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Date: May 16, 2024

Re: 1-94 Connected and Automated Vehicle Corridor Project: Traffic Analysis

Introduction

[-94 is an east-west corridor running from central Montana to Port Huron, Michigan where it connects with
[-69 to cross into Canada. The Michigan Department of Transportation (MDOT), in partnership with
Cavnue, is proposing to implement the 1-94 Connected and Automated Vehicle Corridor Project
(Proposed Project) along an approximately 39.3-mile segment of 1-94 between Ann Arbor to the west, and
Detroit to the east (Project Corridor). The Proposed Project would include equipping a general-purpose
lane with Cavnue’s digital infrastructure and a series of physical improvements. Vehicles would be able to
access the lane through access points, which are breaks between physical separation that are at least
2,000 feet in length to facilitate vehicle merges.

[-94 within the Project Corridor is a median-divided, at-grade highway ranging from two lanes to four
lanes in each direction. 46 overpasses and 61 underpasses connect surface streets over and under 1-94
along the Project Corridor.

Typical sections of the existing roadway and the Proposed Project are shown in Appendix A, and a typical
plan view of the proposed technology-enabled express lane access points is shown in Appendix B. A
Plan view of the left side exit from eastbound 1-94 to US 12 is shown in Appendix C. Plan views of the
eastern and western most entrance and exits to the technology-enabled lane are provided in Appendix D
and E.

Figure 1 shows the location of the Proposed Project, the proposed managed lane access points, and the
segment limits along 1-94 that will be improved over each of the three project phases. The number and
location of access points are based on the latest available design however there may be modifications
made as the design progresses in coordination with the MDOT Geometric Unit. The project schedule
anticipates that Phase 1 would be complete by 2035 and Phase 2 by 2045. The Phase 3 segment would
include technology upgrades only and no new managed lane. Therefore, the Phase 3 segment does not
involve any changes to the geometric roadway environment that would impact traffic movements,
capacity, or throughput.
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Figure 1: Project Location and Proposed Access Points
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The environmental, social, and economic effects of the Proposed Project are being evaluated under the
National Environmental Policy Act (NEPA). A traffic impact study, consistent with NEPA guidelines, has
been conducted to evaluate the potential effects of the project on the transportation network within the
project area. This memorandum presents the methodology and results of the traffic study.

Connected and Autonomous Vehicles (CAV)

CAVs refer to vehicles with compatible Advanced Driver Assistance Systems (ADAS) and Automated
Driving Systems (ADS) such as automatic emergency braking, advanced lane detection, lane keep
assist, and adaptive cruise control. Connected vehicles receive information to and from outside
sources to help them navigate the road environment.

The Society of Automotive Engineers (SAE) defines six levels of driving automation ranging from 0
(fully manual) to 5 (fully autonomous). CAVs are vehicles that can achieve SAE Level 3 and above,
where a vehicle Is capable of driving itself in particular conditions, during which it would take control of
all safety-critical systems. The ADS completes the entire dynamic driving task and then disengages
quickly upon the driver’'s command.

Most new vehicles produced today are equipped with Level 2 driver assistance systems that require
driver monitoring or intervention. However, the leap from Level 2 to Level 3 autonomy has been
hampered by the lack of a consistent, predictable, and physically separated roadway environment.
The Proposed Project would create the environment such that the benefits of Level 3 and above
Hands Off Eyes Off (HOEO) driving can occur.
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Methodology

The first stage of the traffic analysis involved a Traffic and Revenue study, conducted by Steer, as part of
which a travel demand model was developed.

Traffic and Revenue (T&R) Model

A Level 2 traffic and revenue study for the Project has been developed by Steer, a leading transportation
advisor with expertise in managed lane demand studies. The model provides detailed information on road
use in southeast Michigan, including the choice elements leading to use of the CAV lane and adjacent
general purpose lanes.

The forecasting approach consists of three elements:

o Definition of the traffic demand that could use the 1-94 corridor - consists of traffic currently using I-
94 plus additional traffic that could be attracted by the Project. The model is validated against
available traffic counts to establish the baseline traffic.

e Estimation of the proportion of the traffic that will pay and use the lane. This is termed Capture
rates and is driven by the benefits of the Project combined with the willingness to pay for those
benefits. The choice parameters are developed from a bespoke stated preference survey of 1-94
drivers and validated against industry metrics and academic literature.

e Conversion of the capture rate outputs into annual forecasts, including the use of future year traffic
growth forecasts, assumptions about ramp-up and annualization.

To implement this approach, a network model was developed in Cube Voyager based on the Michigan
Statewide Passenger and Freight Travel Demand mode (MDOT model), including networks, parameters
and matrices, as well as recent traffic data, trip patterns, and estimates for regional growth. The study
also estimated the "value of autonomy," a behavioral parameter used to represent the benefits from the
Project such as safety, reliability, and autonomy. The model was also used to forecast traffic diversions
from 1-94 to alternate routes.

The T&R model utilized a CAV penetration curve developed by Cavnue and reviewed by S&P Global
Mobility advisors. The curve estimates a CAV penetration rate of 39% in 2035 and 74% in 2045.

A summary of the T&R model methodology is included in Appendix G and the S&P Global Mobility review
is included in Appendix H.

The traffic analysis documented in this memo used outputs from the T&R model to develop volumes which
were analyzed using the 2023 version of the Highway Capacity Software (HCS), which is a deterministic
traffic analysis tool that analyzes traffic conditions based on the latest edition of the Transportation
Research Board’s Highway Capacity Manual (HCM, 7th Edition). A summary of the HCS analysis
methodology that was approved by MDOT is outlined below, and the detailed HCS methodology memo is
provided in Appendix F.
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Traffic analysis was conducted to evaluate existing (2023) traffic conditions as well as future year (2035
and 2045) conditions for both the No Build Alternative and Build Alternative.

No Build Alternative: Represents future conditions if the Proposed Project was not implemented and
provides a baseline of comparison with the build alternative.

Build Alternative: Assumes the existing inside (left) general-purpose lane is equipped with Cavnue’s digital
infrastructure and separated from the remaining general purpose lanes. Vehicles would be able to access
the lane through access points, which are breaks between physical separation that are at least 2,000 feet
in length to facilitate vehicle merges.

The geographic scope of the traffic analysis includes the entire project corridor (from M-10 in the east to
Ann Arbor Saline Road in the west) plus at least one interchange upstream of the eastern and western
most lane access points, located at I-96 and US-23 respectively. This captures all new lane change, merge,
and diverge movements introduced by the presence of the proposed lane and its access points so that
potential impacts can be identified.

The ‘Freeway Facility’ module of HCS was utilized for the analysis which allows for continuous segments
of various freeway types (basic, merge, diverge and weave) to be analyzed as a combined facility. This
methodology considers traffic conditions along each segment of the study area as a combined facility such
that traffic congestion along one segment is accounted for when analyzing segments upstream and
downstream of that congestion.

In coordination with MDOT, the corridor was separated into the following four segments, each of which
were evaluated as a single freeway facility in each travel direction using HCS:

e Facility 1 — Phase 3 segment comprised of 1-94 between Ann Arbor — Saline Road to the west and
US-23 to the east

o Facility 2 — Phases 1c and 1a segments comprised of 1-94 between W Michigan Avenue to the
west and Belleville Road to the east

e Facility 3 — Phase 1b and 1d segments comprised of [-94 between |-275 to the west and Southfield
Road to the east

e Facility 4 — Phase 2 segment comprised of 1-94 between Enterprise Drive to the west and M-10 to
the east

The project schedule anticipates that Phase 1 would be complete by 2035 and Phase 2 by 2045. Phase 3
does notinvolve the installation of the advanced lane or any changes to the geometric roadway environment
that would impact traffic movements, capacity or throughput. As such, the 2035 Build Alternative
incorporates the geometric and operational changes associated with the technology-enabled express lane
for Phase 1 only and the 2045 Build Alternative incorporates the geometric and operational changes
associated with the technology-enabled express lane for Phase 1 and Phase 2.

The analysis of the Build Alternatives utilized the ‘Managed Lane’ feature of HCS to represent the
technology-enabled express lane. This allows for specific volumes to be assigned to either the general
purpose lanes or the technology-enabled express lane while also providing the capability to model the
proposed managed lane access points and the potential impacts of lane changing maneuvers as vehicles
enter and exit the lane.
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HCS Inputs

Free Flow Speed: MDOT has access to vehicle probe data through the Regional Integrated Traveler
Information System (RITIS), which provides real-time and historical vehicle probe data for speeds on all of
Michigan’s interstate system. This data was used to determine free flow speeds for each HCS freeway
facility.

Peak Hour Factor: Traffic count data collected in May and September of 2023 were used to determine the
following peak hour factors by direction and by peak hour.

AM peak hour eastbound facilities: 0.97
AM peak hour westbound facilities: 0.97
PM peak hour eastbound facilities: 0.95
PM peak hour westbound facilities: 0.94

Managed Lane Type: For analysis of the Build Alternative, a barrier separator was assumed between the
general purpose lanes and the technology-enabled express lane.

