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1 Project Description

The Marshall Mega Site in Emmett and Marshall Townships, Michigan, has had various
developers, requiring large-scale operation (‘Mega’), express interest in developing the site. The
site is approximately 1,934 acres. The purpose of this study is twofold:

1. Traffic Impact Study: will analyze existing and future traffic conditions to determine
what roadway improvements would be necessary to mitigate the additional traffic
volumes to/from the proposed Mega sites. The analysis includes existing conditions,
crash analyses, trip generation/distribution, alternative modeling, build operational
analyses, and proposed mitigations.

2. Preliminary Scoping Report: will document the recommended geometric improvements
that resulted from the traffic study including alternatives developed and vetted during
the process, establish preliminary design layouts, cost and design hours estimates and
provide schematic cross-sections and plan diagrams to aid in future design. A high-level
Environmental review was also conducted.

The subsequent report compiles the overarching project narrative and findings. Detailed
Appendices accompany this document to support the traffic and design outcome presented
here.

2 Project Limits

The project is located in Emmett and Marshall Townships in Calhoun County. The following
study area shown in Figure 2-1Error! Reference source not found. encompasses both the
Marshall Mega Site and the potential Sackrider Mega Site. The analysis study limits include:

e |-94 from Beadle Lake to Partello Road

e |-69 from just north of 1-94 to M-96 (Michigan Avenue)

e M-96 (Michigan Avenue) from Wheatfield Parkway to West Drive

e The following local roadways:

o Verona Road from 15 Mile Road to 11 Mile Road

11 Mile Road from Verona Road to B Drive
15 Mile Road from Verona Road to M-96 (Michigan Avenue)
C Drive

O
O
O
o Wheatfield Parkway
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MarshallMega Site g

Figure 2-1: Study Area

2.1 Existing Land Use

Currently, both proposed site locations consist of primarily farmland or rural residential. The
majority of land uses along the M-96 (Michigan Avenue) corridor are similar in nature. Some
significant trip generators that exist within the project area include multiple major truck
stop/gas stations at the 1-94 and M-311 (11 Mile Road) interchange, which bring considerable
truck traffic through that location. In addition, the Firekeeper’s Casino and Hotel is located on
M-96 (Michigan Avenue) just east of the M-311 (11 Mile Road) intersection, and there is a Flex-
N-Gate facility on F Drive North. The City of Marshall is just east of the 1-69 and M-96 (Michigan
Avenue) interchange on the east end of the project limits.

2.2 Existing Freeway Segments (1-94 and 1-69)

The existing 1-94 cross-section is an interstate with two 12-foot-wide lanes, a 10-foot outside
shoulder, and an 8-foot inside shoulder (5-foot paved) in both the eastbound and westbound
directions. The roadway is drained through a median ditch and ditches along the outside of the
roadway. There are intermediate culverts to drain the median to the outside ditches.
Interchange entrance and exit ramp lanes are present at the 1-94 at M-96/M-311 (11 Mile
Road), Exit 104 interchange as well as entrance and exit ramp lanes, and collector-distributor
roads at the 1-94/1-69 interchange. The crown point is located between the two mainline travel
lanes with a cross slope of 1.5% to 2.0%.

The 1-94/1-69 interchange, collector-distributor roads, and a portion of 1-94 extending 350-feet
west of 15 Mile Road was reconstructed in 2022/2023. The 1-94 geometrics remained the same,
while the interchange ramps were brought up to current standards.

Based on the available as-built plans and field reviews, the existing pavement consists of 10-
inch reinforced concrete with an HMA overlay. The recently reconstructed pavement consists
of 11-inch HMA pavement.

The existing |-69 cross-section is an interstate with two 12-foot-wide lanes, a 11-foot outside
shoulder, and an 8-foot inside shoulder (4-foot paved) in both the northbound and southbound
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directions. The roadway is drained through a median ditch and ditches along the outside of the
roadway. There are intermediate culverts to drain the median to the outside ditches.
Interchange entrance and exit ramp lanes are present at the 1-69 at M-96 (Michigan Ave), Exit
36 as well as entrance and exit ramp lanes, and collector-distributor roads at the 1-94/1-69
interchange. The crown point is located between the two mainline travel lanes with a cross
slope of 2.0%.

Based on the available as-built plans and field reviews, the existing pavement consists of 11%-
inch non-reinforced concrete.

2.3 Existing Non-Freeway Segments (M-96 and M-311 (11 Mile Road))

The existing M-96 (Michigan Ave) cross-section is a 2-lane major connector from M-311 (11
Mile Road) to the I-69 at M-96 (Michigan Avenue), Exit 36 interchange. East and west of this
segment the roadway is classified as an Other Principal Arterial. West of the Firekeepers Casino
the cross section widens to 4-5-lanes with a center left-turn lane. At the east end of the
corridor, a 4-lane boulevard is developed that crosses 1-69 and proceeds easterly to the City of
Marshall. All lanes within the corridor are 12-foot wide. The majority of the roadway is flanked
by 8-foot paved shoulders and open ditches, although intermittent curb and gutter with
enclosed drainage is present, particularly at the east and west ends of this segment. The crown
point is located between the two bounds with a cross slope of 2.0% and in the boulevard
section the crown point is located between the two travel lanes. Based on the available as-built
plans and field reviews, the existing pavement is HMA of various thickness. There are three
bridge structures within this segment: SO5 of 13082 |-94BL crossing 1-94, S16 of 13073 (I-69
crossing 1-94BL (EB)) and S08 of 13073 (1-69 crossing 1-94BL (WB)).

The existing M-311 (11 Mile Road) cross-section varies from 2-lanes to 5 lanes and is classified
as an Other Principal Arterial. All lanes are 12-foot wide. The crown point is located between
the two bounds with a cross slope of 2.0% and in the boulevard section the crown point is
located between the two travel lanes. Based on the available as-built plans and field reviews,
the existing pavement is HMA of various thickness. There is one bridge structure within this
segment: SO6 of 13082 M-311 (11 Mile Road) crossing |-94.

2.4 Existing Interchanges

[-94 at M-294 (Beadle Lake Road), Exit 100 is a full access diamond interchange. All existing
ramps are a single lane with widenings at the ramp terminals for the exit ramps. The existing
ramp widths are 16-feet wide with 10-foot outside shoulders and 4-foot inside paved
shoulders. There is curb and gutter at the ramp terminals with open ditching throughout the
remainder of the ramp.

The intersection of M-294 (Beadle Lake Road) at the 1-94 EB/WB Ramps is controlled by STOP
signs at the off ramps. Where the eastbound ramps meet Beadle Lake Road, the eastbound off
ramp has two (2) lanes, one (1) right-turn lane and one (1) left-turn lane. The northbound
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approach on Beadle Lake Road has a single through-right turn lane and the southbound
approach has two (2) lanes, one (1) left-turn lane and one (1) through lane. Where the
westbound ramps cross Beadle Lake Road, the westbound off ramp has two (2) lanes, one (1)
right-turn and one (1) left-turn lane.

1-94 at M-96/M-311 (11 Mile Road), Exit 104 is a full access interchange with two slip ramps and
two loop ramps all on the east side of M-311 (11 Mile Road). All existing ramps are a single lane
with widenings at the ramp terminals for the exit ramps. The existing ramp widths are 16-feet
wide with 7-foot outside shoulders and 6-foot inside shoulders (3-foot paved). There is curb
and gutter at the ramp terminals with open ditching throughout the remainder of the ramp.

The intersection of 1-94 WB Ramps/Wheatfield Parkway at M-311 (11 Mile Road) is controlled
by a two-phase traffic signal. All approaches to the intersection are marked as two (2) lanes
with a left-turn lane and a through-right turn lane. Field observations noted that the
northbound through/right-turn lane on M-311 (11 Mile Road) was being driven as a 2-lane
approach with one (1) through lane and one (1) right-turn lane for a short length for passenger
vehicles. The Synchro model was designed to account for this driver behavior. Field
observations also noted heavy truck traffic volumes that completed left turns on red,
particularly for the southbound left. The posted speed limit on both M-311 (11 Mile Road) and
Wheatfield Parkway is 35 MPH.

1-94/1-69 interchange is a full system to system interchange with four slip ramps, 4 loop ramps,
and collector-distributor roads along 1-94. All existing ramps are single lane free flow ramps that
are 16-foot wide, with 7-foot inside and 6-foot outside shoulders (4-foot paved). The existing
interchange was reconstructed during the 2022/2023 construction seasons.

[-69 at M-96 (Michigan Avenue), Exit 36 is a full access diamond interchange. All existing ramps
are a single lane with widenings at the ramp terminals for the exit ramps. The existing ramp
widths are 16-feet wide with 7-foot outside shoulders and 6-foot inside shoulders (3-foot
paved). There is curb and gutter at the ramp terminals with open ditching throughout the
remainder of the ramp.

The intersection of M-96 (Michigan Avenue) at the 1-69 SB Ramps is controlled by a STOP sign
on the southbound approach of the I-69 SB Off Ramp, as well as YIELD control for the
southbound direction in the median. The M-96 (Michigan Avenue) corridor is a boulevard
section with two (2) lanes eastbound and two (2) lanes westbound. On eastbound M-96, at the
[-69 SB Ramps, there is a right-turn taper that allows vehicles to leave the travel lane to
complete their right turn. The westbound approach on M-96 (Michigan Avenue), at the |-69 SB
ramps, is marked as one (1) left-turn lane and two (2) through lanes. The I-69 SB Ramp has two
(2) approach lanes, one (1) through/left lane and one (1) right-turn lane. M-96 (Michigan
Avenue) is posted 45 MPH.

