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Technical Memorandum No. 2

1-95 Improvements — Feasibility Evaluation Study
(Greenwich to New Haven)

Executive Summary

The purpose of this technical memorandum is to evaluate the feasibility of adding one additional
operational lane in each direction along [-95 between the Connecticut/New York state line in
Greenwich and Bridgeport. Additionally, the study evaluates spot improvements that can be
constructed between Bridgeport and New Haven, which will provide safety and operational
improvements to the corridor. This evaluation is intended to be a high-level analysis of the
constraints and issues with respect to adding the additional operational lane to 1-95 and the
associated impacts and costs.

As part of the analysis, the section of I-95 between Bridgeport and New Haven was reviewed to
identify spot improvements that can be made to improve traffic operations since this section has
sufficient capacity to accommodate existing and future volumes. The objective of the evaluation is
to identify and develop early start projects which could be implemented with independent utility
along with their anticipated construction, engineering, and inspection costs; as well as estimated
impacts to rights-of-way and wetland areas.

This feasibility evaluation study focused on providing the Department with the following:

* Identification of the impacts and issues associated with adding one additional operational
lane on I-95 between the Connecticut/New York state line in Greenwich and Bridgeport.

* Investigation of the various cross-sectional components that comply with current design
standards (Unconstrained Section) as well as a develop a set of reduced “current design”
standards (Combined Section), which would limit impacts to existing structures both
carrying I-95 and crossing over [-95.

* Estimation of the quantity of wetland, right-of-way (ROW) and bridge structure impacts
associated with adding one additional operation lane on 1-95 between the
Connecticut/New York state line in Greenwich and Bridgeport.

* Development of an estimate of probable costs for construction, engineering and inspection,
environmental evaluations, and the identification of risks associated with the
implementation process of an additional lane.

Methodology

This evaluation addressed the constraints and issues with respect to adding the additional
operational lane, and was conducted in two phases as follows:

CDM
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Phase 1: This phase consisted of existing data collection including assembling all available data on
traffic conditions (volumes, crashes, congestion), bridges, major structures, wetland, right-of-way,
and conducting a working group meeting with the Department to identify controlling design
criteria.

Phase 2: This phase considered three options for I-95 widening at locations of structures carrying
[-95 and at locations of structures over [-95.

1. Constrained Section: The Constrained Section consists of eight (8) 11’ lanes (four in each
direction), two (2) 10’ right shoulders (one in each direction), and two (2) 4’ left shoulders
(one in each direction), a 6’ wide median barrier and two (2) 1’-11” parapets (applicable
only at locations of bridges carrying 1-95). The total width of a typical Constrained Section
atlocations of bridges over I-95 and atlocations of culverts is 122". The total width of typical
Constrained Section at locations of bridges carrying 1-95 is estimated to be 125’-10". For
locations that currently have entrance or exit ramps, an additional 12’ lane per direction
and additional widening is considered based on the ramp alignment. While this section was
analyzed, it was not chosen as the recommended approach to future widening on or over
existing structures, as it is undesirable to reduce travel lanes to 11’ widths and maintain
reduced shoulders for a continuous section. The Constrained Section was also not chosen
as the recommended approach to widening along the corridor between structures, since
the shoulder widths would not comply with current design standards. Reduced shoulder
widths would negatively impact safety along the corridor and in performing future
maintenance operations.

2. Unconstrained Section: The Unconstrained Section consists of eight (8) 12’ lanes (four in
each direction), two (2) 12’ right shoulders (one in each direction), two (2) 12’ left
shoulders (one in each direction), a 6" wide median barrier, and two (2) 1’-11” parapets
(applicable only at locations of bridges carrying 1-95). The total width of a typical
Unconstrained Section at locations of bridges over [-95 and at locations of culverts is 150".
The total width of a typical Unconstrained Section at locations of bridges carrying I-95 is
153’-10”". For locations that currently have entrance or exit ramps, an additional 12’ lane
per direction and additional widening is considered based on the ramp alignment. The
Unconstrained Section is to be used to construct I-95 to the ultimate width when widening
between structures. This section should also be used at structures which require a full
replacement. However, the Unconstrained Section should not be used if an existing
structure does not require a full replacement, as right-of-way and structure impacts can be
minimized by utilizing the Combined Section.

3. Combined Section: Based on further consideration by the Department, the "Constrained
Section" was revised to reflect the utilization of 12’ lanes in lieu of 11’ lanes. Additionally,
at structure locations, the cross section can be reduced to four (4) 12’ lanes with reduced
left and right shoulder widths to a minimum of 4’ to avoid costly structure widening, in
which existing structures are otherwise in acceptable condition. The total width of a typical
Combined Section at locations of bridges over [-95 and at locations of culverts is 118’. The
total width of typical Constrained Section at locations of bridges carrying [-95 is estimated
to be 121’-10”. To achieve the Combined Section at structures over [-95, barrier walls can

CDM
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be utilized to protect abutments and piers. The Combined Section was chosen as the
recommended approach to widening the corridor in the interim at structures which
currently did not need to be replaced.

Analysis

The following information was assembled from various sources as part of Phase 1 of the study:

Mapping

Aerial high-definition video of corridor operations along I-95 between Greenwich and New
Haven was captured during the morning and evening peak periods to identify areas that are
current bottlenecks and to assist in the evaluation of the various operational conditions that
exist along the corridor.

Base mapping for the corridor provided by the Department for existing highway right-of-way
lines was used to identify wetland boundaries and property line data. This was used to evaluate
the impacts to the various components and constraints along the alignment. Throughout the
corridor, adequate right-of-way exists to support a widened facility.

Geometrics

The feasibility of adding an additional operational lane between the New York state line and
Bridgeport was studied by applying two different cross sections, the Unconstrained Section and
the Combined Section. During the development of the analysis, a consensus was reached to use
a "Combined Option" as the recommended approach. This option utilized 12’ lanes and 12’
shoulders throughout most of the corridor, which is consistent with the Unconstrained Section.
However, in locations of structures, box culverts, and wetlands, where the reduction of the
shoulder width could reduce impacts or the need to replace/ widen a structure, the Combined
Section was used. At these more constrained locations, left shoulders will be reduced to a
minimum width of 4’, while right shoulders will be reduced to a minimum width of 10’
Retaining wall locations were identified to assist in reducing impacts.

Traffic Volumes

The 1-95 Corridor Congestion Relief Study/Value Pricing Pilot Program (VPPP) Data
Collection/Existing Conditions report was used to assemble volume and congestion data and
evaluate hot spots and congested locations. As part of the study initiated in 2013, speed, travel
time and density/Level of Service (LOS) data were collected and analyzed from various sources
including anonymous real-time cellphone INRIX data, Skycomp Aerial Video, and Photo
Surveillance data. For example, the data showed that during the AM peak period in the
Southbound direction, significant delay is evident between Greenwich and Bridgeport.
Specifically, during the 8:00-9:00 AM hour, a through trip between New Haven and the New
York State Line experienced 20 minutes of delay on average, with 18 minutes of that delay
occurring between Bridgeport and Stamford.

Crashes

Crash analysis was conducted to determine the impact of daily traffic volumes and mainline I-
95 geometry on operating conditions. Crash records for [-95 from the most recent three-year
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Smith 3




Technical Memorandum No. 2 ¢ [-95 Improvements — Feasibility Evaluation Study (Greenwich to New Haven)

period (2014-2016) were assembled and analyzed from CTDOT/University of Connecticut
(UConn) “Connecticut Crash Data Repository” website. Crashes are listed by date and include
data on location, crash severity, crash type, road surface condition, and work zone related
crashes. Crash rates (measured as number of crashes per Million Vehicle Miles Traveled -
MVMT) were highest in two locations along the corridor in the Northbound direction; New
Haven, between Exit 44 off-ramp and on-ramp from Ella Grasso Blvd. (7.9 crashes/MVMT); and
Norwalk between the on-ramp from Scribner Avenue and Exit 14 off-ramp (6.4
crashes/MVMT), both of which have had ongoing construction activity. In the Southbound
direction, the crash rate was highest in New Haven between the on-ramp from Route 34 and
Exit 46 off-ramp (Long Wharf Drive) (9.9 crashes/MVMT).

Traffic Operations

Simulation models were developed to estimate the effects of different widening alternatives.
Five (5) different 2040 build (widening) conditions were analyzed, along with a 2040 No Build
scenario. Two (2) additional No Build simulation models were assembled to estimate the traffic
operation which would be obtained by adding a lane along certain segments of the roadway.
The two additional No Build simulation runs were due to projects currently under construction.

Significant operational improvements were recognized by adding lanes either in the
northbound or southbound directions during peak directional periods. As an example, by
adding a lane in the southbound direction between the New York State Line and Exit 9 in
Stamford, a 9% decrease in Vehicle Hours of Travel (VHT) and a 35% decrease in Vehicle Hours
of Delay (VHD) are realized. Similarly, adding a lane in the Northbound Direction between Exits
19 and 28 produced a 35% reduction of delay per vehicle. Additional simulations may reveal
other areas where a lane could be added to improve operations.

Structures

Structures along the corridor from Greenwich to Bridgeport number 120. 80 of these carry I-
95 over local roadways, railroads or bodies of water. Seven (7) culverts also are present along
the corridor and 33 structures carry local facilities over [-95.

Within the corridor, there are eight (8) major structures which will require varying degrees of
modifications or total replacement to allow for adding an additional lane:

0 Mianus River Bridge (06015) - widening.

0 Stamford Area Structures (00027, 00028, 00029, and 00031) and retaining walls—
widening and special study area.

0 [-95 over Metro-North Railroad (00032) - replacement, requires special study.

0 [-95 over Norwalk River (Yankee Doodle Bridge - 00059)—Replacement requires
special study.

0 [-95 over Saugatuck River (00064)—widening.

Each structure was analyzed to determine the need for widening, replacement or modification to
accommodate the different widening conditions to incorporate a fourth lane.

n
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0 37 require complete replacement
0 59 can accommodate a reduced section

0 32require widening

Interchanges

Between Greenwich and Bridgeport, there are 27 interchange locations which will require
improvements in varying degrees and complexity in order to add an additional lane in each
direction. Of those 27, a number of interchange areas will require additional analysis,
simulation and further study to identify the most effective treatment for these areas. Projects
which are implemented in the future will evaluate interchange operations within the project
limits. The following projects have the potential for improving operational capacity and safety.
Specifically, the modifications to the following areas will represent a significant improvement
to traffic flow:

0 Stamford Exits 7-9 including Bridge 32 over Metro-North
0 Norwalk Exit 13-16 including the Norwalk River Bridge
0 Exit 22-24 in Fairfield with closely spaced interchanges and local access roadways

0 Exit 27 - 1-95/Route 8 Ramp Geometrics

Hot Spot Locations — Bridgeport to New Haven

Between Bridgeport and New Haven three (3) areas were identified for improvement:

Exit 27A (I-95/Route 8/Route 25 Interchange)- Exit 27A is major interchange that provides
access to Route 8/Route 25 in Bridgeport. During the morning and evening peak periods, this
segment of [-95 experiences heavy congestion because of mainline and ramp capacity
constraints, closely spaced ramps and steep ramp grades. These problems are expected to get
worse in the future with traffic growth in the area.

Exit 38 (Milford Parkway Connector to Wilbur Cross) - Exit 38 is a major interchange that
provides access to Route 15 in the Milford area. At this location, the operational shortcomings
include inadequate weaving distances in the Northbound section within the clover leaf
interchange and a lack of ramp capacity in the Southbound direction. Potential improvements
at this interchange include providing a direct connector flyover from Southbound Milford
Parkway to Northbound I-95. Potential improvements also include adding an additional
operational lane between Interchange 38 and Interchange 39 in both directions and widening
of the Milford Parkway ramp to 1-95. Bridge reconstruction at Wheeler’s Farms Road will also
be necessary.

Exit 39 (Boston Post Road/Route 1) and Exit 40 (Woodmont Road) - Exit 39 is also a major
interchange that provides access to Route 1 in Milford. Due to the proximity of significant
commercial development near this interchange, there is a high volume of ramp movements and
the existing cloverleaf interchange does not provide adequate weaving length in the
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Northbound or Southbound directions. Consideration should be given to the reconstruction of
this interchange by providing either a full movement diamond or through a single point urban
interchange. Modifications to the off-ramp geometry from [-95 Southbound to Route 1
Northbound will also be required. A 1-95 Northbound operational lane and Southbound
operational lane to and from Exit 40 at Woodmont Road will also improve operations on [-95.

Cost Estimating

To model the uncertainty and variability of the construction costs associated with the widening of
[-95 per the Combined Option, a Monte Carlo! simulation was performed on the base cost estimate
that was developed for the project. The purpose of this analysis was to evaluate the risk and
sensitivity of elements within the cost estimate and the risks and sensitivity of the total project cost
to those changed conditions.

* A base cost estimate was developed to determine a unit cost per directional mile for the
construction of an additional operational lane on [-95 from the New York border to Bridgeport.
All estimate quantities were calculated based on a total directional length of 30 miles of
Northbound widening and 30 miles of Southbound widening (60 miles total).

* Arisk analysis was conducted to define the ranges of uncertainty and variability for each item
in the base cost estimate. A Monte Carlo simulation was then performed to evaluate the risk
and sensitivity of the individual cost elements. This analysis was used to highlight how the total
project cost is subject the variability of each individual element.

* Based on the analysis, a summary of observed results was formulated, which includes:
0 the top five mean cost elements
0 the top five cost elements by potential cost range

0 and the cost probability and tornado charts for total cost with and without
escalation/inflation.

All costis on a per mile basis. Based on the risk analysis, the total project cost to add an operational
lane to [-95 for 30 miles of Northbound I-95 and 30 miles of Southbound I-95 (60 total miles of
additional operational lanes) was determined. Including escalation, the total approximate cost to
construct 60 miles of an additional operational lane between the New York state line and

1 A Monte Carlo simulation is a modeling technique which accounts for risk in both quantitative analysis
and decision making. Monte Carlo provides a range of possible outcomes and probabilities for each
element in the cost estimate. To develop the range of outcomes for cost elements and the total project,
the Monte Carlo model simulates each item 10,000 times based on a defined cost range and probability
distribution curve for each element. Each simulation uses a distinct set of values for each cost element
based on these defined ranges and distribution curves.
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Bridgeport is anticipated to range between $5.5 billion and $10.6 billion with a 95% confidence
interval cost of $9.7 billion.

Recommendations for Next Steps

Following several meetings and workshops with the Department, the following course of action
and resultant recommendations will be pursued.

* Prepare a Strategic Implementation Plan for initiation of directional improvements which will
yield the greatest reduction in delay and improved travel time;

* Implement Short-Term projects and further evaluation of special study areas;

e Conduct additional Micro Simulations and improvements to determine benefits in delay
reduction and travel time to determine phasing;

* Coordinate future bridge improvements to accommodate Unconstrained Section Elements;

* Use 12’ travel lanes to implement an additional lane in areas targeted for implementation using
standard shoulder widths to the greatest extent possible, and reduced shoulder widths at
structures that do not require replacement/reconstruction.

CDM
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1.1 Introduction

The purpose of this technical memorandum is to evaluate the feasibility of adding an additional
operational lane in each direction along I-95 between the New York state line in Greenwich and
Bridgeport. Additionally, the study evaluates spot improvements between Bridgeport and New
Haven. This evaluation is intended to be a high-level analysis of the constraints and issues with
respect to adding the operational lane and has been conducted in two phases as follows:

1. Phase 1- This phase consists of existing data collection including all available data on Traffic
Conditions (Volumes, Crashes, Congestion), Bridges, Major Structures, Wetland, Right-of-
way (ROW) and conducting a working group meeting with the Department in identifying
design criteria.

2. Phase 2- This phase considered three options for widening feasibility:

1. Unconstrained Option - Providing for the full design desired cross section of 12’ travel
lanes and 12’ left and right shoulders.

2. Constrained Option- Providing reduced cross section consisting of 11’ travel lanes
reduced shoulder widths of 4’ for left shoulders and 10’ for right shoulders at structures
to avoid the need for replacement.

3. Combined Option - Providing 12’ travel lanes with reduced left and right shoulder
widths of a minimum of 4’ over and under structures to avoid the need for replacement.
This option was chosen to be analyzed over the Constrained Option since it was deemed
necessary to maintain 12’ travel lanes but reduce shoulder widths where possible to
prevent the replacement of bridge structures along the corridor.

Additionally, the section of I-95 between Bridgeport and New Haven was reviewed to identify spot
improvements since this section has sufficient capacity to accommodate existing and future
volumes. The objective of the evaluation is to identify and develop early start projects which could
be implemented with independent utility along with their anticipated construction, engineering,
and inspection costs; as well as impacts to rights-of-way and wetland areas.

This technical memorandum (tech memo) summarizes the efforts of Phases 1 and 2 of the project,
and summarizes the impacts and costs associated with the proposed widening.

2.1 Objective

This feasibility evaluation study focuses on providing the Department with the following:

* Identify the impacts and issues associated with adding an operational lane on I-95 between
the New York state line in Greenwich and Bridgeport.

* Incorporate the various cross-sectional components that comply with current design
standards (Unconstrained Section) as well as a set of reduced “current design” standards
(Combined Section). Tables 1 and 2 summarize design standards for the preferred
Unconstrained and Combined Sections respectively.

* Quantifying the extent of wetland, right-of -way (ROW) and bridge structure impacts.

CDM
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* Developing an estimate of probable costs for construction, engineering, and inspection and
the identification of risks associated with the process to construct an additional operational

lane on Northbound and Southbound I-95.

Table 1 — Design Criteria (Unconstrained Section)

Description

Design Standard (Unconstrained Section)

Design Classification Freeway
Design Speed 60 MPH
Lane Width 12’
Number of Lanes 4 Lanes
Shoulder Width (Left)* 12’
Shoulder Width (Right)* 12’
Median Barrier Width 6’

Clear Zone 30

Bridge Underpass Width

Meeting roadway width plus clear zone

Minimum Radius

2050’

Maximum Grade (Mainline) 4%
Maximum Grade (Ramps) 3% -5%
Superelevation (emax) 6%
Minimum Vertical Clearance 16'-3”

Table 2 — Design Criteria (Combined Section)

Description

‘ Design Standard (Combined)

Design Classification Freeway
Design Speed 60 MPH
Lane Width 12
Number of Lanes 4 Lanes

Shoulder Width (Left)*

12’ — Taper to 4’ minimum at structures*

Shoulder Width (Right)*

12’ —Taper to 4’ minimum at structures*

Median Barrier Width

6/

Clear Zone

30

Bridge Underpass Width

Meeting roadway width plus clear zone

Minimum Radius

2050’

Maximum Grade (Mainline) 4%
Maximum Grade (Ramps) 3% -5%
Superelevation (emax) 6%
Minimum Vertical Clearance 16’-3”

Note:

* Shoulder widths are to be reduced to these minimums when traveling over and crossing under existing bridge structures to

minimize structure replacements. In all other areas, the Unconstrained Section should be utilized.

3.1 Methodology
3.1.1 Data Collection

As part of Phase 1 of the study, information from various sources were assembled including base
mapping, aerial video, bridge inventory, and reports of past studies performed in the Southern
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Connecticut region along I-95 to evaluate existing conditions. The following section describes the
data collection and summary efforts.

3.1.1.1 Aerial Video/Traffic Operations

PhotoFlight Aerial Media was contracted to record aerial high-definition video of corridor
operations along [-95 between Greenwich and New Haven during the morning and evening peak
periods. The video was recorded on June 8, 2016 (Wednesday) by a helicopter flying in the
Northbound and Southbound direction, once in each direction, between 6:45-7:45 AM during the
AM peak period (6:00-10:00 AM) and between 4:15-5:15 PM during the PM peak period (3;00-7:00
PM). The video was intended to identify areas that are current bottlenecks and to assist in the
evaluation of the various operational conditions that exist along the corridor. Tables 3 through 6
below summarize the observations by direction of the aerial video review from two flights during
the morning and evening peak hours along [-95, a total of four flights.

Table 3- AM Southbound Direction Observations

Town Observations

New Haven/ West o No issues/ delay observed SB in advance of at West River New Haven/ West Haven line,
Haven although this is typically a crunch point. Only PM congestion observed.
Milford e Short weave between US 1 NB on-ramp and Exit 39A (US 1 SB) off-ramp.
¢ Mainline congestion Exit 20 (Bronson Rd.) off-ramp and Mill Plain Rd. (Exit 21) on-ramp.
Fairfield ¢ Mainline congestion between Maple Lane (Westport) and Center Street (Exit 19) on-
ramp.
e Crash near Westport.
e Exit 19 SB (US 1) off-ramp backed up on to 1-95 Mainline because of STOP sign @ Paese
Southport
Ave.
¢ Mainline heavily congested from Richards Avenue Overpass to Sherwood Island
Connector (Exit 18) in Westport, CT.
Norwalk e Heavy Rt. 7 SB on-ramp (Exit 15) volume. Weaving issues with mainline traffic.
e Weaving issues between East Ave. (Exit 16) on-ramp and Exit 15 off-ramp.
e Crash near Richards Avenue overpass.
Darien ¢ Heavy on-ramp merge from US 1(Exit 13)
¢ Heavy off-ramp volume to Exit 6 (West Ave.).
¢ Heavy on-ramp volume from Washington Blvd.
stamford e Congestion between Exit 7 (Atlantic St.) and on-ramp from Washington Blvd.
¢ Mainline dense and congested between Washington Blvd. on-ramp and Exit 7 (Atlantic
St.) off-ramp.
¢ Heavy on-ramp volume from Atlantic St. on-ramp.
¢ Mainline moving slowly between Indian Field Road (Exit 4) on-ramp and Exit 3 off-ramp.
Greenwich Short deceleration lane to Exit 3.
¢ Mainline moving slowly between Harvard Road (Exit 6) on-ramp and Exit 5 off-ramp.

