ 463 $7,233
Tons of NOX 1.01{$ 13,023 | $ 203,448 1.11 | $ 14,370 $224,495
Tons of PM10 0.0174| $ 1,735 $ 27,110 0.0209 | $ 2,082 $32,532
Subtotal - Emissions Costs $ 15089 |$ 235,725 $ 16,916 | $ 264,260
INITIAL CAPITAL COSTS
Construction Cost $ 1,522,025 $ 1,058,000
Construction Cost - Structures $ - $ 20,580
Capital Support $ 518,000 $ 367,000
Right-of-Way $ 83,000 $ 171,000
Subtotal - Initial Capital Costs $ 2,123,025 $ 1,616,580
NET PRESENT VALUE $ 5,542,716 $ 6,498,367
BENEFITS - Roundabout compared to Traffic Signal
Safety Benefit of Roundabout $850,394
Delay Reduction Benefit of Roundabout $567,583 LIFE CYCLE (25 YEAR)
Emission Reduction Benefit of Roundabout $28,535 BENEFIT/COST RATIO
Total Benefits $1,446,513
COSTS - Roundabout compared to Traffic Signal
Added O&M Costs of a Roundabout -$15,584 2 9 5
Added Capital Costs of a Roundabout $506,445 -
Total Costs $490,861
B/C Preferred: Roundabout Alternative
AIR QUALITY Roundabout (vs. existing) Traffic Signal (vs. existing)
Annual Emission Reduction (Ib/year) 1991 1497,
Cost Per Pound Per Life $11.54 $15.35
AIR QUALITY COST EFFECTIVENESS ($/ ton / year) $923 $1,228|

Kittelson & Associates, Inc. Sacramento, California
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Intersection Improvement Alternatives

N ’ \}‘\ b

Roundabout Alternative

Note: Intersection alternative improvements are conceptual and for planning purposes only. Alternatives are not to scale.

Kittelson & Associates, Inc. Sacramento, California
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Intersection Control Alternative Summary

El Camino Real

|
[T

Walnut Ave

i
[

i
Il
1l

El Camino Real

Walnut Ave

EXISTING INTERSECTION
SIGNAL

Summary of Operations
AM PM
Design LOS Delay | 95% Queue LOS Delay | 95% Queue
Year (s) (ft) (s) (ft)
2014 E 60.3 #238 (WBL) F 190.5 | #434 (WBL)
2045 F 161.1 #375 (SBL) F 372.6 | #709 (WBT)
NOTES:

1. WBL and SBL queues exceed capacity during the 2014 p.m. peak hour
2. NBL, SBL, and WBL queues will exceed capacity during both 2045 peak

hours.

3. EBL queues will exceed capacity during the 2045 p.m. peak hour

El Camino Real

Walnut Ave

El Camino Real

ALTERNATIVE 1
SIGNAL MODIFICATIONS

©

Summary of Operations
AM PM
Design LOS Delay | 95% Queue LOS Delay | 95% Queue
Year (s) (ft) (s) (ft)
2014 C 23.9 85 (WBT) 32.3 235 (EBT)
2040 C 28.7 197 (EBT) 38.4 | #335 (SBT)
2045 C 31.4 219 (EBT) 45.1 438 (WBT)
NOTES:

1.  NBLqueues exceed capacity during 2040 p.m. peak hour.
2. NBLand EBL queues exceed capacity during 2045 p.m. peak hour.

any wnuiem

£l Camino Real

ALTERNATIVE 2

ROUNDABOUT
Summary of Operations
AM PM
Design LOS Delay | 95% Queue LOS Delay | 95% Queue
Year (s) (ft) (s) (ft)
2014 A 6.0 37 (EB) B 13.0 126 (WB)
2040 B 11.1 95 (SB) F 63.1 867 (WB)

Improvements: Single lane roundabout with WB right turn lane

NOTES:

Roundabout has a service life of 2041 in the p.m. peak hour.

Kittelson & Associates, Inc.

Sacramento, California
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Intersection Control Alternative Summary

ALTERNATIVE 3
ROUNDABOUT
Summary of Operations
AM PM
LOS Delay 95% LOS Delay 95%
Design (s) Queue (s) Queue
Year (ft) (ft)
2040 A 6.0 42 (WB) B 12.7 196 (WB)
2045 A 7.4 58 (SB) C 18.1 319 (WB)

Improvements: Add approach and departure lanes to north, west, and south
legs. Add departure lane on east leg. Add additional circulatory lane.

£l Camino Real

NOTES:

Kittelson & Associates, Inc. Sacramento, California
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CITY OF GONZALES SCREENING SUMMARY

STUDY OVERVIEW

An Intersection Control Evaluation (ICE) was
performed to objectively evaluate and screen
intersection control alternatives at the following
intersection(s):

Intersection
Number

GZL-01

Study Intersection

Fifth Street at
US 101 Ramp Terminals

This screening summary provides an overview of
performance measures used to calculate the return on
investment for study intersections under City of
Gonzales jurisdiction. Results of the analysis and
preferred traffic control type are presented in
graphical form for quick reference.

Following the screening summary, a section is
provided for each study intersection summarizing the
design year peak hour operations, site constraints,
concept layouts, and benefit cost calculations for each
control alternative.

The table below lists the symbols of intersection
control types evaluated (refer to the intersection
summary for the list of alternatives evaluated at each
intersection).

Control Type Legend
Existing  Proposed
Stop Sign
Traffic Signal (:f t @
P A
Roundabout N/A @)
oundabou Y/

RETURN ON INVESTMENT SUMMARY

Benefit Cost Ratio Scoring

Benefit cost (B/C) ratios were calculated for each
study intersection. The B/C ratio measures the
expected return on investment when either a
proposed stop control or a proposed signal controlled
intersection is compared relative to a proposed
roundabout controlled intersection.

B/C =1.00: AB/C ratio of 1.00 is a neutral rating. This
indicates that the return on investment for either stop
or signal control improvement is equal to a
roundabout.

B/C < 1.00: A B/C ratio less than 1.00 indicates that a
stop/signal will provide a better return on investment
when compared to a roundabout.

B/C > 1.00: A B/C ratio greater than 1.00 indicates
that a roundabout provides a better return on
investment when compared to either stop or signal
control.

B/C = NA-R: When the cost of a roundabout is less
than the cost of a stop/signal and the roundabout
provides benefits over the stop/signal, a B/C ratio
cannot be computed. This special case is denoted by
“NA-R” and indicates that a roundabout provides a
better return on investment when compared to a
stop/signal.

Benefit Cost Ratio Results

Based on data provided by the City of Gonzales, a
holistic B/C score was developed based on the net
present value (i.e., life cycle duration using a discount
rate of 4%) for the following five performance
measures:

* Safety Benefit

* Delay Reduction Benefit

° Emission Reduction Benefit

° Operations and Maintenance Costs
* Initial Capital Costs

The resulting B/C ratio and the preferred intersection
control type based on return on investment for each
study intersection(s) is as follows:

Study Intersection B/C Preferred
Ratio Control
Fifth Street at AN
; 1.54 O
US 101 Ramp Terminals \ Y 4

SUMMARY OF KEY PERFORMANCE
MEASURES

As stated above, five performance metrics were
evaluated at each study intersection to calculate the
B/C ratio. The performance measures used to
calculate the benefits of a roundabout compared to a
stop or traffic signal are:

* Safety Benefit (of a roundabout)
* Delay Reduction Benefit (of a roundabout)
° Emission Reduction Benefit (of a roundabout)

Kittelson & Associates, Inc.