Managed Lane Capacity Adjustment Factor: The capacity of the technology-enabled express lane was
adjusted to account for the benefits of a traffic steam of 100% CAVs in the lane. An extensive review of
available research literature was conducted in collaboration with FHWA and MDOT, and it was determined
that an adjustment factor of 1.4 would be applied to the HCS managed lane in the 2045 Build condition.
This increases the HCS Managed Lane capacity from the default of 1754 passenger cars per hour per lane
(pc/hour/lane) to 2456 pc/hour/lane. A lower adjustment factor of 1.25 (resulting in 2192 pc/hour/lane) was
used in the 2035 Build condition to account for the higher operational uncertainties of programmed CAV
vehicle headways in the earlier years of CAV adoption.

Traffic Volumes

Several data sources, selected in coordination with MDOT, were used to develop 2023 volumes:
e Traffic counts collected in May and September 2023
e Previous MDOT traffic studies: “Ann Arbor — Saline Road to US-23” and “I-275 to M-39”

e Volumes from MDOT'’s Transportation Data Management System (TDMS)
e 2022 Existing Condition volumes from Cavnue’s Traffic and Revenue (T&R) Study
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2023 count data served as the primary source with the remaining sources used to fill gaps in the network
as necessary. Volumes at the 2023 count locations were held constant while secondary sources were
adjusted as required to develop a fully balanced set of volumes. Based on the data, the weekday morning
(AM) and evening (PM) peak hours were determined to be 7:00 to 8:00 am and 4:30 to 5:30 pm,
respectively.

Volumes for future horizon years were developed by growing 2023 volumes in accordance with the following
annual growth rates provided by MDOT:

e 0.30% from 2023 to 2025
e 0.42% from 2025 to 2035
e 0.40% from 2035 to 2040
e 0.24% from 2040 to 2045

These growth rates were applied to the 2023 volumes to develop the No Build Alternative traffic volumes
for each of the two horizon years (2035 and 2045). The volumes for the Build Alternative were based on
the grown No Build volumes however they also considered the diversion analysis undertaken in the T&R
study. The T&R model outputs were also used to determine the volume of vehicles entering/exiting the
managed lane at each proposed access point, which in turn provided the lane assignments of vehicles
between the general purpose lanes and advanced lane.

Note that the analysis requires the use of various assumptions and estimates, including the need to forecast
future grow rates, CAV penetration rates, and the road user’s willingness to pay a toll. While these
projections are all based on industry-standard methods, research, and the most current information
available, the number of assumptions used in combination can lead to inherent uncertainty that may be
greater than for a typical traffic analysis project. For the purpose of this study, however, the best-available
projections and assumptions were made based on data and information available today, which is consistent
with the requirements under Title 40 of the Code of Federal Regulations.

Calibration

The Existing Conditions HCS analysis was calibrated based on RITIS speed data from 2023. Along analysis
segments where RITIS showed slower speeds (denoting congestion) than the initial HCS results,
modifications were made to bring the HCS results closer to RITIS. This calibration was performed using
capacity adjustment factors (CAF) that lowered the default HCS capacity parameters at specific locations
along the corridor. These were generally locations where atypical roadway geometry and/or sight distance
issues were contributing to lower travel speeds that were not otherwise captured in the HCS inputs.

CAFs were used to adjust HCS capacities at the following locations:

Westbound at the US-23 interchange

The approach to the US-23 weaving segment is on a horizontal curve, and the weave itself travels under
an overpass with bridge abutments and narrowed shoulders. These conditions seem to limit the sight
distance for vehicles approaching the weave area, and off-peak RITIS data shows that vehicles naturally
slow down at this location even when very low traffic volumes are present. Furthermore, the off ramp to
US-23 Northbound is often congested and queues from this ramp can affect the capacity of the 1-94
westbound mainline.
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CAFs were used to lower the capacities in HCS and better match the RITIS speeds during the AM Peak
Hour as outlined below:

Segment Name Segment Type CAF
US-23 Off-Ramp 1 Diverge 0.7
1-94 WB Basic 0.75
US-23 On-Ramp 1 Off-Ramp 2 Weave 0.8
1-94 WB Basic 0.8
US-23 On-Ramp 2 Merge 0.8

While the congestion shown in RITIS was only present during the AM peak hour, these same CAFs were
applied to the PM peak hour for consistency.

Eastbound at the State Street interchange

A review of site conditions at this location shows that there is an uphill grade approaching the State Street
on-ramp. This would lead to slower speeds and acceleration for some vehicles which is likely contributing
to slower actual speeds than is being reported in the HCS results.

CAFs were used to lower the capacities in HCS and better match the RITIS speeds during the PM Peak
Hour as outlined below:

Segment Name Segment Type CAF
State Street On-Ramp 2 Merge 0.88

While the congestion shown in RITIS was only present during the PM peak hour, the same CAF was
applied to the AM peak hour for consistency.
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Future Roadway Improvements

The 2035 and 2045 No Build Alternative and Build Alternative traffic analyses accounted for planned
roadway improvement projects and associated geometric changes to the study corridor that are scheduled
to be completed by the respective horizon years. Table 1 summarizes all projects that were considered for
inclusion in future year scenarios. MDOT provided the most current design information for each project
during a project coordination meeting on 9/18/23.

Included in
Project future Comments
scenarios?
Modification to 1-94 Westbound (WB) to provide a
WB [-94 to NB US-23 Ramp 2035 and 2045 | two-lane exit ramp from 1-94 WB to US 23
Northbound (NB).
US-23 CD lanes between 1-94 and US-12 No Outside study area
Flex lanes along 1-94 that utilize the right shoulder
during peak periods to add one travel lane:
1-94 Flex Route west of US-23 to State 2035 and 2045 | * Eastbound (EB) between Ann Arbor -Saling
Street Road and State Street and between State Street

and US-23, in PM Peak
e WB between U-23 and State Street in AM Peak.

The proposed new diamond interchange at Ecorse
Road and auxiliary lane between Middlebelt Road
2035 and 2045 | and Ecorse Road has been incorporated. These are
the only components of the project which affect
roadway geometry.

1-94 Reconstruction- Wayne to Middlebelt
& Middlebelt to Beech Daly Rd

Pelham to Outer Drive and M-39

Interchange No No changes to roadway geometry
Gate 10/Ford Rouge No No changes to roadway geometry
:\-/Ig_?loModemlzatlon Package 7- Connor to No Planned to be implemented after 2045
-94 Modernization Package 8- M-10 No Planned to be implemented after 2045
Interchange

1-94 Modernization- Potential Drainage No Planned to be implemented after 2045

Tunnel Project
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HCS Results

HCS results are summarized in Figure 2. For all analyzed scenarios, traffic volumes and resulting speeds
are provided for each freeway segment. For the Build scenarios, separate results are provided for the
general purpose lanes and the proposed technology-enabled express lane.

2023 Existing Conditions Results

Results of the 2023 Existing Conditions analysis show generally free-flow conditions on the project corridor,
with the HCS analysis results showing operating speeds along |-94 that were lower than the posted speed
near the following locations:

Eastbound AM peak hour:

e State Street and US 23 interchanges

¢ Vining Road interchange

o Rotunda Drive interchange

e Continuous segment from Lonyo Street to the eastern end of project corridor

Eastbound PM peak hour:

¢ Vining Road interchange
e Rotunda Drive interchange
e Continuous segment from Lonyo Street to the eastern end of project corridor

Westbound AM peak hour:

e 1-96 interchange
¢ Merriman Road/Auxiliary Road on-ramp
e US 23 and State Street interchanges

Westbound PM peak hour:
e 1-96 interchange

e Merriman Road/Auxiliary Road on-ramp
e US 23 and State Street interchanges
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2035 No Build and Build Results
In the 2035 Build Alternative, average travel time outputs from the HCS analysis in the general purpose

lanes remain generally consistent with the No Build Alternative for all analyzed peak hours, as shown in
Table 2.

AM PM
Eastbound
2035 2035
From To Length No Build Build Change | Change | No Build Build Change | Change
(mi) (mm:ss) | (mm:ss) | (mm:ss) (%) (mm:ss) | (mm:ss) | (mm:ss) (%)
Ann Arbor - Saline Road |US-23 4.47 4:21 4:21 0 0% 4:12 4:12 0 0%
Us-23 UsS-12 5.75 5:15 5:22 +0:07 +2% 5:19 5:28 +0:09 +3%
USs-12 1-275 8.96 8:01 8:21 +0:20 +4% 8:04 8:10 +0:06 +1%
1-275 Southfield Road 11.53 11:24 13:35 +2:11 +19% 11:19 11:29 +0:10 +1%
Southfield Road M-10 9.95 10:25 10:28 +0:03 +0% 10:20 10:21 +0:01 +0%
Total] 39:26 42:07 +2:41 +7% 39:14 39:40 +0:26 +1%
Westbound AM M
2035 2035
From To Length No Build Build Change | Change | No Build Build Change | Change
(mi) (mm:ss) | (mm:ss) | (mm:ss) (%) (mm:ss) | (mm:ss) | (mm:ss) (%)
1-96 US-39 8.61 8:27 8:32 +0:05 +1% 8:31 8:37 +0:06 +1%
US-39 1-275 9.89 9:23 9:31 +0:08 +1% 9:26 9:34 +0:08 +1%
1-275 US-12 9.85 8:50 8:57 +0:07 +1% 8:49 8:57 +0:08 +2%
Us-12 US-23 4.57 4:12 4:26 +0:14 +6% 4:09 4:17 +0:08 +3%
uUs-23 Ann Arbor - Saline Rd 6.02 5:49 5:49 0 0% 5:58 6:02 +0:04 +1%
Total] 36:41 37:15 +0:34 +2% 36:53 37:27 +0:34 +2%

There would be a notable increase in travel times for the eastbound 1-275 to Southfield Road segment
during the AM peak hour. The detailed 2035 HCS results in Figure 2 show that this speed reduction is
localized to one section of the eastbound corridor (1-94 between Middlebelt Road and Ecorse Road) with
speeds reducing to approximately 15 to 25 mph. All future year scenarios have incorporated the planned |-
94 Reconstruction project, which will provide an auxiliary lane for this segment of the corridor and a new
diamond interchange at Ecorse Road, and the apparent cause of the travel time increase is the lane drop
that reduces the number of general purpose lanes from 3 to 2 at the Ecorse Road off-ramp. This location
is approximately 1500 ft downstream of the end of the proposed technology-enabled express lane access
point located between Middlebelt Road and Ecorse Road.

