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EXECUTIVE SUMMARY - PHASE |

BUS RAPID TRANSIT DEMONSTRATION PROGRAM

1.0 INTRODUCTION

Phase | effort on this program was initiated in mid-December 1974, and completed in

late April 1975. The objectives of the study were to review potential transit corridors
within the state and fo recommend one or more corridors for further study and possible
implementation of a bus rapid transit (BRT) demonstration. The project was limited to
consideration of four metropolitan areas: Lansing/East Lansing, Flint, Grand Rapids,

and Detroit.

2,0 INITIAL CORRIDOR SCREENING

Based on data supplied by the Michigan Department of State Highways and Transportation
and local agencies and on first-hand observations by members of the GM TSD staff, a
total of 24 potential corridors were identified in the four metropolitan areas, The corri~
dors were screened with respect to four parameters which were quantified, based on "
existing data, to measure potential for successful BRT implementation, The four para-
meters used in the screening process are: '

e Daily travel demand in the corridor to selected major destinations
e Traffic congestion as indicated by level of service estimates

e Daily transit ridership in the corridor

e Significant physical characteristics relating o relative ease of implementation

In Table 1, the 24 corridors are identified by the major traffic route in the corridor, and
data used for screening are summarized. As a result of the screening process, it was con-
cluded that, although each of the three out-state urban areas includes at least one corri-
dor in which some form of priority bus treatment may be feasible, none of them shores the
overall potential of any one of the candidate corridors in the Detroit area. Therefore,
after consultation with representatives from the Michigan Department of State Highways
and Transportation, Southeastern Michigan Transportation Authority (SEMTA), Southeast
Michigan Council of Governments (SEMCOG), and Detroit Department of Transportation
{DDOT), the following seven corridors=—all in the Detroif area--were selected for further
analysis:

East Jefferson

Gratiot Avenue

Lodge

Michigan/1-94
1-75/Fort

Southfield Expressway
|~94 Crosstown

@ & & & & & @
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Table T Corridor Screening Characteristic Summary for BRT

Total Trips To (One-Way) | Level of Current Transit
Corridor Route Mafor Destinations Service Ridership in Ease of Implementation/Remarks
. Estimate Corridor
Daily Peak Hr
Lansing/Fast Lansing, Michigan .
East Grand River/Qakland 13,443W/11,287E D 2943 (Michigan) Park & ride space ot Meridian Mall, 2-3 lanes/direction
East Saginaw/Oakland 3761 C - Oakland/Saginaw one-way pair through eity, 3 lanes
South Cedar 7207 B 873 Row width only 66 ff in places, 2 lanes/direction
South Logan 6821 c 452 Afk-grade RR crossings, row width = 66 &, 2 lanes/direction
West Saginaw 4407 D 447 Park & ride space of Lansing Mall, row = 83 ft most areas
Flint, Michigan
North Saginaw/Detroit 4323 F 2243 Some park & ride possibilities, curb cuts feasible most areas
South Saginaw 3323 E~F 428 Curb cuts feasible most areas
Dort Highway (N/S) 1788N,/20675 b-E - Many traffic signals
1-475 (5) 4053 A-B - Few access ramps
i+69 (E/W) 1907W/1573E A-B 439 Park & ride facilities potentially available
Grand Rapids, Michigan
U5-131/Division (5} 495 D-E/D 1158 (Division) Ramp queve jumpers feasible most areas, freeway flows we!ll
Us-131/Plainfield (N) 8378 D-E/D 853 (Plainfield) Possible park & ride ot Nerth Kent Mall
28th Sireet (E/W) 2220E/409W E - Unsynchronized lights, frequent stops required, L&R turns
1-196 {SW) 3249 B-C -~ Few stops required, park & ride space
1-196 (E) 1724 B-C - Neo major implementation problems
Lake Michigan Drive (W)} 3715 C 164 Few stop [ights, wide shoulders in outlying areas, 1-1/2
lanes close in
Detroit, Michigan
Gratiot/1-94 47,641 12,934 D-E/D-E 22,447 Synchonized lights, narrow median on I-94 close in
Mound/Van Dyke 33,913 6,847 D-E/D-E - Wide median on Mound, curb cuts tight on Van Dyke
Woodward/1-75 39,143 7,299 D/E 52,848 Synchronized lights on Woodward, ramp queve jumpers
feasible on 1-75 most areas
Grand River/Jeffries 45,686 12,074 D/C 8,590 Narrow median on Lodge, utilization of Jeffries will
. . allow exclusive lane implementation
Michigan/1-94 22,730 4,747 D/D-E 9,561 Michigan divided by median
I-75/Fort 17,849 4,318 D-E/C-D 11,958 Neo service drives on I-75, narrow median on |-75
1-696/Lodge 36,989 7,157 D-E/E-F - Service drives avaoilable some areas
East Jefferson 43,790 10,353 D-E 26,295 Synchronized lights, cross traffic minimized

SWRISAS uonelodsurl K9
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3.0 EVALUATION OF CANDIDATE CORRIDORS

These seven corridors were then analyzed in greater detail to better assess potential for
BRT implementation. Several computer programs were written to facilitate use of the

1965 TALUS survey data for demand estimations. The morning peak peried, from 7:00

to 10:00 a.m., was used to estimate corridor demand., The 1945 survey data were ad=
justed to account for changes in population by multiplying the trip production of each
district by the ratio of estimated 1975 population to 1965 population. However, no
attempt was made to account for changes in land use. Only trips fo major destinations
were considered. The selected destinations are among the top 60 aftraction zones in
Superdistricts O through 35. The total demand within each corridor for the selected
destinations was screened on the basis of minimum trip tength and trip directness via

the BRT route to estimate the number of corridor trips which might be suitable for BRT
travel. Person trips were eliminated from consideration if they involved travel of less

than two miles on the BRT route. In addition, trips were eliminated on the basis of the
directness criterion if the corridor access plus egress distance was greater than the straight-
line distance between the origin and the destination. A frip matrix and related statistics
were generated for each corridor as a result of this screening process. I

Three outputs of this demand analysis were used in the corridor evaluation. The tofal
demand in each corridor for the selected destinations was used to provide a comparative
measure of potential BRT demand. Each corridor was defined in terms of nodes where
passengers are assumed to enter and leave the BRT system. The number of potential
trips which would enter the BRT system af each node during the morning peak period--
the node load volumes——was tabulated for each corridor. The ratio of the three largest
node load volumes to the total trip volume was used in the evaluation to provide a -
measure of the relative concentration of demand within each corridor. Finally, since
the priority bus treatment of the line=haul portion of the trip provides the greatest po-
tential for trip time reduction, a corridor having relatively long trips has a high poten=
tial for trip time savings over competitive modes. Therefore, the average trip length
on the corridor was used in the evaluation.

Traffic congestion on the main route in each corridor was characterized by a statistic
based on volume=-to-capacity (V/C) ratios obtained from the 1970 Highway Assignment
Network Data File created by SEMCOG and by the average peak=hour veloc:f‘y based
on a limited humber of speed runs made by GM TSD staff.

Two measures were used fo choracterize existing transit in each corridor. Morning peak-

period (7:00 fo 10:00 a.m.) ridership on DDOT and SEMTA buses entering the CBD on ‘
parallel routes within each corridor was tobulated from the Detroit Central Business Dis- &
trict Cordon Count prepared by the Traffic Research Division of the Detroit Department
of Transportation. Route patronage data prepared by DDOT and SEMTA were used for
the Southfield corridor which does not serve the Defroit CBD, Existing fransit ridership
was used in the evaluation as an indication of the size of the transit patronage base from
which BRT passengers could be drawn. The number of existing transit routes which inter-
sect the major BRT route was used as o measure of BRT potential because it indicates the
extent of existing feeder service in each corridor,

5-3
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The ratio of estimated BRT travel time to automobile travel time, based on a number of
assumptions concerning corridor access time, line~haul time, and distribution time for
both BRT vehicles and automobiles, was used in the evaluation as a first-order compari-
son of the level of BRT service on each corridor.

Finally, alternative priority bus treatments were considered to assure that at least one _;i
potentially feasible implementation scheme exists for each of the corridors. :

The measures of BRT potential were arranged in an evaluation mairix and assigned weight-
ing factors to denote the relative importance of each measure. A score for each corridor
was compufed based on the magnitude of each measure of potential and the weighting
factor for that measure, The evaluation was performed using several different sets of
weighting factors, and no significant variations in the resulting corridor ranking were
observed. The evaluation matrix is shown in Table 2. The following four corridors were
selected for further analysis based on the results of this evaluation and on the recommen-~
dations of the Michigan Department of State Highways and Transportation:

e East Jefferson
e 1-94 Crosstown

e Lodge
e Michigan/1-94

4.0 CORRIDOR SKETCH PLANNING

Corridor sketch plans, a third level of detail, were then prepared for each of the remain-
ing corridors. The sketch planning task included selection and description of the proposed
BRT treatment on each corridor, a more detailed analysis of demand, o more refined
estimate of BRT frip time, sizing and costing of the BRT and feeder systems, final evalua-
tion and ranking of the corridors, and preparation of a BRT implementation plan,

4,1 BRT Implementation Schemes

The proposed implementation scheme for each of the four candidate corridors was selected
from among several alternatives on the basis of providing the highest line~haul speed at
reasonable cost and with minimum disruption to existing fraffic. The implementation
scheme for East Jefferson, an arterial, provides for designafion of the center lane as a
reversible exclusive bus lane and designation of one lane in the off-peak direction as o
left-turn lane. The implementation scheme proposed for the freeway corridors is exclu-
sive bus entrance ramps integrated with the ramp metering and surveillonce system planned
for Detroit by the Department of State Highways and Transportation. The system, known
as SCANDI (Surveillance, Control, and Driver Information), is scheduled for implementa-~
tion beginning in the spring of 1976 for the Lodge and the Ford expressways.
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Table 2 Seven Corridor Evcluation Mairix

\ Paorameter / Total Pofential Corridor Demand / Level of Congestion / Existing Transit / Ez;r;:;z
\ Weighting Factor  / 6 1
Measures S
Y
5§
QQ
83 =

Corridor g@ F

Gratiot 21,322 ) .71 4,525 22 1. _
Score 5.3 9. 2.3 4,7 7.3 9 z
WF x Score 33.6 28.8 27.9 14.1 7.3 27. g

E. Jefferson | 22,356 .410 9.1 .88 5,891 A 1 g
Score 5.6 8.9 9.8 7.5 6.1 3.7 10 2
WF x Score 33.6 26.7 9.8 22,5 18.3 3.7 30 2
[-94 Crosstown} 40,156 291 7.8 .88 4,525 30 1.43

‘Score : 10 6.3 8.4 7.5 4.7 10 8.6 187.9

WF x Score 60.0 18.9 8.4 22.5 14,1 10 25.8

Lodge Freeway| 36,552 .308 8.3 o 74 9,703 25 1.27

Score 9.1 6.7 8.9 8.9 10 8.3 9.7 192.4

WF x Score 54,6 20.1 8.9 26,7 30,0 8.3 29.1

Southfield 9,989 .359 6.8 .66 700 18 1.75

Score 2.5 7.8 7.3 i0.0 1.0 6.0 7.0 135.7

WF x Score 15.0 23.4 7.3 30,0 3.0 6.0 21.0

MichAve/1-94| 15,977 .458 9.1 .86 1,459 14 1.54

Score 4.0 9.9 9.8 7.7 1.5 4.7 8.0 134,8

WF x Score 24.0 29.7 9.8 23.1 4.5 4.7 24,0

Fisher Freeway| 10,253 463 8.7 .97 3,030 - 14 1.90

Score 2.6 10 9.4 6.8 3.1 4.7 6.5 108.9

WF x Score 15.6 30 9.4 20.4 9.3 4,7 19.5
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BRT freeway access ramps are associated with each collection area to provide unimpeded
exclusive access to the freeway for buses and possibly carpools. This is accomplished
through bypass ramps shunting the queue of automobiles at the metered auto access ramps.
Once the bus accesses the freeway, it proceeds under free~flow conditions with other
freeway traffic. The SCANDI system is expected to maintain traffic flow on the freeways
in Detroit af an average speed of 40 mph.

The distribution foops at the atfraction end of the routes are designed to minimize time of
distribution and still serve the required areas. Trecatments include contraflow operation
on one-way streets where feasible to enhance bus movements,

- Conceptual operating characteristics of the bus rapid transit system include a collection
function in the near vicinity of each corridor access point. The collection routes are
typically 5 to 7 miles in length and are structured to interface with park-and-ride lots,
existing transit lines, ond supplementary feeder service. The BRT buses operating on the
short collection routes are designated for single destinations and proceed on a non-stop
basis once access to the line~haul portion of the route is achieved.

4,2 BRT Ridership Estimate

In order to estimate the number of morning peak-period riders which could be expected.
to use BRT service in each candidate corridor, o transit modal split model was applied

to. the unscreened corridor trip matrix which was generated in a previous task. Since the
scope of the study did not permit the development and calibration of a medal split model,
an existing model was used. The Peat, Marwick, Mitchell and Company mode split

. model which SEMCOG used to estimate fronsit modal split for the proposed rapid rail
transif system was used in this study. The model is an aggregate mode split based on a
choice function and consists of 80 diversion curves which relate the following factors to
the propensity to use transit:

e Median worker income of the origin zone

e Ratio of door-to~door travel time on public fransit to that of the
private automobile

e Ratio of excess time on public transit to that of the private automobile

‘@ Ratio of "out-of-pocket" cost of pubhc transit fo that of the private
automobile

The modal split model was applied fo the corridor trip mairix generated previously to
obtain a corridor transit trip matrix for selected destinations within each corridor. These
trips were screened to eliminate short trips (less than two miles along the corridor) which
may not be suitable for BRT service. The resulting BRT trip matrices were used fo size
the BRT and feeder systems in each corridor. The estimated BRT modal split for the four
candidate corridors ranges from 40 fo 49 percent. This seems reasonable when compared
with the existing transit modal split for trips ending in the CBD of approximately 30 per-
cent and with SEMCOG's projection of a 60 percent mode spl:f for CBD irips on the
high-level rail system in 1990,

5-6
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4.3 BRT Travel Time Estimate

1 BRT travel time was estimated for trips on each of the corridors and was compared with

| the estimated travel time by other available modes including private automobile, focal
bus, and existing express bus. The trips on which the trave!l times are based are simply

examples and are not minimum, maximum, or average frips in their respective corridors.
The distance elements of the example trips vary among the four comridors, but are con-

stant for the various modes within each specific corridor.

A computer program was developed to perform the task of calculating portal~fo-portal

travel times associated with various modes in each corridor. The program also computes

! the bus-to~automobile travel time ratio for each type of bus transit being examined. The

L assumed auto speed for freeway fravel is based on the presence of a ramp metering system
' capable of maintaining free-flowing raffic at an average speed of 40 miles per hour.

i3 For these conditions, it was assumed that BRT line~haul speeds equal those of automobile

traffic.

The results of this analysis in terms of travel time ratios are presented in Table 3.

M Table 3 Travel Time Ratios (Examples)

. . Reference Trip Local Bus/Auto | Express Bus/Auto

Corridor Distance (Miles) (Existing) (Existing) BRT/Auto
E. Jefferson 8.7 - 2.6] 2.1 1.36
f~94 Crosstown 14.1 2.44 2.00 1.21
Lodge Freeway 18.3 — 1.87 1.26
Michigan/I-94 14.8 2.46 - 1.24

4.4 BRT System Sizing

The BRT line~haul system and two aliernative feeder systems were sized on the basis of
estimated BRT demand and area coverage. This effort included consideration of the num=
ber of buses required for peak=period and off-peak service, parking facility requirements,
and fransit shelter needs. The total vehicle operating hours per year were estimated as a
first step toward determining labor requirements.,

TRANSPORTATION LIBRARY
MICHIGAN DEPT. STATE HIGHWAYS &

TRANSPORTATION LANSING, MiCH.
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4.4,1 BRT Vehicle Requirements

The number of buses required to provide BRT service from each corridor access point o
each major destination during the peak period was determined, based on a simple bus
scheduling process. Both demand for each route and the number of round trips per bus
during the peck period were considered in determining the number of buses required for
each corridor. The total number of trips and buses required to satisfy the demand for
each major destination in each of the four corridors are summarized in Table 4, The
numbers in parentheses in the last column are the fotal number of BRT vehicles required
for each corridor, including a 7 percent maintenance float to account for buses which
may be out of service for one reason or another.

Since no alternate service may be available to a passenger who must refurn to his origin
during the business day or after the evening peak period, limited off-peak service was
assumed for all of the corridors except East Jefferson which is adequately served by
existing transit during base periods. :

The peak hour BRT vehicle headway, expressed in seconds, is tabulated in Table 5 for
three locations on each of the four corridors. The minimum headway in the CBD Loop,
the New Center Loop, and at the maximum load point of each corridor is presented.

The maximum load point occurs on the approach to the CBD and New Center areas. The
numbers in parentheses indicate the maximum number of buses per hour which pass through
each of the three locations.

In order to provide an indication of the magnitude of the BRT operation on each corridor,
Table 6 is presented and gives the number of BRT vehicle operating hours and vehicle
miles for each corridor. Driver scheduling was not attempted in this phase, so the num-
ber of drivers required to provide service in each corridor was not explicitly determined.
However, total vehicle operating hours can be used to give at least o relative measure
of labor requirements for the four corridors.

4.4.2 Feeder System Requirements

Two types of feeder service were considered to augment the BRT pick-up loops in the area
of each corridor outside the city of Detroit. Both a fixed-route/fixed-schedule (FR-FS)
feeder system and a demand responsive Dial-A-Bus (DAB) system were sized. Inside
Detroit, the Detroit DOT bus system was assumed to provide feeder service for the BRT
system.

The number of fixed-route, fixed~schedule feeder buses required to blanket an area is a
function of the average route spacing and the time interval between successive buses on
each route, i.e., the headway time. The FR=FS feeder system sizing is based on the
following assumptions: the route spacing is 1.0 mile by 1.0 mile, the peak period head-
way time is 12 minutes, and the average feeder bus velocity is 15 miles per hour. The

number of fixed-route, fixed~schedule feeder buses required for each corridor is presented
in Table 7. TR
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Table 4  Peak-Period BRT Bus Requirements
Corridor/Destination " BRT Demand | Number of Bus Trips | Number of BRT Buses
Jefferson
CBD 7,855 183 112
New Center 1,919 52 39
TOTAL 9,774 235 151 (162)
=94 Crosstown
CBD 15,631 350 195
New Center 4,291 102 63
Ford Complex 663 20 _13
TOTAL 20,585 572 271 (290)
Lodge
CBD 12,352 282 166
New Center 4,655 109 70
Northland/Southfield 691 20 12
TOTAL - 17,698 in 248 (265)
Michigan/1-94
C8D 5,773 134 77
New Center 1,293 35 22
Ford Complex 2,476 58 36
TOTAL 9,542 227 135 (145)
Table 5 BRT Headway - Peak Hour
o Peak Hour Headway = Seconds
Corridor .
CBD Loop New Center Loop Maximum Load Point
E. Jefferson 42,9 ( 84) 163.6 (22) 34,0 (106)
[=94 Crosstown 22.1 (163) 78.0 (46) 26.5 (136)
.Lodge 27.5 (131) 69.2 (52) 21.6 (167)
Michigan/1-94 58.1 ( 62) 240.0 (15) 51.4 ( 70)
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Table 6 BRT System Operating Characteristics

Corridor Vehicle Hours | Vehicle Hours | Vehicle Miles | Vehicle Miles
orrido Per Day Per Year Per Day Per Year
East Jefferson 346.83 88,442 7,327 .5 1,868,513
=94 Crosstown 624.,6 159,273 13,581.4 3,463,257
Lodge 559.5 142,682 - 12,883.7 3,285,344
Michigan/1-94 |  321.4 81,952 7,303.3 1,862,342
Table 7 Fixed-Route/Fixed=-Schedule Sizing Results

Corridor ' Buses/Square Mile Area (Square Miles) Buses Requi’red
East Jefferson 1.71 | 75 128
[-94 Crosstown 1.71 90 154
Lodge 1.71 175 299
Michigan/1-94 1.71 - 165 282

These buses would also be used to provide off~-peak feeder service in the area of the
corridor outside Detroit, The off-peak service was assumed to operate on the same routes
as in the peak period but at half-hour headways. Eight hours of off~peak operation were
assumed each weekday.

The relative magnitude of the fixed-route, fixed-schedule feeder system operation is
indicated in Table 8, The number of vehicle operating hours and vehicle miles are listed
for peak and off-peak service.

The number of DAB vehicles required to serve a given demand is directly proportional to
the number of passengers who request DAB service during the peak hour and the round-
trip time of each vehicle, and it is inversely proportional to the average number of

passengers who are served by a DAB vehicle during each round trip.

The number of passengers who enter the BRT system during the peak peried was determined
for each corridor eniry point in the demand analysis. The number of passengers who access
the system by DAB was assumed to be 40 percent of the BRT passengers who originate out-
side the city of Detroit.
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Table 8 Fixed-Route/Fixed=Schedule Feeder System Operating Characteristics

Corridor Vehicle Hours | Vehicle Hours | Vehicle Miles | Vehicle Miles
Per Day Per Year Per Day Per Year
East Jefferson 1,104 281,520 16,560 4,222,800
[-94 Crosstown 1,334 340,170 20,010 5,102,550
Lodge 2,576 656,880 38,640 9,853,200
Michigan/1-94 2,432 620,160 36,480 9,302,400

The average round-trip time of the DAB vehicles was estimated based on the following
assumptions:

One minute is required to unload passengers at the bus stop.

The average vehicle speed between passenger pickups is 25 miles per hour.
The average distance between passenger pickups is one mile.

The average time required for each passenger who is picked up to board
the vehicle is one minute.

e The average number of passengers who are served by a DAB vehicle during
one round-trip is 10,

The number of DAB vehicles required for each corridor based on these considerations and
assuming a maintenance float of 7 percent, is listed in Table 9.

These buses would also be used to provide off-peak feeder service outside Detroit. The
off~peak service was assumed to operate in the same area as the peak service; however,
the demond in the off-peak hours was assumed to be five percent of the demand during the
peak hour. Eight hours of off-peak operation were assumed each weekday.

The relative magnitude of the DAB feeder operation is shown in Table 10, The number of
vehicle operating hours and vehicle miles are listed for peak and off-peak service.

in addition to determining the number of DAB vehicles required, the number of conirol
system components and personnel required to operate the demand-responsive type of
feeder system was determined for each corridor. The DAB control system includes reser=-
vation, communication, and dispatch equipment and a computer to perform the necessary
passenger/bus scheduling deferminations.

The elemenis of the DAB control system were sized on the basis of predicted passenger
demand, number of DAB vehicles, and the physical area comprising each DAB zorne.
Because the BRT system serves mainly recurring, work-related trips, it wos assumed that
50 percent of all DAB service is on a subscription basis. Subscription service is highly
efficient, allowing prescheduled routes and pickup times, thus eliminating the need for

s-T1
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Table 9 DAB Sizing Results

Corridor Nodé No. of Passengers | Peak=Hour DAB No. of DAB
Number Entering Demand Vehicles
East Jefferson 78. 1,176 235 15
79 840 168 T
80 1,302 260 16
TOTAL 3,318 663 42
[=94 Crosstown 67 2,185 437 27
65 1,416 283 18
64 1,337 267 17
TOTAL 4,938 987 60
Lodge 47 1,236 247 15
' 49 2,036 407 25
51 1,665 333 21
53 3,808 762 48
TOTAL 8,745 1,749 109
Michigan/1-94 21 981 1946 12
23 2,148 430 27
24 1,589 318 20
28 1,466 293 18
TOTAL 6,184 1,237 77
Toble 10 DAB Feeder System Operating Characteristics
Corrid Vehilce Hours | Vehicle Hours | Vehicle Miles | Vehilcle Miles
orridor Per Day Per Year Per Day Per Year
East Jefferson 176 44,880 2,640 673,200
{-94 Crosstown 246 .4 62,832 3,696 942,480
Lodge 448.8 114,444 6,732 1,716,660
Michigan/1-94 316.8 80,784 4,752 1,211,760




patrons to phone in reservations during the peak period. This results in a substantial re-
duction in reservation equipment and personnel requirements.

4.4.3 Parking Facility Requirements

Sub~modal split estimates vary widely among existing BRT systems. For example, the sub-
modal split for park-and-ride is reported to be about 55 percent for the Son Bernardinoe
Busway, but only about 14 percent for express buses operating in the 1-35W Corridor in
Minneapolis=St. Paul. The traditional auto dependence of Detroit area residents suggests
that the park-and-ride sub-modal split for a BRT systemin the metropoliton area is likely
to be relatively high. Therefore, to obtain a first~order estimate of parking facility
requirements, it was assumed that 40 percent of the BRT passengers who originate outside
Detroit and 30 percent of those who originate inside Detroit access the system by park-
and-ride. The number of park-and-ride spaces required was estimated by applying the
assumed sub-modal split to the corridor demand estimate. The average automobile occu-
pancy was assumed to be 1.10.

It is expected that existing parking lots will be used to provide many of these spaces. As
an indication of the availability of existing parking facilities in the corridor, a list of
parking lots located at retail centers within four miles of each corridor access node was
prepared. Although other potential park-and-ride lots such as churches, abandoned ser-
vice stafions, and closed industrial and refail facilities should be considered, the retail
center parking facilities that were identified give a relative measure of parking avail=
ability in each corridor. In order to estimate parking lot construction needs, it was
assumed that the number of parking spaces which would be available at existing focili-
ties is equal to 5 percent of the total identified parking space in the corridor.

Table 11 summarizes the parking requirements and indicates the number of spaces assumed
to be provided at existing facilities, as well as the number of spaces to be constructed for
each corridor.

Table 11  Park-and=-Ride Facilities

Corridor Spaces Required Identified Spaces at Spaces to Be
for Park & Ride |Parking Spaces | Existing Facilities | Constructed
Jefferson 3,047 30,160 1,508 1,539
|-94 Crosstown 6,047 46,405 2,320 3,727
Lodge 5,592 34,950 1,747 3,845
Michigan/1-94 3,215 21,978 1,099 2,116
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4.4.4 Bus Shelier Requirements

Bus shelters should be located at high demand locations throughout the corridor. More
specifically, they should be located at bus stops along the distribution loops and af each
corridor access node, Additional shelters should be located at high demand locations
such as park-and-ride lots and apariment houses. Based on these considerations, the
number of shelters required for each corridor was estimated.

4.4.5 Cost Estimates .

Capital and operating costs were estimated for each of the four proposed BRT corridors.
These costs were estimated for the BRT system and for the two types of feeder systems,
fixed-route/fixed-schedule and Dial-A-Bus. Cost summaries for the BRT systems and the
fwo feeder systems sized for each corridor are provided in Tables 12 and 13, respectively.
An interest rate of 8 percent and amortization periods ranging from 10 to 30 years were
assumed for the onnualized capital cost calculations. The cost of additional land which
may be required for vehicle storage, vehicle maintenance, and park-and-ride facilities
was not considered in the cost estimate.

The estimated capital costs of the BRT systems include the cost of exclusive bus ramps for
the freeway corridors, signs, traffic signal modifications, shelters, park-and-ride facili~
ties, BRT vehicles, vehicle storage facilities, and vehicle maintenance facilities.

The operating costs of the BRT system as well as the two feeder systems include driver
wages, garage expense, and vehicle maintenance expenses. The BRT system operating
costs also include restriping costs and shelter maintenance. The DAB feeder system incurs
on annual system control cost,

4.5 Corridor Ranking

Three criteria were used consistently throughout the study to evaluate the potential of
candidate corridors for successful BRT implementation. The criterio are: 1) high poten~
tial for attrocting ridership; 2) high potential for improving trip time by implementing o
priority treatment, and 3) high potential for economical implementation. Table 14 shows
the ranking of the four candidate corridors based on these criteria,

The measures which have been used to quantify the criteria have become more explicit as
the corridor analysis has become more detailed. For example, earlier in the study, BRT
ridership potential was characterized by a combination of two parameters: the fotal corri=-
dor demand for particular destinations and the magnitude of current fransit ridership along
the corridor, In the final ranking, the results of the modal split analysis were used to
predict BRT ridership in each corridor. Table 14 shows that the =94 Crosstown and Lodge
Corridors clearly have greater BRT ridership potential than the other two comridors.

S-14
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Table 12 Cost Summary - BRT (Exclusive of Feeder)

Corridor Capital Cost Annualized Capital Cost Annual Operating Cost Total Annual Cost
East Jefferson 14,742,000 1,923,900 1,807,200 3,731,100
[~94 Crosstown 26,196,800 3,381,700 3,164,900 6,546,600
Lodge 24,578,500 3,147,100 2,897,900 6,045,000
Michigan/1-94 13,331,300 1,713,700 1,660,000 3,373,700
Table 13 Cost Summary - Feeder System
Feeder Type Corridor Capital Cost Annuqiiz(':ed Capital Annual Operating Total Annual Cost
ost Cost

DAB East Jefferson 2,341,500 299,800 952,700 1,252,500

I-94 Crosstown 3,267,900 420,500 1,303,300 1,723,800

Lodge 5,888,200 759,200 2,317,500 3,076,700

Michigan/1-94 4,270,700 547,500 1,656,300 2,203,800

FR-FS East Jefferson 10,819,800 1,352,400 5,025,300 6,377,700

i-94 Crosstown 12,055,100 1,627,100 6,072,200 7,699,300

Lodge 23,405,700 3,159,100 11,725,600 14,884,700

Michigan/1-94 22,075,000 2,979,500 11,070,200 14,049,700

SWRISAS UGIBJOGSURI] WG
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Table 14  Corridor Ranking

Total BRT Travel Time BRT Cost/ Feeder System (DA B)
. Demand . . Cost/Peak-Period
Rank Corridor Ratio Peak-Period

(a.m. Peak~ BRT/Auto Pass. Trin® Feeder Passenger
Period) R Trip
1 |~94 Crosstown| 20,585 1.21 0.62 1.71
2 Lodge 17,698 1.26 0.67 1.72
3 Michigan/1-94 9,542 1.24 0.69 1.75
4 East Jefferson 9,774 1.36 0.75 1.85

* Not including feeder service

Earlier in the study, average automobile line-haul speed and volume-to-capacity ratios
were used fo characterize congestion in the various corridors as an indication of travel
time reduction potential. In the final ranking, the ratio of estimated BRT trip time to
automobile trip time was used as a direct measure of this criterion. The data in Table 14
show that all four cotridors offer about the same potfential for providing competitive trip
time.

Finally, general observations concerning the ease of implementation on each corridor
were used earlier in the study to indicate relafive implementation costs. Now prelimi-
nary capital and operating cost estimates can be used to calculate the total annualized
cost per peak=period passenger trip. The volues of this parameter caleulated for the
line-~haul BRT system and for the DAB feeder system were used in the final ranking. DAB
system costs, rather than FR=-FS system costs, were selected for use in the corridor com=-
parisons because they are lower than the costs of the FR~FS systems. The cosfs used to
calculate these ratios include the cost of providing off-peak service, because this is
considered to be a necessary part of both the BRT and the feeder systems. However, the
feeder system cost ratios do not account for any additional costs which DDOT might incur
in providing fixed-route/fixed-schedule feeder service within Detroit. Only peak-period
passenger trips were used to calculate the ratios, since off-peak BRT ridership was not
estimated. The feeder system cost ratios account only for those BRT patrons outside the
city of Detroit who would actually use the DAB feeder service in the peok perieds. The
number of passengers who access the system via DDOT buses is not included. The data
for the line~haul BRT systems indicate that a BRT implementation on the 1~94 Crosstown
Corridor resulis in the lowest cost per peak-period passenger frip, while o BRT imple-
mentation on East Jefferson resulis in the highest cost per passenger. The same corridor
ranking is indicated by the DAB feeder system cost ratios. |

The fact that it is quite expensive to provide a pervasive feeder service should come as

no surprise. In the independent study of intermediate~ and feeder-level fransit conducted
by General Motors for SEMTA in late 1974, the annual cost of the recommended feeder
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system was found to be approximately four times the annual cost of the intermediate-level
transit system.

The values of estimated cost per passenger frip listed in Table 14 for the DAB systems are
not inconsistent with similar data repoited for existing demand-responsive systems. A sur=
vey of actual cost-per-ride data for several demand-responsive systems indicates a range

in cost of from $0.60 to $3.50 per ride.

In summary, the four candidate corridors are ranked in order of their potential for success~
ful BRT implementation as follows:

» =94 Crosstown
. Ledge
. Michigan/1-94

. East Jefferson

E-N 7% B N R

4.6 BRT 'Acfion Pian

The accomplishment of a logical progression of tasks is quite important to the successful
implementation of bus rapid transit service in a selected travel corridor. A description
of these tasks and their interrelationships is termed an "action plan.” The four candidate
BRT corridors alf have similar implementation task requirements, with minor exceptions
for the non-freeway East Jefferson route. Therefore, a single action plan, commen to
the four corridors, has been developed. The BRT action plan is diagrammed in Figure 1.

The first task shown in Figure 1, "Preliminary BRT Design," has been completed for each
of the four candidate BRT corridors. All other action plan items pertain to the additional
analysis, design, and implementation of BRT service in a single corridor (chosen from
among the four, or synthesized from elements of two or more candidate corridors).

4,7 Conclusions and Recommendations

Bus rapid transit integrated with a computer controlled ramp metering system is a very
efficient means of utilizing an existing freeway facility. The combination possesses the
unique feature of enhancing auto travel as well as transit travel without either mode
sacrificing appreciable travel time or facilities, Capital implementation costs are rela-
tively low compared to facility expansion costs such as lane additions, right~of-way
additions, efc., to accommodate othet bus transit treatments, The fact that firm plans
currently exist for implementing the SCANDI system in the Detroit area is of significant
importance to the Michigan Bus Rapid Transit Demonsiration Program (MBRTDP). It is
recommended that the SCANDI program schedule be reinforced and possibly expedited
to more closely coincide with the MBRTDP schedules.
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In the event SCANDI is not implemented, alternative BRT treatments, such as exclusive
or priority use of freeway lanes by transit and carpool vehicles, appear to be feasible
subject to the limitations of safety, public acceptance, and enforcement,

The 1-94 Crosstown Corridor was identified as exhibiting the most potential for bus rapid
transit based on Phase | studies. A logical extension of this corridor would include service
to the Detroit Metropolitan Airport. It may be desirable to consider combining the 1-94
Crosstown with the entire Michigan/1-94 Corridor, since an appreciable porfion is com-
mon fo both. If the 194 Crosstown Corridor is indeed chosen for continued analysis in
Phase I, it is recommended that consideration be given to include this extension as part
of the overall Phase 11 analysis effort.

The high costs of the feeder systems associated with BRT implementations are such that
additional attention is warranted in this area. Further study is recommended to deter-
mine if other incentives such as subscription service or park-and-ride/kiss-and-ride
facilities could be established to enhance access to the BRT line and reduce the depen-
dence upon supplemental feeder systems.
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1.0 INTRODUCTION

Ridership declines and operating losses troubling conventional (local, fixed~route/fixed=-
schedule) bus systems make it apparent that alternative approaches are urgently needed.
Bus Rapid Transit (BRT) appears to be among the most promising of the alternatives which
can be implemented with today's technology and with only a moderate capital investment.

1.1 Conventional Bus Problems

The shortcomings of conventional bus operations are well-known. The following are
among the problems which lead to unattractive service and operational difficulties:

@

Average bus speeds during peak times are severely limited by traffic
congestion on shared sireets.

Frequent stops to acquire or discharge passengers also coniribute to
low average speeds.

The flow of other vehicles is disturbed by buses frequently entering
or leaving the traffic system. _

The irregular motions of buses (i.e., frequent stops, starts, and lane
changes) provide a source of passenger discomfort,

A large portion of a bus operating cycle consists of acceleration or
braking-~increasing noise, mechanical wear, and driver fatigue
relative to that experienced with steady operation,

1.2 BRT Benefifs

Bus rapid transit systems are potentially capable of surmounting many of the difficulties
associated with conventional bus operations. The following benefits are likely to be
among those perceived by bus rapid transit patrons:

The use of priority treatments for BRT vehicles will shorten fravel
times refative to those attained with conventional buses.

A reduction in the extent fo which traffic congestion influences

bus operations will facilitate close adherence fo schedules and lead
to predictable bus service with regard to pickup times, travel times,
and destination/arrival times.

Riders will experience a more comfortable trip due to fewer
intermediate stops and lack of traffic congestion.

Passenger safety may be enhanced through less exposure of buses

to truck and automobile iraffic,

Tl
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It is anticipated that bus rapid transit will also produce operational benefits, including
those listed below:

e High average vehicle speeds will result in good vehicle utilization
(that is, more round trips per hour than conventional buses).

@ Good driver utilization can also be expected as o benefit associated
with high average vehicle speeds.

e The more uniform vehicle motion characteristic of bus rapid transit
can potentially reduce driver fatigue, mechanical wear in certain
vehicle components, fuel consumption, exhaust emissions, and noise.

Since bus rapid transit offers riders a significantly improved level of service (primarily
from the standpoint of travel time), the possibility exists that a substantial ridership
volume will be developed and maintained. Satisfactory ridership levels have been ob-
served in the limited bus rapid transit operations in Los Angeles, Seattle, New York, and
Washington, D.C., even though these systems provide essenticlly non-stop service with
few opportunities for passengers to enter and leave. To further enhance the accessibility
-of bus rapid transit, it is necessary to provide support facilities (such as park-and-ride
and kiss-and-ride) ond feeder service in the form of local buses or dial-a-bus operations,
Furthermore, the operating efficiencies of bus rapid transit may permit fares to be estab-
tished of o level which many potential riders find competitive with other modes of trans-
portation available fo them,

Each transportation mode has applications to which it is best suited. Bus rapid transit is
not intended to compete with high-capacity rail systems in heavily traveled corridors.
Nor can it supplant the private automobile in areas with diffused, low-density fravel
patterns. In applications requiring an intermediate capacity of approximately 2,000 to
10,000 persons per hour, however, bus rapid transit very probably represents an excellent
balance between capital investment and the level of passenger service attained. More-
over, it is quite significant that the copital investment in a bus rapid transit system can
be adjusfed to achieve o desired level of service~~ranging from the amount required to
implement grade-separated exclusive busways to the minimal investment associated with
the shared use of existing traffic lanes,

The potential benefits to be derived from the implementation of bus rapid transit systems in
Michigan are considerable. Relatively little operating experience has accrued with bus
rapid transit systems of this type, however. It is the opinion of transit planners that the
needed experience can best be acquired through a controlled, carefully planned, trial
implementation of bus rapid transit in o selected location. An important aspect of this
trial implementation is the selection of a test site which will permit meaningful results fo
be obtained and which will not distort the results due to unusual circumstances in that
location. It is also important that the method of implementation be chosen such that ex-~
press bus operation is provided at a reasonable cost and with a minimum disruption of
other traffic and the surrounding neighborhoods. Furthermore, the scheduling and opera=
tion of the bus rapid fransit system should produce a balance between costs and level of
service. Finally, it is necessary to monitor the operation of the fest system and analyze
its performance.
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‘ The following principal resulis will be among those produced in the course of the bus
rapid fransit demonstration,

& Bus rapid’transit technology will be quantitatively evaluated with regard
to its viability as o transportation alternative for Michigan applications.
The evaluation will encompass:

Implementation costs

Operating costs

Level of passenger service

Public acceptance (ridership attraction)

e A design methodology usable in other Michigan bus rapid transit
implementations will be formulated. The BRT design aspects
considered will include:

-~ Right-of-way modifications (pavement markings, signing,
: traffic control signals, barriers, curb cuts, etc.)
o - Bus access/egress facilities such os special ramps and lanes
- Demand analysis and schedule development
: = Operating personnel
s - Support systems (park-and-ride and kiss=and=ride)
facilities, feeder bus operations, dial=a-bus service, etc.)