Sacramento, California
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Performance measures used to calculate the costs of a
roundabout compared to a stop or traffic signal are:

* Operations and Maintenance Cost (added costs
of a roundabout)

* Initial Capital Cost (added costs of a
roundabout)

The summation of the performance measure benefits
and performance measure costs are illustrated below
for each intersection:

NOTE: Due to the close proximity of the US 101
northbound and southbound ramp  terminal
intersections with Fifth Street, the performance
measures for the Fifth Street at US 101 ramp terminals
study intersection, GZL-01, are a summation of
performance measures at each of the intersections. As
a reference, the performance measures for each
intersection are reported in the following bar charts to
illustrate the performance measure benefits and the
performance measure costs that were used to
calculate the “study intersection” performance
measures. Fifth Street at US 101 northbound ramp
terminal is assigned intersection number GZL-01n.
Fifth Street at US 101 southbound ramp terminal is
assigned intersection number GZL-01s. GZL-O1n and
GZL-01s are illustrated with a grey background in the
following bar charts. Only the preferred control for the
study intersection, GZL-01, is reported in the summary
tables for each performance measure.

Life Cycle Benefits & Costs (Thousands)
S- $500 $1,000 $1,500 $2,000

GZL 01n

GZL_01s

GzL 01

@ Total Benefits @ Total Costs

A brief overview of each performance measure and
the assumptions used to calculate the performance
measure costs are provided below. A bar chart
illustrating the calculated cost of each performance
measure by intersection control type is provided for
each intersection. Following the performance
measure overview is a table summarizing the
preferred form of intersection control based solely on
the results of individual performance measure.

Benefit Performance Measures

The following performance measures are used to
calculate the benefit, or cost savings, of a roundabout
compared to stop or signal control. For each
performance measure, the roundabout provides a
benefit if the calculated life-cycle cost of the

roundabout is less than the life-cycle cost of stop or
signal control. The magnitude of the benefit is the
difference between the life-cycle cost of the stop or
signal less the life-cycle cost of the roundabout.

Safety

Safety measures the societal cost associated with the
predicted number and severity of collisions that may
occur for each proposed intersection control type.
The number of predicted collisions was calculated
using Highway Safety Manual predictive methods and
crash modification factors. The societal cost of
property damage only (PDO) collisions is consistent
with the Caltrans Life-Cycle Benefit-Cost Analysis
Economic Parameters 2012. The societal cost of
fatal/injury collisions are a weighted average based on
the 2012 SWITRS proportion of fatal/injury collisions.
Safety costs are the summation of predicted PDO and
fatal/injury collisions.

Safety Cost (Thousands)

S- $1,000 $2,000 $3,000
GZL_01n
GZL_01s
GzL_01
@ Traffic Signal [@ Roundabout

Based solely on the lowest predicted life-cycle cost for
safety, the preferred intersection control type for each
study intersection is as follows:

Safety Preferred

Study Intersection Control

Fifth Street at
US 101 Ramp Terminals

Delay

Delay measures the societal cost associated with the
number of person-hours of delay at the intersection
during the study period. Consistent with the Caltrans
Life-Cycle Benefit-Cost Analysis Economic Parameters
2012, vehicle occupancy of 1.15 is used to convert
delay to person-hours of delay at a value of $17.35 per
vehicle-hour of delay.

Delay Cost (Thousands)

S- $500 $1,000 $1,500 $2,000
GZL_01n
GZL_01s
GzZL_01
@ Traffic Signal @ Roundabout

Kittelson & Associates, Inc.
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Based solely on lowest expected person hours of
delay, the preferred intersection control type for each
study intersection is as follows:

Delay Preferred

Study Intersection Control

Fifth Street at FAY

US 101 Ramp Terminals \"
Emissions

The emissions performance measure calculates the
societal cost associated with exposure to health based
pollutants emitted by motor vehicles. Pollutant
emissions are running emissions based on the average
speed of vehicles traveling through the intersection
during the study period. Pollutant emissions
evaluated include reactive organic gasses (ROG),
nitrogen oxides (NOx), and particulate matter (PM10).
The societal cost of emissions is calculated using
emission data from the California Air Resource Board
(CARB) Methods to Find the Cost-Effectiveness of
Funding Air Quality Projects, Table 4 Emission Factors
by Speed, April 2013 and cost per ton data from
Caltrans Life-Cycle Benefit-Cost Analysis Economic
Parameters 2012 for emissions (Note: VOC is assumed
to be synonymous with ROG).

Emission Cost (Thousands)

$- $100 $200 $300
GZL_01n
GZL_01s
GzL_01
[ Traffic Signal [@ Roundabout

Based solely on fewer tons per year of mobile source
pollutant emissions (i.e., fewer vehicle stops, fewer
hard acceleration events, higher average speeds
through the intersection) and the societal cost
associated with exposure to these health based
pollutant emissions, the preferred intersection control
type for each study intersection is as follows:

Emissions Preferred
Study Intersection Control
Fifth Street at y A Y

0
US 101 Ramp Terminals \ Y 4

Cost Performance Measures

The following performance measures are used to
calculate the added cost of a roundabout compared to
stop or signal control. For each performance measure,
the roundabout adds to the cost of the intersection if
the calculated life-cycle cost of the roundabout is
greater than the life-cycle cost of stop or signal

control. The magnitude of the cost is the difference
between the life-cycle cost of the roundabout less the
life-cycle cost of the stop or signal.

Operations and Maintenance

The operations and maintenance performance
measure incorporates common annualized costs
associated with operating and maintaining the
proposed type of intersection control. Common costs
include signal timing and maintenance, power
consumption for signal operations and intersection
illumination, landscape maintenance, and pavement
rehabilitation. Average annualized costs were used if
intersection specific costs were not provided.

Operations & Maintenance Costs (Thousands)

S- $100 $200 $300 $400
GZL_01n
GZL_01s
GzL_01
[ Traffic Signal [@ Roundabout

Based solely on lowest expected annual operations
and maintenance costs, the preferred intersection
control type for each study intersection is as follows:

Operations and Maintenance Preferred
Study Intersection Control
Fifth Street at y ALY
X ()
US 101 Ramp Terminals \ ¥ 4
Initial Capital Costs

The initial capital costs performance measure
estimates the capital costs needed to plan, design, and
construct the proposed intersection improvement.
The capital costs include construction, capital support,
and right of way.

Initial Capital Costs (Thousands)
$- $2,000 $4,000 $6,000

GZL_01n

GZL_01s

GzL_01

[ Traffic Signal [@ Roundabout

Based solely on lowest estimated initial capital cost,
the preferred intersection control type for each study
intersection is as follows:

Study Intersection

Initial Capital Cost Preferred
Control

Fifth Street at
US 101 Ramp Terminals

Kittelson & Associates, Inc.

