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1. Introduction

This document provides a written methodology for establishing unit costs for pay items related to the proposed
construction of high speed rail corridors on shared right-of-way and for the formulation of conceptual cost
estimates for the reasonable alternatives and preferred alternative for the following projects:

e Midwest Regional Rail Initiative (MWRRI) Phase 7

o Northern Lights Express (SRF Consulting is Prime Consultant)
e  Ohio PEIS (AECOM is Prime Consultant)

o Milwaukee-Twin Cities Identification of Reasonable Alternatives

These unit costs have been developed for route comparison purposes. Since the cost for stations, support
facilities, and vehicles will remain essentially similar across the routes being compared, they have not been
viewed as “discriminators” in the evaluation of the alternative routes and are not included in this discussion.

The cost estimates to be developed will be approached as a high level conceptual effort based on limited
information regarding overall track and infrastructure conditions, railroad operations, and input from the owning
railroad(s). The validity of these estimates rests on the assumptions that information gained from available
railroad track charts and timetables, aerial mapping, input from state departments of transportation and visual
observations of the railroads made from publicly accessible locations combined with the unit costs developed
within this methodology will serve as a starting point for the continuing development of costs associated with
proposed HSIPR programs.

The project team originally developed unit costs for the design and construction of high-speed passenger rail
infrastructure on a series of previous planning projects. Initially the unit costs were applied to planned
construction in the Midwest as a part of the Midwest Regional Rail Initiative. Later the costs were applied to
capital cost estimates for high-speed rail in Florida, Ohio, Minnesota and Colorado.

The unit costs used for this effort were developed over time from detailed breakdowns of the units into their basic
elements. The costs related to material, labor, equipment and overhead for these elements were accumulated
and rolled up to provide an inclusive unit cost for the various components required to develop a high speed rail
system. The unit costs have been refreshed and refined periodically to update them for inflation and changes in
the approach to infrastructure development and technology. Most recently, on April 13, 2010, Quandel
Consultants prepared a Technical Memorandum (Attached as Appendix A) outlining a strategy to update capital
costs being used within the MWRRI. The unit costs employed by the MWRRI were originally developed as part
of MWRRI Phase 3B in 1997. Those unit costs were based on previous high speed rail feasibility studies
available at that time and cost information provided by Amtrak. Since then, each of the unit costs was updated
to 2002 dollars, which were the most recent costs available for the MWRRI at the time of the update. Most
recently, these 2002 costs have been updated to 2009 dollars using the inflation factors listed in the Producer
Price Index (PPI) PCUBHVY ‘PPI Inputs for Other Heavy Construction’, which increased unit costs from 2002 by
a factor of 1.43 (October 2009 was the most recent month for which PPI data was available at the time of the
update).

For this cost methodology, the unit costs were updated to 2010 dollars. By again using the PPI, it was
determined that March 2010 dollar values could be obtained by increasing the 2009 unit costs by an inflation
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factor of 1.035 (March 2010 was the most recent month for which PPI data was available at the time of this
writing). Once the 2010 unit costs were derived, they were compared to current year industry cost estimates for
railroad related construction; during this comparison, if a unit cost was found to be out of line with current trends,
it was adjusted to better reflect current conditions in the market. The pay items and their associated unit costs
were then reviewed for their applicability to the four projects mentioned above. Some of the line items were
found to be not applicable to this effort and were removed; in a few cases, line items had to be added to
completely address the infrastructure development being proposed for the HSR system. See Appendix B for the
updated unit costs.

The revised base set of unit costs addresses typical passenger rail infrastructure construction elements
expected to be found within proposed and future projects including: roadbed and trackwork, systems, facilities,
structures, and grade crossings. The Unit Costs are reasonable for developing the capital costs under either
normal contractor bidding procedures or under railroad force account agreements for construction.

2. Trackwork

The development of intercity passenger corridors with train operations up to 110 mph will require that the track
and associated infrastructure have the ability to support the proposed speeds. Typically, freight operations occur
over track complying with FRA Classes | through 1V, allowing maximum speeds of 60 mph for freight and 79 mph
for passenger trains; higher speed passenger operation will require track that complies with the requirements of
FRA Classes V (80 mph for freight trains, 90 mph for passenger trains) & VI (110 mph for passenger trains and
freight trains complying with 49 CFR Part 213.307, note 1)1. This means that existing tracks that will be required
to support both passenger & freight operations will need to be upgraded and that new track will need to meet the
higher standards required for operation at the speeds under consideration.