However, the traffic analysis shows that this congestion would remain localized to this one segment (less
than 1 mile in length). of the corridor and would not extend back to the upstream Middlebelt Road on-ramp.
Furthermore, the congestion is not observed in the 2045 Build Alternative, which means that speeds are
expected to return to levels consistent with the No Build Alternative some time before 2045 as CAV
penetration increases and more vehicles use the technology-enabled express lane (leaving fewer vehicles
using the general purpose lanes).

Potential mitigation measures to improve the performance of the general purpose lanes at this location may
include adjustments to the user fees to increase the attractiveness of the technology-enabled express lane
in this section of the corridor. These adjustments could lead to reduced volumes and improved speeds
within the general purpose lanes along this segment.

Similarly, it is expected that drivers will make choices to bring equilibrium to the system. For example, a

driver who would otherwise be opposed to paying a fee for a longer stretch of the corridor may decide to
move into the technology-enabled express lane for a short time to avoid the forecasted congestion. This
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driver would only need to pay a relatively low fee for the short 1-94 segment between Middlebelt Road and
Ecorse Road to avoid congestion in the general purpose lanes before moving back into the no-cost general
purpose lanes. Ultimately, the congestion itself would create an additional incentive for a driver to pay to
use the managed lane that would not otherwise exist without the congestion present.

Due to the short-term nature of the identified slow-down, the potential for vehicles to choose the
uncongested advanced lane, and the potential for user fees to be adjusted dynamically if needed, it is
expected that any adverse traffic impacts projected for this location could be sufficiently mitigated.

No congestion or flow breakdown is projected to occur in the technology-enabled express lane or at any of
the access points.

2045 No Build and Build Results

In the 2045 Build Alternative, average general purpose travel time outputs from the HCS analysis for the
project corridor remain generally consistent with the No Build Alternative for all analyzed peak hours, as
shown in Table 3. Whilst travel time increases are predicted for most segments of the corridor, the changes
are minor and well within the day-to-day variation that typically occurs for peak period travel on a freeway
facility. The largest increase for full corridor travel time is 1 minute 7 seconds (+3%) and would occur in the
westbound direction in the PM peak hour.

AM PM
Eastbound
2045 2045
From To Length No Build Build Change | Change | No Build Build Change | Change
(mi) (mm:ss) | (mm:ss) | (mm:ss) (%) (mm:ss) | (mm:ss) | (mm:ss) (%)
Ann Arbor - Saline Rd  |US-23 4.47 4:22 4:22 0 0% 4:12 4:12 0 0%
Us-23 UsS-12 5.75 5:15 5:17 +0:02 +1% 5:21 5:31 +0:10 +3%
US-12 1-275 8.96 8:02 8:15 +0:13 +3% 8:05 8:12 +0:07 +1%
1-275 Southfield Road 11.53 11:28 11:45 +0:17 +2% 11:22 11:33 +0:11 +2%
Southfield Road M-10 9.95 10:27 10:34 +0:07 +1% 10:21 10:30 +0:09 +1%
Total] 39:34 40:13 +0:39 +2% 39:21 39:58 +0:37 +2%
Westbound AM PM
2045 2045
From To Length No Build Build Change | Change | No Build Build Change | Change
(mi) (mm:ss) | (mm:ss) | (mm:ss) (%) (mm:ss) | (mm:ss) | (mm:ss) (%)
1-96 US-39 8.61 8:27 8:44 +0:17 +3% 8:32 8:53 +0:21 +4%
US-39 1-275 9.89 9:24 9:32 +0:08 +1% 9:27 9:36 +0:09 +2%
1-275 US-12 9.85 8:50 8:57 +0:07 +1% 8:50 8:58 +0:08 +2%
Us-12 US-23 4.57 4:13 4:21 +0:08 +3% 4:10 4:24 +0:14 +6%
us-23 Ann Arbor - Saline Rd 6.02 5:51 5:55 +0:04 +1% 6:00 6:15 +0:15 +4%
Total] 36:45 37:29 +0:44 +2% 36:59 38:06 +1:07 +3%

The detailed 2045 HCS results in Figure 2 show that every analyzed segment of the project corridor in the
Build Alternative would perform similarly to the No Build Alternative.