Sacramento, California
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Summary of B/C Performance Measures

The following table summarizes the five performance measures evaluated at each project location.

Preferred Intersection Control by Performance Measure

Study Intersection Safety Delay Ops. & Emission Capital

Maint. Cost
Fifth Street at AN AN AN ALY N
US 101 Ramp Terminals \.’ \.f \.’ \\.’ @ LY 4
COST EFFECTIVENESS TO REDUCE NOTE: Only the alternative with the lowest cost
POLLUTANT EMISSIONS (AB 2766 GRANT) effectiveness score is reported. Both alternatives may

be cost effective to reduce pollutant emissions.

The cost effectiveness to reduce pollutant emissions
measures the return on investment of funding
intersection improvements based on the California Air
Resources Board (CARB) Cost Effectiveness Analysis
Tools for the Motor Vehicle Registration Fees Program
(AB 2766) and the Congestion Mitigation and Air
Quality (CMAQ) Program. The emission factors used
in the calculations are based on the year 2013 Table 4
Emission Factors by Speed for Project Life 6-10 years.
The assumed funding amount is $400,000 with an
effectiveness period equaling the life cycle analysis
period. The discount rate for emissions is 3% and the
capital recovery factor (CRF) is 0.12.

Intersection alternatives with a cost effectiveness to
reduce pollutant emissions of $20,000 or less should
be considered for grant funding through the Motor
Vehicle Registration Fees Program (AB 2766)
administered by the Monterey Bay Unified Air
Pollution Control District (MBUAPCD). This funding
source could help with the cost to TAMC and the City
of Gonzales.

AB 2766 Cost Effectiveness (Thousands)

$- $10 $20 $30 $40
GZL_01n
GZL_01s
GzL_01
@ Traffic Signal [@ Roundabout

Based solely on lowest cost per ton in reducing
pollutant emissions, the preferred intersection control
type for each study intersection is provided below.

AB 2766 Cost Effectiveness Preferred
Study Intersection Control
Fifth Street at N

()
US 101 Ramp Terminals s

Kittelson & Associates, Inc. Sacramento, California
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FIFTH STREET AT US 101 RAMP Study Intersection Intersection = B/C
TERMINALS

Number Ratio

Fifth Street at
Caoi US 101 Northbound (NB) GZL-01n 1.38
apital Cost .
Sensitivity 1 Rz;r:pSTermlnals
. Fifth Street at
——— B/C Ratio US 101 Southbound (SB) GZL-01s 1.70
Ramp Terminals
1.54 : : .
Based on the B/C ratio, the form of intersection
control with the greatest potential return on
investment is a roundabout.
0
CAPITAL COST SENSITIVITY
Result: The B/C ratio for this study intersection is sensitive to
Based on the Life Cycle Benefit Cost Roundabout estimated capital costs. Based on the B/C ratio’s
ratio sensitivity to estimated capital costs, the preferred
intersection control type may change with further
refinement of the project costs as proposed
The Benefit Cost (B/C) ratio for Fifth Street at US 101 improvements progress through detailed planning and
ramp terminals is 1.54. The B/C ratio of 1.54 design.
represents the combination of performance measures Safety, delay, structure costs, and right of way are
for the Fifth Street at US 101 Northbound (NB) Ramp notable performance metrics driving the B/C ratio.
terminal and the Fifth Street at US 101 Southbound The total life cycle benefits of the roundabout are
(SB) Ramp terminal intersection. The intersections estimated at $1,840,000 when compared to the traffic
were combined into a single project due to the short signal alternative. The total life cycle benefit includes

distancg I?etwee'n intersect?ons and the need to w.iden an estimated $7,8- reduction in annual operations
the existing bridge on Fifth Street for the signal and maintenance costs when compared to the traffic
alternative.  The individual B/C scores for each signal alternative.

intersection are as follows:
Initial capital costs for the intersection were estimated

as one project and evenly split for each intersection.

Summary of Existing Conditions

Multimodal Transportation
Corridor Context
. Active Transportation Links
Intersection Roadway Transit
Service Pedestrian Bicycle

Considerations

Cross Functional Speed

Regi | Context
Section Classification  (mph) Colonaitontex

Sidewalks provided.
Serves Service East: X-walk on East
. . residential, provided by leg
;::tt:et E?Vsitd.:d-lane commercial, Monterey West: X-walk on west Class II
(City of West: 2-lane Local 25 institutional, Salinas leg bike lanes
Fifth Street Gonzales) undivided recreational, and | Transit for
at US 101 agricultural land Line 23 and Primary pedestrian
Ram uses 86 route for schools
T p | with significant
erminals pedestrian volumes
. Service
Regional rovided b
Us-101 :—alfnnes. 1- highway lT/Ionterey ! :Cecs:;isctoendrr;c;?esstrian No bike
(Caltrans) ps: Highway 65 Salinas P lanes
lane + turn Goods R Crosswalks at all R
Transit for provided
lanes movement . ramps
. Line 23 and
corridor 36

Kittelson & Associates, Inc. Sacramento, California
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Operationally, the roundabout configuration is a viable
alternative to serve forecast traffic while providing
improved pedestrian and bicycle facilities.  The
existing all way stop control, or no project alternative,
should provide adequate vehicle capacity to serve
existing traffic. However, vehicle queues are expected
to exceed available storage, impacting nearby
intersection and driveway operations. The proposed
signal alternative will provide pedestrian and bicycle
improvements while adequately serving forecast
traffic demand. The project assumes improvements
are made at both US 101 NB and SB ramp terminal
intersections with Fifth Street. There may be other
considerations, constraints, and project factors
identified in future design evaluations that could
affect the feasibility and prioritization of a specific
configuration.

The intersection evaluation was based on traffic
operations for the 2035 design year. The year 2015
was assumed for the baseline “build” condition for a
total 20 year life cycle duration to determine the B/C
ratio.

Refer to the Intersection Cost Comparison for
intersection Numbers GZL-01n and GZL-O1ls on the
following pages for a complete summary of the Life
Cycle Benefit/Cost Analysis.

EXISTING CONDITIONS

This section provides a brief overview of the
transportation facilities and geometric characteristics

of the roadways within the study area. This section
also describes the existing conditions and constraints
identified at the study location.

The existing Fifth Street at the US 101 NB and SB ramp
terminals are controlled by all way stop signs.

Parcels adjacent to the intersections are developed.
Parcels east of the interchange are commercial
properties. Parcels west of the interchange are multi-
family residences. Fifth Street is within the City of
Gonzales right of way. US 101 ramps are within
Caltrans right of way.

Existing design constraints and considerations at the
study intersection include (see map for locations):

=

Service station/commercial/food service
Driveway

McDonalds

Shopping center

Sign for shopping center

Ditch

Fifth Street Bridge

Multi-family residence

. Water tower

10. Gonzales High School

© 0NV A BN

The Summary of Existing Conditions table describes
the study area roadways. An aerial view of the project
location with existing design constraints is provided on
the previous page.

Kittelson & Associates, Inc.

Sacramento, California
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PLANNED IMPROVEMENTS

No planned improvements have been identified.