2.1. Design considerations

e  Maximum speed on all routes will be 110 mph.

0  Where additional tracks are to be added and track center spacing of 30’ cannot be provided,
track speeds in excess of 79 mph will only be allowed as negotiated with the host railroad.

o For development of shared passenger & freight service operating on an existing corridor of a Class |

Railroad, an additional main track will be constructed where freight levels require it.

o0 For single track corridors with freight levels at and above twenty trains per day, an additional
main track will be provided

o0  Within corridors with two existing main tracks, freight levels of forty or more trains per day
indicate the need for an additional main track

e For single track corridors where freight levels are below twenty trains per day passing sidings will be
provided at regular intervals appropriate for the operations proposed:

0 3 mile long sidings at nominal 20 mile intervals will be built for the use of freight trains being
passed or meeting passenger trains. #15 turnouts within a Control Point will be used at each end
of these sidings. A 500" Maintenance of Way spur will be added to these sidings. Sidings will be
located to minimize excavation required for their construction.

! Department of Transportation, Federal Railroad Administration 49 CFR Part 213 Track Safety Standards; Final Rule June 22, 1998
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In single track territory on in double track segments where commuter trains operate, ten mile long
sidings at nominal 50 mile intervals will be built for the use of passenger trains passing or
meeting. #33 turnouts within a Control Point will be used at each end of these sidings. Sidings
will be located to minimize excavation required for their construction.

e Where two or more main tracks are in operation, a #20 universal crossover within a Control Point will
be installed every 20 miles. When possible, the universal crossover will be included within the Control
Point established for a freight siding and/or a passenger siding.

¢ Rehabilitation guidelines for passenger operations:

(0]

Rail of a section that is not CWR and of at least a section of 132RE or greater will be replaced
with CWR with a section of 136RE or 141RE based on the standard rail section of the owning
railroad.

Where rail is to be replaced, it will be assumed that the new CWR noted will be of the standard
section in use by the owner of the corridor segment being considered

Existing Class IV track will have at least 33%of the existing ties replaced and otherwise meet the
requirements of Class V or VI track.

Existing Class 1l track will have at least 66% of the existing ties replaced and otherwise meet the
requirements of Class V or VI track.

Existing Class | & Il track will be removed & completely rebuilt from the subgrade up

Where appropriate, the track will be elevated and surfaced to address curvature issues related to
operating speed and superelevation. As a placeholder, 10% of the corridor length will be
assumed to require this effort.

e Fencing will be provided throughout the length of the route.

0}
(0]
o

In municipalities, decorative fencing will be used.
At grade crossings and in residential areas, chain link fence will be provided.
Woven wire fencing will be used in all other locations.

o [tisassumed that 25% of the existing private crossings within a corridor segment will be closed:

e The remaining private crossings will require the installation of crossing warning devices, at a minimum,
flashers and gates

o Public crossings will require the presence of four quadrant gates at a minimum

2.2. New Track Construction

Where new track will be constructed within this program the primary unit of cost will be “HSR Track”.
This unit is based on the typical section of the host railroad and is composed of the following:

e New 136 or 141 Ib. Continuous Welded Rail

e 7"x9"x 86" timber crossties spaced at 19.5” C-C, which results in 3249 per mile

(0]

9"x11"x8'6" concrete ties can be used in place of timber crossties when needed; over recent
years, relative costs have become closer and at times, scarcity of timber crossties in the market
has led to concrete crossties becoming the only choice available. Concrete crossties are generally
placed at 24" C-C, which results in 2640 per mile

e Two-13" double shouldered tie plates, four rail anchors, and eight track spikes (or corresponding rail
seats and elastomeric fasteners) per tie
o 12" of Granite ballast (AREMA #4) placed to support the proper vertical and horizontal track alignment.
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Depth of ballast is measured at the center of the tie. Additional ballast will be placed to fill the cribs
between the ties and provide a ballast shoulder on the outside of each tie per the typical section
required by the owning railroad.