The intersection of M-96 (Michigan Avenue) at the I-69 NB Ramps is controlled by a STOP sign
on the northbound approach of the I-69 NB Off Ramp, as well as YIELD control for the
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northbound direction in the median. The M-96 (Michigan Avenue) corridor is a boulevard
section with two (2) lanes eastbound and two (2) lanes westbound. The eastbound approach on
M-96 (Michigan Avenue) is marked as one (1) left-turn lane and two (2) through lanes. On
westbound M-96, just east of the I-69 NB Ramps, there is a right-turn slip ramp that allows
westbound access onto the freeway. The 1-69 NB Ramp has two (2) approach lanes, one (1)
through/left lane and one (1) right-turn lane. M-96 (Michigan Avenue) is posted 45 MPH.

[-94 and Old US-27, Exit 110 is a full access interchange with four slip ramps and one loop ramp
on the east side of Old US-27. All existing ramps are a single lane with widenings at the ramp
terminals for the exit ramps. The existing ramp widths are 16-feet wide with 8-foot outside
shoulders and 6-foot inside shoulders (3-foot paved). There is curb and gutter at the ramp
terminals with open ditching throughout the remainder of the ramp.

The 1-94 at Old US-27 interchange is controlled by STOP signs at the off ramps. Where the
eastbound ramps meet Old US-27, the eastbound off ramp has two (2) lanes; one (1) right-turn
and one (1) left-turn lane. The northbound approach on Old US-27 has three (3) lanes with two
(2) through lanes and one (1) right-turn lane. The southbound approach has two (2) lanes with
one (1) left-through lane and one (1) through lane. Where the westbound ramps cross Old US-
27, the westbound off ramp has two (2) lanes; one (1) right-turn and one (1) left-turn lane. On
northbound Old US-27, just south of the I-94 WB off ramp, there is a right-turn slip ramp that
allows northbound access to the freeway. The southbound approach has three (3) lanes with
one (1) right-turn lane and two (2) through lanes. Old US-27 has an unposted prima facie speed
55 MPH.

1-94 and [-94BL (Partello Road), Exit 112 is a full access interchange with four slip ramps and one
loop ramp on the west side of I-94BL (Partello Road). All existing ramps are a single lane with
widenings at the ramp terminals for the exit ramps. The existing ramp widths are 16-feet wide
with 8-foot outside shoulders and 6-foot inside shoulders (3-foot paved). There is curb and
gutter at the ramp terminals with open ditching throughout the remainder of the ramp.

The 1-94 at I-94BL (Partello Road) interchange is controlled by STOP signs at the off ramps.
Where the eastbound ramps meet |I-94BL (Partello Road), the eastbound off ramp has two (2)
lanes; one (1) right-turn and one (1) left-turn lane. The northbound approach on 1-94BL
(Partello Road) has two (2) lanes with one (1) through lane and one (1) right-turn lane and the
southbound approach has one (1) left-through lane. Where the westbound ramps cross |1-94BL
(Partello Road), the westbound off ramp has two (2) lanes, with one (1) right-turn and one (1)
left-turn lane. The northbound approach on [-94BL (Partello Road) has one (1) left-through lane,
while the southbound approach has two (2) lanes with one (1) through lane and one (1) right-
turn lane. The posted speed on 1-94BL (Partello Road) is 45 MPH.
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2.5 Existing Intersections

M-96 (Michigan Avenue) and Wheatfield Parkway

The intersection of M-96 (Michigan Avenue) at Wheatfield Parkway is controlled by a STOP sign
on Wheatfield Parkway. The M-96 (Michigan Avenue) corridor is a 3-lane cross section with one
(1) through lane eastbound, one (1) two-way left-turn lane, and one (1) through lane
westbound. On M-96 (Michigan Avenue), at Wheatfield Parkway, there is a short right-turn
taper that allows vehicles to leave the travel lane to complete their right turn. On the
Wheatfield Parkway approach, there are two (2) lanes, a left-turn lane, and a right-turn lane. M-
96 (Michigan Avenue) is posted 55 MPH and Wheatfield Parkway is posted 35 MPH.

M-96 (Michigan Avenue) and M-311 (11 Mile Road)

The intersection of M-96 (Michigan Avenue) at M-311 (11 Mile Road) is controlled by a traffic
signal with protected leading northbound/southbound left turns. The northbound approach on
M-311 (11 Mile Road) has a 3-lane approach with one (1) left-turn lane, one (1) through lane,
and one (1) right-turn lane. The southbound approach on M-311 (11 Mile Road) has a 4-lane
approach with dual left-turn lanes, one (1) through lane, and one (1) right-turn lane. The
westbound approach on M-96 (Michigan Avenue) has three (3) lanes with one (1) left-turn lane,
one (1) through lane, and one (1) right-turn lane. The eastbound approach has three (3) lanes
with one (1) left-turn lane, one (1) through lane, and one (1) through-right turn lane. The
posted speed limit on M-311 (11 Mile Road) is 35 MPH north of M-96 (Michigan Avenue) and
55 MPH south of M-96 (Michigan Avenue). M-96 (Michigan Avenue) is posted 55 MPH.

M-96 (Michigan Avenue) and Firekeeper’s Casino Main Entrance

The intersection of M-96 (Michigan Avenue) at the Firekeeper’s Casino main entrance is
controlled by a STOP sign on the casino driveway. The M-96 (Michigan Avenue) corridor is a 4-
lane cross section in this area with two (2) through lanes eastbound, one (1) two-way left-turn
lane, and one (1) through lane westbound. On M-96, at the Firekeeper’s Casino main entrance,
there is a short right-turn taper that allows vehicles to leave the travel lane to complete their
right turn. On the Firekeeper’s Casino main entrance approach, there are two (2) lanes, a left-
turn lane, and a right-turn lane. For modeling, this was designed as a left-through lane and a
right-turn lane. There is a private development to the south which has a two (2) lane approach
with one (1) right-turn lane and one (1) left-turn lane. M-96 (Michigan Avenue) is posted 55
MPH.

M-96 (Michigan Avenue) and Firekeeper’s Middle Access Driveway/Pit Stop Gas Station Access
Drive

The intersection of M-96 (Michigan Avenue) at the Firekeeper’s middle access driveway and Pit
Stop Gas Station Access Drive is controlled by a STOP sign on the casino driveway. The M-96
(Michigan Avenue) corridor is a 3-lane cross section in this area with one (1) through lane
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eastbound, one (1) two-way left-turn lane, and one (1) through lane westbound. On M-96
(Michigan Avenue), between the Firekeeper’s middle entrance and the Firekeeper’s east
entrance, there is a full width marked shoulder that allows vehicles to leave the travel lane to
complete their right turn. On the Firekeeper’s middle entrance approach, there are two (2)
lanes, a left-turn lane, and a right-turn lane. M-96 (Michigan Avenue) is posted 55 MPH.

M-96 (Michigan Avenue) and Firekeeper’s Casino East Entrance

The intersection of M-96 (Michigan Avenue) at the Firekeeper’s Casino east entrance is
controlled by a STOP sign on the casino driveway. The M-96 (Michigan Avenue) corridor is a 3-
lane cross section west of this intersection with one (1) through lane eastbound, one (1) two-
way left-turn lane, and one (1) through lane westbound. East of this location, the M-96
(Michigan Avenue) corridor is two (2) lanes with one (1) eastbound and one (1) westbound
lane. On M-96 (Michigan Avenue), at the Firekeeper’s Casino east entrance, there is a short
right-turn taper that allows vehicles to leave the travel lane to complete their right turn. On the
Firekeeper’s Casino east entrance approach, there is one (1) left-right turn lane. M-96
(Michigan Avenue) is posted 55 MPH.

M-96 (Michigan Avenue) and Ackerson Drive

The intersection of M-96 (Michigan Avenue) at Ackerson Drive is controlled by a STOP sign on
southbound Ackerson Drive. The M-96 (Michigan Avenue) corridor is a 2-lane cross section with
one (1) eastbound and one (1) westbound lane. On M-96 (Michigan Avenue), at Ackerson Drive,
there is a short right-turn taper that allows vehicles to leave the travel lane to complete their
right turn. Ackerson Drive has one (1) left-right turn lane. M-96 (Michigan Avenue) is posted 55
MPH and Ackerson Drive is posted 25 MPH.

M-96 (Michigan Avenue) and Ceresco Road (12 Mile Road)

The intersection of M-96 (Michigan Avenue) at Ceresco Road (12 Mile Road) is controlled by a
STOP sign on northbound Ceresco Road (12 Mile Road). The M-96 (Michigan Avenue) corridor is
a 2-lane cross section with one (1) eastbound and one (1) westbound lane. On M-96 (Michigan
Avenue), at Ceresco Road (12 Mile Road), there is a short right-turn taper that allows vehicles
to leave the travel lane to complete their right turn. Ceresco Road (12 Mile Road) has one (1)
left-right turn lane. M-96 (Michigan Avenue) is posted 55 MPH and Ceresco Road (12 Mile
Road) has an unposted prima facie speed 55 MPH.

M-96 (Michigan Avenue) and 13 Mile Road

The intersection of M-96 (Michigan Avenue) at 13 Mile Road is controlled by STOP signs on
northbound and southbound 13 Mile Road. The M-96 (Michigan Avenue) corridor is a 2-lane
cross section with one (1) eastbound and one (1) westbound lane. On M-96 (Michigan Avenue),
at 13 Mile Road, there is a short right-turn taper that allows vehicles to leave the travel lane to
complete their right turn for both eastbound and westbound traffic. The northbound and
southbound approaches on 13 Mile Road have one (1) left-through-right turn lane. M-96
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(Michigan Avenue) is posted 55 MPH and 13 Mile Road has an unposted prima facie speed 55
MPH.

M-96 (Michigan Avenue) and Eden Street

The intersection of M-96 (Michigan Avenue) at Eden Street is controlled by a STOP sign on
northbound Eden Street. The M-96 (Michigan Avenue) corridor is a 2-lane cross section with
one (1) eastbound and one (1) westbound lane. On M-96 (Michigan Avenue), at Eden Street,
there is a short right-turn taper that allows vehicles to leave the travel lane to complete their
right turn. Eden Street has no pavement markings at the approach and was modeled as a single
left-right turn lane. M-96 (Michigan Avenue) is posted 55 MPH. Eden Street does not have a
posted speed limit but is residential in nature; therefore, a prima facie speed of 25 MPH was
utilized in the modeling. This roadway/intersection will be removed and included in the
proposed Marshall Mega site.