No congestion or flow breakdown is projected to occur in the technology-enabled express lane or at any of
the access points.
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A
Westbound - AM Peak Hour 2023 Existing 2035 No-Build. 2035 bulld 2045 No-Build. 2045 Build
“General Purpose Lanes. Wanaged one “General Purpose Lanes. Wanaged one
Facilty | segment |Segment Name GPlanes | MLSeEMentf yoyume | pensity | Speed Volume | Density | speed Volume | Density | Speed Volume | Density | speed | v/c | Volume | Densiy | Speed Volume | Density | Speed Volume | Density | Speed
SegmentType [ Type
Diverse. ccess 3780 3970
Basic 2525 2649
-Ramp Merme 2615
(Weave 3715
9 [1oawss Basic 3537
10 |roawse2 Basic Access 3537
11 [rsawses Basic 3537
12 [Livemois Offams (Weave 3601
13 [roawses Basic 3433
(Weave hccess 3701
Basi Access 3616
Diveree ccess 3616
i 3021
Diverze a1
asic 2892
Diveree 2890
. Basi 2488
Meree hccess 3078
25 [1oawsss Basic Access 3078
2 Diveree Access 3078
25 [1oaws70 Basic 2638
Basic hccess 2638
Diverse. Access 2638
ic 2578
Merme 2760
Basic 2764
Werge Access 2937 55 022
Basic Access 2937 100 028
i 2937 94 031
Diveree 2937 94 031
verse. 2603 Y 031
ic 2330 Y} 031
Merme hccess 2402 116 030
Basic Access 2102 132 033
Basic 2015 118 031
i 2a18 115 038
Diverse. 2018 115 038
ic 2201 115 038
Werze 3490 115 038
Basic 3 115 038
Werze 4275 115 038
Basic a5 115 038
Merme hccess 682 167 042
10 [roawsa Basic Access 682 194 04
11 [1oaweaz Basic 682 140 0.6
1 Diverze 682 140 046
13 [1oaweas Basic 369 140 0.6
14 Meree aa78 140 046
15 [1oaweas Basic aa78 140 045
16 |roawsas Basic Access aa78 274 068
17 [1oaweas Basic aa78 217 o068
5 18 Diverze a7 217 068
15 [1oawear Basic 2019 217 0.8
20 Meree hccess a3 326 077
21 [1oaweas Basic Access 232 192 048
2 [1oawsas Basic a3 160 040
25| Auxiliary OFF Diverse. 4232 158 051
20 [1.04 wes0 Basic 2735 158 051
25 [Ausilary 0n Weave 3725 158 051
26 [roawsst Basic 3205 158 051
27 |Vining Road On-Ramp Weave 3341 158 051
28 Basic 3004 158 051
2 1 Merme hccess 3073 160 039
30 Meree Access 311 28 059
31 [1oawess Basic Access 3121 112 029
32| Aulian Off Lane Diveree 311 81 027
33 [1oawssa Basic 2203 81 027
30 [1o4wess Basic Access 2003 81 021
wxiliary Lane On Werze Access 3030 160 043
94 WBSs Basic Access 3030 105 037
oA w7 Basic 2047 162 041
|2 |Hageerty Rd Off-Ramp Diverse 2047 153 050
194 Weg. Basic 2683 153 050
[_4[Hageerty Rd On-Ramp 1 Meree 2013 153 050
94 Wag Basic 2913 153 050
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194 w810 Basic 3133 153 050
54 WB11 Basic Access 3133 23 056
94 We 12 Basic 3133 125 041
[ elleville Road OFF Ramp. Diverse 3133 125 041
194 WB13 asic 2015 125 041
[ 12| bellevile Road On-Rama 1 Meree 2573 125 a1
94 Wi Basic 2573 125 041
[ ellevile Aoad On-Ramp 2 Meree 2888 125 041
Basic 2885 125 0.1
[ Basic Access 2888 190 047
Basi 2885 s17 | 121 040
[ Diveree 2888 121 040
Basic 284 121 0.40
[ (Weave 3115 121 040
Basic 2043 121 0.40
Basic Access 2043 168 04
[ Basic 2043 160 052
2 [ Meree aa51 160 052
Basic a1 160 052
Basic Access aas1 271 066
[ Diverse. aasi 165 053
Basic 3719 165 053
[29_[South Huron On-Remp 1 Werze 216 165 053
54 w825 Basic 4216 165 053
[31_[South Huron On-Remp 2 Werze 524 165 053
54 WB26 Basic 4524 165 053
94 Wa27 Basic Access 524 252 061
54 w828 Basic 4524 154 050
[ 35| West Michigan OffRamp 1 Diverse. 524 154 050
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Westbound - PM Peak Hour 2023 Existing 2035 No-Build. 2035 bulld 2045 No-Build. 2045 Build
“General Purpose Lanes. Wanaged one “General Purpose Lanes. Wanaged one
Facilty | segment |Segment Name GPlanes | MLSeEMentf yoyume | pensity | Speed Volume | Density | speed Volume | Density | Speed Volume | Density | speed | v/c | Volume | Densiy | Speed Volume | Density | Speed Volume | Density | Speed
SegmentType [ Type
Diverse. ccess a5 X 315 316 o075 w2 | 326 3599
Basic 2804
-Ramp Merme 3025
(Weave 310
9 [1oawss Basic a170
10 |roawse2 Basic Access a170
11 [rsawses Basic a170
12 [Livemois Offams (Weave a3
13 [1oawsss Basic 2005
(Weave hccess a1
Basic Access 2091
Diveree ccess 1
ic 3833
Diverze 3833
asic 3106
Diveree 3106
. Basi 2649
Meree hccess 3428
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2 Diveree Access 328
25 [1oaws70 Basic 3029
Basic hccess 3029
Diverse. Access 3029
ic 2
Merme 3121
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Merme hccess 3406
Basic Access 3406
i 3406
Diveree 3406
verse. 2904
ic 2568
Merme hccess 2835
Basic Access 2835
Basic 2835
i 2835
Diverse. 2835
ic 2206
Merme a031
Basic 031
Merme 415
Basic a1
Merme Access 953
10 [roawsa Basic Access 853
11 [ioawsa2 Basic 953
1 Diverze 853
13 [1oaweas Basic 3650
14 Meree 283
15 [rsawsas Basic 283
16 |roawsas Basic Access 4283
17 [rsawsds Basic 283
5 18 Diverze 283
15 [1oawear Basic 3815
20 Meree hccess a0
21 [1oaweas Basic Access 2023
2 [1oawsas Basic a0
25| Auxiliary OFF Diverse. 2023
20 [1.04 wes0 Basic 2450
25 [Ausilary 0n Weave 3845
26 [roawsst Basic 3539
27 |Vining Road On-Ramp Weave 3611
28 Basic 3223
2 1 Merme hccess 3323
30 Meree Access 3301
31 [1oawess Basic Access 3391
32| Aulian Off Lane Diveree 3301
33 [sawsse Basic 2371
30 [1o4wess Basic hccess 2371
wxiliary Lane On Werze Access 3080
94 WBSs Basic Access 3080
54 W67 Basic 3196
|2 |Hageerty Rd Off-Ramp Diverse 3196
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[_4[Hageerty Rd On-Ramp 1 Meree 289
94 Wag Basic 2892
[6 [Hageerty Rd OnRamp 2 Meree 3003
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94 WB11 Basic Access 3003
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- elleville Road OFF Ramp. Diverse 3003
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94 Wi Basic 287
- ellevile Aoad On-Ramp 2 Meree 2873
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[ Basic Access 2873
Basi 2673
[ Diveree 2873
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[ (Weave 2579
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Basic Access 2387
[ Basic 2382
2 [ Meree 3710
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Basic Access 3710
[ Diverse. 3710
Basic
[—29_|South Huron On-Ramp 1 Werze 339
94 w825 Basic 3396
[—31_|south Huron On-Ramp 2 Werze 3838
94 WB26 Basic 3838
94 WB27 Basic Access 3538
54 w828 Basic 3838
[ 35| West Michigan OffRamp 1 Diverse. 3838
194 W25 Basic 3040
[ 37| West Michigan OffRamp 2 Diverse. a0
194 W30 i 3000
[West Michigan On-Ramp. Werze hccess 3400
Basic hccess 3400
Basi 3400
Diveree 3400
Basic 2508
(Weave 3003
Basic 2164
Meree 2755
Basic 2755
Basic 2755
2 [swtestoftfamp Diverse. 2755
54 W82 ic 1831
[ & [stestonfamp1 Werze 2300
54 w83 Basic 2304
1 [ 6 |sutestonramp2 Werze 299
W Basic 2050
[—_& __[Ann Arbor/saline offRamp. Diverse. 2990
194 s ic 2318
[—10_[Ann Arbor/saline On-Ramp Werze 3000
194 W85 Basic 3000
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1-94 Connected and Automated Vehicle Corridor Project: Traffic Analysis
May 16, 2024 ATYLin Company

Summary

A traffic study was conducted to evaluate the potential effects of the Proposed Project using HCS for the
2023 existing condition and 2035 and 2045 future year conditions.

A comparison of the analysis results for the No Build vs Build conditions shows that travel speeds in the
general purpose lanes remain generally consistent with the No Build Alternative for all analyzed peak hours,
and no congestion or flow breakdown is projected to occur in the technology-enabled express lane or at
any of the access points.

In 2035, one localized section of the eastbound corridor is forecast to experience a speed reduction in the
2035 AM Peak Hour Build condition, between Middlebelt Road and Ecorse Road. However, the analysis
shows that this congestion would remain localized only to this section of the corridor and is expected to
return to levels consistent with the No Build Alternative some time before 2045, as CAV penetration
increases and more vehicles use the technology-enabled express lane.

Potential mitigation measures to improve the performance of the general purpose lanes at this location may
include adjustments to the user fees to reduce demand and improve speeds within the general purpose
lanes to offset the impacts.

In 2045, average general purpose travel times for the project corridor remain generally consistent with the
No Build Alternative for all analyzed peak hours. Very minor travel time increases are predicted for most
segments of the corridor however they are well within the day-to-day variation that typically occurs for peak
period travel on a freeway facility.

Therefore, the Proposed Project would not create significant adverse transportation impacts on the project
corridor.
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Appendix A — Typical Section
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Appendix B — Typical Access Point Plan View
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Appendix C - Eastbound [-94 Left Lane Exit to US-12
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Appendix D - Westernmost Lane Entrance and Exit
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Appendix E - Easternmost Lane Entrance and Exit
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Appendix F — HCS Methodology and Volume Development Memos



Sam Schwartz

322 8™ Avenue

New York, NY 10001
(212) 598-9010
samschwartz.com

A TYLin Company

To: MDOT

From: Jeff Smithline, PE, PTOE

Date: February 16, 2024

Re: I-94 Advanced Vehicle Lane Corridor: NEPA Traffic Analysis Methodology and Assumptions Memo
Project No: 22-03-0120

Cavnue, LLC (Cavnue) is proposing to convert the inner-most general-purpose (GP) lane in each direction on 1-94 into
an Express Lane with dense deployment of technology (the lane). The total project corridor is shown in Figure 1 and
is bounded by the Ann Arbor-Saline Road interchange to the west and M-10 John C Lodge Freeway interchange to the
east. The proposed action is subject to review under the National Environmental Policy Act (NEPA), and traffic impact
analyses will be performed consistent with NEPA guidance and incorporated into the Environmental Assessment (EA)
documentation. The purpose of this memorandum is to summarize the proposed traffic analysis methodology and
assumptions for the 1-94 Advanced Vehicle Lane Corridor EA.

Dearborn

Heights Detroit

Westland O

Canton

Ann Arbor

'Phase 1d

()

Ph

Qse 3 Ypsilanti (e}
phase 1¢ : £n
Pilot Phase la
23 )

Belleville @

Taylor |85

Traffic analysis for the NEPA documentation for this project will be conducted in Highway Capacity Software (HCS),
which is a deterministic traffic analysis tool which can provide measures of effectiveness (MOEs) such as average
vehicle speeds, traffic densities, and Level-of-Service (LOS) by segment. HCS 2023, which implements the latest
edition of the Highway Capacity Manual (HCM 7t Edition), will be used for this study. The results of the HCS analysis
will be incorporated into the NEPA documentation and into initial public outreach.

The proposed analysis years/scenarios to be included for the HCS analysis are:
e 2023 Existing Condition

e 2035 No Build Condition

e 2035 Build Condition

e 2045 No Build Condition

e 2045 Build Condition

The study would analyze two future horizon years (2035 and 2045). Based on the latest project schedule, only Phase
1 is assumed to be operational in 2035, with remaining phases assumed to be operational by 2045.



1-94 Advanced Vehicle Lane Corridor: NEPA Traffic Analysis Methodology and Assumptions Memo

February 16, 2024 A TYLin Company

Scope of Study

The geographic scope of the HCS analysis will include the entire project corridor (from M-10 in the east to Ann Arbor
Saline Road in the west) and scope extends at least one interchange upstream of the eastern and western most lane
access points, located at 1-96 and US-23 respectively. This scope will therefore capture all new lane change, merge,
and diverge movements introduced by the presence of the proposed lane and its access points so that potential impacts
can be identified and mitigated where practicable.