The following figures depict railroad typical track sections:
Figure 1 - Typical Section - Single Main Track
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2.2.1. HSR on Existing Roadbed

HSR on Existing Roadbed addresses the installation of a new track on an existing roadbed within an
existing railroad right of way where track(s) has been removed. If there is an existing track present in
the right of way, the new track will be built at an appropriate distance from it, generally using the same
track centers as had been used before the historic second track had been removed. The track center
to center distance is typically 14'. If there is no track in place, the new track will generally be centered
in the right of way per the operating railroads typical track section. The work consists of leveling the
roadbed, maintaining existing drainage, and placing a 6" ballast pad prior to track construction. “HSR
Track” will be constructed on this base and the remaining 6" required ballast will be installed to allow
final alignment and surfacing of the new track. The unit cost for this item is $1,123,000 per mile.

2.2.2. HSR on New Roadbed

HSR on New Roadbed is similar to the above, but requires subgrade preparation and the placement
of 12" of compacted subballast before a ballast pad or the new track can be constructed. The unit cost
for this item is $1,380,000 per mile.

2.2.3. HSR on New Roadbed with 30’ Offset from Existing Track Centerline

This work item is used when building new HSR Track adjacent to an existing single or multiple main
track system where the host railroad requires a minimum offset from existing operations; generally the
minimum center to center offset is greater than 25’ with the preferred offset being 30’ from existing
operations.

This work typically requires embankment widening and may also require property acquisition. Once
the embankment work is completed, placement of 12" of compacted subballast, a ballast pad and the
new track can be constructed. The unit cost for this item is $1,550,000 per mile.

2.2.4. HSR on New Roadbed & New Embankment
2.2.5. HSR on New Roadbed & New Embankment (Double Track)

These units are to be used when building track for HSR where no track or railroad right of way is
present, or when the required track center distance to an existing freight operation places the
proposed new track outside the limits of the existing roadbed and/or right of way limits. The work
consists of site clearing the full width of additional roadbed or right of way (a minimum of 25 feet in
width for single track and 50 feet in width for double track), preparing the subgrade (up to 5 feet above
the surrounding ground elevation), establishing drainage patterns or maintaining existing drainage,
and placing 12" of sub-ballast. “HSR Track” will then be constructed on this base. The unit costs for
these items are $1,687,000 per mile for single track and $3,024,000 per mile for double track.

2.2.6. HSR Double Track on 15" Retained Earth Fill - This unit will be used when topographic conditions
require an embankment to support the new track but the proper top of rail elevation cannot be
provided within the existing right of way by an embankment using a standard 2:1 slope. The work
consists of site clearing, building retaining walls to an average height of 15, placing properly
compacted backfill material, providing for drainage, and placing 12" of sub-ballast on the retained
earth fill. “HSR Track” will then be constructed on this base. The unit cost for this item is
$15,972,000 per mile.

2.2.7. 3 Mile Long Freight Siding
2.2.8. 10 Mile Long Passenger Siding
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This work consists of site clearing the full width of additional right of way required for the siding,
generally 50 feet in width, preparing the roadbed and, maintaining existing drainage, and placing 12"
of sub-ballast. “HSR Track” will then be constructed on this base. A #15 turnout will be installed at
each end of a freight siding and a #33 turnout will be installed at each end of a passenger siding.

Separately, a 500’ spur track, accessible via a #10 turnout, will be added to each freight siding (see
section 6.2.2). A new Control Point will be established at each end of the proposed siding including
access roadway (see section 6.2.1), and the new siding will be signalized and incorporated into the
existing signal system in place on the adjacent main track.

The unit costs (for track construction only) are $4,288,000 for a 3 Mile Long Freight Siding and
$14,496,000 for a 10 Mile Long Passenger Siding. New Control Point, M/W Spur & Roadway Access
are added to the cost estimate in Sections 4 & 6 and not included in this Unit of Cost.

Note: for sidings in multiple track territory, a crossover (or crossovers) must be added to the new
Control Points at both ends of the new siding to allow a train to access the siding from either track.
For freight sidings, use a #15 crossover, for passenger sidings, use a #33 crossover. In addition to the
crossover, signal work must be provided separately to add the additional trackwork to the signal
system (Section 4).