M-96 (Michigan Avenue) and 15 Mile Road North

The intersection of M-96 (Michigan Avenue) at 15 Mile Road North is controlled by STOP signs
on northbound and southbound 15 Mile Road North. The M-96 (Michigan Avenue) corridor is a
2-lane cross section with one (1) eastbound and one (1) westbound lane. On M-96 (Michigan
Avenue), at 15 Mile Road North, there is a right-turn taper that allows vehicles to leave the
travel lane to complete their right turn for both eastbound and westbound traffic. The
northbound and southbound approaches on 15 Mile Road North are unmarked but are wide
enough for a short two (2) lane section which was modeled as one (1) left-through lane and one
(1) right-turn lane. M-96 (Michigan Avenue) is posted 45 MPH. North of M-96 (Michigan
Avenue), 15 Mile Road North is posted 45 MPH. South of M-96 (Michigan Avenue), 15 Mile
Road North continues for 500 feet before it ends at C Drive North. This section of roadway is
unposted, but due to the short length and businesses on both sides of the road, it was modeled
as 25 MPH.

M-96 (Michigan Avenue) and C Drive North

The intersection of M-96 (Michigan Avenue) at C Drive North is controlled by a STOP sign on
northbound C Drive North. The M-96 (Michigan Avenue) corridor transitions to a boulevard
section at C Drive North with two (2) lanes eastbound and two (2) lanes westbound. On
eastbound M-96 (Michigan Avenue), at C Drive North, the travel lane widens so that there are
two (2) receiving lanes on the east end of the intersection; therefore, the eastbound approach
was modeled as two (2) lanes with one (1) through lane and one (1) short right-turn lane. The
westbound approach on M-96 (Michigan Avenue) is marked as one (1) left-turn lane, one (1)
through lane, and one (1) lane is dropping as part of the lane merge. The lane drop was
modeled as occurring just after C Drive North as the roadway width is wide enough for 2
through westbound lanes at the intersection. C Drive North has one (1) left-right turn approach
lane. M-96 (Michigan Avenue) is posted 45 MPH and C Drive North has an unposted prima facie
speed 55 MPH.
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M-96 (Michigan Avenue) and 15 Mile Road South

The intersection of M-96 (Michigan Avenue) at 15 Mile Road South is controlled by a STOP sign
on northbound 15 Mile Road South, as well as STOP control for both directions in the median.
The M-96 (Michigan Avenue) corridor is a boulevard section with two (2) lanes eastbound and
two (2) lanes westbound. On eastbound M-96 (Michigan Avenue), at 15 Mile Road South, there
is a right-turn taper that allows vehicles to leave the travel lane to complete their right turn.
The westbound approach on M-96 (Michigan Avenue) is marked as one (1) left-turn lane and
two (2) through lanes. 15 Mile Road South widens as it approaches M-96 (Michigan Avenue)
which allows for two (2) approach lanes, one (1) through lane and one (1) right-turn lane, which
is how it was modeled. M-96 (Michigan Avenue) is posted 45 MPH and 15 Mile Road South has
an unposted prima facie speed 55 MPH.

M-96 (Michigan Avenue) and the Crossovers West of M-227 (West Road)

There are two (2) crossovers on M-96 (Michigan Avenue) west of M-227 (West Road), and both
are controlled by a YIELD sign. In this area, the M-96 (Michigan Avenue) corridor is a boulevard
section with two (2) lanes eastbound and three (3) lanes westbound. Both crossovers are single
lane. M-96 (Michigan Avenue) is posted 45 MPH.

M-96 (Michigan Avenue) and M-227 (West Road)

The intersection of M-96 (Michigan Avenue) at M-227 (West Road) is controlled by a traffic
signal. On eastbound M-96 (Michigan Avenue), at M-227 (West Road), there are three (3) lanes;
two (2) through lanes and one (1) right-turn lane. The westbound approach on M-96 (Michigan
Avenue) is marked as two (2) through lanes and one (1) through-right turn lane. Northbound M-
227 (West Road) has two (2) approach lanes, one (1) through lane and one (1) through-right-
turn lane. Southbound M-227 (West Road) has two (2) approach lanes, one (1) through lane
and one (1) right-turn lane. The eastbound, westbound, and southbound approaches are
marked that no left turns are allowed. M-96 (Michigan Avenue) is posted 45 MPH and M-227
(West Road) is posted 35 MPH.

M-96 (Michigan Avenue) and the Crossovers East of M-227 (West Road)

There are two (2) crossovers on M-96 (Michigan Avenue) east of M-227 (West Road), and both
are controlled by a YEILD sign. In this area, the M-96 (Michigan Avenue) corridor is a boulevard
section with two (2) lanes eastbound and two (2) lanes westbound. Both crossovers are single

lane. M-96 (Michigan Avenue) is posted 45 MPH.
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3 Existing Conditions

3.1 Existing Crash Analysis

A crash analysis of the study area was performed for a five-year period ranging from January 1,
2016 to December 31, 2020 and is presented in Appendix E. Crashes were obtained from
Michigan Traffic Crash Facts (michigantrafficcrashfacts.org) for the following segments:

e |-94 East from mile marker (MM) 99 to MM 113

e |-94 West from MM 113 to MM 99

e |-69 North from MM 35 to MM 40

e [-69 South from MM 40 to MM 35

e M-96 (Michigan Avenue) from west of Wheatfield Parkway to east of West Drive
e [-94 at M-294 (Beadle Lake Road), Exit 100 Interchange

e 1-94 at M-96/M-311 (11 Mile Road), Exit 104 Interchange

e |-94/1-69 Interchange

e |-94 at Old US-27, Exit 110 Interchange

e [-94 at I-94BL (Partello Rd), Exit 112 Interchange

3.2 Existing Traffic Conditions

An existing conditions analysis was prepared using Synchro 11 and MDOT “Electronic Traffic
Control Device Guidelines” methodology. Data was collected at each of the study intersections.
Given that the sites developed will have one (1) hour of traffic entering and exiting the site
during a peak shift change, a single peak hour for M-96 (Michigan Avenue) was chosen. The
surrounding freeway network also selected the same peak hour. The locations within the study
area were tallied and the highest total volume on the network system occurred from 16:15 PM-
17:15 PM.

The complete Traffic Impact Study and supplemental documentation supporting its
development is presented in Appendix H.

4 Geometric Alternative Development

A No Build model, which is typical with traffic studies, was not completed due to the expedited
way the Mega sites would be developed/constructed/fully implemented and its impacts to the
existing roadway network. A broader approach of capacity identification, interchange
alternative analysis, and traffic modeling was undertaken in conjunction with safety,
environmental impacts, and cost.

A Matrix of the geometric alternatives (Appendix A) was developed, and each alternative was
ranked using a 1 (low) — 3 (high) scale in the supporting criteria. Cursory schematics of the
alternatives were also developed. Alternatives 1-19 were vetted across the criteria presented,
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whereas Alternatives “a-m” all presented a fatal flaw during the vetting process and are
included for reference only.

5 Proposed Conditions

Driven by traffic operational results and environmental constraints a final proposed
configuration of the network was established. This includes the following phased
improvements:

e Diverging Diamond Interchange at I1-69/M-96 (Michigan Avenue)

e 3lane boulevard (3x3) with indirect left turns along M-96 (Michigan Avenue) between
site entry at C Drive and I-69 interchange

e Reroute of M-96 just west of 15 Mile Road (North leg) to accommodate direct access
into the Marshall Mega site for trucks and passenger vehicles

e Direct access off C Drive

e Improvements at adjacent local roadway intersections to handle inbound/outbound
traffic

e Widening of I-69 to 3-lanes between 1-94 and M-96

e System interchange improvements at 1-69 and 1-94 including widening the EB |-94 to SB
I-69; NB 1-69 to EB I-69 and build a fly-over ramp for NB I-69 to WB [-94.

e 2 lane boulevard (2x2) with indirect left turns along M-96 (Michigan Avenue) between
M-311/11 Mile Rd and M-96/Main Entrance to site.

e Pedestrian enhancements along M-96 (Michigan Avenue)

e Diverging Diamond Interchange at 1-94/M-96 (Michigan Avenue)/M-311 (11 Mile Road)

o Combination of 11 Mile Road and M-96 (Michigan Avenue) over |-94

e 3 lane boulevard with indirect left turns along M-96 (Michigan Avenue)/11 Mile Road
between 1-94 interchange and M-96 east leg connection

e Widening of 11 Mile Road (2x2 lanes)

e Widening of 1-94 to 3-lanes (in each direction) between M-311 and I-69 with median
barrier. MDOT is anticipating a subsequent separate future widening to 3-lanes (in each
direction) from Calhoun County Line to M-311 when Sackrider site is developed

e Wheatfield connection to existing truck stop facilities along 11 Mile Road

e Verona at 11 Mile Road: Dual northbound left-turn lane

The proposed configuration of the study area can be found in Appendix F. The following
sections document the proposed improvements in further detail.

5.1 Proposed Freeway Segments (I-94 and 1-69)

1-94 will be reconstructed to accommodate three 12-foot-wide travel lanes with a 12-foot inside
shoulder (including the 4-foot valley gutter) and a 12-foot outside shoulder (10’ paved). The
median will be replaced with an enclosed drainage system and double-faced concrete barrier
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wall between the eastbound and westbound directions. The 2% crown point will be located on
the lane line between the two inside lanes.

1-69 will be widened to include a third travel lane within the median and a 10-foot shoulder (8-
foot paved). The transition areas south of 1-69 at M-96 (Michigan Avenue), Exit 36 and at the I-
94/1-69 interchange will be fully reconstructed. The existing drainage patterns within this
segment will be maintained.