1.3 BRT Program Plan

The bus rapid fransit demonstration will be accomplished in five phases, as listed
below:

e Phase | - Potential bus rapid transit corridors in four Michigan urban
areas will be examined, and a demonstration fest site will be recommended.

e Phase I - A travel data base for the selected corridor will be compiled
and studied. Existing corridor travel will be simulated, and the simulation
will be calibrated through correlation with available data, Bus rapid fransit
service in the corridor will be simulated, and its performance and impact on
other transportation in the corridor will be evaluated. An implementation plan
and cost estimate will be prepared. Any necessary support requirements (such
as park=and-ride or kiss~and-ride facilities and feeder bus or dial-a=bus ser-
vice) will also be defined. '

e Phase 1ll = Detailed designs, specifications, and cost estimates will be pro~
duced for all of the major system elements, including right-of-way modifica~
tions, interchanges, access ond egress points, pavement markings, lights,
signing, and traffic control equipment. Operating personnel requirements
will also be determined.

® Phase 1V = The implementation and operation of bus rapid transit service in the
demonstration corridor will be monitored ond coordinated to assure that the
demonstration is conducted as planned in earlier phases.,
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e Phase V - Data will be collected throughout the demonstration, analyzed,
and incorporated into a final report detailing the results of the demonstration
and outlining recommendations for future applications.

* This report summarizes the Phase | effort completed in April 1975,
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2.0 IDENTIFICATION OF POTENTIAL BUS RAPID TRANSIT CORRIDORS

This section summarizes the identification of potential bus rapid fransit corridors in
selected Michigan cities and describes the corridor screening process utilized to reduce
the number of corridors from twenty=-four to seven. The number of corridors was reduced
to allow a more detailed subsequent analysis to be performed on those corridors exhibit-
ing the most potential for a bus rapid transit demonstration. The fotal effort included
planning and preparation functions, coordination with local transit officials in each of
four cities to obtain required basic information, cursory development of existing corridor
data fo establish a basis for assessment of BRT potential, and, finally, comparison of the
contributing factors for each corridor fo culminate the judgmental process.

2.1 Areas Visited

The four metropolitan areas examined for potential BRT corridors include Lansing/East
Lansing, Flint, Grand Rapids, and Detroit. Each area was visited for the purposes of
‘initial data collection, solicitation of the views of local officials on corridor identities,
and general familiarization with the area's traffic patterns, Listed below are organiza-
tions and individuals contacted in each locality, along with a general list of data and
reports obtained.

e Lansing/East Lansing Area

- Tri=Couniy Regional Planning Commission, Sam Burns

= Capital Area Transportation Authority (CATA), Duane Kooyers

- Michigan Department of State Highways and Transportation, Mike
Eberlein, Dave Geiger

- Data/Reports

1. "ldentification, Delineation, and Classification of
Activity Centers, " December 1973

2. "ldentification and Delineation of Principal Travel Corridors
in the Tri-County Region," January 1974

3. "Corridor Travel Patterns, Land Use Data, Growth Factors,
and Existing Transit System," March 1974

4., "Annval Report, Fiscal Year 1974, Transportation, "
September 1974

5. "Street and Highway Inventory Summary," December 1966

6. O/D Data for Grand Rapids, Flint, and Lansing/East Lansing

e Grand Rapids Area

- Grand Rapids Transit Authority (GRTA), David Needham, Robert Lenn
- Data/Reports
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1. "Grond Rapids Transit Improvement," Work Paper No. 5,

No. 4, and a portion of No., 3, prepared in 1973 by

Barton-Aschman Associates, Inc,

Bus Route Maps and Schedules

Traffic Flow Map (1972)

Population Density Map

. Tabulation of Traffic Analysis Zone Areas and Pepulation
Densities

O b WA

@ Flint Area

- Genesee County Metropolitan Planning Commission, Thomas Roach,
Chapin Cook

~ Flint Mass Transit Authority, Louis Marsack

- Flint Depariment of Traffic Engineering, David Henley

~ Data/Reports

1. "Genesee County 1990 Lond Use - Transportation Plan,"
September 1971

2. "A Five=Yeor Mass Tronsit Development Plan for Flint,
Michigon" (Draft Copy Dated November 11, 1974)

3. "Genesee County Transporiation Facilities Inventory Report,
Genesee County, Michigan,” February 1970

4. "1973 Aonual Report, " Flint=-Genesee County Comprehensive
Lond Use = Transportation Planning Study

5. "Short-Range Multi-Modal Improvement Program, " for the
Flint=Genesee County Urbanized Area

6. Genesee County Highway Map

7. Map of Bus Routes and Activity Centers in Genesee County

8

9

o Bus Schedules and Route Maps
. Ridership Totals (by Route) for the Weeks of November 18
and November 25, 1974
10. Aggregate Ridership Totals for Each Month in the Years 1972,
1973, and 1974 '
11. Ridership Totals for Each Month in the Years 1972, 1973,
and 1974
12. Description of Each Bus in Fleet

e Detroit Area

~ Detroit Department of Transportation, George Basmadjian, Ross Bremmer,
George Friend, Bill Morrison, Bob Holliday, Harold Schroeter,
_ Robert Hicks
- SEMCOG, Jim Thomas
- SEMTA, Tom Wegerbaver, Dan Morrill
= Department of State Highway, Herb Crane
- Data/Reports
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Tape of Employment Projections by District for 1975
1970 24~Hour Traffic Flow Map

. Map of Employment Centers by District

Map of Retail Centers

1990 Highway Network Map

Defroit DOT Bus Line Maps, Schedules, Line Miles, and
Collected Revenue by Line

Average Weekday 24-Hour and Peak Hour Ramp and
Freeway Traffic Counts

Detroit CBD Cordon Counts

24~Hour Traffic Counts on Major Arterials
"Formation of the Detroit Freeway Operations Unif, "
TSD-TR=-119-69

"Improving Eastbound Ford Freeway Traffic Flow by Ramp
Metering, " Phase | = Analysis of Preliminary Traffic Data,
TSD=TR=180~71

1965 TALUS Survey Data

A total of twenty-four corridors were identified in the four metropolitan areas for con-
sideration in the screening process. The corridors were chosen on the basis of recommen-
dations by local officials as well as choracteristics of available data. Major fraffic
routes are used to identify the corridors in this list. A more detailed account of the area
included within each corridor for the screening process is found in subsequent paragraphs.

o Lonsing/Fast Lansing

- East Grand River Avenue/Oackland Avenue
- East Saginaw Street/Qakland Avenue
- South Cedar Street

- South

Logan Street

- West Saginaw Street

e Flint -

- North Saginaw Street/Detroit Street
- South Saginaw Street
- Dort Highway (North/South)

~ =475

(South)

- =69 (East/West)

e Grand Rapids

- US-131/Division Avenue (South)
- US=131/Plainfield Avenue (North)

2-3
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28th Street (East/West)
=196 (Southwest)

=196 (East)

Lake Michigan Drive (West)

H

e Defroit

i

Gratiot/1-94

- Mound Road/Van Dyke
Woodward/1-75

= Grand River/Jeffries
Michigan Avenue/1-94
[~75/Fort '
1-696/Lodge

East Jefferson

2.3 Corridor Screening Characteristics

The twenty-four candidate corridors were screened on the basis of four important corridor
characteristics. These charocteristics include travel demand, peck period level of ser~
vice estimates, current transit ridership, and significant physical factors relating to the
ease of BRT implementafion. The objective of the screening process was to provide a
timely means for reducing the number of candidate corridors to seven of the most promis-
ing in terms of BRT potential. The depth of the effort was limited by constraints of avail-
able daia as well as the large number of corriders (24) to be screened., The values of the
BRT secreening characteristics for oll 24 of the identified corridors are summarized in
Table 2-1,

2.3.1 Corridor Travel Demand

Travel demand for each corridor was estimated, using daily, all~mode origin-destination
trip data. Availability and general compatibility of data among the four metropolitan
areas were major reasons for representing travel demand in this format, The data for
Lansing, Grand Rapids, and Detroit are based on the results of surveys conducted in 1965;
the data for Flint are based on the results of a 1966 survey. The origin-destination data
for the three ouistate areas were provided by the Michigan Department of State Highways
and Transportation in Lonsing. The Detroit data were obtained from tapes provided by
the Southeastern Michigan Council of Governments (SEMCOG).

A minor discrepaney in data exists befween outstate and Detroit areas. The O/D tables
for the outstate areas list tofal vehicle trips, while total person frips are reported for the
Detroit area, To compensate for this variance and allow direct comparison of travel
demand by person irip, average vehicle occupancy factors were obtained and applied to
the outstate travel demand numbers. The factors are 1.55, 1,26, and 1.51 for Grand

2-4
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Table 2-1 Corridor Screening Characteristic Summary for BRT
Total Trips To {One~Way) | Level of Current Transit
Corridor Route Major Destinations Service Ridership in Ease of Implementation/Remarks
. Estimate Corridor
Daily Peck Hr
Lansing/East Lansing, Michigan .
East Grand River/Qakland 13,443W/11,287E D 2943 (Michigan) Park & ride space at Meridian Mall, 2-3 lanes/direction
Eost Saginaw/Oakland 3761 C - Oakland/Saginaw one-way poir through cfty, 3 lanes
Scuth Cedar 7207 B 873 Row width only 66 & in places, 2 lanes/direction
South Logan 6821 C 452 At-grade RR crossings, row width = 66 f, 2 lones/direction
West Saginaw 4407 8] 447 Park & ride space of Lansing Mall, row = 83 fi most areas
Flint, Michigan
MNorth Saginaw/Detroit 4323 F 2243 Some park & ride possibilities, curb cuts feasible most areos
South Saginaw 3323 E-F 428 Curb cuts feasible most arecs
Dort Highway (N/S) 1788N /20675 D-E - Many traffic signals
1-475 (5) 4053 A-B -— Few access ramps
%69 (E/W) 1907W/1573E A-B 439 Park & ride facilities potentially available
Grand Rapids, Michigan
US-131/Division (8) 495 D-E/D 1158 (Divisien) Ramp queve jumpers feasible most areas, freeway flows well
US=131/Plainfield (N) 8378 D-E/D 853 (Plainfield) Possible park & ride of North Kent Mall
28th Street ({E/W) 2220E/409W E -— Unsynchrenized lights, frequent stops required, L8R turng
1-196 (SW) 3249 B~C - Few stops required, park & ride space
1~196 (E) 1724 B-C - No major Implementation problems
Lake Michigan Drive (W) 3715 C 164 Few stop lights, wide shoulders in outlying areas, 1-1/2
lanes ¢lose in
Detroit, Michigan
Gratiot/1-94 42 641 12,934 D-E/D-E 22,447 Synchonized lights, narrow median on =94 close in
Mound/Van Dyke 33,913 6,847 D-E/D-E - Wide median on Mound, curb cuts tight on Van Dyke
Woodward/1-75 39,143 7,299 D/E 52,848 Synchronized lights on Woodward, ramp queue jumpers
feasible on 1-75 most areas
Grand River/Jeffries 45,686 12,074 b/C 8,590 Narrow median on Ledge, utilization of Jeffries will
allow exclusive lane implementation
Michigan/1-94 22,730 4,747 D/D-E 9,561 Michigan divided by median
-75/Fort 17,849 4,318 D-E/C-D 11,958 No service drives on 1-75, narrow median on |-75
1-696/Lodge 36,989 7,157 D-E/E-F - Service drives available some areas
East Jefferson 43,790 10,353 D-E 26,295 Synchronized lights, cross traffic minimized
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‘Rapids, Lansing, and Flint, respectively. Travel demand values listed in Table 2-1,
therefore, reflect these compensations.

In order to use the O/D data, each corrider was defined in terms of origin and destina-
tion zones (traffic analysis zones in the outsiate areas and districts in the Detroit area).
Only key destinations such as the CBD and other major employment centers were con-
sidered for corridor screening purposes. All zones within each corrider, but outside a
two~mile radius around the identified employment centers, were considered as origins.
That is, although BRT is an express service, it was assumed for the purpose of screening
that all trip mokers would be served equally. The effect of this assumption is fo some-
what overestimate the demand on each corridor from which BRT ridership would be
generated. This effect, however, is not considered significantly detrimental to the
screening process. The location of each) production stop (pickup stop), and the portion of
the total frips which have convenient access fo that stop, will be estimated for selected
corridors as part of the next phase of corridor evaluation,

The two=mile zone without pickup stops surrounding each employment center reflecis the
assumpfion that few short trips wou fdlbe attracted to BRT, and that the bus would, there-
fore, travel in an express mode for ot least two miles before making a destination stop.

The five corridors in Lansing which were considered as candidates are identified in terms
of traffic analysis zones in Table 2-2, The corridors in Fiint, Grand Rapids, and Detroit
are similorly identified in Tables 2-3, 2-4, and 2-5, respectively., Other destinations
besides those identified in the tables could have been considered, but areas of the central
city were chosen for consistency and simplicity. For the purposes of this analysis, the
"eentral city" is defined as the CBD plus any major employment centers in the downtown
area but outside the CBD, For example, the central ¢ity includes the state office building
in Lansing and the New Center orea in Detroit. Radial corridors were evaluated on the
basis of the number of trips terminating in the central city where parking may be expensive
or inconvenient and congestion is probably greatest. Furthermore, the number of frips
destined to other employment centers along the corridor, as defined herein, was usually
found to be small compared to the number of trips destined to the central city.

The daily travel demand for each corridor, subject to the limitations described herein, is
summarized in Table 2-1, All of the numbers represent unidirectional flows., When two
or more destinations combine to produce significant two-way flow along a corridor (e.g.,
the Grand River-Oakland corridor in Lonsing), the flow in each direction is listed sepa-

rately in the table.

Peak-hour origin-destination dafa give a better indication of potential BRT demand along

a corridor than does the daily dota. However, peak-hour data were not available for any
of the outstate areas. Morning peak~hour data for the Detroit area were available, how=
ever, and are included in Table 2-1. The dafa indicate, af least for Deiroit, that between
20 and 30 percent of the daily travel to the cenfral city occurs during the morning peak
hour,

2-6
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Table 2-2  Definition of BRT Corridors in Lansing

Corridor Origin Zones

Destination Zones

E. Grand River/Oakland 206-208
212-224
232-238
240-243
251

253-255
258-261
265-270
281

283

285-291
294-311

1-10 Lansing CBD
20 State Offices
260 East Lansing

242, 252, 253 MSU

E. Saginaw/Qakland 217-232
: ' 256-257

262264

271-280

282

284

388-389

1-10 Lansing CBD
20 State Offices

S. Cedar 122-125
128-142
156-166
184-192
316-329

1~10 Lansing CBD
20 State Offices

S. Logon 76-82

126=-127
143-155
167-183

i~10 Lansing CBD
20 State Offices

W. Saginaw 3537
40-61
63-74

1-10 Lansing CBD

TRANSPORTATION LIBRARY
MICHIGAN DEPT. STATE HIGHWAYS &

TRANSPORTATION LANSING, MICH, 2-7

T
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Table 2-3 Definition of BRT Corridors in Flint

Corridor Origin Zones Destination Zones

N. Saginaw/Detroit 82-85 3=6 Flint CBD
92-100

102

104

165-168

177189

S. Saginaw 32-34 3-6 Flint C8D
37
233-241
246248
251
253-259

Dort Highway 19-24 20 Consumers Power
26-30 112 AC Spark Plug
32 237 Fisher Body,
Grond Blanc

97
100-101
111-117
119-125
164~168
176~181
185-190
196
219-220
232-233
236-238
240-241
246-248
251
254-257

1~475 33-34 3~6 Flint CBD
37

233-241

246-261

2-8
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Table 2-3 Definition of BRT Corridors in Flint (Continued)

Corridor

Origin Zones

Destination Zones

=69 East

5-14
20-26
201-209
212-215

~ 3-6 Flint CBD

1-69 West

38
42-43
278-280

283
286-288
302-307
309

3-6 Flint CBD

2-9
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Table 2-4 Definition of BRT Corridors in Grand Rapids

Corridor

Origin Zones

Destination Zones

US 131/Division (South)

144

172-179
203-208
216-219
240-246
257-259

96, 101, 102, 108, 109
Grand Rapids CBD

US 131/Plainfield
(North)

20-23
35-38
45-50
67-70
72-77
91-94

96,101, 102, 108, 109
Grand Rapids CBD

28th Street

156
158-162
164
178
181-184
192-203
210-212
221-222
224-234

208 Kent Ind. Center
215 Steel Case
218 Fisher Body

=196 (Southwest)

139-141
180-186
192-198
221234

96, 101, 102, 108, 109
Grand Rapids CBD

[~196 (East)

6
16-17
42-43

115-117
153-155

96,101, 102, 108, 109
Grand Ropids CBD

Lake Michigan Drive

13

27-29

55-58

95
129-138
187

96,101,102, 108, 109
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Table 2-5 Definition of BRT Corridors in Detroit

Corridor

Origin Districts

Destination Zones

Gratiot/1-94

42-43

61

65

80-85
111-112
305
310-315
320-324
340-341

1-7 Detroit CBD
13, 23, 50 New Center

Mound/Van Dyke

40

42

61-62

64~66

81-82
102
300-305
330-334

1-7 Detroit CBD
13, 23, 50 New Center

Woodward/1-75

62-64

76
100-102
200~207
230-232
234-236
240-241
243
250-255

1~7 Detroit CBD
13, 23, 50 New Center

Grand River/Jeffries

51
53
70-73
92-97
141
143-144
146
214
220-222

1-7 Detroit CBD
13, 23, 50 New Center
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Table 2-5 Definition of BRT Corridors in Detroit (Coniinued)

Corridor Origin Districts Destination Zones

Michigan/1-94 34-35 1-7 Detroit CBD
120-123 13, 23, 50 New Center
125-126
133-134
137

139
152-154
180-181

[-75/Fort 30-33 17 Detroit CBD
130-136 13, 23, 50 New Center
138
160-164
510~512

[-696/Lodge 53-54 1-7 Detroit CBD
73-75 i3, 23, 50 New Center
926
101
203
210-212
214
220-222

E. Jefferson 40-44 1~7 Detroit CBD

85 13, 23, 50 New Center
110-112
310-315
320-324
340~341

2-12
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2.3.2 Level of Service Estimates

Another requirement, next in importance to travel demand, is the necessity for the priority
treatment to attract increased transit ridership and carpool participation. The potential
should exist for providing service which is faster than the private automobile. Alterna-
tively, bus trave! may be equal to or slightly greater than auto travel time if other incen-
tives to ridership, such as the elimination of unexpected travel delays, can be provided.
Both requirements suggest that a potential BRT corridor should be characterized by traffic
congestion.

An acceptable measure of congestion, for screening purposes, is the level of service no-~
tation (A through F) commonly defined by the Highway Capacity Manval.* To accom-
modate the urgency of the corridor screening process, local officials were contacted for
information pertaining to any previously designed level of service values for the corri-
dors under consideration, Service levels are normally caleulated by considering basic
elements such as average overall travel speed, volume to capacity ratios, and other re-
lated elements in varying proportions for freeways, multi=lane highways, fwo and three
lane highways, urban arterials, and downtown streets. In the absence of available pre-
determined level of service values, cognizant representatives within the local areas were
asked to subjectively estimate levels of service, by corridor, for the peak travel peried.
To clarify the level of service values utilized for this corridor screening application, the
foltowing definitions are supplied:

o Level of Service A: Describes a condition of free flow, with low volumes
and high speeds. Traffic density is low, with speeds controlled by driver

desires, speed limits, and physical roadway conditions. Little or no restric=-
tion in maneuverability due to the presence of other vehicles is encountered.

e Level of Service B: Stable flow, with operating speeds beginning fo be
restricted somewhat by fraffic conditions. Drivers still have reasonable
freedom to select their speed and lane of operation. Reduction in speed
is not unreasonable, with a fow probability of traffic flow being restricted.

@ Level of Service C: Flow is still stable, but speeds and maneuverability are
more closely controlled by the higher volumes. Most drivers are restricted
in freedom to select speed, change lanes, or pass. Relatively satisfactory
operating speed still maintained.

e Level of Service D: Approaches unstable flow, with folerable operating
speeds being maintained though considerably affected by changes in operating
conditions. Fluctuations in volume and temporary restrictions to flow may
cause substantial drops in operating speeds. Drivers have little freedom to
maneuver, and comfort and convenience are low.

* Highway Capacity Manual, 1965, Highway Research Board, Special Report 87,
National Academy of Sciences, National Research Council, Publication 1328.
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e level of Service £: Cannot be described by speed alone, but represents
operations at lower operating speeds than in Level D, with volumes at or
near capacity of the highway. At capacity, speeds are typically near
30 mph. Flow is unstable with stoppages of momentary duration,

e Level of Service F: Describes forced flow operation ot low speeds, where
volumes are below capacity resulting from queues of vehicles backing up
from restrictions downstream. Highway sections serve as storage areas.
Speeds are reduced substantially with stoppages for short or long periods
of time. In the exireme, both speed and volume drop to zero. '

2.3.3 Current Transit Ridership

Transit ridership dota were gathered for the four cities involved in the Michigan BRT
study. Ridership data were supplied by the Flint Mass Transportation Authority (FMTA),
the Grand Rapids Transit Authority (GRTA), the Capital Area Transit Authority (CATA)

in Lansing, the Detroit Depertment of Transpartation (DDOT),and the Southeastern
Michigan Transportation Authority (SEMTA). The data supplied are of two types. One
type provides the number of passengers for o 24-hour period on individual bus routes in
the cities and surrounding areas. The other type indicates the fotal number of bus passen-
gers during the peak 12-hour travel period. The Detroit CBD Cordon Count, described
later, is an example of the latter type, Some of the proposed BRT routes are not presently
served by mass transit, and, therefore, the Corridor Screening Characteristic Summary
(Table 2-1} includes some blanks in the "Current Transit Ridership" column,

Cutrent transit ridership data are fisted by corridor in Table 2=1, For the purpose of this
study, corridor transit ridership included not only passengers on buses presently operating
on the proposed BRT routes, but also on adjacent routes serving the corridor. It waos
assumed that the BRT line would draw a portion of the transit riders from parallel routes
in the corridor, Therefore, all current transit riders in the corridor were summed fo
indicate the approximate number of potential BRT riders.

The ridership data tabulated for the Lansing, Flint, and Grand Rapids corridors represent
average 24~hour transit ridership obtained within the folfowing time periods. The data
for Lansing are indicative of an average day for o period during the summer of 1974, The
Flint MTA data represent the average week-day regular service ridership for the week of
November 18 through November 22, 1974, The Grand Rapids data provide the total
transit ridership for December 2, 1974,

Two sources of data, the 1974 Cordon Count of the Detroit Central Business District, pre-
pared by the Traffic Research Division of the Detroit Department of Transportation, and
five=day passenger count averages for SEMTA bus routes were used fo determine the
current fransit ridership for the corridors in Detroit,
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The SEMTA data are for 24=hour transit ridership and represent the daily average of a
sample five~day week. Similar ridership data by route were not available for DDOT buses
operating along the identified corridors in the city of Detroit. Therefore, the number of
pussengers entering ond leaving the Detroit CBD on DDOT buses operating on streets in
each corridor was used as an indication of transit ridership. These data were obtained
from the 1974 Cordon Count which was conducted between 7:00 a.m. and 7:00 p.m. on
April 23, 24, ond 25, Tuesday, Wednesday, and Thursday, respectively. The Cordon
Count is a classified vehicle and passenger survey of all fraffic entering and leaving the
Detroit CBD. The boundaries of the cordon area are the John C. Lodge Freeway on the
west, the Fisher Freeway on the north, the Chrysler Freeway on the east, and the Detroit
River on the south. '

The transit ridership estimates for the Detroit corridors obtained from the Cordon Count

are 12~hour rather than 24~hour totals. However, the 12 hours not covered by the Cordon
Count are off-peak hours with low fransit ridership,

2.3.4 Ease of Implementation/Remarks

Subjective remarks relating to physical characteristics of each candidate corridor were
formulated to provide insight regarding BRT implementation along cotridor routes. These
remarks, however, were based upon macroscopic observations made during visits to each
of the four metropolitan areas and, as such, were regarded lightly in the corrider screen=
ing process.

2.4 Corridor Screening by Urban Area

The corridors in each urban area were evaluated separately on the basis of the screening
characteristics. The results of this phase of the screening process are the identification
of the most promising corridors in each of the four urban areas.

2.4.1 Lansing/East Lansing

As a result of discussions with regional planning and transit officials and first~hand obser-
vation, five corridors were identified in the Lansing/East Lansing area for further con-
sideration in the screening process. Those corridors are identified by traffic analysis zones
in Table 2-2 and are listed below for reference:

e East Grand River/Qakland
e East Saginaw/Oakland

e South Cedar

e South Logan

e West Saginaw
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The corridor characteristics which were considered in the screening process are summarized
in Table 2-1,

According to Table 2-1, the East Grand River/Oakland Corridor is the one which has the
largest number of trips destined to major employment centers. The two major employment
centers along this corridor which were considered in estimating corridor demand are the
Lansing CBD, plus the state offices, and the East Lansing CBD, plus parts of the MSU cam-
pus. Since the East Lansing employment center is a major trip attractor, the corridor has
significant two~way flow. According to the 1965 O/D data, approximately 13,000 per-
sons inifiate trips within the corridor and travel west to the East Lansing and Lansing
employment centers. Approximately 11,000 persons travel east along the corridor to the
East Lansing employment center. East Grand River appears to be as congested as any
arterial under consideration in Lansing, and thus offers as much potential as any other
corridor for reducing travel time by implementing a bus priority treatment. The East
Grand River/Oakland Corridor also supports the highest transit ridership (approximately
2,900 passengers per day) of all the potential corridors. There appears to be space at
Meridian Mall for change-of-mode parking, and the Saginaw~Oakland ene-way pair
offers good potential for simple BRT implementation.

The four remaining corridors are all oriented radially toward the Lansing employment
center. The tofal number of trips to that destination generated within each of these
corridors is less than the corresponding number for the Grand River/Qakland Corridor.
Except for West Saginaw Street, traffic on the remaining corridor spines is characterized
by stable flow with acceptable operating speeds (Level of Service B to C). Little poten-
tial for reducing trip times by priority treatments exists on three out of four of these corri-
dors, Daily transit ridership on these four corridors is much less than the ridership on the
Grand River/Odkland Corridor. Without a substantial tronsit ridership base upon which
to build, establishing an acceptable level of BRT ridership would depend heavily on
diverting potential riders from automobiles. This diversion is particularly leFtcuit where
congestion is lacking.

Considering the total number of irips, comparative levels of congestion, and current

transit ridership, the Grand River/Oakland Corridor stands out as the corridor in the
Lansing area which offers the highest potential for BRT service.

2.4.2 Flint

As previously discussed, five travel corridors in the Flint area were considered suitable
for evaluation. These corridors are listed below:

e Dort Highway (North and South)
@ 1-69 (East and West)

e [-475 (South)

® South Sagniaw Street

@ North Saginaw/Detroit Street

2-16
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The Dort Highway Corridor has relatively fittle potential for Bus Repid Transit. A cursory
analysis of 1966 O/D survey data revealed that this corridor generates o base of fewer
than 1,800 daily person=trips from which northbound BRT trips could be attracted, while
approximately 2,100 daily person-~trips are estimated for southbound Dort Highway. The
implementation of BRT on Dort Highway could be quite difficult; many traffic signals are
located in the vicinity of AC Spark Plug; traffic in the same area is somewhat congested;
and an exclusive bus lone does not appear viable, The Flint MTA does not currently pro-
vide bus service on the Dort Highway Corridor (with the exception of the Lapeer Road
route on South Dort Highway between Lippincott Boulevard and Hemphiil Road). It would
be necessary; therefore, to aftract virtually all BRT riders from among those who presently
travel by automobile or who are restricted in their frip making.

The 1~6% Corridor, extending from Davison (east of Flint) to Swartz Creek (west of Flint),
is also unattractive for BRT implementation, The 1,966 daily person~trips satisfying the
appropriate screening criteria total approximately 1,600 and 1,900, respectively, on the

_east and west segments of the 1=69 Corridor. The operation of buses on 1-69 could be
readily accomplished. Troffic moves freely in both directions, obviating the need for an

exclusive bus lane. Furthermore, the location of 1-69 provides good access to the Flint
CBD from either extremity of the corridor. In addition to the Flint CBD, Swartz Creek,
and Davison, [-69 serves GM Parts Division, Genesee Valley Mall, the Chevrolet com-
plex af Bristol Road and 1-75, and Eastland Mall, Due to the luck of congestion on 1-69,
however, BRT could offer no time savings relative to automobile travel, creating a major
obstacle to the attraction of ridership. Current ridership on the bus lines paralleling 1-69
(Genesee Volley and Richfield Road) is quite low and does not constifute a viable base
upon which a substantial BRT ridership could be built.

The 1-475 Cotridor between o point west of Grand Blane and the Flint CBD has a slightly
higher potential for BRT than the Dort Highway or {-69 Corridors discussed above, A

total of approximately 4,100 daily person-trips (in 1966) are judged to be suitable for
BRT, more than are associated with the preceding corridors, but still a very small number.
1-475 has been open to traffic only since the fall of 1974 and does not yet have significant
congestion; buses could move quite well in mixed traffic with no special provisions. The
lack of congestion, however, eliminates frip time savings as incentive for travelers to
choose BRT rather than automobiles. Also, the small number of 1-475 access points re~
stricts opportunities for intermediate feeder connections. Finally, the low ridership on
the South Seginaw Street bus line (which parallels much of the 1-475 route) does not in-

dicate a substantial group of fransit-oriented persons who would be likely to patronize
BRT.

The South Saginaw Street Corridor, interconnecting the Flint and Grand Blanc CBD's,

was analyzed in a manner similar to that employed for the other Flint corridors. Approxi-
mately 3,300 daily person-trips (based upon 1966 O/D survey dafa) are considered poten-
tially suitable for BRT. BRT service would be more difficult to implement on South Saginaw
Street than on either of the freeways discussed above. Through the use of bus~actuated
traffic signal pre-emptors, or by other means, BRT travel times comparing favorably with
those of automobiles delayed by traffic congestion might be attained. The current South
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Saginaw Sireet bus ridership, however, is not high enough to indicate (by itself) that the
corridor is patticularly favorable for BRT operation.

The corridor associated with North Saginaw Street and Detroit Street appears to be the
most suitable location for BRT in the Flint area. An examination of daily person-trips
(using data obtained in a 1966 O/D survey) revealed that a total of approximately 4300
such trips follow the general pattern of BRT travel. ~Although this total is greater than
those determined for other Flint corridors, it is quite small relative to the capacities
obtainable with the BRT systems considered in this study. No major BRT implementation
obstacles were observed with regard to Nerth Saginaw Street. Curb cuts for bus leading
and unloading seem feasible in all portions of North Saginaw Street, with the exception
of the CBD. Parking restrictions could be used to provide bus stops or even bus lanes in
the CBD, since parking is currently permitted on both sides of Saginaw Street in that area.
(It would be necessary to demonstrate that downtown merchants would experience a net
benefit before such parking restrictions would be generally accepted.) In addition to the
CBD, Buick Motor Division is a major trip attractor which would be served by a North
Saginaw BRT route. If the demand proved sufficient, a portien of the buses could be

-diverted from North Saginaw Street to travel on Industrial Avenue adjacent to Buick.

Furthermore, North Saginaw Street is occasionally quite congested, presenting an oppor-
tunity for BRT fo compete effectively with automobile travel times, Finally, the current

transit ridership along this corridor (computed by adding ridership fotals for the Flint MTA
lines on both Defroit Street and North Saginaw Street) is higher than was observed for the
other Flint corridors studied,

2,4.3 Grond Rapids
The following six candidate BRT corridors in Grand Rapids were evaluated:

1-196 (Southwest)

1~196 (East)

Lake Michigan Drive

28th Street
US-131/Division Avenuve
US=131/Plainfield Avenue

® & & & 6 &

Both segments of 1~196 have relatively low potential for successful BRT implementations.
In each of these cases, the number of daily vehicle trips (based on 1965 O/D survey data)
compatible with BRT characteristics is quite small, Automobile traffic on 1-196 moves
freely, offering liftle chance for improved travel times through BRT service, The imple~
mentation of BRT on {-196 would not present any major problems and would provide con-
venient access to the Grand Rapids CBD. There is no well-developed transit ridership

in the [-196 Corridor; it would be necessary to attract virtually all of the riders for o

BRT system from among automobile users.

R Ty |
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Lake Michigan Drive, extending west from the CBD, also does ot exhibit a high potential
for successful BRT operation. An examination of 1965 daily person-trips in this corridor,
for example, indicated approximately 3,700 trips which are suitable for BRT. Further-
more, Lake Michigan Drive is not aftractive from an ease~of-implementation standpoint,
since portions of the roadway may not permit buses to pass slower vehicles. Current transit
ridership in this corridor is quite small {less than 200 passengers per day) and does not pro-
vide an incentive to implement BRT service,

The 28th Street Corridor is heavily traveled, but does not include a major trip attractor
comparable fo the Grand Rapids CBD. While BRT implementation in this corridor could
be accomplished, the "many=~to-many" nature of the frips to be served does not favor BRT
operation. These factors, in conjunciion with the lack of an established base of current
transit ridership, lead to the conclusion that 28th Street is not an appropriate site for o
demonstration of BRT service.

The corridors associated with US~131 and Division Avenue (south of the CBD) and with
US-131 and Plainfield Avenue (north of the CBD) ore judged o be the most suitable in
Grand Rapids for BRT implementation. [n an analysis of 1965 iravel data, the Division
Avenue and Plainfield Avenue Corridors were found fo have approximately 10,500 and
8,400 daily person-trips compatible with BRT chavacteristics, respectively. These travel
volumes are higher than determined for other corridors in Grand Rapids, but are not suf-
ficient to justify BRT approaches employing short bus headways or requiring signifieant
capital expenditures. The operation of express buses in mixed traffic on either segment
of US=131 would present no special problems, since this freeway dees not offen become
seriously congested. The southern portions of Plainfield Avenue are not particularly
attractive for express bus operation; a time savings might result from a longer route south
on Plainfield to =96, west on 1~96 to US-131, south on US=131 to 1-196, and east on
[~196 to the CBD. Division Avenue appears more aftractive for express bus service than
does Plainfield Avenue; o route on US-131, however, again seems more desirable. Both
Plainfield Avenue and Division Avenue are served by GRTA routes, but neither route has
a ridership sufficient to indicate a high potential for BRT implementation,

2 4.4 Detroit

Eight corridors in the Detroit area were identified for further evaluation on the basis of
daily traffic counts and the location of major employment sites. Since the Detroit CBD

is the largest single employment center in the area and since CBD frip makers seem to be
more transit-oriented than other trip makers, all of the identified corridors terminate in
the CBD or the New Center area. High volume, non-radial travel corridors were identi~
fied bused on traffic counts (e.g., Eight Mile Road, Southfield, and Telegraph), but they
were not considered in the screening process because these corridors lack concentrated
centers of employment which can be conveniently served by a BRT implementation. The
eight corridors which were considered are defined in terms of analysis districts in Table
2-5 and are listed below for reference:
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Gratiot/1-94
Mound/Van Dyke
Woodward/1-75-
Grand River/Jeffries
Michigan/1-94
|-75/Fort
[-696/Lodge
East Jefferson

® ® &6 ® & @ @ @

As indicated in Table 2-1, all eight of the corridors generate a large number of trips to the
CBD and the New Center area. The table lists peak=hour trips as well as the daily total,
According to the level of service estimates, the rush-hour traffic flow on all but one of
the corridors approaches and sometimes reaches instability, with low operating speeds and
occasional stoppages for short duration (Level of Service D to E). The Lodge Expressway
periodically enters the forced flow regime where operating speeds are quite low and
volumes are below capacity (Level of Service F). Unlike the other corridors, both Grand
River and the Jeffries Freeway operate under stable flow conditions with generally satis-
factory speeds (Level of Service C to D). With the possible exception of the Grand River/
Jeffries Corridor, all of the corridors are relatively congested, and the potential exists for
decreasing trip times by Tmplementing a bus priority treatment. All of the corridors except
two, Mound/Van Dyke and 1-696/Lodge, have a substantial transit ridership base from
which BRT ridership con be drawn,

On the basis of these screening characteristics, all eight of the corridors in the Detroit
area appear to have potential for a successful BRT demonstration. However, the South-
eastern Michigan Transportarion Authority (SEMTA) hos immediate plans for implementation
of an exclusive bus lane on the Jeffries Freeway. The exclusive lane is to be extended as
the freeway is completed. Therefore, to avoid duplication, the Grand River/Jeffries
corridor has been eliminated from further evaluation for this BRT Demonstration Project.

2-20
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3.0 CORRIDOR SELECTION

Each of the four urban areas has been examined separately, and the corridors within
each area having the most potential for atfracting BRT ridership have been identified.

In Flint, the Detroit Street/North Saginaw Street corridor wos judged to be more suitable
for BRT than other corridors in the area. In Grand Rapids, the corridors associated with

US-131, both north and south of the CBD, show promise. A firm choice between these
two corridors in Grand Rapids, however, would require further analysis. The East Grand
River/Oakland Avenue corridor in the Lansing/East Lansing area was found to have more
potential for syccessful BRT operation than any other corridor in that area, Finally, all
eight corridors in the Detroit area were found to have high potential. The Grand River/
Jeffries Freeway corridor, however, as stated earlier, was eliminated to avoid duplication,
since a bus priority project is already planned by SEMTA for the Jeffries Freeway. To
complete the screening process, the eleven corridors located in four urban areas were
compared on the basis of the screening characteristics. The seven corridors having the
highest potential for successful BRT operation were then selected. ‘

According fo the level of service estimates which are summarized in Table 2-1, all eleven
corridors are comparable in their level of congestion, and all offer roughly the same
potential for increasing average velocity during peak hours by implementing some priority -
treatment, Although the outer terminus of each corridor has not been rigorously defined,
it is believed that the corridors in the Detroit area are longer than those in the outside
areas due to the greater intensity of suburban development in the Detroit area, Therefore,
for o given increuse in average velocity, the corridors in the Detroit area offer o greater
potential for reducing total trip time than do the corridors in the outstate areas.