2.3. Turnouts & Crossovers - This work includes:

e Removal and reclamation of the standard track section where the turnout or crossover will be
placed

e Leveling of the roadbed and removing & stockpiling excess ballast for re-use

e Installation of a switch panel (or assembly and installation of a switch package) which includes all
rods, plates, anchors, fasteners, 136/141 b rail, switch points, stock rails, frog and wood or
concrete ties and field welds to place the turnout into operation

o Ballast - placed to ensure 12" under the ties

o  Filter fabric for the footprint of the turnout to be installed

e Track surfacing to ensure proper vertical and horizontal alignment of the turnout and the track
that it is connected to

e Provision of a measure to protect the operating components of the turnout from freezing due to
snow and ice: these include but are not limited to hot or cold air blowers and electric cal-rod
heaters

e Crossovers will include a section of track (after the frogs of each turnout) with special timbers
used until the track separates enough to allow standard “HSR Track on New Roadbed” to be
constructed completing the connection between the opposite ends of the crossover.

The various types of turnouts to be used for HSR are:
2.3.1. #33 Turnout - Timber Ties - The unit cost for this item is $696,000 each.

2.3.2. #24 Turnout - Timber Ties - The unit cost for this item is $509,000 each.
2.3.3. #20 Turnout — Timber Ties - The unit cost for this item is $183,000 each.

2.3.4. #15 Turnout — Timber Ties - The unit cost for this item is $148,000 each.
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2.3.5. #10 Turnout — Timber Ties - The unit cost for this item is $105,000 each.

2.3.6. 16'6” Double Switch Point Derail — Timber Ties- The unit cost for this item is $34,000 each.
2.3.7. #20 Turnout — Concrete Ties - The unit cost for this item is $282,000 each.

2.3.8. #15 Turnout — Concrete Ties - The unit cost for this item is $155,000 each.

2.3.9. #10 Turnout — Concrete Ties - The unit cost for this item is $133,000 each.
2.3.10. #33 Crossover - The unit cost for this item is $1,285,000 each.
2.3.11. #20 Crossover -The unit cost for this item is $563,000 each.

2.4. Track Improvements

Based on the above discussion, several categories of track improvements and types of track construction
have been developed within MWRRI. These categories form the basis for the MWRRI Unit Costs and are
discussed below.

2.4.1. Tie & Surface w/ 33% Tie Replacement - This work consists of removing 1/3 of the ties and replacing
them with new ties. Additionally, 600 tons of ballast per mile will be placed to support the tie renewal.
Assuming 19.5" tie spacing and 3249 ties per mile, this would result in the renewal of 1083 ties per
mile. The unit cost for this item is $251,000 per mile.

2.4.2. Tie & Surface w/ 66% Tie Replacement - This work consists of removing 2/3 of the ties and replacing
them with new ties. Additionally, 600 tons of ballast per mile will be placed in the work area to support
the tie renewal. Assuming 19.5" tie spacing and 3249 ties per mile, this would result in the renewal of
2166 ties per mile. The unit cost for this item is $374,000 per mile.

2.4.3. Relay Rail with 136/141 # CWR - This work consists of removing existing rail, spikes, plates, and
anchors and installing new 136 or 141 Ib CWR and appropriate plates, fasteners and longitudinal
restraints on existing crossties. The unit cost for this item is $400,000 per mile.

2.4.4. Surface Curves and Adjust Superelevation - The work consists of mechanized tamping of the track to
provide a continuously smooth running surface for trains. The spirals and superelevation within the full
body of the curves are to be adjusted to the degree required for increased operating speed. The
trackwork will require the placement of approximately 1200 tons (976 cubic yards) of ballast per mile
of track. It is assumed that appropriate tie renewal has taken place before the curves are adjusted.
The unit cost for this item is $66,000 per mile.