All freeway segments will be designed to meet a design speed of 75 mph. The proposed
pavement section consists of 11-inches of non-reinforced concrete on 16-inches open graded
drainage course with open-graded underdrains throughout. Appendix B presents Final Design
Criteria for freeway segments.

5.2 Proposed Non-Freeway Segments (M-96 and M-311 (11 Mile Road))

M-96 (Michigan Avenue) will be reconstructed to a 4-lane boulevard, include single and double
lane median crossovers throughout the corridor, based on traffic needs. The travel lanes and
median crossover lanes will be 12-foot wide. Curb and gutter will be constructed on the inside
of the boulevard with an 8-foot paved shoulder on the outside. Median crossovers will be
designed per MDOT GEO-670. A 5-foot concrete sidewalk will extend from West Drive easterly
through the 1-69 at M-96 (Michigan Avenue), Exit 36 interchange and terminate at 15 Mile
Road.

The design speed for this segment varies. From M-311 (11 Mile Road) to 15 Mile Road the
design speed is 55 mph, east of 15 Mile Road the design speed is 45 mph. The proposed
pavement section consists of 11-inches of non-reinforced concrete on 16-inches open graded
drainage course, with open-graded underdrains throughout.

M-311 (11 Mile Road) will be realigned and reconstructed to a 4-lane boulevard between F
Drive and the tie in point on M-96 approximately 2,000 feet northwest of 1-94. The segment
includes single lane median crossovers throughout, as well as direct turning access to the
proposed M-96. The travel lanes and median crossover lanes will be 12-foot wide. Curb and
gutter will be constructed on the inside of the boulevard with an 8-foot paved shoulder on the
outside. Median crossovers will be designed per MDOT GEO-670.

The design speed for this segment is 55 mph, except for the first curve north of the
interchange, this curve will have a design speed of 30 mph to limit impacts to the surrounding
properties. The proposed pavement section consists of 11-inches of non-reinforced concrete on
16-inches open-graded drainage course with open-graded underdrains throughout.

Two lane roadways will be constructed to maintain access to the existing network on M-311 (11
Mile Road) both north and south of 1-94. Appendix B presents Final Design Criteria for non-
freeway segments.
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5.3 Proposed Interchanges

The 1-94/1-69 interchange will be modified to include a two-lane ramp from eastbound 1-94 to
southbound 1-69, both lanes will be 12-foot-wide with and 8-foot outside shoulder (7-foot
paved) and 6-foot inside shoulder (4-foot paved). The northbound 1-69 to westbound 1-94 loop
ramp will be eliminated and replaced with a two-lane flyover ramp between the northbound I-
69 to eastbound I-94 ramp and the southbound I-69 to westbound 1-94 ramp. Both lanes for
this ramp will be 12-foot wide with an 8-foot outside shoulder and 6-foot inside shoulder; new
bridge structures will be constructed over I-94 and 1-69 to accommodate this ramp. Portions of
the northbound and westbound collector-distributor roads will be removed where they are no
longer needed. The remaining interchange ramps will remain however may be relocated to
provide optimal geometrics.

The 1-94 at M-96/M-311 (11 Mile Road), Exit 104 interchange will be reconstructed between
the two existing structures for M-96 and M-311 (11 Mile Road) over I-94 as a diverging diamond
interchange. The existing structures will be demolished allowing for the construction of two-
lane exit ramps and single lane entrance ramps for each bound. Single lane ramps will be 16-
foot wide, while two lane ramps will have 12-foot-wide lanes, shoulder widths will be 8-foot
outside shoulder (7-foot paved) and 6-foot inside shoulder (4-foot paved). Three 12-foot lanes
will cross through the interchange in each direction with curb and gutter on both sides. Two
new structures will be constructed to carry the interchange over I-94. The structures must
extend north of the Dickson Creek to prevent impacts. Culverts beneath the ramps servicing
westbound 1-94 will be constructed with culverts to accommodate the Dickinson Creek, the
culvert lengths will be minimized to prevent unnecessary enclosure of the Creek.

The I-69 at M-96 (Michigan Avenue), Exit 36 interchange will be modified to a diverging
diamond interchange. The ramps along southbound I-69 will be realigned closer to the
interstate to accommodate boulevard median crossovers to the west of the interchange.
Ramps will be reconstructed to allow two lane ramps north of M-96 (Michigan Avenue) and
single lane ramps to the south. Single lane ramps will be 16-foot-wide, while two lane ramps
will have 12-foot-wide lanes, shoulder widths will be 8-foot outside shoulder (7-foot paved) and
6-foot inside shoulder (4-foot paved). Two 12-foot lanes will cross through the interchange in
each direction, with an additional auxiliary lane between the ramp terminals; curb and gutter
will be present on both sides of the road. The existing structures over 1-69 will be widened to
accommodate the additional travel lane and shoulder widths of the interchange. The existing
park-n-ride lot in the southwest quadrant will be removed, while the Marshall TSC, located in
the southeast quadrant will be retained with a modified driveway location.

The proposed section for all interchange pavement consists of 11-inches of non-reinforced
concrete on 16-inches open graded drainage course with open-graded underdrains throughout.

See Appendix F for existing and proposed cross sections.
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6 Other Safety Improvements

Due to the nature of crashes as inherently random, a guarantee of collision free access is
impossible anywhere. However, there are a number of proven strategies and designs to reduce
the likelihood of crashes overall as well as the severity of those crashes that do occur. The
proposed infrastructure improvements focus on providing a roadway network that promotes
safety and mobility using a boulevard section with indirect lefts, diverging diamond
interchanges, and additional safety enhancements along the surrounding local road network.

Boulevard sections, an example of which is shown in Error! Reference source not found.
promote safety by physically separating the two opposing directions of traffic, limiting full
access points, and encouraging access management along the route. One of the most common
crash types on the existing facility is head on. By providing a separated boulevard section, these
crashes will be prevented. The boulevard section also reduces the number of left-turn conflicts
that will occur as left turns will be in the form of indirect lefts. Indirect lefts require vehicles to
make a right turn and then, at a point further up the road, make a U-turn or, make a U-turn
followed by a left turn to execute the original left-turn maneuver. By utilizing the boulevard
section with indirect left turns, the area can expect to see fewer and less severe crashes.

Figure 6-1: Boulevard Section of M-96
In addition to the boulevard section, upgrades to existing key intersections are planned:

e 15 Mile Road at Verona Road, the intersection is being expanded to include an
eastbound right-turn lane. Turn lanes help to remove slower traffic from the main flow
of traffic and remove potential rear-end crashes as well as facilitate operations.

e 11 Mile Road at Verona Road, add northbound dual lefts onto westbound Verona Road.
This will reduce queues and potential rear-end crashes on 11 Mile Road.

Both interchanges along M-96 (1-69 and 1-94) will be reconstructed to Diverging Diamond
Interchanges (DDI). By changing the interchange type, the number of conflict points, or points
where two vehicles have the potential to collide, are reduced. Table 6-1 compares the number
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of conflict points of a typical signalized intersection, traditional diamond interchange and
diverging diamond interchange.

Table 6-1: Conflict Points within Interchanges

Facility Conflict Points

Signalized 32
Intersection

Diamond 18
Interchange

Diverging 14
Diamond

Interchange (DDI)

At the interchange of 1-94 at M-96 (Michigan Avenue)/M-311/11 Mile Road, the existing
interchange ramp terminals each have 32 conflict points due to the parclo configuration. With
the new DDI configuration, the points where vehicles can collide is reduced to 14 total for the
interchange. At the interchange of 1-69 at M-96 (Michigan Avenue) the existing interchange has
a total of 18 conflict points. This is reduced to 14 with the reconfiguration as a DDI. An
additional safety benefit of the DDI is that it lowers speeds, which could reduce the severity and
number of crashes.

Additional safety enhancements recommended for the corridor include upgrading the signals to
box-span style signal heads with continuous lighting, centerline striping, edge line striping,
lowering the existing speed limit, rumble strips, addition of two-foot shoulders, and safety
edge. The upgrades to signals with reflectorized backplates help to decrease the number of
crashes by calling attention to the signal. Centerline and edge line striping on the nearby local
roads will provide added guidance to traffic on where they should be driving. This is particularly
important on 15 Mile Road, where it is currently marked as a 45 MPH road and does not have
shoulders, edge line or centerline striping.

Safety includes more than just engineering, a key component of safety is the golden hour,
which is the hour that begins when a crash occurs to when medical services arrive on site. If
that time is within an hour, the likelihood of the injured party surviving increases. The site is
located within an hour of at least three hospitals with emergency services, with one being a
regional hospital and the other two being within 30 minutes of the site.

On the interstate system, recommendations for upgrades to the system-to-system interchanges
will provide a smoother flow of traffic while also increasing safety and redundancy. At the I-
94/1-69 system interchange the northbound to westbound ramp will be two lanes wide and
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changed from a loop ramp to a flyover. This removes a weaving area and provides a larger
curve which is easier to navigate. Also at this interchange, the eastbound 1-94 to southbound I-
69 ramp will be widened to two lanes, providing both redundancy as well as allowing for an
auxiliary lane from this interchange to the I-69 at M-96 (Michigan Avenue) interchange. This
configuration results in lower weaving maneuvers and, according to NCHRP Report 687, 20%
fewer crashes can be expected compared with traditional acceleration lanes. Similarly, between
the 1-69 at M-96 (Michigan Avenue) interchange and 1-94 at 1-69 northbound interchange there
will be an auxiliary lane that will reduce the weaving maneuver. On 1-94, the interstate will
eventually be widened to a 6-lane interstate with a median barrier (of any type). According to
FHWA, median barriers on rural freeways reduce 97% of cross-median crashes.