Table 4- AM Northbound Direction Observations

Observations

e Off-ramp to Truck weigh station backs up on to 1-95 mainline blocking right lane.
e Congestion between Truck weigh-station off-ramp and CT/NY State border.

Greenwich
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Town Observations

Stamford

Heavy on-ramp volume from West Ave. (Exit 6). Off-ramp to Exit 7 is heavy too.
Weaving issues between Exit 6 and Exit 7. Short weaving distance.
Exit 8 (Atlantic St.) off-ramp is backed up on to 1-95 mainline blocking right lane.

Milford

Short weave between Milford Parkway SB on-ramp and Exit 38 (Milford Parkway NB)
off-ramp.
Short weave between US 1 SB on-ramp and Exit 39B (US 1 NB) off-ramp.

New Haven

Congestion between Exit 42 (Saw Mill Rd.) and Exit 44 (Ella Grasso Blvd.)

Table 5- PM Northbound Direction Observations

Town Observations

Greenwich Mainline heavily congested between Exit 3 (Arch St.) off-ramp and Exit 8 off-ramp.
Off-ramp to Exit 8 is backed up on to I-95 Mainline.
Stamford Mainline traffic clears up North of Exit 8 Off and on-ramp from Greyrock PI.
Mainline heavily congested North of on-ramp from Greyrock PI. (Exit 8) to Exit 10
(Darien).
Darien Mainline heavily congested between Exit 10 (Noroton Ave.) off-ramp and East Ave.
(Exit 16) on-ramp (Norwalk).
Mainline heavily congested between Exit 16 (Rt. 7 Ave.) and Exit 25 (Commerce Dr.)
Norwalk off-ramp.
Area under construction
Mainline congested between Commerce Dr. (Exit 25) on-ramp and Rt. 8 NB off-ramp
Bridgeport/ Stratford (EXI_t 2_7A)' ] ) )
Mainline heavily congested between Rt. 8 SB on-ramp and Exit 30 (Hollister Ave.) off-
ramp.
Short weave between Milford Parkway SB on-ramp and Exit 38 (Milford Parkway NB)
Milford/ Orange/ New off-ramp.
Haven Short weave between US 1 SB on-ramp and Exit 39B (US 1 NB) off-ramp.
Mainline heavily congested between Exit 39B (US 1) off-ramp and New Haven.

Table 6- PM Southbound Direction Observations

Town Observations

Milford/ Orange/ New | *  Mainline congestion between Exit 41 (Marsh Hill Rd.) off-ramp and Exit 38 (Milford
Haven Connector) off-ramp.
e Exit 38 Exit lane slows down and backs up on to Mainline I-95.
e Short weave between US 1 NB on-ramp and Exit 39A (US 1 SB) off-ramp.
¢ Mainline heavily congested between New Haven and Exit 43 (1%t Ave.) off-ramp.
Bridgeport/ Stratford e Exit 27A (Rt. 8) off-ramp backed up on to mainline 1-95.
e Mainline congested between Exit 30 (Surf Ave.) off-ramp and Seaview Ave. (Exit 29)
on-ramp.
Stamford ¢ Mainline heavily congested from Exit 6 to Darien rest stop on-ramp.
Greenwich/ Stamford ¢ Mainline congested between Harvard Avenue (Exit 6) on-ramp and NY/CT border.
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3.1.2 Aerial Base Mapping

Base mapping for the corridor was provided by the Department based on 1983 aerial topographic
LIDAR surveys including existing right-of-way mapping along 1-95 for existing highway right-of-
way lines. A Digital Terrain Model (DTM) was developed using the mapping with a 3D set of
contour files and a 5 contour interval. Horizontal and vertical baselines were replicated in
Bentley’s InRoads Software to develop the scenarios for Combined and Unconstrained Options.

A detailed base plan incorporating the aerial mapping as well as wetland boundaries and property
line data for each of the communities was incorporated into a Geo Data Base. This was used to
evaluate the impacts to the various components and constraints along the alignment.

3.1.3 Previous Studies Along I-95

The 1-95 Corridor Congestion Relief Study/Value Pricing Pilot Program (VPPP) Data
Collection/Existing Conditions report? provided most of the current, if not all volume and
congestion data to be used in evaluating hot spots and congested locations. As part of the study
initiated in 2013, speed, travel time and Density/LOS data were collected and analyzed from
various sources including anonymous real-time cellphone INRIX data and Skycomp Aerial Video
and Photo Surveillance data. The following sections summarizes the results of the data analysis
from those two sources.

3.1.3.1 INRIX Speed and Travel Time Data

To illustrate the build-up and duration of congestion across time and space,” heat” maps were
produced for I-95. Figures 1 through 4 in Appendix A show speed ranges as color bands across the
entire length of the I-95 corridor for each travel direction over the AM and PM peak periods. The
X-axis of the graphic is to scale by mile post and the y-axis is the selected time frame. The green
color range illustrates speeds from 70mph to 60mph; yellow to light orange illustrates decrease in
speed from 55mph to 40mph and dark orange to red illustrate speeds of 35mph to 20mph.

Figure 1 in Appendix A displays the Northbound direction of I-95 from Greenwich to New Haven
between 6AM and 12:00 Noon. Very little delay is found to occur during the Northbound AM period.
The slight degradation of speeds in the vicinity of New Haven can likely be attributed to the ongoing
[-95 New Haven Harbor Crossing Corridor Improvement Program.

During the AM peak period in the Southbound direction (Figure 2 in Appendix A) significant delay
is evident by the large swath of red and orange in the figure between 6:30-10:00 AM. Although
there is some delay experienced between 7:30-9:30 AM between Stamford and Greenwich, most of
the congestion is experienced between Bridgeport and Stamford. Table 7 shows the average speeds
during 8:00-9:00 AM hour for a trip between New Haven and the New York state line and between
Bridgeportand Stamford. During the peak 8:00 AM hour, 20 minutes of delay are being experienced
on average for a through trip, with 18 minutes of that delay occurring between Bridgeport and

2 CTDOT, I-95 Corridor Congestion Relief Study/Value Pricing Pilot Program (VPPP) Report, September
2016
http://www.dotdata.ct.gov/ct congestion site/documents/final/FULL%20PDF%200F%20FINAL%20REP

ORT.pdf
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Stamford. The additional 18 minutes of travel time over this 24-mile trip is an increase of more
than 80% when compared to a delay free trip. Significant variation across the months occurs, with
May and June having the highest levels of delay and the months of January and February having the
lowest. On an average weekday in May and June, average delay increases significantly to around 40
minutes. It should be pointed out that the month of November should be considered somewhat of
an anomaly in 2012 as Super Storm Sandy had significant impacts to travel in the northeast,
including to Metro North and in particular to rail stations and subway lines in New York City.
Improvements in the Long Wharf Area of New Haven were still under construction and not
completed at the time of the INRIX data. Section 3.1 Simulation revised the existing condition at
Long Wharf for the future condition.

Table 7- Average Weekday Southbound AM Peak Hour Speed and Delay (8:00-9:00 AM)

Figure 3 in Appendix A displays the Northbound direction between 3:00-9:00 PM. The swath of
yellow and orange colors spans across 5 hours between Stamford and Norwalk. Similar to the AM
Southbound direction, congestion on average is shown to be significant between Bridgeport and
Greenwich, spanning nearly 4 hours in duration. Table 8 shows the average speeds during the 5:00-
6:00 PM hour for a trip between the New York state line and New Haven and between Bridgeport
and Stamford. During the peak 5:00 PM hour, 20 minutes of delay are being experienced on average
for a through trip, with 16 minutes of that delay occurring between Stamford and Bridgeport. The
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additional 16 minutes of travel time over this 24-mile trip is an increase of more than 70% when
compared to a delay free trip.

Table 8 Average Weekday Northbound PM Peak Hour Speed and Delay (5:00-6:00 PM)

Figure 4 in Appendix A displays the Southbound direction of [-95 from Greenwich to New Haven
between 3:00-9:00 PM. Some delay is evident through Greenwich and into Stamford between 5:00-
7:00 PM reflecting the reverse commute out of Connecticut toward New York.

3.1.3.2 Skycomp Aerial Surveillance Data

Additional data on queuing and bottlenecks was collected for the VPP Study through Skycomp
surveillance of AM and PM peak hours of [-95 between New Haven to the NY/CT border. Using a
fixed-wing airplane to photograph the survey area, Skycomp collected high-resolution overlapping
digital photographs during morning and evening peak hours, suitable for the extraction of traffic
densities and queue lengths along 1-95. The data was summarized from three flight days during
morning and evening peak hours along I-95. In total, twelve flights were completed to provide
average weekday queuing and bottleneck statistics.

Figures 5 through 8 in Appendix A illustrate performance rating (Level of Service) tables of traffic

conditions on [-95 for morning and evening periods. The ratings are presented in tables by highway
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segment, by direction, and by time slice. Each rating represents the average of approximately three
flyovers (from three different days). The ratings are density-based level-of-service (LOS)
designations A, B, C, D, E, and F, as defined in the Highway Capacity Manual (HCM). The definitions
from the 2010 HCM are given below:

LOS A describes free-flow operations. Free-flow speed (FFS) prevails on the freeway, and vehicles
are almost completely unimpeded in their ability to maneuver within the traffic stream. The effects
of incidents or point breakdowns are easily absorbed.

LOS B represents reasonably free-flow operations, and FFS on the freeway is maintained. The
ability to maneuver within the traffic stream is only slightly restricted, and the general level of
physical and psychological comfort provided to drivers is still high. The effects of minor incidents
and point breakdowns are still easily absorbed.

LOS C provides for flow with speeds near the FFS of the freeway. Freedom to maneuver within the
traffic stream is noticeably restricted, and lane changes require more care and vigilance on the part
of the driver. Minor incidents may still be absorbed, but the local deterioration in service quality
will be significant. Queues may be expected to form behind any significant blockages.

LOS D is the level at which speeds begin to decline with increasing flows, with density increasing
more quickly. Freedom to maneuver within the traffic stream is seriously limited and drivers
experience reduced physical and psychological comfort levels. Even minor incidents can be
expected to create queuing, because the traffic stream has little space to absorb disruptions.

LOS E describes operation at capacity. Operations on the freeway at this level are highly volatile
because there are virtually no usable gaps within the traffic stream, leaving little room to maneuver
within the traffic stream. Any disruption to the traffic stream, such as vehicles entering from a ramp
or a vehicle changing lanes, can establish a disruption wave that propagates throughout the
upstream traffic flow. At capacity, the traffic stream has no ability to dissipate even the most minor
disruption, and any incident can be expected to produce a serious breakdown and substantial
queuing. The physical and psychological comfort afforded to drivers is poor.

LOS F describes breakdown, or unstable flow. Such conditions exist within queues forming behind
bottlenecks. Breakdowns occur for a number of reasons:

» Traffic incidents can temporarily reduce the capacity of a short segment, so that the number
of vehicles arriving at a point is greater than the number of vehicles that can move through
it.

= Points of recurring congestion, such as merge or weaving segments and lane drops,
experience very high demand in which the number of vehicles arriving is greater than the
number of vehicles that can be discharged.

* Inanalyses using forecast volumes, the projected flow rate can exceed the estimated capacity
of a given location.

In all cases, breakdown occurs when the ratio of existing demand to actual capacity, or of forecast
demand to estimated capacity, exceeds 1.00.
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Figures 5 and 6 in Appendix A provide similar and consistent findings to the INRIX speed data,
further illustrating the significant queuing and bottlenecks experienced on the 1-95 corridor during
the AM peak period. During the AM peak in the Southbound direction, travel operations are at LOS
of “F” from the Bridgeport/Stratford town line at Exit 30 until the Norwalk/Darien town line at exit
12. From there, conditions ease to LOS of “D” with pockets of “E” and “F” until Exit 3. The duration
of LOS “F” spans several hours. In the Northbound direction, LOS “E” and “F” were observed
between [-287 and Exit 7 in Stamford. A small pocket of near breakdown conditions was observed
between Exits 13 and 14 in Norwalk.

Figures 7 and 8 in Appendix A display the same information for [-95 during the PM peak period. In
the Northbound direction LOS “F” begins south of Exit 4 and continues to Exit 27 in Bridgeport. As
shown, this breakdown condition spans the entire survey period during the evening commute. In
the Southbound direction, high densities were recorded between the New York State line and Exit
8 in Stamford indicative of the reverse commute back to New York.

3.1.4 Corridor Analysis Application of Typical Sections

The feasibility of adding an operational lane between the New York state line and Bridgeport was
tested by applying two different cross sections- Unconstrained and Combined. Figure 1 shows the
existing and planned Unconstrained/Combined Sections. During the development of the analysis,
a consensus was reached to use an approach to the application of the typical called the "Combined
Section". This option utilized 12’ lanes and full width 12’ shoulders, however in locations of
structures, box culverts, and wetlands, the reduction of the shoulder width to a minimum of 4’ could
reduce impacts or the need to replace or widen a structure this approach was used.

Since the difference in total cross sectional with between the Unconstrained Section and Combined
Section is small (16’ in each direction, 32’ difference total), the impacts caused to ROW and
wetlands for the two options was relatively minor. Retaining wall locations were identified to
assist in reducing impacts. Table 9 summarizes the impacts Wetlands and Right-of-way (ROW).

Table 9 - Summary of Impacts

1-95 Unconstrained Section

Retaining Walls Wetland

. . ROW (square feet)
Direction Length (linear feet) Impacts (square feet)

Northbound
Southbound 7,700 37,950
TOTAL

262,000 (Commercial)
25,500 (Residential)

1-95 Combined Section

Retaining Walls Wetland
. ) ROW (square feet)
Direction Length (linear feet) Impacts (square feet)

Northbound
Southbound 4,900 19,500
TOTAL 9,750 32,350

261,000 (Commercial)
25,500 (Residential)
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After analyzing the impacts of the Unconstrained and Combined Sections on both the highway and
bridge/structure locations, a Combined layout was evaluated introducing the Unconstrained
Section in areas where the impacts were minor and introducing the Combined Section in other
areas to reduce impacts to existing structures. Several of the major bridge structures have not been
recommended for widening to accommodate either the Combined or Unconstrained Section since
only a 1’ to 2’ widening would be required to achieve the Combined Section at a substantial cost.
In addition, wetland impacts resulting from minor culvert or bridge widening have not been
estimated in this exercise.
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3.1.5 Crash Analysis

Crash analysis was conducted along I-95 between NY State Line and New Haven based on Traffic
Volumes developed as part of the [-95 VPPP Study. The purpose of a Crash analysis is to determine
the impact of Daily Traffic volumes and Geometry on operating conditions. Crash records for [-95
from the most recent three-year period, 2014-2016, were assembled and analyzed from
CTDOT /University of Connecticut (UConn) “Connecticut Crash Data Repository” website. Crashes
are listed by date and include among other things data on Location, Crash severity, Crash Type,
Road Surface condition and Work Zone related crashes. This report also summarizes actual Crash
rates for every roadway link along the corridor.

To better under the crash patterns, vehicular crashes were analyzed by Crash severity and type. A
detailed summary of the findings by segment are presented in Appendix B.

3.1.5.1 High Crash Locations based on Crash Rate

Actual crash rates for each location based on the traffic volumes and vehicle miles traveled (VMT)
of were calculated to identify the high crash locations within the study corridor. Any location with
a crash rate greater than 2.5 was identified as a high crash location. Crash rate for roadway
departure crashes was calculated based on the following formula:

where

R = Roadway Departure crash rate for the road segment expressed as crashes per 100 million
vehicle-miles of travel (MVMT),

C = Total number of roadway departure crashes in the study period

V = Traffic volumes using Average Annual Daily Traffic (AADT) volumes (from [-95 VPP Study)

N = Number of years of data (2014-2016- 3 years)

L = Length of the roadway segment in miles

In the Northbound direction, high crash rates were observed at the following locations:

» Stamford between Exits 6 and 9;

e Darien between Exits 12 and 13;

* Norwalk- Rt.7 Interchange- between Exits 14 and 16 (active construction) both of these
locations;

*  Westport between Exits 17 and 18;

* Bridgeport- Rt.8 Interchange- between Exits 27 and 27A;

*  West Haven between Exits 42 and 44 (active construction).

Crash rates were highest in two locations along the corridor in the Northbound direction- West
Haven, between Exit 44 off-ramp and on-ramp from Ella Grasso Blvd. (7.9 crashes/MVMT); and
Norwalk, between on-ramp from Scribner Avenue and Exit 14 off-ramp (6.4 crashes/MVMT), had
ongoing construction activity.
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In the Southbound direction, high crash rates were observed at the following locations:

* New Haven between [-95/1-91 Interchange and Exit 46 (active construction);
*  West Haven between Exits 45 and 43 (active construction);

* Bridgeport- Rt.8 interchange- between Exits 27B and 27A;

*  Westport between Exits 18 and 17;

* Norwalk- Rt.7 interchange- between Exits 14 and 16 (active construction);

» Stamford between Exits 8 and 6.

In the Southbound direction, the crash rate was highest in New Haven between the on-ramp from
Rt.34 and Exit 46 off-ramp (Long Wharf Drive) (9.9 crashes/MVMT). High crash rates could mainly
be attributed to closely-spaced ramps, short acceleration and deceleration lanes, short weave
sections between ramps and heavy congestion during peak periods.

3.1.5.2 Crashes by Severity

Crashes by severity involving Fatalities, Injuries or Property Damage are an important criterion
in identifying unsafe locations along the corridor. Table 10 summarizes the crashes by severity
along the corridor by direction.

Table 10 - Crashes by Severity and Highway Direction

Injury of any type
Segment/ Crash (Serious, Minor, Property Damage Only
= . Possible)
Severity
No. % . %

1-95 Northbound 12 0% 1633 25% 4810 75% 6455
1-95 Southbound 14 0.2% 1396 24% 4363 76% 2773

Total 26 0.2% 3029 25% 9173 75% 12228

As shown in Table 10, approximately 25% of all crashes involved Serious, Minor or Possible Injury.
Majority of the crashes- approximately 75%- were property damage related.

There were a total of 26 fatal crashes (both directions combined) along the corridor-12 in the
Northbound direction and 14 in the Southbound direction. In the Northbound direction, fatal
crashes occurred at the following locations:

e Stamford (2 near Exit 9 and Exit 10);

*  Westport (3 near Exits 17, 18 and 19);

» Fairfield (4 near Exit 21, Service Area and Exit 23);

* Bridgeport (1 near Exit 28), Milford (1 near Exit 36) and
* New Haven (1 near Exit 47).

In the Southbound direction, Fatal crashes occurred at the following locations:
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* New Haven (2 near Exit 46);

» Milford (1 near Service Area/ Exit 40);

* Milford/ Stratford (1 near Exit 34);

» Stratford (1 near Exit 30)

*  Westport (3 near Exits 17, 18 and 19)

* Norwalk (1 near Exit 14)

* Darien (2 near Exit 10 and the Service Area)
e Stamford (2 near Exit 6)

* Greenwich (1 near Exit 3)

3.1.5.3 Crashes by Collision Type

Crashes by collision type- Angled, Head On, Rear End etc.- are an important criterion in
understanding the causes of crash and to determine improvements at high crash locations. Table
11 summarizes the crashes by severity along the corridor by direction.

Table 11 — Crashes by Collision Type

Segment/ Crash Head On Rear End
Type

No. % \[o} ‘ %
1-95 Northbound 64 1% 12 0% | 4037 | 63% | 1435 | 22% 907 14% 6455

1-95 Southbound 80 1% 11 | 0% | 3410 | 59% | 1409 | 24% | 863 15% 5773
Total 144 1 1% 23 | 0% | 7447 | 61% | 2844 | 23% | 1770 14% 12228

As shown in Table 11, more than 60% of all crashes in both directions were Rear end collisions,
less than 23% of all crashes were Sideswipe collisions and the remaining 16% were Angled, Head
On or Other (Unknown, Other) collisions.

Several locations had a high number of crashes of a particular type. In the Northbound direction,
the locations with the highest number of rear end and sideswipe collisions are as follows:

* Greenwich near Exit 5 (180 crashes);

* Stamford near Exit 9 (182 crashes);

* Norwalk between Exits 13 and 14 (298 crashes), near Exit 16 (129 crashes);
*  Westport between Exits 17 and 19 (611 crashes);

* Bridgeport near Exit 27 (144 crashes); and

*  West Haven near Exit 44 (171 crashes).