A Weekday AM and a Weekday PM peak hour analysis will be conducted for every analysis location.
HCS Methodology

The analyses will be performed using the HCS Freeway Facilities module, which implements the HCM methodology
for contiguous segments of roadway of varying types and accounts for the effects that congestion might have on
upstream or downstream segments. The entire project corridor will be analyzed using the HCS Freeway Facilities
module and will be broken up into the following segments, with each segment being covered by an individual HCS
file:

e Ann Arbor — Saline Road to US-23

e US-23 to Belleville Road

e Belleville Road to Southfield Road

e  Southfield Road to M-10

The Future Build Condition analysis will utilize the ‘Managed Lane’ feature of HCS to represent the advanced lane.
This allows for specific volumes to be assigned to either the general purpose lane or the advanced lane, based on the
outputs of Cavnue’s Traffic and Revenue (T&R) demand model, and provides the capability to model proposed access
points and the impact of lane changing maneuvers as vehicles enter or exit the lane.

The potential for traffic diversions, both into and away from the 1-94 corridor, as a result of the proposed project has
been considered by the T&R study demand modeling process and are included in the 2035 and 2045 T&R projections.
A discussion of the potential impacts of diversion will be included as part of the NEPA process. All existing and future
volumes—including diversions—will be provided to MDOT and FHWA for review.

Impact criteria will be defined in consultation with MDOT and FHWA.

Traffic Volumes

The development of existing and future conditions traffic volumes is outlined in the /-94 Connected and Automated
Vehicle Corridor: Data Verification and Volume Development memorandum dated February 16, 2024.

Page 2 of 3



1-94 Advanced Vehicle Lane Corridor: NEPA Traffic Analysis Methodology and Assumptions Memo

February 16, 2024

Future Projects

ATYLin Company

The 2035 and 2045 No Build Condition traffic analyses will account for planned roadway improvement projects and
associated geometric changes to the study corridor that are scheduled to be completed by the horizon years. The
table below summarizes all projects that were considered for inclusion in future Build and No Build scenarios. MDOT
provided the most current design information for each project during a project coordination meeting on 9/18/23 so that
they could be accounted for in the 2035 and 2045 Build Conditions.

Project

Included in future
scenarios?

Comments

WB 1-94 to NB US-23 Ramp

Yes, 2035 and 2045

Modification to 1-94 Westbound (WB) to provide a two-lane
exit ramp from 1-94 WB to US 23 Northbound (NB).

US-23 CD lanes between 1-94 and US-12

No

Outside study area

1-94 Flex Route west of US-23 to State
Street

Yes, 2035 and 2045

Flex lanes along 1-94 that utilize the right shoulder during
peak periods to add one travel lane:

e  Eastbound (EB) between Ann Arbor -Saline Road and
State Street and between State Street and US-23, in PM
Peak

o WB between U-23 and State Street in AM Peak.

I-94 Reconstruction- Wayne to Middlebelt &
Middlebelt to Beech Daly Rd

Yes, 2035 and 2045

IThe proposed new diamond interchange at Ecorse Road
has been incorporated. This is the only component of the
project which affects roadway geometry.

Pelham to Outer Drive and M-39

Tunnel Project

Interchange No No changes to roadway geometry
Gate 10/Ford Rouge No No changes to roadway geometry
:\-/ﬁoModermzatlon Package 7- Connor to No Planned to be implemented after 2045
I-94 Moderization Package 8- M-10 No Planned to be implemented after 2045
Interchange

I-94 Modernization- Potential Drainage No Planned to be implemented after 2045

MDOT Review

All HCS analysis files, along with documentation of the methodology and assumptions used for the analysis, will be

provided to MDOT for review.
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Sam Schwartz

322 8™ Avenue

New York, NY 10001
(212) 598-9010
samschwartz.com

A TYLin Company

To: Michigan Department of Transportation (MDOT)

From: Jeff Smithline, PE, PTOE

Date: February 16, 2024

Re: 1-94 Advanced Vehicle Lane Corridor: Data Verification and Volume Development
SS Project No: 22-03-0120

The purpose of this memo is to document the data verification and volume development process for traffic
volumes that will be used for the 1-94 Advanced Vehicle Lane Corridor traffic analysis.

Data Verification

24-hour traffic counts were collected for a continuous Tuesday to Thursday period at 78 locations on the
study corridor (see Appendix A for detailed list of locations):

37 Ramp Segments

24 Mainline Freeway Segments
1 Auxiliary Freeway Segments
16 Non-Freeway Segments

Counts were collected via video. Due to the size of the study area, counts were needed to be split over two
separate periods in 2023:

e Tuesday, May 16 to Thursday, May 18, 2023
e Tuesday, September 26 to Thursday, September 28, 2023.

For the purposes of data verification, the study corridor was segmented according to the dates of the data
collection. Figure 1 shows the location and timing (May vs. September) of the mainline counts and the
segmentation of the corridor according to the dates of collection within the segment.

Note that counts were collected between Lonyo St and Cecil Ave in both the May and September
collection periods, and a different period is being used for each direction. This is because it was found
that eastbound speeds in the September collection period more closely aligned with typical conditions,
while May was more typical for the westbound direction.
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1-94 Connected and Automated Vehicle Corridor: Data Verification and Screening
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Figure 1: Count location, dates, and corridor segmentation
L22)
WILLOW RUN
Between US-23 agh{.&?g
& State St
FATN % Between US 12
Yps i
Ps| & Hamilton St @
T WILLOW Between Belleville Rd St
GAULT VILLAGE & Haggerty Rd
1 | - ormtlus
September 2023 RAWSONVILLE | Township . g
CARREM 2] Between Rawsonville May 2023 W
Rd & Belleville Rd i
eville
Ypsilanti
Charter Twp
ROULO
® \
Livonia GRANDALE BARTON - 75}
FRANKLIN PARK MCEARLAND May 2023
ROUGE PARK (westbound)
FISKHORN MIDTOWN
EASTERM
Between Lonyo 5t & Cecil Ave CASS CORRIDOR
WARRENDALE \ggf":frn Data collected in both May and September
Dearborn September 2023 g
Heights (eastbound)
: %) FoidRd LL coRKTOWN-LZ -tr‘
>1d R Garden City 153
Dearbor
Between Schaefer Rd
& Rutunda Dr SPRINGWELLS
@ Sittace BORD, 3] UNIVERSITY
@ SANDWICH
NORWAYNE Inkster DELRAY
OAKWOOD
HEIGHTS
st
12 Melvindale Zug Island. cAl
ne D Between Telegraph Rd @
(Us-24) & Pelham Rd 4 River Rouge
& 401
o
%]
September 2023  |Allen Park A
T (vl
; s e
Lincoln Park & S" @] \&J
1
o & Ecorse § 5
= [S]
§ LaSalle

Taylor

Between Ving Rd &
Merriman Rd

samschwartz.com

Page 2 of 9



1-94 Connected and Automated Vehicle Corridor: Data Verification and Screening { "CZ
February 16, 2024 ATYLin Company

Average speed data was obtained from RITIS for every Tuesday, Wednesday, and Thursday in 2023.
Speeds were averaged for the 7:00 to 9:00AM and 4:00 to 6:00PM period, which corresponded with peak
periods of congestion along the corridor. Average speed data was also obtained for the Tuesdays,
Wednesdays, and Thursdays that comprised the May and September collection periods. Speed data from
the collection periods was compared to the average 2023 speeds to assess whether the data was collected
during typical 2023 conditions. The data is shown in Figure 2 and Figure 3.

The “2023 Count Collection” speeds shown below refer to either the May or September collection periods
in accordance with the segmentation shown in Figure 1.
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Westbound 7:00AM- 9:00AM
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The comparisons show that travel speeds recorded during the May and September data collection
periods are generally consistent with the average speeds throughout 2023. Therefore, the traffic count
data to be used for the 1-94 Connected and Automated Vehicle Corridor traffic analysis is considered
valid.
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Volume Development

The purpose of this section is to summarize the methodology used to develop a complete set of 2023
traffic volumes for the Existing Condition weekday AM and PM peak hours. Included with this memo is an
Excel file named “2023 Volume Development.xIs” which includes the calculations used to develop the full
set of balanced Existing Conditions volumes from the 2023 traffic counts and other sources.

2023 Existing Conditions Volumes

Several data sources selected in coordination with MDOT were used to develop 2023 volumes:

e Traffic counts collected in May and September 2023

e Previous MDOT ftraffic studies which used a 2019 analysis year: “Ann Arbor — Saline Road to US-
23" and “I-275 to M-39”

e Volumes from MDOT'’s Transportation Data Management System (TDMS)

e 2022 Existing Condition volumes from Cavnue’s Traffic and Revenue (T&R) Study.

The sources were prioritized in the order listed above, with the 2023 traffic count data being used as the
source for all mainline volumes and the primary source for ramp volumes. Where necessary, ramp
volumes were obtained from the remaining three sources as shown below, and the Excel file uses the
same color-coding to tie volumes to their sources.

Source | Description Ramps | Mainline
Segments
2023 New traffic counts collected in May 2023 28 18
MDOT Previous MDOT traffic studies, “Ann Arbor — Saline Road to US-23” and “/-275 47 -
to M-39”
TDMS | Volumes from MDOT'’s Transportation Data Management System (TDMS) 58 -
T&R 2022 Existing Condition volumes from Cavnue’s Traffic and Revenue (T&R) 10 -
Study

Mainline volumes from the 2023 traffic counts were used as the baseline volume reference, and ramp
volumes from the sources listed above were either added to (for on ramps) or subtracted from (for off
ramps) a known mainline volume to derive a preliminary mainline volume where needed along the study
corridor. These mainline volumes are shown in columns S and T of the accompanying spreadsheet.