INTERSECTION CONTROL ALTERNATIVES

The existing and proposed intersection control options
that were evaluated at the study intersection include:

Control Type Legend

Existing Stop

Proposed Signal @

Proposed Roundabout C

Design Year Traffic

Traffic data for the 2013 AM /PM peak hour and the
2035 AM / PM peak hour traffic and pedestrian
volumes were taken from the 2014 technical
memorandum prepared by Fehr & Peers and provided
by the City. At City direction, the 1.5% per year
growth scenario was used. 2015 volumes were
assumed to be equal to 2013 volumes.

Stop Control (Existing)

The existing stop control, or no project alternative,
operates with all-way stop control at both ramp
intersections. The critical queue under existing
conditions is during the PM peak hour in the
eastbound on the 5" Street Bridge. The is caused by
operations at the northbound and impacts operations
at the southbound ramps.

Signal Control

The US 101 Ramps at Fifth Street are proposed with
protected left turns along Fifth Street with
coordinated phasing on Fifth Street. The critical
movement at both study locations is the left turn to
the on-ramp as there is limited capacity on the bridge
and any queue spillback will affect the other
intersection operations. Coordination with emphasis
on one left turn movement would increase queues for
the other, therefore an east/west coordinated phasing
is proposed to provide the best progression over the
bridge.

With the signal control alternative, roadway
improvements include the addition of one lane over
the bridge. The additional lane will require the bridge
to be widened and Fifth Street approaches adjusted.

The signal control alternative would provide
pedestrian push button signal control for safer
crossing as well as an additional crosswalk leg to either
sides of the bridge. The lane addition on the 5" Street

Bridge would not affect pedestrian access as sidewalks
will be provided. Bike lanes along 5" Street can be
maintained and also now provided over the bridge.
Transit stops are not provided at the intersection
therefore the necessary lane additions will not impact
transit access.

Roundabout Control

With roundabout control, two single lane roundabouts
with single lane approaches and departures are
proposed. A westbound Fifth Street right turn lane to
the US 101 northbound on-ramp is provided. The
westbound through traffic and right turn traffic are
separated with a raised median and pedestrian refuge.
The proposed roundabouts will improve performance
at the study intersections for AM and PM peak hours
under both existing and future design year conditions.

Crossing distances will be significantly reduced with
the one lane roundabout and midway refuge areas can
also be provided. Bike lanes along 5™ Street can be
maintained however are not considered over the
bridge as they are not currently provided. Transit
stops are not provided at the intersection therefore
the roundabout alternative will not impact transit
access.

TRAFFIC OPERATIONS SUMMARY

The following bar charts illustrate the peak hour
intersection delay for design year traffic operations by
intersection control form. Refer to the Intersection
Control Alternative Summary table for additional
information.

GZL-01n: Delay (seconds)
0 10 20 30 40 50 60 70 80

AM

PM

M Existing M New Traffic Signal @ New Roundabout

GZL-01s: Delay (seconds)
0 10 20 30 40 50 60 70 80

AM

PM

M Existing M New Traffic Signal @ New Roundabout

Kittelson & Associates, Inc.

Sacramento, California
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The following bar chart illustrates the calculated
average speeds through the study intersection used to
determine AB 2766 cost effectiveness.

Average Speed (miles per hour)
0 10 20 30 40

-

@ Existing @ New Traffic Signal @ New Roundabout

NOTE: The average speed identified in the bar chart
above is the average of GZL-01n and GZL-01s.

PERFORMANCE MEASURE SUMMARY

The following table summarizes the five performance
measures evaluated to calculate the B/C ratio and the
cost effectiveness to reduce pollutant emissions. Refer
to the Screening Summary for a brief overview of each
performance measure and the assumptions used to
calculate the performance measure costs. Refer to
the Intersection Cost Comparison table for
performance measure costs and B/C ratio calculations.

Performance Measure Summary Preferred
Performance Measure Control
Benefits
Safety :ﬂ:
Delay <'>
Emission < o\
\ ¥V 4
Costs
g
Operations and Maintenance \':

Initial Capital Cost @

Return on Investment

Life Cycle B/C Ratio ®

AB 2766 Cost Effectiveness
Cost effectiveness < $20,000 ’ o\. @

Intersection alternatives that may be considered for
grant funding through the Motor Vehicle Registration
Fees Program (AB 2766) administered by the
Monterey Bay Unified Air Pollution Control District
(MBUAPCD) are noted in the Table above.
Intersection control alternatives with a cost
effectiveness to reduce pollutant emissions of $20,000
or less are identified

RECOMMENDATIONS FOR FURTHER
STUDY

The following recommendations for further study will
likely have the greatest effect on the B/C Ratio and the
potential return on investment:

= Preliminary engineering and additional site
investigations.

= Topographic survey to better identify need for
retaining structures.

= Refinement of right of way costs.

= Evaluation of Fifth Street Bridge, including existing
and construction vertical clearances.

= Access for fuel tankers at service station facility.

= Access to multi-family units west of Fifth Street
bridge.

Kittelson & Associates, Inc.

Sacramento, California
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TAMC Regional ICE Study-
KITTELSON & ASSOCIATES, INC. : GZL-01n
AR AT U WHIN §ERINETEL LRI Intersection Number
01/16

Intersection Cost Comparison

Fifth Street at US-101 Interchange (Northbound Ramp)
Gonzales, California

Cost Performance Measure Intersection Type

Roundabout Traffic Signal
Total Total
Discounted Discounted
Annual Annual Life Cycle Annual Annual Life Cycle
Quantity Cost Cost Quantity Cost Cost
SAFETY
Predicted Fatal/Injury Crashes 0.23 $ 33,62313$ 456,941 0.51 $ 74,717 | $ 1,015,425
Predicted PDO Crashes 0.85 $ 8,662 | $ 117,718 0.95 $ 9,684 1 $ 131,606
Subtotal - Safety Costs - $ 42,2841 $ 574,659 - $ 84,401 | $ 1,147,031
DELAY
Delay to Persons in Vehicles (hours) 1662 $ 19,113|$ 401,372 2637 $ 30,626 |$ 643,154
Subtotal - Delay Costs - $ 19,113} $ 401,372 - $ 30,626 | $ 643,154
OPERATIONS & MAINTENANCE
Cost of Signal Retiming - $ 567 7,701
Cost of Power for Signal - $ 4,255 57,827
Cost of lllumination 6 $ 8731 $ 11,859 4 $ 582 7,906
Cost of Landscaping Maintenance - $ 2,000 | $ 27,181
Cost of Signal Maintenance - $ 4,660 63,331
Cost of Pavement Rehabilitation $ 37,538 $ 51,754
Subtotal - Operations and Maintenance Costs - $ 28731 $ 76,578 - $ 10,063{$ 188,520
EMISSIONS
Tons of ROG 014} $ 1351 $ 1,836 019 $ 180 $2,448
Tons of NOX 044 1% 5708 | $ 77,577 0491 % 6,320 $85,889
Tons of PM10 0.0063{ $ 630 | $ 8,565 0.0079 | $ 788 $10,707
Subtotal - Emissions Costs $ 64741 $ 87,979 $ 7,2881 $ 99,044
INITIAL CAPITAL COSTS
Construction Cost $ 1,272,588 $ 614,400
Construction Cost - Structures $ 250,460 $ 525,560
Capital Support $ 762,000 $ 570,000
Right-of-Way $ 170,500 $ 37,500
Subtotal - Initial Capital Costs $ 2,455,548 $ 1,747,460
NET PRESENT VALUE $ 3,596,137 $ 3,825,208
BENEFITS - Roundabout compared to Traffic Signal
Safety Benefit of Roundabout $572,372
Delay Reduction Benefit of Roundabout $241,781 LIFE CYCLE (20 YEAR)
Emission Reduction Benefit of Roundabout $11,065 BENEFIT/COST RATIO
Total Benefits $825,218
COSTS - Roundabout compared to Traffic Signal
Added O&M Costs of a Roundabout -$111,942 1 3 8
Added Capital Costs of a Roundabout $708,088 "
Total Costs $596,146 ]
B/C Preferred: Roundabout Alternative
AIR QUALITY Roundabout (vs. existing) Traffic Signal (vs. existing)
Annual Emission Reduction (Ib/year) 354 161
Cost Per Pound Per Life $75.95 $166.79
AIR QUALITY COST EFFECTIVENESS ($/ ton / year) $7,595 $16,679