Although the estimates of daily person=irips are severely limited in their usefulness for
making quontitative BRT ridership estimates, they do serve to indicate the relative magni-
tude of the demand from which BRT ridership will ultimately be drawn. In nearly oll.
cases, the number of trips that conform to the general paitern of BRT travel which are
generated within the Detroit area corridors for exceed the number of such frips generated .
within the outstate corridors. :

Existing transit ridership along the outstate corridors is very small compared to the rider-
ship along the corridors in the Detroit area where transit service is provided.

3.1 Preliminary Recommendations

Based on these considerations, it was concluded that, although each of the three out=
state urban areas includes at least one corridor in which some form of priority bus freat-
ment may be feasible, none of these shares the overall potential of any one of the seven
candidate corridors in the Detroit area. lt was, therefore, recommended that scheduled
effort for further analysis be focused on the seven Detroit corridors presented below in
non-ranked order:

3-1
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Gratiot/1-94
[-75/Fort
1-696/L.odge

East Jefferson
Michigan/1-94
Mound/Van Dyke
Woodward/1-75

@ @ @ © @ ¢ @

3.2 Final Selections

These preliminary recommendations were presented to representatives from cognizant
agencies on Fébruary 14, 1975, Representatives from the Michigan Department of State
Highways and Transportation (MDSHT), Southeastern Michigan Transportation Authority
(SEMTA), Southeast Michigan Council of Governments (SEMCOG), and Detroit Depart-
ment of Transportation (DDOT) were present at the meeting. A discussion of the pre-
liminary recommendations resulted in the final selection of seven corridors for further study.,

The original seven corridors identified by the screening process are all CBD oriented.
While this characteristic is considered an asset to BRT implementation schemes, it was
deemed desirable to consider inclusion of one or two non~CBD oriented corridors for
furthet analysis. The Southfield Coriidor and a crosstown corridor were suggested for
this purpose. ' '

The Southfield Corridor was suggested on the basis of its high rote of development over the
past few years, as well as its continued development rafe anticipated for the very near=-
term, while a viable crossiown link serving the Rouge River areda from the east side of
Detroit would be a significant service improvement to the community. In order to include
these suggested corridors for additional analysis and provide minimum disruption to existing
program plans, it was deemed desirable to hold the number of candidate corridors to seven
by reviewing and ultimately deleting two others from further consideration.

The discussion which occurred ot this meeting resulted in identification of the Woodward/[-75
and Mound/Van Dyke corridors for deletion. The Grand Trunk Line improvements scheduled
for the near term within the Woodward/I1-75 corridor tend to discount the desirability of
adding BRT in that locality. The lack of established transit ridership coupled with rela-
tively low trip demand on the Mound/Van Dyke corridor contributed to its being deleted ,
from further analysis. -

In summary, the following seven corridors, identified by tenfative routes, were selected fo
be developed through additional analysis in accordance with the contract. i

e -East Jefferson

Gratiot Avenue
1-696/Lodge Freeway
Michigan/I-94

| =75/Fort Street
Southfield

Crosstown (possibly 1-94)

¢ @ ¢ & @ @
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4.0 DEVELOPMENT OF DATA FOR SEVEN CANDIDATE CORRIDORS

4,1 Transportation Demand Data

The basic source of the origin/destination data utilized in this study is the TALUS survey
conducted in 1965, In the course of previous work by GM Research Loboratories, a mag=
netic tape containing the survey data was obtained from SEMCOG. From among the data
in each tape record, the following items were extracted:

Trip type

Beginning fime of irip

Arrival time

Trip origin zone

Trip destination zone

Expansion factor (i.e., the number of trips represented by the sample
reporfed)

e @ & @ & @

Over 300,000 such condensed survey records are assembled into a disk file fo permit con-
venient future referencing. [t is this file which serves as the basis for the demand estimates
and travel patfern analyses reported herein,

4.,1.1 Demand Analysis Time Interval

The operational characteristics of bus rapid transit are toilored to best serve concentrated,
moderately large travel demands. It wos decided, therefore, to analyze potential BRT
corridors on the basis of peak=-period travel to the Detroit CBD. To help choose a specific
three-hour peak period, the 1965 TALUS survey file was used to compute the number of
trips terminating in the Defroit CBD during half-~hour intervals from 5:00 a.m. to 8:00
p.m., and originafing in superdistricts O through 35. Totals for several different three~hour
periods are shown in Table 4-1. It may be seen that the periods from 6:30 to 9:30, 7:00 to
10:00, and 7:30 to 10:30 include more trips than other moming periods. A!fhough the 7:00~
to-10:00 period total is not the maximum observed, that period was chosen for the following
reasons:

@ When only trips to the Detroit CBD are considered, the period from 7:00
to 10:00 has 5.6 percent more trips than the preceding period and only
0.5 percent fewer than the following period,

e [t is expected that the 7:00-to-10:00 period includes a higher percentage
of work trips than does o slightly later period.

e Analyses related o the SEMTA 1990 Transportation Plan were based upon
travel between 7:00 and 10:00 a.m.
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Toble 4=1  Trip Totals for Various Three~Hour Periods

THREE-HOUR PERIOD | T AL TRIPS 1 rypee_Hour periop | TOMAL TRIPS

5:30 am - 8:30 am 51,352 11:30 am ~ 2:30pm | 33,862

6:00 am ~  9:00 am 65,041 Noon - 3:00 pm 31,868

6:30 am - %30 am 71,661 12:30 pm = 3:30 pm 30,461

7:00 am - 10:00 am 75,649 1:00 pm - 4:00 pm 31,401

7:30 am = 10:30 am 76,021 1:30 pm - 4:30 pm 29,073

8:00 am - 11:00 am 64,171 2:00 pm - 5:00 pm 28,261

8:30 am =~ 11:30 am 52,682 2:30 pm - 5:30 pm 27,419

9:00 am = Noon 43,888 3:00 pm - 6:00 pm 27,068

9:30 am ~ 12:30 pm 41,768 3:30 pm = 6:30 pm 25,132
10:00 am - 1:00 pm 39,114 4:00 pm = 7:00 pm 22,379
10:30am - 1:30pm | 37,550 4:30 pm = 7:30 pm 21,609
11:00am - 2:00pm | 35,772 5:00 pm - 8:00 pm 21,080
* Number of trips terminating in Detroit CBD from origins within superdistricts :

0 through 35 during specified interval, based upon 1965 TALUS survey data.
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4,1.2 Corridor Definition

The information utilized to define each condidate BRT corridor includes the following
items:

. e Origin Traffic Analysis Zone List. These zones constitute the only trip

generators to be considered in evaluating o corridor's trip volumes. Rather

than specify zones individually, allowable irip origins are listed as entire
districts (each containing several zones).

e Destination Zone List, Due to the greater density of trip destinations,
these zones are individually specified. Trips terminating at any other

locations are not analyzed.

E?’fi @ BRT Route Neode List. A series of points, or "nedes, " defines the principal

s route in each corridor. This route may consist of up fo 60 nodes, with as

many as 20 nodes in a main route and in each of two auxiliary routes.

A list of origin districts and destination zones for each of seven candidate BRT corridors
is shown in Table 4-2, All districts and zones in that list are identified according to
their TALUS designations. The origin districts in each corridor were chosen on the basis
of their proximity to the corridor's primary route in an attempt to define a logical
"travel shed." The areas of coverage (From which trips will be attracted) associated
with the Gratiot and Michigan/1-94 corridors are iflustrated in Figure 4=1. Similar
diagroms are presented in Figure 4=2 (for the 1-94 Crosstown and Lodge Freeway
corridors) and in Figure 4=3 (for the East Jefferson, Southfield Freeway, and Fort/Fisher
Freeway corridors).

Destination zones were selected by adding the total number of peak-period trips attracted
to each zone in the Detroit area (superdistricts O through 35) from all other zones in the
same area, and ranking the list to oid in the identification of prominent destinations.
Figure 4-4 indicates the zones which were found fo be among the top 60 attractors and
which are located within the boundaries of one or more candidate BRT corridors.

Figure 4-4 also displays the route definition nodes for the composite set of corridor
routes. The node identification numbers shown are assigned by a transit network editing
program and are used for later references fo their associated locations.

4,1,3 1965 Corridor Trip Matrix

After the origin and destination zones in each corridor were selected, trip matrices of
1965 intra=corridor, peak=period travel by all modes were generated. A computer
program was implemented to perform this fask for each corridor. The program reads
the 1965 TALUS survey file and ignores trips ending outside the morning peck period,
originating in any zone not specified as a corridor origin, or terminating in any zone
which is not among those specified as corridor destinaiions. The remaining trips are
assembled into a peak-period corridor frip matrix. To permit relatively compact trip
matrix storage, the progrom assigns one series of sequential numbers to the corridor's
origin zones, and a separate series of numbers to the destination zones., The program

4-3
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Table 4-2 Definition of Corridor Origins and Destinations

CORRIDOR

ORIGIN DISTRICTS

DESTINATION ZONES

Gratiot

East Jefferson

|1-24 Crosstown

Lodge Freeway

Southfield

Michigan/1-94

Fort/ ]
Fisher Freeway

22,24,42,43,61,65,
80-85,111,112,305,
310-315,320,322-324,
340,341

20,22,40-44,85,110-112,
310-315,320-324, 340, 341

11-14,20-24,31,33-35,
42,43,50-52,60,61,65,
80-85,102,111,112,
120-123,126,305,310-315,
320-324, 340,341

11-14, 50-54, 7276, 95-97
101,202-204,210-214,
220-222, 240,242, 244,
260,262,263

71,72,74,90-97,120-123,
125,126, 133,203-206,
210-214, 230, 240-242

10-14,31,34,35, 120123,

125,126, 133,134, 137,
139, 152-154, 180183,
190

10,30-33,130-136, 138,
160~164,510-512

10-72, 132, 133,500,501,
521,600,1111,1122,3131,
3134,3204

10-72, 132, 133,500, 501,
521,600, 1105, 1111, 1122,
3131,3134, 3204

10-72, 132,133,500, 501,
521,600, 1212,1222,1223,
1260

10=72, 110, 132, 133, 500,
501,521,600,2110

921,962,963,1212,1222,
1223,1231,1260,2110,
2400,2402

10-72, 132, 133, 500, 501,
521,600, 1212, 1222,1223,
1260

10-72, 132,133,300, 500,
501,521,600, 1310, 1367
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Figure 4-1 Gratiot and Michigan/1-94 Corridors
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then produces two computer files-~one confaining the corridor trip matrix (keyed to
"corridor~sequential " zone numbers), and another containing a translation table for
converting between "corridor-sequential” and TALUS zone numbers.

4.1.4 1975 Corridor Trip Matrix

Next, an interim computer program was written for the purpose of creating a printout of
each corridor’s trip matrix, using the zone list and trip mafrix files discussed above. This
program also generates frip production end attraction fotals for each zone. Finally, the
program includes the capabifify to print a trip matrix and zone production/ attraction
totals which have been adjusted to refiect population changes which have occurred
between 1965 and 1975, Using SEMCOG data, a computer file containing 1965 and
estimated 1975 population totals for each district in a study area was assembled, The
number of trips in each origin/destination interchange was multiplied by the 1975~to-
1965 population rafio of the district containing the origin zone being considered. While
it is not claimed that this adjusiment procedure accurately models all of the travel pattemn
_changes which have occurred during the past ten years, it is felt that the method does
provide a useful indication of infemal trip activity for individual corridors. For the total
adjusted travel demand in a corridor to be significantly misestimated, a change in the
, average number of infracorridor trips per corridor resident would be necessary (assuming
thai most moming, peak-period trips ore home-based). Trips from locations outside the
corridor o, for example, new trip affractors within the corridor, are not considered in
the corridor analysis and need not be estimated.

£y
B
B

[
o

4.1.5 Corridor Analysis Program

Travel patterns and volumes in each of seven candidate BRT corridors were analyzed
through the application of a special-purpose computer program. The program performs
fwo major functions:
e Compiles a list of corridor trips not satisfying the BRT screening
criteria specified by the program user. (The corridor trip matrix, as
previously discussed, is based upon the 1965 TALUS survey and per~
tains to trips taken by all modes,)
e Produces various summaries of corridor data and dafo pertaining to trips
which do satisfy the BRT screening criteria.

& The corridor analysis program considers the "directness” of each trip it examines, A

trip's directness is evaluated by compering its length as a BRT trip with the straight«line
distance between its origin and destination. A BRT trip consists of three segments:
access fo the mainline route, mainline travel, and travel from the mainline route to the
destination. Mainline access distance is measured from the centroid of the origin zone
to the nearest node on the mainline route. A mainline egress distance is similarly de-
fined for the trip's destination zone. The mainline travel distance is simply the dis~
tance clong the mainline route between the trip's access and egress nodes. For each of
the corridor's origin/destination pairs, the program multiplies the three BRT trip segment

4-9
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lengths by their associated weighting factors (user-specified numbers ranging from zero
to ten) and sums these products fo generate a weighted BRT trip length,  If this result
exceeds the trip's siraight-line origin=to~destination disiance, the trip is considered
unsuitable for BRT. Through weighting factor adjustments, the relative importance of
each trip segment may be established for trip sereening purposes.

The trip screenings for seven candidate BRT corridors were performed with access,
mainline, and egress weighting factors of 1.0, 0.0, and 1.0, respectively. Such a
combination of weighting factors emphasizes travel to and from the mainline route and
assesses no penalty for travel on the BRT mainline route itself. Trips were eliminated,
then, if the extra travel necessary to use the BRT route would exceed the total trip dis~
tance directly from origin to destination. A non-zero weighting factor applied to main-
line travel would result in the elimination of a greater number of trips, but it is felt

that the previously discussed weighting factors are sufficient to produce meaningful results.

The corridor analysis program also screens trips on the basis of mainline travel distance.
Any trips in which the mainfine travel fails to exceed a particular minimum are con-
-sidered unsuitable for BRT and are eliminated. This minimum distance is specified by
the program user and may range from zero to ten miles. The screening results were
found to be relatively insensitive to the value of this parameter (due to the linear nature
of the corridors and the manner in which destinations were selected); therefore a min-
imum distance of 2.0 miles was used throughout the analysis.

The two-stage screening process described above is not infended to replace a modal
analysis. Instead, it provides what is felt to be a meeningful indication of the number
of trips in each corridor which have characteristics somewhat compatible with bus rapid
transit service. These sets of trips serve as the bases for comparing one corridor with
another and for evaluating features of individual corridors.

The corridor analysis program generates a variety of outputs to facilitate additional
study of each corridor, including the following items:

Corridor mainline node list

Corridor mainline travel distance matrix

Zone~to~node correlation list

List of frips eliminated

Trip production for each zone

Trip attraction for each zone

Entry /exit trip volumes for each node L
Origin zones and entry nodes for trips to each destination group :
Entry nodes for trips to each destination zone, district, and superdistrict
Frequency distribution of mainline trip lengths

Screened corridor frip matrix

& @ @ @ @ © @ @ 2 @ @

The corridor mainline node list is shown in Table 43, This output is generated by
merging the node number and description list for the corridor with the node coordinate
list for the composiie BRT study area. The result, as shown, is a node identification
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Table 4-3  Corridor Definition Nodes

ACDE ALMPRER X y NCCE CESCRIFTICN
45 - 474417 N MICHIGAN § CAKWOGD
21 43€019 56040 MICHIGCAN £ SOUTHFIELD
28 438,88 £1a41 MICHIGAN £ 1-54
29 440,11 58,71 1-G4 £ LIVERNGTS

- g 447429 56,29 1-94 & LINWEQC
a1 443,15 £G. 65 1-94 £ LCDGE FHY
72 442,55 60 .04 1-94 £ WDOGWARD
72 444452 60,76 1-64 & CHENE
71 445,58 €1.65 I-94 § VAN CYKE
70 457,60 €2 .41 I~G4 & CONNER
€S 445,04 °  €3.03 1-64 & ALTER.

X 450,15 £3 .82 1-G4 § CADIEUX

€1 451,14 65,85 1-G4 & VERNIER

&6 450,C¢ £7.16 1-S4 £ G=WILE

£5 451,08 69,21 1-64 £ 11-MILE

€4 451.C1 T1.40 1-94 & CGRATICT

€3 451,58 13.45 GRATICT % 15-NILE
£2 451,10 76 042 CRATIOY £ CROCKER
17 446,52 €076 CEC SPUR STARTY

T4 44,77 G, B9 I-7% £ E. WARREN
75 455,27 57467 1-375 £ JEFFERSON
18 L44,81 7,70 JEFFERSCA & WCCDWART
73 £43,%5 £0.04 CRO SPUR ENC

number, "X" and "Y" coordinates (both in miles), and description of each node in the
corridor.

The next corridor analysis program output is the node-to-node travel distance matrix for
the mainline BRT routes; a portion of this output is reproduced in Table 4-4. The number
in a particular cell of the matrix represents the distance (in miles) between the nodes
identifying the cell's row and column. Distances are computed as straight-line segments
between successive pairs of nodes along the mainline route. When alternate routes exist
between two nodes, the distance for the shortest route is indicated. '

Table 4-5 illustrates another of the program's outputs—-a listing of all traffic analysis
zones in the corridor, the mainline node assigned o each zone, and the distance from
the zone centroid to the node (in miles}. All zones are identified according to the
TALUS numbering system. The assignment of a node to a particular zone is accomplished
by computing the straight~line distances between the zone centroid and all nodes and
then selecting the node for which that distance is minimized. This node assignment, and
the zone-to-node distance, are applicable for the zone as either a trip origin or destina-
tion.

Another segment of the program's output is shown in Table 4-6. This output consists of a
description of each trip eliminated in the screening process, and an indication of its reason

411 TRANSPORTATION LIBRARY
MICHIGAN DEPT, STATE HIGHWAYS &

TRANSPORTATION LANSING, MICH.




Teble 4=4 Corridor Travel Distance Matrix

MCLE 45 217 28 A 2¢ 31 12 12 11 10
45 o000 145 432 €732 8624 G422  Se72 1093  12.£€ 14.44
21 1045 Q.00 2,87 481 €e78 7,11 Fe27  Go4B 11a21 12.98
ZE  4e32  2.81 000 .00 3.2  4.50 o400 €461 fFo34 10411
26 £e32 48T  2.00  G.CQ 1091 290 3640 4961 €434  Ball
20 Ba24  €.18 3,52 1,91 0,00  ©.9¢ 145  2,7C 441 6,20

31 Se22 71T 4250  2.508 0,59 0.00 0.50 1.71 144 5021
T3 9672 £e271  Be4C 340 1645  0.5€ 000 1,21 2.94 4e71

12 10.93 S48 €ef1l  4.61 270 1,71 1,21  0.0C 1,73 3,50
71 1266€ 1121 €34  £o34 4043  3s44  2.%94 173 0,00  1.77

70 1444 12058  10.11 Ba1l €.20  5.21 471  3.50 1,77 0,00
€9 16,00 14,55 11668 S.6F 7,77 6,78 £.,28 5.07 .24 1.57

EE 17027 15,62 13,5 11,05 S,13 8,15 To65  6.44 471  2.94
£7 19062 1E.17 1530 13,30 11,78 10.4C 9,90 B.€S €.96 5.19

€Ef 20.54 15,46 16462 14062 12,70 11,72 11,22 10.01 8.28  E.51

€8 23,01 214856 1€.65 16465 14,78 11a7% 13629 12.08 10,35 8.58

 BA 75018 23,73 20,86 18.8E& 1€.55 15.5€ 15.46 14625 12,52 10,75
£3 2743 3571 23611 21010 15619 18.2C 17,70 16049 14,76 12.5S

62 3060 26,15 2&,28 Z4.zE 22,36 21,38 2C.88 19.67 17.54 16.16
72 10_0_9; QG‘Ga 6}}&1 ‘I_@uﬁl ?a?_o 10?1 1021 0000 1013 335'

34 11,82 10,38 Te%1 Se51 1,60 2.61 2011 0090 2.63 4.4}
15 12.91 11.4&  £,55  £.59 LR 3,69 7,16 .04 4,17 6.54

1€ 12,738 1052 A.06  £.06  4.14  3.1€ 2066 2,51 5,30  1.07
13 997? Eo?? Ee‘ic 3:40 Io{ig 0050 0&00 1021 2¢q4 4071.

(or reasons)} for rejection. The first two columns identify each trip as an origin/destina~-
tion zone pair. The nexi three columns report the BRT mainline access, mainline egress,
and mainline travel distances for the trip. An osterisk printed adjacent fo a mainline

travel distance identifies a trip with less than the specified minimum distance traveled on
the mainline route, The next column contains the straighi-line origin-to~destination dis-
tance for each trip; an asterisk next fo one of these enfries denotes a trip with a weighted
BRT distance exceeding the siraight~line distance. Finally, the number of peak~period

person-trips associated with the origin/destination zone pair is shown in the rightmost column.

A listing of the total trip production for each origin zone constitutes the next corridor
analysis program output, shown in Table 4-7, The first column identifies origin traffic
analysis zones by their TALUS designations. The second coflumn indicates the number of
peak-period person-trips originating in each zone and terminating in any of the corridor's
destination zones--prior to the trip screening phase of the program. The next column
presents the rip production total for each zone affer screening, while the fourth column
reports the percentage by which entries in the third column differ from those in the second
(i.e., the percentage of each zone's trip production eliminated by the screening process).
Zones with no initial trip production, and those losing 80 percent or more of their trips
during the screening process, are marked with o double asterisk.

In o format similar to that discussed above, the program also generates trip attraction

totals, as illustrated in Table 4-8. These totals represented the number of peak-period
person-trips {again, before and after screening) which originate anywhere in the corridor

4-12
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Table 45 Corridor Access~Egress Distances

ICME NCOE_ CISTAACE
10 1% 0,10
—— 11 RE: 0.65
12 1¢ i
o A2 1e 0ol
AP 14 . 1€ 0.42
—_ €0 16 .36
21 1f 0.1% ~
22 18 0.25
K 1E Go 14
g 7= O, 2%
- 21 75 G.19
- 2z 7% 040
e 40 1F Co 8
£1] 18 Da48 _
42 1f €29
43 18 €0
44 18 0.%5
. 8g iE 0a27
=5 1€ G.%7
£2 18 D65
LAY 1# Qat3
R £1 1§ C.E8
- €2 18 0.14 )
S €3 17 0,57
[ 1¥¢ Lt O §
. ~&¢ LR Q. €7
_ X 16 Co €3
- TG 1= 0e€2
. 11 18 6.9
72 IE K
o 110 18 1.15
111 18 . .31
i1 ED] 1.14
117 171 P
114 31 0.4
B V1 10 106
B Tzl LI T.2%
o 172 18 1.2
123 18 1edd
174 30 Cet?
125 qg i, 18
""" . 176 71 0.75 -
127 31 0.3
120 71 PR
1771 T PV
197 k| 0. 97
- 1732 T3 T.28 -
- 140 EX CoTE
o I%1 30 057~
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Table 4-6 Trips Not Meeting Bus Rapid Transit Criteria

A=1,C0 R=1,00 C=Cu L0 T¥Ih=2,0
C(RIG LEsST ECCESS EGRESS CTRRICOR STRAIGHY PERSON
ICNE ICNE DISTANCE DISTANCE CISTANCE CISTANCE IRIPS
110 12 1.1% 0s23 0.00 = 1e14 * a5
110 17 1.1% 0.21 .00 ¥ 1,00 % 34
Mo 2F  1.1% 0.14 000 * la03 3 3z
L6 o CEY 0 1edE . 0e1S9 0,53 % 1.75 % 41 )
13 1.11  Q0a21 D00 % 0,93 * 41
14 1,11 Cot? 0,00 » 087 % 41
22 1.1} 0,35 0,00 # CoS1 * 41
€2 1.11 0.57 000 * 0,57 % 22
44 1.04 0.35 T.16 1.19 % £5
&4  1.C4 0:5C 2518 CleCE % &0
500 1.04 . 0.5S 0.00 = 1,62 * 27
_€0g _ 1.04 0.5 d.50 * Ze2E 23
I P _D.Ef J.18 1o24 % a2
66 0.91 K 1.1¢ 0068 4 41
127 Cofd 0,27 0.5¢ * 0.52 % 49
_B00  O.84 0.9 (.50 ¥ 1o 41
172 1,06 - 0,37 1,46 * 1o61 67
21 1.0¢ 1.21 055 * 241 32
12 1e52 0o21. C.00 1ot * 34
4] 052 0s48 0,00 # 104 * 30
pi 1.2 0.76 0.G0 * 1,23 % 71
letz 0 0e8TF 000 % 1,02 % 21
.52 G.63 ___ U.00 * 1.02 * 2T
_ 1027 Oold 000 # 1,065 % 27
1a22 .48 0.00 * 0,71 * 271
1alié 079 09':3 # lulé % 22
0.8 1,21 0.95 % 2.18 32
0,10 0.37 Q.50 # 050 % 11t
[T CG.37 0.50 %  0e22 % ZE
 £a131 037 0.00 = 0,00 * 121
0.28 082 0.00 % 0.66 * =3
0s51 1.21 0.95 # 150 2¢
P  0.7F 1046 * 1.3 24
0,25 0.37 1,46 % 1.41 S S
 (e2% _Q.5¢ 0,55 % 1.01 L
029 1.21 0aGS * 1.16 % 1
TYA I €8S 1.45 # Jde®d 26
0.£7 037 1o45 % 1.07 B 26
.67 0o14 G52 # 1,32 %4
Q.61 0.40 0,00 = 0.94 # 94
Q.67 0e37 0,53 % 1.74 10%
C.€1 T 0.tE Ge53 %14 R UBE T
1.10 0.47 G.53 % ?2.04 % 47
1.2 0,21 T LET A T IR T e
faf2 0o47 0,53 * 2.0 * EX]
1,62 0.15% .53 =  Z2.4% i
1.3 0,25 0,83 % 2,48 T A
50 16837 0,37 T 0.5% & 2,24 a5
B R (P b | 0.14 Co82 % CoSF g4 T
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Table 4-7 Trip Production

4-15

A _ TeLUS
i ZONE INITI AL FINAYL PCT ELTMs
B
] 11¢ 14z C 1000 #*
/ 111 1%¢ 41 19,1
112 ig¢* ¢ 1000 ** .
3 113 14¢ ) 73 50.0
j 114 ¢l2 127 4725
’ 120 120 221 30.5
1z1 55 59 6.0
E g2 oae ¢ 100,0_#* ]
bl 123 . FE | _ 0 1000 %%
- 124 iz _a 1000 %% )
- _125 Q 4] Qa0 *=%
! 12€ %z 22 0.0
4 127 114 114 0.0
120 _1f% 74 €0.0
» 171 £3 21 . 58.1
i 122 224 iz . 51.7 _
g 123 161 B4 4665
140 11¢ 116 0.0 o
3 141 51 31 4546 ) B
? 142 - 28 45,3 ]
143 5T %2 0.0
144 142 142 - 0,0
T L. L 1 - L 268 0.0
148 ZEE 135 HE,1 -
147 £3 51 31e2 _
200 2%¢ 47 _B8e1 *#
201 1722 g5 T Ta5,.6
262 €1 c . 1000 ** -
283 . 37¢ 4 1000 %%
204 H C 160.0 #% ]
20¢% 371 91 1545
20¢ Gz 14 1565
267 _C o __Ga0 %%
_ 2L . _G . 0e0 %%
B 210 14 - 0 100.0 **
__ell 15C 101 L 32.1 B
212 B 54 22,5
Z132 26 28 ) 0.0
2207 £s 28 £E8eG _
_zel s4 S4 0.0
222 C ¢ Co O %3k
223 Ee 56 0.0
224 << i S¢S 0.0 _
229 1%¢ 172 G0
226 2200 iiE YA
iR KT 5 0.0
228 €z 62 Co
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Table 4-8 Trip Attraction
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and terminate in each destination zone. Zones with no initial trip attraction, and those
with 80 percent or more of their frip attraction eliminated by screening, are denofed by
a double asterisk, "

A summary of mainline node trip volumes constitutes the next program oufput. As shown
in Table 4-9, the listing of each node is accompanied by a total number of person-trips
entering the mainline route at that point, and by the number of person-trips leaving at the
same point. The eniry volume for a node consists of the sum of the irip production (after
screening) of all origin zones to which the node is assighed. Similarly, a node's exit vol-

.ume is the sum of the trip aftraction of all destination zones to which the node is assigned.

The next series of program outputs aid in the recognition of patterns in the generation of
trips fo specific destination zone groups. An example of such information for trips to the
Detroit CBD is shown in Table 4-10. First, a mainline eniry node is identified by number
and descripfion., Then, the total number of trips to all CBD zones is indicated for each
origin zone to which the node is assigned. Finally, the total number of CBD=bound trips
entering the mainline route af that node is presented. Similar information is produced for
each major destination served by a particular corridor, such as the New Center area, the
Ford Complex, and the Northland area.

Another output of the corridor analysis program, partially reproduced in Table 4-11, indi-
cates the number of person=irips going to every destination zone,categorized by mainline
entry node, Totals are also displayed for districts and superdistricts=~again,separately for
each entry node. The totals for districts and superdistricts do not necessarily correspond
with the totals which might result if all the zones in those areas were designated as corridor
destinations, since the program considers only frips ferminating in zones specifically iden-
tified as destinations.

As shown in Table 4=12, the program also compiles a trip frequency distribution of main-
line route mileage., The first output column lists the mileage intervals for which person-
trip totals are accumulated. The designation of "2," for example, identifies the one~mile
interval from 1.5 miles to (but not including) 2.5 miles. The second column indicates the
number of person-trips having a mainline fravel distance within each of the mileage inter-
vals. The third and fourth columns indicafte the number of person-trips with mainline mile=
ages below and above each interval, respectively. Finally, « single total representing the
number of person-trip miles traveled on the mainline route is produced. This total is ob-
tained by summing the products of mainline mileage and number of person-trips for all
origin/des’rinqi‘i’on zone pairs in the corridor.

The last program output is the screened corridor trip matrix (one page of which is presented
as Table 4=13). This output is optional and may be suppressed by the program user, if
desired., The screened trip matrix simply indicates the number of peak-period person-trips
(by all travel modes) for each of the corridor's origin/destination zone pairs, after trips
not meeting the user-specified screening criteria have been eliminated. TALUS destina-
tion zones are identified of the tops of the frip matrix columns; an origin zone number
appears to the left of each row. Trip matrix rows without at least one non-zero entry are
not printed. Therefore, the trip matrix printout does not necessarily show all possible
interchanges between the corridor's specified origin and destination zones.
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Table 4«9 Corridor Node Trip Loadings
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J Table 4-10 Source Distribution of Trips to the Detroit CBD
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Table 411 Destination Split of Trips Entering Corridor
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Table 4-12  Frequency Distribution of Corridor Trip Lengths
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Table 4-13  Screened Peak-Period Person-Trips
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4.2 Troffic Congestion

In order to quantify traffic congestion, peak-hour volume to capacity ratios and travel
speeds were obtained for each potential BRT route. The volume to capacity ratios were
tabulated from the 1970 Highway Assignment Network Data File created by SEMCOG

in 1972. The data were tabulated for each highway link. The links vary in length from
a few yards to several miles. Since the volume to capacity ratio varies from one link to
another along each BRT route, it was necessary to devise a single measute to choracterize
the extent to which the highway operates above capacity for comparison purposes., The
measure which was chosen is termed the congested distance and is defined as follows:

n

CD = (V/C)i LE where (V/C) > 1.0

1

Il
—

where . (V/C)i Volume to capacity ratio of the ifh fink

L,

:

h = Number of links which operate at or above capacity
in the peak period

Length in miles of the th fink

1l

A more accurate measure of congestion would be some combination of the volume and
operating speed of each link, However, the average peak-hour speed wos not generally
available for each link but was estimared only for the entire route. Therefore, the over-
all average operating speed in the peak hour was considered as an independent measure of
traffic congestion. At least two timed automobile runs were made on each potential BRT
route during the morning peak hour=~7:30 to 8:30 ¢.m.~-to give a first=order estimate of
travel time. This peak-hour speed information is limited in that it is supported by only
two observations on most roufes, and it was obtained during a period of unusually high
unemployment in the Detroit area.

Table 4-14 liststhe calculated values of the congested distance parameter and the average
of the observed peak-hour speeds for the potential BRT routes. Table 4-14 also shows that
the limited speed run dafa that were available from the Detroit Department of Transporta~
tion agree relatively well with the observed speeds.

4.3 Existing Transit

Two types of data were compiled to describe existing transit service in each corridor,
First, peak-period ridership along the corridor was determined. The ridership numbers
represent the number of passengers entering the Detroit CBD on the main BRT route plus
adjacent streets in the corridor between the hours of 7:00 a.m. and 10:00a.m. Both Detroit
DOT and out-of-town buses (SEMTA) were considered. The source of the ridership data

is the 1974 Cordon Count of the Detroit Ceniral Business District prepared by the Traffic
Research Division of the Defroit Department of Transportation (DOT). Current transit rider-
ship tofals for the 1-94 Crosstown and the Gratiot Corridors were assumed fo be identical
since both corridors serve the same origin zones, Ridership information for the Southfield
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Table 4-14 Measures of Congestion

. Congested Distance | Observed Peak~ : .
Corridor/Route Purameter Hour Speeds Detroit DOT Speed Data
Gratiot 18.70 25 25 7:00 a.m,

23 7:30 a.m.
25 8:00 a.m.
35 8:30 a.m.
35 9:00 a.m.
28.6 Average
E. Jefferson 7.45 30.9
=94 Crosstown 17,50 48.3
Lodge Freeway 9.18 40.6 42 7:15 a.m,
: ‘ 23.3 7:30 a.m,
20 7:30 a.m,
49 8:00 a.m.
33.6 Average
Southfield 18.62 36.6
[~94 West 9.30 47.5
Fisher Freeway 0.0 53.8
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Corridor was not aveilable, but it was estimated based on Detroit DOT passenger counts
for routes similar to the Southfield and Greenfield lines.

In addition to existing fransit ridership, the number of existing routes which cross the main
BRT route in each corridor was defermined. This number gives a relative measure of fotal
transit service and transit orientation in each corridor. In addition, it gives arelative
measute of ﬂexlballi‘y in choosing Iocqhons for intermediate stops which interface with
existing feeder service.

Table 4=15summarizes corridor transit ridership information and the number of transit routes
crossing the BRT route for each of the seven corridors.

Table 4-15 Existing Transit Ridership and Routes

_ Excisti . No. of Routes Crossing BRT Route
Corridor/Route x:si'mga Peak-Per:od
Ridership boOT SEMTA
Gratiot 4525 18 A
E. Jefferson 5821 7 ;)
1-94 Crosstown 4525 27 3
Lodge 9703 21 4
Southfield 700 15 3
Michigan/1-94 1459 14 0
Fisher Freeway 3030 14 0

4.4 BRT Travel Time Estimates

Preliminary estimates of BRT travel time were made for each corridor and were compared
with estimated automobile travel times. The assumptions that were made to estimate
BRT travel time are summarized in this section.

The trip for which the travel time is estimated is similar for each corridor. In each case
the trip starts at the outer exiremity of the corridor and ends in the major activity center
served by the corridor (CBD in all cases except Southfield which serves the Ford complex
in Dearborn), One intermediate production stop and one intermediate aftraction stop is
assumed for each corridor trip. The total distance iraveled by the bus includes the dis-
tance along the principal BRT route, distance on arterials for intermediate stops, and
distance within the major activity center for distribution, Operating speeds under
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line=haul conditions on the principal BRT routes are assumed to be the same as were ob-
served for automobiles on that route. The operating speed on arterials to and from inter-
mediate stop locations is estimated to be 25 mph, CBD distribution speed is estimated to
be 12 mph exclusive of passenger stops, and distribution speed in the Ford ared is esti-

mated to be 18 mph, also exclusive of stops.

Boarding and deboarding time is assumed to be 3 seconds per passenger. The trip time

for the average passenger who rides from one extremity of the corridor to the other is
assumed to include time for all passengers to board and time for one-half of the passen=-
gers to deboard, It is further assumed that 42 passengers~~80 percent of the seating
capacity of a 53 passenger coach~~board at the origin or outer exiremity of the corri-
dor, 11 passengers==20 percent of the seating capacity-~deboard at the intermediate
attraction stop, and 5 passengers—~10 percent of the seating capacity-—board the bus at
the intermediate production stop. In summary, it is assumed that the trip time for the
average passenger includes time for 47 passengers to board and 23 passengers fo deboard
the bus. This totals 3.5 minutes for boarding and deboarding associated with the average

passenger .

Waiting time is usually taken as one~half the average headway time. Headways are a
function of demand which varies from corridor to corridor. However, the outer extremity
of each corridor was rather arbitrarily selected on the basis of corridor length rather than
demand. The potential demand for BRT at the extremity of each corridor is low, so head~
ways are long--on the order of 30-40 minutes. Therefore, it is assumed that passengers
know the schedules and arrive about five minutes early for the bus. An average waiting
time of 5 minutes is assumed for all of the corridors.

The BRT implementation scheme on the freeways is assumed to be queue jumpers in
conjunction with ramp metering. The presence of metering devices at freeway entrance
ramps will cause some delay fo motorists in gaining access to the freeway. It is reason-
able to expect the average delay to be proportional to the demand for use of the freeway.
The following relationship is assumed for estimating the average time a motorist spends
waiting in an entrance queue at a metered ramp.

rq = 1.0+2.0 ((V/C)W- 1.0)

where rq = Average queue time in minutes
(V/C)W = Weighted average volume to capacity ratic 2 ,L(V/C) /D L
(V/C) = Volume to capacity ratio in excess of one
L = Length of highway link corresponding to (V/C)
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The estimated queuve times range from 1.0 minute for the Fisher Freeway to 1.8 minutes
for the Ford Freeway west of the CBD. The Traffic and Safety Division of the Michigan
Department of State Highways and Transportation simulated ramp metering on six ramps
of the Ford Freeway on the near east side of Detroit in connection with their proposal in
1971 to implement ramp metering. The simulation predlcfed an average queve time of
about 1.0 minute during peak periods.

Another source of delay for motorists is the time required to park near their destination.
It is assumed that 4.0 minutes is required for o motorist to park his car in the CBD,
Because parking garages and lots in the CBD are relatively small and have few access
points, it is assumed that queues develop around CBD parking facilities. No parking
time penalty is assumed for the Ford complex beeause parking lots in this area are
larger and probably have better access than CBD porking facilities. Walk time is
assumed to be the same for both automobile and bus trips.

Table 4~16 shows estimated BRT and autemobile frip times for the seven corridors.