7 Drainage

The existing M-96(Michigan Avenue) roadway is primarily a 2-lane rural section with 3-foot
shoulders along most of its length. As Michigan Avenue approaches I-69 at the east end of the
project, the roadway transitions to a divided four-lane rural boulevard section. Near the west
limits between 11 Mile Road and Ackerson Drive, the roadway transitions to a partial urban
section with two eastbound lanes and a median-turn lane to accommodate traffic near
Firekeepers Casino.

Throughout the corridor, existing ditches are very shallow and appear to have filled in since the
original construction of the roadway. It is anticipated that several driveway culverts have also
been buried as a result.

The project limits are within three major subwatersheds. The area from the west limits to
Sackrider Farms, east of Ackerson Drive, drains to Dickinson Creek. From Sackrider Farms to 15
Mile Road it drains to Pigeon Creek, and to the east limits drains to Bear Creek. See Appendix G.1
for the Drainage Overview Map.

Where available, drainage information was compiled from existing plans and as-builts. Culverts
were surveyed at the following major drainage crossings:

e Dickinson Creek at Michigan Avenue

e Dickinson Creek at 11 Mile Road

e Dickinson Creek at 11 Mile Road to I-94 WB Loop
e Dickinson Creek at I1-94 WB to 11 Mile Road Ramp
e Pigeon Creek at Michigan Avenue

e Pigeon Creek at 13 Mile Road

e Bear Creek at Michigan Avenue

For the Bear Creek crossing at M-96 (Michigan Avenue), the existing design was found to be
adequate. The culvert passes both the 50 and 100-year storms while maintaining freeboard, and
the outlet velocities for the 50-year storm are less than 6 feet/second. The Pigeon Creek crossing
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at M-96 (Michigan Avenue) provided adequate freeboard for the 50 and 100-year storms but
failed to provide adequate capacity. The Pigeon Creek crossing at 13 Mile Road did not meet both
capacity and freeboard requirements. For both culverts, outlet velocities during the 50-year
storm were greater than 6 feet/second. Along Dickinson Creek, all four culverts failed to provide
adequate freeboard during the 50-year design storm, with all but the crossing at M-96 exceeding
the shoulder elevation during the design event, and all culverts impacting the roadway during
the 100-year event. Additionally, outlet velocities exceeded 6 feet/second at all but one location
during the 50-year storm. Results from the existing conditions analysis are summarized in Table
7-1.

Table 7-1: Existing Culvert Result Summary

50-Year Check 100-Year
. Check
Location SIS Length Headwater
(inch) (ft) Pressure Velocity Velocity
1.5-ft from Flow (fps) (fps)
Shoulder? P P
Dickinson Creek at M-96 84 254.4 NO YES 9.3 10.69
Dickinson Creek at 11 84 154.6 NO YES 6.76 5.05
Mile Road
2 ST (EEE G e, 84 106.9 NO YES 6.33 5.67
WB Loop Ramp
Dickinson Creek at I-94 84 103.4 NO YES 5.92 5.62
WB Ramp
Pigeon Creek at M-96 84X60 131.7 YES YES 10.14 12.13
Pigeon Creek at 13 Mile | . 55.4 NO YES 13.99 | 14.27
Road
Bear Creek at M-96 144X60 | 163.31 YES NO 9.3 10.1

To provide a more accurate cost estimate for improvements at these locations, proposed culverts
were sized at these locations. Lengths were estimated based on the increased width of the
proposed section, and all culverts were assumed to have a 2-foot embedment below the flow
line to provide a natural flow surface.

At Bear Creek, the existing size provides adequate design for both capacity and outlet velocities.
Accounting for a 2-foot embedment, the proposed size was increased to 12-foot x 7-foot. At
Pigeon Creek, both existing culvert sizes failed to provide sufficient capacity to not cause impacts
to the roadway. Additionally, excessive outlet velocities during the design event may pose an
erosion concern. Hence, the crossing at M-96 was increased to 12-foot x 8-foot with a 2-foot
embedment. No improvements were made to the culvert at 13 Mile Road along Pigeon Creek as
it will most likely fall beyond the project area. At Dickinson Creek, due to the change in the
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alignment of the proposed roadway corridor, the number of culvert crossings was reduced from
four to two. To meet headwater and outlet velocity design requirements recommended sizes
were increased to 12-foot x 8-foot with a 2-foot embedment for both locations. Culvert
performance for these proposed sizes is summarized in Table 7-2.

Table 7-2: Proposed Culvert Result Summary

100-
50-Year Check Year
Length Check

Location
(ft) Headwater

1.5-ft from
Shoulder?

Pressure Velocity Velocity
Flow (fps) (fps)

Dickinson Creek at 1-94
WB Merging Ramp 144X96 46.0 YES NO 5.09 6.22

Dickinson Creek at I-94
WB off Ramp 144X96 87.0 YES NO 4.94 5.73
Pigeon Creek at M-96 144X96 | 173.0 YES NO 6.14 7.26
Bear Creek at M-96 144x84 205.0 YES NO 4.15 5.09

The project also has the potential to greatly increase the impervious area from expanding the
roadway infrastructure in each of the three subwatersheds noted earlier. Sizing of the
detention facilities was completed by computing the total additional impervious area that will
be added to each of the subwatersheds. The detention was sized to detail any increase in
stormwater discharge over the existing condition for the 100-year/24-hour event. Approximate
sizes are provided in Table 7-3 and an exhibit showing the size and potential location of the
detention facilities is provided in Appendix G.1.

Table 7-3: Detention Summary Table

REQUIRED FLOW | REQUIRED AREA

DI:XE’:IJ.II_?(N STATIONING TO BE DETAINED | OF DETENTION
Q100 (cfs) FACILITY (AC)
Dickinson I-94 Ramp B Sta 6+00 to 10+00 25.32 1.02
Creek
Pigeon Creek M-96 Sta 180+00 to 183+00 9.37 0.37
Bear Creek I-69 Ramp B Sta 64+00 to 70+00 43.84 1.63

A full summary of the drainage design assumptions is provided in Appendix G.1 in the Drainage
Technical Memao.
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8 Environmental Issues

A preliminary environmental review was completed for M-96’s project area and initial
coordination with EGLE (Environment, Great Lakes, and Energy), the primary environmental
permitting agency for Michigan was conducted. The team performed these initial reviews of the
following items to identify any overarching concerns should the project area be developed.

e Wetlands and Inland Lakes & Streams

e Threatened and Endangered Species

e Noise Assessment

e Desktop State Historic Preservation Office (SHPO)/Archaeological Review

At one point, adding a new interchange at 1-94 and 13 Mile Road was being evaluated to
determine the feasibility for infrastructure improvements for the development. 13 Mile Road
has prevalent wetlands and the Pigeon Creek stream crossing. Initial coordination with EGLE
noted that Dickinson Creek at 11 Mile Road and 1-94 is a high-quality cold-water stream. They
asked the team to evaluate the environmental impact differences between 11 Mile Road and
13 Mile Road at 1-94.

The preliminary design of the 11 Mile Road interchange took into consideration options that
would reduce impacts to Dickinson Creek. EGLE reviewed the preferred design alternative at 11
Mile Road and noted that stream mitigation will be likely at 11 Mile Road but overall would
have fewer resource impacts at 11 Mile Road in comparison to 13 Mile Road, should an
interchange and roadway widening be developed there.

It is recommended that the next study phase include further evaluation of Dickinson Creek to
identify the potential stream mitigation measures and continue coordination with EGLE to
make sure the proposed interchange improvements will address EGLE’s concerns minimizing
environmental impacts.

See Appendix G.1, G.2, G.3. and G.4 for the:

e Drainage Technical Memo

e Michigan Avenue Cultural Resources Red Flag report

e Wetland Technical Memo

e M-96 Scoping — Summary of Potential Environmental Impacts for Future Permitting

9 Right-of-Way Needs
The existing right-of-way varies throughout the project.

Permanent right-of-way will need to be acquired to accommodate the new 1-94 at M-96/M-311
(11 Mile Road), Exit 104 interchange, including:
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The agricultural field in the northwest quadrant of the interchange and behind the Pilot
Travel Center.

The abandoned property in the southwest quadrant of the interchange and behind the
existing Citgo gas station.

Permanent right-of-way along M-96 (Michigan Avenue) is located on the south side of the
roadway and will be included in the property acquisition for the proposed development.
Additional properties that will be impacted include:

Residential properties south of M-96 (Michigan Avenue) near 15 Mile Road
Imperial Motel (14978 W. Michigan Avenue)

Tire City Tire Pros & Auto Repair (13550 Myron Avery Drive)

DIY Equipment Rental and Storage (15100 W Michigan Avenue)

Calhoun County Farm Bureau (15151 C Drive N)

Highway Horticulture (15325 W. Michigan Avenue)

Arbor Inn of Historic Marshall (15435 W. Michigan Avenue)

Additional Consents to Grade may be needed throughout out the project based on the detail

design.

10 Detail Cost Summary

The total cost of the project construction (including Preliminary Engineering (PE) & Construction
Engineering (CE) costs) in 2023 dollars is approximately $253,500,000. This cost includes the
immediate construction needs for the proposed development that are the responsibility of the
Michigan Department of Transportation. In Table 10.1, Tasks 1E and 5A will be necessary as the
entire development is built out, which would bring the project construction cost to
$387,000,000.

Detailed cost estimates for each task can be seen in Appendix C. A breakdown of anticipated
design hours is presented in Appendix D.
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Table 10-1: Design Cost by Phase & Construction Phasing

Design Phasing - Marshall, Michigan Site

Number | Design Stage Description Approximate Cost
A Consultant Authorization S0
B NEPA Environmental Assessment $1.5M
C Survey and Preliminary Design S 1.5M
Project Design D Secure D/B & Award S0
E Project Design $30.0M
F Ring Road Design S 4.5M
G Property Acquisition N/A
H Construction Engineering $31.0M
| Ring Road Construction Engineering $5.0M
Estimated Engineering Phase Total $ 64.0M
Estimated Engineering Including Ring Road  § 73.5M

Construction Phasing - Marshall, Michigan Site

Construction
Segment

Number

Construction Stage Description

Description of Necessary
Improvements

Approximate
Cost

1 (Michigan
Ave Extension
& 1-69 DDI)

Site Preparation for access during
construction

Add temporary signal at SB I-69
to WB M-96 and at site entrance
at M-96 and first Entrance Drive.
Construct by-pass lane for WB M-
96. Recommend that MDOT
procure separately through as-
needed contracts.