2.4.5. Curvature Reduction - The work consists of designing and constructing a new track alignment through
curved sections of existing track that will better support the operation of higher speed passenger
trains. In the field this means that track will be realigned using special mechanized equipment
designed for this purpose. The realignment will consist of adjusting the tangent—spiral~curve-spiral—
tangent relationship which includes reducing the existing degree of curvature and lengthening the
spirals in some locations. The realignment will require limited grading and sub-ballast placement to
allow the track to be moved. The trackwork will require the placement of approximately 1200 tons
(976 cubic yards) of ballast per mile of track. It is assumed that appropriate tie renewal has taken
place before the curves are adjusted. The unit cost for this item is $444,000 per mile.
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2.4.6. Elastic Rail Fasteners - This work includes removing and reclaiming existing tie plates, cut spikes and
rail anchors, and installing two specialized tie plates with pad, eight lag screws, and four elastomeric
clips per tie. This improvement is applied in curves in high speed territory to reduce future
maintenance required to keep track in proper alignment and gauge. The unit cost for this item is
$93,000 per mile.

2.5. Site Work Related to HSR Track Construction

2.5.1. Highway Barrier Type 5

2.5.2. Highway Barrier Type 6
This work includes the installation of a concrete roadside barrier for highways that run parallel to a
railroad and are within 50’ of the railroad centerline. The barrier shall meet the requirements of Test
Level 5 or Test Level 6 as established in NCHRP Report 350. Type 5 (Test Level 5) is to be used in
straight roadway sections and Type 6 (Test Level 6) is to be used in curved roadway sections. The
AASHTO Roadside Design Guide shall be used to select the type of barrier that meets the NCHRP
standards. The cost of these pay items include all materials and installation of the barrier per lineal
foot. The unit costs for these items are $200 per LF for Type 5 barriers, and $1,300 per LF for Type 6
barriers.

2.5.3. Fencing, 4 ft Woven Wire (both sides of the railroad right of way) - This work includes the installation
of 4 ft galvanized steel woven wire right-of-way fencing. Included in the cost are the fencing and post
materials, clearing and grubbing of the area at the right-of-way line, and installation costs. The unit
cost for this item is $58,000 per mile.

2.5.4. Fencing, 6 ft Chain Link (both sides of the railroad right of way) - This work includes the installation of
6 ft galvanized steel chain link right-of-way fencing. Included in the cost are the fencing and post
materials, clearing and grubbing of the area at the right-of-way line, and installation costs. The unit
cost for this item is $173,000 per mile.

2.5.5. Fencing, 10 ft Chain Link (both sides of the railroad right of way) - This work includes the installation
of 10 ft galvanized steel chain link right-of-way fencing. Included in the cost are the fencing and post
materials, clearing and grubbing of the area at the right-of-way line, and installation costs. The unit
cost for this item is $198,000 per mile.

2.5.6. Decorative Fencing (both sides of the railroad right of way) - This work includes the installation of
decorative right-of-way fencing. The type of fencing will be determined by the municipality in which
the fence is installed. Included in the cost are the fencing and post materials, clearing and grubbing
of the area at the right-of-way line, and installation costs. The unit cost for this item is $446,000 per
mile.

2.5.7. Drainage Improvements (cross country) - This work includes the installation of drainage pipe,
assumed to be a maximum of 30" in diameter, at locations where new track or track sidings will be
installed and/or embankment widened. It is assumed that 2 drainage pipes per mile of improvements
will be installed. The unit cost for this item is $75,000 per mile.

2.6. Land Acquisition - To estimate land values, two units have been identified:

2.6.1. Land Acquisition Rural (e.q., farmland)
2.6.2. Land Acquisition Urban (e.q., high density residential, commercial, and industrial areas)
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3. Structures

Where the alignment falls within an existing railroad or publicly-owned right-of-way it has been
assumed that no land acquisition cost will be required for that particular right-of-way.

Where the geometric requirements take the alignment outside of the railroad or publicly owned
right of way, it has been assumed that additional right-of-way, a minimum of 50" in width, will be
needed for cases where land is required to expand an existing right-of-way.

The cost development for land acquisition assumes the need for a strip of land 50’ wide by 1 mile
long, roughly 6.06 acres. The per acre cost for land acquisition for urban and rural settings in MN
& WI was obtained from local sources.

The unit cost for Land Acquisition — Rural is $185,680 per mile; for Land Acquisition — Urban, the
cost is $557,580 per mile.

Similar to track infrastructure, bridges and structures will require significant capital investment to provide the
capability to support new HSR passenger service on new alignments, new passenger service on existing or
historical freight lines, or combined passenger & freight service along existing freight lines.