The preliminary mainline volumes were then compared to 2023 count data reference points, which are
shown in columns U and V of the accompanying spreadsheet. Adjustments were then made to the ramp
volumes where necessary in order to create a balanced flow network where resultant mainline volumes
matched the reference volumes. These adjustments were performed by factoring all ramps within the
section in direct relation to the proportion of their original volume compared to the combined total volume
of all ramps in the section. For example, if the preliminarily assumed mainline volume needed to be
increased to match a known volume from the 2023 traffic counts, then all entrance ramp volumes along
the segment were increased and all exit ramp volumes were decreased in order to balance volumes
across that series of adjacent mainline segments. The ramp volume adjustments are shown in columns Z
and AA of the accompanying spreadsheet.

1 Details on the development of these volumes is available in the report produced by Steer, “Traffic & Revenue Study
for Alternatives of a CAV Lane in 1-94” (February 2023)
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Final 2023 volumes to be used for Existing Conditions traffic analysis are shown in columns AD:AE
(ramps) and AF:AG (mainline). A final check to confirm mainline volumes match the 2023 count data
references is conducted in columns AH:AK.

Future Conditions Volumes

Volumes for future horizon years will be developed by growing the 2023 volumes in accordance with the
following annual growth rates provided by MDOT, which are based on the SEMCOG model:

e 0.30% from 2023 to 2025
e 0.42% from 2025 to 2035
e 0.40% from 2035 to 2040
e 0.24% from 2040 to 2045

These growth rates will be applied to the Existing Condition volumes to develop the No Build traffic
volumes for each of the two horizon years (assumed to be 2035 and 2045). The volumes for the Build
scenarios in each of the two horizon years will be developed in accordance with the diversion analysis
undertaken in the T&R study. The T&R model outputs will also be used to determine the volume of
vehicles entering/exiting the managed lane at each proposed access point, which in turn provides the
lane assignments of vehicles between the general purpose lanes and the managed lane.
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APPENDIX A - Traffic Count Locations

Classification counts at the following 78 locations:

e 37 Ramp Segments

e 24 Mainline Freeway Segments
e 1 Auxiliary Freeway Segments
e 16 Non-Freeway Segments

Week 1: May 16, 17 and 18, 2023

Week 2: September 26, 27 and 28, 2023

ATYLin Company

Segment Type SSE Ramp Name Key Map # Priority
Ramp S Belleville/E 1 94 86 Week 1
Ramp N Belleville/E 1 94 87 Week 1
Ramp S Haggerty/E 1 94 90 Week 1
Ramp N Haggerty/E | 94 91 Week 1
Ramp Vining/E | 94 217 Week 1
Ramp E Oakwood/E | 94 123 Week 1
Ramp Schaefer/E | 94 127 Week 1
Ramp Schaefer/W | 94 197 Week 1
Ramp Greenfield/W | 94 198 Week 1
Ramp S Wayne/W | 94 29 Week 1
Ramp N Haggerty/W | 94 37 Week 1
Ramp S Haggerty/W | 94 38 Week 1
Ramp N Belleville/W | 94 41 Week 1
Ramp S Belleville/W | 94 42 Week 1
Ramp E 194/M 39 only 118 Week 1
Ramp E 194/Pelham 117 Week 1
Ramp SM 10/W 194 169 Week 1
Ramp W 194/S M 10 168 Week 1
Freeway EB 1-94 between Rawsonville Rd & Belleville Rd 84 Week 1
Freeway WB 1-94 between Belleville Rd & Rawsonville Rd 43 Week 1
Ramp N Wayne/E | 94 98 Week 1
Ramp S Wayne/E | 94 99 Week 1
Ramp N Wayne/W | 94 28 Week 1
Auxiliary Freeway W 194/1 275 222 Week 1
Freeway EB 1-94 between 1-275 & Wayne Rd 96 Week 1
Freeway WB I-94 between Wayne Rd & |-275 30 Week 1
Freeway EB 1-94 between Lonyo St & Cecil Ave 138 Both

Freeway WB 1-94 between Cecil Ave & Lonyo St 187 Both

Freeway EB 1-94 between Whittaker Rd & US 12 77 Week 2
Freeway WB 1-94 between US 12 & Hamilton St 50 Week 2
Freeway WB I-94 between US-23 & State St 63 Week 2
Freeway EB I-94 between State St & US-23 64 Week 2
Freeway WB 1-94 between Haggerty Rd & Belleville Rd 39 Week 2
Freeway EB 1-94 between Belleville Rd & Haggerty Rd 88 Week 2
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Segment Type SSE Ramp Name Key Map # Priority
Freeway EB I-94 between Vining Rd & Merriman Rd 104 Week 2
Freeway WB 1-94 between Merriman Rd & Vining Rd 23 Week 2
Freeway WB 1-94 between Pelham Rd & Telegraph Rd (US-24) 10 Week 2
Freeway EB 1-94 between Telegraph Rd (US-24) & Pelham Rd 116 Week 2
Freeway EB 1-94 between Schaefer Rd & Rotunda Dr 128 Week 2
Freeway WB 1-94 between Rotunda Dr & Schaefer Rd 195 Week 2
US 12 (Michigan Ave) between Sheldon Rd/Geddes Rd
Non-Freeway & S Corinne St 303 Week 2
US 12 (Michigan Ave) between Sheldon Rd/Geddes Rd
Non-Freeway & S Corinne St 304 Week 2
M-153 (Ford Rd) between Oakview Dr & Morton Taylor
Non-Freeway Rd 305 Week 2
M-153 (Ford Rd) between Oakview Dr & Morton Taylor
Non-Freeway Rd 306 Week 2
Freeway M-14 between Sheldon Rd & |-275 307 Week 2
Freeway M-14 between Sheldon Rd & |-275 308 Week 2
Freeway I-275 between US 12 and M-153 309 Week 2
Freeway I-275 between US 12 and M-153 310 Week 2
US 12 (Michigan Ave) between Merriman Rd & Henry
Non-Freeway Ruff Rd 311 Week 2
US 12 (Michigan Ave) between Merriman Rd & Henry
Non-Freeway Ruff Rd 312 Week 2
Non-Freeway M-153 (Ford Rd) between Dillon Rd & Shotka Rd 313 Week 2
Non-Freeway M-153 (Ford Rd) between Dillon Rd & Shotka Rd 314 Week 2
Freeway 1-96 between Warner Ct & Melvin St 315 Week 2
Non-Freeway Schoolcraft Rd between Warner Ct & Melvin St 316 Week 2
Freeway I-96 between Warner Ct & Melvin St 317 Week 2
Non-Freeway Schoolcraft Rd between Warner Ct & Melvin St 318 Week 2
Ramp S1275/E 194 319 Week 2
Ramp N | 275/E 194 320 Week 2
Non-Freeway US 24 (Telegraph Rd) between Myrtle Ave & Lodge Ln 321 Week 2
Non-Freeway US 24 (Telegraph Rd) between Myrtle Ave & Lodge Ln 322 Week 2
Ramp W 1 94/N Telegraph Rd (US 24) 323 Week 2
Ramp W | 94/S Telegraph Rd (US 24) 324 Week 2
Ramp S Telegraph Rd (US 24)/W |1 94 325 Week 2
Ramp N Telegraph Rd (US 24)/W |1 94 326 Week 2
Ramp E 194/N Telegraph Rd (US 24) 327 Week 2
Ramp E 194/S Telegraph Rd (US 24) 328 Week 2
Ramp N Telegraph Rd (US 24)/E | 94 329 Week 2
Ramp S Telegraph Rd (US 24)/E 1 94 330 Week 2
WB N Interstate 94 Service Dr between Haggerty Rd
Non-Freeway and Belleville Rd 331 Week 2
EB N Interstate 94 Service Dr between Haggerty Rd and
Non-Freeway Belleville Rd 332 Week 2

Page 8 of 9



1-94 Connected and Automated Vehicle Corridor: Data Verification and Screening

February 16, 2024

ATYLin Company

Segment Type SSE Ramp Name Key Map # Priority
WB S Interstate 94 Service Dr between Haggerty Rd

Non-Freeway and Belleville Rd 333 Week 2
EB S Interstate 94 Service Dr between Haggerty Rd and

Non-Freeway Belleville Rd 334 Week 2

Ramp W 194/N 1275 31 Week 2

Ramp N | 275/W | 94 32 Week 2

Ramp W 194/S 1275 33 Week 2

Ramp S1275/W 194 34 Week 2

Ramp E194/S 1275 93 Week 2

Ramp EI194/N 1275 94 Week 2
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To MDOT Memo

Cc Megan Brock

From Steer

Date April 2024

Project T&R for alternatives of CAV Lanes in 1-94 Project No. 24252903
|

Level 2 Traffic and Revenue Methodology Overview

Overview

Cavnue commissioned Steer to prepare a Level 2 traffic and revenue study for a first-of-its-kind Express
Lane with dense deployment of technology (Express Lane) in southeast Michigan, along 1-94 between
Allen Park and Ann Arbor. The project envisions connecting these two points with an innovative
infrastructure solution that unlocks the full potential of connected and automated vehicles improving
safety, congestion, and accessibility, among other benefits.

This document provides a high-level summary of our forecasting approach and the inputs provided for the
HCS Traffic Analysis.