Kittelson & Associates, Inc. Sacramento, California
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o - ) o ) TAMC Regional ICE Study
KITTELSON & ASSOCIAT ES, INC. Intersection Number GZL-01s
TRANSPORTATION ENGINEERING/PLANNING
01/16

Intersection Cost Comparison

Fifth Street at US-101 Interchange (Southbound Ramp)
Gonzales, California

Cost Performance Measure Intersection Type

Roundabout Traffic Signal
Total Total
Discounted Discounted
Annual Annual Life Cycle Annual Annual Life Cycle
Quantity Cost Cost Quantity Cost Cost
SAFETY
Predicted Fatal/Injury Crashes 0.24 $ 34992 1$ 475,554 0.53 $ 77,760 | $ 1,056,787
Predicted PDO Crashes 0.90 $ 9,175 1 $ 124,698 1.01 $ 10,295:!$ 139,919
Subtotal - Safety Costs - $ 44,168 | $ 600,252 - $ 88,056 | $ 1,196,706
DELAY
Delay to Persons in Vehicles (hours) 1743 $ 19,874 | $ 417,347 3382 $ 39,440 $ 828,240
Subtotal - Delay Costs - $ 19874 1$ 417,347 - $ 39,440 $ 828,240
OPERATIONS & MAINTENANCE
Cost of Signal Retiming - $ 567 7,701
Cost of Power for Signal - $ 4,255 57,827
Cost of lllumination 6 $ 873 | $ 11,859 4 $ 582 7,906
Cost of Landscaping Maintenance - $ 2,000 | $ 27,181
Cost of Signal Maintenance - $ 4,660 63,331
Cost of Pavement Rehabilitation $ 28,068 $ 41,748
Subtotal - Operations and Maintenance Costs - $ 2873 1% 67,108 - $ 10,063}{$ 178,513
EMISSIONS
Tons of ROG 015} $ 139 | $ 1,893 018} $ 170 $2,313
Tons of NOX 0.46 | $ 5884 $ 79,965 049 | $ 6,304 $85,676
Tons of PM10 0.0065| $ 650 | $ 8,829 0.0081 | $ 812 $11,036
Subtotal - Emissions Costs $ 6,673 $ 90,686 $ 7,287 $ 99,026
INITIAL CAPITAL COSTS
Construction Cost $ 1,272,588 $ 614,400
Construction Cost - Structures $ 250,460 $ 525,560
Capital Support $ 762,000 $ 570,000
Right-of-Way $ 170,500 $ 37,500
Subtotal - Initial Capital Costs $ 2,455,548 $ 1,747,460
NET PRESENT VALUE $ 3,630,941 $ 4,049,945
BENEFITS - Roundabout compared to Traffic Signal
Safety Benefit of Roundabout $596,454
Delay Reduction Benefit of Roundabout $410,893 LIFE CYCLE (20 YEAR)
Emission Reduction Benefit of Roundabout $8,340 BENEFIT/COST RATIO
Total Benefits $1,015,686
COSTS - Roundabout compared to Traffic Signal
Added O&M Costs of a Roundabout -$111,405 1 7 O
Added Capital Costs of a Roundabout $708,088 -
Total Costs $596,683
B/C Preferred: Roundabout Alternative
AIR QUALITY Roundabout (vs. existing) Traffic Signal (vs. existing)
Annual Emission Reduction (Ib/year) 365) 231
Cost Per Pound Per Life $73.68 $116.23
AIR QUALITY COST EFFECTIVENESS ($/ ton / year) $7,368 $11,623

Kittelson & Associates, Inc. Sacramento, California
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Intersection Improvement Alternatives

N B’ |

Note: Intersection alternative improvements are conceptual and for planning purposes only. Alternatives are not to scale.

Kittelson & Associates, Inc. Sacramento, California
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Intersection Control Alternative Summary

EXISTING INTERSECTION — NORTHBOUND RAMP

US 101 N8 ramps

Sth St

5th St

US 101 N8 ramps

STOP
Summary of Operations
AM PM
Design LOS Delay | 95% Queue LOS Delay | 95% Queue
Year (s) (ft) (s) (ft)
2013 B 14.1 375 (WBT) D 25.1 268 (EBT)
2035 D 32.8 375 (WBT) E 48.2 358 (WBT)
NOTES:
1.  EBT queues will exceed available storage during 2035 p.m. peak

affecting operations at the SB Ramps.

EXISTING INTERSECTION — SOUTHBOUND RAMP

US 101 NB ramps.

1N US 101 5B ramps STOP
Summary of Operations
AM PM
Design LOS | Delay | 95% Queue LOS Delay | 95% Queue
Year (s) (ft) (s) (ft)
. 2013 14.2 83 (EBT) C 18.1 128 (EBT)
: 2035 D 32.3 295 (EBT) 46.9 338(EBT)
NOTES:
1.  EBT queues will affect operations at the adjacent intersection of
Rincon Road during both 2035 peak hours.
2. WBT queues will exceed available storage during both 2035 peak
ceronsareme hours affecting operations at the NB Ramps.
. US 10118 ramps ALTERNATIVE 1- NORTHBOUND RAMP
1 SIGNAL @
Summary of Operations
AM PM
L Design LOS | Delay | 95% Queue | LOS | Delay 95% Queue
: ; Year (s) (ft) (s) (ft)
5= - - - - - - - 8 l = # 2013 B 11.2 106 (EBL) A 9.7 66 (WBT)
- = - ’ 2035 B 14.4 138 (EBL) 11.0 | 138 (WBT)
ir NOTES:
1. EBL queues will exceed available storage during weekday a.m. peak and
cumulative a.m. peak.

Kittelson & Associates, Inc.