Tab}e 4=16 Estimaoted Travel Times

Corridor Di'si:ance BR-T Au.i' N Retio
(miles) (min) (min)

Gratiof 20,6 74.3 54.6 1.36
Jefferson 24.9 67.2 54.4 1.23
Crosstown 23.5 61.6 43.0 1.43
Lodge 21.8 49,9 39.2 1.27
Southfield 18.9 72.4 | 41.4 1.75
Michigan/1-94]  23.1 57.0 37.1 1.54
Fisher 22.0 59.3 | 31.2 | 1.0

4.5 Potential Implementation Schemes

In order to consider potential BRT freatments on the various routes, traffic volume data
and highway characteristics were surveyed. The 1970 Highway Assignment Network
Data File was used as a source in tabulating pavement width, number of lanes in the
peak direction, and average off-peak speed for each route. These data ore presented
for each potential BRT route in Tables 4=17 10 4-23. The highway links were aggregated
info longer sections of relatively homageneous roadway to simplify presentation of the
data. The data show that all of the Detroit area freeways involved in this study have
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three 12-foot lanes in the peak direction with the exception of the Fisher Freeway which
has four 12-foot lanes from Schaefer to the CBD. The arterials which are under consider-
ation vary in width, but most of them have four lanes in the peak direction near the CBD.
Parking is restricted on all of them, at least during the peak hours.

Vehicle volume by direction on nearly all of the potential routes for the moming and
evening rush hours (7:00 a.m. to 8:00 a.m. and 4:00 p.m. fo 5:00 p.m., respectively)
were obtained from the Department of Streets and Traffic of the City of Detroit. These
volumes are shown in Figure 4-5 to 4=11 for Gratiot, Ford Freeway, Lodge Freeway,
Southfield Freeway, and Fisher Freeway, respectively. The data show that only Gratiot
Avenue and the Fisher Freeway are unbalanced during both the moming and evening peak
hours. The limited amount of data which is available for East Jefferson Avenue indicates
that traffic is also unbalanced on this arterial except in the CBD.

In the remainder of this section, a general description of the alternative implementation
schemes for each of the seven candidate corridors is given. These alternatives will be
considered in more detail for four corridors in the Sketch Planning task.

Table 4~17 Gratiof Avenve

V/C Ratio | Pavement Widrh (ft) | No. LanesPeak Dir. Off-Peak
Cross Street Speed
Max Min | Max Min Typical | Max Min Typical (mph)
. :
E:S:A.l 2.55 1.22 | 96 72 80 3 2 2 3041
- Mfre 1.32 1.01 | 96 84 96 4 4 4 30
e
. M.l' 2.13 1.38 | 96 &0 80 4 4 4 30
e 1,12 .9 | 82 82 82 4 4 4 25-30
Harper '
96 57 82 80 80 4 4 4 34-11
Randolph

Average Speed During Morning Peck Hour: 25 mph
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Table 4«18 Jefferson Avenue

V/C Ratio | Pavement Width (ft) | No. LanesPeak Dir. Off-Peak
Cross Street Speed

Max Min | Max Min Typical [ Max Min Typical (mph)
Crocker

1.55 .39 | 44 22 44 2 1 2 33-40
9 Mile

.72 53 | 74 40 54 3 ] 2
Alter

1,18 .53 80 75 80 4 4 4
Chene

2.30 .85 80 80 80 4 4 4 30
Chrysler
Freeway

.80 .56 9% 80 96 4 4 4 20
Woodward
Average Speed During Moming Peak Hour: 30.9 mph
Table 4~19 [-94/Crosstown

V/C Ratio | Pavement Width (ft) { No. Lanes Peak Dir. Off-Peak
Cross Street Speed

Max Min | Max Min Typical [ Max Min Typical {mph)
N. RiverRd,

55 37 |72 72 72 3 3 3 57

13 Mile

1.25 .91 72 72 72 3 3 3 50-55
Moross

1.11 .62 |72 72 72 3 3 3. 33-50
Cadillac

1.44 .91 72 72 72 3 3 3 31-36
Grand River

1,33 .58 |72 72 72 3 3 3 20~57
Greenfield

Average Speed During Morning Peak Hour: 48,3 mph
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Table 4-20 [—696/Lodge Freeway

V/C Ratio | Pavement Width (ft) | No. Lanes Peak Dir. Off-Peak
Cross Street - Speed

Max Min | Max Min Typical | Max Min Typical (mph}
“Inkster

1.73 .43 96 72 72 3 2 3 56-65
8 Mile

79 .70 72 72 . 72 3 3 3 26-45

Puritan

1.41 67 |72 72 72 3 3 3 13-45
Davison
Freeway

1.63 .67 | 96 72 72 4 3 3 30
=94 Fwy

1.15 .39 | 72 72 72 3 3 3 46-50
Griswold

Average Speed During Morning Peak Hour: 36.6 mph

Table 4-21  Southfield Freeway

V/C Ratio | Pavement Width (ft) | No. LonesPeck Dir. | Off-Peak
Cross Street . . . . . Speed
Max Min | Max Min Typical | Max Min Typicadl (mph)
14 Mile :
2,61 1,04 48 48 48 2 2 2
? Mile
76 65 72 72 72 3 3 3 48
8 Mile .
1.15 1,11 72 72 72 3 3 3 35
7 Mile
1.43 1.19 72 72 72 3 3 3 35-52
Ford Road - -
.98 .96 72 72 72 3 3 3 52-56
Rotunda
.63 .61 72 72 72 3 3 3 56
[-94 Fwy

Average Speed During Morning Peak Hour: 36.6 mph
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Table 4-22  |-94 Freeway
V/C Ratio | Pavement Width (ft) | No. LanesPeak Dir, | Off-Peak
Cross Street Speed
Max Min | Max Min Typical | Max Min Typicadl (mph)
W
ayne 1.52 .49 |72 48 72 3 2 3 55-62
Greenfield
1.26 .71 72 72 72 3 3 3 57
Wyoming | a4
441,28 72 72 72 3
W. Grand 3 3
Boulevard
1.44 .58 72 72 72 3 3 3
Cass
- Average Spéed During Morning Peak Hour: 47.5 mph
Table 4~23  Fisher Freeway (I-75)
(Estimated 1970 Data)
V/C Ratio | Pavement Width (fi) | No. LanesPeak Dir. | Off-Peak
Cross Street Speed
Max Min | Max Min Typical | Max Min Typical (mph)
Gibralter
.73 .38 48 48 48 2 2 2 55
King
P4 .27 72 72 72 3 3 3 55
Schaefer
/0 .42 %6 72 96 4 3 4 55
Trumbull
.42 .35 96 96 26 4 4 4 55
Woodward '

Average Speed During Morning Peak Hour: 53.8 mph

4-31




4

A

TRAFFIC VOLUME

2000 ¢

1000

SOUTHBOUND

EIGHT MILE

SEVEN MILE

FRENCH
BEAUFAIT

FORD FWY,

Figure 4-5 Gratiot Avenue Traffic Volumes - Moming Rush Hour

VERNOR

. CHRYSLER FWY.

SWAJSAS uoeiodsues o




Ino ysny Burutopy ~ sawnjop 214404) Aomssoldxyg pio] 9-4 2unbiy

ee-y

FREEWAY VOLUME

e L ——

LIVERNOIS +
GRAND RIVER
=
th
B
LODGE FWY. | O
[
Z -
o <

T

CHRYSLER FWY.

MT, ELLIOT

GRATIOT

CHALMERS

CADIEUX

MOROSS

SWEISAS uoiepodsuely W

o
o
o)
()
—

aNNOdLSYd




ve-¥

FREEWAY VOLUME

N LY o~
o Q (]
o j=] (=)
o jo] o (o)
EIGHT MILE < r .
\\
Y
SEVEN MILE { ¢
vy
\
MEYERS
pd
) v
LIVERNOIS + 3 O
T C
o —
Q e
S O
© . Z
DAVISON F ~

CHICAGO BLVD,

GRAND BLVD,

InoH ysny Bujuiopy — sawnjoA o1ypi | Aomssardxy eBpo /- @inby g

T

FOREST

FISHER FWY.

GRISWCLD

]_
L4

Bl




LRSS R R

INoH ysny BujusAy - sawn|oA o1p0d) Aomssesdxy aBpo  g-4 @anbig

je]

EIGHT MILE

Ge-¥

FREEWAY VOLUME

< 000Z
4 000F
- 0009

SEVEN MILE

T

MEYERS

LIVERNOIS

DAVISON

CHICAGO BLVD.

T

GRAND BLVD.

FOREST

FISHER FWY .

GRISWOLD

ANNOEHIAON

aNNQYHLNOS




dnop ysny Buiusopy - saWN|oA o14iba] Aomsssidxy pjoljyinos  4—p 24nB1

9e-¥

FREEWAY VOLUME

S S 3
o S S 8
FORD ROAD ; : .
\\
Y
i
i
WARREN (
)
/
/
Jovy F (
A\
/
PLYMOUTH | (
Z N N %
O > ) 9
= 7/ =
T V4 =
SCHOOLCRAFT | S ( O
c cC
% \> é
s
.=..=. /
GRAND RIVER +
McNICHOLS |
SEVEN MILE |
EIGHT MILE ¢

SWBISAS Lonepedsue; WO




LE~¥

FREEWAY VOLUME

] P o
S S S
(o] <O (=] o
OUTER DRIVE - . y
- A}
Q' )/
S V4
(4]
L (
5, : Y
= SCHAEFER \
- ' \
= )
- i
i
3 !
g FORT | {
o]
g _
:‘..I %
% / )
o §
< 6 ' 5
o LIVERNOIS c { = 2
c —i — o
3 T ] T e
g [w=] o o
: O } O
_ 7 _
z Z Z
o o o
jn |
Ey JEFFRIES (ON) |
c i
%
T

LODGE FWY.

CHRYSLER FWY.

SlWRJSAS Lonejodsuel] e




SOUTHROUND

Gh Transportation Systems

" AM YTTSAYHD

L

"AMS 3DdA0T1

(NO) s3ny443r

NORTHBOUND

SIONHUIAIT

L4Od

~
}

=
!

d443IVHOS

o]
o
o
o

IARQA ¥3LNO

(o]

4000 r

AWNTOA AVMIFYS

4-38

Fisher Freeway Traffic Volumes - Evening Rush Hour

Figure 4~11




Bl

GM Transpostation Systems

4.5.1 Gratiol Avenue

Three BRT implementation schemes appear to be feasible for the Gratiot Corridor. All of
them include reserving a lane for the priority use of buses.

The first scheme involves reserving the center lane for exclusive use,or at least for priority
use,by buses. Reservation of this lane would result in higher average velocities and re~
duced trip time variability compared to express buses currently operating on Gratiot.
However, left turns would have fo be eliminated unless Islands were provided af major
intersections for looped left turns {right turmn followed by a U-furn).

Alternatively, the curb lane could be reserved for priority use by buses. Only right-
turning traffic would be permitted to enter the curb lane, and curb cuts at signalized
intersections would be provided to prevent the queue of right-turning vehicles from
interferring with the bus lane. Right turns would be restricted to the intersections where
right-furn lanes are provided. Curb cuts would also be provided ot local bus stops to re~
duce the effects of local buses on BRT operation.

Since the traffic flow is merkedly unbalanced during the peck period, as illustrated in
Figure 4-5, o third possible BRT implementation scheme for the Gratiot Corridor is
contra-flow lane. Gratiot hus a continuous medion from Meiropolitan Parkway to Eight
Mile Road. Intermediate bus stops can be located within the median, thus obviating the
need to weave across traffic lanes for passenger pick-up or drop-off. This would also
keep the lane clear for through buses.

4,5.2 East Jeffersen

There appear to be two feasible BRT implementation schemes along Jefferson Avenue.
Since Jefferson exhibits a relatively low level of congestion, except where it merges
with the Chrysler Freeway, one viable implementation might be free flow with other
traffic. Traffic signal progression or pre-emption by buses outside the city of Detroit
should be considered. Within the city of Detroit, East Jefferson is o major arterial with
three traffic lanes in the peak direction. In this area it may be possible to reserve one
of those lanes for priority use by buses without severely congesting the unreserved lanes.
Since the traffic flow is unbalanced, contra=flow bus lanes should be considered.

4.5.3 1-94 Crosstown and Michigan/1-94

The Depariment of State Highways and Transportation is plonning to implement a system
which is designed to maintain acceptable speeds on all Defroit area freeways by control~
ling access with ramp metering and by informing motorists of prevailing freeway conditions.
This system—-~Surveillance, Confrol, and Driver Information (SCANDI)-=offers implemen-
tation opportunities for BRT. If SCANDI is implemented and is successful in maintaining
acceptable freeway speeds, buses could share the freeway with other traffic after having
goined access to the freeway via exclusive bus enfrance ramps which bypass the queues
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af the metered ramps. In addition, the Department of State Highways and Transportation
has given some consideration to widening the Ford Freeway from the present three lanes
to four lanes. If a fourth lane is added to the freeway, one lane may be reserved for the
exclusive use of buses and carpools, i.e., automobiles having three or more occupants,
If this is done before the new lane is opened for use, then the mognitude of the problems
of unusual congestion during the transition period and enforcement of exclusive use of
the lane by buses and carpools will be minimized.

The use of an alternate route such as Warren Avenue is a third alternative which should
be considered.

4.5.4 lodge Freeway

Assuming SCANDI is successfully implemented, BRT vehicles could mix with other traffic
in free flow. Exclusive lanes only on entrance ramps would be required fo allow BRT
vehicles to bypass the queue of vehicles awaiting access to the freeway., A second al-
ternative may include reserving a lane for buses and carpools.

4,5.5 Southfield Freeway

Two alternate BRT implementation schemes for the Southfield Corridor seem feasible.
One scheme assumes successful implementation of SCANDI and involves free flow on

the freeway with exclusive queve-jumper entrance lanes as suggested for the other
freeways. Another scheme which may be appropriate for the Southfield Corridor is
!mpiemeni'ahon of BRT along the service drive using traffic signal pre-emption to mini-
mize delays. Although the freeway itself is relatively congested, the service drive
operates close fo or below capacity during the peak period. As an illustration, the
value of the congested distance parameter, which is defined in Section 4.2, is 18.62 for
the freeway, while the value for the service drive is only 8.98.

4.5,6 Fisher Freeway

Three possible BRT implementation schemes should be investigated for the Fisher Freeway.
Free flow in mixed traffic after SCANDI hos been implemented is one scheme. The peak
volume to capacity ratios as reported in SEMCOG's 1970 Highway Assignment Network
Data File indicate that the freeway operates below capacity during the peak periods.
The average velocities which were observed during the moming peak hour--51.9 mph
and 55.6 mph--also indicate a low level of congestion. If the freeway is consistently
free=flowing, then a BRT system could be implemented as express buses on the freeway
with no priority treatment, Alternatively, this scheme could be used as an interim
implementation until SCANDI and the exclusive queue~jumper lanes are operational.
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Peak-hour automobife volume data was compiledfor the spring of 1973. These data,
which are illustrated in Figures 4-10 and 4~11, indicate two things. First, the volume
in the peak direction is relatively high, and the actual level of congestion on the free-
way may be understated by the projected 1970 volume to capacity ratios. Second, the
flow in the morning and evening peak hours is unbalanced. This suggests the possibility
of implementing conira~flow lanes for buses during the peak periods.
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5.0 EVALUATION OF SEVEN CANDIDATE CORRIDORS

The development of data for each of the seven corridors provided basic information from
which an assessment of BRT potential for each corridor was made. Evaluation criteria
were established to enhance the comparison process.

5.1 Candidate Corridor Evaluation Criteria

Four major parameters were chosen to characterize each corridor: total potential corridor
demand, level of congestion, existing fransit, and service estimate (see Table 5-1). The
objective was to provide a means by which corridors may be compared for first order
evaluation purposes. Each of these parameters was made up of quantified characteristics
denoted as "Measures” in Table 5-1. The relative perceived importance of each measure
is indicafed by the weighting factor. Section 4.0 described the basic process by which
data for each measure was obtained. The following definitions describe the significance
or purpose for presenting the data in this format.

e Major Destination Total Demand ~ this provides a measure of potential BRT
trips from each corridor to the major destinations.

& Ratio of Three Largest Node Load Volumes fo Total Volume - this provides a
measure of relative concentration of demand within each corridor.

@ Average Corridor Trip Length ~ o longer average corridor trip length is
conducive to o more efficient BRT operation,

@ Ratio of Average Auto Speed to Posted Speed = this provides a measure of the
relative level of congestion experienced on the corridor during the peak period.

e Congested Distance - this is another measure of the relative level of congestion
in the corridor,

e Ridership Along Corridor - this is an indication of the existing transit ridership
base from which BRT passengers can be drawn.

e Cross Routes Intersecting BRT Routes - the number of existing transit cross
routes infersecting the major BRT route provides insight as to potential feeder operations.

@ Ratio of Estimated BRT Travel Time to Auto Travel Time = this first order service

estimate provides o means by which corridors may be compared in terms of relative service
speed,
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Table 5-1 SEVEN CORRIDOR EVALUATION MATRIX

Paramefer

/Toi'qi Potential Corridor Demand / Level of Congestion / Existing Transit /

Service

Estimate

\ Weighting Factor _ / 6 3 /
£/
Measures S éf'-§
5o
S £
5 &
?So ) Total |

Corridor § ,\g" o§ Wg::%};?d
Gratiot 21,322 71
Score 5.3 9. 9.3 178.7
WF x Score 33.6 28.8 27.9
E. Jefferson 22,356 410 9.1 .88
Score 5.6 8.9 9.8 7.5 156.6
WF x Score 33.6 26.7 9.8 22,5
1-94 Crosstown| 40,156 .291 7.8 .88
Score 10 6.3 8.4 7.5 8 187.9
WF x Score 60,0 18.9 8.4 22.5 i4,1 10 25.8
Lodge Freeway| 36,552 .308 8.3 o 74 9,703 25 1.27
Score 2.1 6.7 8.9 8.9 10 8.3 9.7 192.4
WF x Score 54.6 20.1 8.9 26.7 30.0 8.3 29.1
Southfield 9,989 .35% 6.8 , 66 700 18 1.75
Score 2.5 7.8 7.3 10.0 1.0 6.0 7.0 135.7
WF x Score 15.0 23.4 7.3 30,0 3.0 6.0 21.0
Mich Ave/1-94] 15,977 .458 9.1 .86 1,459 i4 1.54
Score 4,0 9.9 9.8 7.7 1.5 4.7 8.0 134,.8
WF x Score 24,0 29.7 9.8 23.1 4.5 4.7 24.0
Fisher Freeway| 10,253 463 8.7 .97 3,030 14 1.90
Score 2.6 10 9.4 5.8 3.1 4,7 6.5 108.9
WF x Score 15.6 30 9.4 20.4 9.3 4,7 19.5
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5.2 Corridor Ranking

All of these measures were determined to provide o methodology for comparing the
desirable characteristics of each corridor. A scoring technique was established to allow a
quantitative aggregation of corridor characteristics. For each measure, a relative score
was calculated based on a maximum of ten. For example, the score for the 1-94 Crosstown
Corridor is shown to be ten for Major Destination Total Demand because the demand is
highest on that corridor. A proportional score was calculated for the demand on each of
the other corridors. This method was used for all the remaining measures. The relative
imporfance of the measure is indicated by the weighting factor assighed to each measure.
The summation of the products of the calculated score and the weighting factor results in
the total weighted score for each corridor. On this basis, the seven corridors were ranked
in accordance with the total weighted scores as shown in Table 5-1.

Since the weighting factors were subjectively chosen based on perceived relative impor-
tance, an exercise was undertaken to modify the assigned weighting factors and assess any
significant changes in corridor ranking. The results indicated slight changes in total
weighted scores but no significant changes to overall ranking of corridors.

5.3 Final Corridor Selection

The results of the corridor ranking process were presented and discussed at o meeting held
at the SEMTA offices on March 25, 1975. Representatives from SEMCQG, SEMTA,
Michigan Department of State Highways and Transportation, and General Motors were in
attendance. A summary of the data development tasks as well as the corridor evaluation
criteria was presented. The merits of each of the seven corridors were discussed and the
following four corridors were selected for additional analysis in accordance with the con=

tract. ‘
e Lodge Freeway

e 1-94 Crosstown (East)

e East Jjefferson

e Michigan/1-94
The Gratiot Corridor was eliminated from further study on this contract because plans
currently exist for establishing a priority bus lane treatment on that corridor in the near
future. The Southfield Corridor was eliminated from further study because plans currently

exist fo include the Southfield Corridor as part of the Jeffries/Southfield Transit Corridor
Extension program which will be initiated in the summer of 1975,
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6.0 SKETCH PLANNING FOR FOUR CANDIDATE CORRIDORS

The four corridors which emerged from the previous evaluation were analyzed in greater
detail and evaluated on the basis of overall BRT potential. The results of that effort and
recommendations are reported in this section. The analysis which is described in this
section is composed of several tasks. First, several implementation alternatives were con-
sidered for each corridor before one was selected for further analysis. Then the basic
route structure, including corridor ferminal points, corridor access points, and distribution
£ foops, was defined for each corridor. The construction requirements of each candidate
implementation were delineated. As an indication of BRT service, BRT travel times were
estimated and compared with local bus, express bus, and automobile travel times. The
BRT~automobile travel time ratio for each corridor, as well as several other parameters, was
used in a limited modal split analysis which was performed in order to predict BRT rider-
ship. BRT ridership information was then used to size the BRT system and two alternative
feeder bus systems. Generation of preliminary capital and operating cost estimates for
each corridor followed the sizing task. Then the BRT service ridership and cost estimates
were used to rank the corridors in order of overall BRT potential. Finally, action plans
were formulated to indicate the tasks necessary for final implementation of a BRT system.
These analysis tasks are described in detail in the following sections,

6.1 Corridor Treatment Selection

In this section, the general implementation schemes described in Section 4.5 are con-
sidered in greater detail, and the treatment for each of the four candidate corridors is
selected, Each selection is based on the criterion of providing the highest line=haul
speed at reasonable cost and with minimum disruption of existing fraffic. These para-
meters were considered qualitatively in the selection process, as detailed estimates of
costs and operating characterisiics were not made for each alfernative treatment.

6.1.1 East Jefferson Corridor

Outside the city of Detroit, Jefferson Avenue typically has two eleven~foot lanes in each
direction. Within the city, Jefferson is a seven-lane arterial with a pavement width of
about 80 feet, Since the physical characteristics of these two sections differ so widely,
the BRT implementations for them are considered separately.

One alternative implementation for the suburban segment of East Jefferson (east of Alter
Road) is a priority bus lane. However, since only one lane would remain for automobile
traffic in the peak direction if an existing lane were reserved for buses, this scheme would
require the construction of at least one new lane. Traffic volume on this section of East
Jefferson is typically below capacity during the peak hours, so the expense and the ad-
verse environmental impact of widening the street to provide a bus lane probably cannot
be justified. This section of East Jefferson generally flows at or near the speed limit even
during peak periods, Therefore, the criterion of high line-haul speed at reasonable cost
can be satisfied with an implementation involving free flow with other traffic. Current
speed and delay data for East Jefferson are not available at this time, but the delay due
to traffic signals is expected to be small in this section since the signals are spaced
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relatively far apart. Therefore, traffic signal pre~emption is not warranted for this
application. Thus, the recommended BRT implementation scheme for the suburban section
of East Jefferson is free flow with other traffic.

Reserving an existing lane for priority use by buses is considered to be o viable alternative
for the East Jefferson Corridor inside the city of Detroit. Reserved lane operation can
significantly improve BRT line~haul velocity on high volume arterials. For example,
Florida DOT reported a 33 percent increase in line=haul speed when the Orange Streaker*
changed from mixed mode to reserved lane operation.

Several alternatives must be considered to determine which lane should be reserved for
priority use by buses. One alternative is to reserve the curb lane. This lane must be
shared with right-turning vehicles and local buses. To minimize the delay which the BRT
vehicles will experience as a result of sharing the reserved lane, curb cuts should be pro-
vided on the near side of signalized intersections to serve as a queue for right-turning
vehicles. Curb cuts should also be provided at local bus stops ta help keep the BRT lane
clear, Although this alternative would result in higher average velocities for local buses
operating on East Jefferson, the improvement on BRT line~haul speed over that expected
with free flow is.marginal, while the required number of curb cuts is relatively large.
Furthermore, this section of East Jefferson operates near capacity during the peak hours,
and severe congestion would probably result from taking one of the peak direction lanes.

Another alternative is to reserve the center left turn lane for peak direction buses. Since
the center lane is not currently used as a through traffic lane, this alternative would haye
little effect on existing traffic if satisfactory arrangements were made to accommodate
left turns, Detroit Department of Transportation traffic counts indicate that the traffic
volume on East Jefferson east of the CBD is quite unbalanced both in the morning and
evening peak hours. This suggests the possibility of taking a lane from the off-peak direc-
tion and using it as o left turn lane during peak periods. This scheme would provide the
speed advantage of reserved lane operation with no reconstruction costs and little effect
on existing traffic. However, extensive signing and restriping would be required. Since
this treatment ~- reserved center lane with one off-peak direction lane being used as a
left turn lane —~ satisfies the criterion of maximum speed at reasonable cost, it is the
recommended implementation scheme for the section of East Jefferson within the city of
Detroit. Figure 6~1 illustrates the concept.

6.1.2 1=94 Crosstown Corridor

The BRT implementation alternatives for the Crosstown Corridor include the use of priority
entrance ramps on =94 in conjunciion with the Surveillance, Control, and Driver Informa-
tion System (SCANDI), exclusive bus lane operation on 1-94, and the use of an arterial

for part of the route.

*The Orange Streaker is a BRT project operating with traffic signal pre-emption on a
reserved lane on Seventh Avenue in northern Miami.
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The first alternative assumes implementation and successful operation of SCANDI on the
Ford Expressway. The SCANDI system is designed to keep Detroit area freeways flowing

freely at o speed of at least 40 mph. Several freeway surveillance and control systems are
currently operating quite well throughout the country. For example, in the Los Angeles
area, 42 miles of the Santa Monica, San Diego, and Harbor Freeways are controlled during
peak periods. The system maintains free-flowing traffic on freeways which were previous-
ly congested. Average peak-hour speeds typically exceed 50 mph where real-time com-
puter~controlled ramp meters are in operation. Also important, especially for potential
BRT operations, is the fact that ramp metering has reduced ingident rates by 25 to 50 per-
cent. Lower incident rates mean more reliable BRT trip time,

The 1-35W Project in Minneapolis=St. Paul is another example of o successful freeway
control system. The final evaluation of this system has not yet been completed, but early
results indicate that the goal of maintaining at least 35 mph through bottleneck areas is
close to being achieved. The project includes an express bus system which accesses the
freeway via exclusive ramps to bypass the automobile queues at metered ramps.

The successful opération of these and other freeway control systems suggest that SCANDI
will be able to maintain free flowing freeway conditions and provide more reliable trave!
times than are currently experienced on freeways in the Detroit area. Assuming the cost
of constructing exclusive bus entrance ramps is reasonable, this alternative satisfies the
selection criterion.

A second alternative implementation for the Crosstown Corridor is priority use of the left
lane of the Ford Expressway by buses and carpools. Since 1-94 already operates above
capacity in many areas, this is a viable alternative only if the expressway were widened
from the present three lanes to four lanes in each direction. This widening is presently
being investigated by the Department of State Highways and Transportation,

Buses and carpool vehicles would have to weave across three lanes of traffic to enter the
reserved lane unless exclusive ramps were constructed to provide access to the inner~most
tane. Reserved-lane access ramps would be difficult to construct in areas where no median
exists. MNon-priority vehicles would be allowed to use the reserved lane only in areas
where lefi-hand exits and entrances exist. An exclusive lane would isolate the BRT vehi-
cles from congestion in the unreserved lanes; however, enforcement would be difficult.

Although reserved lane operation on the Ford Expressway would be a viable alternative if
SCANDI were not to be implemented, the problems of accessing the left lane of o con-

gested freeway in a reasonable distance and of enforcing the priority use of a freeway L
lone make this scheme less desirable than the previous one. : i

A third alternative involves the use of an arterial such as Warren or Forest for part of the
route. One possible implementation is for buses to operate free flow on Warren Avenue
in the morning peak period and on Forest in the evening much like the DOT Crosstown
bus does now. The Crosstown Express currently averages 14.8 mph. This speed could be
improved somewhat by making the traffic signals progressive or by implementing a signal
pre-emption system. However, pre~empting fraffic signals at major crosssireets such as
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Gratiot and Woodward may not be a reasonable approach. Ancther possible implementa-
tion involves reserving a lane on Warren and Forest. Two possibilities exist. First, a
normal flow lane could be reserved on Warren in the morning peak and on Forest in the
evening. |f the right curb ane were reserved, it would be shared with local buses and
right=turning vehicles. This would result in relatively low average speeds for the BRT
even if curb cufs were made to accommodate local bus stops and turning vehicles, [f.

the left curb lane were reserved, left-turing vehicles would tend to slow the bus, and
the door would be on the traffic side of the vehicle. [f either lane were reserved, only
two lanes would remain for other traffic in many areas. The other possibility is fo reserve
a lane for contra-flow on Forest in the morning and a lane for conira~-flow on Warren in
the evening. In this way a lane is taken from each street only during the off-peak period.
As in the case of the East Jefferson Corridor, extensive signing and restriping would be
required. The average BRT velocity resulting from this implementation is expected to be
considerably lower than the implementation on the metered freeway. In addition, the
incident rate is likely to be higher on the arterials than on the freeway, resulting in less
reliable trip time. Therefore, the first alternative-~-free flow on the Ford Expressway in
conjunction with SCANDI and exclusive bus entrance ramps=-is the recommended imple-
mentation scheme for the 1-94 Crosstown Corridor.

6.1.3 Lodge Corridor

In general, the alternative BRT implementations for the Lodge Corridor are similar to
those considered for the [-94 Crosstown Corridor. The first alternative is free flow on

the Lodge Expressway affer SCANDI has been implemenfed. Exclusive entrance ramps

for buses to bypass the ramp metfers would be required of designated corridor access points.
This implementation scheme is recommended for the Lodge Corridor.

A second alternative for this corridor is reserved lane operation on the expressway. Since

_the Lodge operates above capacity on several segments, the viability of this alternative is

questionable unless the expressway were widened fo eight lanes. Since available right-
of-way adjacent fo the expressway is quite limited, the cost of added lanes is expected
to be prohibitive.

A third alternative is to use arterials for part of the route. Congestion on the Lodge seems

to peak af the Davison interchange, at least in the morning. Therefore, the alternative

route should allow this bottleneck o be bypassed. One possible route is east on Mc-

Nichols to Second Avenue and then south on Second to the CBD. Since Second is one-

way north in Detroit, a conira~flow lane would be reserved for buses in the moming.

Considerable delay would probably be encountered on McNichols and on Second in :
Highland Park where it is bi=directional. This alternative does not seem to offer much
potential for short BRT trip times. :

A fourth alternative for this corridor should be considered further at a later date, This

alternative involves implementation on the Southfield Expressway ond use of the exclu-
sive bus lanes on the Jeffries Freeway.
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6.1.4 Michigan/1-94 Corridor

Considerations for BRT implementation on this corridor are essentially the same as those
for the Crosstown Corridor. The recommended implementation is free flow on =94 with
SCANDI and exclusive enfrance ramps for buses. Reservaiion of the center lane for buses
and carpools is a viable implementation if the Ford Expressway is widened. However,
this treatment suffers from the same disadvantages that were cited in the discussion of
[-94 Crosstown implementation schemes (i.e., access to the reserved lane involves weav-
ing across three lanes of traffic; the lane must be shared with non=priority vehicles where
[eft-hand exits exist; and enforcement is likely to.be a problem). Michigan Avenue was
considered as an alternate route in this corridor; but implementation difficuliies and rela-
tively low speeds eliminated this arterial from serious consideration. The number of fraf-
fic Tanes on Michigan in the peak direction varies, causing bottlenecks and making it
difficult to reserve o lane without causing serious congestion.

6.2 Basic BRT Route Structure

Each BRT route is comprised of three segments: collection, line~haul, and distribution,
This section discusses the BRT route structure for each of these trip segments. Due to
special problems associated with the distribution of passengers to their destinations (e.g.,
traffic congestion, travel time constraints, and walking distance limitations), the distri-
bution function is emphasized.

6.2.1 Collection Route Structure

The collection of BRT passengers has been approached in two ways. Within the Detroit
DOT service area, it has been assumed that a combination of collector service for park-
and-ride lots and the existing bus service will be sufficient. Elsewhere in each corridor,
it is felt that a feeder service is necessary (in addition to a collection route serving park-
and-ride lots).

Two types of feeder service have been considered: Dial-A-Bus and fixed-route/fixed-
schedule bus. The Dial-A-Bus feeder system would utilize relatively small buses operat-
ing in a demand~responsive mode to pick up passengers and deliver them to collection
route transfer points. A computer-aided dispatching system would route each bus in
response to telephoned trip requests and/or a set of prearranged (subscription) trips, The
alternative feeder service (fixed-route/fixed-schedule) would pick up passengers along
major streets and deliver them to collection route transfer points.

So that feeder transfer points and park-and-ride lots may be somewhat dispersed in the

vicinity of a BRT mainline route access point, it is proposed that each BRT bus complete
a short collection route (stopping at such locations) prior to entering the mainline route.

6-6
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6.2.2 Mainline Route Structure

The node identification map previously presented as Figure 4-4 shows the mainline nodes
initially comprising each candidate BRT corridor's mainline route. The primary function
of these nades was fo define the path of each BRT route, since it is not proposed that BRT
buses would actually operate to the extremities of the routes or that they would be per-
mitted to enter or leave the mainline routes at any node. For the analysis of BRT travel

in each corridor, it was useful to identify two node fypes: ‘reference nodes” and "transit
nodes.” All nodes previously discussed are reference nodes and serve to define the path
of each BRT mainline route. Transit nodes are a subset of the reference nodes and desig-
nate allowed points of mainline access or egress by BRT vehicles,

Each corridor's fransit nodes were selected through an inspection of total corridor travel
data. The observed decline of trips entering af mainline extremities permitted the selec-
tion of route termini for each corridor. MNodes beyond a route terminus transit node are
for reference purposes only. Intermediate transit nodes were chosen to emphasize service
to zones exhibiting the most intense frip activity, while keeping the number of such nodes
relatively small. The transit nodes selected for each of the four candidate BRT corridors
are listed below, with the identification number of each node {as defined in Figure 4-4)
shown in parentheses (the nodes listed are those used for demand analysis purposes; dif-
ferences between analysis routes and proposed actual routes are noted ):

@ East Jefferson Corridor

- = Jefferson and 13 Mile (78)
- Jefferson and 11 Mile (79)
~ Jefferson and ¢ Mile (80}
- Jefferson and Vemier (81}
- Jefferson and Moross (82)
- Jefferson and Cadieux (83)
- Jefferson and Alter (84)
~ Jefferson and Conner (85)
- Jefferson and Cadillac (86)
- Jefferson and Woodward (18)

- Woodward and Grand Boulevard (19)

e |-94 Crosstown Co;_"ridor

~ 1=94 and Michigan (28)
- {=94 and Livernois = = | (29)
- =94 and Woodward (73)
- Woodward and Jefferson (18)
- [-94 and Van Dyke (71}
- =94 and Conner (70}
- 1-94 and Alter {(69)
- 1-94 and Cadieux (68)
- [-94 and Vernier (67)
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~ 1-94 and 11 Mile (65) _
(Actual route access proposed af 10 Mile rather than 11 Mile)
- 1-94 and Gratiot (64)

e Lodge Freeway Corridor

- =696 and Orchard Lake : (47)
(Actual route terminus proposed at Northwestern Highway rather
than 1-696) ‘

~ 1-696 and Telegraph (49)

- Lodge and Evergreen - (51)

- Lodge and 8 Mile (53)

- Lodge and 6 Mile (55)

~ Lodge and Linwood (57}

- Lodge and West Chicago (59)

- Lodge and Grand Boulevard (60)

- Lodge and Jefferson (17)

~ Jefferson and Woodward ‘ (18}

@ Michigan/1-94 Corridor

- |-94 dand Merriman (21}
- 1-94 and Telegraph (23)
- |-94 and Southfield (24)
~ Southfield and Rotunda - (26)
(Actual route access propased at Qakwood rather than Rotunda)
- [-94 and Michigan (28)
= |=94 and Livemois (29)
~ 194 and Woodward (73)
-~ Woodward and Jefferson (18)

6.2,3 Distribution Objectives

A common set of objectives was formulated and applied when establishing the distribution
routes for the major destinations in the Detroit areq, i.e., the CBD, New Center, Ford
Complex, and Northland area. Each route would be structured to come within 1000 feet
of all major trip attractors in the distribution area. An attempt was made to optimize
route length and trip time, consistent with the 1000 feet service criterion. For each dis-
tribution area, the major attractors were identified, trial routes were defined and inspec-
ted, and o proposed final route, based on the frial routes, was structured.

The major trip attractors were identified using 1975 origin/destination predictions based
on the 1965 TALUS data. In addition fo this data, an inspection of each major destina~
tion was made to locate any new irip aftractors which were constructed since the TALUS
survey was taken.
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Trial routes, based on the attraction data, were laid out for the major destinations. These
routes were designed such that buiidings which are mojor attractors are within 1000 feet of
the proposed BRT distribution routes. The routes were purposely structured to be short with
relatively few turns. In addition, roads wide enough to easily allow an exclusive buslane
were selected. Routes satisfying these criteria provide an accepiible compromise befween
travel time for the route and ease of access for BRT patrons.

The trial routes were inspected, route distance was measured, and travel times by car
were noted. By observing potential points of congestion and delay, some route segments

were deemed not viable and were, therefore, eliminated.

Where possible, contra~flow lanes on one-way streets were utilized in the final route.

. There are several advantages to a contra-flow implementation. Contra-flow lanes are

self-enforcing (assuming headways are reasonably short). Traffic congestion and result-

ing delays do not affect travel in the exclusive contra-flow lane. Finally, when contra-
flow lanes on perpendicular one=-way streets are arranged such that buses make left turns,
assuming the bus entry/exit doors are adjacent to the curb, the bus could, ifprovided with
a priority left~turn signal, complete the turn without delay. Because of the bus length, o
right hand turn from one contra~flow lane into another would require encroachment into
adjacent lanes in the immediate vicinity of the corner. This problems has not been resolved
in detail, but it is no different from the identical situation in conventional bus operations.

To negotiate a left turn from a contra=flow lane, the bus must cross the lane of on=coming,
one-way fraffic. Traffic signaling is required to stop all traffic af the intersection except
the buses in the exclusive lane. Those buses are provided with a left=tum arrow which is
illuminated only long enough fo allow the bus to turn. The lefi=turn arrow is illuminated
once during every cycle of the traffic signals. If preferred, the buses could be equipped
with signaling devices such that the left-turn arrow is illuminated enly when a BRT vehicle
is waiting to negotiate the turn. Special traffic signaling is necessary only for the inter-
sections af which the buses are required to turn, not at the intersections ot which buses
merely go straight. However, standord signal heads facing the reverse flow direction on
the contra-flow lanes must be added. :

The proposed distribution routes for the major destinations in the Dstroit metropolitan area
represent the implementations which provide service to the majority of transit trip attrac~
tors in each area, via the shortest route, as quickly as possible, while minimizing the
likelihood of delay. Detailed discussions of the proposed routes follow.