The Project

Cavnue will equip the approximately 40-mile segment of [-94 with innovative physical and digital
infrastructure to enable a more reliable, coordinated and dedicated Express Lane with dense deployment
of technology. The Project considers the following segments, as shown in the figure below.
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Source: Steer

For the scope of our work, we have considered:

e The following operational Segments according to the modeled years:
— 2035: Segment 1
— 2045: Segments 1 &2

www.steergroup.com



e The Project will operate similar to Managed Lanes with limited access points along the corridor.
e  CAVs will pay user fees to use the lane and benefit from the technology offered by the Project.

Forecasting Approach
The general forecasting approach is depicted in Figure 2 and consists of three elements:

e Element 1: Definition of the traffic demand that could use the 1-94 corridor - this is known as the In-
Scope Market and in this case consists of traffic currently using 1-94 plus additional traffic that could
be attracted by the Project.

e Element 2: Estimation of the proportion of the in-scope traffic that will pay and use the lane - this is
termed Capture rates, and in this is driven by benefits enabled by connectivity and Autonomy
combined with the willingness to pay for those benefits.

e Element 3: Conversion of the capture rate outputs into annual forecasts, including the use of future
year traffic growth forecasts, assumption about ramp-up and annualization.

Figure 2: General Methodology
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Source: Steer

To implement this approach, we developed a custom network model in Cube Voyager based on the
Michigan Statewide Passenger and Freight Travel Demand mode (MDOT model), including networks,
parameters and matrices, as well as recent traffic data, trip patterns, and our best estimates for regional
growth. Key characteristics include:

Table 1: Network Model Assumptions

| Assumptions | Parameter | Comments
Modeled 2035 and 2045 Base year calibrated against
Years traffic volumes, journey
times and trip patterns.
Vehicle Legacy vehicles (SOV, HOV, medium trucks, heavy trucks) CAVs only apply for future
Types CAVs (autos, medium trucks, heavy trucks). years.

2 of 5
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| Assumptions ‘ Parameter

Time Periods

e AM:6:30am to 9:00 am
e MD:9:00am to 2:30 pm
e PM:2:30 pmto 6:30 pm
e NT:6:30 pmto 6:30 am

‘ Comments

Our model represents the
volumes for the time periods
from SEMCOG

e $17/ hrfor autos (CAVs and Legacy vehicles)

e S34/ hr for medium trucks (CAVs and Legacy vehicles) — 2x
auto VOT

e $51/hrforheavy trucks (CAVs and Legacy vehicles)— 3x auto
VOT

CAV Base, upside and downside as shown in Figure 3. Provided by Cavnue. Base
Penetration case used for the case
Curves presented in this note.
CAV Lane e CAVs need to pay to use the lane
Access e Legacy vehicles and trucks are not allowed on the lane.
Assignment | Path based user equilibrium assignment for all vehicle types based | This approach considers the
Structure on the following generalized cost: dynamic relationship
GC =Time + (Tolls—VOA,)* Dist/VOT between congestion and
route choice, simulating
different behaviors and
vehicle types.
Value of VOA is a constant monetary value used to represent the benefits | Parameters estimated from
Autonomy within the lane such as safety, reliability, and autonomy. We our own behavioral analysis
(VOA): defined 20 equally sized CAV auto segments with the VOAs from | through Stated Preferences.
0.014 $/mile to 0.30 $/mile. The segments represent a
range of willingness to pay
for technology benefits.
Value of VOT is required to compare monetary costs withtime savings. The | Parameters estimated from
Time (VOT) final VOTs are: our own behavioral analysis

through Stated Preferences.

Source: Steer

The following figure shows the CAV Penetration curves which were provided by Cavnue.

30of5
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Figure 3: CAV Auto Penetration
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We selected a single user fee in $/mi by running revenue optimization scenarios in the base case model
for 2030 and 2045, as these years mark the short and the long-term scenarios. 2035 fees were estimated
by interpolation. The resulting user fees we selected for 2035 and 2045 are 14c/mi and 20c/mi,
respectively. Only CAV Autos are allowed on the CAV Lane. In implementation, toll rates may be able to be
modified to manage traffic in the CAV lanes and adjacent lanes. The model seeks the equilibrium situation,
whereby user preferences are met within the corridor and across the regional network.

The following table lists the final fees selected for 2035 and 2045.

Table 2: Modeled User Fees!?

‘ Year CAV Auto
($/mi)
2035 0.14
2045 0.20

Source: Steer

Future demand matrices were estimated based on the trip differences between MDOT demand for 2020
and future years (i.e. 2035, 2045) and added to the Steer base year calibrated demand. A control on total
growth was then applied based on socioeconomic analysis for Wayne and Washtenaw counties, including
the following sources: SEMCOG, Woods & Poole Economics (2021), and recent forecast study that
University of Michigan prepared for MDOT (REMI analysis). The growth controls are shown in Table 3. As
the final step, adjustments were made to the 2035 and 2045 matrices to accurately reflect MDOT's traffic
growth expectations.

1 All numbers in $2022

2 N/A: Legacy Autos and Trucks are not allowed in the Express Lane.

4 0of 5

www.steergroup.com Stw



Table 3: Total Sub-Area CAGR

| Period ‘ CAGR
2022-2035 0.83%
2035-2045 0.15%

Source: Steer

HCS Inputs

To support the HCS Analysis, we supplied the following elements extracted from the 2035 and 2045
network model results:

50of5

Volumes by access point and associated upstream origins during both the AM and PM periods.
Volumes by egress point and associated downstream destinations during both the AM and PM
periods.

Detailed ramp volumes by vehicle type during both the AM and PM periods.

Shapefile containing lane volume information for the network during both the AM and PM periods.
Shapefile illustrating user diversion and attraction resulting from the operation of the project.
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S&P Global Mobility Ram Chandrasekaran Colin Bird Martinez

26533 Evergreen Rd Associate Director Principal Consultant
- Consulting Services Consulting Services
Southfield, MI, 48076
’ ’ ram.chandrasekaran@spglobal.com colin.birdmartinez@spglobal.com

spglobal.com/mobility

17 November 2023

Cavnue LLC
1100 Wilson Blvd, Suite 1100
Arlington, VA, 22209

Dear Cavnue team,

S&P was engaged to conduct a thorough review of the inputs, assumptions, and methodology used by Cavnue
in its long-term forecast of connected and automated vehicle (CAV) adoption. The review includes a written
assessment of (1) the logical soundness of the inputs, assumptions, and methodology; and (2) the potential
alignment of the methodology with S&P's own assumptions.

S&P has reviewed the model and found the inputs, assumptions, and methodology, to be sound. The
attached brief provides details on the process undertaken by S&P Global to arrive at this conclusion, while
including appropriate caveats.

It is important to note that while we have determined the methodology to be logically sound, S&P does not
endorse the specific results of the model, as this falls outside the scope of our review.

Sincerely,

Colin Bird-Martinez
Principal Consultant
S&P Mobility

S&P Global
Mobility



S&P Global Mobi|ity Ram Chandrasekaran Colin Bird Martinez
26533 Evergreen Rd Assoaa'te D/rect'or Pr/nC/pql Consul'tant
Southfield. MI. 48076 Consulting Services Consulting Services
ou ’ ’ ram.chandrasekaran@spglobal.com colin.birdmartinez@spglobal.com

spglobal.com/mobility

Cavnue CAYV Penetration Model: S&P Review

The below brief outlines the inputs and methodology that S&P Global reviewed. Our objective was to
thoroughly assess the accuracy and reliability of the data used in the model, as well as the methodology
employed to generate the long-term forecast.

Section 1: Inputs and Methodology Reviewed
1.1 Inputs:
Cavnue utilized three S&P Global forecasts as primary inputs to develop its estimates:

1. Total Vehicles in Operation (VIO) (2021-2032): Cavnue relied on S&P’s near-term forecast for total
U.S. vehicles in operation. This data served as a baseline for estimating near-term vehicle parc,
extrapolating vehicle retirements, and projecting the long-term growth profile of the market.

2. S&P Global Autonomy Applications Forecast (2021-2034): Cavnue incorporated S&P's forecast for
new vehicle sales by L2+ Advanced Driver Assistance System (ADAS) features (with a specific focus
on Interurban Automatic Emergency Breaking, Adaptive Cruise Control, Lane Centering, and Lane
Keep Assist) and L4 autonomous driving capabilities, thereby establishing a near-term adoption rate of
different autonomy levels in the market. This was used to project continued sales growth for vehicles
equipped with these autonomy features, beyond the timeframe of the S&P forecast.

3. S&P Global Telematics Forecast (2021-2028): Another crucial input was S&P's forecast for new
vehicle sales by telematics features. By matching telematics features to ADAS and autonomy features,
Cavnue narrowed its definition of CAVs to vehicles with minimum L2+ capabilities (as noted above,
defining these as Interurban Automatic Emergency Breaking, Adaptive Cruise Control, Lane
Centering, and Lane Keep Assist) and the ability to receive, at a minimum, high-latency data via 4G
connectivity. Cavnue’s model assumed that all L4/L5 vehicles will have some connectivity capabilities.