Sacramento, California
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Intersection Control Alternative Summary

US 101 SB ramps

st

th
v
[-- ]

poc]

US 101 SB ramps

ALTERNATIVE 1 - SOUTHBOUND RAMP

O

SIGNAL
Summary of Operations
AM PM
Design LOS | Delay | 95% Queue | LOS | Delay 95% Queue
Year (s) (ft) (s) (ft)
2013 B 13.4 96 (WBL) B 18.9 163 (SBL)
2035 B 15.0 124 (WBL) C 21.9 #292 (EBT)
NOTES:
1.  EBT queues will affect operations at the adjacent intersection of

Rincon Road during both 2035 peak hours.
WBT queues will exceed available storage during both 2035 peak

ALTERNATIVE 2 — NORTHBOUND RAMP

hours affecting operations at the NB Ramps.

" —— ROUNDABOUT
Summary of Operations
AM PM
Design LOS | Delay | 95% Queue | LOS | Delay 95% Queue
Year (s) (ft) (s) (ft)
% \ — 2013 A 5.8 60 (WB) A 6.2 47 (WB)
= B 2035 8.0 108(WB) | A | 88 80 (WB)
NOTES:
..!.
ALTERNATIVE 2 - SOUTHBOUND RAMP
1N US 101 58 ramps ROUNDABOUT
Summary of Operations
AM PM
n Design LOS | Delay | 95% Queue | LOS | Delay 95% Queue
Year (s) (ft) (s) (ft)
= 2013 A 5.9 51 (EB) A 7.5 56 (WB)
3——-—-<le': 2035 A 8.1 89 (EB) 13.2 140 (EB)
NOTES:

US 101 SB ramps

Kittelson & Associates, Inc.

Sacramento, California
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The roundabout alternative provides access to the
residential driveways in the northwest quadrant
without direct access to the roundabout.

Crosswalks will be improved and provide midway
refuge areas. Bike and transit stops are not provided
at the intersection therefore the roundabout
alternative will not impact bike or transit access.

TRAFFIC OPERATIONS SUMMARY

The following bar chart illustrates the peak hour
intersection delay for design year traffic operations by
intersection control form. Refer to the Intersection
Control Alternative Summary table for additional
information.

Delay (seconds)

0 10 20 30 40 50 60 70 &0

AM
B

PM

M Existing M New Traffic Signal @ New Roundabout

NOTE: Intersection delay is reported. The Intersection
Control Alternative Summary reports maximum
control delay for the worst approach of the two-way
stop control intersection. PM data was not provided.

The following bar chart illustrates the calculated
average speeds through the study intersection used to
determine AB 2766 cost effectiveness.

Average Speed (miles per hour)
0 10 20 30

o E—

@ Existing @ New Traffic Signal @ New Roundabout

PERFORMANCE MEASURE SUMMARY

The following table summarizes the five performance
measures evaluated to calculate the B/C ratio and the
cost effectiveness to reduce pollutant emissions. Refer
to the Screening Summary for a brief overview of each
performance measure and the assumptions used to
calculate the performance measure costs. Refer to
the Intersection Cost Comparison table for
performance measure costs and B/C ratio calculations.

Intersection alternatives that may be considered for
grant funding through the Motor Vehicle Registration
Fees Program (AB 2766) administered by the
Monterey Bay Unified Air Pollution Control District
(MBUAPCD) are noted in the Performance Measure
Summary Table. Alternatives with a cost effectiveness
to reduce pollutant emissions of $20,000 or less are
identified.

Performance Measure Summary Preferred
Performance Measure Control
Benefits
Safety o
Delay o
Emission o
Costs
Operations and Maintenance ®

Initial Capital Cost @

Return on Investment

L)

Life Cycle B/C Ratio

AB 2766 Cost Effectiveness

Cost effectiveness < $20,000 NONE

None: The average speeds of the proposed
improvements are similar to existing and do not
provide a benefit.

Recommendations for Further Study

The following recommendations for further study will
likely have the greatest effect on the B/C ratio and the
potential return on investment:

= PM peak hour traffic data.

= Forecast design year traffic volumes at the study
intersection.

= Preliminary engineering and additional site
investigations.

Kittelson & Associates, Inc.

Sacramento, California
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Intersection Cost Comparison

Cardoza Avenue at Abdy Way
Marina, California

Cost Performance Measure Intersection Type

Roundabout Two-Way Stop Control
Total Total
Discounted Discounted
Annual Annual Life Cycle Annual Annual Life Cycle
Quantity Cost Cost Quantity Cost Cost
SAFETY
Predicted Fatal/Injury Crashes 0.06 $ 8,143 1$ 127,210 0.25 $ 37,013} 3% 578,226
Predicted PDO Crashes 0.36 $ 3629 $ 56,686 0.42 $ 4315 $ 67,406
Subtotal - Safety Costs - $ 11,772 1$ 183,896 - $ 41,3281 % 645,632
DELAY
Delay to Persons in Vehicles (hours) 376 $ 3,8551% 100,227 1777 $ 17,067 | $ 443,736
Subtotal - Delay Costs - $ 3,855 1% 100,227 - $ 17,067 | $ 443,736
OPERATIONS & MAINTENANCE
Cost of Signal Retiming - $ - 0
Cost of Power for Signal - $ - 0
Cost of lllumination 6 $ 873 | $ 13,632 4 $ 582 9,088
Cost of Landscaping Maintenance - $ 2,000 | $ 31,244
Cost of Signal Maintenance - $ 4,660 72,799
Cost of Pavement Rehabilitation $ 34,229 $ 43,889
Subtotal - Operations and Maintenance Costs - $ 2873 1% 79,106 - $ 5242 1 $ 125776
EMISSIONS
Tons of ROG 0.09 | $ 83 $ 1,292 010 | $ 92 $1,436
Tons of NOX 0281 $ 3619 | $ 56,531 0281%$ 3,619 $56,531
Tons of PM10 0.0039 $ 386 | $ 6,026 0.0048 | $ 482 $7,533
Subtotal - Emissions Costs $ 4,087 $ 63,850 $ 4193| $ 65,500
INITIAL CAPITAL COSTS
Construction Cost $ 825,675 $ 229,400
Construction Cost - Structures $ - $ -
Capital Support $ 157,000 $ 44,000
Right-of-Way $ - $ -
Subtotal - Initial Capital Costs $ 982,675 $ 273,400
NET PRESENT VALUE $ 1,409,753 $ 1,554,044
BENEFITS - Roundabout compared to Two-Way Stop Control
Safety Benefit of Roundabout $461,736
Delay Reduction Benefit of Roundabout $343,509 LIFE CYCLE (25 YEAR)
Emission Reduction Benefit of Roundabout $1,650 BENEFIT/COST RATIO
Total Benefits $806,896
COSTS - Roundabout compared to Two-Way Stop Control
Added O&M Costs of a Roundabout -$46,670 1 2 2
Added Capital Costs of a Roundabout $709,275 "
Total Costs $662,605
B/C Preferred: Roundabout Alternative
AIR QUALITY Roundabout (vs. existing) Two-Way Stop Control (vs. existing)
Annual Emission Reduction (Ib/year) 21 N/A - same as existing
Cost Per Pound Per Life $1,079.44 N/A - same as existing
AIR QUALITY COST EFFECTIVENESS ($/ ton / year) $86,355 N/A - same as existing

Kittelson & Associates, Inc. Sacramento, California
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Intersection Improvement Alternatives

/

Roundabout Alternative

ntersection alternative improv nts are conceptual and planning purposes only. Alternatives are not to scale.