In the Southbound direction, the highest number of rear end and sideswipe crashes occurred at the
following locations:

* New Haven between [-95/1-91 Interchange and Exit 46 (243 crashes);
*  West Haven near Exit 44 (107 crashes);
* Orange near Service Area/Exit 40 (108 crashes);
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*  Westport between Exits 18 and 17 (413 crashes);

* Norwalk near Exit 16 (286 crashes), between Exits 14 and 13 (412 crashes);
* Stamford near Exit 6 (141 crashes); and

*  Greenwich near Exit 3 (105 crashes).

3.1.6 Simulation

CDM Smith in conjunction with Cambridge Systematics (CS) developed simulation models to
estimate the traffic operations impacts for different widening scenarios. 5 different 2040 build
(widening) conditions were analyzed, along with a revised 2040 No Build scenario. All widening
scenarios/improvements assumed unconstrained conditions at Interchange ramps/local roads. CS
also developed 2 additional No Build simulation models to estimate the traffic operations impacts
associated with spot improvements. Spot improvement scenarios were performed primarily to
understand the impacts associated with local improvements without any additional mainline
widening. The scenarios to which the modeling methodology described in this section apply are
listed as follow:

1. Revised No Build: Updated geometrics reflecting latest final designs for the ongoing I-
91/95 interchange and [-95 West River Bridge construction projects that were not
available at the time of the initial No Build model development.

Build #1: Add one lane SB from Exit 19 to Exit 13, add one lane NB from Exit 19 to Exit 28
Build #2: Add one lane between the NYS Line (I-287) to Exit 9, both NB and SB directions
Build #3 Add one lane between Exit 9 to Exit 18, both NB and SB directions

Build #4: Add one lane between the NYS Line (I-287) to Exit 18, both NB and SB directions
Build #5: Add one lane between Exit 13 to Exit 28, both NB and SB directions.

Spot Improvement A: Add SB Aux lane from Exit 7 to Exit 6 (AM peak period)

Spot Improvement B: Widen Exit 27A NB off-ramp to two lanes (PM peak period)

PN AW

3.1.6.1 Network Development

The No Build model was built from a calibrated existing conditions model that reflected operating
conditions (counts, speeds, and travel times) observed in 2012. Details of the calibration of the
existing conditions model and the development of the initial 2040 No Build model (including traffic
growth details and committed improvement projects) can be found in the separate reports
prepared documenting and referencing the previous VPP work3.

Each of the scenario widening conditions were coded into the initial 2040 No Build model AM and
PM networks to develop the scenario networks. For all scenarios which added a lane between exits,
a full travel lane was added, and it was assumed that the configuration of the existing interchanges
was maintained into the new widened scenario. This includes the presence and length of any
acceleration or deceleration lanes or auxiliary/ weaving lanes and would be the equivalent of

3 CTDOT, I-95 Corridor Congestion Relief Study/Value Pricing Pilot Program (VPPP) Report, September
2016
http://www.dotdata.ct.gov/ct congestion site/documents/final/FULL%20PDF%200F%20FINAL%20REP

ORT.pdf
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adding the new lane on the left or median side of the existing roadway. The exception to this
assumption was at the start and end points of the proposed widenings, where appropriate lane add
or lane drop configurations were assumed given the roadway geometrics and ramp configurations.

All calibration parameters that were originally set in the No Build models were retained, although
some modifications to look-ahead turning distances (sign-posting) were updated in the widened
areas to reflect longer distances required for lane changing to off-ramps on a widened I-95.

3.1.6.2 Traffic Demand

For each of the major build conditions that add significant capacity through the widening projects
(Builds #1-5), the Statewide Travel Demand Model used in the VPPP study was updated to estimate
the additional demand that would desire to use a widened [-95 corridor. For each of these build
scenarios, the widenings were coded into the travel demand model and the 2040 statewide vehicle
Origin-Destination (OD) demands were assigned to the highway network. The resulting OD
demands of all traffic entering and exiting the [-95 corridor were extracted using a subarea
extraction process. These ramp to ramp OD patterns under each widened scenario were then
compared to the same subarea extraction from the demand model for the 2040 No Build conditions,
and the difference taken as the predicted change in demands created by the widening. This
resulting change in ramp to ramp OD demands were added to the original 2040 No Build Simulation
OD demands to create the simulation demands for each widening scenario. When new traffic was
added, no changes were made to the temporal profiles of traffic loadings across the peak period,
and the new traffic was distributed using the same temporal OD profiles as in the original 2040 No
Build model.

For scenarios without significant capacity increases (revised No Build), the assumption was made
that no significant change in the demand for the I-95 corridor would result from the projects being
completed. As such, the same demands from the No Build simulation model were used in those
Build simulation models.

3.1.6.3 Simulation Methodology

Using the above scenario network and demands, all scenarios were then simulated using
Quadstone Paramics Microscopic Traffic Simulation Software (version 6.9.3). Both directions and
were simulated for the 6-10 AM peak period and the 3-7 PM peak period. The simulations were
observed to ensure that no coding errors existed and that the full improvements of the widening
were being utilized by the simulated vehicles.

It is important to note that some modifications to some intersection controls of the ramp terminal
intersections that were included in the original model may have been made to be sure that they
would not become new bottlenecks for exiting or entering traffic under the build conditions with
increased demand entering or exiting the 1-95 corridor. The assumption behind this decision was
that improvements to these controls (e.g. stop control to signal controlled, or extra turn lanes or
signal modifications at existing signals) would also be made as part of the future build conditions.
However, only stop or signal controls at ramp termini intersections were considered for
modification. Ramp geometrics and lanes were not changed unless specifically called for
modification in the build design.
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Following the checks for coding and demand consistencies with the scenario design, each scenario
was simulated five times using different random seeds. The same five random seed values were
used consistently in all scenarios. The operational performance of the simulation model was
recorded as either point detectors or link level statistics and the overall performance metrics
(Vehicle Miles Traveled, Vehicle Hours Traveled, Vehicle Hours Delay, Speeds, Travel times, etc.)
were either taken directly or calculated from the available model outputs. Those performance
metrics for each of the five simulations were then averaged to minimize the stochastic noise
present in any microsimulation model, and those averages were reported as the performance

metrics of the widening scenario.

3.1.6.4 Simulation Results Summary

Tables 12 and 13 provide a summary of the modeling result-Vehicle Miles Traveled (VMT), Vehicle
Hours Traveled (VHT), Vehicle Hours Delay (VHD) and Travel time per vehicle- during the peak
direction conditions- Southbound AM and Northbound PM, respectively. Detailed charts and

results by direction and period are presented in Appendix C.

Table 12 — Southbound AM Peak Period Performance Measures (6:00-10:00 AM)
No Build ‘ Build 1 Build 2 Build 3 Build 4 Build 5 Spot Improvement A

Widened Distance (mi) 0.0 9.5 9.6 10.7 20.7 16.5 0.4
VMT (veh-miles) 625,178 | 642,390 | 647,814 | 648,613 | 699,175 | 672,892 625,220
VMT % change +3% +4% +4% +12% +8% 0%
VHT (veh-hours) 14,994 16,343 13,669 18,060 16,140 16,855 14,799
VHT % change +9% -9% +20% +8% +12% -1%
VHD (veh-hours) 4,683 5,785 3,035 7,373 4,654 5,761 4,486
VHD % change +24% -35% +57% -1% +23% -4%
Travel Time (min/veh)(1) 45.4 47.8 40.1 51.4 42.3 47.4 44.9
Travel Time % change +5% -12% +13% -7% +4% -1%

(1) From NYS Border to Bridgeport

As shown in Table 12, during the AM peak period, adding an extra lane between the NYS Line (I-
287) to Exit 9 in the Southbound direction (Build 2), provides the greatest benefit to users when
compared to the No Build condition, with a 4% increase in VMT (+4%); 9% decrease in VHT; 35%
decrease in VHD; and 12% savings in Travel time. Additionally, adding an Auxiliary lane between
Exits 7 and 6 in Stamford is shown to provide little or no benefit with respect to the number of
vehicles able to enter or exit the system during the analysis period (Vehicle thoughput) or Delay.

Table 13 — Northbound PM Peak Period Performance Measure (3:00-7:00 PM)
No Build Build 1 Build 2 Build 3 Build 4 Build5  Spot Improvement B

Widened Distance (mi) 0.0 6.3 9.7 10.8 20.7 16.5 0.1
VMT (veh-miles) 657,844 712,744 | 673,606 | 711,289 | 736,974 | 757,467 658,454

VMT % change +8% +2% +8% +12% +15% 0%
VHT (veh-hours) 21,890 15,696 22,625 21,675 23,308 18,653 21,986

VHT % change -28% +3% -1% +6% -15% 0%
VHD (veh-hours) 11,010 3,977 11,493 9,944 11,159 6,174 11,090

VHD % change -64% +4% -10% +1% -44% 1%

Travel Time (min/veh)(1) 63.2 411 63.8 56.6 59.4 44.8 63.5

Travel Time % change -35% +1% -10% -6% -29% 0%
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24




Technical Memorandum No. 2 ¢ |-95 Improvements — Feasibility Evaluation Study (Greenwich to New Haven)

(1) From NYS Border to Bridgeport

During the PM peak period (Table 13), however, Build 1 (add one lane NB from Exit 19 to Exit 28)
and Build 5 (Add one lane Northbound between Exit 13 to Exit 28) provide the greatest benefit in
terms of increased VMT and decreased VHT, VHD and Travel times. Adding a Northbound lane
between Exits 19 and 28 provides 8% more Vehicles Miles traveled and 35% less delay per vehicle
compared to No Build while, adding a Northbound lane between Exits 13 and 28 provides 15%
more VMT and 29% less delay compared to No Build. As shown in Table 13, widening the Exit 27A
off-ramp to Route 8 without widening the mainline provides little or no benefit in relation to
Vehicles processed or Delay.

4.1 1-95 Greenwich to Bridgeport

4.1.1 Highway Improvements

The following (Figure 2) is an example of the analysis performed to identify associated impacts on
right-of-way, environmental constraints, and structures due to the additional operational lane in
the northbound and southbound direction of 1-95. Estimated impacts were based on utilizing the
Unconstrained Section along 1-95, and the Combined Section over and under existing structures
which cannot accommodate the Unconstrained Section without structure replacement.

Figure 2 — 1-95 Improvements Feasibility Evaluation

4.1.2 Structures

This section of the memo will address structures in two ways, Grade Separated Structures which
includes bridges over 1-95, bridges carrying [-95, and culverts under [-95, and Major Structures.

4.1.2.1 Purpose and Tasks Performed

Structures along the corridor where evaluated to determine the impacts of adding an additional
lane from Greenwich to Bridgeport and for certain “hot spot” locations (discussed in Section 5.1)
in the Bridgeport to New Haven corridor. As a part of this exercise, the following tasks were
performed:

1. The bridges carrying [-95 over local roadways, railroad and waterways and crossing over
[-95 that would be impacted within the corridor (bridges from Greenwich through
Bridgeport. In addition, bridges from Exits 37 to 41 in Milford and Orange) were identified
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associated with Hot Spot Improvements. Using the Master Bridge Inventory database and
other available listings the bridge numbers were tagged in Google Earth.

2. The original and latest set of construction plans were obtained from the Department’s
database in order to acquire an up to date general plan, elevation and typical section for
each structure crossing [-95 and to determine the impact of widening [-95 on the structures
spanning the mainline.

3. The Bridge Inventory Database was edited to summarize the important bridge information
on each structure carrying [-95 and crossing over 1-95. The database was updated to
present the year of Major Rehabilitation or Re-construction of the bridge, changes that the
structure underwent during that Major Rehabilitation or Re-construction and was updated
to reflect the latest condition ratings which were obtained from the Department’s database.

4. An evaluation was performed of all existing structures over 1-95 and carrying 1-95 to
determine the feasibility of widening or the need for replacement or improvement of the
structure. The structure was evaluated based on two (2) proposed widening concepts for
adding an additional lane proposed for the segment from Greenwich to Bridgeport Harbor
and improvements proposed at the hot spot locations between Bridgeport and New Haven.

5. The Bridge Inventory Database was updated to present the improvement requirements or
replacement based on condition or widening impacts for structures over [-95 and
structures carrying [-95 along with the cost associated for improvement or replacement.

4.1.2.2 Summary of Existing Structures

There are a total of 113 structures between Greenwich (New York State Line) and Bridgeport
Harbor. Among the 113 structures, eight (8) of the structures are identified as major structures and
will be discussed in detailed under a separate section. Those eight (8) major structures are:

Mianus River Bridge - Structure No. 06015

Stamford Area Structures - Structure No.’'s 00027, 00028, 00029, and 00031
Metro North Railroad Bridge - Structure No. 00032

Yankee Doodle Bridge (Norwalk) - Structure No. 00059

Saugatuck River Bridge - Structure No. 00064

O O O oo

Among the remaining 105 structures, seven (7) are culverts carrying [-95, 67 are bridges carrying
[-95 and 31 are bridges over I-95.

In addition to the structures between Greenwich (New York State Line) and Bridgeport, seven (7)
additional structures between Bridgeport and New Haven were also identified as part of the Hot
Spot Analysis. Among these seven (7) structures, four (4) are bridges carrying 1-95, one (1) is a
culvert carrying [-95 and two (2) are bridges over I-95.

4.1.2.3 Culverts

The eight (8) culverts carrying 1-95, seven (7) between Greenwich and Bridgeport Harbor and one
(1) within hotspot locations between Bridgeport and New Haven, were constructed in 1958 and
are cast in place concrete box culverts. The condition rating of 4 of these culverts are available
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through the Department’s database. These 4 culverts have a condition rating ranging from 5 to 6
with “5” signifying “Fair” condition and “6 or higher” signifying “Good” condition of the structure.

Condition ratings of the remaining 3 culverts are currently not available.

All the culverts were originally designed for HS-20 or H-20 Truck Live loads. The Load and
Resistance Factor Rating (LRFR) reports are available for only few of the culverts, and those
culverts are found have a Rating Factor >1 for HL-93 Live loads.

4.1.2.4 Bridges Carrying 1-95

There are a total of 71 bridges carrying 1-95 (including four (4) hotspot location bridges and
excluding major structures). All these bridges were originally constructed in 1958 and many of
these bridges have undergone major rehabilitations and replacements like parapet or median
replacement or modifications, superstructure replacement or repair or widening, substructure
repair or modifications etc., over the years. Major rehabilitations/ replacements and the year
performed have been summarized in detail in Appendix D. Out of 71 bridges, three (3) were
completely replaced in 2006 (Structure No’s. 00099. 00101 and 00105A).

The condition ratings of all the bridges for the deck, superstructure and substructure were
obtained, and the Condition Rating of all these bridges except for Structure No. 00062 deck, are
found to be in the range of “5 to 7” with 5 signifying “Fair” condition and “6 or higher” signifying
“Good” condition of the structure. The deck condition rating for Structure No. 00062 is found to be
“4” which signifies “Poor” condition, however there is a Superstructure replacement for this bridge
scheduled for construction in spring 2018.

All the bridges were originally designed for HS-20 or H-20 Truck Live loads. All structures that had
superstructure and deck replacement or modification, as well as structures built after 2003, were
most likely to be designed for HL-93 Live loads. The LRFR Load Rating reports are available only
for few of the bridges, and these bridges are found to have a Rating Factor >1 for HL-93 Live loads.

4.1.2.5 Bridges Over 1-95

There is a total of 33 bridges carrying local roads and exit or entrance ramps over 1-95, including
two (2) hot spot location bridges. A majority of the bridges over [-95 were originally constructed
in 1958. Structure No. 00047 was originally constructed in 1952 and Structure No. 102-114 in
1967. Many of these bridges have undergone major rehabilitations and replacements like parapet
or median replacement or modifications, superstructure replacement or repair or widening,
Substructure repair or modifications, over the years. Major rehabilitations/ Replacements and the
year performed have been summarized on Appendix D. Out of 33 bridges, three are currently being
completely replaced or have been already replaced (Structure No’s. 00053, 00054 and 00055).

The condition ratings of all the bridges for the deck, superstructure and substructure were
obtained, and the condition rating for these bridges are found to be in the range of “4 to 7” with “4”
signifying “Poor” condition, “5” signifying “Fair” condition and “6 or higher” signifying “Good”
condition of the structure. The superstructure condition rating for Structure No. 00061 is found to
be “4” which signifies “Poor” condition, however there is a superstructure replacement for this
bridge scheduled for construction in spring 2018.
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All the bridges were originally designed for HS-20 or H-20 Truck Live loads. All structures that had
superstructure and deck replacement or modification, as well as structures that were built after
2003, are most likely to be designed for HL-93 Live loads. The LRFR Load Rating reports are
available only for few of the bridges, and those bridges are found to have a Rating Factor >1 for HL-
93 Live loads.

4.1.2.6 Proposed 1-95 Cross Section

Three types of cross sections (see Figure 1) have been proposed for 1-95 widening at locations of
bridges carrying I-95 and at locations of bridges over 1-95. Refer to Table 14 for a summary of the
three proposed [-95 cross sectional widths.

28

1. Constrained Section: The Constrained Section consists of eight (8) 11’ lanes (four in each

direction), two (2) 10’ right shoulders (one in each direction), and two (2) 4’ left shoulders
(one in each direction), a 6’ wide median barrier and two (2) 1’-11” parapets (applicable
only at locations of bridges carrying 1-95). The total width of a typical Constrained Section
atlocations of bridges over I-95 and atlocations of culverts is 122". The total width of typical
Constrained Section at locations of bridges carrying 1-95 is estimated to be 125’-10". For
locations that currently have entrance or exit ramps, an additional 12’ lane per direction
and additional widening is considered based on the ramp alignment. While this section was
analyzed, it was not chosen as the recommended approach to future widening on or over
existing structures, as it is undesirable to reduce travel lanes to 11’ widths and maintain
reduced shoulders for a continuous section. The Constrained Section was also not chosen
as the recommended approach to widening along the corridor between structures, since
the shoulder widths would not comply with current design standards. Reduced shoulder
widths would negatively impact safety along the corridor and in performing future
maintenance operations.

Unconstrained Section: The Unconstrained Section consists of eight (8) 12’ lanes (four in
each direction), two (2) 12’ right shoulders (one in each direction), two (2) 12’ left
shoulders (one in each direction), a 6" wide median barrier, and two (2) 1’-11” parapets
(applicable only at locations of bridges carrying 1-95). The total width of a typical
Unconstrained Section at locations of bridges over [-95 and at locations of culverts is 150’.
The total width of a typical Unconstrained Section at locations of bridges carrying I-95 is
153’-10”". For locations that currently have entrance or exit ramps, an additional 12’ lane
per direction and additional widening is considered based on the ramp alignment. The
Unconstrained Section is to be used to construct I-95 to the ultimate width when widening
between structures. This section should also be used at structures which require a full
replacement. However, the Unconstrained Section should not be used if an existing
structure does not require a full replacement, as right-of-way and structure impacts can be
minimized by utilizing the Combined Section.

Combined Section: Based on further consideration by the Department, the "Constrained
Section" was revised to reflect the utilization of 12’ lanes in lieu of 11’ lanes. Additionally,
at structure locations, the cross section can be reduced to four (4) 12’ lanes with reduced
left and right shoulder widths to a minimum of 4’ to avoid costly structure widening, in
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which existing structures are otherwise in acceptable condition. The total width of a typical
Combined Section at locations of bridges over [-95 and at locations of culverts is 118’. The
total width of typical Constrained Section at locations of bridges carrying [-95 is estimated
to be 121’-10”. To achieve the Combined Section at structures over 1-95, barrier walls can
be utilized to protect abutments and piers. The Combined Section was chosen as the
recommended approach to widening the corridor in the interim at structures which
currently did not need to be replaced.

Table 14- Proposed 1-95 Cross Section Widths

Total .
i Total Section
Section

Right Left Median . Width
1-95 Cross Parapet Width

section Shoulder Shoulder Barrier Width (ft) Bridees Bridges
Width (ft)  Width (f)  Width (ft) = Carrying 1-95
Over 1-95 (ft)

(ft)

Constrained
X 11 10’ 4 6’ 1’-11” 122’ 125’-10”
Section
C -
ombined 12/ & Min. 4 Min. 6 1-11” 118 Min. | 121’-10” Min.
Section
Unconstrained
R 12’ 12 12 6’ 1-11” 150’ 153’-10”
Section

4.1.2.7 Structure Categorization

Culverts and Bridges Carrying I-95

The structures carrying 1-95 have been separated into 5 different categories based on the type of
structure & substructure, number of spans and the location of ramp approaches on the bridge. The
categories are as follows:

1. Category 1 - Single Span Bridges with Full Height Abutments
Category 2 - Single Span Bridges with Stub Abutments
Category 3 — Multi Span Bridges

Category 4 - Bridges with Ramp Approaches

Category 5 - Culverts

AN S

Bridges Over I-95
The Structures over [-95 have been separated into 5 different categories based on the type of
substructure and the location of ramp approaches on the bridge. The categories are as follows:

1. Category 1 - Bridges with Full Height Abutments & no setbacks from the edge of pavement
2. Category 2 - Bridges with Full Height Abutments & setbacks from the edge of pavement
(Semi Stub)

Category 3 - Bridges with Stub Abutments

Category 4 - Bridges with Shoulder Piers and Stub Abutments

5. Category 5 - Bridges with Ramp Approaches

- W
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4.1.2.8 Evaluation Approach and Improvement Recommendations
Culverts and Bridges Carrying I-95: The Evaluation of these structures was performed in four
(4) steps:

1.