Beyond S&P data, Cavnue has cited the use of the following data sources to establish its long-term total U.S.
parc forecast based on vehicle miles traveled (VMT):

Bureau of Transportation Statistics

U.S. Congressional Budget Office (CBO)

Federal Highway Administration (FHWA)

U.S. Department of Energy (DOE)

Cavnue also cited the use of market CAGR estimates from the following third-party sources to establish
starting growth rates for its extrapolation of AV / ADAS sales beyond 2034:
e Grand View Research
Strategic Market Research
Transparency Market Research Inc
Verified Market Research
McKinsey
Mordor Intelligence
Fortune Business Insights
Research and Markets

S&P Global
Mobility
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Finally, Cavnue cited the use of market CAGR estimates from the following third-party sources to establish
starting growth rates for 5G connectivity adoption:

e Juniper Research

o Future Market Insights

e ABI Research

1.2 Methodology:
Cavnue's methodology:

1. Utilization of the following S&P forecasts (outlined above) to develop a near-term CAV forecast :

a. S&P Global Total Vehicles in Operation (VIO) (2021-2032), establishing the total U.S. vehicle
parc and serving as the denominator for Cavnue’s calculation of percent CAV adoption
through 2034. VIO was additionally used to establish vehicle retirements through 2034 and for
the non-CAV parc.

b. S&P Global Autonomy Applications Forecast (2021-2034). The forecast of vehicles with a
minimum of Cavnue’s selected L2+ ADAS features matched with at least 4G connectivity
(based on S&P Telematics Forecast below) serves as the numerator for L2-L3 CAV adoption
through 2028. The forecast of vehicles with L4 capabilities serves as the numerator for L4
CAV adoption through 2034.

c. S&P Global Telematics Forecast (2021-2028). As noted, Cavnue matched telematics
capabilities to projected sales of vehicles equipped with minimum L2+ ADAS features. This
established a minimum 4G connectivity threshold for L2+ vehicles to be counted in the
numerator for L2-L3 CAV adoption through 2028. The Telematics Forecast is not matched to
L4-L5 vehicles, as all of these autonomous systems are assumed to have minimum
connectivity capabilities.

2. Extension of the forecast beyond 2034 by:

a. Extrapolating the vehicle parc using Cavnue’s VMT methodology. Cavnue forecasted
total U.S. light vehicle parc over the long run by (i) calculating total U.S. light vehicle VMT
(based on population, personal travel, and passengers per trip forecasts), (ii) assuming an
average number of miles traveled per vehicle (differentiating between L0-L3 vehicles and L4-
L5 vehicles), and (iii) dividing the total VMT by the weighted average miles per vehicle to
determine total vehicle demand.

b. Applying scrappage assumptions for CAV retirements. Cavnue extended the vehicle
retirement forecast from the S&P Global Total VIO data set to estimate retirements of LO/L1,
L2/L3, and L4/L5 vehicles. LO/L1 retirements post 2034 were based on historical retirement
trends observed in the S&P VIO data (with an implied average retirement age of ~20 years).
L2-L5 vehicles are retired on a comparable curve, with an average retirement age of ~17
years for L2/L3 vehicles (based on expected limitations to the battery life of electric vehicles),
and an average retirement age of ~13 years for L4/L5 vehicles (based on both limitations to
battery life, as well as higher annual mileage assumed for a portion of shared L4/L5 vehicles).

c. Applying a delta between vehicle parc and vehicle retirements to imply New Vehicle
Sales (NVS). The difference between (i) the total demand for vehicles in the market, as
expressed using Cavnue’s VMT-based vehicle parc forecast, and (ii) the number of vehicles
retired out of the market based on Cavnue’s scrappage forecast implied the total demand for
new vehicles every year. This output was scrutinized to ensure that it did not deviate materially
from historical year-on-year growth or annual sales trends.
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Estimating L2/L3 and L4/L5 sales within the total new vehicle sales. Cavnue estimated
annual L2/L3 and L4/L5 sales beginning with the L2/L3 and L4/L5 sales figures implied in the
terminal year of S&P’s near-term Global Autonomy Applications Forecast. Cavnue then
applied an initial annual growth rate to these sales based on the CAGR benchmarks identified
in third-party reports, with an assumed starting growth rate of 13.8% for L2/L3 vehicles and
43.0% for L4/L5 vehicles. Cavnue applied an annual 0.5% step-up in the growth rate of the
L2/L3 sales (reflecting accelerating demand and increasing requirements for safety and ADAS
features within the market), and an annual 0.5% step-down in the growth rate of the L4/L5
sales (reflecting a normalization of annual sales growth as volumes grow from an extremely
low initial base). The combined L2/L3 and L4/L5 sales were then capped each year based on
the annual NVS implied under (e) above, such that the total new L2-L5 sales never exceeded
the total demand for new vehicles.

1.3 Cavnue Model Outputs:

The outputs of the final model that S&P Global Mobility reviewed — inclusive of the feedback that S&P provided
in Section 2 below — are as follows:

Figure 1: Total Vehicle Parc Distribution; Base Case — Minimum ACC & Lane Centering, 4G+
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Figure 2: New Vehicle Sales Distribution; Base Case — Minimum ACC & Lane Centering, 4G+
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Figure 3: Overall CAV Penetration; Base Case — Minimum ACC & Lane Centering, 4G+
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Section 2: Determining the Logical Soundness of the Forecast:

Through a rigorous review of the inputs, methodology, and outputs, S&P Global determined that the
forecast generated by Cavnue is logically sound.

The careful analysis of the validation of the model and expert review all contributed to our confidence in the
forecast's reliability.

Model Validation and Expert Review:
Our team of experts conducted a comprehensive review of the methodology and outputs of the model.

Over the course of the review, S&P provided several recommendations to further rationalize the underlying
assumptions and resulting model outputs, all of which were ultimately incorporated into the Cavnue model:

e Reducing NVS to a range of 15 to 18 million NVS units for the foreseeable future, followed by a
plausible 16 to 20 million NVS range later in the forecast period. Cavnue reflected this advice by
incorporating S&P’s proposed changes to its VMT-based vehicle parc calculation, including (i)
adjusting the VMT calculation to use workforce age population (20-64 years old), and (ii) adjusting the
vehicle miles traveled for personal vehicles (based on S&P Global Aftermarketinsight Vehicle Miles
Traveled dashboard) and for L4/L5 vehicles (based on benchmarks from Waymo and Cruise, which
were incorporated into a weighted average vehicle miles traveled for L4/L5 vehicles).

e Adjusting scrappage rates of L2/L3 vehicles to align more closely with LO/L1 scrappage rates. While
S&P agreed that new L2/L3 vehicles should have a moderately lower average retirement age than
legacy LO/L1 vehicles, the difference should not be substantially different than the historical average of
~20 years. Cavnue accepted these changes and adjusted the L2/L3 retirement curve to more closely
match the legacy LO/L1 retirement trend, resulting in Cavnue’s revised average L2/L3 retirement age
of ~17 years. S&P found this revised L2/L3 retirement age to be rational.

Additional aspects of the model that S&P evaluated included (i) how Cavnue incorporated and interpreted S&P
Global's Autonomy Applications Forecast and Telematics Forecast into the model, (ii) how Cavnue merged the
Automotive Applications and Telematics Forecasts, and (iii) Cavnue’s assumptions regarding overall vehicle
connectivity. S&P determined that Cavnue’s use of the S&P Global forecasts was correct. Further, the way
Cavnue merged the Automotive Applications and Telematics forecasts was rational. S&P agreed with
Cavnue’s assumption that L4/L5 vehicles will have near universal connectivity hardware.

Finally, S&P examined the resulting CAV sales volumes for L2/L3 vehicles and L4/L5 vehicles. While
endorsing the results is not in scope for this report, S&P found that the resulting L2/L3 vehicle sales were
rational. The ramp up and volume of sales for L4/L5 vehicles is lower than S&P’s more conservative internal
scenarios for the technology (as further detailed in the benchmarking below) but are still plausible.
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Section 3: Benchmarking

The S&P Global Commodity Insights - Mobility and Energy (M&E) Future New Mobility forecast includes NVS
estimates for autonomous robotaxis and passenger vehicles that were not incorporated into the Cavnue
methodology. This M&E Future New Mobility Forecast goes out to 2050 and serves as a helpful, third-party
comparison to the Cavnue forecast.

The M&E Future New Mobility Forecast includes both conservative and aggressive scenarios. Averaging these
S&P Global scenarios results in NVS ~9M in L4/L5 autonomous vehicles sales in 2050, reflecting a 2023 to
2050 sales CAGR of 38%. Cavnue’s model projects L4/L5 vehicle sales of ~4M in 2050, with a 2023-2050
CAGR of 34%. Both the M&E Future New Mobility Forecast and the Cavnue forecast project growth
deceleration to the single digits in the 2040s. However, growth deceleration occurs slightly earlier in Cavnue’s
model, slowing to the high single digits by 2048 and rationalizing to ~2% annual growth by 2050 — versus
continued growth in the high single digits through 2050 under the M&E Future New Mobility Forecast.

S&P Global predicts that robotaxis will dominate L4/L5 autonomy sales until the mid-2030s, after which
personal autonomous vehicles will take over. By the end of the forecast period, robotaxi sales are expected to
settle in the range of 17%-26% of the new vehicle sales market. Cavnue’s model assumes that tofal L4/L5
sales (not limited to robotaxis only) will settle at ~25% of the market in 2050.

However, it is important to note that the purpose of this project was to assess overall CAV adoption. Despite
the differences in specific numbers for L4/L5 adoption, the total CAV assessment aligns with S&P Global's
overall figures, and the methodology used by Cavnue to extend the S&P forecasts to 2100 is logical.
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