6.2.4 Detroit CBD Distribution

The proposed CBD distribution loop is shown in Figure 6-2. The route, as shown, is fwo
miles long. Buses travel counfer-clockwise around the loop, and, for most of the route,
the implementation is contra-flow on one-way streets. The proposed route is felt to be
the best implementation at present. However, as major trip attractors in the CBD shift,
for example, when the Renaissance Center opens, the route can easily be shifred to
accommodate the changes in demand concentrations. The circles drawn on Figure 6-3
represent 1000-foot radius circles about each stop showing the coverage area in the CBD,
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Starting in the southwest corner, the BRT route goes east on Congress, contra~flow on the
south side of the street from Cass to Beaubien, then north on Beaubien, contra~flow in the
east lane, to Madison. The route then proceeds west on Madison for two blocks. Meadi-
son in this area is six lanes wide, two-way, with parking on both sides. The curb lane
on the north side of the street could be reserved for BRT buses, if necessary. The route
then proceeds contra-flow along Grand River to Times Square, along Times Square free
flow to Cass, then south on Cass. Cass is adequately wide to run free flow to the Fort
Street intersection. South of Fort, Cass is four lanes wide, with parking on both sides,
leaving one traffic lane in each direction. Therefore, to minimize delays and to help
assure rapid flow of BRT traffic, parking must be eliminated on the west fane, and that
lane would then be reserved for buses. Two blocks south of Fort, Cass merges with Con-
gress to complete the CBD loop.

The locations of the access and egress poinis for the CBD loop are dependent upon the
BRT corridor being considered. However, the same CBD distribution loop is proposed for
all BRT corridors,

BRT buses from both the Lodge and Michigan/1-94 corridors would enter the CBD distri-
bution loop at the Cass/Congress intersection. Buses traveling south on the Lodge Free-~
way would exit at the Lamed ramp, proceed east on Larned to Cass, turn left onto Cass,
proceed north to Congress, and enter the distribution foop by turning east onto Congress.
To facilitate departure from the CBD area, a new exclusive bus ramp to the Lodge Ex~
pressway near Larned is proposed in conjunction with any of the three freeway corridors.
This ramp would connect Larned, af Second Street, to the existing Lodge access ramp and
would serve as a queue jumper for BRT buses. The auto ramp would be metered as part of
the SCANDI system and to assure buses would not be delayed.

To access the CBD distribution loop from the 1-94 Crosstown corridor, BRT vehicles would
turn south onto the Chrysler Freeway. The buses would turn onto the West Service Drive
at Macomb Street and proceed south to Congress. The buses would then join the CBD
distribution loop at the Congress/Beaubien intersection by turning north onto Beaubien.
]-94 Crosstown buses would use the exclusive bus entrance ramp fo the Lodge Expressway
to depart from the CBD.

Access to the CBD loop from the Jefferson Corridor would not require any construction,
BRT buses would turn north onto the East Service Drive of the Chrysler Freeway (1-375),
From the service drive they would turn west on Congress and would access the CBD loop
at the Beaubien/Congress intersection, Exiting the loop would roughly follow the same
route ; however, the West Service Drive would be utilized.

The time required to complete one complete circuit of the CBD distribution loop is esti-
mated to be 15 minutes, assuming a distribution speed of 8 mph.

6.2.5 New Center Midtown Distribution
The proposed distribution loop for the New Center Midtown area is shown in Figure 6-4.,

The route shown is 4.7 miles long. Buses travel counter~clockwise around the loop. On
Second Street and John R, the BRT buses run contra-flow, south on Second and north on
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John R. The distribution foop serves the New Center, Wayne State University, the
Medical Center, the Cultural Center, and Ford Hospital.

Starting at fhe southeast corner, the Medical Center of the intersection of Alexandrine
and John R, the New Center distribution loop follows John R north to Grand Boulevard.
The buses proceed west on Grand Boulevard to the southbound service drive of the Lodge
Expressway at Ford Hospital. The service drive is followed one block south to Milwaukee
Avenue. The buses furn east onto Milwaukee and proceed to Second Avenue, then south
on Second to Alexandrine and east on Alexandrine to John R, completing the loop.

Access to the New Center distribution loop is readily accomplished from the Lodge and
1-94 Freeways. BRT vehicles exiting either of these freeways would travel a minimum
distance to access the loop. The Lodge Freeway exit is onto the southbound service

drive at Grand Boulevard, and this section of service drive is part of the distribution loop.
To access the loop from the Jefferson corridor, the BRT buses would follow the Chrysler
Freeway from Jefferson to Warren, exit at Warren, and proceed west on Warren fo John
R, where the loop would be enfered.

The route, as shown, has six proposed stops, serving the major trip atfractors in the area.
These stops are tentative; changes in demand may dictate adding, deleting, or moving
stops.

The estimated time necessary fo complete one circuit of the loop is 28 minutes, assuming
a distribution speed of 10 mph.

6.2.6 Dearborn-Ford Complex Distribution

The distribution route for the Ford complex is approximately 8.4 miles long and is itlus~
trated in Figure 6~5, The major trip attractors served by the route are the Ford Central
Staff Building, the Ford Research and Engineering Center, and the Ford Rouge Plant.

Cne end of the distribution route is on American Road adjacent to the Ford Central Staff
Building. From American Road, the route proceeds west on Michigan Avenue to the South-
field Freeway. The BRT buses then turn south onto the Southfield Freeway service drive,
The service drive is followed south to Rotunda Drive. The buses then turn west on Rotunda,
proceed to the Ford Research and Engineering Center, turn around, and proceed east on
Rotunda to Miller Road. On Miller Road, the Ford Rouge Plant is served. The buses then
proceed north on Miller to Michigan Avenue and 1-94. The route is not run on exclusive
lanes, and therefore, could be run in either direction. The decision as to whether to serve
the Rouge Piant or the Ford Central Staff Building first is dependeni upon employee starting
times,

Approximately 34 minutes are required to complete one circuit on the distribution loop,
assuming an average speed of 15 mph.
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6.2.7 Northland Distribution

The Northland distribution route is approximately 2.8 miles long and is illustrated in
Figure 6~6. The major irip atiractors are Providence Hospital, the Northland Shopping
Center, and the businesses in the area adjacent to Northland.

The proposed route begins at the Nine Mile Road exit of the southbound Lodge Freeway
(US-10). The route then proceeds east on Nine Mile Road to Greenfield Road, where
the BRT buses furn south. The route follows Greenfield Road south to Northland Drive,
where the buses turn west across US=10 and onto the service drive to refurn to the south-
bound Lodge Freeway, ending the route.

Bus stops have been feniatively located on Nine Mile at Rutland, Nine Mile at Provi-
dence Hospital, on Greenfield north of J. L. Hudson Drive, on Greenfield at one
entrance to Northland Center, and on Norfhland Drive at another entrance to North-
land Cenfer. These five stops would adequately serve the major frip attractors in the
ared.

No exclusive bus fanes are proposed for the distribution route. Assuming o 10-mile per

hour distribution speed, approximately 17 minutes are required to complete one circuit
around the loop.

6.3 Construction Requirements

Construction and facility requirements for BRT implementation on the various corridors
include lane marking and signs for exclusive bus lanes and exclusive bus ramps for the
freeway implementaiions. The requirements of the CBD and New Center distribution
loops are first described. Then the requirements of each corridor are discussed,

6.3.1 Distribution Loops

The CBD and New Center distribution loops are essentially the same, regardless of which
corridor is assumed. The basic routes are described in Section 6.2 as exclusive lanes
utilizing confra-flow on one~way streets to a great extent. It is proposed that the loops
be reserved for exclusive use by buses on a permanent basis throughout the day and that
local buses use them during base periods. The exclusive lanes must be clearly identified
with signs and povement marking. A double, solid yellow line on the edge of the lane
is suggested. The exclusive lane should further be identified with a standard diamond-
shaped marking of appropriate intervals in the center of the lane to indicate fransit
vehicle priority. The diamond marking which has been approved by AASHO is 12 feet
long by 2 1/2 feet wide and consists of é6-inch solid white lines. In addition to the lane
marking, two or three double~faced signs per block are required to identify the exclusive
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transit lane. A total of 204 signs are required for the CBD loop, and 256 signs are re-
quired for the New Center loop. In addition, 17 signs are required for the CBD and New
Center loops to identify bus stop locations.

As indicated in Section 6.2, special signals are required at each. turn in the CBD and
New Cenfer distribution loops to stop other traffic and to allow BRT vehicles to make left
turns across traffic lanes. Five such signals are required for the CBD loop, and four
signals are required for the New Center loop. In addition, standard signal heads which
face the reverse flow direction on one-way streets are required at signalized intersections
where BRT vehicles operate in contra-flow lanes, It is estimated that 21 and 14 signal
heads are required for the CBD and New Center distribution loops, respectively.

The CBD distribution loop associated with any of the three freeway corridors also includes
an exclusive BRT enfrance ramp to the Lodge Expressway to facilitate bus deparfures from
the CBD during the evening peak period. The distribution loop is extended one block
south on Cass to Larned and then two blocks west on a contra-flow lane on Larned fo the
Lodge Expressway. The proposed bus enly entrance ramp, which is illustrated in Figure
6-7, allows buses fo bypass the queue at the metered automobile enfrance ramp. The
proposed ramp requires no new right-of-way, but a retaining wall may be required to
prevent soil erosion.

No priority treatment is proposed for either the Ford Complex Distribution loop or the

Northland/Southfield loop. Signs are required, however, to identify bus stop locations.
Three are required for the Ford Complex loop and five are required for the Northland loop.

6.3.2 East Jefferson Corridor

The selected BRT implementation for East Jefferson inside the city of Detroit is the center
lane reserved for buses with the inside lane in the off~peak direction designated as the
teft turn lane, as illusirated in Figure 6=1. In this concept, the function of three lanes
varies with the time of day. The center lane is a reversible bus-only lane during peak
periods and the left tutn lane ot other times. The left lane on eastbound Jefferson
serves as the left turn lane during the morning peak period and as a normal traffic lane
at other times. Similarly, the left lane of westbound Jefferson serves as the left turn
fane during the evening peak period and as a normal traffic lane at other times, In order
to control the use of these lanes as o function of the time of day, variable message signs
and lane control signal heads are required at appropriate infervals along the street. It is
estimated, based on the experience of Florida DOT with the Orange Streaker, that
approximately five sign locations per mile or 30 [ocations are required. A ftotal of six
varioble message signs and four lane control signal heads (red X and green arrow) are
required for each location. Resiriping of these lanes is also required to help identify the
multiple use of these lanes. The diamond-shaped pavement marking should not be used
in the center lune, since it is not used as an exclusive bus lane during off-peak periods.

In addition to the variable message signs, 189 signs are required to identify bus stop
locations in the East Jefferson corridor.
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6.3.3 1=94 Crosstown Corridor

The major construction requirements for the Crosstown Corridor involve exclusive queuve

- bypass ramps for buses to enter the metered freeway. Thirteen such ramps are proposed
for this corridor, including the entrance ramp to the Lodge Expressway from the CBD dis-
tribution foop. All of the exclusive bus entrance ramps are similar in design to the typical
ramp illustrated in Figure 6=8. All of the ramps provide a separate entrance from the
service drive for buses and then merge with the existing automobile ramp upstream from
the freeway merge. Inductive loops are placed in the bypass lane at a spacing which
allows the presence of a bus to be sensed. The presence of a bus preempts the automobile
ramp meter and holds the signal red until the bus has enfered the common portion of the
ramp. This technique for giving buses priority at metered ramps is operating safely and
efficiently in Minneapolis=St. Paul as part of the [-35W Urban Corridor Project. The
proposed ramps af Ten Mile, Cadieux, Van Dyke, Livernois, and Michigan will follow
the typical design very closely and can probably be constructed on existing right-of-way ,
Two ramps are required at Livernois--one to the eastbound Ford Expressway to access the
CBD and New Center and the other to the westbound Ford to access the Dearborn area.

A gueue-jumper lane, which is separated from the main ramp by o narrow grass median
already exists af the entrance ramp from Livernois to the westbound Ford Expressway.

This bypass lane would merely be extended to Livernois to provide exclusive bus access
to the ramp. The enfrance ramp from Gratiot near Thirteen Mile is a long (0.5 mile),
two-lane ramp with considerable queue space to store automobiles when the expressway
ramps are metered, Right-of-way appears to be available for widening the ramp to by-
pass the automobile queve. The bus ramp ot Vemier would possibly require a retaining
wall to prevent soil erosion, since the slope from the service drive to the expressway is
rather steep in this area. Additional righi-of-way may be required at both Chalmers and
Conner to provide a separafe entrance to the ramp for buses. The land which may be re~
quired af Chalmers is currently part of a retail store parking lot. The additional right-of-
way which may be required for the ramp from southbound Conner is currently vacant. Two
ramps are required near Woodward--one to access the Ford Expressway in each direction.
The entrance ramp to the eastbound Ford Expressway is a one-lane bridge over the Ford-
Chrysler interchange. Exclusive bus access to this ramp con be accomplished relatively
inexpensively as illusirated in Figure 6=9, Since the service drive has three lanes in this
area, one of them can be designated as a queue for automobiles waiting to be metered
onto the expressway. The proposed queue lane is separated from the other lanes by a
curb. The curb ends just before the bridge where a sign which reads "No Left Turn
Except Buses” is located.

One bus~only sign is required for each exclusive bus ramp for o total of 13 signs. In
addition, 210 bus sfop signs are required for the corridor.
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6.3.4 lodge Corridor

Eleven exclusive bus ramps are proposed for the Lodge Corridor, including the entrance
ramp to the Lodge Expressway from the CBD distribution loop. The construction of these
ramps is hindered in several areas by the existence of exiensive retaining walls. The
basic design of the ramps, however, is the same as the one described in the previous sec~
tion. The ramps at Evergreen, Linwood, West Chicago, and West Grond Boulevard are
all quite similar to the typical ramp illustrated in Figure 6=8. Two ramps are required

at West Grand Boulevard--one to access the CBD via the expressway in the moming and
one to enter the northbound Lodge from the New Center loop in the evening. The exclu-
sive bus ramp from southbound Telegraph to the Lodge Expressway is likely to require
extensive construction. The existing enirance ramp bridges the 1-696 Freeway and
begins very close to where the exit ramp from the northbound Lodge merges with south-
bound Telegraph. When SCANDI is implemented, if the ramp meter is located upstream
of the bridge section on this entrance ramp, automobile traffic may queve up onto Tele-
graph and even block the exit ramp from the northbound Lodge. Therefore, the ramp
meter for automobiles must be located on the bridge section, and the bridge must be
widened to provide an exclusive entrance for buses. Two ramps are required at both
Greenfield and McNichols. Extensive retaining walls line the Lodge Expressway af both
of these locations, and the exciusive bus ramps must be cut through them.

A total of 11 bus-only signs are required for the exclusive bus entrance ramps, and 168
bus stop signs are required for the corridor.

6.3.5 Michigan/1-94 Corridor

Nine exclusive bus ramps are proposed for the Michigan/1-94 Corridor, including the bus
ramp to the Lodge Expressway from the CBD disiribution loop. The ramps at Telegraph,
Southfield, Oakwood, and Livernois are all located on relatively flot land with gently
sloping ramps. The typical exclusive bus ramp illustrated in Figure 68 can be con-
structed af these locations without significant variation. As in the Crosstown Corridor,
two ramps are required at Livernois. The existing entrance ramp at Merriman Road is cut |
through very hilly terrain, and a considerable amount of grading will be required o con-
struct an exclusive bus entrance ramp at this location. The ramp from eastbound Michigan
Avenue to the eastbound Ford Expressway includes a two=lane bridge over the expressway
near the end of the ramp. An exclusive énirance for buses can be constructed upstream of
the bridge section on existing right=of~way, so no new bridge construction is required.

One exclusive bus entrance ramp of Woodward (Woodward to the westbound Ford) is re-
quired to serve this corridor.

Nine bus-only signs and 147 bus stop signs are required.
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6.4 Travel Time Comparisons

Bus rapid transit is intended to compete effectively with other transportation modes cur-
rently available in Metropolitan Detroit. Among the most important atfributes of any
fransportation mode is its portal-to-portal travel time for a particular trip being con-
sidered. This measure of service, therefore, was chosen as the basis for a comparison
of alternative modes in each of the four candidate BRT corridors.

The following transportation modes, where appropriate, were compared for a particular
trip in each corridor:

@ Automobile

e Local bus

@ "Conventional " express bus
@ Bus rapid transit

Local bus travel times were considered only for corridors in which local bus service is
currently provided on routes at least partially coincident with, or adjacent to, those pro-
posed for BRT operation. A similar poliey was applied with regard to express bus service,

6.4.1 Travel Time Elements

A "typical" trip in each corridor was selected for travel time comparisons. These frips
are simply examples and are not minimum, moximum, or average frips in their respective
corridors. The distance elements of the example trip vary among the four corridors, but
are constant for the various modes within each specific corridor.

The following three explicit distance elements comprise each example irip (it is assumed
that an identical path is followed, regardless of travel mode, for a particuler origin/
destination zone pair): ‘

e Travel from the origin zone centroid to the nearest corridor mainline access
point

e Travel along the mainline BRT route

e Travel to the destination zone centroid from the mainline egress point
nearest that location

Distances are implied, but not specifically stated, in two additional elements of the bus
trips considered. First, time is allowed for a walk from the traveler's residence to a
nearby bus stop. Also, a time is identified for a walk from the drop-off bus stop to the
traveler’s ultimate destination. Auto trips include an implied fravel distance in the time
allowed for the traveler to locate a parking space, park the car, then complete the trip.
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Other fravel time elements are not related to irip distances, For bus trips, these elements
include a waiting time at the trip's initial bus stop and, for all bus modes except BRT, a
bus fransfer time {at the intersection of two local bus routes, or at the interface between
a local bus and an express bus). For auto frips, times are allowed to start the car and
(with the exception of the East Jefferson corridor) wait in queue at a metered freeway
ramp.

6.4.2 Travel Time Program

A computer program was developed to perform the task of caleulating portal-to~portal
travel times associated with various modes in each corridor, The program also computes
the bus-to-automobile fravel time rafio for each type of bus transit being examined.

The program includes several assumptions regarding travel by each mode. For automobile
trips, the following assumptions were applied:

® Start car (minutes) 1.0

e Travel to mainline eniry point
{miles per hour) 25.0

e Freeway entry ramp queuve fime,
where applicable (minutes) 3.0

e Travel to parking lot from main-
line exit point {miles per hour) 15.0

® Park and walk to CBD
destination {minutes) ' 7.0

Local bus, express bus, and BRT trip assumptions are listed below:
e Walk to bus stop (minutes) 5.0
e Wait for bus (minutes) 5.0

e Travel to mainline entry point _
(miles per hour) 15.0

@ Transfer to second bus, except
BRT (minutes) 5.0

e Travel to drop~off bus stop from

mainline exit point (miles per
hour) 8.0
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The mainline travel speeds (in miles per hour) assumed for each travel mode are listed
by corridor below:

e Eust Jefferson

- Auvtomobile 31.0
«~ Local bus 10.9
- Express bus 5.7

- Bus rapid transit

& [-94 Crosstown

- Automobile 40.0
- Local bus 3.5
- Express bus 18.4
- Bus rapid transit 40.0
e lodge Freeway
- Automobiie 40.0
- Local bus -—
- Express bus 20.5
- Bus rapid fransit | . 40.0
e 1-94/Michigan
- Automobile 40.0
- Local bus 13.1
- Express bus -
- Bus rapid transit 40.0

The automobile travel speed for East Jefferson is based upon a limited number of peak=hour
tests by GM TSD personnel. The auto speed for freeway travel assumes the presence of a

ramp metering system capable of maintaining free-flowing traffic at an average speed of 40
miles per hour. In all cases, it is assumed that BRT speeds equal those of automobile traffic,
Local and express bus speeds for East Jefferson apply to buses presently operating on that
arterial. Local and express bus speeds for the 1-94 Crosstown Corridor are based upon the
Crosstown route on Warren Avenue and the express bus currently operating on Gratiot Avenue,
respectively. The average speed of the express bus presently on the Lodge Freeway is indi-
cated for that corridor. Finally, the Michigan/1-94 Corridor local bus speed is based upon
that of existing local bus service along Michigan Avenue.

The results of a trave! time comparison run for the 1~94 Crosstown Corridor, in addition to
the trip-specific input data, are shown in Figure 6-10. Travel time ratios associated with
example frips in all four candidate BRT corridors are presented in Table 6-1, All ratios in
the table represent bus travel times divided by an estimated auto travel time for the same
route. As discussed above, BRT and auto travel times assume the existence of ramp meter=
ing at access points to any freeway segments of the trip route.
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Enter Corridor Access Distance 1.18
Enter Mainline Tlrctvel Distance 12.56
Enter Corridor Egress Distance .37
Enter BRT/Auto Mainline Speed 40,
Enter Local Bus Speed 13.5
Enter Express Bus Speed 18.4

Auto Travel Time

Express Bus Travel Time

Start Car 1.00 Walk to Bus Stop 5.00
Mainline Access 2.83 Wait for Bus 5.00
Ramp Queue Time 3.00 Mainline Access 4.72
Mainline Travel 18.84 Transfer to 2nd Bus 5.00
Mainline Egress 1.48 Mainline Travel 40.96
Park and Walk to Destination 7,00 Mainline Egress 2.77
TOTAL Avuto Trave! Time 34.15 Walik to Destination 5.00
__“ TOTAL Express Bus Travel Time 68.45
Local Bus Travel Time

Walk to Bus Stop 5.00 BRT Travel Time
Wait for Bus 5.00 Waik to Bus Stop 5.00
Mainline Access 4.72 Wait for Bus 5.00
A Transfer to 2nd Bus 5.00 Mainline Access 4,72
Mainline Travel 55.82 Mainline Travel 18.84
Mainline Egress 2.77 Mainline Egress 2,77
Walk fo Destination 5.00 Walk to Destination 5.00
TOTAL Local Bus Travel Time  83.32 TOTAL BRT Travel Time 41,33

Local Bus/Auto Travel Time Ratio
Express Bus/Auto Travel Time Ratio

BRT/Auto Travel Time Ratio

2.44
2.00
1.21

Figure 6=10 1-94 Crosstown Travel Time Comparison
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Table 6~1 Travel Time Ratios {Examples)

REFERENCE TRIP

LCCAL BUS/AUTO

EXPRESS BUS/AUTQO

CORRIDOR DISTANCE (MILES) (EXISTING) (EXISTING) BRT/AUTO
E. JEFFERSON 8.7 2.61 2.11 1.36
1-94 CROSSTOWN 14.1 2.44 2.00 .21
LODGE FREEWAY 18.3 _— 1.87 1.26
MICHIGAN/1-94 14.8 2.46 - 1,24
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6.5 Limited Modal Split Analysis

A significant part of the sketch planning process was to estimate the number of morning
peak=period riders which could be expected to use BRT service in each candidate corri-
dor. This demand estimate is a necessary input fo the comparison of corridors, the evalu-
ation of implementation plans, the estimation of capital and operating costs, and the
assessment of preliminary routes.

This section discusses the general application of a modal split model, the results obtained,
the model itself, the assumptions which were made to formulate inpuf to the model, var-
ious computer programs associated with running the model, and a preliminary sensitivity
analysis of input parameters. Finally, the modal splits of operational BRT systems else-
where are discussed .

6.5.1 Modal Split Process

The first step of the modal split analysiswas the preparation of a list of total morning peak~
period person trips for each corridor, without regard fo travel mode or trip purpose. A
computer program was employed to read each corridor's 1965 peak=period trip file, ad-
just the numbers of trips according to 1965-to~1975 population changes, assign the trips
to the corridor's mainline route, and produce o file containing the Foilowmg information
for each trip:

@ Origin zone number

¢ Destination zone number

e Mainline access distance by transit

e Mainline travel distance by transit

e Mainline egress distance by transit

e Mainline access distance by automobile

e Mainline travel distance by automobile

® Mainline egress distance by automobile
As discussed in Section 6.2, only a portion of the mainline nodes in each corridor are
designated as "transit nodes af which transit frlps may access the mainline route. Auto-
mobile access to the mainline route, however, is considered permissible af all nodes.
This distinction in node types Frequen’rly results in differences between transit and auto

trip segment lengths. The trip list generated for the modal split analysis, therefore,
separately identifies transit and auto trip distance elements.

The total number of peak=-period trips originating within each corridor and terminating in
one of the corridor's specified destination zones is listed below:
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® East Jefferson: 20,193
e =94 Crosstown: 48,366
e Lodge Freeway: 39,132
e Michigan/1-94 25,340

The next step was to estimate what percentage of these trips would utilize the BRT system,
i.e., the BRT modal split. The scope of this study did not permit the development and
calibration of a modal split model. Therefore, it was decided to use the Peat, Marwick,
Mitchell and Company (PMM and Company) aggregate mode split model which SEMCOG
used fo develop the transit modal split for the proposed SEMTA rapid rail transit system,
Running this model with the operational parameters of the BRT system produced o first-
order estimate of BRT ridership. The initial estimate was then screened to eliminate trips
having less than two miles of travel on the mainline route.

6.5.2 Modal Split Results

The estimated number of BRT trips in each corridor (after screening) is shown in Figure
6-11. The BRT modal split, expressed as a percentage of total trips, is also indicated
for each cortidor. Current modal split to the CBD with existing transit is over 30 percent
based on 1974 DDOT cordon count data.! The modal split estimate for the SEMTA 1990
high-level transit system for trips destined to the CBD is 60 percent.2 Therefore, the
modal split percentages obtained here for BRT appear to be reasonable estimates,

Utilizing screened BRT trip data, major frip production zones in each corridor were iden-
tified, Furthermore, the number of trips entering the mainline route at each transit node
was totaled for each corridor and for major destination groups within each corridor. Fig-
ures 6-12 through 6~30 present the information described above for each of the four can-
didate BRT corridors. It should be noted that entry loads are not indicated for certain
nodes which are planned as exit-only nodes, even though a small number of trips were
assigned fo enter at those points.

6.5.3 Discussion of Model

The Peat, Marwick, Mitchell and Company mode choice model was used by SEMCOG to
develop o zone=to-zone transit trip matrix (1446 x 1446) for the morning peak period.
This work is documented in a report by Schultz, "Application of a Modal Split Model to
1990 - Travel Estimates for the Southeast Michigan Region." He explained that the PMM
and Company mode choice model was an outgrowth of a mode split technique developed
by the National Capitol Transportation Agency in the early 1960's, The development of

} Detroit Central Business District Cordon Count, April 23-25, 1974, Department of
Transportation.

2 A Preliminary Proposal for High and Intermediate Level Transit in the Detroit Metro-
politan Area, SEMTA, March 1974,
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50,000 |-
BRT TRIPS
40,000 |-
30,000 | |
NUMBER TOTAL PERSON TRIPS
OF TO DESTINATIONS
PERSON SERVED BY BRT
TRIPS
. szl o,
20,000 | 44% .
: 7 48%
/ MODAL
10,000 |- o / 1 40%  SPLIT
’ 7/ 49% / | PERCENTAGE
. EAST CROSS LODGE  MICHIGAN
JEFFERSON  TOWN 94

Figure 6=11 Modal Split by Corridor
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200 to 300 trips

14 MILE RD.

8 MILE RD.

Figure 6~12 East Jefferson Corridor Major Trip Production Zones
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14 MILE RD.

8 MILE RD. j

Figure 6=13 East Jefferson Corridor Node Loads = Total Trips
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14 MILE RD.
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Figure 6~14 East Jefferson Corridor Node Loads = CBD Trips
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Figure 6~15 East Jefferson Corridor Node Loads - New Center Trips
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Figure 6=16 =94 Crosstown Corridor Major Trip Production Zones
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Figure 6~17 [-94 Crosstown Corridor Node Loads - Total Trips
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Figure 6=18 [~94 Crosstown Corridor Node Loads -~ CBD Trips
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the model is discussed in two reports. 12 The model is an aggregate mode split based
upon a choice function. It assumes that the selection of ¢ mode by a trip maker depends
on the following factors:

® The economic status of the trip maker

o The purpose of the trip (not used in Detroit)

e The relative level of service provided by the private auto and public
transit, expressed in terms of door-to-door {total) travel time

e The relative convenience provided by the private auto

e The relotive perceived cost of making the frip by private automobile
and public transit modes, expressed in terms of out-of-pocket expenditures

The relationship between the above factors and the percentage of people who will choose
to use transit was calculated from analysis of fravel data from travelers in Philadelphia,
Toronto, and Washington, D.C. The relationships were then verified and further refined
with the addition of travel data from the Boston area.

It is recognized that there are more sophisticated disaggregate modal split models based
on the behavioral patterns of individuals rather than on the statistically derived correla-
tions used in aggregate models. However, the cost of calibrating and running a disag-
gregate model is beyond the scope of this study. Therefore, it was decided to use the
PMM and Company aggregate model for the first order estimate of modal split.

6.5.4 Application of Model

The PMM and Company modal split model consists of 80 diversion curves which relate the |
factors discussed above to the propensity to use transit, To apply the model, the follow-
ing factors need to be determined:

e Median worker income of the origin zone

e Ratio of door~-to-door travel time on public transit to that of the
orivate automobile

@ Ratio of excess time on public transit to that of the private automobile

e Ratio of "out-of-pocket” cost of public transit to that of the private
automobile

The income estimate and ratios developed are not directly inputed into the model, but,
rather, classification codes are developed for ranges of variables. The codes and their
definitions are shown in Table 6-2. P is the income class code, A is the transit~-to-auto

} T. B. Deen, et al, "Application of a Modal Split Model to Travel Estimates for an

Urban Area, " Highway Research Record, No. 38, 1963, pp. 97-123.

2 D. M, Hill and H. G. Von Cube, "Development of a Mode! for Forecasting Travel

Mode Choice in Urban Areas, " Highway Research Record, No. 38, 1963, pp. 78-96.
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Table 6-2 Modal Split Variable Classes

il
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(P Code) {A Code) (R Code)

Class Income ($) Cost Ratio Excess Time Ratio

T 0 - 3585 0- .31 .00~ .01
2 3585 - 4675 S - 44 01 - 1.19
3 . 4675 - 6150 44 - 56 1.19 - 1.56
4 6150 - 7210 56 - 69 1.56 - 1.94
5 7210+ .69 - .81 1,94 - 2.31

6 81 - 94 2.31~2.75
7 .94 - 1,06 2.75-3.25
8 1.06 -~ 1,19 3.25-3.75
9 1.19 = 1.31 3.75 - 4,25
10 1.31 - 1.44 4,25 - 4,69
11 1.44 - 1,56 4,69 - 5,06
12 1.56 ~ 1.69 5,06 - 5,44
13 1.69+ 5.44 - 5.81
14 5.81+
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excess time ratio code. Figure 6-31 shows an example of a peak-hour diversion curve
for selected values of P, A, and R.

Several assumptions were made in order to estimate the values of P, A, R, and travel time
ratio to be used for each trip. The income for each zone was calculated by SEMCOG for
1990 and adjusted to 1965 dollars. The 1990 income for each zone was used rather than
1975 income because it was readily available. The cost of transit is assumed to be 45
cents, the current DDOT bus fare, Out~of-pocket auto costs are estimated to be 5 cents
per mife.

The auto excess time has three components: time to start the auto, wait time to enter a
metered freeway, and time to park the auto and walk fo the destination. It is estimated
to take one minute to start the auto. Based upon the operation of the Los Angeles metered
freeway, it is assumed that the time in queue would be three minutes. The time to park
the auto and walk to the destination is assumed to vary with the destination. It is esti=
mated to take seven minutes to park and walk to a CBD destination, three minutes to park
and walk to an activity center other than the CBD, and two minutes to park and walk to a
non-activity center destination.

The four components of fransit excess time are time to walk to o bus stop, wait time at the
bus stop, fransfer time, and the time to walk to the destination after deboarding the bus.
For initial values, it is assumed to take five minutes to walk to the bus, five minutes to
wait for the bus, and five minutes to walk to the destination after deboarding the bus.
Transfer time is assumed to be zero because the plan is to have the buses operating on the
BRT also be the collector buses. This follows the operation of the Shirley Highway busway.
If @ person taking the bus were a park-and-ride or kiss-and-ride patron, the five-minute
walk to the bus would be eliminated. It is assumed that the transfer time for a park~and-
ride person would be equal to the time required to walk to the bus stop.

The travel time is the door-to-door travel time. It includes the excess time discussed
above as well as the in-vehicle fravel time. The in-vehicle travel time is a function

of vehicle collection speed, fine~haul speed, and distribution speed. The collection
distance is assumed to be the straight line distance from zone centroid to the nearest
“fransit node" on the corridor's mainline route. The distribution distance, similarly, is
assumed to be the distance from the zone centroid of the destination zone to the nearest
exit node on the distribution route. Since the speeds vary from corridor to corridor,
Tables 6-3 and 6-4,show the vehicle speed assumptions for each corridor for buses and for
~auvtos. The line~haul speeds are based upon speed runs conducted by GM TSD, and upon
DDOT data.

Figure 6=32 is a flow chart showing the computer programs used to calculate the modal

split. The first program calculates the values for P, A, R, and the travel time ratio for
each O/D pair in the corridor. The second program uses the values of P, A, R, and the
travel time ratio to determine the transit probability value. It then multiplies the total
number of frips by the transit probability value to determine the number of transit trips.
The third program screens the trips to determine the number of transit rips which will be
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Table 6~3 Transit Speeds (mph)-

COLLECTION LINE-HAUL DISTRIBUTION
EAST JEFFERSON - 10 31 8
[-94/CROSSTOWN 10 40 8
LODGE 10 40 8
MICHIGAN/1-94 10 40 8
Table 6-4 Automobile Speeds (mph)
COLLECTICN LINE-HAUL DISTRIBUTION
EAST JEFFERSON 25 31 15
1-94/CROSSTOWN 25 40 15
LODGE 25 40 15
MICHIGAN/1-94 25 40 15
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assigned to the BRT. The criterion used is that a transit trip must have at least two miles
of travel on the corridor. The screening program also produces summaries of corridor
travel data in o format similar to that described in Section 4.1 in conjunction with total

corridor frips.

6.5.5 Sénsitivify Analysis

The travel time ratios for BRT mostly lie in a range between 1.0 and 2.5, In this range,
the modal split veries from about 40 to 80 percent. For higher incomes, the modal split
does fall below 40 percent. The model is very sensitive to the excess time ratio. One
can see this by looking at the curves in Figure 6-31. It was found that @ one-minute
addition to the tronsit excess time results in about a 2 percent decrease in propensity to
use fransit.

6.5.6 Modal Split in Operational BRT Systems

Modal split estimates for the Shirley Highway busway, the San Bernardino busway, and
the Minneapolis=St. Paul BRT system were obtained.

The Shirley Highway busway operates on an 11-mile exclusive busway outside of Washing~
ton, D.C. There are no stations along the line-haul portion of the route, There are four
permanent access points and three temporary access points.

The first portion of the busway opened in 1969. Since then, ridership in the morning peak
period has grown from 2,000 trips to 15,000. There are presently 30,000-35,000 trips per
day utilizing some portion of the busway. Current estimates indicate that there is a 40 to
45 percent modal split. That is, for the defined corrider (150 square miles), 40 to 45 per=
cent of the trips with origins in the corridor and destinations in the areas served are ufiliz~
ing the busway. Presently, the system is constrained by lack of equipment. There are not
enough buses to service the demand.

The San Bernardino busway in California is 11 miles long. The defined corridor service
area is about 100 square miles. There are three on-line stations and two supplementary
access ramps along the busway route. At the El Monte Station, the suburban terminal
station, there are over 700 parking spaces. The fare on the busway is 25 cents, and park-
ing costs $2 per month.

The first portion was completed early in 1973, and the entire busway was completed in
June 1974, Peak period ridership {a.m. and p.m. peak) has grown from 1,200 in 1973 to
9,200, There are 13,500 trips per day utilizing some portion of the busway. Ii is esti-
mated that there is currently a 20 percent modal split. Of the 6,000 people who recently
started using the system, 4,200 are ex—drivers. The recent riders tend to be younger males
(average age 35) with an average household income of $15,000 to $18,000. A recent sur-
vey has shown that 55 percent of the people park and ride.
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In Minneapolis=5St. Paul, nine bus bypass ramps have been constructed along the 1-~35W
Interstate highway. Approximately 16 miles of the |<35W freeway are metered, and nipe
bypass ramps provide priority access for buses, The service area of the defined corridor is
about 85 square miles. Presently, there are 8,600 trips per day utilizing the BRT; this is
about 12 percent of the trips using the corridor and destined to the CBD, The Minneapolis
system has arranged to utilize about 25 small parking lofs along collection routes for park~-
and-ride patrons. Many of these are church parking lots which are used as park-and-ride
fots free of charge except for the cost of weekday snow removal.

6.6 BRT System Sizing

In this section,the rationale and assumptions associated with determining the number of
buses and other facilities are described. First, the process used to calculate the number
of line~haul buses is described. Then the sizing of the two alfernative feeder systems

is discussed. A discussion of off-peak service is included, and total vehicle operating
hours per year are estimated asa first step foward determining labor requirements. Finally,
the number of park-and-ride spaces and bus shelters are defermined,

6.6.1 BRT Buses

The number of buses required to provide BRT service from each corridor access point to
each major destination during the peak period was determined, based on a simple bus
scheduling process. Each BRT route is assumed to consist of three parts - - a collection
phase, a line-haul phase from a particular corridor access node to a parficulor destination,
and a distribution phase at that destination. In the scheduling process,buses are assigned
to particular routes and are not reassigned to other routes during the peak period, Both
demand for each route and the number of round frips per bus during the peck period were
considered in determining the number of buses required for each corridor.

The time required to complete a round trip on each route was calculated. The time

required for the collection phase of each route is assumed to be 30 minutes. The distribu-
tion time for the various destinafions is listed in Table 6-5.

Table 6-5 BRT Distribution Time

Distribution Distance Average Speed Time
Loop Miles MPH Minutes
CBD 2,0 8 15
New Center 4.6 10 28
Northland/Southfield 2.8 10 17
Ford Complex 8.4 15 34
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The round trip time for each route also includes an additionol 10 minutes for layover and
schedule adjustment,

The peak-period BRT demand for each destination associated with each corridor access node
was analyzed in the system sizing process. This demand information is summarized in
Figures 6~12through 6-30, The figures show that some nodes produce very little demand
for the Northland area and the Ford Complex., In order to avoid the costs of providing

BRT service to areas where it is not warranted by sufficient demand, routes which serve
fewer than 85 passengers in the peak period were eliminated, This resulted in the
elimination of 222 trips from the 1-94 Crosstown Corridor demand and 253 trips from the
Lodge Corridor demand.,

In order to match the required number of bus trips to the BRT demand, the peck period

time distribution of demand was determined by analyzing the TALUS Survey data. The
time distribution is shown in Table 6-6,

Table 6~6 Time Distribution of Demand in Peak Period

Period __Time Segment, Percent of Peak-Period Demand
Pre-Peak 7:00 - 7:30 10
First Peak 7:30 - 8:30 50
Second Peak 8:30 - 9:30 30
Post-Peak 9:30 - 10:30 10

It is assumed that the demand is uniformly disiributed in fime during each time segment.