Kittelson & Associates, Inc. Sacramento, California
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Regional Intersection Control Evaluation

Intersection Control Alternative Summary ‘
Cxlertive EXISTING INTERSECTION

1N
STOP
Summary of Operations

" AM PM

J

F Design LOS Delay | 95% Queue LOS Delay | 95% Queue

Year (s) (ft) (s) (ft)

— o = 2014 C 17.2 43 (WB)
s EaS— s 2040 F | 1239 | 300(wB)

2k

NOTES:

1. PM data was not provided.

Cardoza Ave

Cardoza Ave

ALTERNATIVE 1 AN
\ ¥ 4

N
1 ROUNDABOUT
J Summary of Operations
AM PM
Design LOS Delay | 95% Queue | LOS | Delay | 95% Queue
N Year (s) (ft) (s) (ft)
: 2014 A 46 27 (SB)
2040 A 7.0 59 (EB)
NOTES:

1. PM data was not provided.
2. Southbound right turn lane is for illustrative purposes only.

Cardoza Ave

Sacramento, California

Kittelson & Associates, Inc.
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8™ STREET AT INTER-GARRISON
ROAD

Capital Cost
Sensitivity

B/C Ratio
1.16

Result:

Based on the Life Cycle Benefit Cost
ratio

Roundabout

The Benefit Cost (B/C) ratio for this intersection is
1.16. Based on the B/C ratio, the form of intersection
control with the greatest potential return on
investment is a Roundabout.

CAPITAL COST SENSITIVITY

The B/C ratio for this study intersection is sensitive to
estimated capital costs. Based on the B/C ratio’s
sensitivity to estimated capital costs, the preferred
intersection control type may change with further
refinement of the project costs as proposed
improvements progress through detailed planning and
design.

Noteworthy performance measures driving the B/C
ratio are safety, delay, and operations & maintenance.
However, initial capital cost is the primary
performance measure effecting the B/C ratio. The
estimated initial capital cost of both alternatives are
high with the roundabout costing approximately 25
percent more than the signal. The total life cycle
benefits of the roundabout are estimated at $410,000

Summary of Existing Conditions

Corridor Context

when compared to a traffic signal.

Operationally, the roundabout configuration is a viable
alternative to serve forecast traffic. The existing stop-
control or, no project alternative, operates at
acceptable levels during the AM peak hour but is
forecast to degrade over time to unacceptable levels.
Signal control is a viable alternative considering the
project constraints given for this evaluation. There
may be other considerations, constraints, and project
factors identified in future design evaluations that
could affect the feasibility and prioritization of a
specific configuration.

The intersection evaluation was based on traffic
operations for the 2040 design year. The year 2015
was assumed for the baseline “build” condition for a
total 25 year life cycle duration to determine the B/C
Ratio.

Refer to the Intersection Cost Comparison for
intersection Number MAR-04 on the following pages
for a complete summary of the Life Cycle Benefit/Cost
Analysis.

EXISTING CONDITIONS

This section provides a brief overview of the
transportation facilities and geometric characteristics
of the roadways within the study area. This section
also describes the existing conditions and constraints
identified at the study location.

8" Street at Inter-Garrison Road is controlled by stop
signs on all approaches.

Parcels in the immediate vicinity of the project are
vacant or have dwelling set-backs exceeding 100 feet
from the existing edge of pavement in the northeast
and southerly quadrants. A structure is located within
100 feet of the intersection in the northwest
guadrant.

Multimodal Transportation

Active Transportation Links

Intersection rRoadway |
Cross Functional Speed Regional Transit Service Pedestrian Bicycle
Section Classification (mph) Context Considerations Routes
. Sid Ik t .
Serves local, No transit I cwallconwes No bike
th 2-lane . K side.
h 8" Street undivided Urban 35 institutional services lanes
8" Street access provided provided
No crosswalk
at Inter- .
Garrison Seryes . Routes 16, 19, Sidewalks on w.est
Inter- residential, 25, 26, and 74 leg and south side Sharrow
Road X 2-lane ; .
Garrison L Urban 35 open space, & with service by of east leg pavement
undivided . .
Road institutional Monterey- markings
land uses Salinas Transit No crosswalks

Kittelson & Associates, Inc.

Sacramento, California
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The existing approach alignment for 8" Street is at a
42 degree skew relative to Inter-Garrison Road. The
skew angle at the intersection longer crossing
distances for pedestrian and bicycles, may encourage
high speed turns and/or restrict certain turning
movements.

Existing design constraints and considerations at the
study intersection include (see map for locations):

1. Potential right of way constraint (structure)

2. Closely spaced intersection (100 feet center
to center)

3. Skew angle at intersection

The Summary of Existing Conditions table describes
the study area roadways. An aerial view of the
project location with existing design constraints is
provided below.

PLANNED IMPROVEMENTS

The project location is within the California State
University, Monterey Bay Master Plan. 8™ Street is
part of the planned 8" Street Reconstruction Project
for the City of Marina.

INTERSECTION CONTROL ALTERNATIVES

The existing and proposed intersection control options
that were evaluated at the study intersection include:

Control Type Legend

Existing Stop

Proposed Signal @
Proposed Roundabout (;)

Design Year Traffic

Traffic data for 2015 AM peak hour volumes was
provided by the City. 2040 AM peak hour volumes
were calculated using a 2% annual compound growth
rate for all movements. PM peak hour volumes were
not provided.

Stop Control (Existing)

Demand is adequately served for the AM peak hour
under existing conditions. Eastbound vehicles on
Inter-Garrison Road may experience significant delay
based on 2040 AM design year conditions.

@ Refer to the Existing Conditions section on the previous page for description of the design constraint.

Kittelson & Associates, Inc.

Sacramento, California
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Signal Control

With signal control, the intersection skew angle should
be corrected to measure not less than 75 degrees. An
additional eastbound left turn lane is needed to
accommodate future demand.

The proposed traffic signal is expected to improve
intersection performance and provide sufficient
capacity for the AM peak hour under future design
year conditions.

The reduced skew of the intersection will provide
better visibility of crosswalks for drivers and on-
coming traffic for pedestrians. Crosswalks are
currently not stripped at the intersection. The
additional lanes will increase crossing distance as well
as overall cycle length for protected phasing. Currently
sharrows are provided along Inter-Garison Road and
be maintained with the necessary lane additions.
Transit stops are not provided at the intersection
therefore the necessary lane additions will not impact
transit access.

Roundabout Control

With roundabout control, a single lane roundabout
with single lane approaches and departures will
improve intersection performance. The single lane
roundabout is expected to perform below capacity for
the AM peak hour under future design year
conditions.

Future studies will need to carefully consider the
alignment of 8" Street. The right turn speeds from
westbound Inter-Garrison Road will need to balance
with other project constraints, right of way, and
construction costs.

The reduced skew of the intersection will provide
better visibility of crosswalks for drivers and on-
coming traffic for pedestrians. Crosswalks are
currently not stripped at the intersection. Crossing
distances will be significantly reduced with the one
lane roundabout and midway refuge areas can also be
provided. Currently sharrows are provided along Inter-
Garison Road and be maintained with a one lane
roundabout. Transit stops are not provided at the
intersection therefore the roundabout alternative will
not impact transit access.