3.1. Design Considerations

General design considerations have been established to guide conceptual planning and are listed below.

Bridges generally include superstructure, substructure, appropriate wing walls and embankment
retention systems, and approach treatments in both directions from the bridge

All timber pile trestle bridges will be completely replaced with the appropriate new bridge type
based on the owning railroads standards for the operation or AREMA suggested practices

Other than wooden structures within an existing rail corridor, structures will be rehabilitated for
use as part of the proposed HSR system where possible and practical to bring them into a state
of good repair. It is assumed that rehabilitation will take place where the rehabilitation cost is less
than or equal to 50% of the cost of bridge replacement. Rehabilitation could include pointing of
stone abutment walls, repair of spalling concrete, painting of bridges, waterproofing and
replacement of bearings.

In areas where the proposed service will allow the use of the historical track centers between an
unoccupied roadbed and an adjacent existing and operating track (double track right of way), all
bridges for both the existing and proposed track alighments will be rehabilitated to the required
level of service or be replaced

In areas where the proposed service will travel under existing bridges carrying highway, railroad
or pedestrian traffic over the alignment, the addition of a new track at various track centers may
be infeasible due to insufficient portal opening to accommodate the new track. In these instances,
the overhead bridge will be replaced to accommodate the proposed alignment.

0 In some cases, it may be possible to modify the piers, abutments and other structural
features of the existing overhead bridge to accommodate the new track. However, the
extent to which this will be possible requires more a more detailed engineering study
which is not conducted at the conceptual level. Since that is the case, a conservative
assumption is made that unless there is a clear indication that the existing portals will
allow the construction of a new track or tracks, the overhead structure will be replaced.
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° Tunnels and very large river bridges will maintain the existing number of tracks at the existing
track centers. At these locations in single track territory, a 3 mile long siding will be provided for
freight trains on either side of the tunnel or bridge.

o In areas where the proposed alignment prevents the use of existing bridges or where there are
no existing bridges, new bridges will be built as needed.

Structure Categories

Structures expected for the development of HSR include bridges that carry the railroad over an
environmental feature, for instance, a river; these bridges are categorized as “undergrade”. Bridges that
carry an environmental feature over a railroad, for instance, a two lane highway, are categorized as
“‘overhead”. Additionally, other structures such as tunnels, structural culverts and retaining walls are
included in this section. The type size and location of these structures will be determined during Preliminary
Engineering; for these conceptual cost estimates, general categories of structures and their unit costs have
been developed based on their function and an estimate of required cross section and approximate cost
per square foot and are listed below. These costs are for the structures and their typical components only;
the cost of any track features must be priced separately.

3.2. Bridges - Undergrade

This group of unit costs is intended to capture the level of effort required to allow the addition of a new track
parallel and adjacent to an existing track as it passes over a variety of obstacles in the environment.
Generally, the work will include provision of new abutments or abutment extensions, necessary grading and
earth retention system to control the embankment at the abutments, any new piers or pier modification
necessary and the placement of a new superstructure and track on the substructure at these locations.

3.2.1. Four Lane Urban Expressway - The unit cost for this item is $5,468,000 each.

3.2.2. Four Lane Rural Expressway - The unit cost for this item is $4,552,000 each.

3.2.3. Two Lane Highway - The unit cost for this item is $3,454,000 each.

3.2.4. Rail - The unit cost for this item is $3,454,000 each.

3.2.5. Minor River — generally, this bridge type is less than 100" between abutments with relatively short
span lengths. The unit cost for this item is $916,000 each.

3.2.6. Major River - generally, this bridge type is up to several hundred feet between abutments with
significant span lengths. The unit cost for this item is $9,158,000 each. Bridges having distances
between abutments greater than several hundred feet should be included separately as a special
allocation, specific to a given location.

3.2.7. Double Track High (50') Bridge - The unit cost for this item is $14,000 per lineal foot.

3.2.8. Ballasted Deck Replacement Bridge - The unit cost for this item is $3,200 per lineal foot.

3.2.9. Rehabilitate Existing Bridge for Higher Passenger Speeds (90-110 mph) - The unit cost for this item
is $1,580 per Lineal Foot
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3.2.10. Convert open deck bridge to ballast deck (single track) - The unit cost for this item is $5,000 per
lineal foot.