The Condition Rating of all the bridges carrying 1-95 were reviewed. Bridges with
superstructure or substructure condition rating less than 5 are recommended for repair or
complete bridge replacement to fit the Unconstrained Section over the bridge. The bridges
that have existing bridge widths sufficient to fit the Combined or Unconstrained Section
and have deck condition rating less than 5 are recommended for deck replacement. The
bridges that have existing bridge widths insufficient to fit the Combined Section and have
deck condition rating less than 5 are recommended for deck replacement along with
substructure widening and new wingwalls. There is just one bridge with a deck condition
factor < 5 (Bridge No. 00061) but there is a superstructure replacement for this bridge
scheduled for construction in spring 2018, as a result this bridge does not fall under this
condition. Therefore, no bridges were considered with a condition rating < 5.

All the bridges and culverts carrying [-95 with condition ratings greater than or equal to 5
were evaluated for the Unconstrained condition. The bridges that require deck,
superstructure and substructure widening of existing bridges to fit the Unconstrained
Section, were reviewed to see if they can fit the Combined Section.

If the Combined condition does not fit on the existing bridge with condition ratings greater
or equal to 5, then the bridge is recommended to be widened & modified to fit the
Unconstrained Section over the bridge.

The Department’s Bridge Management group reviewed all bridges within the study
corridor, and projected which structures will require either rehabilitation or replacement
by the year 2040. The cost for structures requiring a full bridge replacement prior to 2040
was accounted for in the project cost estimate. The cost for structures requiring
rehabilitation was not included in the project cost estimate, as it is assumed maintenance
of structures, not required to meet the Unconstrained condition, would be constructed
separate of any project corresponding to the widening for the addition of a fourth travel
lane in each direction.

Bridges Over I-95: Typical Evaluation of these structures are performed in four steps:

1.

2.
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The Condition Rating of all the bridges over 1-95 were reviewed. Bridges with
superstructure or substructure condition rating less than 5 are recommended for complete
bridge replacement to fit the Unconstrained Section under the bridge. If the bridges have
deck condition ratings less than 5, then the bridges are recommended for deck replacement
and for an addition of a retaining wall and concrete barrier curb in front of existing
substructure to fit either the Combined or Unconstrained Section under the bridge.

All bridges over [-95 with condition ratings greater than or equal to 5 were evaluated for
the Unconstrained condition without replacement of the existing structure. The locations
that require replacement of the existing bridge over 1-95 to fit the Unconstrained Section

n
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under the bridge were checked to see if they fit the Combined Section with minor or no
modification under the bridge.

3. If the Combined condition does not fit with minor or no modifications under the existing
bridge, then the bridge is recommended to be replaced completely to fit the Unconstrained
Section under the bridge.

4. The Department’s Bridge Management group reviewed all bridges within the study
corridor, and projected which structure will require either rehabilitation or replacement
by the year 2040. The cost for structures requiring a full bridge replacement prior to 2040
was accounted for in the project cost estimate. The cost for structures requiring
rehabilitation was not included in the project cost estimate, as it is assumed maintenance
of structures, not required to meet the Unconstrained condition, would be constructed
separate of any project corresponding to the widening for the addition of a fourth travel
lane in each direction.

Atypical evaluation flowchart for culverts and bridges carrying I-95 is shown on Figure 3. Structure
No’s. 00145, 00146, 00147, 00150 and 00151 are located at hotspots and are evaluated for only
the Unconstrained Section. Refer to Section 4.1.2.10 for a cost estimate of the Hot Spot locations.

Typical evaluation flowchart for Bridges Over I-95 is shown on Figure 4. Structure No’s. 00144 and
00148 are located at hotspots and are evaluated for only the Unconstrained Section. Refer to
Section 4.1.2.10 for a cost estimate of the Hot Spot location.

Figures 1 thru 4 in Appendix E show Typical Proposed Plan and Elevations with the improvements
for all Bridges Carrying [-95 and Bridges Over 1-95.

Table 15 provides a summary of all structures carrying [-95 within the study corridor, as well as
estimated costs for modifications, deck/superstructure replacement, and full structure
replacement required to accommodate the Combined Section. The Major Structures are denoted in
Bold.

Table 15 — Structures Carrying 1-95

Cost of Cost of Deck/ Cost of
Can Accept Can Accept CTDOT Bridge Modification Superstructure Replacement
Structure Features Facility Unconstrained Combined Management Recommended to Replacement to to
No. Intersected Carried Sectionw/o Option w/o Recommendation Approach Accommodate Accommodate Accommodate
Modifications Modifications by Year 2040 Combined Combined Combined
Section Section Section
Byram River Bridge Bridge
00001 1-95 No No - - $101,933,294
S Water St Replacement Replacement
Deck
Ri Rep| ec X Bridge
iver eplacement, -
00002 1-95 No No P Widening, Deck| $1,174,836 $977,665
Avenue Superstructure

Replacement
Rehabilitation P

Delavan Bridge Bridge

00004 1-95 No No - - $14,941,004
Avenue Replacement Replacement

00005 Ritch 1-95 No Yes Rehabilitation None
Avenue
Field Point -

00006 1e'd Foin 1-95 No Yes None None

Road
CDM
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Cost of Cost of Deck/ Cost of
Can Accept Can Accept CTDOT Bridge Modification Superstructure Replacement
Structure Features Facility Unconstrained Combined Management | Recommended to Replacement to to
No. Intersected Carried Sectionw/o Option w/o Recommendation Approach Accommodate Accommodate Accommodate
Modifications Modifications by Year 2040 Combined Combined Combined
Section Section Section
Shore Road | I- Brid Brid
00007 ore Roa 1-95 No No ridge ridge ) ) $6,431,250
#1 Replacement Replacement
00008 | H -
orseneck | 1-95 Rehabilitation None - - -
(Culvert) Creek
- Superstructure | Superstructure
00009 | Arch street | "2 No Yes P P - $3,734,948 -
Replacement Replacement
00010 Steamboat | 1-95 No Yes None None - - -
Road
00011 | Davis Street 95 No Yes None None - - -
Davis Mill -
ooo12 | DevisMIll ) 195 No Yes None None - - -
Pond
00014 Metro No.rth 1-95 No Yes None None - - -
Rr & Station
Mianus 1-95 N Y
06015 River & - ° es None None - - -
Local Rds.
Sound 1-95 N Y
00019 | Beach ; © es Rehabilitation None - - -
Avenue
02565 -
Brook 1-95 Rehabilitation None - - -
(Culvert)
00020 | Ferris Drive 1-95 No Yes Rehabilitation None - - -
Laddi -
ooo21 | -addins | 195 No Yes Rehabilitation None - - -
Rock Road
02566 -
Brook 95 Rehabilitation None - - -
(Culvert)
H d -
00022 arvar 1-95 No Yes Rehabilitation None - - -
Avenue
West - Brid Brid
00023 es 95 No No rdee ridge - - $5,404,193
Avenue Replacement Replacement
1-95 &I-
Greenwich | o N N Bridge
00026 Ave © © Rehabilitation e $13,796,374 - -
Riboowam Ramp Widening
PP 023
Deck
Bridge
S 1-95 N N Replacement, Widenin,
00027 |493(Washin ° ° Superstructure & Deck & - -
gton Blvd) Substructure
. Replacement
Rehabilitation
Atlanti - Brid
00028 antic 1-95 No No None ‘rl g‘e B B
Street Widening $117,500,000
I- N N Bridge
00029 |Canal street| "% © © None 18 - -
Widening
Superstructure Bridge
- Repl t, Wideni
00031 Elm Street 1-95 No No eplacemen idening & ) }
Substructure |Superstructure
Rehabilitation Replacement
1-95 &
MNRR & N N Bridge Bridge
00032 1-95 ° ° € € - - $600,000,000
Local Roads Ramps Replacement Replacement

32 %%th



Technical Memorandum No. 2 + |-95 Improvements — Feasibility Evaluation Study (Greenwich to New Haven)

Cost of Cost of Deck/ Cost of
Can Accept Can Accept CTDOT Bridge Modification Superstructure Replacement
Structure Features Facility Unconstrained Combined Management Recommended to Replacement to to
No. Intersected Carried Sectionw/o Option w/o Recommendation Approach Accommodate Accommodate Accommodate
Modifications Modifications by Year 2040 Combined Combined Combined
Section Section Section
Mapl - Brid
00033 aple 1 195 No No Rehabilitation oriage $1,748,633 - -
Avenue Widening
Lockwood - Brid
ooo3s | Hockweod | 195 No No Rehabilitation oriage $1,881,126 - .
Avenue Widening
Hamilt -
oop3g | Hamiton | 195 No Yes None None - - -
Avenue
00039 N -
0|.'oton 95 Rehabilitation None - - -
(Culvert) River
Brooksid - Brid Brid
00040 roo. side 1-95 No No ridge ridge ) ) $7,053,844
Drive Replacement Replacement
- Brid Brid
00043 | UsRoute1 | "° No No rdge rdee - - $10,413,253
Replacement Replacement
Kings Hwy- . .
- Brid Brid
00044 | Goodwives | "2 No No rdge rdge - - $15,220,625
Ry Replacement Replacement
- Brid Brid
00045 | Route136 | "°° No No rdge rdee - - $4,689,938
Replacement Replacement
Bridge
Metro North| |- Superstructure Widening &
00046 o North) 1-95 No No uperstructu ‘aening $3,563,084 | $11,479,169 .
Railroad Replacement | Superstructure
Replacement
FOSRMP | o N N Bridge
00048 |047/Five Mi| ° ° Rehabilitation e $1,589,591 - -
. Widening
Riv
Richard - Brid
0oosg | Hichards | 195 No No Rehabilitation oriage $1,033,149 - -
Avenue Widening
Deck
Keeler 195 N N Replacement, Bridge
oooso | o | T ° © Superstructure |Widening, Deck|  $857,779 $835,807 ;
and Substructure | Replacement
Rehabilitation
Deck
West 195 N N Replacement, Bridge
ooos7 | | T ° © Superstructure |Widening, Deck| $2,778,138 | $1,531,791 ;
and Substructure | Replacement
Rehabilitation
C tSt| I- Brid Brid
00058 rescen 1-95 No No ridge ridge ) ) $26,992,912
& Metro No Replacement Replacement
Norwalk Rv 1-95 N N Bridge Bridge
00059 | Hendricks © ° & & - - $106,100,000
Replacement Replacement
Ave
R Brid
00062 | Route3s | " No No None oriage $3,997,660 - -
Widening
Frankli - Bridge
o003 | Franklin) 195 No No None e $2,075,180 - -
Street Widening
Route 1 -
00064 oute 136 &| [-95 No Yes None None ) ) )
Saugatuck R
00065 Compo 95 No Yes None None - - -
Road South
02571 Muddy 1-95 Culvert None
(Culvert) Brook Rehabilitation
CDM
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Cost of Cost of Deck/ Cost of
Can Accept Can Accept CTDOT Bridge Modification Superstructure Replacement
Structure Features Facility Unconstrained Combined Management | Recommended to Replacement to to
No. Intersected Carried Sectionw/o Option w/o Recommendation Approach Accommodate Accommodate Accommodate
Modifications Modifications by Year 2040 Combined Combined Combined
Section Section Section
New Creek - Brid Brid
00070 ew Cree 1-95 No No ridge ridge ) ) 34,688,932
Road Replacement Replacement
- Bridge Bridge
00071 | Maple Lane | "° No No '8 rog ; ; $5,245,246
Replacement Replacement
00073 -
Sasco Creek 1-95 Rehabilitation None - - -
(Culvert)
00074 Westway 95 No Yes None None - - -
Road
00075 Center 1-95 No Yes None None - - -
Street
Old Post -
00076 ost | 195 No Yes None None - - -
Road
- Brid Brid
00077 |US. Route1| "° No No ridge ridge ; ; $14,782,058
Replacement Replacement
ooo7g | Bronson | 195 No Yes None None - - -
Road No. 1
Deck
Replacement,
[ 1-95 No Deck
00080 Mill River Yes Superstructure - $1,971,281 -
Replacement
and Substructure
Rehabilitation
North Pi -
ooog1 | NerthPine | 195 No Yes Rehabilitation None - - -
Creek Road
Deck
Mill Plain | 1-95 N Y Replacement, Deck
00082 ° es Superstructure - $1,616,363 -
Road Replacement
and Substructure
Rehabilitation
Deck
Unquowa | 1-95 N Y Replacement, Deck
uow. - c
00083 9 ° es Superstructure - $1,848,298 -
Road Replacement
and Substructure
Rehabilitation
Deck
Round Hill | 1-95 N Y Replacement, Deck
und Hi - c
00084 ° es Superstructure - $1,635,060 -
Road Replacement
and Substructure
Rehabilitation
00085 Route 135 95 No Yes Rehabilitation None - - -
Deck
Replacement,
Us Route1 | 1-95 No Deck
00088 Yes Superstructure - $1,501,953 -
Southbound Replacement
and Substructure
Rehabilitation
Deck
Replacement,
Grasmere 1-95 No Deck
00089 Yes Superstructure - $1,179,940 -
Avenue Replacement
and Substructure
Rehabilitation
New 1-95 N Deck Deck
- o
00090 England Yes Replacement, - $1,092,849 -
Replacement
Avenue Superstructure
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Cost of Cost of Deck/ Cost of
Can Accept Can Accept CTDOT Bridge Modification Superstructure Replacement
Structure Features Facility Unconstrained Combined Management Recommended to Replacement to to
No. Intersected Carried Sectionw/o Option w/o Recommendation Approach Accommodate Accommodate Accommodate
Modifications Modifications by Year 2040 Combined Combined Combined
Section Section Section
and Substructure
Rehabilitation
Sunset -
00091 un 1-95 No Yes Rehabilitation None - - -
Avenue
Deck
Replacement,
Us Route1 | |-95 No Deck
00092 Yes Superstructure - $1,337,798 -
Southbound Replacement
and Substructure
Rehabilitation
Us Route 1 - Bridge Bridge
00093 95 No No & & - - $5,483,667
Northbound Replacement Replacement
Chamber -
00094 s 1-95 No Yes Rehabilitation None - - -
Street
Deck
Brentwood | 1-95 N Replacement, Deck
rentwi - C
00095 ° Yes Superstructure - $1,200,284 -
Avenue Replacement
and Substructure
Rehabilitation
Coolidge 1-95 No
00096 Yes None None - - -
Street
01680 -
Ash Creek 95 None None - - -
(Culvert)
00098 Comr.nerce -95 No Yes None None - - -
Drive
Metro North| |-
0oogg [ Metre North) 1-95 No Yes None None - - -
Railroad
00100 ch\u'.ce 130 -95 No Yes None None - - -
(Fairfield Av)
Bostwick - Bridge Bridge
00101 stwick | 1-95 No No ree 78 - - $7,013,125
Ave Replacement Replacement
Hancock 1-95
00102 Yes Yes None None - - -
Avenue
00103 Howard 95 Yes Yes None None - - -
Avenue
Wordin 195
00104 | Avenue No. ) Yes Yes None None - - -
2
Metro North| |-
00105A N n.'.\ or 95 Yes Yes None None - - -
& City Sts
Myrtle
- Brid Brid
00106 | AvenueNo.| "° No No riage riage - - $6,625,473
1 Replacement Replacement
00107 Warren 95 Yes Yes None None - - -
Street
00108 Lafayette 1-95 No Yes Supers?fuct.ure None ) ) )
Street No. 2 Rehabilitation
00110A |Broad Street 1-95 No Yes None - - -

Table 16 provides a summary of all structures carrying I-95 within the hotspot locations, as well as
estimated costs for modifications, deck/superstructure replacement, and full structure
replacement to accommodate the Combined Section.
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Table 16 — Structures Carrying 1-95 in Hot Spot Locations

Cost of Deck/
Cost of Superstructure Cost of
Can Accept Can Accept CTDOT Bridge Modification P Replacement
- . . Replacement
Structure Features  Facility Unconstrained Combined Management Recommended to - to
No. Intersected Carried Sectionw/o Option w/o Recommendation Approach Accommodate Accommodate Accommodate
Modifications Modifications by Year 2040 Combined ) Combined
X Combined X
Section X Section
Section

00145 | We Culvert

Pawaug | | o5 uivert. None ; ; ;
(Culvert) River Rehabilitation
00146 Route 121 1-95 No Yes Rehabilitation None - - -
Orange Deck
00147 ng 1-95 No Yes . None - - -
Avenue Rehabilitation
00150 | Indian River 95 No Yes Rehabilitation None - - -
East Town -

00151 Roadw 95 No Yes Rehabilitation None - - -
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CDM

Figure 3
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Refer to Table 17 for a summary of all structures over 1-95 within the study corridor, as well as
estimated costs for modifications, deck/superstructure replacement, and full structure
replacement to accommodate the Combined Section.

Table 17 - Structures over 1-95 within Study Area

C
Cost of Iy Cost of
. o Superstructure
Can Accept Can Accept CTDOT Bridge Modification Replacement
- N . Replacement
Structure  Features Facility Unconstrained Combined Management Recommended to to to
No. Intersected Carried @ Sectionw/o @ Option w/o |Recommendation  Approach Accommodate Accommodate Accommodate
Modifications Modifications| by Year 2040 Combined ) Combined
) Combined )
Section ) Section
Section
J Brid Brid
00003 1-95 ames No No ridge rdge - - $5,099,511
Street Replacement Replacement
Indian N
00013 1-95 Field ° Yes None None - - -
Road
00016 1-95 Riverside No No Bridge Bridge i i $6,022,780
Avenue Replacement Replacement
Addition of
E Lock d C t
00017 1-95 ockwoo No No None c"mcre e . $20,097 . )
Lane Barrier Curb in
front of Piers
Deck
Deck Replacement &
195 1-95 N N Replacement, Addition of
00018 ) Ramps To ° ° Superstructure & Concrete $22,310 $1,331,227 -
Us1 Substructure Barrier Curb in
Rehabilitation front of
Abutments
E wil Brid Brid
00024 1-95 ilson No No ridge ridge . ) $4.903,928
Avenue Replacement Replacement
- Fairfield Brid Brid
00025 1-95 airfie No No ridge ridge ) ) $6,281,824
Avenue 1 Replacement Replacement
Addition of
1-95 Mahe N N Concrete
- aher
00035 ° ° Rehabilitation Barrier Curb in $21,129 - -
Road
front of
Abutments
Addition of
1-95 Blachle N N Concrete
- ac
00036 v ° ° Rehabilitation | Barrier Curbin |  $21,129 - -
Road
front of
Abutments
Bridge
Superstructure Replacement &
uperstructu
1-95 Us Route N N Rep lacement Addition of
00037 ; © © P ' Concrete $30,446 - $10,068,821
1 Substructure . .
I Barrier Curb in
Rehabilitation
front of
Abutments
Hollow N v
00041 195 | TreeRdg ° e Rehabilitation None ; ; ;
Rd
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Cost of Deck/
Cost of Cost of
Superstructure

Modification Replacement
Replacement
Recommended to to to
Approach Accommodate Accommodate
) Accommodate )
Combined Combined
Section Section

Can Accept Can Accept CTDOT Bridge

Structure Features Facility Unconstrained Combined Management
No. Intersected = Carried @ Section w/o  Option w/o | Recommendation

Modifications Modifications| by Year 2040

Combined
Section

00042

1-95

Noroton
Avenue

No

No

Bridge
Replacement

Bridge
Replacement

$5,493,898

00047

1-95

Old Kings
Hwy N #1

No

No

Bridge
Replacement

Bridge
Replacement &
Addition of
Concrete
Barrier Curb in
front of
Abutments

$18,766

$4,199,570

00051

1-95

Rampart
Road

No

No

None

Bridge
Replacement &
Addition of
Concrete
Barrier Curb in
front of
Abutments

$17,060

$3,918,553

00052

1-95

Scribner
Avenue

No

No

Bridge
Replacement

Bridge
Replacement &
Addition of
Concrete
Barrier Curb in
front of
Abutments

$21,129

$5,920,633

00053

1-95

Taylor
Avenue

No

Yes

None

None

00054

1-95

Cedar
Street

No

Yes

None

None

00055

1-95

Fairfield
Avenue

No

Yes

None

None

00056

1-95

Stuart
Avenue

No

No

Bridge
Replacement

Bridge
Replacement &
Addition of
Concrete
Barrier Curb in
front of
Abutments

$17,060

$3,851,378

03562

1-95

Us Route
7

No

No

Rehabilitation

Bridge
Replacement &
Addition of
Concrete
Barrier Curb in
front of
Abutments

$38,400

$16,932,400

00060

1-95

East
Avenue
#1

No

No

Bridge
Replacement

Bridge
Replacement &
Addition of
Concrete
Barrier Curb in
front of
Abutments

$33,071

$6,944,882

DM
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Cost of Deck/
Cost of Cost of
. o Superstructure
Can Accept Can Accept CTDOT Bridge Modification Replacement
" ; : Replacement
Structure  Features Facility Unconstrained Combined Management Recommended to to to
No. Intersected Carried @ Sectionw/o  Option w/o |Recommendation  Approach Accommodate Accommodate Accommodate
Modifications Modifications| by Year 2040 Combined X Combined
) Combined )
Section ) Section
Section
Addition of
1-95 Strawberr N N Concrete
00061 X ° ° None Barrier Curb in $21,129 - -
y Hill Av
front of
Abutments
- Hal N Brid Brid
00066 1-95 ales No [¢] ridge ridge ) ) $4.467,158
Road Replacement Replacement
- Hills Point N Brid Brid
00067 1-95 ills Poin No o ridge ridge . . $5230,898
Road Replacement Replacement
- N Brid Brid
00068 95 SR 476 No © riage rage - - $9,224,779
Replacement Replacement
Deck
Deck Replacement &
195 Beachside N N Replacement, Addition of
- achsi
00069 P ° ° Superstructure |  Concrete $19,685 $1,550,003 -
and Substructure | Barrier Curb in
Rehabilitation front of
Abutments
Sasco N Bridge Bridge
00072 1-95 Creek ° No 8 & - - $5,297,862
Replacement Replacement
Road
Deck
Replacement,
Mill Hill Deck
00078 1-95 e No No Superstructure ¢ - $1,446,185 -
Road Replacement
and Substructure
Rehabilitation
Us Rout Brid Brid
00086 1-95 s Route No No riege rage ; ; $5,506,104
1Sb Replacement Replacement
Meadowb No No . .
Bridge Bridge
00087 1-95 rook - - $6,214,068
Replacement Replacement
Road
03535 los |RLBNB& ves Ye Deck None
R s R R R
Tr 806 Rehabilitation

40

Refer to Table 18 for a summary of all structures over [-95 within the hotspot locations, as well as
estimated costs for modifications, deck/superstructure replacement, and full structure
replacement to accommodate the Combined Section.
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Table 18 — Structures over 1-95 within Hotspot Locations

Cost of Deck/

Cost of Superstructure Cost of
u uctu
Can Accept Can Accept CTDOT Bridge Modification R: lacement Replacement
Structure Features Facility Unconstrained Combined Management Recommended to . . to
No. Intersected Carried @ Section w/o = Option w/o | Recommendation  Approach Accommodate Accommodate
P e . . Accommodate X
Modifications Modifications| by Year 2040 Combined X Combined
) Combined )
Section ) Section
Section
West Bridge Bridge
i i
00144 1-95 River No No & & - - $3,989,079
Replacement Replacement
Street
Forest Bridge Bridge
00148 1-95 No No 98 98 ; ; $4,569,442
Road Replacement Replacement
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4.1.2.9 Summary of Findings

Tables 19 and 21 below summarize the findings of evaluation of Bridge Structures carrying [-95
and over [-95, respectively, between Greenwich and Bridgeport, excluding the major structures.
Tables 20 and 22 summarize the findings of evaluation of Bridge Structures carrying I-95 and over
[-95, respectively, for Hot Spot Areas between Bridgeport and New Haven.