The number of bus irips required to serve the demand for each route during each time
segment was defermined. The round trip time and bus occupaney assumptions were then
used to determine the number of buses required to make those trips, toking into considera~
tion the number of repeat trips possible during the peak period. A 90 percent load factor
is assumed for BRT buses operating in the first and second peak hours (from 7:30 to 9:30)
and a 70 percent load factor is assumed for the pre~peak and post-peak haif hours. The
BRT vehicles are assumed to be 53 passenger coaches,

The total number of irips and buses required to satisfy the demand for each major destina-
tion in each of the four corridors are summarized in Table 6-7., The numbers in parentheses
in the last column are the total number of BRT vehicles required for each corridor, including
a 7 percent maintenance float to account for buses which may be out of service for one
reason or another,

The pedak~hour BRT vehicle headway, expressed in seconds, is tabulated in Table 6~7q

for three locations on each of the four corridors. The minimum headway in the CBD
Loop, the New Center Loop, and at the maximum load point of each corridor is presented,
The maximum lood poini of each corridor occurs on the approach to the CBD and New
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Table 6-7 Peck<Period BRT Bus Requirements

Corridor/Destination BRT Number of Number of _]
Demand Bus Trips BRT Buses 4
Jefferson
CBD 7,855 183 112
New Center 1,919 52 39
Total 9,774 235 151 (162)
1-94 Crosstown
CBD 15,631 350 195
New Center 4,291 102 63 B
Ford Complex 663 20 13 i
Total 20,585 572 271 (290)
=
Lodge .
CBD 12,352 282 166
New Center 4,655 109 70
Northland/ Southfield 691 20 12
Total 17,698 411 248 (265)
Michigan/1-94
CBD 5,773 134 77
New Center 1,293 35 22
Ford Complex 2,476 58 36
Total 9,542 227 135 (145)
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Cenier areas. The numbers in parentheses indicate the maximum number of buses per
hour which pass through each of the three locations.

Table 6-7a  BRT Headway - Peak Hour

Peck=Houtr Headway (Seconds)
Corridor
' CBD Loop | New Cenfer Loop | Maximum Load Point
| E. Jefferson 42.9 (84) 163.6 (22) 34.0 (106)
1-94 Crosstown 22,1 {163) 78,0 (46) 26.5 (136)
Lodge 27.5 (131) 69.2 (52) 21.6 (167)
Michigan/1-94 58.1 (62) 240.0 (15) 51.4 (70)

Since no alternate service may be available to a passenger who must return to his origin
during the business day or cfter the evening peak period, limited off-peak service is
recommended, Therefore, limited service between the peak periods (10:00 a.m. to 3:00
p.m,) and after the evening peak for o total of 8 hours is considered as part of the BRT
operation on all cotridors except East Jefferson., No off-pedk service is assumed for the
East Jefferson Corridor because the BRT implementation is on an arterial which is adequately
served by Detroit DOT and SEMTA buses. Half-hour headways are assumed for off-peak
service on the other three corridors. Buses are assumed to travel on the ine~haul route

and stop at each corridor access node. No off-line collection or distribution is provided

by the BRT vehicle, but limited feeder service is also recommended.

In order fo provide an indication of the magnitude of the BRT operation on each corridor,
Table 6-8 gives the number of BRT vehicle operating hours and vehicle miles for each
corridor. The figures were generated by considering each route separately both in the

peak and off-peak periods. Driver scheduling was not attempted in this phase, so the
number of drivers required to provide service in each corridor was not explicitly determined.
However, total vehicle operating hours can be used fo give at least a relative measure of
labor requirements for the four corridors,

6.6.2 Alternative BRT Feeder Systems

Two types of feeder service were considered to augment the BRT pick-up loops. Both a
fixed~-route, fixed-schedule feeder (FR-FS) system and a demand-responsive Dial~A-Bus
(DAB) system were sized.

Because fixed-route systems generally operate on major streefs, large vehicies can be utili-

zed to serve high density areas. Demand-responsive systems are constrained to using small
vehicles seating from 10 to 25 passengers in order to reduce on-bus fime and to ensure
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maneuverability on narrow residential streets. The demand-responsive system is thus
capacity limited and is economically most competitive with fixed-route systems in areas
of relatively jow demand density,

Table 6-8 BRT System Operating Characteristics

r Vehicle Hours Vehicle Hours  Vehicles Miles  Vehicle Miles]
Corridor Per Day Per Year Per Day Per Year
East Jefferson

Peak 346,83 88,442 7,327.5 1,868,513
Off Peak - - - -
Total 346,83 88,442 7,327.5 1,868,513

1-94 Crosstown

Peak 596.4 152,082 12,914.2 3,293,121
Off-Peak 28.2 7,191 667 .2 170,136
| Total 624,6 159,273 13,581.4 3,463,257
Lodge
Peak 533.4 136,026 12,200.5 3,111,128
Off -Peak 26.1 6,656 683.2 174,216
Total 559.5 142,682 12,883.7 3,285,344
Michigan/1-94
Peak 300.1 76,520 6,764.1 1,724,846
Off-Peak 21,3 5,432 539.2 137,496
Total 321.4 81,952 7,303.3 1,862,342

Fixed-Route, Fixed-Schedule Feeder System - The number of fixed-route, fixed-schedule
feeder buses required to blanket an area is a function of the route spacing and the head-
way distance, the average distance between successive vehicles on each route. Headway
is usually specified as the time interval between vehicles., Headway distance is the product
of headway lime and average velocity and is given by the following formula:

Hr
Hd = o5 V (h
where Hd = Headway distance in miles

Ht = Headway fime in minutes
V = Average velocity in mph

The number of fixed-route feeder buses per square mile is given by the following
equation:
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where NB = Number of fixed-route buses per square mile of area served
' Fo = Route overlap factor
Hd = Headway distance (miles)
S, = Route spacing in the north-south direction (miles)
S., = Route spacing in the east-west direction (miles)
Fm = Maintenance float factor

The route overlap factor, Fo, is included to accou nt for the inevitable overlap of routes
w hich results from providing no-transfer service fo the BRT collection points, For the
purpose of this analysis, that factor is assumed to be 1,20. The maintenance float
factor, F_, is included to account for those vehicles which would be out of service at
any one time, for example, for routine service or in the body shop. The maintenance
float factor is assumed to be 1,07,

Combining equations (1} and (2) yields:

~ 120Fo 1o+ b 3)

N8 = Ht Vo { 31 52 ) Fm

The FR-FS feeder system sizing is based on the following assumptions: the route spacing
is 1,0 mile by 1.0 mile (S3 and 52), the peak period headway time (Ht) is 12

minutes, and the average velocity (V) of the feeder buses is 15 miles per hour, Substifut-

ing the known values into equation (3) yields:
120 (1,20) 1 ]
NB = J5rsy— (3 5)

NB = 1.71 buses per square mile

1.07

The FR-FS feeder buses are assumed to serve the area of each corridor which is outside the
city of Detroit. Inside Detroit, the Detroit DOT bus system is assumed to provide
feeder service for the BRT system. Table 6-9 lists the area of feeder coverage and the
number of buses required for feeder service in each corridor,

These buses would also be used to provide off-peck feeder service in the area of each
corridor outside Detroit, The off-peak service is assumed to operate on the same routes
as in the peak period but at half-hour headways, Eight hours of off-peak operation are
assumed each weekday.

The relative magnitude of the fixed-route, fixed-schedule feeder system operation in each
corridor is indicated in Table 6-10. The number of vehicle operating hours and vehicle
miles are lisfed for each corridor for both peck and off-peck service, The number of
vehicle operating hours per day is determined by multiplying the number of buses in
operation by the time of operation —- six hours for peak service and eight hours for off-
peak service. The number of vehicle miles per day is determined by multiplying the
number of vehicle operating hours by the assumed average velocity - 15 mph,
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Table 6-9 Fixed-Route, Fixed-Schedule Sizing Results

NB Areda Buses

Corridor Buses Sq. Mi, Sq. Mi, Required
East Jefferson 1.71 75 128
[-94 Crossiown 1.71 Q0 154
Lodge 1.71 175 299
Michigan/1-94 1,71 165 282

Table 6-10  Fixed-Route, Fixed-Schedule Feeder System Operating Characteristics

Corridor Vehicle Hours Vehicle Hours Vehicle Miles Vehicle Miles
Per Day Per Year Per Day Per Year

East Jefferson

Peak 720 183, 600 10,800 2,754,000

Off-Peak 384 97,920 5,760 1,468,800

Total 1,104 281,520 16,560 4,222,800
{-94 Crosstown

Peak 870 221,850 13,050 3,327,750

Off-Peak 464 118,320 6,960 1,774,800

Total 1,334 340,170 . 20,010 5,102,550
Lodge

Peak i, 680 428,400 25,200 6,426,000

Off-Peak 896 228,480 13,440 3,427,200

Total 2,576 656,880 38, 640 9,853,200
Michigan/1-94 :

Peak 1,584 403,920 23,760 6,058,800

Off-Peak 848 216,240 12,720 3,243,600

Total 2,432 620, 160 36,480 9,302,400
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Dial-A-Bus Feeder System - Several assumptions were made in order fo estimate the num-
ber of DAB vehicles required to serve o given demand. The DAB vehicle is assumed to be
a small, 10-17 passenger vehicle. The average number of passengers who are picked up
by a DAB vehicle during one round trip through the zone is assumed to be fen, The num-
ber of DAB vehicles is given by the following formula:

10 n ) Fm @)

where  Nb = Number of DAB vehicles required for the peak hour

D = Number of passengers requesting DAB pickup during
the peak hour

nt = Number of vehicle round trips per peak hour

Fm = Maintenance float factor to account for vehicles which may
be out of service af any given time (1.07)

The number of vehicle trips per peak hour is the inverse of the round frip time in hours,
The following assumptions are made to determine round trip time:

e One minute is required to unload passengers at the bus stop,

e The average vehicle speed between passenger pickups is 25
miles per hour,

e The average distance between passenger pickups is one mile.

e The average time required for each passenger who is picked up
to board the vehicle is one minute.

e Each bus picks up 10 passengers.

Using these assumptions, the average round frip time equals 35 minutes. The number of
vehicle round trips per hour, nj, equals 1,71,

The number of passengers entering the BRT system during the peak period is known for
each node, or entry point, of each corridor, It is assumed that one DAB zone is
associated with each transit node outside the city of Detroit, In Detroit, DOT buses
are assumed to provide the BRT feeder service. As indicated in Table 6-6, the peak
hour transit demand is assumed fo equal 50 percent of the peak period demand, It

is further assumed that 40 percent of the BRT passengers access the system via DAB.
Using these assumptions, the peak hour DAB demand can be calculated.
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Using Equation {4}, the number of DAB vehicles was calculated. Table 6~11 provides a
summary of the results.

Table 6-11 DAB Sizing Results

Node Number of Peck~Hr DAB De~ | Number of DAB
Corridor Number Pass Entering (Np) mand (D)=Np(.5)(4) Vehicles (Nb)
East Jefferson 78 i, 176 235 15
79 840 168 11
80 1,302 260 16
Total 3,318 663 | 42
1-94 Crosstown 67 2,185 437 27
65 1,416 283 18
64 1,337 267 17
 Total ' 1,938 987 60
Lodge 47 1,236 247 15
49 2,036 407 25
51 1,665 333 21
53 3, 808 762 48
Total 78,745 1,749 109
Michigan/1-94 21 981 196 i2
23 2,148 430 27
24 1,589 318 20
28 1,466 293 18
Total 6,184 1,237 77

These buses would also be used to provide off-peak feeder service in the area of each
corridor outside Detroit. The off-peak service is assumed to operate in the same area
as the peak service; however, the demand in the off-peak hours is assumed fo be five
percent of the demand during the peak hour. Eight hours of off-peak operation are
assumed each weekday.

The relative magnitude of the DAB feeder operation is shown in Table 6-12, The number
of vehicle operating hours and vehicle miles are listed for each corvidor for both peak
and off-peak service. The number of vehicle operating hours per day is a function of
passenger demand. The average number of operating hours per peak hour vehicle is

four for the a.m. and p.m. peak periods and 0.4 for the off-peak period, The number
of vehicle miles per day is determined by multiplying the number of vehicle operating
hours by the assumed averaee velocity of 15 miles per hour.
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Table 6-12 DAB Feeder System Operating Characteristics

. Vehicle Hours Vehicle Hours Vehicle Miles Vehicle Miles
Corridor Per Day Per Year Per Day Per Year
East Jefferson .
Peak 160 40,800 2,400 612,000
Off-Peal 16 4,080 240 61,200
Total 176 44,880 2,640 673,200
1-94 Crosstown
Peak 224 57,120 3,360 856,800
Off-Peak 22.4 5,712 336 85,680
Total 246,4 62,832 3,696 942,480
Lodge : :
Peak 408 104,040 6,120 1,560,600
Off-Peak 40.8 10,404 612 156,060
Total 448,8 114, 444 6,732 1,716,660
Michigan/1-94 - :
Peak 288 73,440 4,320 1, 101,600
Off-Peak 28.8 . 7,344 432 110, 160
Total . 316.8 80,784 4,752

1,211,760

In addition to determining the number of DAB vehicles required, it is also necessary to
size the control system required to operate the demand-responsive type of feeder system,
The DAB control system includes reservation, communication, and dispatch equipment
and a computer to perform the necessary passenger/bus scheduling determinations,

The elements of the DAB control system are sized based on the predicted passenger demand,
number of DAB vehicles, and the physical area comprising each DAB zone. It is assumed,
because the BRT system serves mainly recurring, work-relafed trips, that 50 percent of all
DAB service is on o subscription basis, Subscription service is highly efficient, allowing
pre=scheduled routes and pick-up times, thus eliminating the need for patrons to phone in
reservations during the peak period. This results in a substantial reduction in reservation
equipment and personnel requirements. '
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The DAB contro! equipment includes:

@ Message Switching Controller - a device needed to switch from data fo voice
UHF frequencies depending upon communications needs

e Dispaich Equipment - the devices necessary for o dispatcher to interface with
system control and communications equipment

e Satellite UHF Complex - all equipment comprising the UHF Receiver/Trans- -
mitter assemblies required to communicate with vehicles in the field

® Reservation Agent Complex - equipment necessary to allow operators to receive
reservation requests and input those requests to the system computer for
scheduling

e System Management Computer ~ performs the scheduling tasks for the control
system

Tables 6~13 through 6-16 provide a summai’y of the DAB control equipment needed for each
corridor,

The labor requirements of the DAB feeder network include, in addition to the vehicle

drivers, reservation agents and vehicle dispatchers. Vehicle driver requirements are :
function of the total vehicle hours of operation, One vehicle dispatcher is required to ' s
be on duty during the hours of DAB system operation, The DAB system operafes 14 hours
per day, 6 hours peak and 8 hours off-peak. Therefore, two dispatchers are required per
corridor, The number of reservation agents required per corridor is a function of the pre-
dicted peak-hour passenger demand for DAB. During the off-pedk period, regardiess of
the corridor, one reservation agent is adequate to handle the reservation requirements.
Because there are two peak periods daily, split shifts are assumed for reservation agents,
To determine the number of reservation agents required, it is assumed thot 50 percent of
the peak-hour DAB frips are reserved by telephone during the peak hour. The remaining

50 percent are pre-scheduled, subscription trips. Assuming each reservation transaction
requires 30 seconds to complete, the number of agents was calculated. However, o recent
report concerning the operafion of the Santa Clara DAB system indicates that approximately
half of all incoming calls are for information only, not for reservations, Therefore, the
caleulated number of reservation agents required in the peak hour was doubled such that
both information and reservation calls could be adequately answered. The number of tele~-
phone lines required for the system is assumed to be 50 percent more than the number of :.
reservation agents required in the peak hour. Table 6~17 shows the total number of reser-
vation agents and dispatchers required for each corridor, L
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Table 6-13 East Jefferson DAB Conirol Equipment

f ltem " Quoniity Remarks ]
iMessage Switching Coniroller 1 One per corridor

Dispatch Equipment | One per 85 vehicles

éScte_Ilii'e UHF Complex 35 One per 2.3 square miles
%Telephone Equipment 2 (Lines)

gReservaﬁon Agent Complex ) Each handles 120 calls per houy
gDAB Zone Control Assembly 12 Approximately 1 per every 3 ‘

9 Satellite UHF Complexes |

i

ASysi“em Management Computer i One per corridor

Table 6-14  1-94 Crosstown DAB Confrol Equipment

e O Gty T Remarks
‘Message Switching Coniroller 1 One per corridor

gDispa’rch Equipment 1 One per 85 vehicles

;Scti'elliie UHF Complex 41 One per 2.3 square miles
gTeIephone Equipment 12 (Lines)

%Reservc’rion Agent Complex | 8 Each handles 120 calls per hour
%DAB Zone Control Assembly 14 Approximately 1 per every 3

1 ‘ ' Satellite UHF Complexes
?Sysfem Management Computer 1 7 Oif!Q per corr‘ﬁdorr o
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Table 6-15 Lodge DAB Control Equipment

[ Them

. Message Switching Controller
Dispatch Equipment
Satellite UHF Complex
Telephone Equipment
Reservation Agent Complex
‘ DAB Zone Control Assembly

l_Sysfem Management Computer

1

2
78
21 (Lines)
14

26

" Remarks
One per corridor
One per 85 vehicles

One per 2,3 square miles

Each handles 120 calls per hour |

Approximately 1 per every 3
Satellite UHF Complexes
One per corridor

Table 6-16  Michigan/1-94 DAB Control Equipment

[ ltem

i

Message Switching Controller
 Dispatch Equipment
Satellite UHF Complex
Telephone Equipment
_Reservation Agent Complex
DAB Zone Con‘i'rol Assembly

;
iSys’rem Management Computer

Qucmfify
i

1
75
15 (Lines)
10
25

1

6-70

Remarks
One per corridor
One per 85 vehicles

One per 2,3 square miles

Each handles 120 calls per hour,

Approximately 1 per every 3 ,
Satellite UHF Complexes !
One per corridor j




GM Transpartation Systems

Table 6=17 DAB Control System Labor Requirements

Corridor Reservation Agents Dispatchers
East Jefferson 7 2
=94 Crosstown 9 2
Lodge 15 2
 Michigan/1-94 11 . 2

6.6.3 Park-and-Ride Facilities

Sub~modal split estimates vary widely among existing BRT systems. For example, the sub-~
modal split for park-and=ride is reported to be about 55 percent for the San Bernardino
Busway, but only about 14 percent for express buses operating in the =35W corridor in
Minneapolis-St. Paul. The traditional auto dependence of Detroit area residents suggests
that the park-and-ride sub~modal split for a BRT system in the metropolitan area is likely
to be relatively high. Therefore, to obtain o first~order estimate of parking facility re-
quirements, it is assumed that 40 percent of the BRT passengers who originate outside
Detroit and 30 percent of those who originate inside Detroit access the system by park-
and-ride. The number of park-and-ride spaces required for each corridor is estimated by
applying the assumed sub=modal split fo the corridor demand estimates. Average auto~
mobile ocecupancy is assumed to be 1,10,

The following list summarizes the tofal number of parking spaces required for each corri-
dor: '

e Fast Jefferson 3047
o [-94 Crosstown 6047
e Lodge 5592
e Michigan/1-94 3215

It is expected thai existing parking lots will be used to provide many of these spaces. As
an indication of the availability of existing parking facilities in each corridor, a list of
parking lots located at retail centers within four miles of each corridor access node was
prepared, Tables 6~18 through 6=21 list the location of these parking facilities and give
the number of parking spaces at each location for each of the four corridors. The tables
are based on a list of major retail centers in Southeast Michigan which was compiled by
SEMCOG and the Defroit News.

Although other potential park-and-ride lots such as churches, abandoned service stations,
and closed industrial and retail facilities should also be considered, the facilities that are
identified in the tables give a relative measure of parking availability in each corridor.

In order to estimate parking lot construction needs, it is assumed that the number of parking
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Table 6~18 Retail Center Parking Facilities - E. Jefferson Corridor

Facilities Location No. of Parking

Spaces

Engleside Gratiot and Wendell 1000
K~Mart -Groesbeck and 15 Mile 800
Korvette 12 Mile and Gratiot 2500
Macomb Mall Gratiot and Masonic 4500
Macomb Regional Center  Gratiot and 15 Mile 4000
Eastgafe Gratiot and Frazho 3500
Sparfan Atlantic Gratiot and Frazho 700
K-Mart ? Mile and Harper 800
Eastiand 8 Mile and Kelly 7000
Penn.y's 7 Mile and Mack 1500
Conner Center Conner and Warren 1410
Federals Conner and Warren _ 800
Sparton Atlantic Mack and Hart 500
Sears Gratiot and Van Dyke 1150
Total 30,160
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Table 6=19 Retail Center Parking Facilities - 1-94 Crosstown Corridor

I g+t o <o

Location

No. of Parking i

{ Facilities Spaces
LEMcrcomb Regional Center Gratiot and 15 Mile 4000
' Macomb Mall Gratiof and Masonic 4500
K-Mart Groesbeck and 15 Mile 800
: Ingleside Groesbeck and Wendell 1000
Korvette Gratiot and 12 Mile 2500
‘ Spartan Atlantic Gratiot and Frazho 700
Eastgate Gratiot and Frazho 3500
- K-Mart 9 Mile and Harper 800
Penney 7 Mile and Mack 1500
Eastland 8 Mile and Kelly 7000
Shopper's Fair 8 Mile and Gratiot 600
Arlan's Center 8 Mile and Schoenherr 5200
Ward Gratiot and 7 Mile 470
Federal Conner and Warren 800
Conner Center Conner and Warren 1410
Spartan Atlantic Mack and Hart 500
Sears Gratiot and Van Dyke 1150
Arlans E. Grand Blvd. and Concord 400
Sears Woodward and Sears 1000
Arlon's Center Warren and Lonyo 2200
Sears Grand River and Oakman 1700
Atlantic Mills Bryden and Grand River 1000
QShopper's Fair Joy and Greenfield 600
Federal, Ward Michigan and Schaefer 2200
Hudson Budget Greenfield and Michigan _....878
| Total 46,408

i
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Table 6-20 Refail Center Parking Facilities - Lodge Corridor
— .
l Facilitios Location No. ;)F Parking !
Spaces
'Kendallwood Farmington and 12 Mile 1000
Topps 14 Mile and Orchard Lake 1000
Tel-Twelve Mall Telegraph and 12 Mile 5000
Southfield Plaza 12 1/2 Mile and Southfield 1800
Green=-Eight Greenfield and 8 Mile 1500
Northland Northwestern and 8 Mile 10,500
Shopper's Fair 8 Mile and Meyers 1000
K~-Mart | 8 Mile and Beech Daly 1000
Shopper's Fair 8 Mile and Grand River 750
Seven, Grand 7 Mile and Grand River 800
Livonia Mall 7 Mile and Middlebelt 4500
Federal Schaefer and McNichols 700
Greenfield, Grand River Greenfield and Grand River 1200
Spartan Atlantic Livernois and Lyndon 500
Sears Grand River and Qakman 1700
Atlantic Mills Bryden and Grand River 1000
Sears Woodward and Sears _.1000 ‘
Total 34,950 E

6-74




g

GM Transporiation Systems

Table 6-21 Retail Center Parking Facilities - Michigan/I1-94 Corridor
Facility Location No. S(::ZE:zking
' K-Mart Telegraph and Geddard 800
%Topps Telegraph and Ecorse 1200
VSpqr’rqn Atlantic Michigan and Telegraph 700
:’; Westborn Michigan and Quter Drive 2200
K=-Mart Van Born and Merrick 1000
Arlans Southfield and Dix 400
K-Mart Cuter Drive and Dix 800
I?Lincoln Park Plaza Fort and New York 2000
‘Sears, Lincoln Park Dix and Southfield 3000
Spartan Atlantic Dix and Champaign 500
Jacobson's Michigan 800
;Hudson Budget Greenfield and Michigan 878
‘Michigan, Schaefer Michigan and Schaefer 2200
EArlan.‘s.Cenfér Warren and Lonyo 2200
o _‘Shopper‘s Fair Joy and Greenfield 600
Atlantic Mills * Bryden and Grand River 1000
‘; Sears Grand River and Qakman 1700
N foel 2197
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spaces which would be available at existing facilities is equal to 5 percent of the total
identified parking space in each corridor. '

Table 6-22 summarizes the parking requirements and indicates the number of spaces assumed
to be provided of existing facilities, as well as the number of spaces to be constructed for
each corridor.

Table 6-22 Park-and-Ride Facilities

Corridor Spaces Required Identified ~ Spaces at Spaces to Be
for Park & Ride | Parking Spaces | Existing Fcrcilil'i_es Constructed
Jefferson 3,047 30,160 1,508 1,539
|-94 Crosstown 6,047 46,405 2,320 3,727
Lodge 5,592 34,950 1,747 3,845
Michigan/1-94 3,215 21,978 1,099 2,116

6.6.4 Bus Shelters

Bus shelters should be located at high demand locations throughout the corridor. More
specifically, they should be located at bus stops along the distribution loops and at each
corridor access node. Additional shelters should be located at high demand locations such
as park-and-ride lofs and apartment houses. Based on these considerations, the number of
shelters which may be required for each of the corridors is estimated as shown in the follow-
ing list:

e East Jefferson 35
e ~94 Crosstown 50
e Lodge 45
e Michigan/1-94 35

6.7 Cost Estimates

Capital and operating costs were estimated for each of the four proposed BRT corridors.
These costs were estimated for the BRT system and for the two types of feeder systems,
fixed-route, fixed-schedule and Dial-A-Bus. Cost summaries for the BRT systems and
the two feeder systems sized for each corridor are provided in Tables 6-23 and 6~24,
respectively. An B percent interest rate was assumed for the annualized capital cost
calculations.
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Table 6-23  Cost Summary - BRT (Exclusive of Feeder)

Corridor Capital Cost Annualized Capital Cost Annual Operating Cost Total Annual Cost
East Jefferson 14,742,000 1,923,900 i ,l807,200 3,731,100
[~94 Crosstown 26,196,800 3,381,700 - 3,164,900 6,546,600
Lodge 24,578,500 3,147,100 2,897,900 6,045,000
Michigan/1-94 13,331,300 1,713,700 1,660,000 3,373,700
Table 6-24 Cost Summary - Feeder Systems
Feeder Type Corridor Capital Cost Annuahzced Capital Annual Operating Total Annual Cost
ost Cost

DAB East Jefferson 2,341,500 299,800 952,700 1,252,500

[~94 Crosstown 3,267,900 420,500 1,303,300 1,723,800

Lodge 5,888,200 759,200 2,317,500 3,076,700

Michigan/1-94 4,270,700 547,500 1,656,300 2,203,800

FR-FS East Jefferson 10,819,800 1,352,400 5,025,300 6,377,700

1-94 Crosstown 12,055,100 1,627,100 16,072,200 7,699,300

Lodge 23,405,700 3,159,100 11,725,600 14,884,700

Michigan/1-94 22,075,000 2,979,500 11,070,200 14,049,700
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A summary of the assumptions made and the sources of pertinent costing information used
in the formulation of the cost estimates follows.

6.7.1 Capital Costs

Tables 6~25 through 6=32 provide summaries of the capital cost requirements for each
corridor. The annualized capital costs are included in these summaries.

Exclusive Bus Ramps

According to very preliminary budgetory cost estimates by the State Highway Department,
a typical queue jumper ramp for buses will cost approximately $30,000. This includes
some grading and the addition of a 12-foot lane for 400 feet. If a 4~foot high retaining
wall were required, the cost of the ramp would approximately double. Exira cost would
also be incurred if bridge construction or extensive grading were required.

An average cost for exclusive bus ramp construction was assumed for each of the three
freeway corridors based on a subjective assessment of the relative ease of implementing the
ramps. The average cost of bus ramps for the 1-94 Crosstown Corridor is assumed to be
$60,000. As indicated in Section 6.1,s0me ramps in this corridor may require retaining
walils and others may require the acquisition of some right-of-way. The average cost of
bus ramps for the Lodge Corridor is likely to be much higher than for the other corridors
because extensive retaining wall construction is required, and the bridge over the express-
way at the Telegraph ramp will probably have to be widened. An average cost of
$100,000 per ramp is assumed for this corridor. Only $40,000 per ramp is assumed for

the Michigan/1-94 Corridor because no retaining walls or bridge construction will be re-
quired, However, a considerable amount of grading will be required in some areas,
especially at the Merriman Road ramp.

An exclusive bus entrance ramp to the Lodge Expressway from the CBD Distribution Loop
is recommended for each of the three freeway corridors, This ramp is assumed to cost
$60,000,since retaining walls will probably be required.

The assumed amortization period for exclusive bus ramps is 30 years.

Signs

A variety of signs are provided in each corridor to designate priority use of facilities by o
buses and to identify bus stop locations. Bus stop and bus priority signs are assumed to be o
standard three foot by four foot steel signs which cost $100 each,including installation.

The number and general location of these signs which are required for each corridor are

presented in Section 6.1 and are summarized in Table 6-33.

6-78



6/~9

Tabie 6-25 Capital Cost - BRT System (E. Jefferson Corridor)

Item Unit Cost Quantity Total Cost Am?rt. Annual Cost
Period
Signing
Bus Priority
Variable Message 837,800 15 97,855
Bus Only 100 460 46,000 15 5,373
Bus Stop 100 206 20,600 15 2,406
SUBTOTAL 904,400 105,634
Traffic Signals
CBD Loop 20,500 15 2,394
New Center Loop 15,000 15 1,752
SUBTOTAL 35,500 4,146
Sheiters 3,000 35 105,000 15 12,264
Park & Ride Facilifies 660/space 1,539 1,015,740 30 90,228
BRT Vehicles 60,000 162 9,720,000 10 1,448,572
Vehicle Storage Facility $25/sq ft 68,040 1,701,000 30 151, 100
Maintenance Facilities
Heavy Maintenance Garage 5,000/bus 162 buses 810,000 30 71,952
Operating Garage 2,780/bus 162 buses 450,360 30 40,005
SUBTOTAL 1,260,360 111,957
TOTAL 14,742,000 1,923,901
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Table 6-26 Capiral Cost - BRT System (I-94 Crosstown Corridor)

ltem Unit Cost Quantity Total Cost Am?ri'. Annual Cost
Pericd

Exclusive Bus Ramps

Corridor Access 60,000 12 720,000 30 63,957

CBD/Lodge 60,000 1 60,000 30 5,330

SUBTOTAL : 780,000 69,287
Signing '

Bus Priority 100 473 47,300 15 5,525

Bus Stop 100 230 23,000 15 2,686

SUBTOTAL 70,300 8,211
Traffic Sigrals |

CBD Loop 20,500 15 2,394

New Center Loop 15,000 15 1,752

SUBTOTAL 35,500 ‘ 4,144
Shelters 3,000 50 150,000 15 17,520
Park & Ride Facilities 660/space 3,727 spaces 2,459,800 30 218,505
BRT Vehicles 60,000 290 17,400,000 10 2,593,122
Vehicle Storage Facility $25/sq ft 121,800 sq ft - 3,045,000 30 270,487
Maintenance Facility

Heavy Maintenance Garage $5,000/bus 290 1,450,000 30 128,803

Operating Garage $2,780/bus 290 806,200 30 71,615

SUBTOTAL 2,256,200 200,418

TOTAL 26,196,800 3,381,696
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Table 6-27 Capital Cost - BRT System (Lodge Corridor)

ltem Unit Cost Quantity Total Cost Am?rf_ Annual Cost
Period

Exclusive Bus Ramps

Corridor Access 100,000 i0 1,006,000 30 88,830

CBD/Lodge 60,000 1 60,000 30 5,330

SUBTOTAL 1,060,000 94,160
Signing

Bus Priority 100 4713 47,100 15 5,501

Bus Stop 100 190 __ 19,060 15 2,219

SUBTOTAL 66,100 7,720
Traffic Signals

CBD Loop 20,500 15 2,394

New Center Loop 15,000 15 1,752

SUBTOTAL 35,500 4,146

| Shelters 3,000 45 135,000 15 15,768

Park & Ride Facilities 660/space 3845 spaces 2,537,700 30 225,424
BRT Vehicles 60,000 265 15,900,000 10 2,369,577
Vehicle Storage Facility §25/5q fr 111,300 2,782,500 30 247,169
Maintenance Facility

Heavy Maintenance Garage $5000/bus 265 1,325,000 30 117,700

Operating Garage $2780/bus 265 736,700 30 65,441

SUBTOTAL 2,061,700 183, 141

TOTAL 24,578,500 3,147,105
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Table 6-28 Capital Cost - BRT System (Michigan/1-94 Corridor)

ltem Unit Cost Quantity Total Cost Am?ri'. Annual Cost
, Period

Exclusive Bus Ramps

Corridor Access 40,000 8 320,000 30 28,425

CBD/Lodge 60,000 i 60,000 30 5,330

SUBTOTAL 380,000 33,755
Signing

Bus Priority 100 469 46,900 15 5,478

Bus Stop 100 167 16,700 15 1,950

SUBTOTAL 63,600 7,428
Traffic Signals

CBD Loop 20,500 15 2,394

New Center Loop 15,000 15 1,752

SUBTOTAL 35,500 4,746
Shelters 3,000 35 105,000 15 12,264
Park & Ride Facilities 660/space 2116 spaces 1,396,560 30 124,056
BRT Vehicles 60,000 145 8,700,000 10 1,296,561
Vehicle Storage Facilify $25/sq ft 60, 900 1,522,500 30 135,244
Maintenance Facility .

Heavy Maintenance Garage $5,000/bus 145 725,000 30 64,402

Operating Garage $2,780/bus 145 403,100 30 35,807

SUBTOTAL 1,128,100 100,209

TOTAL 13,331,260 1,713,663
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Table 6-29 Capital Cost - Feeder Systems (East Jefferson Corridor)

Feeder ltem Unit Cost Quantity Total Cost Am::rf. Annual Cost
Type Period
DAB Vehicles 35,000 42 1,470,000 10 219,074
DAB Control 258,078 20 26,285
Vehicle Storage Facilities 25/5q ft 11,466 286,650 30 25,463
Maintenance Facilities
Heavy Maintenance Garage 5000/bus 42 210,000 30 18,654
Cperating Garage 2780/bus 42 116,760 30 10,372
SUBTOTAL 326,760 29,026
TOTAL 2,341,488 299,848
FR-FS | Vehicles 60,000 128 7,680,000 10 1,144,550
Vehicle Storage Facilities 25/sq ft 53,760 1,344,000 30 119,388
Maintenance Facilities
Heavy Maintenance Garage 5000/bus 128 640, 000 30 56,851
Operating Garage 2780/bus 128 355,840 30 31,609
SUBTOTAL 995, 840 88,460
TOTAL 10,019,840 1,352,398
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Table 6-30 Capital Cost - Feeder Systems (I1-94 Crosstown Corridor)

Feeder

Amort.

[tem Unit Cost Quantity Total Cost ) Annual Cost
Type Period
DAB Vehicles 35,000 60 2,100,000 10 312,963
DAB Control 291,559 20 29,695
Vehicle Storage Facilities 25/sq ft 16,380 409,500 30 36,376
Maintenance Facilities ‘
Heavy Maintenance Garage 5000/bus 60 300, 000 30 26,649
Operating Garage 2780/bus 60 166,800 30 14,817
SUBTOTAL 466,800 41,466
TOTAL 3,267,859 420,500
FR-FS | Vehicles 60,000 154 9,240,000 10 1,377,037
Vehicle Storage Facilities 25/sq ft 64,680 1,617,000 30 143,638
Maintenance Facilities
Heavy Maintenance Garage 5000/bus 154 770,000 30 68,399
Cperating Garage 2780/bus 154 428,120 30 38,030
SUBTOTAL 1,198,120 106,429
TOTAL 12,055,120 1,627,104
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Table 6~31 Capital Cost - Feeder Systems (Lodge Corridor)
i}e’Fe):er item Unit Cost Quantity Total Cost ﬁ;:?;; Annual Cost
DAB Vehicles 35,000 109 3,815,000 10 568,549
DAB Control | 481,297 | 20 49,201
Vehicle Storage Facilifies 25/sq ft | 29,757 743,925 30 66, 083
Maintenance Facilities
Heavy Maintenance Garage 5000/bus 109 545,000 30 48,412
Cperating Garage 2780/bus 109 | 303,020 30 26,917
SUBTOTAL | 848,020 75,329
TOTAL 5,888,242 759,162
FR-FS | Vehicles 60,000 299 17,940,000 10 2,673,598
Vehicle Storage Facilities 25/sq ft - 125,580 3,139,500 30 278,882
Maintenance Facilities ;
Heavy Maintenance Garage | 5000/bus 299 1,495,000 30 132,801
Operating Garage - 2780/bus 299 831,220 30 73,837
SUBTOTAL 2,326,220 206,638
TOTAL 23,405,720 3,159,118
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Table 6-32 Capital Cost - Feeder Systems (Michigan/1-94 Corridor)

Feeder item Unit Cost Quantity Total Cost Am?rf. 5 Annual Cost
Type ) Period |
DAB | Vehicles 35,000 77 2,695,000 @ 10 | 401,636
DAB Control 451,130 20 | 45,948
Vehicle Storage Facilities 25/sq ft 21,021 525,525 30 | 46,682
Maintenance Facilities : ;
Heavy Maintenance Garage 5000/bus 77 385,000 30, 34,200
Operating Garage 2780/bus 77 214,060 30 192,015
SUBTOTAL 599,060 53,214
TOTAL 4,270,715 547,480
_ FR-FS | Vehicles 60,000 282 16,920,000 10 2,521,588
i Vehicle Stcrage Facilities 25/5q ft 118,440 2,961,000 30 263,026
i Maintenance Facilities :
; Heavy Maintenance Garage = 5000/bus 282 1,410,000 30 125,250
‘ Operating Garage 2780/bus 282 783,960 30 69,639
! SUBTOTAL 2,193,960 194,889
TOTAL 22,074,960 2,979,503
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Table 6-33 BRT Signing Requirements

LOCATION
BRT BRT CBD New Northland | Ford Total
CORRIDOR | SIGN TYPE |Collection | Route Loop Center Loop Complex

| Zone Loop Loop
E. Jefferson Bus Only 204 256 460
Bus Stop 189 ] 6 206
|-94 Crosstown Bus Only , 13 204 256 473
Bus Stop 210 11 é 3 230
Lodge Bus Only 11 204 256 471
Bus Stop 168 11 6 65 190
Michigan/1-94{ Bus Only 9 204 256 469
Bus Stop 147 11 6 3 167
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Variable message signs are required for the East Jefferson Corridor as discussed in Section
6.1. The cost of these sighs and associated equipment is estimated based on representa-
tive unit costs supplied by the American Sign and Indicator Corporation of Spokane,

Washington. The estimated cost of the system required for the East Jeffersen Corridor is

itemized in Table 6-34,

The capital cost of signs is amortized over a period of 15 years.