$1.0M

Build out M-96 to newly realigned
boulevard from 15 Mile Road west to
Marshall Mega Main Entrance. Build new
M-96 connection.

Build boulevard along the existing
C Drive North to route full traffic
to final built condition. Work
includes the 15 Mile Road
intersection and the new
connection of M-96 into the
boulevard north to the existing
M-96 alignment.

$15.0M

Widen existing M-96 bridges for DDI

Widen existing bridges through
winter in anticipation of spring
interchange construction.

$11.0M
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Build DDI at M-96 and 1-69 and complete

Complete the interchange
upgrade to a diverging diamond
interchange to accommodate full

” boulevard to 15 Mile Road traffic in final built condition. $16.0M
Complete the 2 by 2 boulevard
Build ring road around Marshall Mega section around the Marshall
E Site Mega Site (approx 3.5 miles) $ 38.0M
Widen I-69 to 3-lanes to
accommodate the interchange
Widen 1I-69 to 3-lanes between [-94 and work at 1-94 and the M-96 DDI for
A M-96. the additional traffic. $12.0M
Widen the EB 1-94 to SB I-69; NB
2(1-69 & 1-94 Widen three slip ramps at the I-69 and I- | 1-69 to EB I-69; and SB I-69 to WB
Widening and B 94 interchange. 1-94 ramps. S 8.0M
1-69/1-94 Build a fly-over ramp for NB I-69
Interchange) Build fly-over ramp for NB -69 to WB |- to WB I-94, includes curved steel
94 bridge elements. $19.0M
Widen 1-94 to 3-lanes to
accommodate traffic volumes
Widen 1-94 to 3-lanes between M-311 along the 1-94 corridor for
and 1-69 developments. S 68.0M
Construct EB M-96 into a 2-lane
boulevard between M-311 and
Build EB M-96 into a boulevard section the new M-96/Marshall Mega
3 (Michigan from M-96/Marshall Mega Main Main Entrance. Build at the same
Avenue Entrance to Firekeepers Casino time as 1-94 work. $19.0M
Widening) Rehabilitate WB M-96 into a
Rehabilitate WB M-96 into a boulevard boulevard between M-311 and
section from M-96/Marshall Mega Main the new M-96/Marshall Mega
Entrance to Firekeepers Casino Main Entrance. $22.0M
Build new interchange bridges
offline allowing for traffic to
A Build DDI bridges offline continue in existing pattern. $23.0M
Build southern half of
interchange, allow for existing
traffic to be maintained on
B Build southern half of DDI interchange existing 11 Mile roadway. $16.5M
4(M-311/1-94 Build northern half of
Improvements) interchange, closing the existing
roadways and completing the
Build northern half of DDI interchange geometric upgrades. $17.0M
Build out local roadways and
connections at M-96 to the east
of 11 Mile Road, FDr N, H Dr N
and M-311. Will most likely
Widen out local roads at 11 Mile and 1-94 | happen with DDI interchange
D to accommodate DDI and S2 traffic construction. S 6.0M
5 (Complete Widen 1-94 to 3-lanes between I-194 and | Widen I-94 to 3-lanes to
regional work) M-311 DDI. accommodate traffic volumes S 95.5M
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along the 1-94 corridor and
developments.

Estimated Construction Total Excluding Ring Road and Regional Work  $ 253.5M

Estimated Construction Total Including Ring Road and Regional Work  $ 387.0M
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Appendix A: Geometric Element Report and Recommendations



400 Renaissance Center | 17199 N. Laurel Park Drive
CG Suite 2600 Suite 204
O puerSARTY Detroit, MI 48243 Livonia, MI 48152

Re: Appendix A

Appendix A summarizes the geometric interchange options for the two interchanges in the vicinity of
the Marshall Mega Site:

e 1-69 and M-96 (Michigan Avenue) interchange
e [-94 and M-96 (Michigan Avenue)/M-311 (11 Mile Rd) interchange

Alternatives 1-19 were vetted across the criteria including traffic operations, safety, environmental
impacts, single crossing over 1-94 (if applicable, and construction costs. each alternative was ranked
using a 1 (low) — 3 (high) scale in the supporting criteria. Cursory schematics of the alternatives were
also developed. Alternatives “a-m” all presented a fatal flaw during the vetting process and are included
for reference only.

People Centric | Client Focused | Community Minded Email: info@itsc2g.com
Website: www.itsc2g.com



Ranking

Alternative . . L. Traffic . Single Crossing (location) .
Alternative Name Interchange Location Description X Safety Environmental Impacts Construction Cost Remarks
Number Operations Over 1-94
Remove direct through and left-turn e Cannot accommodate heavy movements (I-69 SB off / NB on ramp)
I-69 and M-96 (Michigan |movement at ramp terminals, modify ¢ Heavy right-turn traffic induces queue spillback on the M-96
1 Parclo o . 1 1 1 N/A 1 .
Avenue) existing conditions, and add dual loop mainline
ramps from M-96 to I-69. e Safety concerns with Parclo
I-69 and M-96 (Michigan
2 SPUI Avenut(e) & Redesign of the existing infrastructure 2 1 1 N/A 3 ¢ Require more than 3 left-turn/right-turn lanes.
Double-I dabouts with right-t
I-69 and M-96 (Michigan ouble-iane roundabouts wi r-|g urn ¢ Capacity analysis shows dual lane roundabouts fail due to heavy
3 Roundabouts bypass lanes at both ramp terminal 1 2 1 N/A 2 o
Avenue) . conflicting movements.
locations.
On the boul d, eliminated th
Signalize Interchange I-69 and M-96 (Michigan n the boulevard, € |.m|na © ru ¢ Near capacity at M1+S1 scenario
4 movements at: 15 Mile S, 1-69 NB Ramp, I- 1 1 1 N/A 2 . . .
Ramps Avenue) ¢ Not a viable long-term solution for future alternatives
69 SB Ramp
Utili lot of existing infrastructure;
I-69 and M-96 (Michigan L e e s l,jre I e Accommodates heavy movements (I-69 SB off / NB on ramp)
5 DDI need an extra lane on the north bridge for 3 3 1 N/A 3 . .
Avenue) ¢ Eliminates more than 3 left-turn lane requirements.
EB to NB movement
Wide Diamond with Five 1-94 and 11 Mile/M-96 Modify the existing roadway geometry . L
6 . . ] 1 1 3 No 2 ¢ Roundabouts fail due to heavy conflicting movements
(5) Roundabouts (Michigan Avenue) configurations
7 DD 1-94 and M-96 (Michigan |[Remove the loop ramps and modify the 1 3 5 No 5 ¢ Does not solve the capacity issue along 11-Mile Rd
Avenue) existing roadway geometry configurations ¢ Might require twin structures to accommodate geometrics
. Remove the loop ramps and modify the e Very ti.ghtly spaced. So, queuing could cause issues in future
8 DDI 1-94 and 11 Mile Rd L . . 1 3 2 No 2 alternatives.
existing roadway geometry configurations . . . .
e Might require twin structures to accommodate geometrics
e Serves heavy volumes to both north and south
. Remove the loop ramps and modify the e Gas station driveway on 11 Mile may need to be closed (or right in
9 SPUI 1-94 and 11 Mile Rd . . . 2 1 2 No 2 .
existing roadway geometry configurations only), and the signal would be removed.
* Need more than 2 left-turn lanes for future alternatives.
Remove the 10ob ramps. modify the ¢ Cannot accommodate heavy movements (I-94 EB/WB on & off
Wide Diamond —with 1-94 and 11 Mile/M-96 . P p., . v ramp) for future alternatives
10 . . interchange and the existing roadway 1 1 3 No 1 ) . .
signals (Michigan Avenue) ) . ¢ Would require both Michigan Ave and 11 Mile structures to be
geometry configurations .
replaced/improved
Wide Di d —with I-94 and M-96 (Michi
11 1ae |e.1mon W an (Michigan Remove 11 Mile Rd over [-94 2 1 3 Yes 1 ¢ Need more than 2 left-turn/right-turn lanes for future alternatives.
signals Avenue)
Wide Diamond —with . Remove both 11 Mile Rd and Michigan . .
12 . 1-94 and New 11 Mile Rd . . 2 1 2 Yes 2 ¢ Need more than 2 left-turn/right-turn lanes for future alternatives.
signals Avenue over 1-94. Realign 11-Mile Rd
¢ Two lane Roundabouts fail due to heavy conflicting movements for
13 Roundabouts 1-94 and New 11 Mile Rd Remove both 11 Mile Rd and Michigan 1 5 5 Yes 5 future alternatives.
Avenue over 1-94. Realign 11-Mile Rd ¢ Might require 3 lanes roundabouts for future alternatives, which
are not recommended by MDOT.
. Remove both 11 Mile Rd and Michigan . .
14 SPUI 1-94 and New 11 Mile Rd . . 2 1 2 Yes 3 ¢ Need more than 2 left-turn/right-turn lanes for future alternatives.
Avenue over 1-94. Realign 11-Mile Rd
R both 11 Mile Rd and Michi
15 DDI I-94 and New 11 Mile Rd emove bo e . an ,IC . 3 3 2 Yes 3 * Need 4 thru lanes (SB-11 Mile Rd) over 1-94 for future alternatives.
Avenue over [-94. Realign 11-Mile Rd
Remove 11-Mile Rd and M-96, realign 11-
16 MDOQOT - DDI [-94 and New 11 Mile Rd  [Mile Rd further west from the cemetery 3 3 2 Yes 3 * Need 4 thru lanes (SB-11 Mile Rd) over |-94 for future alternatives.
and add boulevard with DDI