Table 19 — Structures Carrying 1-95 between Greenwich (New York line) and Bridgeport Harbor

Total Number of Structures 82
Total Number of Bridges 75
Total Number of Culverts 7
Total Number of Structures which achieve Unconstrained 1-95 Section without Modifications 5
Total Number of Structures which achieve Combined 1-95 Section without Modifications 43

Total Number of Structures Requiring Structure Widening, Superstructure Replacement, Deck| 25
Replacement, & Modifications

Total Number of Structures Requiring Complete Bridge Replacement 17

Table 20- Structures Carrying 1-95 within hotspot locations between Bridgeport and New Haven

Total Number of Structures 5
Total Number of Bridges 4
Total Number of Culverts 1
Total Number of Structures which achieve Unconstrained 1-95 Section without Modifications 0
Total Number of Structures which achieve Combined I-95 Section without Modifications 4
Total Number of Structures Requiring Structure Widening, Superstructure Replacement, Deck 0
Replacement, & Modifications

Total Number of Structures Requiring Complete Bridge Replacement 0

Table 21- Bridges Over 1-95 between Greenwich (New York line) and Bridgeport Harbor

Total Number of Bridges 31
Total Number of Structures which achieve Unconstrained 1-95 Section without Modifications 1
Total Number of Structures which achieve Combined 1-95 Section without Modifications 6
Total Number of Structures Requiring Structure Widening, Superstructure Replacement, Deck 7
Replacement, & Modifications

Total Number of Structures Requiring Complete Bridge Replacement 18

Table 22- Bridges Over 1-95 within hotspot locations between Bridgeport and New Haven
Total Number of Bridges

Total Number of Structures which achieve Unconstrained 1-95 Section without Modifications

Total Number of Structures which achieve Combined 1-95 Section without Modifications

o|lo|lo| N

Total Number of Structures Requiring Structure Widening, Superstructure Replacement, Deck
Replacement, & Modifications

Total Number of Structures Requiring Complete Bridge Replacement 2

CcCDM
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Recommendations:

The Department conducted a final evaluation of structure needs based on the existing Bridge
Management System (BMS). Appendix D contains the Department's forecasted needs for bridge
repair, replacement. These improvements where coordinated with the requirements for widening
and have been incorporated in the recommendations and costs.

4.1.2.10 Cost Estimation

Structure replacement and modification costs were developed for the structures within the study
corridor, based on estimated unit prices for each type of structure modification. Table 23 below
summarizes the recommended unit costs (2017 Dollars) for Bridge Work between Greenwich and
New Haven.

Table 23- Recommended Unit Costs for Bridge Work between Greenwich and New Haven

Recommended Unit Cost for Bridge Work as per 2017 dollar

Estimated Unit

Description of Work Units Recommended Unit Cost
Cost (1)
Complete Bridge Replacement SF $423 (2) $525 (3)
Superstructure Widening, Substructure Widening & St $423 (2) $500 (3) + $750/If of
Modifications Existing Bridge Length
$325 + $75/sf of Existing
Superstructure Replacement SF $300 .
Bridge Deck Area (4)
Retaining Wall SF $80-5150 $200 (5)
45" F-Shape Precast Concrete Barrier Curb LF $100 $200
Note:
1. Unit Cost from CTDOT 2017 Estimating Guidelines unless noted.
2. Cost of Replacement Bridge only and do not include Demolition of Existing Structure.
3. Recommended Unit Cost includes Demolition.
4. High cost due to unfavorable site conditions (working over or under I-95).
5. High cost due to unfavorable site conditions (low head room under existing structures, adjacent to active highway).

The estimated total cost associated with the structure work in order to improve traffic conditions
on [-95 by adding an additional lane, the structure replacement/ modification cost (excluding
major structures) is estimated to be $432,124,860 to achieve the Combined Section, and
$512,149,490 to achieve the Unconstrained Section. Appendix D presents detailed evaluation
charts of Costs for Culverts and Bridges carrying I-95 and Bridges over 1-95.
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4.1.3 Major Structures

This section will summarize the eight (8) major structures within the study corridor that will
require modifications to accommodate the proposed I-95 operational lane between Greenwich and
Bridgeport. The major structures are as follows:

Mianus River Bridge - Structure No. 06015

Stamford Area Structures - Structure No.’s 00027, 00028, 00029, and 00031
Metro North Railroad Bridge - Structure No. 00032

Yankee Doodle Bridge (Norwalk) - Structure No. 00059

Saugatuck River Bridge - Structure No. 00064

O O O oo

4.1.3.1 Mianus River

The Mianus River Bridge is a 24-span steel plate multi-girder bridge which carries 1-95 over the
Mianus River in Greenwich (see Figures 1-4 in Appendix F and Figure 5 below). Along with the
Mianus River, the bridge crosses the Greenwich Creek, Strickland Road, and River Road. A majority
of the piers are multi-column pier bents, except for three of the piers which are steel straddle bents,
needed to span over Strickland Road and River Road. The superstructure consists of 14 steel
beams, seven in each direction.

In order to accommodate the Combined Option, the bridge deck needs to be widened by 8’ to
accommodate 12’ lanes. The 8’ widening would require additional beams and piers. The exterior
beams would need to be analyzed to determine if additional strengthening was required to handle
the additional load. Adjustments to the piers would not be anticipated for 12’ lanes, although the
abutment u-wings would need modified to accommodate the additional width.

The Unconstrained Option (12’ travel lanes, 12’ left and right shoulders) is expected to require two
additional beam lines in each direction to allow for the 15’ of widening needed in each direction.
The existing bridge deck is expected to be rehabilitated as needed, and then expanded. Two
additional hammerhead piers will be needed at each pier location, one in each direction, to support
the new beam lines. The abutments and wingwalls will also need to be widened.

The main difficulties with widening for the Unconstrained Option is the location of the two
roadways which weave under the bridge. Four of the existing pier columns are already located in
very close proximity to the roadway, and any additional pier columns would be in direct conflict
with the existing roadway. One option is to adjust the alignment of the local roads to avoid the new
pier columns. Additional options include offsetting the location of the new pier columns to miss the
roadway, or to provide straddle bents instead of hammerheads in these specific locations.

The cost to provide the Unconstrained Option is estimated at $84.6 million in 2017 dollars. The
Combined Option was not estimated, as it is infeasible to widen the Mianus River Bridge 8’ to
accommodate the Combined Section. Rather, the Combined Section can be accommodated on the
existing bridge structure with narrow shoulders. See Appendix D for details.
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Figure 5 — Mianus River Bridge

4.1.3.2 Stamford Corridor (Bridges 27-29, 31)

The Stamford Corridor is approximately one-mile-long and is made up of 4 bridge structures and
multiple retaining wall (see Figures 5-10 in Appendix F and Figure 6 below). I-95 is adjacent to
North and South State Streets, and crosses over Washington Blvd and the adjacent bus terminal,
Atlantic St, Canal St, and Elm St. Along this stretch of I-95 there are two NB off-ramps and two on-
ramps, while SB has two on-ramps and two off-ramps. Washington Blvd is an eight-span bridge,
while the other three are single span bridges. All bridges have a multi-girder steel plate
superstructure, and the piers for Washington Blvd are multi-column pier bents.

In order to accommodate the Combined Option, the shorter barrier walls adjacent to [-95 will need
to be shifted to the south approximately 10’ to 14’ for the majority of the corridor, which should
allow the existing retaining walls adjacent to N. and S. State Street to remain in-place. Each bridge
will require an additional beam lines to accommodate widening in each direction. The Combined
Option should allow all existing ramps to be maintained and should be coordinated with future
projects.

The Unconstrained Option will require more extensive retaining wall work, with the two-tiered
system replaced with full height retaining walls. The Unconstrained Option will most likely
eliminate one NB on-ramp, a SB off-ramp, and a SB on-ramp. Each bridge would need an additional
two to three beam lines, along with widened abutments. Because of the layout of the bus terminal
below the Washington Blvd bridge, the existing bridge should be replaced with a continuous steel
superstructure to eliminate some of the pier locations and reduce interference with the bus lanes.
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Figure 6 — Atlantic Street Bridge in Stamford

The cost to provide the Combined Option is estimated at $27 million, and the cost for the
Unconstrained Option is estimated at $117.5 million in 2017 dollars. See Appendix D for details.

4.1.3.3 Metro-North Railroad (Bridge 32)

The Metro-North Railroad Bridge is a 17-span steel plate multi-girder bridge, with a thru-girder
main span over the Metro-North Railroad (see Figures 9 and 10 in Appendix F and Figure 7 below).
The thru-girder system is on a very sharp skew, and therefore uses floor beams which span
between the pier cap and the thru-girders. The bridge also spans S. State Street and Myrtle Avenue.
The piers are all multi-column pier bents with various arrangements do to the different skew
angles over the local roads and the railroad. There is also a ramp structure immediately to the north
of the bridge, but is not attached to the railroad bridge in any way.
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Figure 7 — Metro North Railroad Bridge

In order to accommodate both the Combined and the Unconstrained Options, the bridge will
require a significant widening. Because the thru-girder system cannot be widened, a replacement
bridge will be necessary for both options. In order to accommodate the widening, a portion of the
new bridge should be built to the south of the existing bridge which can accommodate the existing
Northbound traffic and on-ramp. Once the Northbound traffic is diverted onto the new bridge, half
of the existing structure can be demolished. In order to accomplish demolition on half of a thru-
girder, a support beam will be required to span the railroad and support the floor beams when one
of the two thru-girders is removed. With half of the existing bridge removed, an additional portion
of the new bridge can be built which will accommodate both Northbound and Southbound traffic.
With all traffic on the new structure, the remainder of the existing bridge will be removed and the
rest of the new bridge built. Based on the preferred option, either the Combined or Unconstrained
width can be built. Consideration should be given to combining the Northbound on-ramp at Elm
Street and Canal Street into one on-ramp. This will potentially reduce the impacts of widening over
Metro-North Rail Line.

Besides the difficult staging operation, the other difficulty is maintaining the existing railroad
service and coordinating with the tower that exists underneath the existing bridge. The longer
spans should be countered by the continuous beams to help reduce the need to raise the vertical
profile. However, it should be expected that some vertical profile change will be required. Multiple
250’ spans, similar to the ramp structure, will allow for a reduced number of piers and the ability
to span over the split State Street roadway with less congestion.

Additionally, Structure No. 00033 and 00034 may need to be widened or replaced entirely to
accommodate the realignment necessary to reconstruct Structure No. 00032.

The estimated costs for replacement of this structure is $600 million (Appendix D). Due to the
involvement of Metro North and rights of way requirements, the Department has commissioned an
evaluation of the structure replacement and will be studied further during the concept phase.
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4.1.3.4 Norwalk River (Bridge 59)

The Norwalk River Bridge is a seven-span steel multi-girder bridge which carries [-95 over the
Norwalk River and Hendricks Avenue (see Figures 11-14 in Appendix F and Figure 8 below). The
11 steel plate girders use a pin and hanger connection, which was previously retrofitted. The bridge
has six multi-column pier bents, and also carries a sidewalk adjacent to the Southbound roadway.
Because of the large volume of traffic entering and exiting in the SB direction, two ramp lanes will
need to be accommodated on the bridge, as opposed to the one ramp lane that currently exists.

Figure 8 — Norwalk River Bridge

In order to accommodate the Combined Option, the bridge deck needs to be widened by 16’ in the
Northbound direction and 33’ in the Southbound direction. Because of the deteriorated condition
of the existing bridge, and the pin and hanger connections, a full replacement of the bridge should
be considered. If the bridge is not replaced, two beam lines will need to be added in the Northbound
direction and three in the Southbound. Additional hammerhead piers can be built adjacent to the
existing piers, and the existing abutments will need to be modified. The Unconstrained Option
requires a similar widening, except that 31’ will need to be added in the Northbound direction, and
49’ in the Southbound direction. This will require 3 new beam lines for Northbound and 5 new
beams for Southbound.

The cost to provide these improvements range between $80 million and $106 million in 2017
dollars for the structure. See Appendix D for details. Due to the proximity of this structure to the
Exit 14-16 interchanges, several alternatives will need to be evaluated under the concept phase
along this 2-mile segment of [-95.

4.1.3.5 Saugatuck River (Bridge 64)

The Saugatuck River Bridge is a 10-span steel multi-girder bridge which carries [-95 over the
Saugatuck River, Riverside Avenue, and Saxon Lane (see Figures 15-17 in Appendix F and Figure 9
below). The bridge also spans parking facilities located under the bridge that are accessible from
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Riverside Ave. and Saxon Ln. The bridge superstructure is made up of 18 continuous beams, while
the substructure is made of multi-column pier bents.

In order to accommodate the Combined Option, the bridge deck needs to be widened by 2’ in each
direction to accommodate 11’ lanes and widen 10’ in each direction to accommodate 12’ lanes. This
can be accomplished by removing the existing overhang and replacing it with an overhang which
is 2’ wider. The exterior beams will need to be analyzed to determine if additional strengthening is
required. In addition, the abutments and wingwalls will need adjusted to accommodate the
widening. No adjustments to the piers is anticipated for the 11’ lanes. Additional piers would be
necessary for the 12’ lanes.

The Unconstrained Option will require two additional beam lines to accommodate the 12' or 16' of
widening required in each direction. New hammerhead piers will also be required to support the
additional beam lines, and the abutments will need widened as well.

Figure 9 — Saugatuck River Bridge

The cost to provide the Unconstrained Option is estimated at $41.6 million in 2017 dollars. Four
(4) 12’ lanes can be accommodated with 4’ shoulders. See Appendix D for details. The Combined
Option was not estimated, as it is infeasible to widen the Saugatuck River Bridge 4’ in total to
accommodate the Combined Section. Rather, the Combined Section can be accommodated on the
existing bridge structure with narrow shoulders.

4.1.4 Interchange Improvements

Interchange improvements required to accommodate the creation of the four-lane operation are
discussed in following sections. They have been placed in one of three categories, depending on the
impacts and improvements required to accommodate a fourth lane of operation. They are:

1. Minor Improvements
2. Moderate Improvements
3. Major Improvements

The level of improvement at each location is identified in the following section.
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4.1.5 Interchange Level of Impacts
4.1.5.1 Minor Impact Improvements

* Up to $5 million in construction cost

* Minor realignment of acceleration and deceleration lanes, ramp alignment

* No wetland impacts

*  No ROW impacts

* No retaining walls required

* No noise barrier walls

» Straightforward constructability and Maintenance and Protection of Traffic (MPT)

4.1.5.2 Moderate Impact Improvements

* Up to $10 million in construction cost

* Reconfiguration of ramps for better operations, widening and acceleration lanes
e Minor wetland impacts

*  Minor of ROW impacts

*  Minor retaining walls needed (up to 10’ high)

* Noise barrier walls required

* Possible short-term ramp closures during construction causing minor detours

4.1.5.3 Major Impact Improvements

e $19 million in construction cost

* Major reconfiguration of ramps for better operations

* Significant wetland impacts

* Major retaining walls (over 10’ high)

* Noise barrier walls required

* Relocation of local streets

*  Widening/replacement of existing structures

* Constructability issues - long term ramp closures, possible permanent ramp closures

4.1.5.4 Interchange Improvements

Interchange 2 - Minor Improvements
* Northbound - Modifications to gore and merge areas.
* Southbound - Modifications to gore and merge areas.

Interchange 3 - Minor Improvements
* Northbound - Modifications to gore and merge areas.
* Southbound - Extend Southbound off-ramps, Modify merge areas.

Interchange 4 - Moderate Improvements
* Northbound - Modifications to gore and merge areas, possible retaining walls and ROW.
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*  Southbound - Modifications to gore and merge areas, possible retaining walls.

Interchange 5 - Moderate Improvements
* Northbound - Modifications to gore and merge areas.
* Southbound - Modifications to gore and merge areas.

Interchange 6 - Minor Modifications
* Northbound - Minor modifications to gore and merge areas.
* Southbound - Minor modifications to gore and merge areas.

Interchange 7 and 8 - Moderate Improvements
* Northbound - Modifications include gore and diverge tapers, retaining walls and widening.
* Southbound - Modifications include widening retaining walls and merge taper possible
auxiliary lane.

Interchange 9 - Moderate Improvements
* Northbound - Reconfigure loop ramp, modify gore area and diverge.
*  Southbound - Modifications to merge and gore areas, retaining walls necessary.

Interchange 10 - Moderate Improvements
* Northbound - Reconfigure Northbound on-ramp, acquire property, bring on-ramp south to
Noroton Avenue, gore area modifications.
* Southbound - Merge and diverge improvements.

Interchange 11 - Moderate Improvements
* Northbound - Gore and merge area realignments with retaining and noise walls.
*  Southbound - Ramp realignment with retaining walls.

Interchange 12 - Minor Improvements
* Northbound - Diverge and merge are modifications.
* Southbound - On-ramps merge area configuration.

Interchange 13 - Moderate Improvements
* Northbound - Diverge modifications.
* Southbound - Diverge and merge area modifications.

Interchange 14 - Moderate Improvements
* Northbound - On-ramps merge configuration.
* Southbound - Revised off-ramp geometry and lane storage reconfigure on-ramp
geometrics.
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Interchange 15 - Major Improvements
* Northbound - Adjust off-ramp diverge geometrics based on recent improvement project to
Reed Street and Route 7. Modify Route 7 off-ramp to West Avenue and Northbound [-95
on-ramps.
* Southbound - Modify Route 7 Southbound on-ramp and West Avenue on-ramp to [-95
Southbound, consider eliminating West Avenue 1-95 on-ramp and redirect movement to
Route 1 and Route 7/1-95 Southbound on-ramp.

Interchange 16 - Moderate Improvements
* Northbound and Southbound - realign ramp gore, diverge and merge area realignments.

Interchange 17 - Moderate Improvements
* Northbound and Southbound - Diverge and loop ramp geometric changes and merge
condition are required.

Interchange 18 - Moderate Interchange Improvements
* Northbound - Modify diverge/gore and merge conditions.
* Southbound - Change ramp configuration to half diamond.

Interchange 19 - Minor Improvements
* Northbound and Southbound - Modifications to diverge and merge areas and toper lengths.

Interchange 20 - Minor Improvements
* Northbound - On-Ramp
*  Southbound - Off-ramp merge and diverge improvements widening of Mill River structure.

Interchange 21 - Minor Improvements
* Northbound and Southbound merge and diverge areas. Add auxiliary lane between 21 and
22 both directions.

Interchange 22 - Fairfield Service Plaza - Moderate Improvements
* Northbound - Add auxiliary lane Northbound between 21, 22, and 23.
*  Southbound - Add auxiliary lane between 21, 22 and 23.