Table 6-34 Variable Message Sign Costs for the E. Jefferson Corridor

| Quantity

tem Unit Cost per I\[l‘umb?r of Tofcl. Total

Location ocations | Quantity Cost
Varicble Message Sign $3,000 30 180 |$540,000
Lane Control Sigral Head 400 4 30 120 48,000
Local Controller 3,000 1 30 30 90, 000
Master Controller 5,000 | 1 5,000
Telephone Lines 600 8 4,800
SUBTOTAL $687,800
Installation 150,000
TOTAL $837,800

Traffic Signals

Additional traffic signals are required for the CBD and New Center Distribution Loops.

The left turn signals for contra~flow buses require changes in the signal control logic as
well as the addition of a sighal head. Therefore, the cost of installing each turn signal is
estimoted to be $2,000. The cost of installing « signal to face the reverse flow direction
on one-way streets is estimated to be $500,since no changes in control logic are required.
The total cost of signal changes for the CBD Distribution Loop is $20, 500 (5 left turn
signals @ $2,000 plus 21 contra-flow signal heads @ $500). The traffic signal cost for

the New Center Loop is $15,000 (4 left turn signals @ $2,000 plus 14 contra=flow signal
heads @ $500). An amortization period of 15 years is assumed for traffic signal equipment.

Shelters

The estimated cost of bus shelters, $3,000 each, is based on typical shelter costs quoted by
Columbia Equipment Company plus assumed installation costs. The cost of shelters is
amortized over a period of 15 years to obtain estimated annual system costs.
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Park-and-Ride Facilities

The cost of constructing park-and-ride facilities is assumed to be $1.65 per square foot
including limited grading, base construction, topping, lighting, and drainage, but exclud=-
ing the cost of land. Parking space requirements vary from 279 to 579 square feet per
space depending on the parking angle relative to the aisle and the average size of the
vehicles. It is assumed that 400 square feet are required for each space. Thus, the
estimated parking facility cost is $660 per space,

A 3C-year amortization period is assumed for park and ride lofs.

Vehicles

Based on a cursory survey of recent fransit coach procurements, as reported in transit
industry periodicals, the cost of @ 53~passenger vehicle for BRT and Fixed-Route, Fixed-
Schedule service is assumed to be $60,000, Dial~A=Bus vehicles, including alf on-board
communications equipment, are assumed to cost $35,000 each,

Dial-A-Bus Control

Dial~A~Bus control equipment costs are based on previous GM TSD Dual Mode analyses.
These values represent the 1974 costs of the equipment. The same basic computer system
is used for each corridor. The differences in the computer costs represent those costs,such
as core size, which are directly related to corridor demand and size differences.

A twenty-year amortization period is assumed for the DAB control equipment.

Storage Facilities

It is estimated that 420 square feet are required for storing large vehicles and 273 square
feet are required for Dial=A~Bus vehicles. Storage building costs are assumed to be $25
per square foot. This does not include cost of land. These capital costs are amortized
over a period of 30 years.

Heavy Maintenance Garage and Operating Garage

The heavy maintenance garage capital costs are estimated to be $5,000 for each bus, This
is o rough estimate based upon the fact that DDOT spent $5, 000,000 for a heavy mainten~
ance garage for their 1000 bus system. The operating garages where vehicles are fueled,
cleaned and serviced are estimated to cost $2,780 per bus. This is based upon analyses
done on the cost of operating garages for setvicing dyual mode vehicles. The heavy mainten-
once and operating garages capital costs do not include land costs and are amortized over
30 years.
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6.7.2 QOperating Costs

Tables 6=35 through 6-38 provide summaries of the BRT operating costs for each corridor.
Tables 6-39 through 6-42 provide o summary of both FR~FS and DAB feeder system operat~
ing costs for each corridor. :

The operating costs of the BRT system as well as the two feeder systems include driver wages, s
garage expense, and vehicle maintenance expenses. The BRT system operating costs also

include restriping costs and shelter maintenance. The DAB feeder system incurs an annual

system confrol cost. Driver cosis are estimated to be $12.35 per vehicle operating hour.

This is based upon the expected driver costs per revenue hour for DDOT in July 1975.

The average base salary is $6.36 per hour, However,since the $12.35 is a cost per revenue

houy, it includes non=~production time such as sign-on time, travel time, dead head, premium

pay, waiting time, lost time, vacation and holiday pay, sick leave, and retirement benefit

costs. The garage expenses are those costs incurred at the garages. They include fuelcosts,

lube costs, cleaning materials, and the labor required to clean and service the vehicles.

DDQOT garage expense from July 1974 to March 1975 was 17.13¢ per vehicle mile. DDOT

. buses average about 12 mph. Since the BRT buses will average 35-40 mph, they will have

greater fuel efficiency, It is expected they will get é to 6.5 miles per gallon rather than

4 miles per gallon, Therefore BRT garage expenses are estimated to be 14, 13¢ per mile .
(assuming fuel costs at 29.75¢ per gallon). It is assumed that the Dial~A-Bus costs are also A
14.13¢ per mile. The vehicles do not average 35-40 mph, but they are lighter. The a
garage expense associated with large feeder buses are assumed to be 17.13¢ per mile be-

cause these buses operate at speeds similar to DDOT buses.

The maintenance expense is the cost of heavy maintenance. It includes labor, supervision,
and material costs. Also included are the costs of maintaining the buildings and grounds.
The DDOT cost of 19.54¢ per vehicle mile was used in the calculations,

Lane striping and diamond=shaped markings are required to delineate exclusive transit lanes
on public streets. According to Detroit DOT estimates, the cost of striping is $0.03 per
linear foot. Two stripes are required along the entire length of the CBD and New Center
Distribution Loops to designate the exclusive bus lane. The cost of this striping is estimated
to be $634 for the 2.0 mile CBD loop and $1457 for the 4.6 mile New Center Loop. Dia-
mond~-shaped pavement markings are also required to identify the exclusive bus lanes in the -
CBD and New Center areas. Each 12 foot by 2.5 foot diamond consists of 24.5 linear feet, i

An average 100-foot spacing is assumed. The cost of these pavement markings, assuming
the Detroit DOT estimate of $0.10 per linear foot for hand work, is $260 for the CBD

loop and $595 for the New Center loop. The total cost of pavement markings is $894 for
the CBD Distribution Loop and $2052 for the New Center loop. Although public streets
usually require restriping twice a year, these transit priority pavement markings are assumed
to last a full year due to the lower vehicle volumes associated with a reserved bus lane.
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Table 6-35 Annval Operating Cost ~ BRT System (E. Jefferson Corridor)

6-91

- ltem Unit Cost Quantity Total Cost
Shelter Maintenance 300, 35 10,500
Vehicle Expense

Garage . 1453 /mi., 1,868,513 . 271,495
Maintenance .1954/mi. | 1,868,513 365,107
“SUBTOTAL 636,602
Drivers - 12.35/V=hr. 88,442 1,092,259
Telephone Line 7200/ Line 8 57,600
Lease -
Pavement Marking :

* BRT Line Haul - 7,248

- CBD'Distribution Loop 894

_ New Center Distribution 2,052

SUBTOTAL - 10, 194
. TOTAL 1,807,155
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Table 636 Annual Operating Cost - BRT System (i-94 Crosstown Corridor)

ftem Unit Cost Quantity Total Cost
Shelter Maintenance 300. 50 15f000
Vehicle Expense
Garage
Peak Period . 1453/ mi 3,293,121 478,490
Off=Peak Period . 1453/ mi 170,136 24,721
Maintenance
Peak Period . 1954/ mi 3,293,121 643,476
Off-Peak Period 1954 /mi 170,136 | 33,245
SUBTOTAL 1,179,932
Driver Expense
Peak Period 12,35/V-hr 152,082 1,878,213
Off~Peak Period 12.35/V-=hr 7,191 88,809
' SUBTOTAL 1,967,022
Pavement Marking
EBD Lgopf L 894
ew Center Loop 2,052
SUBTOTAL 2,946
TOTAL 3,164,900
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- Toble 6=-37  Annual Operating Cost - BRT System (Lodge Corridor)

ltem Unit Cost Quantity Total Cost
Sheiter Maintenance 300 45 13,500
Vehicle Expense
Garage
Peak Period . 1453/ mi 3,111,128 452,047
Off-Peak Period . 1453/mi 174,216 25,314
Maintenance
Peak Period . 1954/ mi 3,111,128 604,914
Off-Peak Period . 1954/ mi 174,216 34,042
SUBTOTAL 1,119,317
Driver Expense
Peak Period 12.35/V-hr 136,026 1,679,921
- Cff-Peak Period 12.35/V-hr 6,656 | | 82,202
SUBTOTAL 1,762,123
Pavement Marking
CBD Loop 894
New Center Loop 2,052
- SUBTOTAL 2,946
- TOTAL 2,897,886
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Table 6-38 Annual Operating Cost = BRT System (Michigan/1~94 Corridor)

ltem

Shelter Maintenance

Mehicle Expense
Garage
Peak Period
Off-Peak Period
Maintenance
Peak Period
Off-Peak Period

SUBTOTAL

Driver Expense
Peak Period
Off=Peak Period

SUBTOTAL

Pavement Marking
CBD Loop
New Center Loop

SUBTOTAL
TOTAL

Total Cost

Unit Cost | Quantity
300 35 10, 500
. 1453 /mi 1,724,846 250, 620
. 1453 /mi 137,496 19,978
. 1954 /mi 1,724,846 337,035
. 1954 /mi 137,496 26,867
634,500
12.35/\Vwhr 76,520 945,022
12.35/N=hr. 5,432 67,085
1,012,107
894
2,052
2,946
1,660,053
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Table 639 Annual Operating Cost - Feeder Systems (E, Jefferson Corridor)
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ltem Unit Cost Quanfify Total Cost
DAB Vehicles
: Garage . 1453/ mi 673,200 97,816
Maintenance 1954/ mi 673,200 137,543
SUBTOTAL 229,359
DAB Control
Dispatchers 18,215/yr 2 36,430
Reservation Agents 18,215/yr 7 127,505
Equipment Maintenance 5,162
. SUBTOTAL 169,097
Drivers 12.35/V-hr 44,880 554,268
TOTAL 052,724
FR-FS | Vehicles
Garage 1713/ mi 4,222,800 723,366
Maintenance | <1954/ mi 4,222,800 825,135
SUBTOTAL 1,548,501
Drivers 12.35/V=hr 281,520 3,476,772
- TOTAL 5,025,273
A R
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Table 6~40 Annual Operating Cost - Feeder Systems (I~94 Crosstown Corridor)
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[tem Unit Cost Quantity Total Cost
DAB Vehicles
Garage . 1453/mi 942,480 136,942
- Maintenance 1954/ mi 942,480 184,161
SUBTOTAL 321,103
DAB Control
Dispatchers 18,215/yr 2 36,430
Reservation Agenfs 18,215/yr ? 163,935
Equipment Maintenance 5,831
SUBTOTAL 206,196
Drivers 12.35/V-hr 62,832 775,975
TOTAL 1,303,274
FR-FS | Vehicles
Garage L1713/mi 5,102,550 874,067
Maintenance . 1954/ mi 5,102,550 997,038
SUBTOTAL 1,871,105
Drivers 12/35/V~hr 340,170 | 4,201,100
TOTAL 6,072,20

JEPR—— |




)
g
3
fl
]

!

GM Transportation Systerns

6-97

Table 6=41 Annual Operating Cost - Feeder Systems (Lodge Corridor)
ftem Unit Cost Quantity Total Cost
DAB Vehicles
Garage L1453/ mi 1,716,660 249,431
Maintenance . 1954/ mi 1,716,660 335,435
SUBTOTAL 584,866
DAB Control
Dispatchers 18,215/yr 2 36,430
Reservation Agents 18,215/yr 15 273,225
Equipment Maintenance 9,626
~ SUBTOTAL 319,281
Drivers 12.35/V-hr 114,444 1,413,383
TOTAL 2,317,530
FR-FS | Vehicles
- Garage L1713/ mi 9,853,200 1,687,853
Maintenance - 1954/ mi 9,853,200 | 1,925,315
SUBTOTAL ' 3,613,168
Drivers 12.35/V=hr 656,880 | 8,112,468
TOTAL 11,725,636
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Table 6-42  Annual Operating Cost ~ Feeder Systems (Michigan/I-94 Corridor)

By o
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Item Unit Cost Quantity Total Cost
DAB. | Vehicles
Garage . 1453/ mi 1,211,760 176,069
Maintenance . 1954/ mi 1,211,760 236,778
SUBTOTAL 412,847
DAB Conirol
Dispatchers 18,215/yr ? 36,430
Reservation Agents 18,215/yr 11 200,365
Equipment Maintenance 2,025
 SUBTOTAL 245,820
Drivers 12.35/V-hr 80,784 997,682
TOTAL 1,656,349
FR-FS | Vehicles o N
Garage A713/mi 9,302,400 1,593,501
Maintenance 1954/ mi. 9,302,400 | 1,817,689
SUBTOTAL 3,411,190
Drivers 12.35/V-hr 620,160 7,658,976
TOTAL 11,070, 166
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Restriping is also required to delineate the reserved BRT lane on East Jefferson. Since
three lanes are involved in the implementation, four stripes are required along the 5.72
mile reserved lane section of this corridor. Assuming semi-annual restriping of $0.03 per
linear foot, the annual cost of restriping is $7248 for the East Jefferson corridor. No pave-
ment marking is required along the other BRT routes or for the Northland or Ford Complex
Distribution Loops, since no lanes are reserved exclusively for buses.

The annual bus shelter maintenance expense is assumed to be $300 per shelter and includes
periodic cleaning and repair.

Dial~A~Bus control operating costs are divided into two categories: personnel costs and
maintenance costs. Both dispatchers and reservation agents are assumed to make $18,215
per year, -including benefits. This value is based on previous Dual Mode Transit analyses,
The maintenance costs for the DAB elecironic control equipment is assumed fo be two per-
cent of the original purchase price of the equipment per year.

The cost of operating and maintaining park and ride [ots was not included in the operating
cost estimates. In some cases,parking spaces at large retail centers may be available at no
cost, In other cases, a nominal lease or service cost (weekday snow removal, for example)
may be incurred. The operating costs associated with system-~owned park-and-ride facilities
will vary with the size and location of the lots, but, in general, will include lighting, snow
removal, maintenance, and security.
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6.8 Corridor Ranking

Three criteria have been consistently used throughout the study to evaluate the potential
of candidate corridors for successful BRT implementation. The criteria are: 1) high po-
tential for attracting ridership, 2) high potential for improving trip time by implementing
a priority treatment, and 3) high potential for economical implementation. Table 6-43
shows the ranking of the four candidate corridors based on these criferia.

(M Transportation Systems

Table 6-43 Corridor Ranking

Feeder System

Total BRT . '
Demand Trqve!'Tlme BRT. Cost/Peck~ (DAB) Cost/Peak-
Rank Corridor Ratio Period Pass. .
{a.m. Peak- BRT /At Trig® Period Feeder
Period) ure np Passenger Trip
1 1-94 Crosstown 20,585 1.21 62 1.71
2 Lodge 17,698 1.26 67 1.72
3 Michigan/[-%94 9,542 1.24 .69 1.75
4 E., Jefferson 9,774 1.36 .75 1,85

*Not including feeder service

The measures which have been used to quantify the criteria have become more explicit as
the corridor analysis has become more detailed, For example, earlier in the study, BRT
ridership potential was characterized by a combination of two parameters: the total corri-
dor demand for particular destinations and the magnitude of current transit ridership along
the corridor, In the final ranking, the results of the modal split analysis were used fo pre-
dict BRT ridership in each corridor. Table 643 shows that the [~94 Crosstown and Lodge

Corridors clearly have greater BRT ridership potential than the other two cortidors,

Earlier in the study, average automobile line=haul speed and volume to capacity ratfios
were used to characterize congestion in the various corridors as an indication of travel
time reduction potential. In the final ranking, the ratio of estimated BRT trip time to
automobile trip time is used as a direct measure of this criterion. The dota in Toble 6-43
show that all four corridors offer about the same potential for providing competitive frip

fime.

Finally, general observations concerning the ease of implementation on each corridor
were used earlier in the study to indicate relative implementation costs. Now the pre-
liminary capital and operating cost estimates reported in Section 6.7 can be used to cal-
culate the total annualized cost per peak~period passenger trip. The values of this para-
meter calculated for the {ine—haul BRT system and for the DAB feeder system are used in
the final ranking. DAB system costs, rather than FR-FS system costs, were selected for
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use in the corridor comparisons because they are lower than the costs of the FR~FS systems,
The costs used to calculate these ratios include the cost of providing off-peak service,be-
cause this is considered fo be o necessary part of both the BRT and the feeder systems.
However, the feeder system cost ratios do not account for any additional costs which
DDOT might incur in providing fixed-route, fixed-schedule feeder service within Detroit.
Only pedak=-period passenger frips were used to calculate the ratios,since off-peak BRT
ridership was not estimated. The feeder system cost ratios account only for those BRT
patrons oufside the city of Detroit who actually use the DAB feeder service in the peak
periods. The number of passengers who access the system via DDOT buses is not included.
The data for the fine~haul BRT systems indicate that a BRT implementation on the 1-94
Crosstown Corridor results in the lowest cost per peak-period passenger trip while o BRT
implementation on East Jefferson results in the highest cost per passenger. The same corri-
dor ranking is indicated by the DAB feeder system cost rafios.

The fact that it is quite expensive to provide a pervasive feeder service should come as no
surprise. In the independent study of infermediate and feeder level transit conducted by
General Motors for SEMTA in late 1974, the annual cost of the recommended feeder sys-
tem was found to be approximately four times the annual cost of the intermediate level
transit system., :

The values of estimated cost per passenger trip listed in Table 6-43 for the DAB systems are

not inconsistent with similar data reported for existing demand~responsive systems. Actual
cost per ride data for several demand-responsive systems are indicated in Table 6~44,

Table 6-44  Example DAB System Costs

Location Cost Per Ride
Ann Arbor $1.35]
Batavia .612
Bay Ridges .60°
Haddonfield 3.504
Regina .703

Source: Dial-A-Ride for the Transit
Industry, K, W. Guenther,
prepared for ATA meeting
August 27, 1972

] Operating cost only

3]

Includes debt service administration and overhead

(5]

Includes depreciation and overhead

4

Includes capital costs, depreciation, and overhead
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Only the value for Haddonfield can be directly compared with the results of this study,
since it includes amortized capital costs as well as operating costs. The experimental
nature of this system contributed to its high cost.

In summary, the four candidate corridors are ranked in order of their potential for success~
ful BRT implementation as follows:

1. 1-94 Crosstown
2. Lodge

3. Michigan/1-94
4. East Jefferson

6.9 BRT Action Plan

The accomplishment of a logical progression of tasks is quite important to the successful
implementation of bus rapid transit service in o selected travel corrider. A description
of these tasks and their interrelationships is fermed an "action plan." The four candidate
BRT corridors all have similar implementation task requirements, with minor exceptions
for the non-freeway East Jefferson route. Therefore, a single action plan, common to
the four corridors, has been developed. The BRT action plan is diagrammed in Figure 6~
33, and is discussed in the remainder of this section.

The first task shown in Figure 6-33, "Preliminary BRT Design, " has been completed for
each of the four candidate BRT corridors. All other action plan items pertain to the
additional analysis, design, and implementation of BRT service in a single corridor (chosen
from among the four, or synthesized from elements of two or more candidate corridors).

The next task to be performed is a BRT system design and impact analysis. The system de~-
sign specifies the mainline BRT route, access and egress points along that route, the BRT
collection route and feeder system, possible locations of transfer and park-and-ride focili-
ties, and the distribution route for each major destination area. The system design fask
also generates a refined estimate of BRT capital and operating costs. Interrelated with
the system design is a system sizing and impact analysis, including a computer simulation
of traffic flow along the corridor's BRT route, with and without BRT operations., Such a
corridor simulation permits an assessment of the BRT level of service {primarily BRT travel
times relative to those of automobile trips) and the effect of BRT implementation on auto
trips. Furthermore, the demand analysis portion of this task produces refined modal split
and ridership estimates for system sizing and costing, and for subsequent design, imple-
mentation, and evaluation tasks (shown in Figure 6-33).

System specification and detailed engineering design activities constitute the next task to
be performed, This task is dependent upon the results of the preceding task and upon the
BRT implementation treatment as it applies to the selected BRT corridor. The detailed
engineering design task provides for BRT route revisions, based upon an evaluation of
initial stages of operation. This task also includes the specification and design of right-

6-102




-9

€0l

IMPACT
PRELIMINARY ANALYEIS
BRT DESIGN AND
FOR CORRIDGR BRT SYSTEM

DESIGN

« 0DAL SPLIT 8 DEMAND
ANALYSIS

& SIAULATION OF CORRIDOR
W BRY SYSTEM

o CORRIDOR IMPACT & MALYSIS
® SYSTEM DESIGN
» ADL'TE DEFINITION

» LIME HAUL ACCESS AND
ECGRESS 7OIMTS

» COLLECTION SYSTEM

e DISTRBUTION SYSTEM

# FACILITLES REQUIREMENTS
# EQUAPMENT RECUIREMENTS

s CAPTAL AND OPERATING
COTS

REVIEWAND
REVISE DETAILED
DESIGN IMPLE -

MENTATION PLAN

OPERATIONAL
BRT SYSTEM
(INITIAL STAGE!

IMPLEMENTATION
QF INITIAL STAGE

/ » CONSTRUCTICN
o LINE HALL 34MPS
o CLIRE CLTS
« SHELTERS
w FaPh ang FIOE LOTE
« FACILITIES

» R-0-W MODIFICATIONS
. SIEMING
& PAVEMENT MARKIMNGS \

& NEGCTTATE FOF PARK AND
RIDE LOTS

s BLS PROCL REMENT CF

w_mmn__wmmw_zm STAGED ALLCCATION CF EXISTING
DESIGN AND vﬁﬂ_mﬂﬁvmﬂbﬁﬂz SQLIPMENT FULL BAT SYSTEM
SYSTEM « HIZE OR REASS|GN QPERATIONAL

FINANCING PLAN

o>
E
=
)
=]
oy
o
&
=
3
=3
=
£
g
=
o

SPECIFICATIONS PEFSCONMEL
= FERSCNMNEL TRaIMING
® VEHICLE AND DRIVER e
*RCUTE CEFLNITON * STAGED MPLENE NTATION SCREDULING = PUBLIC ACCERTANCE

RAGERSMIP ATTRACTIC M -
® ANALYSIS TF BRT MARXET

WILL BE BASED UPO™N WHERE
THE CREATEST DEMaND L3,

® DESIGH OF R-0-W » LARKETING

MODIFICATIONS

MNOT NECESSARILY THE
» RAMPS SHORTEST DISTANCE SHARE
: : = CORRIDER MPACT
® SIGNS « DETERMINE SOURCES OF ANALYSIS

FUNDING
« RIDERSHIP 2EVENLE

" 2K1
* PAYEMENT MARKINGS * IMPACT CN AUTC TRAVEL
HAE

» TRAFFIC CONTRQLS
| IMPLEMENT
+ COLLECTION-DISTRISUTIGN @ A5 TAX ISTATE: SUBSEQUENT & AUTC CCCUPANCY
TREMDS

SYSTEM DESLG M o UMTA DEMONETRATION

o ROUTE BESIGN MONEY » ATTITUDINAL SURVEYS
+ FEEDER BUS » SCHIAY TRUST FURD » CPERATICNAL ANALYSES
. DT GRERATING
AB BL . M 3
+DABELS SLBSIDIES " enacrne
» PARK-RIDE FACIATIES
# LINE HAUL CCLLECTICR
« KISS-PIDE FACLLITIES AND DISTRIBUTICN SPEEDS,
o DESIGN OF FACHLITIES TRAVEL TIME AND
DISTANCES

# ECUIPMENT REGLUIIREMENTS
» PERSCOINNEL RECUIRED

o CAPITAL AMND OPERATING
COSTS

» SCHEDULE RELIABILITY
& FINANCIAL ANALYS|S
* AR PCLLUTICMN ANALYSIS

Figure 6-33 BRT Action Plan




GM Transportation Sysiems

of-way modifications, entry and exit ramps, pavement markings, traffic control signals
and signs, bus shelters, park-and-ride and transfer facilities, and a feeder bus system
(particularly if a Dial-A-Bus feeder system is chosen). Additionally, equipment and
personnel requirements are determined and system capital and operating cost estimates
are updated.

The next action plan task consists of the detailed staged implementation plan development
and the preparation of a financing plan. It is anticipated that BRT operation in the selected
corridor will be fully implemented through a succession of service increases. These in~
creases may be configured to emphasize areas of greatest demand, rather than to progres—
sively extend the mainline BRT route. Therefore, an implementation analysis effort,
resulting in an implementation plan, is an important segment of the BRT program. Another
aspect of this task is the investigation of system financing sources. Various state and
federal sources of funds to meet capital and operating expenses are considered, and
operating revenues are estimated,

Following the staged implementation and financing planning task, deployment of the
initial stage of the BRT system begins. Negotiations to secure park-and-ride space in
existing parking lots are conducted and the construction of additional park-and-ride lots

is begun. Right-of-way modifications, facilities construction, pavement marking changes,
traffic control signal and sign installation, and bus stop shelter placement are all initiated.
The required BRT vehicles are either procured or allocated from existing fleets. BRT per-
sonnel are hired or reassigned from other duties and their training programs are initiated.
Driver and vehicle schedules for the Ffirst stage of operation are developed. Also inciuded
in this task is a marketing activity to increase public awareness of the BRT service and o
ottract riders from among the persons who are presently not using transit. All of these sub-
tasks, of course, must be planned such that they interact properly and are congruous with
an overall implementation scheduled.

The actual impact of the BRT system is analyzed in the task fabeled "Evaluation™ in

Figure 6~33. The earlier impact analysis task provides a reference with which to compare
observed system performance and public acceptance. This task includes attitudinal surveys
to quantify the reactions of BRT riders and non-riders, Other analyses gauge changes in
aufo travel times, auto occupancy levels, energy use, and air quality. An analysis of
operational parameters {such as BRT collection, line~haul, and distribution travel times,
schedule reliability, vehicle operator productivity, and financial status) is conducted.

As a result of the evaluation task, the system's detailed design and implementation plans
are reviewed. Portions of the detailed engineering and system specification tasks are then
repeated as necessary. Following this, subsequent stages of the BRT system are implemented
and evaluated, leading fo full deployment in the selected corridor.
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6.10 Conclusions and Recommendations

Bus rapid fransit integrated with a computer controlled ramp metering system is one of the
most viable means of efficiently utilizing an existing freeway facility. The combination
possesses the unique feature of enhancing auto travel as well as transit fravel without either
mode sacrificing appreciable travel time or facilities. Capital implementation costs are
relatively low compared to facility expansion costs such as lane additions, right-of-way
additions, etc. to accommodate other types of bus fransit treatments. The fact that firm
plans currently exist for implementing the SCANDI system in the Detroit area is of signifi-
cant importance to the Michigan Bus Rapid Transit Demonstration Program (MBRTDP).

Current Schedule for SCANDI System Implementation

Acquisition of Control Building and Computer Equipment Summer, 1976

Installation of Sensors and Equipment

» Lodge and Ford Freeways Summer, 1976
e Chrysler Freewdy Summer, 1977
@ Southfield and Fisher Freeways Summer, 1978
System Refinements : 1979

It is recommended that the SCANDI program schedule be reinforced and possibly expe-
dited to more closely coincide with the MBRTDP schedules. If the SCANDI system were
not implemented on Detroit's freeways, ofher alternatives such as exclusive or priority
lanes appear feasible within the [imitations identified in the text of this report, Also,
the results of the analysis effort scheduled for Phase 1 will further define the traffic

characteristics of the corridor and allow final BRT treatment requirements fo be estab-
fished.

The corridor ranking section identified the 1-94 Crosstown Corridor as exhibiting the most
potential for bus rapid transit based on Phase | studies. A logical extension of this corridor
would include service to the Detroit Metropolitan Airport. It may be desirable to consider
combining the [~94 Crosstown with the enfire Michigan Ave./1-94 Corridor, since an appre-
ciable portion is common to both. If the 1-94 Crosstown Corridor is indeed chosen for con-
tinued analysis in Phase I, it is recommended that consideration be given fo include this
extension as part of the overall Phase il analysis effort,

The high costs of the feeder systems associated with BRT implementations are such that
additional attention is warranted in this orea. Further study Is recommended to determine
if other incentives such as subscription service, pork-and-ride and/or kiss-and-ride
facilities could be established to enhance access to the BRT line and reduce the dependency
upon supplementol feeder systems.
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L 7.0  PHASE 1t WORK PROGRAM

The objective of this program is to develop a preliminary design of the BRT system in the
selected corridor and route. This preliminary design will serve as the basis for Phose [l
detailed design. Phase Il preliminary design will cover the following:

System Analysis

] e Modal split for BRT ridership, with projections to future dates
e Corridor traffic impact analysis

\ ‘ System Design

Route definition

Intermediate stops

Terminals

Feeders

Access

CBD treatment

Facilities and equipment for priority treatment

e & @ & ¢ @ @

| 7.1 TC!SkS

7.1.1 Task 1 = Trial Design

Based upon the output of Phase | work, o frial design for the BRT system along the selected
corridor and route will be developed. This trial design will include the following:

e Route Definition - Alignment, access points to main line, rough
estimates of headways, interfaces with feeders

‘e Intermediate Stops ~ Preliminary selection of major origins and
destinations to be served

e Terminals - Locations, functions, rough layouts, and flow arrangements
for terminals

@ Feeder Service - Preliminary selection and sizing of feeder routes, in-
cluding both feeders which enter the main line and feeders requiring
transfers

e Access - Provisions for walk=in, park-and-ride, and kiss~and-ride
facilities, including locations and rough sizing

e CBD Treatment - Preliminary design of special bus flow treatments, if
needed, to facilitate BRT movement in the CBD

e Priority Treatment Mechanization - Preliminary engineering design of
traffic controls, signing, lane medifications, and other mechanization
features
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The output of this task will be a preliminary design definition of the BRT sysfem fo be
used for further analyses and as a reference for design iterations. Preliminary estimafes
of travel times will be made.

7.1.2 Task 2 - Modal Split Analysis

Additional data required to simulate existing highway and tronsit use within the selected
corridor will be collected, including:

e Transportation Demand Studies: Establishment of zones; interview techniques;
classification counts; screen line checks; land use coding; and growth factors

e Highway Use Studies: Average daily traffic; hourly traffic; directional
counts; classification and occupancy counts; profile counts; delay studies;
capacity; leve! of service; and peak-hour foctor

e Transit Use Studies: Routes and schedules; station location; passenger
volume; trip ends; adherence to schedules; fare structure, transit speed,
and delays; headways; cost per passenger mile; load checks; modal split

Existing travel will be simulated by mode in the corridor by means of trip distribution and
assignment models, and correlated with traffic and transit count data to calibrate the
models. Satisfactory correlation will duplicate simulation and calibration for a.m. and
p.m. peak periods.

The output of this task is an analysis tool for use in Task 3. Werk elements, in addition
to the above, include determination of the demographic characteristic distributions of
the population within the corridor's service area such as income, car ownership, and
residence types.

7.1.3 Task 3 - Estimation of BRT Ridership

Using the modal split model developed in Task 2, the anticipated BRT ridership will be
estimated. These estimates will be developed for 1975, 1980, and 1985,

O/D data now in use is really the 1965 O/D data. The following additional information
will be used to improve trip distribution estimates:

e 1970 census

e 1975, 1980, 1985 population projections (per SEMCOG)
e Land use plans {per SEMCOG)

e 1990 frip distribution projections (per SEMCOG)

Output of this task will be BRT and auto ridership estimates for the corridor route for
1975, 1980, and 1985, For the BRT, ridership will be daily and peak-hour estimates.
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7.1.4 Task 4 - Corridor Traffic Simulation

Using the modal split estimates from Task 3, the impact of BRT implementation on surface
traffic in the corridor will be analyzed; that is, the effect on the overall level of trans-
portafion service provided in the corridor.

This task requires the development of a model of corridor fraffic along the BRT route and
available parallel roads for the purpose of predicting, by simulation, fraffic volumes and
travel times of private automobiles as affected by BRT implementation.

Also required will be the calibration of the model to current traffic conditions; which, in
turn, requires the counting of traffic on the potentially affected roads, plus analysis of
variation of counts during several time periods.

The output of this task will be a prediction of travel times and volumes for cars resulting

from changes to traffic volumes due to the BRT implementation. These travel times will
affect modal splits and the iterative analyses of Task 6.

7.1.5 Task 5 - Evaluation of Trial Design

The trial design of Task T will be evaluated in the light of ridership estimates and traffic
simufation fo determine its adequacy to provide the desired service. Evaludtion criteria
will be developed to measure the adequacy of the BRT design. These will include para-
meters such as fravel time savings, ridership volumes, and traffic congestion.

7.1.6 Task 6 = lteration of Trial Design

The trial design will be subjected to iteration in order to refine the design based upon the
ridership estimates, traffic effects simulation results, and trial design evaluation. The
iteration of the trial design will begin as soon os the Task 1 design is postulated; that is,
the iteration will be concurrent with the analyses of Tasks 2, 3, and 4. [t will continue
to permit a final iteration ofter Task 5.

7.1.7 Task 7 - Preliminary Design and Report

The refined system trial design will be formalized by the specification of characteristics
shown in Task 1. This task is, essentially, the preparation of a preliminary design report.

If warranied by the analysis, a program plan will be prepared for implementing the bus
rapid fransit demonstration. This plan will include:

® An estimate of the equipment required to implement the demonstration and
the cost of obtaining the equipment
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e A iraffic operations plan with particular attention to the problem of
providing entrance and egress facilities for the priority treatment at
terminal points and stations, and to the problem of merging buses into
the normal traffic flow at the end of the priority treatment

e The location and cost of potential bus terminals and support systems
which may simultaneously or subsequently be required, such as
park-and-ride, kiss ~and-ride, feeder bus, or Dial-A-Ride, and
their relafed inferface facilities

e A detailed cost estimate of the plan

7.2 Effort Estimate

Task Task Title Manpower (Man—Wéeks) |
| Manager | Engineer | Planner | [Hust.
1 | Trial Design | 6 12 4
2 Modal Split Analysis 6 12 24
3 Estimation of BRT Ridership 2 24
4 | Corridor Traffic Simulation 4 16 | 24 | 4
5 Evaluation of Trial Design 8
_6—” “ Irf:;;:rion of Trial Design ) 16 | .4
7 Preliminory Design & Report 4 6 4 4
TOTAL 28 94 52 |16
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APPENDIX

This appendix contains a collection of ten trip reports prepared by members of the GM TSD
staff for the contract effort. The first three reports document information-gathering trips

to Lansing, Flint, and Grand Rapids, respectively. The next four reports summarize the
results of data-collection meetings with various agencies in Detroit. The next report sum-
marizes the results of the first meeting with Herb Crane of the Traffic and Safety Division,
Department of State Highways and Transportation, concerning plans to implement SCANDI
on Detroit area expressways. The remaining two trip reports document visits to Los Angeles
and Minneapolis-St. Paul, respectively, to investigate the design and performance of
existing freeway control and surveillance systems and BRT operations.
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Date:

Subject:

To:
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Inter-Organization

&M Transportation Systems Division
General Motors Corporation

General Motors Technical Center
Warren, Michigan 48090

December 16, 1974

BRT Data Collection in Lansing

N. H. Triner

We met with Sam Burns of the Tri-County Regional Planning Commission and
Duane Kooyers of CATA on Monday, December 16, 1974,

We were given the following Tri-County Regional Planning Commission reports:

1. "ldentification, Delineation, and Classification of Activity Centers,"
December, 1973. =

2. "ldentification and Delineation of Principal Travel Corridors in the Tri-County
Region, " January, 1974,

3. "Corridor Travel Patterns, Land Use Data, Growth Factors, and Existing
Transit System," March, 1974,

4. "Annual Report, Fiscal Year 1974, Transportation, " September, 1974.

5. "Street and Highway Inventory Summary,” December, 1966 (on loan, must be
returned).

We also received two copies of the CATA route map.

Most of the information we require is already available in our Research and Development
Department (Charles Gibson). The CATA route map is accurate, but schedules have been
altered somewhat. The existing schedules are available in the R & D Department,

Average velocities for transit vehicles can be obtained from the State Highway
Department. The data is probably daily average and does not compare the average
velocities for various times during the day. The following people are possible State
Highway Department contacts:

Bill Hartwig - UTPS coordinator
Lou Lambert
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Ken Opiela - Civil Engineering Department, chne State University
667 Merrick, Room 211
577-3789 or 577-3838 (person who actually makes computer runs)

The major corridors which should be considered occording to Mr. Burns are illustrated
in Figure 2,6, p. 1i~13 of Reference 3. The eastern part of the area now generates
the greatest fransit ridership. However, the west and southwest part of the area near
Waverly Road is the site of a new Federally subsidized housing development; and this
area may generate more transit paironage in the future. A recent temporary extension
of the Waverly Road route to serve this housing development resulted in an increase

in ridership of only 15 passengers per day.