Ranking

Alternative . . L. Traffic . Single Crossing (location) .
Alternative Name Interchange Location Description . Safety Environmental Impacts Construction Cost Remarks
Number Operations Over 1-94
Remove 11-Mile Rd and M-96, realign 11- * Traffic operations are similar to Alternative 16. The only difference
17 MDOT - DDI I-94 and New 11 Mile Rd  [Mile Rd further east from the cemetery 3 3 2 Yes 3 . . o . ' y
. is the geometric alignment of 11-Mile Rd.
and add boulevard with DDI
Remove 11-Mile Rd and M-96, realign 11- e Traffic operations are similar to Alternative 16. The only difference
18 MDOT (DDI-2) [-94 and New 11 Mile Rd  |Mile Rd & M-96 and add boulevard with 3 3 2 Yes 3 . P L . ’ 4
DD is the geometric alignment of 11-Mile Rd.
Remove 11-Mile Rd, M-96, and Wheatfield
19 MDOT (DDI-4) I-94 and New M-96 Pkwy, realign M-96 and add boulevard 2 2 2 Yes 3 ¢ Need more than 2 left-turn lanes for future alternatives.
with DDI
Other
Concepts
Wide Diamond —with . Similar to Alternative 11 but with direct
a . 11-Mile Rd/M-96 & I-94 ) 3 Yes 1 . .
signals connection from WB 1-94 to M-96 e Need more than 2 left-turn/right-turn lanes for future alternatives.
¢ Two signals (11-Mile Rd/Michigan Avenue and 1-94 EB off-
Wide Di d —with Similar to Alt tive 11, but with 11 Mil ramp/Michigan Avenue) are very tightly spaced. Due to the heav
b ide |?i|mon Wi 11-Mile Rd/M-96 & 1-94 imilar to ernative ut wi ile 3 Yes 1 P/ g ) ' yug ' y sp ' _ Y
signals cutoff turning movements at both intersections, queuing could cause issues
in future alternatives.
¢ Need more than 2 left-turn/right-turn lanes for future alternatives.
L . Traffic circle with traffic signal, realign 11 » Traffic circle fails due to heavy conflicting movements
c Traffic circle 11-Mile Rd/M-96 & 1-94 . 2 Yes 3 . . . .
Mile ¢ Might require twin structures to accommodate geometrics
d Traffic circle 11-Mile Rd/M-96 & 1-94 Traffic circle with traffic. signal, limit 5 Yes 3 . Trfalffic circlt.e fails.due to heavy conflicting movements .
movements from 11 Mile to M-96 ¢ Might require twin structures to accommodate geometrics
L . Similar to alternative c, but with more » Traffic circle fails due to heavy conflicting movements
e Traffic circle 11-Mile Rd/M-96 & 1-94 . . 2 Yes 3 . . . .
capacity on north leg of 11 Mile e Might require twin structures to accommodate geometrics
¢ Wide Di?mond —with 11-Mile Rd/M-96 & 1-94 .I\/Iichigan. left-turn at all interchange 3 No 1 ° Cannot accommodate heavy left turni.ng. movements which will
signals intersections induce queue spillback on the M-96 mainline
Wide Diamond —with . Similar to alternative f, but with additional e Cannot accommodate heavy left turning movements which will
g . 11-Mile Rd/M-96 & I-94 . 3 Yes 1 . . o
signals capacity induce queue spillback on the M-96 mainline
. Maintain 11 Mile interchange and add M- e MDOT pre.fers to remove existing loop ramps and doesn’t want any
h PVP1 11-Mile Rd/M-96 & 1-94 . 3 No 1 loop ramps in the future.
96 with CD Road . . . .
e Might require twin structures to accommodate geometrics
. . Remove 11 Mile interchange, add M-96 e MDOT prefers to remove existing loop ramps and doesn’t want any
i PVP2 11-Mile Rd/M-96 & 1-94 | 3 Yes 1 .
interchange loop ramps in the future.
¢ Need more than 2 left-turn/right-turn lanes for future alternatives.
Similar to MDOT alternative, but with
j PVP3 11-Mile Rd/M-96 & I-94  |Wheatfield Drive being the stem of the T- 3 Yes 2 ¢ Need more than 2 left-turn/right-turn lanes for future alternatives.
intersection
Remove 11 Mile interchange, add M-96 ¢ Cannot accommodate heavy left turning movements at T
k MDOT 11-Mile Rd/M-96 & 1-94  |interchange with T-intersection at 2 Yes 2 , , s ;
. . intersection (New M-96/Wheatfield Pkwy)
Wheatfield Drive
MB - 11-Mile . Redesign 11 Mile-Rd interchange with a big e Traffic circle fails due to heavy conflicting movements
| . 11-Mile Rd/M-96 & 1-94 . 2 Yes 3 . . . .
Interchange Option-1a Traffic circle ¢ Might require twin structures to accommodate geometrics
MB - 11-Mile . -
. . . ¢ Roundabouts fail due to heavy conflicting movements
m Interchange 11-Mile Rd/M-96 & I-94 Adding roundabouts along 11-Mile Rd 2 No 2 i L > .
. ¢ Roundabout will not fit within ROW at Michigan/11 Mile
Option2_peanut
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Appendix B: Final Design Criteria



Michael Baker International
835 Mason Street, Suite A290, Dearborn, MI 48124  Phone: 313.203.4400 Fax: 313.203.4401
Project: Marshall Megasite Traffic Study
Location:Marshall, Calhoun County, Ml
Type of Work: Full Reconstruction

MDOT Job Number:

Baker Job Number: 190215

Prepared By: Shelby Wojno

Checked By: Jeremy Curtis

Date Prepared: 07/07/2022
Date Checked: 07/12/2022

Michael Baker

INTERNATIONAL

Roadway Design Criteria for Marshall Megasite Traffic Study

Design Criteria Reference Materials I-94 Mainline I-69 Mainline Reconstruct Ramps

General

Design Guideline Designation RDM 4R 4R 4R

NHS/non-NHS N/A NHS NHS NHS

Design Units NAVD88 MI SIF English English English

Roadway Classification AASHTO pgs 1.3.4, RDM 3.09 Non-Interstate Freeway Non-Interstate Freeway Non-Interstate Freeway Ramps

Design Speed AASHTO 8.2.1, RDM 3.06, 12.01, Appendix 3A, R107H 70 mph 70 mph Posted + 5mph (30 mph to 55 mph)

Posted Speed Field verified existing information 70 mph 70 mph Varies

Peak Cars per Hour Existing/Proposed

Total ADT for Year 2021 MDOT AADT Map 51,232 20,563 Varies by Ramp

Typical Section

Pavement Design MDOT Provided MDOT Provided MDOT Provided MDOT Provided

Crown RDM 6.09, AASHTO 4.9.1 pg 358 2% 2% 2%

Crown Location RDM 6.09.01, AASHTO pgs 4.2.2 pgs 332-333 One lane in from the outside (3-lane); Center (4-lane) One lane in from the outside (3-lane); Center (4-lane) N/A

PGL Location AASHTO 3.5.3 pgs 312-317 Inside Edge of Pavement Inside Edge of Pavement Outside Edge of Pavement

Total Number of Lanes Field Information/Survey 4 t0 6 Lanes 4 t0 6 Lanes 110 2 Lanes

Point of Rotation for Superelevation RDM 3.04.01 Crown Point Crown Point PGL

Curb Type RDM Chptr 6, STD Plan R-30, AASHTO pgs 4.7.2 Valley Gutter Valley Gutter D Curb

Lane Width RDM Appendix 3A, AASHTO pgs 311, 425, 433, 448, 455, 472, 504 12 ft 12 ft 12 ft or 16 ft

Parking Lane Width AASHTO 4.20 pgs 403-405 N/A N/A N/A

Bike Lane Width RDM 12.12.09 E, AASHTO 7.3.9 pgs 507-508 N/A N/A N/A

Shoulder Widths RDM Appendix 3A, AASHTO 3-106, 4.4, 7.5, pgs 100, 139, 250, 8' (4' paved) inside / 11' (10" paved) outside 8' (4' paved) inside / 11" (10" paved) outside 6' (4' paved) inside / 8' (7'paved) outside
253, 342-344, 471

Shoulder Slope RDM Appendix 3A, AASHTO 4.4.1,5.2.2, pgs 339-341, 359-360, 4% 4% 4%

Maximum Rollover STD Plan R-107, AASHTO 4.9.2, 9.6.6 pgs 359, 691-692

6%

6%

6%

STD Plan R107, RDM 3.04.03, AASHTO0 3.3.3, 3.3.5,3.3.7,9.6.6
pgs 177-178, 190-199, 204-205, 684-685

Maximum Superelevation

7%

7%

7%

Clear Zone (1:6 Fill Slope) RDM 7.01.10, 7.01.11 C, AASHTO 2.8.1, 3.6.4, 3.6.5, 4.6.1, 5.2.4, 30'to 34' 30"to 34' 12" to 14' (<40 mph) / 20" to 22' (55 mph)
pgs 139-140, 322-323, 325, 346-347, 417-418 See RDM for other slope conditions See RDM for other slope conditions See RDM for other slope conditions
Clear Zone (1:6 Cut Slope) RDM 7.01.10, 7.01.11 C, AASHTO 2.8.1, 3.6.4, 3.6.5, 4.6.1, 5.2.4, 28'-30' 28'- 30" 14" to 16 (<40 mph) / 20" to 22' (55 mph)

pgs 139-140, 322-323, 325, 346-347, 417-418

See RDM for other slope conditions

See RDM for other slope conditions

See RDM for other slope conditions

Vertical Alignment

Minimum Grade RDM 2.02.01, AASHTO pg 266

0.5% desired min (0.3% may be used)