Interchange 23 - Moderate Improvements
* Northbound - Relocate off-ramp south of Kings Highway. Reconfigure intersection
geometry. Modify on-ramp merge.
* Southbound - Move off-ramp diverge easterly.

Interchange 24 - Moderate Improvements
* Northbound and Southbound - Revise diverge/gore area geometrics.

Interchange 25 - Minor Improvements
* Northbound Off, Southbound On - Modify diverge and merge geometrics.

CDM
Smith 53




Technical Memorandum No. 2 ¢ [-95 Improvements — Feasibility Evaluation Study (Greenwich to New Haven)

Interchange 26 to 27A/B - Major Improvements
* Northbound - Add Operational Lane, 5-lane section to achieve a two (2) lane of condition
to Route 8 Northbound.
* Northbound - On-ramp, modify merge area and ramp.

Interchanges 7-9 have been identified as a special study area due to the complexity of the loud
service roads, retaining walls, and the need to replace Bridge 00032 over the MNRR railroad.

Interchange 14, 15 and 16 areas and the Norwalk River Bridge crossing warrants special study due
to the Route 7 movements; the use of I-95 as a local connector with East and South Norwalk. In
addition, coordination of the study with improvements planned by the Developer at West Avenue
will be critical.

Interchanges 22 to 24 have several local roadways which interface with I-95 and the on and off-
ramps associated with service to both a commercial and residential area in Fairfield. The area is
further impacted by the Service Plaza adjacent to Interchange 23. The area should be studied
further to consider reducing conflicting movements and the possible incorporation of a series of
Frontage Roads on the North and South sides of I-95.

Interchanges 15 and 26 to 27A/B were the only interchanges that require major improvement
within the study corridor.

5.1 1-95 Bridgeport to New Haven — Hot Spots

5.1.1 Hot Spot Locations — Bridgeport to New Haven

Between Bridgeport and New Haven, three specific areas have been identified to improve traffic
operations, improve mobility, safety and reduce congestion.

* Exit27A (I-95/Route 8/Route 25 Interchange)- Exit 27A is major interchange that provides
access to Route 8/Route 25 in Bridgeport. During the morning and evening peak periods,
this segment of [-95 experiences heavy congestion because of mainline and ramp capacity
constraints, closely spaced ramps and steep ramp grades. These problems are expected to
get worse in the future with traffic growth in the area. Improvements proposed include
widening the Route 8 Northbound ramp from [-95 Northbound to two lanes. The total cost
of the improvements is estimated to be approximately $20,400,000.

* Exit 38 (Wilbur Cross Parkway)- Exit 38 is a major interchange that provides access to
Route 15 in the Milford area. At this location, the operational shortcomings include
inadequate weaving distances in the Northbound section within the clover leaf interchange,
lack of ramp capacity in the Southbound direction. Improvements at this interchange
include providing a direct connector flyover from Southbound Milford Parkway to
Northbound [-95. Improvements also include adding an operational lane between
Interchange 38 and Interchange 39 in both directions, widening of the Milford Connector
ramp to [-95. Bridge reconstruction at Wheeler’s Farms Road will also be necessary. A new
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ramp from Milford Parkway to I-95 NB has been proposed in order to improve the existing
ramp. The proposed ramp consists of an approximately 1,116’ long and 29’-10” wide multi
span flyover, an approximately 736’ long and 26’ approach on embankment, and an
approximately 1,225’ long retaining wall for the approaches. The total cost of the
improvements is estimated to be approximately $148,600,000, which includes engineering,
construction engineering and inspection, and right-of-way costs.

» Exit 39 (Boston Post Road/Route 1) and Exit 40 (Woodmont Road) - Exit 39 is also a major
interchange that provides access to Route 1 in Milford. Due to the proximity of significant
commercial development near this interchange, ramp movements are heavy and the
Cloverleaf interchange which currently exists does not provide adequate weaving in the
Northbound or Southbound directions. Consideration should be given to the
reconstruction of this interchange by providing either a full movement diamond or through
a single point urban interchange with 1-95 over Route 1. Modifications to the off-ramp
geometry from [-95 Southbound to Route 1 Northbound will also be required. A 1-95
Northbound operational lane and Southbound operational lane to and from Exit 40 at
Woodmont Road will also improve operations on [-95. This location also exhibits heavy
commercial development with both retail and truck service plazas which exhibit significant
truck movements both in the Northbound and Southbound directions. Continuation of the
operational lane in the Northbound direction from Exit 39 to Exit 40 Woodmont Road is
recommended. Widening of the Northbound off-ramp to Woodmont Road in conjunction
with retaining walls to minimize impacts to private property is recommended. In addition,
the inclusion of a Southbound I-95 operational lane from the Exit 40 Woodmont Road
interchange to Exit 39 [-95/Route 1 is recommended to provide additional capacity and
additional weaving distances between the Southbound Woodmont Road on-ramp and the
Northbound Route 1 off-ramp at Exit 39. The total cost of the improvements is estimated
to be approximately $86,400,000, which includes engineering and construction
engineering and inspection costs.

All cost estimates are based on planning level analysis and subject to further review based on
detailed engineering/highway analysis.

6.1 Improvements Summary (Greenwich to New Haven)

6.1.1 Highway

Given the evaluation, criteria, and considering the operation improvements that can be realized,
implementing a four (4) lane operation on 1-95 from Greenwich (NY State Line) to Bridgeport is
feasible and practical.

The scope and budget of this study did not allow for detailed refinements and an in-depth
evaluation of existing pavement and shoulder conditions for use as an operation lane. Further
refinement of the following will be necessary including:
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* Previous shoulder and drainage construction during median barrier and safety
improvement projects to determine the need for reconstruction.
* Implementation of special studies in the following areas to evaluate alternatives for the
improvements for each of these areas:
0 Stamford Interchanges 7 to 9
0 Norwalk Interchanges 13 to 16
0 Fairfield Interchanges 20 to 22 and 23 to 24
0 Bridgeport Interchange 27A
* Retaining walls have been used in key locations to accommodate ramp improvements.

6.1.2 Bridges

6.1.2.1 Grade Separated
Table 24 summarizes all structures carrying [-95 within the study area.

Table 24 - Structures Carrying 1-95 between Greenwich (New York line) and New Haven

Total Number of Structures 87
Total Number of Bridges 79
Total Number of Culverts 8
Total Number of Structures which achieve Unconstrained 1-95 Section without Modifications 5
Total Number of Structures which achieve Combined I-95 Section without Modifications 47
Total Number of Structures Requiring Structure Widening, Superstructure Replacement, Deck 25
Replacement, & Modifications

Total Number of Structures Requiring Complete Bridge Replacement 17

Table 25 summarizes all structures overI-95 within the study area.

Table 25- Bridges Over 1-95 between Greenwich (New York line) and New Haven

Total Number of Bridges 33
Total Number of Structures which achieve Unconstrained 1-95 Section without Modifications 1
Total Number of Structures which achieve Combined I-95 Section without Modifications 6
Total Number of Structures Requiring Structure Widening, Superstructure Replacement, Deck 7
Replacement, & Modifications

Total Number of Structures Requiring Complete Bridge Replacement 20

6.1.2.2 Major Structures
Table 26 summarizes the major structures within the study area.
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Table 26 — Major Structures

Existing Combined Unconstrained
Mianus River No Widening, retain 57
Stamford Exit 7-9 Widen Unconstrained Section
1-95 over MNRR Replace Structure/Widen Structure to Unconstrained Section
Norwalk River Special Study/Replace Structure
Saugatuck River No widening, Limit shoulders 4’LT, 8'RT
Bridgeport Harbor Retain Existing Structure

6.1.2.3 Special Studies
Special study areas have been identified based on the need for a future evaluation of different
elements, areas, and potential solutions including:

* Major structures and structural requirements;
» Significant interchange operational deficiencies and existing geometric conditions;
* Major waterway crossings and improvement areas.

Special study areas are identified as follows:

» Stamford Exit 7 through Exit 9 including Bridge 32 over Metro North, a significant structure
with inadequate roadway geometrics and operational issues in Stamford.

* Norwalk Exit 13 to Exit 16, predominantly caused by the Norwalk River Crossing structure
and the proximity of the existing Route 7 Trumpet interchange on the west and the Exit 16
East Avenue interchange to the east of the Norwalk River. This area of [-95 experiences
significant congestion and operational/weaving issues as a result of closely spaced ramps
and mainline capacity constraints. These problems are anticipated to exacerbate as a result
of traffic growth due to intense commercial development on the westerly side of the
Norwalk River.

» Exit 22 to Exit 24 in Fairfield - This area exhibits significant operational issues with tightly
spaced ramps that also serve a number of local roads. This segment might be better served
by reconfiguring the interchanges through a series of frontage roads.

» Exit 27 [-95/Route 8 - The existing structure rehabilitated previously is wide enough to
accommodate additional operational and auxiliary lanes on the structure to enhance
improvements for the 1-95 Northbound off movement to Route 8 north and Route 8
Southbound to I-95 Southbound movement. The area is predominantly located on existing
structure and the existing Northbound I-95 to Route 8 off-ramp has steep vertical geometry
causing commercial vehicles to take the movement at slower speeds and impacting
operational characteristics of passenger vehicles operating potentially at higher speeds
that results in a queue on I-95 in the Northbound direction. Consideration to improving
the roadway assignment of pavement to lanes and accommodating a two lane off-ramp
configuration to Route 8 Northbound.
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7.1 Risk Analysis and Cost Estimates

A construction cost estimate has been prepared in 2017 dollars to provide four (4) operational
lanes in both the Northbound and Southbound direction on [-95 between Greenwich and
Bridgeport, as well as for the hot spot areas identified between Bridgeport and New Haven. The
cost estimate has been prepared using the following approach and guidelines:

* A construction risk workshop was conducted with members of the Department’s staff
including planning, concept development, engineering, district construction, rights of way
and environmental planning and compliance, which estimated ranges for cost elements
(low, base, & high cost), which was used to perform a risk analysis of the construction costs.

* The Connecticut DOT 2017 Cost Estimating Guidelines were utilized to determine
percentages for lump sum contract items and minor item allowances.

* Actual construction cost estimates for various recent construction projects as well as past
and planned projects along [-95 was used to determine unit prices and contract item
quantities.

* Engineering judgement was used in the assignment of unit costs for miscellaneous, minor,
and incidental items.

The following factors should be considered when planning future projects along the corridor:

* The cost for roadway widening was developed using unit costs from recent 1-95 project
constructed and applying them to anticipated quantities for construction. Construction
items included pavement, drainage, guide rail, lighting, maintenance, and protection of
traffic, signing and markings were considered.

* Full depth shoulder reconstruction was included in the construction cost estimate,
although some previous [-95 projects may have included all or portions of this previously.

» State police operations for interstate construction projects often carry a significant cost and
is traditionally not included in the available construction cost history. Based on available
data for projects constructed in Connecticut, the cost for State Police averages between
0.5%-2.5% of the total construction cost and is typically based on project complexity. Cost
for tolling, if an option, has not been included.

* Engineering costs and construction inspection costs should be budgeted at 10% for
engineering to include both design and program management and 10% for construction
inspection.

* Contingency and miscellaneous items were included at 25% each and added to the subtotal.

» Rights-of-way costs where estimated by the Department at approximately $12 million
exclusive of temporary or construction easements for either alternative.

To model the uncertainty and variability of the construction costs associated with the widening of
[-95 to accommodate an additional operational lane in both the Northbound and Southbound
direction from the New York line to Bridgeport, a Monte Carlo simulation and analysis was
performed on the base cost estimate that was developed for the project. The purpose of this
analysis is to evaluate the risk and sensitivity of elements within the cost estimate, and the total
project cost risks and sensitivity.
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A Monte Carlo simulation is a modeling technique which accounts for risk in quantitative analysis
and decision making. Monte Carlo provides a range of possible outcomes and probabilities for each
element in the cost estimate. To develop the range of outcomes for cost elements and the total
project, the Monte Carlo model simulates each item 10,000 times based on a defined cost range and
probability distribution curve for each element. Each simulation uses a distinct set of values for
each cost element based on these defined ranges and distribution curves. By developing a range
and distribution curve for each cost element, we get insight into several key data points: the mean
value for each cost element and the total project, the cost range of each cost element and the total
project, and a prioritized ranking of the sensitivity for each element. The Monte Carlo model was
developed using Palisade’s @Risk software, which is a Microsoft Excel add-in which allows the
Monte Carlo simulation analysis to analyze risk in construction costs.

Base Cost Estimate:

A base cost estimate was developed to determine a unit cost per directional mile for the
construction of an additional operational lane on I-95 from the New York border to Bridgeport. All
estimate quantities were calculated based on a total directional length of 30 miles of Northbound
widening and 30 miles of Southbound widening (60 miles total). The base cost estimate was
determined by estimating quantities and unit costs of the following contract items:

* Bituminous Pavement

* Excavation & Borrow

* Drainage

* Metal Beam Rail and Concrete Median Barrier

* Highway Lighting

* Existing Concrete Base Pavement Repair

* Noise Barrier Wall

* Signing

* Retaining Walls

* Pavement Markings

* Interchange Improvements

* Wetland Mitigation

»  Structure Replacement/Modifications

* Percentage Base Contract Items

Additionally, the following non-contract items costs were also estimated and included in the base
cost estimate:

*  Minor Item Allowance

» State Police Forces

* Intelligent Transportation Systems (ITS)

* Environmental Compliance

* Right-of-Way

* Construction Engineering & Inspection Services

* NEPA Documentation

* Program Management

* Design Services
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Risk Analysis:

To determine the unique cost ranges, a minimum, most likely, and maximum value (3-point
estimate) was assigned for each cost element based on the project team’s cost estimate and
engineering judgement. After the 3-point estimate was developed, potential probability
distributions were evaluated. The United States Government Accountability Office identifies 8
commonly used probability distributions (GAO Cost Estimating and Assessment Guide, March
2009). From these 8 recommended distributions, the Beta and Triangular distributions are most
commonly used for 3-point estimates.

Following the GAO cost estimating guidelines, the Monte Carlo risk model evaluated each cost
element using the Beta distribution. The Beta distribution was chosen for the following reasons:
* Beta distribution uses a 3-point estimate with upper and lower bounds defined by the
estimate.
* Like Triangular distribution, Beta distribution focuses on the “Most Likely” value over the
minimum and maximum estimates.
* Betadistribution captures outcomes biased toward tail ends of a range (GAO, March 2009)
* Triangular distribution is not found in nature. Beta distribution provides a real-world curve
found in nature and allows for a long tail towards pessimistic. This accounts for a
potentially large cost impact for risks even when the event is very unlikely. (Integrative
Cost-Schedule Risk Analysis, Dr. David Hulett, September 2012)

After running the Monte Carlo simulations, @Risk (Microsoft excel add-in to analyze risk) provides
the mean cost and 90% cost range for each cost element and the total project. Additionally, @Risk
output includes probability density graphs (Figure 10 & 12) and a sensitivity graph by total
potential impact of each cost element. This sensitivity graph is called a tornado chart (Figure 11 &
13). This output is included in the results selection below. From the analysis, escalation was the
highest factor in affecting the per mile cost. Subsequently, the risk model was run twice, both
including and excluding escalation. This analysis was then used to determine the elements of the
cost estimate which carry the most risk to the per mile cost.
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Figure 10— Probability Density Graph — Total Cost Per Mile Excluding Escalation/Inflation

Figure 11 — Tornado Chart — Total Cost Per Mile Excluding Escalation/Inflation

Minor Item Allowance A

Structure Replacement / Modification -
Percentage Based Contract Items 1
Design 1

Construction Engineering & Inspection -
Program Management -

Environmental Compliance -

NEPA Documentation 1

State Police 1

Interchange Improvements 1

Total Cost excluding escalation
Inputs Ranked By Effect on Output Mean

$71,310,557.98 $79,691,153.25

$71,550,403.02 $78,714,700.09

$74,128,308.67 _ $77,345,887.71
$73,963,671.67 _ $76,782,987.25 B Input High
$74,533,760.88 _ $76,854,831.75 Bl Input Low
$74,846,849.88 _ $76,840,279.48
$74,989,538.65 - $76,517,490.39

574,965,066.9 [ ] 576,:308,337.48
$75,180,279.05 76,241,678.19
Baseline = $75,616,159.93
L'

71

N
N ~ N ~N ~N ~N ~

79
80 -

m ¥ 1 9 N
Total Cost excluding escalation
Values in Millions ($)
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Figure 12 — Probability Density Graph — Total Cost Per Mile Including Escalation/Inflation

Figure 13 — Tornado Chart — Total Cost Including Escalation/Inflation

Total with Escalation
Inputs Ranked By Effect on Output Mean

Minor Item Allowance A $130,890,556.43 - $138,506,954.65
Structure Replacement / Modification - $130,832,673.20 - $137,666,586.00
Percentage Based Contract Items 1 $132,434,563.47 - $137,442,451.05
Design 1 $132,735,205.50 . $136,669,299.28 . Input High
Construction Engineering & Inspection - $132,694,709.38 . $136,484,297.22 . Input Low
Program Management - $133,555,732.89 . $137,048,130.64
Environmental Compliance A $133,873,379.66 . $137,034,395.64
Metal Beam Rail and Concrete Median Barrier - $134,184,180.17 I $136,298,536.44
NEPA Documentation 1 $133,751,522.39 l $135,795,981.63
Baseline = $1'35,070,127.72
g = & & § & 8 R

Total with Escalation
Values in Millions ($)

Cost Analysis Results:

Based on the risk analysis, a summary of observed results was formulated, which includes the top
five mean cost elements, the top five cost elements by potential cost range, and the cost probability
and tornado charts for total cost with and without escalation/inflation. All cost is on a per mile
basis.
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The average total cost per mile to construct an additional directional operation lane is $75,616,160
excluding escalation/ inflation and $135,070,127 including escalation/ inflation. Escalation/
inflation is a primary driver in the potential cost per mile for construction; the average increase is
roughly $59.5 million per mile (44% of the average total cost). For the basis of this estimate,
escalation/inflation ranged from 3.5% to 4.0%, with a base escalation/inflation rate of 3.75%. The
base year of the estimate is 2017, with the midpoint year of construction ranging from year 2030
to year 2040, with a base year of 2035. The minimum and maximum costs/mile were determined
through risk analysis and were assigned likely possible percentages that the costs would be lower
or higher than the base cost for each estimated item. These minimum and maximum percentages
were determined through analysis at the risk workshops held with the Department. Once the
minimum and maximum costs were determined, the Monte Carlo analysis calculated the
contingency which should be applied to the total cost/mile. Table 27 depicts the minimum, average,
maximum, and 95% confidence for total cost per mile with and without escalation.

Table 27- Total Directional Estimated Construction Costs*

Minimum Average Maximum 95% Confidence

Cost/Mile Cost/Mile Cost/Mile Cost/Mile
Total Cost w/o Escalation/Inflation $61,727,710 $75,616,160 $88,108,105 $82,282,897
Total Cost with Escalation/Inflation $92,314,536 $135,070,127 $177,710,612 $161,777,229

Note: * Cost estimates based on planning level analysis and subject to further review based on detailed
engineering/highway analysis

The risk model developed from the Monte Carlo simulation is used to predict the contingency
within the estimate. For this model, the 95% confidence level is utilized as the contingency
estimate. Table 28 depicts the contingency cost and contingency percentage for both the cost with
and without escalation/inflation. The contingency for the 95% confidence cost, without
escalation/inflation, is 8.10%. With escalation/inflation, the contingency increases to 16.5%, since
escalation/inflation is a large driver of the cost sensitivity.

Table 28- Total Directional Estimated Contingency*

Average Contingency 95% Confidence Contingency %
Cost/Mile Cost/Mile Cost/Mile
Estimate w/o $75,616,160 $6,666,737 $82,282,897 8.10%
Escalation/Inflation
Estimate with $135,070,127 $26,707,102 $161,777,229 16.5%
Escalation/Inflation

Note: * Cost estimates based on planning level analysis and subject to further review based on detailed
engineering/highway analysis

The top five cost elements by mean cost per mile are listed below. These five items (of the total 24)
account for 80% of the total cost with escalation.

1. Escalation/Inflation - $59,453,919

2. Structure Replacement/Modification - $20,625,122

3. Minor Item Allowance - $10,629,329

4. Percentage Based Contract Items - $10,133,149
CDM
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5. Construction Engineering/Inspection - $6,124,422
The top five cost elements by cost range are:

Escalation/Inflation - $21,725,376 minimum to $94,190,816 maximum

Minor Item Allowance - $4,540,576 minimum to $16,083,640 maximum

Structure Replacement/Modification - $12,594,057 minimum to $24,484,939 maximum
Percentage Based Contract Items - $6,928,200 minimum to $13,753,491 maximum
Design - $3,082,191 minimum to $7,659,557 maximum

v Wi

Based on the risk analysis, a total project cost to add an operational lane to 1-95 for 30 miles of
Northbound I-95 and 30 miles of Southbound I-95 (60 total miles of additional operational lanes)
was determined. Including escalation, the total approximate cost to construct 60 miles of an
additional operational lane between the New York state line and Bridgeport is anticipated to range
between $5.5 billion and $10.6 billion with a 95% confidence interval cost of $9.7 billion.