3.2.11. Convert open deck bridge to ballast deck (double track) - The unit cost for this item is $10,575 per
lineal foot.

3.2.12. Single Track on Flyover/Elevated Structure - The unit cost for this item is $10,231 per lineal foot.

3.2.13. Double Track on Flyover/Elevated Structure - The unit cost for this item is $17,904 per lineal foot,

3.2.14. Land Bridges - The unit cost for this item is $3,000 per lineal foot.
3.3. Bridges - Overhead

This group of unit costs is intended to capture the level of effort required to allow the addition of a new track
parallel and adjacent to an existing track as it passes under a variety of overhead bridges along the chosen
route. Generally, the work will include modifications to the existing overhead structures to allow sufficient
room for the new track to be added without causing close clearances or other problems in relation to the
existing track and the existing overhead bridge.

3.3.1. Four Lane Urban Expressway - The unit cost for this item is $3,312,000 each.

3.3.2. Four Lane Rural Expressway - The unit cost for this item is $2,360,000 each.

3.3.3. Two Lane Highway - The unit cost for this item is $2,152,000 each.

3.3.4. Rail - The unit cost for this item is $6,909,000 each.
3.4. Other Structures

3.4.1. Culvert Extensions - This work includes the installation of a culvert extension in locations where a new
track will be built parallel and adjacent to an existing track. The culvert extension consists of a new
pipe starting at the end of the existing culvert and extending to the edge of the embankment that the
new track will be built upon. The cost includes connection to the existing pipe, associated grading,
headwall and embankment retention associated with the culvert. It is assumed that the extension will
consist of a maximum size of 36" reinforced concrete pipe. One culvert extension will be installed per
mile of improvements on average. The unit cost for this item is $58,000 per mile.

3.4.2. Single Track on Approach Embankment with Retaining Wall — This work is to be performed in cases
where there are significant changes in the vertical alignment of a proposed new single HSR track
approaching an existing or new structure over an obstacle in the environment. It consists of providing
the proper combination of embankment and retaining wall to support the grade change of the single
HSR track on both sides of the structure. The unit cost for Single Track on Approach Embankment
with Retaining Wall is $5,115 per lineal foot.

3.4.3. Double Track on Approach Embankment w/ Retaining Wall - Similar to Single Track on Approach
Embankment with Retaining Wall, Double Track on Approach Embankment with Retaining Wall
addresses changes in vertical alignment as a new double HSR Track approaching an existing or new
structure over an obstacle in the environment. The unit cost for this item is $9,378 per lineal foot.
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3.4.4. Two Bore Long Tunnel - The unit cost for this item is $45,540 per route foot.

3.4.5. Single Bore Short Tunnel - The unit cost for this item is $25,875 per lineal foot.

4, Systems

In all instances where passenger rail service is proposed to operate at speeds between 79 mph and 110
mph, a Centralized Traffic Control (CTC) signal system must be provided. Additionally, for the service to
comply with FRA safety requirements, a Positive Train Control (PTC) signal system must be provided by
12/31/2015. These systems are designed to allow safe service when passenger and freight operations are
mingled as well as safe operations at higher speeds.

4.1. Design Considerations

General design considerations have been established to guide conceptual planning and are listed
below.

o All signal elements include hardware and software to design, procure, install and operate the
element under consideration. This includes “signals”, “communications” & “dispatch”
components which together make up the interactive remote controlled signal system.

o At all locations where a train can change from one track to another, or divert from the main
track to a siding, yard or railroad using remote controlled switches, a Control Point (CP) must
be established. The control point links the track infrastructure and circuitry to a
communications network allowing the dispatcher to maintain or change the route of a given
train, as well as allow it to proceed or cause it to stop. Significant components are the remotely
controlled powered switch machine, cable connecting it to logical and relays and
microprocessor based control and communication equipment housed in a wayside building, a
communications link between the control point and the remote dispatcher, signals to provide a
train approaching from any direction with visual indications governing its movement, and a
provision of commercial electrical power and backup to operate the various elements.