TRAFFIC OPERATIONS SUMMARY

The following bar chart illustrates the peak hour
intersection delay for design year traffic operations by
intersection control form. Refer to the Intersection
Control Alternative Summary table for additional
information.

Delay (seconds)

0O 10 20 30 40 50 60 70 80

AM

PM

M Existing @ New Traffic Signal @ New Roundabout

NOTE: PM data was not provided.

The following bar chart illustrates the calculated
average speeds through the study intersection used to
determine AB 2766 cost effectiveness.

Average Speed (miles per hour)
0 10 20 30 40

= 1

M Existing M New Traffic Signal @ New Roundabout

PERFORMANCE MEASURE SUMMARY

The following table summarizes the five performance
measures evaluated to calculate the B/C ratio and the
cost effectiveness to reduce pollutant emissions. Refer
to the Screening Summary for a brief overview of each
performance measure and the assumptions used to
calculate the performance measure costs. Refer to
the Intersection Cost Comparison table for
performance measure costs and B/C ratio calculations.

Intersection alternatives that may be considered for
grant funding through the Motor Vehicle Registration
Fees Program (AB 2766) administered by the
Monterey Bay Unified Air Pollution Control District
(MBUAPCD) are noted in the Performance Measure
Summary Table. Alternatives with a cost effectiveness
to reduce pollutant emissions of $20,000 or less are
identified.

Kittelson & Associates, Inc.

Sacramento, California
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Performance Measure Summary Preferred
Performance Measure Control
Benefits
Safety <0>
Delay :‘:
. F A\
Emission Ol
\ ¥ 4
Costs

Operations and Maintenance

Q<

Initial Capital Cost

Return on Investment

Life Cycle B/C Ratio (‘:
AB 2766 Cost Effectiveness
Cost effectiveness < $20,000 None

None: The average speeds of the proposed
improvements are similar to existing and do not
provide a benefit.

Recommendations for Further Study

The following recommendations for further study will
likely have the greatest effect on the B/C ratio and the
potential return on investment:

= Forecast design year traffic volumes at the study
intersection.

= PM peak hour traffic data.

* Further evaluation of the 8" Street approach to
mitigate the skew angle for all project alternatives.

= Preliminary engineering and additional site
investigations.

Kittelson & Associates, Inc.

Sacramento, California
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Intersection Cost Comparison

8th Street at Inter-Garrison
Marina, California

Cost Performance Measure Intersection Type

Roundabout Traffic Signal
Total Total
Discounted Discounted
Annual Annual Life Cycle Annual Annual Life Cycle
Quantity Cost Cost Quantity Cost Cost
SAFETY
Predicted Fatal/Injury Crashes 0.12 $ 17,504 | $ 273,451 0.26 $ 388983% 607,670
Predicted PDO Crashes 0.39 $ 4021} $ 62,816 0.43 $ 4381 $ 68,446
Subtotal - Safety Costs - $ 21525!$ 336,267 - $ 432791% 676,115
DELAY
Delay to Persons in Vehicles (hours) 652 $ 6,609 i$% 171,837 878 $ 9041:$ 235062
Subtotal - Delay Costs - $ 6,609 | $ 171,837 - $ 9,041 1 $ 235,062
OPERATIONS & MAINTENANCE
Cost of Signal Retiming - $ 567 8,853
Cost of Power for Signal - $ 4,255 66,472
Cost of lllumination 6 $ 873 | $ 13,632 4 $ 582 9,088
Cost of Landscaping Maintenance - $ 2,000 | $ 31,244
Cost of Signal Maintenance - $ 4,660 72,799
Cost of Pavement Rehabilitation $ 28,931 $ 68,121
Subtotal - Operations and Maintenance Costs - $ 2873 1% 73,807 - $ 10,063|$ 225,333
EMISSIONS
Tons of ROG 010 $ 91 $ 1,419 0121 $ 117 $1,825
Tons of NOX 037 $ 4,758 | $ 74,328 0.38 | % 4,934 $77,081
Tons of PM10 0.0041} $ 409 | $ 6,383 0.0055 | $ 545 $8,510
Subtotal - Emissions Costs $ 52571 % 82130 $ 559  $ 87,416
INITIAL CAPITAL COSTS
Construction Cost $ 1,555,715 $ 1,208,000
Construction Cost - Structures $ - $ -
Capital Support $ 296,000 $ 230,000
Right-of-Way $ 445,000 $ 355,000
Subtotal - Initial Capital Costs $ 2,296,715 $ 1,793,000
NET PRESENT VALUE $ 2,960,757 $ 3,016,925
BENEFITS - Roundabout compared to Traffic Signal
Safety Benefit of Roundabout $339,848
Delay Reduction Benefit of Roundabout $63,224 LIFE CYCLE (25 YEAR)
Emission Reduction Benefit of Roundabout $5,286 BENEFIT/COST RATIO
Total Benefits $408,358
COSTS - Roundabout compared to Traffic Signal
Added O&M Costs of a Roundabout -$151,525 1 1 6
Added Capital Costs of a Roundabout $503,715 "
Total Costs $352,190
B/C Preferred: Roundabout Alternative
AIR QUALITY Roundabout (vs. existing) Traffic Signal (vs. existing)
Annual Emission Reduction (Ib/year) 57 emissions increase
Cost Per Pound Per Life $400.38 emissions increase
AIR QUALITY COST EFFECTIVENESS ($/ ton / year) $32,031 emissions increase

Kittelson & Associates, Inc. Sacramento, California
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Intersection Improvement Alternatives
\\ >

Signal Alternative

ves are not to scale.
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Intersection Control Alternative Summary

8th St

Inter-Garrison Rd

on Rd

Inter-Garris

EXISTING INTERSECTION

ALL WAY STOP CONTROL
Summary of Operations
AM PM
Design LOS Delay | 95% Queue | LOS | Delay | 95% Queue
Year (s) (ft) (s) (ft)
2014 B 13.6 125 (EB)
2040 E 40.9 415 (EB)
NOTES:

1. PM data was not provided.

sth 5t

s

Inter-Garrison Rd

Inter-Garrison Rd

ALTERNATIVE 1
SIGNAL

Summary of Operations
AM PM
Lo Delay 95% Queue | LOS | Delay 95%
Design S (s) (ft) (s) Queue
Year (ft)
2014 A 9.1 86 (EBL)
2040 B 13.1 #221 (EBL)
NOTES:

1. PM data was not provided.

8th St

(

PY uosuJeD-J33U]
—
-3 *
a{] \ %
o
g
—,

|

Inter-Garrison Rd

ALTERNATIVE 2
ROUNDABOUT

Summary of Operations
AM PM
Design LOS Delay | 95% Queue | LOS | Delay | 95% Queue
Year (s) (ft) (s) (ft)
2014 A 5.8 63 (EB)
2040 B 10.3 171 (EB)

NOTES:

1. PM data was not provided.

Kittelson & Associates, Inc.

Sacramento, California
















































































































































































































































































































































































































































































