Table 29- Total Estimated Construction Costs*

Minimum Cost Mean Cost Maximum Cost 95% Confidence
Cost
Total Cost w/o
Escalation/Inflation $3,703,662,600 $4,536,969,600 $5,286,486,300 $4,936,973,820
Total Cost with
Escalation/Inflation $5,538,872,160 $8,104,207,620 $10,662,636,720 $9,706,633,740

Note: * Cost estimates based on planning level analysis and subject to further review based on detailed
engineering/highway analysis

Refer to Appendix D for the base cost estimate and basis of estimate, which includes all
assumptions made to develop the base cost estimate.

8.1 Conclusions and Recommendations

Following several meetings and workshops with the Department, the following course of action
and resultant recommendations will be pursued.

* Prepare a Strategic Implementation Plan for initiation of directional improvements which
will yield the greatest reduction in delay and improved travel time;

* Implement Short-Term projects and further evaluation of special study areas;

* Conduct additional Micro Simulations and improvements to determine benefits in delay
reduction and travel time to determine phasing;

* Coordinate future bridge improvements to accommodate Unconstrained Section Elements;

* Use 12’ travel lanes to implement an additional lane in areas targeted for implementation
using standard shoulder widths to the greatest extent possible, and reduced shoulder
widths at structures that do not require replacement/reconstruction.

+ Commence evaluation of areas requiring further concept development and investigation.

64 %%th




Appendix A

1-95 INRIX AND SKYCOMP DATA SUMMARY



1-95 Widening Feasibility Study

I I e e B e o R o g e
|

|

|

0SS S0 se s 45 0 3 30 2 2 Does not include West River/Long Wharf Improvement J
Speed (mph)

INRIX: 1-95 AVERAGE WEEKDAY TRAVEL SPEEDS - NORTHBOUND AM

FIGURE 1




1-95 Widening Feasibility Study

Greenwich Stamford Norwalk Westport Fairfield Bridgeport [Stratford Milford Orange I-‘Il;’ :::I New Haven

D oy |
00

6:00

7:00

8:00

9:00

10:00

11:00

70 65 60 55 50 45 40 35 30 25 20 Does not include West River/Long Wharf ImprovementJ

I B
Speed (mph)

CDM INRIX: 1-95 AVERAGE WEEKDAY TRAVEL SPEEDS - SOUTHBOUND AM
smlth FIGURE 2




1-95 Widening Feasibility Study

Greenwich

70 65 60 55

Stamford

50 45 40 35 30 25 20

B |
Speed (mph)

Norwalk

Westport

Fairfield Bridgeport [Stratford Milford Orange I-\I’: 5::‘ New Haven

Does not include West River/Long Wharf Improvement J

INRIX: 1-95 AVERAGE WEEKDAY TRAVEL SPEEDS - NORTHBOUND PM

Smith

FIGURE 3



1-95 Widening Feasibility Study

Greenwich

Stamford

70 65 60 55 50 45 40 35 30 25 20

B
Speed (mph)

Norwalk

Westport

West

Fairfield Bridgeport [Stratford Milford Orange Haven

New Haven

2

Does not include West River/Long Wharf Improvement J

INRIX: 1-95 AVERAGE WEEKDAY TRAVEL SPEEDS - SOUTHBOUND PM

FIGURE 4



I-95 Feasibility Evaluation Study

Southbound
MP 6.50 MP 7.67 MP 22.88 MP 25.03
MP 0.78 MP 2.54 MP 3.73 MP 5.53 MP6.62 MP7.30 MP8.20 MP 9.28 MP 10.75 MP11.61 MP12.23 MP13.14 MP 14.83 MP 15.49 MP 16.24 MP 18.13 MP 20.36 MP 23.12 MP 23.72 MP 24.38 MP 25.21
Time | 21 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 19 20 21 22
6:30-7:00 B S B c c c c 5
2 = = & P
7:00-7:30 B 2 c c . c . . B g o D p £ - 2
7} T o [ £ - A o © o » . o
£ = 2 & 2 & S s ] ; e o E) 5 2 -
7:30-8:00 c s c 7 D z D c S s| c |u o < D 3 g b ] = © « S| £
= > = < ] B = < - ] - o 5 P c < o | =
& @ 5 s g % s b7 g g @ 3 5 S ° o S n £ 5
8:00-8:30 | = c S c & E £ D E g glll,glllll B [ D = bl 2 5 g s = = o
> k-] p 3 |5 [ 2 & x S S = s - | ©
< £ i (0] S = = 7] ° & o g s
% =] (7] g (4
9:00-9:30 B a B IIIII c E D
Northbound
MP 6.50 MP 7.67 MP 22.88 MP 25.03
Time MP 0.78 MP 2.54 MP 3.73 MP 5.53 MP6.62 MP7.30 MP8.20 MP 9.28 MP 10.75 MP11.61 MP12.23 MP13.14 MP 14.83 MP 15.49 MP 16.24 MP 18.13 MP 20.36 MP 23.12 MP 23.72 MP 24.38 MP 25.21
6:30-7:00 c 5 c c c A c B B B B = B A A B
(J - -~ ° F
7:00-7:30 c 2 c B . c B & = B = A B B B 2 B _ c B B * m
(7] - @ @ € - . ® © g » . . [+4
£ = Z ; 2 & 3 4 = . Gl S @ 5 5 4 o
7:30-8:00 c s D = c T D g : B W o < c 2 c c | ¢ c py B = c = B & ¢ & ¢ =
~ > @ 2 £ < ] i < < = 2 b b = < 7 = e 5 s s =
§ g g £ : i ERE E § 2, F 2 2 8 . 3 : 5 5 8 4 £ =
8:00-8:30 [ = = & D ] 5 o E B o g ° c =) = B c S c Q c 2 c s B § ¢ = B = 2
g g a 2 2 2 @ S © - P 3 £ @ H T O
< £ ui & s = = g @ 3 3 s S
8:30-9:00 = D c Z & c = c c D c H B c B c 3
s > »n g 4
9:00-9:30 a c D B c c B @ B c D A
21 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
LOS Density
A/B/C/D Less Than 31
D/E 31-40
E/F 41 -62
F More Than 62

SKYCOMP DATA - 1-95 MORNING LEVEL OF SERVICE PROFILE

FIGURE 5



1-95 Feasibility Evaluation Study

Southbound
MP 25.03 MP 27.43 MP 29.00 MP 31.07 MP 32.11 MP 44.87
MP 25.21 MP 26.72 MP 27.64 MP 28.29 MP 29.03 MP 29.86 MP 30.07 MP 31.30 MP 32.29 MP 32.86 MP 33.91 MP 35.37 MP 35.85 MP 36.69 MP 37.58 MP 39.12 MP 40.25 MP 41.80 MP 43.91 MP 45.19 MP 46.05 MP 47.60
Time | 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 38 39 40 41 42 43 45 47
6:30-7:00 C . C C (o3 C (o3 B (o3 C D C
o : -
o) g 5 z 3 - ) °
< | 7:00-7:30 E -z : g f 2 s c |= ) @a B8 2 s ¢ D c b3 c . c : c c c & D
3 % H P 2 p 2 £ ? 2 2 3 g z € : g % £ 2 3 g
£ | 730800 | 5 » g % 2 P = S - 5 ) g “ c gl « D g D £ D o c S c = c = D 2 D g D 3
< = g x 5 £ = o e @ 3 o s ) 2 2 ° s g = £ < < P
S | so0sa0 | 2 3 @ E s - ® 2 g % = c |2 3 ¢ = c § o c T ¢ % c 2 c & ¢ 5 D ®
© E > 2 5 s ® & 8 x 2 S s = £ s g $ g é i}
P z > o @ [ x ® @ = c » 2 D c D 5 D c c c c e D
I3 3 7] %) g g =} o ['4
9:00-9:30 Cc D B = C B B C Cc C Cc C Cc @ C
MP 25.83
Northbound
MP 25.03 MP 27.43 MP 29.00 MP 31.07 MP 32.11 MP 44.87
Time MP 25.21 MP 26.72 MP 27.64 MP 28.29 MP 29.03 MP 29.86 MP 30.07 MP 31.30 MP 32.29 MP 32.86 MP 33.91 MP 35.37 MP 35.85 MP 36.69 MP 37.58 MP 39.12 MP 40.25 MP 41.80 MP 43.91 MP 45.19 MP 46.05 MP 47.60
6:30-7:00 B B A B B A c B : B B B B B c B D B A
0 g o 5 z 3 —_ - - s
m |700730|S A =B & B o B B B ® ¢ 3 s B z . & B 3 . B B 2 c ] c c c D 2 c
[+4 = Lot @ £ > 5 7 E- < ° =) - g . :
o 2 £ 3 b $ g 5 3 < 3 5 : P = 3 S g 2 2 5 g 2
£ |730800| 5 C [ Cl 8 c o c Z C ¥ B = c £ £ c @ g w c s a c % c = D o D = c = D © < 8 D -«
= P = = S = (2 @ g @ = 2 = g 3 P 2 < S £ = 3 5 3
S | goosa0 | 2 < s & 3 ® w » S [ @ 2 = £ £ z g £ = £ ] 2 P
S |soos30|E B ¥£c 8 B B 5§ ¢ 2 B =~ ¢ 2 ® B 3 a c = s B ] B & c @ c 3 c & D s = -~ D @
© T N B & s @ & 8 > g - % ) £ a 3 8 g 3 @ 8 m
= | 530900 3 b 2p g B @ B c B & C  m o B | @ S B 5 & B c 2 c b B c c c = D
2 > @ O 5 @ = = E) =
9:00-9:30 B B B A c B B B B B B c B B c c c @ B
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37/38 39 40 41 42 43 45 47
MP 25.83
LOS Density
A/B/C/D Less Than 31
D/E 31-40
E/F 41 -62
F More Than 62

CDM

SKYCOMP DATA - 1-95 MORNING LEVEL OF SERVICE PROFILE

Smith

FIGURE 6



I-95 Feasibility Evaluation Study

Southbound
MP 6.50 MP 7.67 MP 22.88 MP 25.03
MP 0.78 MP 2.54 MP 3.73 MP 5.53 MP6.62 MP7.30 MP8.20 MP 9.28 MP 10.75 MP11.61 MP12.23 MP 13.14 MP 14.83 MP 15.49 MP 16.24 MP 18.13 MP 20.36 MP 23.12 MP 23.72 MP 24.38 MP 25.21
Time [ 24 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
4:00-4:30 B b c c c c D c c c c c D D B c 5 c B c c
o - -~ © oy
4:30-5:00 c =z c c : c c D B & c © c D D @ c c D c E B - C B c 2 <
2 4 g . g E 3 ¢ £ 8 i 8 5 < $ o
5:00-5:30 | D [ D 7 D z c ‘é D g D 2 s @ D o c < c c |2 D D D c 2 c © c o B S ¢ % 8 = c = £
< > 2 = < ] - = < S g - SN b= I » = - H g 2 =
. 2 s = & 3 2 o 2 2 3 S 3 3 3 % 2 @ - 2 e = S
|t e S - (NN o E: - F - f o 2 E c 5. F < 8 o 3 c ‘NN E
g = a = 5 2 a 2 g % 3 s 2 = g 2
< £ ui 5] S - 2 o« ) S s S
6:00-6:30 D c _ D D E Z A 5 c D C c c c c c B 2 B c c B z
3 =) (7] _g 4
6:30-7:00 D E E E D D E c c c c c c c D B c c @ B B c B
Northbound
MP 6.50 MP 7.67 MP 22.88 MP 25.03
Time MP 0.78 MP 2.54 MP 3.73 MP 5.53 MP6.62 MP7.30 MP8.20 MP 9.28 MP 10.75 MP11.61 MP12.23 MP13.14 MP 14.83 MP 15.49 MP 16.24 MP 18.13 MP 20.36 MP 23.12 MP 23.72 MP 24.38 MP 25.21
4:004:30 B ) B c D .
5 : 3 3 H 8
4:30-5:00 c 2 c c 5 P P o g . g @ £ - . . | o
E = 2 $ Ed £ 3 $ 3 ; e o =) o e 2 v
5:00-5:30 | B g c = € z = = o < g 2 o e = = "é 3| £
g a i s 5 2 & H H £ s 4 & b g S € =
5:30-6:00 | = c 3 c : 3 g £ o 4 e E = 3 = 2 s = = S
g g ; g 2 3 - 3 % 3 § @ = T2
< £ ui & s b = g Z 8 3 | s
6:00-6:30 c H c Z o x 2 =
E = (7] _g o
6:30-7:00 B 8 c D ]
21 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
LOS Density
A/B/C/D Less Than 31
D/E 31-40
E/F 41 -62
F More Than 62

CDM SKYCOMP DATA - 1-95 EVENING LEVEL OF SERVICE PROFILE
smlth FIGURE 7




1-95 Feasibility Evaluation Study

Matchline A

Matchline B

Southbound
MP 25.03 MP 27.43 MP 29.00 MP 31.07 MP 32.11 MP 44.87
MP 25.21 MP 26.72 MP 27.64 MP 28.29 MP 29.03 MP 29.86 MP 30.07 MP 31.30 MP 32.29 MP 32.86 MP33.91 MP 35.37 MP 35.85 MP 36.69 MP 37.58 MP 39.12 MP 40.25 MP 41.80 MP 43.91 MP 45.19 MP 46.05 MP 47.60
Time |22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 38 39 40 4 42 43 45 a7
6:30-7:00 c c c D c B . B c D D c D E D
. 3 ° =
n ] q 3 Z > - — °
700730 | B T C & C o c c & s s C = @ ¢ . D e c D D D &
'3 ) = @ : c z s ol 2 < 2 : - el g o
[ I x - [ ] K] B g o ”n H £ = ; 2 8 3 i o o
; ; ~ o 4 > s t » © S @ ° 3 S - © R "]
730805 D ac & b | § D z € D = 2 E ¢ @ 3 £ c 3 ] = £ D z c = c = D [ E $ g 3
~ 17} - =
£ € % 3 5 = i 7 2 5 & g $ 2 2 T § g : E 2 2 %
800830 [E ¢ = c 8 ¢ c g e ¢ < & o ¢ & - B 2 S = 8 c 2 c g c ® c z D B D o
E s 3 2 2 & 5 g z B g 5 = E * = c = 5 ° s
830900| 3 ¢ 3 ¢ 5 b ° c B P & B % - B o ? B 3 c c c c D ° D
« 5 @ & s g = e o
9:00-9:30 B B c c B B | T B c B c B c c @ c
MP 25.83
Northbound
MP 25.03 MP 27.43 MP 29.00 MP 31.07 MP 32.11 MP 44.87
Time MP 25.21 MP 26.72 MP 27.64 MP 28.29 MP 29.03 MP 29.86 MP 30.07 MP 31.30 MP 32.29 MP 32.86 MP33.91 MP35.37 MP 35.85 MP 36.69 MP 37.58 MP 39.12 MP 40.25 MP 41.80 MP 43.91 MP 45.19 MP 46.05 MP 47.60
6:30-7:00 D D B D . c B D D D
n o . : g E —_ - - E
7:00-7:30 | © ZE & o D c & s ¢ D = @ c g . D @ D ) c S E
x 3 = 3 . c < > £ o > 1 3 S - 35 ; ; o
2 z % = g = s 2 < 3 » 5 1-_- = 5 T 3 [ ) 5 $ @
= E = pr £ 2 @ 5 & 5 o = 9 ) P 2 5 : = E 5 &
00.830 | = < ] 7 2 ) w a - « o = ° < £ £ 7,' = < £ = -
8:00-8:30 | = £p 8§ o D g s 8 2 ) © b £ - o s B s ¢ & 3 c o c 3 ® H z =
3 s @ g g & 5 S T 2 $ % 2 2 & B g g 2 @ 8 ul
8:30-9:00 | 2 E I N c B D c e o & c 3 =S : B o c 2 D P c c c c c = D
3 > (2] 2} g g =1 = =} ‘%
9:00-8:30 E E c c B p | * c B B B B c c B c
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37138 39 40 4 42 43 45 47
MP 25.83
LOS Density
A/B/C/D Less Than 31
D/E 31-40
E/F 41 -62
F More Than 62

SKYCOMP DATA - 1-95 EVENING LEVEL OF SERVICE PROFILE

FIGURE 8



Appendix B

CRASHES SUMMARY (2014-2016)
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Distance 0.29 0.7 0.45 0.56 0.21 0.59 0.60
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| Exit 6 ! | |
Distance 0.2 0.63 0.40 0.36 0.39 0.56 0.39
Crash Rate 23 1.8 2.5 2.9 3.2 3.3 14
Total 37 100 79 95 102 120 40
F A Fatality 0 0 0 0 0 0 0
g |8 Injury 7 27 22 22 27 30 13
3 C Property Damage Only 30 73 57 73 75 90 27
A Angle 0 1 0 5 0 3 0
)]
S B Head On 0 0 0 1 1 0 0
< C Rear End 19 69 61 65 76 73 26
g D Sideswipe 7 18 11 21 15 24 11
E Other 11 12 7 3 10 20 3
o3| A Yes 0 0 2 1 1 1 0
g S&|B No 25 70 56 70 61 69 18
Nelc Other/ Unknown 12 30 21 24 40 50 22
c| A Dry 29 81 64 83 84 106 35
b E 28 Wet 8 14 12 10 15 9 5
@ é -g C Snow/Ice/Slush 0 5 2 2 2 4 0
) Other/ Unknown 0 0 1 0 1 1 0
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FIGURE 2




[-95 Feasibility Evaluation

Match Line B

Distance 0.3 0.43 0.38 0.3 0.36 0.64
3.5 1.7 2.0 0.5 0.7 1.1
Total 97 60 73 14 22 62
F A Fatality 0 0 0 0 1 0
g |8 Injury 21 11 14 2 4 12
3 C Property Damage Only 76 49 59 12 17 50
° A Angle 3 0 0 0 0 1
E B Head On 0 0 0 0 0
< C Rear End 59 34 30 3 4 27
g D Sideswipe 24 19 26 4 6 21
E Other 11 7 17 7 12 13
T | A Yes 2 1 2 0 0 0
o0
§ S&| B No 62 37 48 6 12 38
N O
x| C Other/ Unknown 3 22 23 8 10 24
- A Dry 75 53 52 13 19 43
o
T LS| B Wet 17 4 13 1 1 14
@ © 2
e :‘n:: -g C Snow/Ice/Slush 5 3 7 0 2 5
Q1D Other/ Unknown 0 0 1 0 0 0
| | | | | | MP 10.75 |
I
eim st : e vain bt | . | : Noroton Ave. :
Xit ! Exit 9! Courtland Ave. : Tutnpike Service Rd. ! ! Exjt 10 I
___________ . | | | (Orfficial Use Only) I I :
l | | Sis ' | |
! |
! ! ! "§:§ ! ! Ledge Rd. i
I I | & | I Exit 10 |
| : | ? : Service Area ! | :
; [}
E §
(18]
=
1 T T | 1 I
‘ : | | | | |
S. State: St. : : | Turnpike Service Rd. : :
O . ! | ! (Official Use Only) | —— [ Hecker Ave. !
: | ] I I Exit 10 I
| | | | : |
I
! | | MP 958 Brookade D I | I
I : I Seaside Ave. rookside br. .1 l !
| ' ' Exit 9 ! ' !
Distance 0.65 0.13 1.37 0.38 0.38 0.44
Crash Rate 3.4 4.5 0.6 25 2.1 13
Total 192 46 76 79 72 50
2 |A Fatality 1 0 1 0 0 0
g |8 Injury 39 12 26 20 23 18
3 C Property Damage Only 152 34 49 59 49 32
° A Angle 2 1 2 0 1 1
S B Head On 0 0 0 0 0 0
< C Rear End 150 30 56 52 61 39
g D Sideswipe 32 6 12 18 5 8
E Other 8 9 6 9 5 2
o3 |A Yes 4 1 1 1 3 1
g S&|B No 138 29 47 53 42 35
Nelc Other/ Unknown 50 16 28 25 27 14
oS A Dry 173 33 70 73 66 45
TRE[B Wet 16 12 5 4 6
2 é -g C Snow/Ice/Slush 3 1 1 2 0 1
) Other/ Unknown 0 0 0 0 0 0
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FIGURE 3