We drove the following major arferials and recorded notes and iravel fimes:

E. Saginaw

W. Saginaw
E. Grand River
‘W. Grand River

S. Logan

S. Cedar

Waverly

Michigan

Saginaw Sireet ~ west bound starting at Haggardorn

1. E. Soginaw Street - west bound starting af Haggardorn

No parking at any time

Haggardorn - apartments, nice suburb

Route 127 one-way west, 4 lanes

Apartments and duplexes at Merrill

Oakland Avenue ~ 3 lanes, one-way west

Just before Junction 27, RR underpass

Just west of Junction 27 at-grade RR, 1 frack, becomes 4 lanes one-way
At about Seymour - 3 lanes

At Logan 3 lanes, grade school, church

Bus sfc:f along right lane

Plant 72, Olds Plant, RR underpass on left

Plant #3 on right, 5 Ecmes, 2-way

Waverly Road, shopping center, 7 lanes , west of Waverly, W. Saginaw

Shopping Ploza

1/4 mi west - 5 lanes

Dental Plan Building just before Elmwood

Lansing Mall - parking lot about 75% full, 3:00 p.m. Monday

Apartments 1-96 Hilton Inn, Farm Bureau Building
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2.- Waverly - south bound from Saginaw

45 mph, 4 lanes, two-way

Apartments about 1/2 mile south of Saginaw
at 496 Woolco Shopping Center, apartments
Douglas Steel, Adams Tool, just south

RR track (3 tracks) ot grade

We waited 1 1/4 minutes for train to pass
Bus stop

Junction with 27, no left=turn lane

River, middle-cost housing

Apartments

Many aparfments at Jolly Road

Becomes 2-lane road

at Saginaw 2903.4 2:59
at Miller 2905.4 3:10
2 miles 11 minutes

3. West Grand River to Saginaw to East Grand River

W. Grand River at Airport Road

45 mph, 4 lanes, two-way
Apartments at Waverly Road
More apartments at Airport

John Deere at Delta River Drive
Middle income homes

At-grade RR just before Logan

E. Grand River

Saginaw

30 mph, east-bound
4 lanes of traffic
Parking on both sides of street

10.9 mph

At Pennsylvania - 2 traffic lanes, parking on both sides

Must go west af Oakland

-~ East bound

4 lanes, one way

no parking, 40 mph

Frandor Shopping Center

Very nice, large, older homes

2-way, 4 lanes, 25 mph

E. Lansing CBD

6 lanes, 2~way, 30-ft median, no parking

A-4
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Median ends at Bogue, 5 lanes, 35 mph
t Near Meridian Mall - Okemos Road .
I 45 mph, a lot of space for park-and-riéle
no curb from Park Lake on

W. Grand River at Airport Road ‘ 2934.5 4.17
E. Grand River af Meridian Mall 2946.3 4:45

11.8 mi 28 min 25.3 mph

4. S. Logan, M=99, north-bound at Miller Road 2910.0  3:13
40 mph, 5-lane, 2-way '
Apartments north of Jolly
o ‘ Topps Discount City - empty parking lof just south of Holmes (long red signal)
) Logan Center shopping
Ar-grade RR, 2 tracks
L Low~cost homes, Woodline Avenue

Many boarded up on west side of street

At Morris River = Olds Engine Plant
" N. of Holmes, 4 lanes, no-turn lane, 30 mph

End at Saginaw (east-bound) .. 2915.3 3:28
Boarded up houses start af Sparrow and end at Holmes '

i 5.3 miles, 15 minutes, 21.2 mph

5. 27 South (Cedar)
East Bound Saginaw
35 mph, 3 lanes, one-way
~ bus stops at right-hand curb cuf
River on right

] Cedar, northbound, starting at 96
o 5 lanes, 2=way, 30 mph -
‘ Apartments just north of 96, south of Miller

g Low-cost homes a block off Cedar up to Hodge one block off Cedar

Mt. Hope on - houses up to sidewalk, very close to street

Diamond Reo, RR overpass

Approximately E. Elm Street becomes 4 lanes, one-way north (Larch Street)

35 mph

North of Michigan - 4 lanes with parking in lane on right, 3 traffic lanes
Al 96 2924.6 3:54

About Odkland 2931.0 4:10

6.4 miles 16 minutes 24 mph
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Cedar, southbound af Saginaw

35 mph, 3 lanes, one-way 8
At 496 becomes 4 lanes with narrow concrete medion, 2-way traffic o
Left turn lane at major cross streets

Median disappears at Mt. Hope

Businesses and homes very close to sidewalk

(cannot be widened without relocations)

Continuous left turn lane south of Jolly Road, 5 lanes

Mobile home park around Holt

Wide 2 lanes south of Aurelius Road

Open area for construction of park-and-ride lof
“Mefjer Thrifty Acres at Miller Road

Apartments

Jolly Cedar Plaza, smaller than Grant City

At Saginaw 2983.5 ©10:26 a.m. B
South of Decamp 2991.0 10:42 . m. c
7.5 miles 16 minutes ~ 28.1 mph -

6. Grand River, Oakland  7:31 a.m.  2957.9 Rush: 7.1 mi; 15 min, 28.4 mph)
Start at Okemos Road, 18 people waiting for buses along route
Grand River near Saginaw Junction, no more bus patrons
At Pine Street, 7:46  2965.0
No car pools, 4 or 5 husband/wife teams

Michigan eastbound from Pine
From freeway east to E. Lansing city limit-
6 lanes, 30-ff median

Becomes 4 lanes with median at E. Lansing city limit, then it merges with
Grand River
Michigan runs into State Capital downtown

East Michigan _ _
4 traffic lanes, left turn lane, parking both sides ‘ o

G <2

Ron Lee 5
vw

cc: R, Cowan
V. Dahimann

1/2/75
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GM Transportation Systems Division
General Motors Corporation

General Motors Technical Center
Warren, Michigan 48080

Date: December 18, 1974

Subject: Visit to Flint, Michigan, Regarding BRT Study

. N.H. Triner

On December 18, 1974, Ron Lee and the undersigned met with Mr. Thomas Roach
{Principal Planner) and Mr. Chapin Cook (Senior Planner) of the Genesee County

. Metropolitan Planning Commission in their Flint, Michigan, office. Also in attendance

“was Mr. Louis Marsack (Superintendent of Transportation) of Flint's Mass Transportation

Authority (MTA),

When asked to identify major fravel corridors in the Flint area, Messrs. Roach and Cook
‘suggested the following:

e Dort Highway

North Saginaw Street

®

South Saginaw Street

@

[«69 (Chevrolet Freeway)

Other corridors, considered less significant, included the following:

e Miller Road
® Bristol Road
e Clio Road

@ Detroit Street

e Flushing Road

The segment of 1-475 south of Flint was mentioned as a potentially important corridor,
but that highway is now lightly traveled, due in part to the short time it has been open
(since fall, 1974). The 1-75 corridor, which passes to the west of Flint, is known to be
heavily traveled; it was not, however, emphasized in the discussion of major Flint
corridors. (It is a distance of approximately three miles from Flint's CBD to the nearest
[-75 access point = Miller Road. The junction of 1-75 and Corunna Road is slightly more
distant from the CBD, while the [-75 connection with Pierson Road is approximately
five straight=line miles from the CBD.)
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North Saginaw Street and Detroit Street were identified as the most prominent routes in
the existing MTA bus system. Mr. Marsack estimated that these routes have a daily total
ridership of approximately 1,000 passengers each. (Data subsequently obtained from

Mr. Marsack indicate weekday average riderships of 924 and 789 passengers for the North
. Saginaw Street and Detroit Street routes, respectively, for the week of November 18
through 22, 1974, The Flint MTA operafes 13 school routes, in addition to 12 "regular
service" routes. The MTA fleet consists of 46 buses, 26 of which carry 45 passengers
while 15 accommodate 18 passengers each. On weekdays (i.e., Monday through Friday)
six routes operote with 30-minute headways and the other six "regular service™ routes
have 60-minute headways, with buses beginning their routes from 6:30 a.m. to 6:15 p.m.
Service is reduced on Saturdays and no scheduled service is provided on Sundays.

The following items were obtained from the Genesee County Metropolitan Planning
Commission:

& Genesee County 1990 Land Use - Transportation Plan, September, 1971

e A Five-Year Mass Transit Development Plan for Flint, Michigan (Draft
copy dated November 11, 1974)

e Genesee County Transportation Facilities Inventory Report, Genesee County,
Michigan (February, 1970)

e 1973 Annual Report (Flini-Genesee County Comprehensive Land Use -
Transportation Planning Study)

e Short-Range Multi~Modal Improvement Program (for the Flint-Genesee County
Urbanized Area)

e Genesee County Highway Map
e Map of bus routes and activity centers in Genesee County

Next, Mr. David Henley, of the Flint Department of Traffic Engineering, was visited

and consulted with regard to travel speeds on Flint streets. It was learned that speeds are
sampled occasionally, but that the results of those samples are not routinely compiled in

a form which may be easily reviewed. Mr. Henley offered to search his records for speed
data pertaining to streefs of interest, if he is requested to do so. The Department of Traffic
Engineering maintains a very defailed traffic count map, from which data may be trans—
cribed for specific areas to be studied. Copies of less detailed traffic count maps were
obtained for Flint and Genesee County. Street maps were obtained for the City of Flint.

In a separate visit to Mr. Marsack af the offices of the Flint MTA, the following material
was obtained:
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Bus schedules and route maps

Ridership totals (by route) for the weeks of November 18 and November 25, 1975
Aggregatfe ridership totals Fof each day in November, 1974

Ridership totals for each month in the years 1972, 1973, and 1974

Description of each bus in fleet

During both days of the visit, major streets and freeways were examined and photographed.
No significant traffic congestion was nofed in any portion of the Flint metropolitan area.

. G

R. W. Cowan

cc: R, Lee
V., Ddahimann
W . Turski

VW
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Gl Transportatien Systems Division
General Motors Corporation

General Motors Technical Center '
Warren, Michigan 48090

Date: January 6-7, 1975
Subject Visit to Grand Rapids, Michigan, Regarding BRT Study
To: N. H., Triner

Grand Rapids was visited by Virgil Dabhlmann and the undersigned on January 6 and 7,
1975. Discussions were held with Mr. David Needham (Transportation Planner) and

Mr. Robert Lenn (Planning Assistant) of the Grand Rapids Transit Authority (GRTA),
The purpose of the visit was to evaluate the potential for bus rapid transit operations in
Grand Rapids and to identify any candidate travel corridors.

The US-131 corridor was designated as the most significant for north/south travel in the
Grand Ropids area, South of the CBD, Division Avenue is included in this corridor;
north of the CBD, US~131 and Plainfield Avenue define the corridor. The most heavily
traveled east/west corridors were identified as those associated with 28th Sireet and
[-196. Twenty-eighth Street is slightly over three miles south of the CBD, while =196
passes immediately north of the CBD and connects to US-131 northwest of the CBD.
Other significant routes serving the CBD include Lake Michigan Drive, Bridge Streef,
Fulton Street, and Michigan Street.

The GRTA operates eleven bus routes with a fleet of 29 buses used for peak-period service.
Headways generally range from 30 to 40 minutes, with several headways above and below
this range.

The following material was obtained from the GRTA:

e Grand Rapids Transit Improvement Study (Work Paper #5, %4, and a portion
of 73, prepared in 1973 by Barton-Aschman Associates, Inc.)

@ Bus route maps and schedules
e Traffic flow map (1972)
e Population density map
e Tabulation of traffic analysis zone areuas and population densities
The most heavily traveled sireefs and freeways in the Grand Rapids area were examined and

photographed, with particular emphasis placed upon US-131 during peak periods. At no
time was any significant traffic congestion encountered.

vw K /)/t/ . @mv .

cc: V. Dahlmann R, W, Cowan
AL, W, Turski

R. Lee A"’IO
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GM Transportation Systems Division
General Motors Corporation

General Motors Technical Center

o Warren, Michigan 48080

Date: December 20, 1974
\ Subject : Traffic Counts on Defroit Corridors

to

To: N,H. Triner.-

The purpose of this meeting with Mr, Basmadjian (Detroit DOT, Traffic Engineering) was
to obtain traffic count data on the major corridors in the city of Detroit. Mr. Basmadjian
gave me:

A 1. Average weekday 24-hour and peak-hour ramp and freeway traffic for the Lodge,
- Ford, Southfield, Fisher, and Chrysler Freeways. He is going to send the
L Jeffries counts.

2. Detroit CBD cordon counts. The cordon count is a classified vehicle and
passenger survey of all traffic entering and leaving the CBD.

3. 24-hour traffic counts on major corridors in the city taken ot key intersections.

Mr. Basmadjian also said we are welcome to use their files if we want further detail. They
have traffic counts along corridors taken in 1/2-hour intervals. He also added me to their
mailing list so we will receive the reports they publish periedically.

Mr. Basmadjian has been on the SEMTA bus.committee for the past few years. They have -
analyzed the feasibility of exclusive lanes for buses on Gratiot and Woodward. [n both
cases they could not justify taking the left~turn lane for exclusive use of buses. There
was not a significant difference in travel time between express bus service and buses
operating on exclusive lanes. Even though they did not recommend implementation,
Mayor Young has decided to implement an exclusive lane on Gratiot in the summer of
1975. | received copies of the Gratiot and Woodward exclusive bus lane analysis reports.

In addition, Mr. Basmadjian was involved in the study and implementation plan for the
exclusive bus lane on the Jeffries Freeway. He has submitted his part of the project to
Julien Wolfe at SEMTA. | am going to contact Wolfe fo see if | can get a draft copy of
that report,

Mr. Basmadjian commented that in general the streets in the city of Detroit are operating
below capacity.

VW L‘(‘//C'-L’L/L,{,,;.‘_/‘; ’ /{fk 'L'.’l..*/ﬁ,"\_r

cec: R. Lee, R. Cowan, V. Dahlmann ‘Warren Turski



Inter- Organization :
GM Transportation Systems Division |
General Motors Corporation

General Motors Technical Center
Warren, Michigan 43090

Date: January 3, 1975
Subject : BRT Data Collection - Southeastern Michigan Council of Governments (SEMCOG)

To: N.H. Triner

Meeting Atfendees:  Jim Thomas, Information Services, SEMCOG
Neil Triner - GM
Warren Turski - GM

Location: 8th Floor Book Building
Detroit, Michigan (961-4266)

Mike Tako, the SEMCOG representative of the kick-off meeting in Lonsing, referred us
to Jim Thomas.

We asked SEMCOG for demographic information, transit information, and highway use
data.

SEMCOG has made employment projections by district for 1975. We have a tape of this
information in-house and are arranging to have it printed. In an earlier informal meeting
with SEMCOG, we obtained a 1970 24-hour traffic flow map, a map showing employment
levels in manufacturing establishments by district, a retail centers map, and a 1990 Highway
Network map, We also obtained a copy of their list of publications, and will obtain copies
of the ones which are relevant to the BRT project.

For current information on transit questions and highway conditions, he suggested we contact
Detroit DOT and the State Highway Department.

{1/6’{- /L'J\_. (L/’ h\—’/'"{‘(,’(_ . ;;',_,{Eiﬁ\h_

Warren Turski

vw

cec: V. Dahlmann
R. Lee

R. Cowan
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nter-Organization

&M Transportation Systems Division
General Motors Cotporation

General Motors Technical Center
Warren, Michigan 48090

Date: January 6, 1975

L Subject: BRT Data Collection -~ Detroit DOT, Bus Operations

l To- N.H. Triner

Attendees: George Friend, Superintendent of Scheduling, Marketing, and Planning
Bill Morrison, Transportation Services Coordinator

. _ Bob Holliday, Assistant to Director of Accounting

n ‘ : Harold Schroeter, Scheduling Department

o Neil Triner ~ GM

(1 Warren Turski - GM

Location: Detroit DOT
130T E. Warren (224-6417)

Mr. John Kanters, the Director of Detroit DOT, referred us to George Friend. Since
Mr. Friend was called to a meeting, Mr. Morrison with the cooperation of Mr. Schroeter
and Mr. Holliday answered our questions. '

We obtained maps, pocket schedules, line miles, and the number of local and express

trips for each line operafted by Detroit DOT. The average speed of DSR buses is 13.36

mph. We also obtained sample detailed schedules which give fravel times over each link

: of a route at three or four different times during a day. They gave us the line miles and

| speeds on each express route. The Imperial Express uses the Lodge Freeway between 7 Mile
Road and the CBD and the Hamilton and Second Avenue Express runs utilize 1-75 between

[ 6 Mile and the CBD. Quite a few years ago they had an express run on the Edsel Ford

[ Expressway. However, due to congestion on the freeway, they took it off and put the

run on Michigan Avenue with a resulting fime savings of eight minutes. ‘

Detroit DOT no longer keeps passenger counts on a regular basis, However, they are
currently in the process of doing ridership counts along their major routes. They are going
to ask permission to release this data to us as it becomes available over the next month and

a half,

Another indication of ridership is revenue collected from each line. Once a year they
break out the revenue by line. However, it is difficult to get accurate ridership levels
because all passengers do not pay the same fare, transfer passengers pay on bus of origin,
and it is only o one-day sample.
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The basic DSR fare is 40¢. The express fare is 45¢, ond transfers are 5¢. Senior citizens
ride free between 9:00 a.m. and 3:00 p.m. and in the evening, otherwise they pay full
fare. Studenfs ride for 25¢.

The major fransit corridors are Woodward, Michigan, Gratiot, Grand River, Fort, and
East Jefferson.

S

/i
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Warren Turski
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ce: R. Cowan
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. Inter- Organization

GM Transportation Systems Division
General Motors Corporation

3 General Motors Technical Center
Warren, Michigan 48080

Date - January 6, 1975

Subject. BRT Data Collection, Detroit DOT, Traffic Engineering and Planning

To: N.H. Triner

By Meeting Attendees:  Robert Hicks - Director
L Tony Fried ~ Assistant to Director
George Basmadjian
L : ‘ ' Neil Triner - GM
; Warren Turski - GM

Location: 1502 Water Board Building
735 Randolph
Detroit, Michigan (224-4931) §

Detroit DOT, Traffic Engineering and Planning, offered their cooperation. In addition

to the material they gave in an earlier informal meeting, they said auto travel times on
major corridors were available, recurring areas of congestion could be identified within the
city, and maps showing parking areas in the CBD are available. Their library of state
highway reports is also available for our use. When we asked about Eight Mile Road,

they said it was under the State Highway Depariment.

We also inquired about the television surveillance of the Lodge Expressway. It was
starfed in 1954, and the experiment ran for 6-7 years with funding from various sources.
One of the last studies using the surveillance and metering equipment was done by
Texas Transportation Institute. Their final report on the Detroit system was never
approved; however, the school published a two~volume report entitled "A System to
Facilitate Bus Rapid Transit on Urban Freeways, " which includes some work they did

on the Detroif system.

Current plans call for electronic surveillance of all Detroit expressways. A $15,000,000
agreement has recently been signed by the Detroit DOT and the Michigan DOT Highway
Department. They plan to have detectors every 1/3 of a mile on the expressways and on
all ramps. The sensors will report speed, volume, density, and occurrence of incidents
to a central computer. The computer can actuate appropriate traffic controls in response
to prevailing conditions. Certain ramps will be metered. Provisions for special treatment
of bus rapid transit vehicles has been made. Queue jumpers and special access lanes are
under consideration.
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The report explaining this project is "Formation of the Detroit Freeway Operations Unit."
For further information, they suggested we contact:

Don Orne
Michigan DOT
State Highways = Lansing Office

For information on traffic volumes on the state highways in this area, they suggested we
contact:

Paul Reilly
District @ Office
Southfield and ¢ Mile Road

Herb Crane
15410 Wyoming
341-7454

The major arterial streets in the city of Defroit with at least 20,000 vehicles per day are:

Eight Mile Road E. Jefferson

Woodward Van Dyke

Seven Mile W. Grand Boulevard

Six Mile Gratiot

Greenfield Dexter

Grand River Conner

Livernois Ford Road

E. Warren Fort Street
Michigan

The expressway corridors are:

Fisher Freeway
Chrysler

Lodge

Edsel Ford
Jeffries o

Davison
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Date :

Subject :

To:

Inter - Organization

GM Transportation Systems Division
General Motors Corporation

General Motors Technical Center
Warren, Michigan 48090

1/14/75
Surveillance Control and Driver Information (SCANDI) System for the Detroit Area

N. H. Triner

On January ¢, 1975 N, Triner, F. Caiati, and V. Dahlmann met with Herb Crane
of the Traffic and Safety Division, State Highway Department, to discuss planned
implementation for the SCANDI system in the Detroit area. It was pointed out that
GM's current involvement in the Bus Rapid Transit Study contract with the State
Highway Department spawned interest in the SCANDI program and how it might
dovetail with any potential BRT implementation. Mr. Crane provided GM with
two technical reports summing up earlier work performed by their division to serve
as background material:

1. Formation of the Detroit Freeway Operations Unit, TSD=-TR=-119-69

2. |Improving Eastbound Ford Freeway Traffic Flow by Ramp Metering,
Phase | = Analysis of Preliminary Traffic Data, TSD-TR-180-71,

A general summary was then given on functional operation of the system.

o Loop detectors will be installed every 1/3 mile in the pavement of all
Detroit freeways.

o A single conirol center will be established to house computers and
associated equipment,

o A host computer will provide overall system control with satellite com=-
puters providing subordinate functions.

o All freeway access ramps will be conirolled to provide metered access .

o A major purpose of the metered access concept is to break up platoons
of vehicles entering the freeway.

o Some form of driver information signing will be provided to warn motorists
of downsiream incidents and suggest alternate routes bypassing congestion.,
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The subject of bus rapid systems and how they might benefit through integration with
SCANDI was then discussed.

o Queue jumpers at metered access ramps for buses and possibly carpools can be
implemented conveniently in most cases. Successful operation of this concept
has been demonstrated in California cities as well as other locations,

o Advantages of this methodology over exclusive bus or carpool lanes are apparent.
Problems are encountered with exclusive lanes on freeways where both left side
and right side access and exit ramps are used. The designation of an exclusive
lane for buses and carpools requires that sufficient numbers of authorized vehicles
are available to use the fane to efficient capacity. This requirement also con-
tributes toward easing enforcement requirements. Queue jumpers at metered
ramps provide a convenient means to enhance bus rapid service assuming the
metering system con maintain a free flowing freeway.

The time frame of implementation for the SCANDI system covers the next four o five years.
Detailed schedules are yet to be formulated. Funding has been approved and is expected
to total 12 to 15 million dollars.

Cognizance of the progress of the SCANDI installation will be maintained so as to take
advantage of this system for BRT implementation plans in the Detroit area.

Py /'[m-‘/j‘i.,,) a
V. R. Dohlmann

Transportation Systems Division

ce: F. Caiati
R. Cowan
D. Klement
R. Lee
W. Turski

Vw




GM Transportation Systems

Division of General Motors Corporation - General Motors Technical Center - Warren, Michigan 48090
20-1-750028

DATE: 4/11/75

SUBJECT: Trip Report - State of California Department of Transportation (CALTRANS)
and Southern California Rapid Transit District (SCRTD)

TO: N. H. Triner

Introduction

Contact was made with the two agencies in Los Angeles on April 3 and 4, 1975, The
major purpose of the frip was fo discuss the Los Angeles Area Freeway Surveillance
and Control Project (LAAFSCP) with CLATRANS and the EI Monte-Los Angeles Busway
with SCRTD. Operational characteristics of these projects relate directly to imple-
mentation considerations for the Michigan Bus Rapid Transit Demonstration contract.
The following individuals were contacted:

o Richard H. Green, Senior Engineer, CALTRANS
o C. Gary Bork, Senior Engineer, CALTRANS

o Robert G. B, Goodell, CALTRANS

o Dan Miller, SCRTD

o Gerald L. Squier, SCRTD

Los Angeles Area Freeway Surveillance and Control Project

The project is located in the heart of the Los Angeles urban area on the Santa Monica,
San Diego, and Harbor Freeways. The three freeways form o triangle of 42 miles and
contain 56 freeway interchanges. The system consists of inductive loop detectors placed
in the roadway of approximately 1/2 mile intervals as well as at ramps under ramp con~
trol. The detectors provide volume and occupany information which is fransmitted over
leased telephone lines to a Xerox Sigma 5 computer. Changeable message signs are
installed on the Santa Monica Freeway section of the project to communicate downstream
freeway conditions to motorists. Thirty-five signs are installed af approximately 2/3
mile spacing.

Two types of ramp metering are in operation. Fixed rate meters operate at fixed rates for
specific time periods determined from ramp volume history records, The time periods for
particular rates are controlled by a clock thereby allowing some preset metering control
in steps over the peak period. Real time ramp control is fraffic responsive with metering
rates controlled by the computer based upon volume and occupancy information received
from the loop detectors. Eight ramps on the southbound Harbor Freeway and thirteen

A-19




ramps on the northbound San Diego Freeway are currently operating in the real time
mode.

The objective of ramp control is to maximize corridor throughput with the least corridor
delay by keeping demand and capacity in balance. Real time ramp conirvol allows for
adjustments in ramp rates proportional io fluctuations in freeway traffic through the peak
period.

Significant points of interest concerning LAAFSCP operational results are listed below:

o Ramp metering control can indeed maintain free-flowing traffic on
previously congested freeways.

o Before metering, travel time through a seven-mile section averaged
14 minutes, With real time ramp metering, the travel time averages
7.5 minutes {approximately 54 mph).

o Average aufo queue time af o typical metered ramp is 3 to 4 minutes with
as much as 12 minutes experienced on occasion. A seven-minute queue
time is seldom exceeded.

o Approximately 180 vehicles/hour is the minimum limit of driver patience.
o Metered ramps have reduced incident rates by 25 to 50 %,

o A few metered ramps have by-pass lanes for car pools or buses. A 6%
violation rate for use of this lane has been experienced and is considered
tolerable, Initial violation rates immediately following implementation were
much higher, however.

o 1000 metered ramps are planned for implementation on Los Angeles freeways
by 1977.

o CALTRANS officials believe that queue [umpers af metered ramps for buses
and carpools is a viable approach to efficient utilization of freeway facilities,
This implementation allows free flow of buses and carpools with other traffic
on the freeway. However, due primarily to EPA pressures, the inbound
lane of the Santa Monica freeway will be designated a priority lane for buses
and carpools on June 16, 1975,

El Monte-Los Angeles Busway

The El Monte-Los Angeles Busway is an example of "first class" bus rapid implementation.
The eleven~mile line~haul portion of the system includes exclusive elevated bus-only
access ramps with two innovative intermediafe stops. Over-under type crossover ramps
are provided for the buses to facilitate normal right-side loading at two separate platforms
at one intermediate stop and right-side loading of a common platform at the other inter-
mediate stop, In both cases, passengers access the system by overhead enclosed walkways
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and an elevator fo platform level. One stop services the Los Angeles County Hospital
(500 passengers/day) while the other services California State University Los Angeles
(600 passengers/day).

The El Monte Station services the eastern end of the busway including a 500-car park-
and-ride lot. Buses enter the station ot an elevated level and are assigned a berth on
the circular loading platform. Passengers embark to the park-and-ride lot via escalators
to ground level. Parking fees at the station are 25 cents/day or $2/month. All bus
fares are fixed at 25 cents.

Distribution within the Los Angeles CBD is accomplished primarily without priority
treatment. The exception is an exclusive contraflow lane on Spring Street. Spring
Street is basically a one-way street with buses free flowing with traffic in the southerly
direction {4 lanes). The fifth lane is designated exclusively for buses and operates
contraflow in the northerly direction,
Additional points of inferest are listed below:
o 9 routes utilize the busway (13,500 daily ridership)
o During peak periods, all routes provide no-transfer service. During
off-peak periods, feeders are used from outlying areas to provide
transfer service to the busway.
o Buses maintain 55 mph speeds on busway.
o Modal split in the El Monte corridor is currently estimated at 25-30%.
A substantial amount of reports and other miscellaneous information was obtained.
Please contact the author for additional information.
SoA A
V. Dahimann
vw

cc: F.Caiati, R.Lee, R.Cowan, W .Turski, D.Klement

A-21

[t



G Transportation Systems

Division of General Motors Corporation - General Motors Technical Center - Warren, Michigan 48090
10~1-750044

DATE: May 15, 1975

SUBJECT: Trip Report = Twin Cities Area Metropolitan Transit Commission (MTC)
and Minnesota Highway Department

TO: N.H. Triner

Two agencies in Minneopolis~5t. Paul were contacted on April 16 and 17, 1975, to
discuss the 1~35W Urban Corridor Demonstrafion Project (UCDP). UCDP is a three-
phase project, supported in part with UMTA funds, which has resulted in real-time
computer control on most of 16.5 miles of Interstate 35W south of Minneapolis, sur-
veillance of traffic conditions including closed circuit television fo aid in the early
detection of incidents and control equipment failures, and integrated express bus
operation utilizing exclusive bus ramps to access the metered freeway and exclusive
contra=flow distribution lanes on one-way streets in the CBD. The following in-
dividuals were contacted:

o Don Hubert, MTC

o Hugh C. Faville, MTC

o Sam Jacobs, MTC

o Mark R, Wikelius, Minnesota Highway Department

The following documents were obtained:

o Phase Il Evaluation Results, [-35W Urban Corridor Deomonstration Project,
November, 1974,

o Ovaici, Khosrow; Teal, Roger F.; Ray, James K.; May, Adolf D.; "Developing
Freeway Priority Entry Control Strategies,” Institute of Transportation and
Traffic Engineering, University of California, Berkeley.

o |-35W Urban Corridor Demonstration Project, Bus-Metered Freeway System,
Marketing Evaluation, Wave [l: October, 1974

o Carlson, G.C.; Benke, R.J.; "Surveillance and Control System Overview,
|-35W Urban Conirol Demonstration Project, " Traffic Engineering, Report
No. MNHW 5-98073-1, Minnesota Department of Highways.

o Benke, R.J., "Traffic Adjusted Ramp Metering, An isolated Interchange System
Fvaluation, " Traffic Engineering, Report No, MNHW 5-98074~1, Minnesota
Department of Highways, March, 1974, -
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o Schedules for Express Buses Operating in the 1-35W Corridor
o Miscellaneous Advertising Brochures

1-35W Urban Corridor Demonstration Project

The implementation and evaluation of the 1-35W project is being completed in three
phases. Phase ] is the base condition which existed in the fall of 1972 when only three
express bus routes were using Inferstate 35W, and two park and ride lofs were in operation.
No freeway surveillance or control equipment was in operafion, In Phase 1l eleven new
expressway routes and several park and ride lots were put info service in the corridor.

Still no freeway confrol equipment was operational. The duration of Phase Il was from
December, 1972 to the spring of 1974. Phase 11l began on April 9, 1974, when the freeway
surveillance and control system became operational and expressway buses began to use

the nine exclusive bus ramps to bypass automobile queues. Several express routes were
added during Phase i1l bringing the total to 22, and all 20 park and ride lots were put

into service.

The eveluation of Phases 1 and 1l is complete and the results are reported in the first
report cited previously. The Phase 11T evaluation has not been completed. As a result,
many of the operating characteristics and patronage estimates of the bus~on-metered-
freeway system are not available. However, a copy of the final evaluation report will
be forwarded to GM TSD when it becomes available sometime this summer.

Exoressway Bus Operatfion

A total of 104 buses are currently assigned to express service on [-35W in the peck hour,
Express service is provided only in the peak periods (from 6:30 to 9:00 a.m. and 3:30 to
6:00 p.m.), and af least two runs are made on each of the 22 express routes during each
peak period. Local bus service is provided during off-peak hours in the part of the service
area north of the Minnesota River. No off-peck service is provided south of the River,
Average bus occupancy on 1=-35W express buses is about 70 percent. Overloads are
corrected by adding more buses when possible since operating with standees on an ex-
pressway bus is considered to be unsafe.

The shortest of the 22 routes using 1-35W, runs on the expressway for only about 2 miles,
while the line-haul portion of the longest express route is about 14 miles. The nearest -

in park and ride lofs served by 1-35W express buses is located about 5 miles from the CBD,
All of the express routes include an intermediate stop at exclusive bus pull-outs on both
sides of the expressway at the Lake Street overpass. This stop serves Minneapolis
Honeywell and permits express bus passengers to transfer to local buses to reach destinations
other than the Minneapolis CBD,

The nine exclusive bus entrance ramps to the metered freeway ‘follow one of three typical
designs. All of the bus ramps merge with a previously existing automobile ramp down-
stream from the auto ramp metering signals. Inductive loops in the pavement of the bus
ramps generate a signal which holds the auto meter red so that buses can safely merge
into the common portion of the ramp and accelerate to freeway speed. The differences
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in ramp designs occur at the beginning of the ramp. [n one case, the Grant Street
ramp in the CBD, the bus ramp and the metered automobile ramp begin on different
streets but merge with the freeway of @ common point. Other romps have a common
entrance and freeway merge, but the two lanes are separated by a narrow median in
the middle. This design has proven unsatisfactory because the auto queue offen extends
beyond the beginning of the exclusive bus ramp thus causing the bus to be delayed.
Still other exclusive bus ramps provide a separafe enfrance for buses from the service
drive. The two ramps then merge with the freeway ot o common point.

Although the final evaluation of express bus operation on metered freeways has not

yet been completed, preliminary results indicate that the average line-hau! speed of buses
on the freeway has increased from 19 to 20 m.p.h. before metering to about 39 m.p.h.
with mefering.,

Exclusive contra=flow bus lanes on one~way streets were instituted near the end of Phase |l
(around March, 1974) to expedite CBD distribution in downtown Minneapolis. Buses
proceed north on Second Avenue in a contra-flow lane for approximately one mile, making
approximately 9 stops, then return in a contra~flow lane on Marquette Avenue, making
another ten stops. The exclusive bus lanes are in effect ot all times, and are used by

local buses, taxis, and emergency vehicles as well as by express buses. The combined
peak hour headway in the distribution route is about two to three buses per block.

The average CBD distribution speed prior to the reserved bus lane implementation was 6.2
m.p.h. The average speed is now 7.2 m.p.h. Reserving lanes for buses in the CBD has
not only resulted in a 16 percent increase in average speed, but has also drastically re-
duced variations in travel time. Due to these improvements, the project manogement is
considering replacing the temporary cone lane markers with permanent concrete curbs even
though some local businessmen continue to object to the elimination of parking along the
bus route.

Ridership on [-35W express buses has increased about 175 percent since the project began
in 1972. A summary of daily express bus ridership by phase is presented in the following
table:

Table T  Express Bus Ridership Summary

Modal Split-Northbound a.m. Peak
Period (CBD Destinations)

Phase Date Daily Express Bus Ridership | Express Bus Express and Local Buses
1-35W Corridor

1 12-72 2,400 5% 33%
2 A-74 4,000 12% 35%
3 3-75 8,600 {20%) 40%
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Modal split estimates for irips destined to the CBD in the a.m. peck period are also listed
in the table for each phase of the project. The modal split for express buses in Phase 111
was estimated by the author based on the assumptions that the tofal number of trips in the
corridor destined to the CBD has not changed from Phase H to Phase l1l and that half of
the daily passenger irips are made in the a.m. peak period. According to an UCDP Status
Report dated 4-3-75, approximately half of the express bus passengers have diverted from
the automobile. According to Phase Il evaluation results, express transit users hove
demographic characteristics similar to arterial auto users rather than local bus users, and
approximately 74 percent of them have an automobile available.

Freeway Surveillance and Control

Sixteen and one-half miles of 1~35W south of the Minneapolis CBD are metered in the

peck direction during both the a.m. and p.m. peak periods. A total of 33 ramps are
metered, and all but 5 of them are computer-controlled, Ramps in four locations in

the controlled section are not currently metered. Two of these are locafed in the CBD,
and are fo mefered beginning in the fall of 1975, The other two locations are intersections
with other interstate freeways, 1-94 and 1-494. Plans call for the eventual implementation
of meters on the two ramps from 1-494 to southbound 1-35W

The five metered ramps which are not computercontrolied are all located south of the
Minnesota River. These ramps are controlled locally by o confroller designed and built
by Minnesota Highway Department staff. The controller chooses among three possible
metering rofes based on the magnitude of traffic volume rather than on occupancy. This
type of control works well in the absence of congestion. However, when traffic flow
breaks down due to congestion, volume decreases, and the controller allows more vehicles
to gain access to the freeway, thus causing an unstable condition. The algorithm used

by the computer to select the metering rate for each ramp, on the other hand, gives equal
weight to three indicators of traffic flow: (1} volume upstream from the ramp, (2} local
occupancey in the vicinity of the romp, and (3) occupancy af the nearest geometric
bottleneck downstream from the ramp. Occupancy is the percentage of the time a vehicle
is over an inductive loop in the roadway. In order to allow quicker response to impending
congestion, the second indicator is soon fo be replaced in the algorithm with the oc-
cupancy at the second geometric bottleneck downstream from the ramp. The algorithm
will assign a fower weight to this indicator. The computer selects from five or six
metering rates ranging from one car per five seconds (720 cars/hour) to one car per i’weni‘y
seconds (180 cars/hour}. If necessary, an operator can manually override any metering
rate selected by the computer,

Three types of loop detectors are being evaluated in the project. Decatur loops were found
to be sensitive to radio waves transmitted through the ground. The detector amplifier would
lock on, and erroneous data would be transmitted to the computer., These detecfors have
been replaced by Sarasota detectors, which do not appear to be sensitive to radio waves.
Magnetometers have been installed af 28 locations, These devices are more compact,
easier to install, and more sensitive than other detectors. However, they offen transmit
bad data, especially on humid days. The Department is still evaluating these devices.
Regardless of the type, loop detectors are located at half-mile intervals in each lane of

the controlled section of the freeway.
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A Minneapolis~Honeywell 316 computer in the 1603 configuration is used to control the
metering rotes on the ramps. The [oops are connected to the computer with cable buried
specifically for that purpose. Leased felephone lines were not used for economic reasons.

All of the metered ramps north of the Minnesota River are equipped with closed circuit
television cameras which can be controlled remotely by an operator at the Traffic Control
Center. The cameras are mounted 50 feet above each ramp and can be tumned 3609,
tilted + 10°, and are equipped with o 3:1 zoom lens. The operator at the Traffic Control
Center has o direct [ine to the Highwoy Patrol to coordinate incident detection and re~
moval. He also reports traffic  conditions to a local radio station on ¢ direct line.

Al of the system components are quite reliable even though they are exposed to extremes
of heat and freezing weather., The number one reliability problem seems to be due to
corrosion from salt spray. Even the connectors on the television cameras, which are pro=
tected and are mounted 50 feet above the freeway, oceasionly fail due to corrosion.

Although the final evaluation had not yet been completed, some preliminary results on
performance of the system were obtained. The average speed for all days, including those
on which incidents occurred, is between 45 and 49 m.p.h. This represents an increase

from 20 to 30 percent, If only days without incidents are considered, the average speed
exceeds 50 m.p.h. It is estimated that the number of accidents that occur on the freeway
during peak hours has been reduced by as much as 50 percent os a result of freeway control,
The average of muximum queue times is estimated fo be from two to three minutes. Queue
fimes range from zero minutes up to seven minutes. A detector loop located at the beginning
of the ramp senses when automobiles are about to queue up into the cross street and transmits
a signal which causes the ramp metering rafe to be increased.

Two observations concerning public response to the ramp metering system are worth noting.
[t was reported in a UCDP Status Report dated 5-31-74, that there were very few violations
af metered ramps or at exclusive bus ramps even during the first weeks of operation. The
report implies that there were numerous complaints about queves at metered ramps during
the first week or so of system operation. However, only five complaints were received

in the period from Apirl 25 (two weeks after systems turn-on) to May 31 and none were
received in the fwo weeks prior to the report date. The second observation was reported

in a Project Review Meeting on 4-22-74, It was reported that many drivers did not pull

up close enough to the meter to be detected, and long delays resulted when the meter signal
failed to turn green. The problem was alleviated by the addition of painted stop bars

on the ramps.

e D
Ron Lee

cmc

cc: F. Caiati, V. Dahlmann, R. Cowan, W. Turski, D. Klement
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