0.5% desired min (0.3% may be used)

0.5% desired min (0.3% may be used)

Maximum Grade RDM 2.02.01, AASHTO pg 266

3%

3%

4%

Maximum deflection without curve RDM 3.03 C, AASHTO pg 276

1%

1%

1%

Stopping Sight Distance RDM 3.03.02 C, AASHTO 3.2.2 730 ft 730 ft Varies with speed, See Table 3-1in AASHTO 2011
Passing Sight Distance RDM 3.03.02 E, AASHTO pgs 155-156 N/A N/A N/A

K-Value Crest RDM 3.03.02, AASHTO 3.4.6 pgs 298-304 247 247 Varies with speed, See Table 3-35 in AASHTO 2011
K-Value Sag RDM 3.03.02, AASHTO 3.4.6 pgs 304-310 181 181 Varies with speed, See Table 3-34 in AASHTO 2011

Structure Vertical Clearance (Route
Classification Under Structure)

RDM 3.12 G, Appendix 3A, BDM 7.01.08, BDG 2.24.3-04, AASHTO
pgs 417, 429, 440, 453, 462, 504, 527, 534, 792

16'-0", 16'-3"(Desired)

16'-0", 16-3"(Desired)

14!_6"




Michael Baker International
835 Mason Street, Suite A290, Dearborn, M1 48124 Phone: 313.203.4400 Fax: 313.203.4401

Project: Marshall Megasite Traffic Study M = h I B k
Location:Marshall, Calhoun County, MI I c ae a e r

Type of Work: Full Reconstruction

MDOT Job Number:

Baker Job Number: 190215 I N T E R N A T I 0 N A L
Prepared By: Shelby Wojno Date Prepared: 07/07/2022

Checked By: Jeremy Curtis Date Checked: 07/12/2022

Roadway Design Criteria for Marshall Megasite Traffic Study

Horizontal Alignment

Type of Alignment Specify: Legal or Non-Legal Non-Legal Non-Legal Non-Legal

Minimum Return Radius GEO 650, AASHTO pgs 625-658 N/A N/A N/A

Minimum Radius RDM 3.03.01 A, AASHTO pgs 175, 178, R-107H 1922 ft 1922 ft Varies See Table in R-107H

Maximum deflection without curve RDM 3.03.01 A, AASHTO pgs 258-259 N/A N/A N/A

Minimum Length of Curve RDM 3.03.01 B, STD Plan R 107, AASHTO pg 258 15 * Design Speed (min), 30 * Design Speed (Desirable) 15 * Design Speed (min), 30 * Design Speed (Desirable) 15 * Design Speed (min), 30 * Design Speed (Desirable)
Spirals Req'd - YIN STD Plan R 107, AASHTO pgs 206, 215-220 No No Yes (Loop Ramps) / No (Slip Ramps)
Intersection Sight Distance RDM, 3.03.01AASHTO pgs 650-677 N/A N/A N/A

NOTES:

These guildlines and standards shall be considered as minimum criteria.

Reference Materials

1. AASHTO refers to the AASHTO's "A Policy on Geometric Design of Highways and Streets" - 2011 Edition
2. RDM Refers to the Michigan Road Desgin Manual

3. STD Plan refers to MDOT Standard Plan Index number

4. HCM refers to the Highway Capacity Manual

5. BDM refers to the MDOT Bridge Design Manual

6. BDG refers to the MDOT Bridge Design Guidelines

7. GEO refers to MDOT Transporation Standard Geometric Design Guide




Michael Baker International

835 Mason Street, Suite A290, Dearborn, M1 48124  Phone: 313.203.4400 Fax: 313.203.4401
Project: Marshall Megasite Traffic Study
Location:Marshall, Calhoun County, Ml

Type of Work: Full Reconstruction
MDOT Job Number:

Baker Job Number: 190215
Prepared By: Shelby Wojno
Checked By: Jeremy Curtis

Date Prepared: 07/07/2022
Date Checked: 07/12/2022

Michael Baker

INTERNATIONAL

Roadway Design Criteria for Marshall Megasite Traffic Study

Design Criteria Reference Materials M-96 Mainline
General

Design Guideline Designation RDM 4R
NHS/non-NHS N/A non-NHS
Design Units NAVD88 MI SIF English
Roadway Classification AASHTO pgs 1.3.4, RDM 3.09 Non-Interstate Freeway
Design Speed AASHTO 8.2.1, RDM 3.06, 12.01, Appendix 3A, R107H 50
Posted Speed Field verified existing information

Peak Volumes Existing/Proposed

Total ADT for Year 2021 MDOT AADT Map 15,039
Typical Section

Pavement Design MDOT Provided MDOT Provided

Crown RDM 6.09, AASHTO 4.9.1 pg 358 2%
Crown Location RDM 6.09.01, AASHTO pgs 4.2.2 pgs 332-333 Center (2-lane)
PGL Location AASHTO 3.5.3 pgs 312-317 Center (2-lane)

Total Number of Lanes Field Information/Survey 2to 5 Lanes
Point of Rotation for Superelevation RDM 3.04.01 Crown Point
Curb Type RDM Chptr 6, STD Plan R-30, AASHTO pgs 4.7.2 Detail B
Lane Width RDM Appendix 3A, AASHTO pgs 311, 425, 433, 448, 455, 472, 504 12 ft
Parking Lane Width AASHTO 4.20 pgs 403-405 N/A
Bike Lane Width RDM 12.12.09 E, AASHTO 7.3.9 pgs 507-508 N/A
Shoulder Widths RDM Appendix 3A, AASHTO 3-106, 4.4, 7.5, pgs 100, 139, 250, 8

253, 342-344, 471
Shoulder Slope RDM Appendix 3A, AASHTO 4.4.1, 5.2.2, pgs 339-341, 359-360, 4%
Maximum Rollover STD Plan R-107, AASHTO 4.9.2, 9.6.6 pgs 359, 691-692 6%
Maximum Superelevation STD Plan R107, RDM 3.04.03, AASHTO 3.3.3, 3.3.5,3.3.7,9.6.6 7%

pgs 177-178, 190-199, 204-205, 684-685
Clear Zone (1:6 Fill Slope) RDM 7.01.10,7.01.11 C, AASHTO 2.8.1,3.6.4,3.6.5,4.6.1,5.2.4, 20'to 22'

pgs 139-140, 322-323, 325, 346-347, 417-418 See RDM for other slope conditions
Clear Zone (1:6 Cut Slope) RDM 7.01.10,7.01.11 C, AASHT0 2.8.1,3.6.4,3.6.5,4.6.1,5.2.4, 20'to 22'

pgs 139-140, 322-323, 325, 346-347, 417-418

See RDM for other slope conditions

Vertical Alignment

Minimum Grade

RDM 2.02.01, AASHTO pg 266

0.5% desired min (0.3% may be used)

Maximum Grade

RDM 2.02.01, AASHTO pg 266

4%

Maximum deflection without curve

RDM 3.03 C, AASHTO pg 276

1%

Stopping Sight Distance RDM 3.03.02 C, AASHTO 3.2.2 425 ft
Passing Sight Distance RDM 3.03.02 E, AASHTO pgs 155-156 800 ft
K-Value Crest RDM 3.03.02, AASHTO 3.4.6 pgs 298-304 84
K-Value Sag RDM 3.03.02, AASHTO 3.4.6 pgs 304-310 96

Structure Vertical Clearance (Route
Classification Under Structure)

RDM 3.12 G, Appendix 3A, BDM 7.01.08, BDG 2.24.3-04, AASHTO
pgs 417, 429, 440, 453, 462, 504, 527, 534, 792

16'-0", 16-3"(Desired)




Michael Baker International

835 Mason Street, Suite A290, Dearborn, MI 48124 Phone: 313.203.4400 Fax: 313.203.4401
Project: Marshall Megasite Traffic Study

Location:Marshall, Calhoun County, M

Type of Work: Full Reconstruction

Michael Baker

MDOT Job Number:

Baker Job Number: 190215 I N T E R N A T I o N A L
Prepared By: Shelby Wojno Date Prepared: 07/07/2022

Checked By: Jeremy Curtis Date Checked: 07/12/2022

Roadway Design Criteria for Marshall Megasite Traffic Study

Horizontal Alignment

Type of Alignment Specify: Legal or Non-Legal Non-Legal

Minimum Return Radius GEO 650, AASHTO pgs 625-658 N/A

Minimum Radius RDM 3.03.01 A, AASHTO pgs 175, 178, R-107H 833 ft

Maximum deflection without curve RDM 3.03.01 A, AASHTO pgs 258-259 N/A

Minimum Length of Curve RDM 3.03.01 B, STD Plan R 107, AASHTO pg 258 15 * Design Speed (min), 30 * Design Speed (Desirable)
Spirals Req'd - Y/N STD Plan R 107, AASHTO pgs 206, 215-220 No

Intersection Sight Distance RDM, 3.03.01, AASHTO pgs 650-677 555 ft

NOTES:

These guildlines and standards shall be considered as minimum criteria.

Reference Materials

1. AASHTO refers to the AASHTO's "A Policy on Geometric Design of Highways and Streets" - 2011 Edition
2. RDM Refers to the Michigan Road Desgin Manual

3. STD Plan refers to MDOT Standard Plan Index number

4. HCM refers to the Highway Capacity Manual

5. BDM refers to the MDOT Bridge Design Manual

6. BDG refers to the MDOT Bridge Design Guidelines

7. GEO refers to MDOT Transporation Standard Geometric Design Guide




Appendix C: Detailed Cost Estimate



Michael Baker We Make a Difference

INTERNATIONAL
Appendix C Summary

Appendix Cincludes detailed cost estimates for the improvements identified as part of the study.
These improvements have been separated into five different segments each with numbered
sequences for order of work.

Page 3 is the Proposed Construction Sequencing Map which is color-coded for each Segment.
Pages 4-18 