[-95 Feasibility Evaluation

0
Yo
=

Distance 0.21 0.49 0.21 0.87 0.24 1.46 0.18 0.57
1.4 0.4 23 0.7 2.1 1.9 3.8 2.7
Total 28 19 47 55 42 249 56 142
F A Fatality 1 0 0 0 0 0 0 1
g |8 Injury 3 3 14 16 9 64 9 24
3 C Property Damage Only 24 16 33 39 33 185 47 117
° A Angle 0 0 2 1 0 0 1 1
E B Head On 0 0 0 0 0 0
< C Rear End 18 9 20 26 24 195 34 85
(7]
g D Sideswipe 5 6 15 16 12 40 15 43
E Other 5 4 10 12 6 14 6 13
~x o3 A Yes 0 0 1 1 0 2 2 3
‘;’ S&|B No 16 11 32 41 33 180 38 100
NElc Other/ Unknown 12 8 14 13 9 67 16 39
- A Dry 26 16 38 47 34 216 48 130
sS2(8 Wet 1 2 8 7 4 27 7 12
&
25 glc Snow/Ice/Slush 1 1 1 1 1 6 0 0
Q| D Other/ Unknown 0 0 0 0 0 0 1 0
| ! | I ! | I I
| : e ; . L
I
I i ' ' Tokeneke Rd. @ ' ' ' '
| | | | ! | | |
[ | Boston Post Rd. | : Exit 12 Boston Post Rd. ! ' ' '
l I Exit 11 ! ! IMP 13~14E | i NI(|P 14.83
M J
| r | | | @ | < ii | @
! I | | | l g ! !
| I I Boslton PostRd. 8is | Boston Post Rd.
I Ledge Rd. | i | Exit 13 | i< ! IExit 14 -
l | | | 1 | L L
1 i I T i i i i
ol L7 )4 | | AN [ ARYN \ .
2 ! @
: 4 | 5
. 18]
= B I | T T T T L =
! | | | | I | ! | |
: : : S R ! : :
! I I Connecticut ! ! ! @ ! ! !
I i
I : : Welcome i i i | d i i i
! [ Center Boston Post Rd. i )
I I
! | | i : I Exit 13 I Scribner Ave. i | Fairfield JAve.
: I | Old Kings Hwy. ! ' I ! I Exit 14
Distance 0.44 0.28 0.28 0.32| 0.25| 0.18 1.59 0.32 0.16
Crash Rate 13 1.7 1.7 25| 24| 3.3 1.5 6.4 4.0
Total 50 43 41 69 | 50 | 48 188 134 57
Z A Fatality 0 0 0 0 0 0 0 0 0
g |8 Injury 18 11 10 8 | 10| 9 49 21 13
3 C Property Damage Only 32 32 31 61 | 40 | 39 139 113 44
° A Angle 1 1 1 1 1 1 1 1 0
S B Head On 0 1 0 0 1 1 0 0 0
< C Rear End 39 32 31 29 | 29 | 27 143 99 36
g D Sideswipe 8 6 2 23 | 12 12 31 25 5
E Other 2 3 7 16 7 7 13 9 16
~x0 A Yes 1 2 0 1 0 0 4 9 2
g S&|B No 35 27 20 40 | 25| 28 89 60 39
Nelc Other/ Unknown 14 14 21 28 | 25 | 20 95 65 16
oS A Dry 45 32 39 55 46 42 169 114 49
-‘%E 5| B Wet 4 9 1 9 2 3 17 15 6
< é -g C Snow/Ice/Slush 1 2 1 3 2 2 2 4 2
) Other/ Unknown 0 0 0 1 0 0 0 0 0
MAINLINE CRASH SUMMARY
mith FiGURE 4



[-95 Feasibility Evaluation

Match Line D

Distance 0.2 |0.22|0.31 0.24 1.57 0.17 2.08 0.16 0.15 2.2
16 (28| 3.8 4.4 2.6 2.9 1.6 2.7 4.0 1.1
Total 23 45 | 101 72 306 34 244 29 40 170
F A Fatality 0 0 0 0 0 0 1 1 0 0
g |8 Injury 5 13 | 24 9 72 7 47 8 9 50
3 C Property Damage Only 18 32 77 63 234 27 196 20 31 120
o LA Angle 2 0 0 0 1 0 2 1 0 0
lg B Head On 0 0 0 0 1 0 0 0 0 1
s |C Rear End 12 |29 | 68 48 235 23 174 19 25 114
g |p Sideswipe 6 7 | 23 19 51 2 38 1 8 34
E Other 3 9 | 10 5 18 9 30 8 7 21
~xo T A Yes 1 0 3 3 5 0 1 0 0 1
SS&|B No 17 | 26 | 63 40 138 24 157 13 26 100
SNZ ¢ Other/ Unknown 5 19 | 35 29 118 10 86 16 14 69
o SLA Dry 18 | 36 | 83 64 268 25 212 22 37 148
BRE|B Wet 5 7 | 16 8 33 6 27 4 3 16
e ;'g C Snow/Ice/Slush 0 2 | 2 0 5 3 5 3 0 6
Ol D Other/ Unknown 0 0 0 0 0 0 0 0 0 0
@ ! MP 16.24 ! ! ! o MP i?j.?iel ; ! i
Exit 15 i Fast Ae. | | | Riverside Ave. ecrgr?n?ethf g i i
___MP15.49. | | | | | Exit17 Exit 18 : | |
l l <5 | | ! ! ! Lz
| | i = = | = £t
- ! b ! ' I i l =i
///<>\I | | | I | ! !
! ! ' ' | ! . !
_ | B
D ? |3
i ! kS
! I i I ! ; ; i s
| / | | | | | / | |
= o | ' | | |
| | H H
I I | I | I | :
: : | : | : | |
Norwalk River | } l l l :
Distance 0.26 | 0.2 0.46 0.27 1.46 0.24 2.06 0.39 2.19
Crash Rate 2.7 2.8 3.3 3.6 1.1 3.4 1.2 3.8 1.1
Total 50 34 141 75 136 62 198 112 193
Z |A Fatality 0 0 0 0 0 1 1 0 1
g |8 Injury 15 7 30 21 30 18 47 36 43
3 C | Property Damage Only 35 27 111 54 106 43 150 76 149
° A Angle 0 0 0 2 0 0 1 1 2
S B Head On 0 0 0 0 0 0 0 0 1
= | C Rear End 29 20 95 40 93 33 145 82 119
g D Sideswipe 13 8 34 21 32 15 32 17 43
E Other 8 6 12 12 11 14 20 12 28
~xo S| A Yes 1 2 2 1 2 1 0 2 3
SS&|B No 40 21 108 48 82 34 138 71 111
SNE ¢ Other/ Unknown 9 1 33 26 52 27 60 39 79
- A Dry 43 30 126 63 119 51 171 105 171
TOE| B Wet 6 4 12 10 15 9 25 5 20
@ g -g C Snow/Ice/Slush 1 0 3 2 2 1 2 2 2
“S D Other/ Unknown 0 0 0 0 0 1 0 0 0
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FIGURE 5




[-95 Feasibility Evaluation

Distance 0.71 0.49 0.48
1.9 1.7 0.9
Total 91 62 33
F A Fatality 1 0 0
g |8 Injury 16 17 5
3 C Property Damage Only 74 45 28
° A Angle 1 0 1
E B Head On 0 0 0
< C Rear End 64 42 21
g D Sideswipe 14 14 8
E Other 12 6 3
Xo E A Yes 0 0 0
g ST | B No 60 39 22
NElC Other/ Unknown 31 23 11
c| A Dry 68 53 29
Q
TEE[B Wet 18 8 3
2 é -g C Snow/Ice/Slush 5 1 1
Q| D Other/ Unknown 0 0 0
I | MP 23.72 |
B:OStC[;)')r:i:););t Rd.\ _ Pease Ave. : Bronson Rd. :
: Kings Hwy W. : Exit 20 :
| | |
| | |
| | |
| Jelliff Ln. ! |
| | |
| |
w ' NN I . "
() ()
2 ., 5
£ 195 5
© ©
= =
b AN : |
: Rennell Dr. I I
| | |
: : |
I I I
! I |
| MP 22.88 Old Post Rd. @ |
! Center St. ! :
! Exit 19 Post Rd. | |
Distance 0.62 0.49 0.37
Crash Rate 1.6 0.8 23
Total 75 35 74
F A Fatality 0 0 0
g |8 Injury 19 9 23
3 C Property Damage Only 56 26 51
° A Angle 1 0 1
S B Head On 0 0
< C Rear End 42 23 52
g D Sideswipe 16 9 15
E Other 16 3 16
fo g A Yes 3 1 1
§ S| B No 51 19 49
NElC Other/ Unknown 21 15 24
oS A Dry 61 30 67
B8E(B Wet 14 3 7
2 é -g C Snow/Ice/Slush 0 2 0
) Other/ Unknown 0 0 0
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[-95 Feasibility Evaluation

Distance 0.2 0.15 0.36 0.28 0.27 0.3 0.54
1.4 2.6 0.9 1.1 1.6 1.9 1.6
Total 21 31 23 22 34 43 68
F A Fatality 0 0 0 0 0 0 0
g |8 Injury 3 9 4 7 7 5 22
3 C Property Damage Only 18 22 19 15 27 38 46
° A Angle 0 0 0 0 0 0 0
lg B Head On 0 0 0 0 0 0 0
< C Rear End 13 19 13 13 18 28 46
g D Sideswipe 7 6 5 7 8 10 14
E Other 1 6 5 2 8 5 8
> oS |A Yes 0 1 0 0 0 0 2
g S&|8 No 14 16 18 18 22 32 41
NElc Other/ Unknown 7 14 5 4 12 11 25
° g A Dry 18 25 20 20 30 36 54
TRE[B Wet 3 4 3 2 3 5 12
e ; -g C Snow/Ice/Slush 0 2 0 0 1 2 2
o D Other/ Unknown 0 0 0 0 0 0 0
MP 24.38 I | | Round Hill Rd. | |
Mill Plain Rd. P ! North Benson Rd. ! | Meadowbrook Rd. !
Exit 21 : ! ! Exit 22 i !
I
| |
! i i i | K'MP'Z?-iga i
| | | | ing’s Hwy. |
: : Service Area : : Exit 23 :
| | | ! 4‘{1}*\\
W | ] !
é A—
z 05
(1]
=
| | | i 1 N\
i ! ! Service Area ! | MP 25.83
e _____ ! I ! King’s Hwy.
| i : - I I Exit 23
' : | : | |
I i | I I '
! | i I | [
: | | MP 25.03 | | |
! : : Round Hill Rd. l !
| ! [ Exit 22 | i I
Distance 0.31 0.16 0.38 0.28 0.37 0.23 0.47
Crash Rate 2.1 2.7 1.8 15 2.1 1.7 1.1
Total 54 39 56 33 71 33 45
F A Fatality 1 0 1 0 1 1 0
g |8 Injury 13 8 12 7 21 6 7
3 C Property Damage Only 40 31 43 26 49 26 38
° A Angle 0 0 2 0 1 0 0
S B Head On 1 0 0 0 0 0
< C Rear End 33 22 29 19 30 12 19
g D Sideswipe 7 9 11 10 24 10 14
E Other 13 8 14 4 16 11 12
~03 A Yes 1 0 5 0 3 2 5
g S&(B No 39 25 41 28 46 15 24
NeElc Other/ Unknown 14 14 10 5 22 16 16
0S5 A Dry 50 31 46 28 56 24 33
ses|B Wet 2 8 6 4 15 7 8
8
2 é -g C Snow/Ice/Slush 2 0 4 1 0 2 4
) Other/ Unknown 0 0 0 0 0 0 0
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[-95 Feasibility Evaluation

Distance 0.47 0.35 0.55 0.25
1.6 2.2 0.8 1.8
Total 53 62 34 39
F A Fatality 0 0 0 0
g |8 Injury 17 12 4 8
3 C Property Damage Only 36 50 30 31
° A Angle 1 1 1 0
E B Head On 0 0 0 0
< C Rear End 30 36 15 27
g D Sideswipe 16 15 17 8
E Other 6 10 1 4
x mg A Yes 0 1 0 0
g ST | B No 31 40 19 27
NElC Other/ Unknown 22 21 15 12
c| A Dry 44 54 28 35
o828 Wet 7 6 6 4
O
e é -g C Snow/Ice/Slush 2 2 0 0
Q| D Other/ Unknown 0 0 0 0
: MP 26.72 | | Fairfield A |
I - airfield Ave. I
! BbckRgckTpke. Kings Awy. E. | Coblidge St. Dewey St. Exit 25 |
| Exit 24 MP 12.23 l | |
| ' | ! 5§ state St BX* :
| | | T Q |
I I I E1g I
| | | 515 |
! Stephens Ln. ! : P !
| I I ; I
. : |4 l | | .
2 _ 2
= 0 5
[} T
= T T T " =
: \ | : |
: Johnson Dr. } ! l
I
| i | !
I I I
I | I
MP 26.72 MP 27.43 . |
I I I
: Black Rock Tpke. Chambers St. : Commerce Dr1' Pine St. :
I Exit 24 : Exit 25 : :
Distance 0.58 0.08 0.75 0.3
Crash Rate 1.7 1.5 0.8 2.1
Total 82 11 53 62
2 |A Fatality 0 0 0 0
g |8 Injury 23 2 12 13
3 C Property Damage Only 59 9 41 49
° A Angle 1 0 0 2
S B Head On 0 0 0 1
< C Rear End 55 6 32 35
g D Sideswipe 16 4 15 18
E Other 10 1 6 6
x wg A Yes 0 0 4 1
K Ss|B No 58 9 26 47
Neg[c Other/ Unknown 24 2 23 14
oS A Dry 70 11 48 58
EEE B Wet 9 0 4 2
2 é -g C Snow/Ice/Slush 3 0 1 0
) Other/ Unknown 0 0 0 0
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[-95 Feasibility Evaluation

Match Line H

Distance 0.41 0.23 0.17 0.23 0.16 0.4 0.49 0.36 0.35
1.4 2.2 2.6 1.3 4.5 3.5 0.3 13 13
Total 49 46 23 24 57 112 14 35 36
F A Fatality 0 0 0 0 0 0 0 0 0
g |8 Injury 3 9 6 5 13 35 6 11 10
3 C Property Damage Only 41 37 17 19 44 87 8 24 26
° A Angle 0 0 2 0 1 4 0 1 0
lg B Head On 0 0 0 0 0 0 0 1 1
= [c Rear End 33 29 15 8 30 66 3 13 20
g D Sideswipe 11 13 3 7 11 27 5 10 13
E Other 5 4 3 9 15 25 6 10 2
~x0g A Yes 0 2 1 0 0 1 0 2 2
SS&|B No 34 27 14 19 37 87 12 21 24
SNE ¢ Other/ Unknown 15 17 8 5 20 34 2 12 10
» SIA Dry a1 37 16 21 48 104 6 27 31
TRE[B Wet 9 6 2 8 17 7 7 5
e 5 'g C Snow/Ice/Slush 1 0 1 1 1 1 1 1 0
1D Other/ Unknown 0 0 0 0 0 0 0 0
MP 28.29 | MP 29.14 | I
Wordin Ave. i | i Park Ave. i ,ﬁzge Lafayette Blvd. i i @ SedeFi,:v?/.%/e Connecticut :
Exit 26 ! ! ! ! Exit 27 ! ! East Main St. Fuit 29\ Ave. !
! ! ! ! ! ! Exit 28 Straltfgtrg 9Ave.
l | | | : Cedar I}.‘;I-)F(’ISO.W
: North Fror{tage Rd. : Stratford Ave. :
| ' l |
| ! ’

|
I
|
st. !
I
|

A\

\
Match Line |

South
Frontage Rd.

MP 29.00

S

| Lafazzctt 3? Ivd. Pequonnock River Seal}/;(?tyvzpve.

Distance 0.35 0.38 0.18 0.44 0.22 0.49 0.38 0.37
Crash Rate 2.7 4.1 5.5 2.0 2.6 1.2 1.2 1.1
Total 90 154 94 55 53 51 37 33

Z |A Fatality 0 0 0 0 0 1 0 0

g |8 Injury 26 38 24 14 11 19 11 10

3 C | Property Damage Only 64 116 70 41 42 31 26 23

° A Angle 0 1 0 1 1 1 0 1

2 | B Head On 0 0 0 0 0 0 0

_: C Rear End 69 118 72 22 17 18 15 17

§ D Sideswipe 13 26 16 15 13 17 14 7

E Other 8 9 6 17 22 15 8 8

X0 TLA Yes 3 3 2 6 2 5 2 >
SS5&|8B No 59 102 66 36 27 33 25 24

SN €| c Other/ Unknown 28 49 26 13 24 13 10 7
oS A Dry 81 144 86 46 40 41 34 30

TRE|B Wet 7 10 6 8 13 9 2 2

@ g -g C Snow/Ice/Slush 2 0 2 6 0 1 1 1

“S D Other/ Unknown 0 0 0 0 0 0 0 0
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FIGURE 9




[-95 Feasibility Evaluation

Distance 0.61 0.49 0.44 0.3 0.32 0.5
0.6 13 1.1 1.6 15 2.1
Total 25 46 31 34 31 75
F A Fatality 0 1 0 0 0 0
g |8 Injury 6 8 12 8 9 15
3 C Property Damage Only 19 37 19 26 22 60
° A Angle 0 3 6 4 0 3
lg B Head On 0 2 0 0 0 0
< C Rear End 12 19 11 12 16 29
g D Sideswipe 8 11 7 6 8 29
E Other 5 11 7 12 7 14
T A Yes 1 1 4 1 3 8
Yoo
§ S&|B No 17 34 13 22 14 38
Nelc Other/ Unknown 7 11 14 11 14 29
- A Dry 21 42 27 30 24 65
=)
TS| B Wet 4 3 3 4 6 8
@ © 2
e :‘n:: -g C Snow/Ice/Slush 0 1 1 0 1 2
Ol D Other/ Unknown 0 0 0 0 0 0
MP 31.30 I MP 32.29 I I West Broad St. I
o Surf Ave. l South Ave. ! ! Exit 32 !
5T Exit B0 ! Exit 31 ! ! !
gi S I | | I . I
S I : I I Linden I
=17 | | spada BIvd. | | Ave |
_ | l | \ l l o
2 i 3
5 i — 5
£ i 195/ 5
3 i 5
= . , =
i i i i / I i i
| ; I | I |
: I : Mt. Carmel Blvd. : I :
I i I I I I |
e i I | ! I |
! i MP 31.07 l : | l :
i ! an) i | i i |
l Lordship Blvd | MP 32.11 ! Beardsley Ave. West Broad St. |
| . 'tp30 : | Honeyspot Rd. | | Exit 32 i
! X ! Exit 31 ! ! :
I I I I |
Distance 0.47 0.54 0.47 0.29 0.29 0.7
Crash Rate 0.8 0.9 0.6 1.5 1.2 1.5
Total 28 35 20 32 23 78
2 |A Fatality 0 0 0 0 0 0
g |8 Injury 10 7 7 4 6 23
3 C Property Damage Only 18 28 13 28 17 55
° A Angle 0 1 0 0 3 1
S B Head On 0 0 0 0 0
< C Rear End 11 12 3 13 8 20
g D Sideswipe 5 9 8 12 7 33
E Other 12 13 9 7 5 24
x wg A Yes 0 0 0 2 3 11
§ S&|B No 18 25 14 15 17 40
NElC Other/ Unknown 10 10 6 15 3 27
oS A Dry 26 33 14 29 17 60
ZRE[B Wet 2 1 5 3 4 10
2 é -g C Snow/Ice/Slush 0 1 1 0 2 8
) Other/ Unknown 0 0 0 0 0 0
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[-95 Feasibility Evaluation

Distance 1.83 1.97 0.2 0.28 0.49 0.35 0.59
Crash Rate 0.9 0.9 2.0 1.0 1.0 0.7 1.1
Total 20 109 28 19 33 17 47
2 |A Fatality 1 1 0 0 0 0 0
g |B Injury 27 31 8 5 9 5 14
& | C | Property Damage Only 62 77 20 14 24 12 33
° A Angle 1 2 0 0 3 0 0
E B Head On 1 1 0 1 0 0 1
< C Rear End 22 30 10 7 17 10 29
g D Sideswipe 40 45 11 9 7 7 10
E Other 26 31 7 2 6 0 7
fo E A Yes 10 12 6 1 1 0 1
2 S&|B No 48 56 18 16 24 14 34
NElc Other/ Unknown 32 41 4 2 8 3 12
° g A Dry 74 88 22 17 24 16 44
TRE[B Wet 13 18 5 2 6 1 0
e é -g C Snow/Ice/Slush 3 3 1 0 3 0 3
) Other/ Unknown 0 0 0 0 0 0 0
| | | I MP 35.85 | | MP 36.69 l
! | ! ! ! Bic Dr ! :Plalns Rd. !
i AL Exit 36
e IR0 Ty : | : Exit 35 | B I
} Barnum Ave. gis : : ! : ! !
| SIS I I | | | |
| i | | | | | |
| i ! | | | |
| i | | | | |
: MP 23.12 : : : : : :
- ! ; | | I ] | | «
; | — 2
| Ny
2 T T T T T T T =
| ! 1 | | | |
@ | | : | | |
MP 33.91 : : : : : : :
1 g | MP 35.37 | | | | |
I ! | | I | | I
: Housatonic River : @ : I : : I
| Ferry Blvd. :Bridgeport Ave. ) [ ! MP 35.85 [ [ l
Ferry Blvd. I Exit 33 | Exit 34 : ! Schoolhouse Rd. : : :
I | | I Exit 35 | | |
Distance 1.59 0.28 0.18 0.3 0.53 0.32 0.48
Crash Rate 1.3 1.8 1.3 0.8 1.0 1.4 1.1
Total 135 27 16 16 37 31 39
F A Fatality 0 0 0 0 1 0 0
g |8 Injury 34 7 2 3 11 10 10
3 C Property Damage Only 101 20 14 13 25 21 29
° A Angle 0 0 0 0 0 0 0
S B Head On 0 0 0 0 1 0 0
< C Rear End 50 9 8 9 13 18 30
g D Sideswipe 51 7 6 6 12 7 3
E 