e At locations where a connection to an rail served industry is required, protection must be
provided so that a freight or passenger train cannot be unintentionally diverted into the industry
track and also so that a railcar or other vehicle occupying the siding cannot access the main
track without permission from the dispatcher controlling the main line railroad. Typically at
these locations, a switch is installed and “electric lock” protection is provided at the switch.
Along the siding, a derail is placed as a measure to prevent an uncontrolled movement from
the siding to the main or vice versa. The electric lock prevents opening the switch without the
knowledge of and direct permission from the dispatcher in charge of the railroad. When the
switch is opened, the track circuitry “notifies” the dispatcher and wayside signals in either
direction.

e Interconnection of railroad signal control equipment and traffic signal control equipment will be
considered where a signalized highway intersection exists in close proximity to a railroad
crossing. Interconnection allows the normal operation of the traffic signals controlling the
intersection to be preempted to operate in a special control mode when trains are approaching
(see MUTCD Sections 8D.07 and 10D.05). A preemption sequence compatible with railroad
crossing active warning devices such as gates and flashing lights is extremely important to
provide safe vehicular, pedestrian, and train movements. Such preemption serves to ensure
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that the actions of these separate traffic control devices complement rather than conflict with
each other.™

Since almost all locations where interconnection will be considered are unique in terms of
physical placement of the highway and railroad, traffic volumes for each mode and other
features particular to a location, the design of any interconnection will be different as will the
costs. Additionally, owning railroads and local and state authorities are likely to have their own
design preferences for interconnection and close coordination between the two will be
required. For these reasons and the complexity of the subject, the development of a standard
cost of interconnection is not included in this methodology.

Following a series of deadly rail accidents at various locations in the U. S., Congress passed
the Rail Safety Improvement Act of 2008 (RSIA08). The RSIA mandates that PTC systems be
installed by December 31, 2015 on all railroad mainline tracks that carry intercity passengers,
commuters, or are part of a Class | railroad system carrying at least 5 million gross tons of
freight annually and carrying any amount of poison-or toxic-by inhalation (PIH or TIH)
hazardous materials. The affected railroads were required to submit their PTC Implementation
Plans to the FRA for approval by April 16, 2010. Forty railroads submitted PTC Implementation
Plans and other related documents in response to that mandate.

Several of the short lines and regional railroads whose routes may potentially become part of
the MWRRI network did not submit PTC Implementation Plans to the FRA because they
believed that their current operations did not meet the federal requirements to do so. Many of
the short lines and regional railroads which will host MWRRI routes currently operate under
Track Warrant Control (TWC) systems (also known as “dark territory”) and do not now use
higher level signal systems in their operations. For high speed passenger train operations over
routes that are in this category, each involved short line or regional railroad will need to design
and install a signal system as a foundation over which the PTC system can be overlaid. (All
presently-proposed PTC systems are designed to be overlays to existing systems.)

4.2. Signal Categories

General signal categories have been developed based on their function and are discussed below.

4.2.1. Install CTC System (Single Track)

4.2.2. Install CTC System (Double Track)

This signal system will serve as a foundation for the FRA mandated PTC system overlay.
Installation of a CTC system includes all communications and central dispatch equipment, track
circuitry, and wayside signaling to control the flow of rail traffic to avoid safety issues and collisions
between trains. The unit costs for these items are $207,000 per mile for single track and $339,000
per mile for double track.

4.2.3. Install PTC System

2
PREEMPTION OF TRAFFIC SIGNALS NEAR RAILROAD CROSSINGS, INSTITUTE OF TRANSPORTATION ENGINEERS, DRAFT VERSION 10, July 1,

2003
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Installation of a PTC System includes all
communications and  central  dispatch
equipment, track circuitry, and wayside signaling
to comply with the requirements of the Rail
Safety Improvement Act of 2008 (RSIA08) which
calls for the implementation of PTC by
12/30/2015.

Al presently-proposed PTC systems are
designed to be overlays to existing systems and
a stand-alone PTC system is not currently
available. The railroads have submitted plans to
FRA to use one or more of the following three
PTC systems in the MWRRI service territory:

ITCS Amtrak
ETMS BNSF & KCT
V-ETMS BNSF, Amtrak, CRSH,

NICTD, KCT, CSX, NS, CN,
KCS, TRRA, CP, Metra, & UP
The unit cost for this item is $177,000 per route mile.

4.2.4. 